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Start  w ith a half -tooth out Tw o half -teeth out  after

a half -turn rotat ion
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THREAD TENDENCIES
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THREAD DIAMETER EQUIVALENTS (table 1-1)

Approximate Approximate Nominal

measurement in measurement in fractional inch

millimeters inches thread diameter

7.7mm .303" 5/16"
9.4mm .366" 3/8"

12.5mm .492" 1/2"
14.1mm .555" 9/16"
25.2mm .992" 1 "
28.4mm 1.118" 1–1/8"
31.6mm 1.244" 1–1/4"
34.7mm 1.366" 1–3/8"

Approximate Approximate Nominal

measurement in measurement in metric thread

inches millimeters diameter

.149" 3.8mm 4.0mm

.189" 4.8mm 5.0mm

.228" 5.8mm 6.0mm

.307" 7.8mm 8.0mm

.351" 8.8mm 9.0mm

.346" 9.3mm 9.5mm

.389" 9.8mm 10.0mm

.976" 24.8mm 25.0mm
1.358" 34.5mm 34.7mm
1.370" 34.8mm 35.0mm
1.409" 35.8mm 36.0mm
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PREPARATION AND ASSEMBLY

OF THREADS
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REPAIR OF DAMAGED THREADS
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GREASE FAILURE (table 1-2)

Cause of grease failure Evidence of grease failure

Age: This is one of the most likely reasons for grease Lack of grease, grease absent from ball path,
to fail, particularly on bikes that see little use. grease caked like half-dry mud.

Internal contamination: This other highly likely cause Light-colored greases turned dark, translucent
of grease failure is caused by particles worn from the greases turned darker and opaque.
bearing surfaces.

Moisture contamination: This cause is only likely Reddish rust color in grease, rust on bearing
when the bike is ridden extensively in wet conditions. parts, water droplets in grease or bearing area.

Colored greases turn a lighter shade.

Dirt contamination: This cause of grease failure is Gritty feeling like sand in the grease, not the
most likely if contaminated grease that has oozed out same as the rough feeling from a tight bearing.
of the bearing is wiped off the wrong way.
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1 � BASIC MECHANICAL SKILLS
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2 – TAPPING BOTTOM-BRACKET-SHELL THREADS
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BOTTOM-BRACKET-TAPPING TOOLS (table 2-1)

Tool Fits and considerations
Campagnolo 721 Piloted handles w/ 1.37" × 24tpi BSC/ISO taps , very expensive
Campagnolo 721/5-I Italian 36mm × 24tpi tap only for 721, two needed
Campagnolo 721/5-F French 35mm × 1mm tap only for 721, two needed
Cyclo 1042 1.37" × 24tpi double ended un-piloted chaser only
Hozan C402E 1.37" × 24 tpi un-piloted tap set
Hozan C402FS Un-piloted tap set fits French and Swiss
Park BTS-1 Piloted tap handles w/ 1.37" × 24tpi BSC/ISO taps, includes facer also
Park 693 36mm × 24tpi Italian tap for BTS-1, two needed
Park 694 35mm × 1mm French tap for BTS-1, two needed
VAR 380/2/C Piloted tap handle set w/ 1.37" × 24tpi BSC/ISO taps
VAR 42IR 36mm × 24tpi Italian tap for 380/2/C, two needed
VAR 42FR 35mm × 1mm French tap for 380/2/C, two needed
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BOTTOM-BRACKET-
TAPPING PROCEDURE
1 . [ ] See TAPER-FIT CRANKARMS chapter for removal

of crankarms and ADJUSTABLE-CUP BOTTOM
BRACKETS chapter for removal of bottom
brackets, and remove crank arms and bot-
tom bracket if necessary.

2 . [ ] Inspect any cups or mounting rings that
were removed for thread identification and
note thread description here: _____________,
unless markings are inadequate.
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3 . [ ] Only if cup markings were inadequate mea-
sure cup O.D. and pitch, then use table 9-2
(page 9-5) to determine nominal thread de-
scription and note here: ______________.
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4 . [ ] If no cups were removed from bottom

bracket, measure shell I.D. and pitch inside
shell, then use table 9-2 (page 9-5) to de-
termine nominal thread description and note
here: ______________.
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5 . [ ] Verify that taps on tap handles are correct

thread (replace with correct thread if not).
9�����
	�	� �
��5�6� ����� 
��� �� ��������� �����
�

�
����������	��	�����������	
�������
�������� ���������
�
�
��������� ��� �		��� �������� �	���	����� �����������	
�	�
���� �����
������� �� �������� �	���
�� ���

��� �	� ���
��
���� ����� 	
� ����9�����
	�	� �		�� �
�� �� ������ ��&
���
��������
��� �	� ���
��� ���� 

��� 	
� ��5�6� �		��
6 . [ ] Secure both tap retention nuts (skip if using

Park tool).
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7 . [ ] Identify which tap is left-hand thread and
which is right-hand thread.
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9 . [ ] Start both taps simultaneously so that they
just engage shell threads.
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10. [ ] Add generous amounts of appropriate type

of cutting oil to both taps.
/	�������� ���� ���� �������� �
� ���� ������ ����� 
���

�����
���
���	��������&
����	���	�����������������	
�
��� ������ ��� 
	� ���
�����
�� �������
��� �	� �������
�� ���
���� �
�� ���
� 
	� �
���
�� ��� �����
�
�� �
�� 
	� �������
����
�'
�� ��� ��'
����� �	� ����
��� ���� �������� ��
�����
	���� ��������	�� ��� �������� ��� ����� ��
� 	��� ������� ���� ���
��� ����� ���� ���
���
11. [ ] Thread each tap in as far as it will go with-

out encountering significant resistance.
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8 . [ ] Place left-hand threaded tap (right-handed
threaded if both taps are right-hand) in right
side of the bottom-bracket shell, and place
the other tap into left side of shell.
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12. [ ] Once resistance is encountered use cut-and-
clear technique to advance each tap, repeat-
edly flooding each tap with cutting oil (about
every 2–3 full revolutions of tap).
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13. [ ] Continue cut-and-clear technique and re-

peated flooding with cutting oil with each
tap until both taps have reached the last ex-
isting thread.

NOTE: In order to face the bottom-bracket shell
with a VAR tap set modified for facing, pro-
ceed at this point to MODIFIED VAR 380/2/C FACING
PROCEDURE (page 3-5).

NOTE: In order to face bottom-bracket shell with a
Park BTS-1, proceed at this point to PARK BTS-1
FACING PROCEDURE (page 3-4).

14. [ ] If taps are unevenly engaged, unthread one
until taps are evenly engaged.

15. [ ] Unthread both taps simultaneously until they
both will pull out, then pull taps out of bot-
tom-bracket shell together.

16. [ ] Clean bottom-bracket threads with tooth-
brush and solvent.

17. [ ] Clean outside of bottom-bracket shell and
rest of frame as necessary.

18. [ ] Clean bottom-bracket taps.
19. [ ] Use appropriate procedures/worksheets to

install bottom bracket and crank arms as nec-
essary, unless shell facing will be done next.
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INDICATIONSINDICATIONSINDICATIONSINDICATIONSINDICATIONS
Symptoms indicating needSymptoms indicating needSymptoms indicating needSymptoms indicating needSymptoms indicating need
of facingof facingof facingof facingof facing

There is only one symptom that indicates the need
for facing the bottom-bracket shell. When attempting to
adjust a high-quality adjustable-cup bottom bracket with
new parts, the spindle feels smooth through a portion of
its rotation and tight in another portion of  its rotation.
This is called a tight/loose pattern. The tight/loose pat-
tern can also be caused by conditions other than a bot-
tom-bracket shell that needs facing, such as: low preci-
sion parts, worn out parts, bent spindles, and cross-
threaded cups. Under these conditions, the tight/loose
pattern is due to poor quality of  manufacturing, not abuse
or wear.

Other reasons for facingOther reasons for facingOther reasons for facingOther reasons for facingOther reasons for facing
the bottom-bracket shellthe bottom-bracket shellthe bottom-bracket shellthe bottom-bracket shellthe bottom-bracket shell

When tapping a bottom-bracket shell (particularly
with a Park BTS-1) it is a simple matter to go a step
further and face the bottom bracket as well. This is
cheap insurance to enable easy adjustment of  the bot-
tom bracket and maximize the longevity of  bottom-
bracket parts. For this reason, some shops will rou-
tinely tap and face bottom-bracket shells on high-end
bikes.

In the case that a shop sells bare framesets, it is a
good marketing technique to face them before putting
them out for display. Knowledgeable customers will look
for whether facing has been done to evaluate whether
the frame has been properly prepped for assembly.

Cartridge-bearing bottomCartridge-bearing bottomCartridge-bearing bottomCartridge-bearing bottomCartridge-bearing bottom
bracketsbracketsbracketsbracketsbrackets

When a cartridge-bearing bottom bracket has bear-
ings mounted in cups with flanges or lockrings that bear
against the ends of  the bottom-bracket shell, facing the
bottom-bracket shell is just as important as with cup and
cone type bottom brackets.

Some cartridge-bearing bottom brackets are an en-
closed unit. The bearings and spindle are inseparable, and
the bearings are inside a cylinder. This type might be held
in the bottom-bracket shell by two mounting rings, or
one end of the unit might be threaded, and the other end
is secured by a separate mounting ring. With this enclosed-

ABOUT THIS CHAPTERABOUT THIS CHAPTERABOUT THIS CHAPTERABOUT THIS CHAPTERABOUT THIS CHAPTER
This chapter is about a milling procedure (called fac-

ing) that is done to bottom-bracket shells. Facing the bot-
tom-bracket shell improves the alignment of  the bearing
parts that are installed in the bottom-bracket shell. Im-
proving the alignment of  the bearing parts improves the
quality of  the adjustment and the longevity of  the parts.

After the GENERAL INFORMATIONGENERAL INFORMATIONGENERAL INFORMATIONGENERAL INFORMATIONGENERAL INFORMATION section, there
are separate sections for using three different types of
bottom-bracket shell facing tool systems. These sections
are:

PARK BTS-1 FACING PROCEDUREPARK BTS-1 FACING PROCEDUREPARK BTS-1 FACING PROCEDUREPARK BTS-1 FACING PROCEDUREPARK BTS-1 FACING PROCEDURE
MODIFIED VAR 3802/2/C FACING PRO-MODIFIED VAR 3802/2/C FACING PRO-MODIFIED VAR 3802/2/C FACING PRO-MODIFIED VAR 3802/2/C FACING PRO-MODIFIED VAR 3802/2/C FACING PRO-

CEDURECEDURECEDURECEDURECEDURE
PARK BFS-1 & CAMPAGNOLO 725PARK BFS-1 & CAMPAGNOLO 725PARK BFS-1 & CAMPAGNOLO 725PARK BFS-1 & CAMPAGNOLO 725PARK BFS-1 & CAMPAGNOLO 725

FACINGFACINGFACINGFACINGFACING
PROCEDUREPROCEDUREPROCEDUREPROCEDUREPROCEDURE

GENERALGENERALGENERALGENERALGENERAL
INFORMATIONINFORMATIONINFORMATIONINFORMATIONINFORMATION

TERMINOLOGYTERMINOLOGYTERMINOLOGYTERMINOLOGYTERMINOLOGY
Facing: To cut the end of  a cylinder (the bottom-

bracket shell in this case) so that it is flat and precisely
perpendicular to the axis of  the cylinder.

Facer: The cutter that is used to do facing. The facer
may also be called a facing mill.

Bottom-bracket shell: The part of  the frame that
houses the bearings that the crank arms rotate around.

Pilot: A part of  a bottom-bracket facer that is used
to align the facer so that it will cut precisely perpendicular
to the axis of  the bottom-bracket-shell threads. The pilot
consists of  the pilot shaft and the pilot hole.
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unit type of  cartridge-bearing bottom bracket, an out-of-
face shell will not affect the bearing and spindle align-
ment. If  this is the case, then there is no value to facing
the bottom-bracket shell.

TOOL CHOICESTOOL CHOICESTOOL CHOICESTOOL CHOICESTOOL CHOICES
The thread type of  the bottom-bracket shell is what

determines what tool you will need. The following list
(table 3-1, below) covers all tools for the job. The pre-
ferred choices are in bold. A tool is preferred because
of  a balance among: ease of  use, quality, versatility, and
economy.

TIME AND DIFFICULTYTIME AND DIFFICULTYTIME AND DIFFICULTYTIME AND DIFFICULTYTIME AND DIFFICULTY
Facing a bottom bracket is a job of  little difficulty.

With tapping already done it should take an additional
10�15 minutes.

COMPLICATIONSCOMPLICATIONSCOMPLICATIONSCOMPLICATIONSCOMPLICATIONS
TitaniumTitaniumTitaniumTitaniumTitanium

Titanium has completely different metallurgical char-
acteristics than steel or aluminum. It is necessary for a
facer to be designed in a dramatically different way to be
suitable for facing titanium. Once designed to be suitable
for titanium, a facing tool will no longer be suitable for
other materials. Special facers for titanium are not avail-
able at the time of  this writing; if  they do ever become
available, whether enough titanium frames will be encoun-
tered that need facing is a significant question.

AluminumAluminumAluminumAluminumAluminum
Aluminum is a perfectly suitable material for facing,

but presents some special concerns to the mechanic. The
type of  cutting oil used is critical. There are cutting oils made
specifically for use on aluminum. Any cutting oil that is
suitable will specify for use on aluminum on the container.
Words like �all-purpose� and �multi-purpose� should not
be interpreted to mean including aluminum.

Chrome platingChrome platingChrome platingChrome platingChrome plating
Chrome-plated bottom brackets cannot be faced un-

less the chrome is first removed, a potentially difficult
procedure. A file or grinding stone can be used for chrome
removal.

Failure of CampagnoloFailure of CampagnoloFailure of CampagnoloFailure of CampagnoloFailure of Campagnolo
threaded insertsthreaded insertsthreaded insertsthreaded insertsthreaded inserts
to install fullyto install fullyto install fullyto install fullyto install fully

Campagnolo threaded inserts are the female pilot of
the facing tool. Their design creates several problems.
These threaded inserts must be installed so that they are
completely inside the bottom-bracket shell. The insertion
of  threaded inserts requires at least 17mm of  thread length
on both sides of  the bottom-bracket shell, whereas few
cups require more than 13mm of  thread depth; conse-
quently, many bottom-bracket shells do not have enough
thread length to use the Campagnolo 725 facing tool.
Adding threads is a difficult procedure and hard on the
taps.

The threaded inserts are also very fat and interfere
with anything that protrudes into the bottom-bracket shell,
such as fasteners for bottom-bracket cable guides and
excess tubing length on lugged frames.

BOTTOM-BRACKET-FACING TOOLSBOTTOM-BRACKET-FACING TOOLSBOTTOM-BRACKET-FACING TOOLSBOTTOM-BRACKET-FACING TOOLSBOTTOM-BRACKET-FACING TOOLS (table 3-1)
ToolToolToolToolTool Fits and considerationsFits and considerationsFits and considerationsFits and considerationsFits and considerations
Campagnolo 725 Piloted handles w/ 1.37" × 24tpi BSC/ISO inserts, very expensive.
Campagnolo 724I Italian 36mm × 24tpi inserts for 725.
Campagnolo 724F French 35mm × 1mm inserts for 725.
Campagnolo 730 Spanners used for installing 725 inserts.
Park BFS-1 Heavy duty facing tool made for frame manufacturers to shorten shells (can be

used with its own BSC threaded guides or any Park taps as guides).
Park BTS-1 Same tool as bottom-bracket tap, faces 1.37" × 24tpi shells, excellent quality

and convenience.
Park 693 36mm × 24tpi taps needed to use BTS-1 to face Italian shells.
Park 694 35mm × 1mm taps needed to use BTS-1 to face French shells.
VAR 380/2/C Same as tap set, can be modified to use as a facer with addition of VAR 37DL2

and United Bicycle Tool 37B.
VAR 37DL2 Used with VAR 380/2/C tap set to convert to a facer.
United Bicycle Tool Used with VAR 380/2/C tap set to convert to a facer.
37B
VAR 380/3/C Facer set uses unthreaded pilots, low precision.
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Facing-tool chatterFacing-tool chatterFacing-tool chatterFacing-tool chatterFacing-tool chatter
Facing-tool chatter is the tendency of  the facing tool

to bite and jump at rapid frequency. This tendency leaves
a series of  radial lines in the face of  the bottom-bracket
shell. These radial lines are a cosmetic flaw, not a me-
chanical flaw. To some degree the chatter marks are pre-
ventable, but circumstances outside the control of  the
mechanic make make chatter marks unavoidable at times.
Proper facing techinque can reduce the likelihood of  chat-
ter occuring, but if the type and hardness of the bottom-
bracket shell material is not compatible with the design
of  the facing tool, then chatter cannot be prevented. In
the facing procedures there are detailed instructions of
the technique that reduces the likelihood of  chatter
occuring. See figure 3.1 below.

3.1  The radial lines in the face of  this shell are the result of  chatter.

Wide cut

Narrow cut

Narrow cut

3.2  As long as the facing cut is a full 360°, it does not matter if the cut is
narrow, or not a uniform width. Both the shell faces shown here are acceptably
faced.

Uniform width of cutUniform width of cutUniform width of cutUniform width of cutUniform width of cut
When facing a bottom-bracket shell, the objective is

to complete a cut that is a full 360° around the face of the
shell. Sometimes, once the 360° cut is achieved, the cut is
not a uniform width; in fact, the cut may be very narrow
at points, and not near as wide as the shell face. There is a
tendency to conclude that more facing  is needed when
this occurs. It is not a mechanical necessity to achieve a
uniform, full-width cut; the only reason to attempt to cre-
ate a uniform, full-width cut is to improve the cosmetics.
It may take several extra minutes of  work to achieve a
cosmetically-superior facing cut. If the appearance of the
cut can be substantially improved by working 1�2 extra
minutes, fine; otherwise, leave the cut with a non-uni-
form width, as long as it is a full 360°. See figure 3.2 (be-
low and in left column).
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CARE OF FACING TOOLSCARE OF FACING TOOLSCARE OF FACING TOOLSCARE OF FACING TOOLSCARE OF FACING TOOLS
Facing tools are very expensive and easily damaged.

Proper cutting technique is important to get good life
from them, but that is not all. When storing facers, make
sure they are clean and coated with oil. The cutting edges
are easily chipped by light impact with other metal ob-
jects, so handle and store them in a way that this kind of
accidental contact will not happen. On hooks on a peg-
board is a good way to store facing tools.

When cleaning facing tools use a brush and solvent.
Blowing them clean with compressed air is not damaging
to the facer but is dangerous. Coat the cutter with a light
oil after cleaning and drying.

Using a facer on chrome-plated bottom-bracket shells
will dull it quickly, and is almost impossible to do. The
facer will fail to get a bite on a chrome-plated bottom-
bracket shell at normal pressure. In some cases a chrome-
plated bottom-bracket shell can be faced by using very
high cutting pressure, but facing chrome-plated bottom-
bracket shells is strongly advised against; tool damage is likely!

PARK BTS-1PARK BTS-1PARK BTS-1PARK BTS-1PARK BTS-1
FACING PROCEDUREFACING PROCEDUREFACING PROCEDUREFACING PROCEDUREFACING PROCEDURE

If  the shell face is clean raw metal, it can be difficult
to track facing progress. In this case, use a material called
machinist�s dykem (available from general tool supply
stores or machinist�s supply stores) to paint the shell face
before proceeding. Handle dykem carefully, as it can stain
almost anything.
1. [ ] Complete BOTTOM-BRACKET-TAPPING PRO-BOTTOM-BRACKET-TAPPING PRO-BOTTOM-BRACKET-TAPPING PRO-BOTTOM-BRACKET-TAPPING PRO-BOTTOM-BRACKET-TAPPING PRO-

CEDURECEDURECEDURECEDURECEDURE (page 2-3) through step 13 before pro-
ceeding.

The Park BTS-1 uses the taps as the pilot hole for
the pilot shaft of the facing tool. If the taps are left pro-
truding from the ends of  the shell then the facer will cut
against them instead of  against the end of  the shell. The
taps have a very short length, so it is unlikely once the
taps are all the way into the existing thread that they will
need to go in further to be recessed in the shell.
2. [ ] If either or both taps are protruding from

end of shell, continue tapping procedure
until each tap is recessed in end of shell.

Park BTS-1 tap handles are not retained in the taps
by a threaded device, but by internal spring clips. Just pull
out firmly on a handle and it will leave the tap behind.
3. [ ] Withdraw one tap handle.
4. [ ] Place facer on withdrawn handle and insert

handle back into taps.

Bottom-bracket shell

Facing mill

Handle 

Pilot shaft

T aps

3.3  Cut-away view of  a bottom-bracket shell with a Park BTS-1 facing tool
in place.

Cutting oil needs to be added in the next step to as-
sure the ease and quality of  the cut, as well as to preserve
the sharpness of  the tool.
5. [ ] Add generous amount of appropriate type

of cutting oil to facer teeth.
A very important part of  the remaining steps is that

the facer should be turned clockwise only. Unlike taps, the
design of facer teeth causes them to dull easily if rotated
counterclockwise.

It is also important to use correct pressure and speed,
as little pressure is required to get a sharp tool to cut.
Pressing in with one hand at the center of the tool is
generally enough pressure. There is very little leverage
needed to face, so there is no reason to turn the handles
with both hands. A slow steady speed should be adequate.

Fine modulations of  the cutting pressure and slower
cutting speed should be used to prevent or reduce a phe-
nomenon called chatter. Chatter is the tendency of  the tool
to bite and jump at a rapid frequency, resulting in a chat-
tering feeling and noise from the tool as it cuts. For every
metal there is an optimum pressure; try reducing or in-
creasing the pressure to eliminate chatter. If  chattering
occurs it will leave a series of  radial lines in the face of
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the bottom-bracket shell, which is a cosmetic flaw, not a
mechanical one (see figure 3.1). Chatter cannot always be
prevented, but it can be minimized by modulating the
cutting pressure and speed. In addition to pressure and
speed being factors, the design of  the facer teeth has to
be suitable to the particular hardness of  metal being cut.
When the design of  the facer teeth is too aggressive for
the hardness of  the metal being cut, then some chatter is
inevitable and must be lived with.
6. [ ] Rotate facer clockwise only  at moderate

pressure and speed for approximately four
full revolutions.

In the next step, the progress of  the facing is in-
spected. A partially faced bottom bracket will have freshly
cut metal only for a portion of  the 360° shell face. It is no
concern whether the width of  the cut is uniform, only
whether there is freshly cut metal for a full 360°. If it is
not a full circle, proceed to step #8.
7. [ ] Pull facer away from end of shell and in-

spect progress of cut.

Unfaced

50% faced

Faced

100% faced

3.4  The cut needs to be a full 360° to be complete. Uniform width of  cut is
meaningless.

8. [ ] If more facing is needed, repeat steps 5–7.
Under the pressure needed to cut metal, the facer

can leave burrs when it stops. The next step is to spin the
facer one more revolution under very light pressure to
knock off  any burrs.
9. [ ] When first side is adequately faced, use

facer for one more revolution under very
light pressure.

10. [ ] Pull both handles out and reinstall each
handle on opposite side.

11. [ ] Repeat steps 5–8 for second side until sec-
ond side is adequately faced.

12. [ ] When second side is adequately faced, use
facer for one more revolution under very
light pressure.



3 – FACING THE BOTTOM BRACKET SHELL3 – FACING THE BOTTOM BRACKET SHELL3 – FACING THE BOTTOM BRACKET SHELL3 – FACING THE BOTTOM BRACKET SHELL3 – FACING THE BOTTOM BRACKET SHELL

3 – 63 – 63 – 63 – 63 – 6

13. [ ] Remove handle that has facer mounted and
remove facer.

14. [ ] Put handle back into taps and shell.
15. [ ] Turn both tap handles until taps are almost

fully out and are evenly protruding from
shell.

16. [ ] Rotate both handles simultaneously
enough to be sure that both taps are fully
unthreaded, then withdraw both taps at
same time.

17. [ ] Clean bottom-bracket threads with tooth-
brush and solvent.

18. [ ] Clean outside of bottom-bracket shell and
rest of frame as necessary.

19. [ ] Clean bottom-bracket taps and facer.
20. [ ] Use appropriate procedures/worksheets to

install bottom bracket and crank arms as
necessary.

MODIFIED VAR 380/MODIFIED VAR 380/MODIFIED VAR 380/MODIFIED VAR 380/MODIFIED VAR 380/
2/C  FACING2/C  FACING2/C  FACING2/C  FACING2/C  FACING
PROCEDUREPROCEDUREPROCEDUREPROCEDUREPROCEDURE

The VAR 380/2/C piloted bottom-bracket taps can
be converted into an economical and effective facing tool.
One handle is converted into a facing tool, while the other
tap handle and tap is left inside the bottom-bracket shell
to act as a pilot mechanism. The conversion requires a
VAR 37DL2 facer and a spacer made and sold by United
Bicycle Tool called the 37B. The spacer is needed because
the 37DL2 is shorter than the tap that is being replaced
when modifying.

If  the shell face is clean raw metal, it can be difficult
to track facing progress. In this case, use a material called
machinist�s dykem (available from general tool supply
stores or machinist�s supply stores) to paint the shell face
before proceeding. Handle dykem carefully, as it can stain
almost anything.
1. [ ] Complete BOTTOM-BRACKET-TAPPING PRO-BOTTOM-BRACKET-TAPPING PRO-BOTTOM-BRACKET-TAPPING PRO-BOTTOM-BRACKET-TAPPING PRO-BOTTOM-BRACKET-TAPPING PRO-

CEDURECEDURECEDURECEDURECEDURE (page 2-3) through step 13 before pro-
ceeding.

2. [ ] Unthread one tap and handle from the shell.
3. [ ] Unthread retaining nut from handle and re-

move tap from handle.
To convert the tap handle to a facer the tap is re-

moved, the facer is installed, a spacer is installed, and the
retaining nut is installed. In some cases the peg on the tap
handle is too long to fit in the hole in the backside of  the
facer and needs to be filed shorter. This has no effect on
using the handle for a tap later. The spacer is not sym-
metrical and must be installed correctly. The end of  the spacer

with the reduced diameter goes against the facer. If  the spacer is
put on backwards then the retaining nut will not engage
the handle thread fully.
4. [ ] Place 37DL2 facer and spacer on withdrawn

handle, secure retaining nut, and insert
handle back into remaining tap and handle
already in shell.

Bottom-bracket shel l

Facing mill

Handle 

Pilot shaft
T ap

37B spacer

Retention nuts

3.5  Cut-away view of  a bottom-bracket shell with a modified VAR 380/2/
C facing tool in place.

Cutting oil needs to be added in the next step to as-
sure the ease and quality of  the cut, as well as to preserve
the sharpness of  the tool.
5. [ ] Add generous amount of appropriate type

of cutting oil to facer teeth.
A very important part of  the remaining steps is that

the facer should be turned clockwise only. Unlike taps, the
design of facer teeth causes them to dull easily if rotated
counterclockwise.

It is also important to use correct pressure and speed,
as little pressure is required to get a sharp tool to cut.
Pressing in with one hand at the center of the tool is
generally enough pressure. There is very little leverage
needed to face, so there is no reason to turn the handles
with both hands. A slow steady speed should be adequate.

Fine modulations of  the cutting pressure and lower
cutting speed should be used to prevent or reduce a phe-
nomenon called chatter. Chatter is the tendency of  the tool
to bite and jump at a rapid frequency, resulting in a chat-
tering feeling and noise from the tool as it cuts. For every
metal there is an optimum pressure; try reducing or in-
creasing the pressure to eliminate chatter. If  chattering
occurs it will leave a series of  radial lines in the face of
the bottom-bracket shell, which is a cosmetic flaw, not a
mechanical one (see figure 3.1). Chatter cannot always be
prevented, but it can be minimized by modulating the
cutting pressure and speed. In addition to pressure and
speed being factors, the design of  the facer teeth has to
be suitable to the particular hardness of  metal being cut.
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When the design of  the facer teeth is too aggressive for
the hardness of  the metal being cut, then some chatter is
inevitable and must be lived with.
6. [ ] Rotate facer clockwise only  at moderate

pressure and speed for approximately four
full revolutions.

In the next step, the progress of  the facing is in-
spected. A partially faced bottom bracket will have
freshly cut metal only for a portion of  the 360° shell
face. It is no concern whether the width of  the cut is
uniform, only whether there is freshly cut metal for a
full 360°. If  it is not a full circle, proceed on to step
#8.
7. [ ] Pull facer away from end of shell and in-

spect progress of cut.

Unfaced

50% faced

Faced

100% faced

3.6 The cut needs to be a full 360° to be complete. Uniform width of  cut is
meaningless.

8. [ ] If more facing is needed, repeat steps 5–8.
Under the pressure needed to cut metal, the facer

can leave burrs when it stops. The next step is to spin the
facer one more revolution under very light pressure to
knock off  any burrs.
9. [ ] When first side is adequately faced, use

facer for one more revolution under very
light pressure.

10. [ ] Remove handle with facer and remove re-
taining nut, spacer, and facer.

In the next two steps the handle that was used as a
facer is converted back into a tap and installed in the bot-
tom-bracket shell before the other tap is removed. This pre-
vents a tap from cross-threading on the way out due to
lack of  piloting.
11. [ ] Install and secure tap back on handle.
12. [ ] Thread tap back into shell fully.
13. [ ] Remove other tap and handle from shell.
14. [ ] Convert removed handle into facer, same as

in step 4.
15. [ ] Repeat steps 5–8 for second side until sec-

ond side is adequately faced.
16. [ ] When second side is adequately faced, use

facer for one more revolution under very
light pressure.

17. [ ] Remove handle that has facer mounted and
remove facer.

In the next two steps the facer is converted back to a
tap and put back in the shell before the other tap is removed
from the shell. This prevents a tap from cross-threading on
the way out due to lack of  piloting.
18. [ ] Convert handle that was facer back to a tap.
19. [ ] Thread tap 1–2 full turns into shell.
20. [ ] Back other tap out of shell until both taps

are equally outside of shell.
21. [ ] Rotate both handles simultaneously enough

to be sure that both taps are fully unthreaded,
then withdraw both taps at same time.

22. [ ] Clean bottom-bracket threads with tooth-
brush and solvent.

23. [ ] Clean outside of bottom-bracket shell and
rest of frame as necessary.

24. [ ] Clean bottom-bracket taps and facer.
25. [ ] Use appropriate procedures/worksheets to

install bottom bracket and crank arms as
necessary.

PARK BFS-1 &PARK BFS-1 &PARK BFS-1 &PARK BFS-1 &PARK BFS-1 &
CAMPAGNOLO 725CAMPAGNOLO 725CAMPAGNOLO 725CAMPAGNOLO 725CAMPAGNOLO 725
FACING PROCEDUREFACING PROCEDUREFACING PROCEDUREFACING PROCEDUREFACING PROCEDURE

The Park BFS-1 and Campagnolo 725 facers are iden-
tical tools except for one thing: the Park BFS-1 utilizes
the taps as guides, and the Campagnolo 725 uses special
threaded guides that are not taps. The difference in use is
that when using Park BTS-1 taps to tap the bottom-
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bracket-shell threads, the taps are left in the shell to pro-
vide the pilot hole. Installing and removing the threaded
guides that the Campagnolo 725 uses is an additional step.

If  the shell face has clean raw metal, it can be diffi-
cult to track facing progress. In this case, use a material
called machinist�s dykem (available from general tool sup-
ply stores or machinist�s supply stores) to paint the shell
face before proceeding. Handle dykem carefully, as it can
stain almost anything.
1. [ ] If using Park BTS-1 for tapping, complete

BOTTOM-BRACKET-TAPPINGBOTTOM-BRACKET-TAPPINGBOTTOM-BRACKET-TAPPINGBOTTOM-BRACKET-TAPPINGBOTTOM-BRACKET-TAPPING     PROCEDUREPROCEDUREPROCEDUREPROCEDUREPROCEDURE
(page 2-3) through step 13 before proceed-
ing; otherwise, complete the entire tapping
procedure.

2. [ ] Thread appropriate thread guides into shell
until both are recessed into shell and se-
curely fixed.

3. [ ] If either or both guides are protruding from
end of shell remove guides and continue
tapping procedure until each guide is able
to recess in end of shell.

4. [ ] Insert facer in either side and assemble ten-
sion device (large pressure washer, small
lockwasher, spring, and tension nut) if de-
sired.

Bottom-bracket shell

Facing mill

Handle 

Pilot shaft

T hreaded guides

3.7  Cut-away view of  a bottom-bracket shell with a Campagnolo 725 facer in
place.

Cutting oil needs to be added in the next step to im-
prove the ease and quality of  the cut, as well as to pre-
serve the sharpness of  the tool.
5. [ ] Add generous amount of appropriate type

of cutting oil to facer teeth.
A very important part of  the remaining steps is that

the facer should be turned clockwise only. Unlike taps, the
design of facer teeth causes them to dull easily if rotated
counterclockwise.

It is also important to use correct pressure and speed,
as little pressure is required to get a sharp tool to cut.
Pressing in with one hand at the center of the tool is
generally enough pressure. There is very little leverage
needed to face, so there is no reason to turn the handles
with both hands. A slow steady speed should be adequate.

Fine modulations of  the cutting pressure and lower
cutting speed should be used to prevent or reduce a phe-
nomenon called chatter. Chatter is the tendency of  the tool
to bite and jump at a rapid frequency, resulting in a chat-
tering feeling and noise from the tool as it cuts. For every
metal there is an optimum pressure; try reducing or in-
creasing the pressure to eliminate chatter. If  chattering
occurs it will leave a series of  radial lines in the face of
the bottom-bracket shell, which is a cosmetic flaw, not a
mechanical one (see figure 3.1). Chatter cannot always be
prevented, but it can be minimized by modulating the
cutting pressure and speed. In addition to pressure and
speed being factors, the design of  the facer teeth has to
be suitable to the particular hardness of  metal being cut.
When the design of  the facer teeth is too aggressive for
the hardness of  the metal being cut, then some chatter is
inevitable and must be lived with.

It is difficult to modulate the pressure responsively
when using these tools� tensioning device. Hand pressure
should be adequate unless the facer is dull.
6. [ ] Rotate facer clockwise only  at moderate

pressure and speed for approximately four
full revolutions.

In the next step, the progress of  the facing is in-
spected. A partially faced bottom bracket will have freshly
cut metal only for a portion of  the 360° shell face. It is no
concern whether the width of  the cut is uniform, only
whether there is freshly cut metal for a full 360°. If the
cut metal is not a full circle, proceed to step #8.
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Unfaced

50% faced

Faced

100% faced

3.8  The cut needs to be a full 360° to be complete. Uniform width of  cut is
meaningless.

If  the tension device is engaged and not set too tightly,
it should be possible to pull the facer away from the shell
without un-setting the tension. If the tension device is
not being used, then just slide the facer out of the shell to
inspect the cutting progress.
7. [ ] Pull facer away from end of shell and in-

spect progress of cut.
8. [ ] If more facing is needed, repeat steps 5–8.

Under the pressure needed to cut metal, the facer
can leave burrs when it stops. The next step is to spin the
facer one more revolution under very light pressure to
knock off  any burrs.
9. [ ] When first side is adequately faced, use

facer for one more revolution under very
light pressure.

10. [ ] Remove tension device (if used) and pull
facer out of pilot hole.

11. [ ] Repeat steps 5–8 for second side until sec-
ond side is adequately faced.

12. [ ] When second side is adequately faced, use
facer for one more revolution under very
light pressure.

13. [ ] Remove tension device (if used) and pull
facer out of pilot hole.

There are two choices in the next step. Choosing the
correct one determines which of  the following steps need
to be done. The choice is based on whether the pilot sys-
tem being used up to this point had threaded guides, or
whether the Park BTS-1 taps were left in place after tap-
ping.



3 – FACING THE BOTTOM BRACKET SHELL3 – FACING THE BOTTOM BRACKET SHELL3 – FACING THE BOTTOM BRACKET SHELL3 – FACING THE BOTTOM BRACKET SHELL3 – FACING THE BOTTOM BRACKET SHELL

3 – 103 – 103 – 103 – 103 – 10



4 –  14 –  14 –  14 –  14 –  1

4 – REAMING AND FACING THE HEAD TUBE4 – REAMING AND FACING THE HEAD TUBE4 – REAMING AND FACING THE HEAD TUBE4 – REAMING AND FACING THE HEAD TUBE4 – REAMING AND FACING THE HEAD TUBE

ABOUT THIS CHAPTERABOUT THIS CHAPTERABOUT THIS CHAPTERABOUT THIS CHAPTERABOUT THIS CHAPTER
This chapter is about two head-tube milling proce-

dures: reaming the head tube, and facing the head tube.
Reaming the head tube is done to improve, or change,
the fit of a headset pressed-race into the head tube. Fac-
ing the head tube is done to improve the alignment of a
headset pressed-race. Improving the alignment of the
headset parts improves the quality of the adjustment and
the longevity of  the parts.

GENERALGENERALGENERALGENERALGENERAL
INFORMATIONINFORMATIONINFORMATIONINFORMATIONINFORMATION

TERMINOLOGYTERMINOLOGYTERMINOLOGYTERMINOLOGYTERMINOLOGY
Reaming: To enlarge the diameter of  a hole.
Reamer: A cutting tool that enlarges the inside diam-

eter of a hole.
Facing: To cut the end of  a cylinder (the head tube in

this case) so that it is flat and precisely perpendicular to
the axis of  the cylinder.

Facer: The cutting tool that is used to face the head
tube, also called a facing mill.

Head tube: The near-vertical frame tube at the front
of  the frame in which the fork column rotates.

Pilot: There are two different pilot systems for a
headtube reaming/facing tool. There is always a conical
pilot insert that goes into the end of the tube not being
reamed or faced. This pilot keeps the tool shaft cen-
tered in the head tube. In addition to this pilot, there
may be a pilot built into the cutting end of the tool.
This other pilot may be below the reamer or below the
facer in place of  the reamer. In either case, the pilot that
is built into the cutting end of the tool should be a close
fit to the inside diameter of the head tube.

1" headset: A headset that fits on a fork column
with a diameter of approximately 1".

1�1/8" headset: A headset that fits on a fork col-
umn with a diameter of approximately 1�1/8".

1�1/4" headset: A headset that fits on a fork col-
umn with a diameter of approximately 1�1/4".

PREREQUISITESPREREQUISITESPREREQUISITESPREREQUISITESPREREQUISITES
Stem removal andStem removal andStem removal andStem removal andStem removal and
installationinstallationinstallationinstallationinstallation

Before removing the headset and fork, the stem must
be removed. After the head tube has been reamed or
faced, and after the headset has been installed, the stem
will need to be installed. If unfamiliar with stem removal
and installation, see the HANDLEBARS, STEMS ANDHANDLEBARS, STEMS ANDHANDLEBARS, STEMS ANDHANDLEBARS, STEMS ANDHANDLEBARS, STEMS AND
EXTENSIONSEXTENSIONSEXTENSIONSEXTENSIONSEXTENSIONS chapter. In some cases the brake cable
or front brake may need to be detached at some point,
or removed completely, in order to remove the stem.

Headset removal andHeadset removal andHeadset removal andHeadset removal andHeadset removal and
installationinstallationinstallationinstallationinstallation

In order to ream or face the head tube, the headset
and fork must be removed. After the head tube has been
reamed or faced, the headset and fork need to be rein-
stalled. If unfamiliar with these procedures, see the HEAD-HEAD-HEAD-HEAD-HEAD-
SETSSETSSETSSETSSETS chapter.

INDICATIONSINDICATIONSINDICATIONSINDICATIONSINDICATIONS
Symptoms indicating needSymptoms indicating needSymptoms indicating needSymptoms indicating needSymptoms indicating need
of reamingof reamingof reamingof reamingof reaming

The most likely reason that a head tube must be
reamed is that a JIS dimension headset (a headset made
to Japanese industrial standard race dimensions of
30.0mm and 27.0mm) has been removed, and the re-
placement headset is of a different fit standard. It is pos-
sible, however unlikely, that a head tube will deviate so
much from the ideal dimension that a correctly fit head-
set will be too difficult to press in. In this case, reaming
will be required to improve the fit.

Symptoms indicating needSymptoms indicating needSymptoms indicating needSymptoms indicating needSymptoms indicating need
of facingof facingof facingof facingof facing

There is only one symptom that indicates the need
for facing the head tube. When attempting to adjust a
high-quality cup and cone headset with new parts, the
fork feels smooth through a portion of its rotation and
tight in another portion of its rotation. This is called a
tight/loose pattern. The tight/loose pattern can also be
caused by conditions other than a head tube that needs
facing, such as: low precision parts, worn out parts, a
bent fork column, a crown race seat that needs facing,
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and mis-installed cups or crown race. When a head tube
needs facing, it is due to poor quality of manufacturing,
not abuse or wear.

Other reasons for facingOther reasons for facingOther reasons for facingOther reasons for facingOther reasons for facing
the head tubethe head tubethe head tubethe head tubethe head tube

Facing the head tube is cheap insurance to enable easy
adjustment of  the headset and maximize parts longevity.
On higher priced bikes some shops will routinely ream
and face head tubes.

In the case that a shop sells framesets bare, it is good
marketing technique to face them before putting them
out for display. Knowledgeable customers will look for
whether facing has been done to evaluate whether the
frame has been properly prepped for assembly.

TOOL CHOICESTOOL CHOICESTOOL CHOICESTOOL CHOICESTOOL CHOICES
The fit dimensions of a pressed head-tube race are

what determines what tool is required. The following list
(table 4-1) covers all the tools available for reaming and

HEAD-TUBE REAMING/FACING TOOLSHEAD-TUBE REAMING/FACING TOOLSHEAD-TUBE REAMING/FACING TOOLSHEAD-TUBE REAMING/FACING TOOLSHEAD-TUBE REAMING/FACING TOOLS (table 4-1)
ToolToolToolToolTool Fits and considerationsFits and considerationsFits and considerationsFits and considerationsFits and considerations
Bicycle Research HT1 Complete reaming/facing tool with 30.0mm reamer
Bicycle Research HT1/4 Additional 29.8mm reamer required if using Bicycle Research HT1 to face

head tube with JIS dimensions
Bicycle Research HR3 Additional 33.8mm reamer required if using Bicycle Research HT1 to face

head tube with 1–1/8" oversize headset
Bicycle Research HT1 Additional 36.8mm reamer required if using Bicycle Research HT1 to face

head tube with 1–1/4" oversize headset
Campagnolo 733 Complete reaming/facing tool with 30.0mm reamer, cannot be used to face

JIS head tube
Campagnolo 7185016 Additional 33.8mm reamer required if using Campy 733 to face head tube

with 1–1/8" oversize headset
Fisher 15 Additional 36.8mm reamer required if using Campy 733 to face head tube

with 1–1/4" oversize headset
Park HTR-1 Complete reaming/facing tool w/30.0mm reamer, includes all necessary

pilots to face head tubes, instead of requiring additional 29.8mm, 33.8mm,
and 36.8mm reamers

Park 754 33.8mm reamer for Park HTR-1, only needed if preparing head tube at frame
manufacturing level

Park 755 36.8mm reamer for Park HTR-1, only needed if preparing head tube at frame
manufacturing level

VAR 32C Complete reaming/facing tool with 30.0mm reamer
VAR 968 Additional 33.8mm reamer required if using VAR 32C to face head tube with

1–1/8" oversize headset
VAR 969 Additional 36.8mm reamer required if using VAR 32C to face head tube with

1–1/4" oversize headset
VAR 970 Oversize facer for VAR 32C required to face head tube with 1–1/4" oversize

headset
United Bicycle Tool Bushing required if using VAR 32C to face head tube with 1–1/8" oversize
32BUSH/8 headset instead of more expensive VAR 968
United Bicycle Tool Bushing required if using VAR 32C to face head tube with 1–1/4" oversize
32BUSH/4 headset instead of more expensive VAR 968
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facing the head tube. The preferred choices are in bold.
A tool is preferred because of a balance among: ease of
use, quality, versatility, and economy.

All dimensions are in millimeters because these are
the only units used by manufacturers.

TIME AND DIFFICULTYTIME AND DIFFICULTYTIME AND DIFFICULTYTIME AND DIFFICULTYTIME AND DIFFICULTY
Reaming and facing the head tube is a moderately

difficult job that takes 15�25 minutes on a bare head
tube.

COMPLICATIONSCOMPLICATIONSCOMPLICATIONSCOMPLICATIONSCOMPLICATIONS
Whether to use a reamerWhether to use a reamerWhether to use a reamerWhether to use a reamerWhether to use a reamer
or a pilotor a pilotor a pilotor a pilotor a pilot

Some tools give you a choice between using a reamer
or just a pilot on the reaming/facing tool. You must use a
reamer if converting the head tube from one size stan-
dard to another. Otherwise the reamer is probably not
required and a pilot will do.

When not converting the size, the decision can be
made by trial and error, or measurement. To make the
choice by trial and error, test install the headset pressed
races with proper technique and tools (see page 11-16).
If the headset pressed-races are unusually difficult to
install, stop and remove them. Reaming is required.

To determine if  reaming is required by measure-
ment, use the REAMER & PILOT SIZESREAMER & PILOT SIZESREAMER & PILOT SIZESREAMER & PILOT SIZESREAMER & PILOT SIZES  table 4-2
(page 4-5) to determine the correct reamer size, then
take two inside diameter measurements of the head tube
(90° apart) and average the two measurements. If  the
average of the two measurements is less than the rec-
ommended reamer size by .05mm or more, reaming is
required.

TitaniumTitaniumTitaniumTitaniumTitanium
Titanium has completely different metallurgical char-

acteristics than steel or aluminum. It is necessary for the
reamer and facer to be designed in a dramatically differ-
ent way to be suitable for reaming and facing titanium.
Once designed to be suitable for titanium, the reamer/
facer will no longer be suitable for other materials. If
special facers for titanium become available, whether
enough titanium frames will be encountered that need
reaming and facing is a significant question.

AluminumAluminumAluminumAluminumAluminum
Aluminum is a perfectly suitable material for ream-

ing and facing, but presents some special concerns to the
mechanic. The type of cutting oil used is critical. There are
cutting oils made specifically for use on aluminum. Any

cutting oil suitable for use on aluminum will say so on the
container. Do not interpret words such as �all purpose�
and �multi-purpose� to mean: includes aluminum.

Chrome platingChrome platingChrome platingChrome platingChrome plating
Chrome-plated head tubes cannot be faced unless

the chrome is first removed, a potentially difficult pro-
cedure. A file or grinding stone can be used for chrome
removal. Reaming chrome head tubes can be done with-
out facing, but severely wears out the reamer.

Failure of VAR pilot toFailure of VAR pilot toFailure of VAR pilot toFailure of VAR pilot toFailure of VAR pilot to
install fullyinstall fullyinstall fullyinstall fullyinstall fully

Stock VAR pilots (fat shaft below the reamer) can
be too fat and/or too long for many head tubes. If  the
pilot is too fat, it will interfere with any imperfection in
a head tube, including a tube seam. The stock VAR pilot
is too long for very short head tubes and interferes with
the conical pilot at the other end of the head tube. United
Bicycle Tool Supply has modified the VAR bushing to a
trouble-free length and diameter. This modified bush-
ing is available separately (VAR-971/3), but it is the stock
bushing on all VAR 32C reamer/facers sold by United
Bicycle Tool Supply.

Incomplete reamingIncomplete reamingIncomplete reamingIncomplete reamingIncomplete reaming
After completing the reaming and facing, it may

appear that the reaming was not completed because the
reamer has not left a 360° cut. This is normal and hap-
pens because few head tubes are truly round; in fact, in
the case of 360° of clean metal on the inside of the
head tube, the reaming that has occurred may be exces-
sive.

Excessive reamingExcessive reamingExcessive reamingExcessive reamingExcessive reaming
Even after using the correct reamer, the headset part

may end up fitting loose. This usually occurs when an
out-of-round head tube that did not actually need ream-
ing has been reamed. The reamer removes metal at the
low points so that the average inside diameter is increased
when it was not required. An out-of-round head tube
will become round when the head-tube race is installed.
Out-of-round head tubes are not a problem. Avoid
excessive reaming by using the Park HTR-1 (with stock
pilots) or VAR 32C (with custom United Bicycle Tool
pilots) when facing an out-of-round head tube that has
an acceptable average inside diameter.

Excessive reaming timeExcessive reaming timeExcessive reaming timeExcessive reaming timeExcessive reaming time
Most head tubes have already been reamed to close

to the correct size before the mechanic ever sees them.
Using a reamer in one of these will be a very quick pro-
cess. On the other hand, the reamer is sometimes used to
convert a head tube from a 29.8mm hole size to a 30.0mm
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hole size. When using a reamer to make this conversion,
instead of simply to improve an existing fit, expect ream-
ing to take 5�10 minutes extra.

Facer interference withFacer interference withFacer interference withFacer interference withFacer interference with
down tubedown tubedown tubedown tubedown tube

Avoid certain combinations of  large diameter facers
(suitable for bikes that use 1�1/4" headsets) with head
tubes that do not extend very far below the bottom side
of the down tube. This combination of wide facer and
short head tube may result in the facer cutting into the
down tube or down tube lug/joint. This will destroy a frame!
NOTE: When facing the bottom end of every  head

tube, check that there is adequate clearance be-
tween the facer and the down tube or down
tube lug/joint.

Facing tool chatterFacing tool chatterFacing tool chatterFacing tool chatterFacing tool chatter
Facing tool chatter is the tendency of the facing tool

to bite and jump at rapid frequency. This tendency leaves
a series of radial lines in the face of the head tube. These
radial lines are a cosmetic flaw, not a mechanical flaw. To
some degree the chatter marks are preventable, but cir-
cumstances outside the control of the mechanic make
make chatter marks unavoidable at times. Proper facing
technique can reduce the likelihood of chatter occuring,
but if the type and hardness of the head-tube material is
not compatible with the design of the facing tool, then
chatter cannot be prevented. In the facing procedures there
are detailed instructions of the technique that reduces the
likelihood of  chatter occuring. See figure 4.1 below.

4.1  The radial lines in the face of this shell are the result of chatter.

Uniform width of cutUniform width of cutUniform width of cutUniform width of cutUniform width of cut
When facing a head tube, the objective is to complete

a cut that is a full 360° around the face of the head tube.
Sometimes, once the 360° cut is achieved, the cut is not a
uniform width; in fact, the cut may be very narrow at points,
and not near as wide as the head-tube face. There is a ten-
dency to conclude that more facing  is needed when this
occurs. It is not a mechanical necessity to achieve a uni-

form, full-width cut; the only reason to attempt to create a
uniform, full-width cut is to improve the cosmetics. It may
take several extra minutes of work to achieve a cosmeti-
cally-superior facing cut. If the appearance of the cut can
be substantially improved by working 1�2 extra minutes,
fine; otherwise, leave the cut with a non-uniform width, as
long as it is a full 360°. See figure 4.2.

Wide cut

Narrow cut

Narrow cut

4.2  As long as the facing cut is a full 360°, it does not matter if the cut is
narrow, or not a uniform width. Both the head-tube faces shown here are ac-
ceptably faced.

CARE OF REAMINGCARE OF REAMINGCARE OF REAMINGCARE OF REAMINGCARE OF REAMING
AND FACING TOOLSAND FACING TOOLSAND FACING TOOLSAND FACING TOOLSAND FACING TOOLS
General tool careGeneral tool careGeneral tool careGeneral tool careGeneral tool care

Reaming and facing tools are very expensive and easily
damaged. Proper cutting technique is important to en-
sure good life, but that is not all. When storing reamers
and facers make, sure they are clean and coated with oil.
The cutting edges are easily chipped by light impact with
other metal objects, so handle them and store them in a
way that this will not happen. On hooks on a pegboard is
a good way to store reaming and facing tools.

When cleaning reaming and facing tools use a brush
and solvent. Blowing them clean with compressed air is
not damaging to the cutters but is dangerous because of
flying metal debris. Coat the cutter with a light oil after
cleaning and drying.
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Reaming and facingReaming and facingReaming and facingReaming and facingReaming and facing
chrome-plated head tubeschrome-plated head tubeschrome-plated head tubeschrome-plated head tubeschrome-plated head tubes

Using a reamer or facer on chrome-plated head tubes
will dull the tool quickly. Reaming and facing a chrome-
plated head tube is impossible because the facer fails to
get a bite at normal pressure. With very high cutting pres-
sure reaming and facing the head tube can be done in
some cases, but it is strongly advised against. Try using a
file to remove chrome from the face of the head tube.

REAMER AND PILOTREAMER AND PILOTREAMER AND PILOTREAMER AND PILOTREAMER AND PILOT
SIZE REQUIREMENTSSIZE REQUIREMENTSSIZE REQUIREMENTSSIZE REQUIREMENTSSIZE REQUIREMENTS

The outside diameter of the inserted portion of the
headset race, which will be pressed into the head tube,
determines the correct size of  reamer or pilot to use. If
replacing the headset, be sure to measure the new head-
set. Do not measure the inside diameter of the head tube to deter-
mine the reamer/pilot size. This measurement is only needed
in order to determine whether to use a reamer or a pilot.

Measure the diameter of the inserted portion of the
race that will be pressed into the head tube (see figure
4.3), find the range that includes this measurement in the
Race insert O.D. column of  table 4-2 below, then look
to the right in the Reamer size or Pilot size columns to
determine the correct size to use.

All dimensions are in millimeters because these are
the only units used by manufacturers.

HEAD-TUBE REAMINGHEAD-TUBE REAMINGHEAD-TUBE REAMINGHEAD-TUBE REAMINGHEAD-TUBE REAMING
AND FACINGAND FACINGAND FACINGAND FACINGAND FACING
PROCEDUREPROCEDUREPROCEDUREPROCEDUREPROCEDURE

Head-tube reaming and facing can be done at the
same time with a single tool, or facing can be done with-
out reaming, depending on the tool used. It is theoreti-
cally possible to ream without facing, but pointless to do
so. Only one procedure is described here despite the
above-mentioned choices because the difference in the
required procedure for each choice is minimal. This pro-
cedure is written on the assumption that reaming and fac-
ing will be done at the same time. If facing is the only
procedure done (with a suitable brand of tool), simply
substitute the correct-size pilot for the correct-size reamer,
and skip the procedure that says to apply cutting oil to
the reamer.

If the head tube being faced has clean raw metal
showing on the face, it can be difficult to track facing
progress. In this case, use a material called machinist�s
dykem (available from a general tool supply or from a
machinist�s supply) to paint the head-tube face before
proceeding.

All dimensions are in millimeters because these are
the only units used by manufacturers.
1. [ ] Use appropriate procedure/worksheet to re-

move headset and fork.

2. [ ] Measure O.D. of inserted portion of race to
be pressed into head tube and record mea-
surement here: __________mm.

REAMER & PILOT SIZESREAMER & PILOT SIZESREAMER & PILOT SIZESREAMER & PILOT SIZESREAMER & PILOT SIZES  (table 4-2)
Race insert O.D.Race insert O.D.Race insert O.D.Race insert O.D.Race insert O.D. Reamer sizeReamer sizeReamer sizeReamer sizeReamer size Pi lot sizePi lot sizePi lot sizePi lot sizePi lot size
29.95–30.10mm 29.8mm 29.75mm
30.15–30.30mm 30.0mm 29.95mm
32.65–32.80mm 32.5mm none available
33.95–34.10mm 33.8mm 33.75mm
36.95–37.10mm 36.8mm 36.75mm
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Average ID =__________mm
Subtract reamer size –__________mm
Material removed by reamer
=__________mm

5. Check one of following  choices  with regard to
reaming:

[ ] Step 4 final sum is > –.05mm, reaming is not
required .

[ ] Step 4 final sum is £££££ –.05mm, reaming is re-
quired .

In the next step you make sure that the reamer/pilot
on the tool is the correct size and replace it if  necessary.
Reamer/pilot dimensions cannot be seen when the reamer
or pilot is installed on the handle. Reamers cannot be mea-
sured to determine their dimension. Most bike shop have one
set of  reamers/pilots. Often, the easiest way to deter-
mine which reamer/pilot is on the handle, is to look at the
markings on the reamers and pilots that are not on the handle.
Use a process of  elimination to determine which size
must be on the handle.
6. [ ] Check or install correct reamer/pilot on

reaming/facing tool.
7. [ ] Install reamer/facer into top end of head

tube.
In step #8, the tension device is assembled to the

tool shaft. Assembly is done differently on different brands
of  tools.

Park HTR-1:
Depress the large black button on the base of the

one-piece tension device.
Slide the device all the way up the shaft and release

the button.

0 1 2 3

0

0

.1

.1
.2

.3

.4

.5

.9

.9

.8

.7

.6

4.3  Measure the O.D. of  the inserted portion of  the race in this way to
determine the appropriate reamer/pilot size.

Use the measurement you have just taken to deter-
mine both the correct reamer and pilot sizes. Whether you
will use a reamer or pilot is determined in step #5.
3. [ ] Look up appropriate reamer/pilot size in

REAMER & PILOT SIZESREAMER & PILOT SIZESREAMER & PILOT SIZESREAMER & PILOT SIZESREAMER & PILOT SIZES  table (4-2) and
record correct sizes here:
_______mm reamer.
_______mm pilot.

In the next step calculate whether reaming is neces-
sary. If  the reamer will remove material, then the sum of
the calculation will be a negative number (if that number
is between .00 and �.05mm then the amount of material
removed is insignificant). If the number is equal to or
greater than .00mm, then no material will be removed by
the reamer. If  the number is �.05 or less, then a signifi-
cant amount of  material will be removed by the reamer.
4. Calculate material reamer will remove:

Head tube ID #1 __________mm
Head tube ID #2 +__________mm
Total of ID#1 + ID#2 =__________mm
Divide total by 2 ÷2
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Head tube

Conical pilot

Black button

4.4  Tension device for the Park HTR-1.

VAR 32C:
Slide the conical pilot up the shaft into the head

tube.
Slide the spring onto the shaft.
Rotate the slip nut so that the internal prong lines

up with the vertical slot in the shaft and slide the
slip nut onto the shaft.

Rotate the slip nut so that the internal prong en-
gages a horizontal slot in the shaft.

Head tube

Conical pilot

S l ip nut

4.5  Tension device for the VAR 32C.

Campagnolo 733 & Bicycle Research HT:
Slide the conical pilot up the shaft into the head

tube.
Slide the spring onto the shaft.
Campagnolo only: slip the lockwasher onto the

shaft.
Both: thread the tension nut onto the shaft.
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4.6  Tension device(s) for Campagnolo 733 and Bicycle Research HT mod-
els.

8. [ ] Assemble conical pilot and tension device
to end of reamer/facer tool.

When adjusting spring tension on a reamer/facer tool,
it is important to not have too much or too little tension.
If there is not enough tension, the conical pilot will be
loose and jiggling in the head tube and a sloppy cutting
job will be done. If there is excessive tension, then too
much cutting will happen at once, resulting in greater heat,
a rougher cut, and more wear and tear on the cutters.
9. [ ] Adjust spring tension to be just tight

enough to keep conical pilot from moving
when jiggled.

NOTE: If using a pilot and not a reamer, skip to step
13.

In step #10 generous amounts of cutting oil should
be applied to the reamer. This is most easily done by
rotating the frame so that the head tube is parallel to the
floor. The addition of  cutting oil improves the ease and
quality of  the cut and preserves the sharpness of  the tool.
10. [ ] Apply generous amounts of cutting oil to

reamer.
Whenever turning a reamer/facer, remember to al-

ways turn the tool clockwise, otherwise the tool will dull
quickly.
11. [ ] Turn reamer/facer handle clockwise  several

turns, then check whether conical pilot is
still secure (if not, tighten tension device).

12. [ ] Add more cutting oil to reamer and repeat
steps 10–12 until facer is in contact with end
of head tube.

13. [ ] Apply generous amounts of appropriate
type of cutting oil to facer.

14. [ ] Turn reamer/facer clockwise  several turns.
In the next step, inspect the facing progress. A par-

tially faced head tube will have freshly cut metal only for
a portion of the 360° face. It is of no concern whether
the width of  the cut is uniform, only whether there is
freshly cut metal for a full 360°. If it is not a full circle,
continue on to step #16.

Unfaced

50% faced

Faced

100% faced

4.7  The cut needs to be a full 360° to be complete.

15. [ ] Loosen tension device, then pull facer
away from head tube and check progress of
cut.

16. [ ] If more facing is needed, repeat steps 13–16.
Under the pressure needed to cut metal, the facer

can leave burrs when it stops. The next step is to spin
the facer one more revolution under very light pressure
to knock off  any burrs. The brand of  tool being used
determines the appropriate technique for burr removal.
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ABOUT THIS CHAPTERABOUT THIS CHAPTERABOUT THIS CHAPTERABOUT THIS CHAPTERABOUT THIS CHAPTER
Milling the fork crown consists of two procedures.

One is facing, which cuts the surface that the headset
crown race sits on so that the surface is flat and per-
pendicular to the axis of the fork column. The other
is counter-reaming, which is to cut the outside diam-
eter of the fork-column base to change the fit of the
fork-crown race.

Counter-reaming can be done without facing, but
facing cannot be done without counter-reaming.

GENERAL INFORMATIONGENERAL INFORMATIONGENERAL INFORMATIONGENERAL INFORMATIONGENERAL INFORMATION

TERMINOLOGYTERMINOLOGYTERMINOLOGYTERMINOLOGYTERMINOLOGY
Counter-reaming: To reduce the outside diam-

eter of a cylinder. In this case it is specific to the fork-
column base where the fork-crown race fits.

Counter-reamer: A cutting tool that reduces the
outside diameter of the fork-column base. The cutter
teeth that do the counter-reaming also do the facing.

Facing: With regard to milling a fork crown, fac-
ing means to cut the top surface of the crown-race
seat, so that the crown-race seat is flat and precisely
perpendicular to the axis of the fork column.

Facer: The cutter that is used during facing. The
teeth that do the facing also do the counter-reaming,
also called a facing mill.

Fork crown: The large joining piece between the
base of the fork column and the top of the fork blades.

Fork column: The tube on top of the fork that
goes inside the frame�s head tube.

Fork-column base: The largest diameter portion
of the fork column at its absolute bottom. The fork-
crown race presses onto the fork-column base.

Crown-race seat: The top surface of the fork
crown that the fork-crown race sits on.

Fork-crown race: The bottom piece of the head-
set, which presses onto the fork-column base. The
fork-crown race is sometimes called the crown race.

Crown race: See fork-crown race.

Fork column

Fork-column
base

Crown-race
seat

Fork crown

5.1  Parts of the fork.

Pilot: The main body of the counter-reaming/fac-
ing tool. Some counter-reaming/facing tools have a
hole through the body that acts as the pilot, and some
counter-reaming/facing tools have an insert that is held
in place by a set screw. The inserts can be changed to
accommodate different sizes of fork columns.

1" fork: A fork column with a diameter of ap-
proximately 1". Headsets of several press-fit standards
fit 1" forks.

1�1/8" fork: A fork column with a diameter of
approximately 1�1/8". Headsets called 1�1/8" fit
these forks.

1�1/4" fork: A fork column with a diameter of
approximately 1�1/4". Headsets called 1�1/4" fit
these forks.
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PREREQUISITESPREREQUISITESPREREQUISITESPREREQUISITESPREREQUISITES
Stem removal and installationStem removal and installationStem removal and installationStem removal and installationStem removal and installation

In order to counter-ream or face the fork, the head-
set and fork must be removed. The stem must be re-
moved before counter-reaming/facing can begin. At
the completion of the job the stem will need to be
replaced. If you are unfamiliar with stem removal and
installation, see the HANDLEBARS, STEMS, AND EXTEN-HANDLEBARS, STEMS, AND EXTEN-HANDLEBARS, STEMS, AND EXTEN-HANDLEBARS, STEMS, AND EXTEN-HANDLEBARS, STEMS, AND EXTEN-
SIONSSIONSSIONSSIONSSIONS chapter. In some cases the brake cable or front
brake may need to be detached, or removed com-
pletely, in order to remove the stem.

Headset removal and installationHeadset removal and installationHeadset removal and installationHeadset removal and installationHeadset removal and installation
In order to counter-ream or face the fork, the head-

set and fork must be removed. At the completion of
the job, the headset and fork will need to be replaced.
If you are unfamiliar with these procedures see the
HEADSETSHEADSETSHEADSETSHEADSETSHEADSETS chapter.

INDICATIONSINDICATIONSINDICATIONSINDICATIONSINDICATIONS
Symptoms indicating needSymptoms indicating needSymptoms indicating needSymptoms indicating needSymptoms indicating need
of counter-reamingof counter-reamingof counter-reamingof counter-reamingof counter-reaming

One likely reason that a fork should be counter-
reamed is that a JIS dimension headset has been re-
moved and the replacement headset is of a different
fit standard. Another likely reason is that a replace-
ment fork is being installed that has a fork-column-
base diameter that is too large for the existing fork-
crown race.

Symptoms indicating need of facingSymptoms indicating need of facingSymptoms indicating need of facingSymptoms indicating need of facingSymptoms indicating need of facing
There is only one symptom that indicates a need

for facing the crown-race seat. When attempting to
adjust new, high-quality headsets, a condition be-
comes apparent in which the headset feels smooth
through a portion of its rotation and tight in another
portion of its rotation. This is called a tight/loose
pattern. The tight/loose pattern can be caused by
things other than a crown-race seat that needs fac-
ing, such as: low precision parts, worn out parts, bent
fork column, head tube that needs facing, and mis-
installed head-tube races or crown race. When a fork
crown needs facing, it is due to poor quality of manu-
facturing, not abuse or wear.

When the head tube has been faced to eliminate a
tight/loose pattern, the job is not complete until the
crown-race seat has been faced as well.

Other reasons for facingOther reasons for facingOther reasons for facingOther reasons for facingOther reasons for facing
the crown-race seatthe crown-race seatthe crown-race seatthe crown-race seatthe crown-race seat

Facing the crown-race seat is cheap insurance to en-
able easy adjustment of the headset and maximize parts
longevity. For this reason, some shops will routinely
counter-ream and face forks on higher priced bikes.

In the case that a shop sells framesets bare, it is good
marketing technique to face forks before putting them
out for display. Knowledgeable customers will look for
whether facing has been done to evaluate whether the
frame has been properly prepped for assembly.

TOOL CHOICESTOOL CHOICESTOOL CHOICESTOOL CHOICESTOOL CHOICES
The fit dimension of the headset crown race and

the fork-column diameter are what determines what
tool will be needed. The following list (table 5-1, page
5-2) covers all tools for the job. The preferred choices
are in bold. A tool is preferred because of a balance
among ease of use, quality, versatility, and economy.
When more than one tool for one function is bold, it
means that several tools are required for different con-
figurations of parts.

All dimensions are in millimeters because these
are the only units used by manufacturers.

TIME AND DIFFICULTYTIME AND DIFFICULTYTIME AND DIFFICULTYTIME AND DIFFICULTYTIME AND DIFFICULTY
Milling the fork column is a job of moderate

difficulty that takes approximately 10 minutes on a
bare fork.

COMPLICATIONSCOMPLICATIONSCOMPLICATIONSCOMPLICATIONSCOMPLICATIONS
Multiple 1" fork-column standardsMultiple 1" fork-column standardsMultiple 1" fork-column standardsMultiple 1" fork-column standardsMultiple 1" fork-column standards

The traditional 1" fork-column size has multiple
standard dimensions for the fork-column base. They
are as follows:

26.5mm: Traditional size associated with
Campagnolo and other professional quality
headsets. Virtually all quality replacement
headsets for 1" forks require this dimension.

26.6mm: Common to most Peugeot bicycles
made in France, this size is close to, but not
interchangeable with, the 26.5mm size. The
counter-reamer for this dimension is required
whenever installing a replacement fork on a
Peugeot while keeping the original headset.
This size counter-reamer is not needed if the
customer is willing to always install new head-
sets with new forks on Peugeots.
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27.1mm: Common to all Taiwanese and Japa-
nese original equipment and replacement
forks. This size counter-reamer is needed if
this size fork is to be faced without having to
change the headset.

Numerous others: Other sizes periodically pop
up on obscure brands from Europe and Ameri-
can-made discount store bicycles. Counter-
reamers are not available, so converting to the
next smaller common size is the usual option.

Bulge-base and oversized-fork columnsBulge-base and oversized-fork columnsBulge-base and oversized-fork columnsBulge-base and oversized-fork columnsBulge-base and oversized-fork columns
The counter-reamer body has a close tolerance

hole for the fork column. Some fork columns are fat-
ter than the standard that some counter-reamer pilots
will not clear.

Suspension forks are the most common forks with
bulged bases, but these are not much of a problem
because their un-welded fabrication process allows
greater precision during manufacturing.

Aluminum and carbon fiber forks often have a
fatter fork column than normal. These forks may need
counter-reaming or facing and the VAR 963 is the only
tool that will fit.

Heavy build-ups of chrome or paint can also cause
interference with the counter-reamer pilot. There is
nothing that can be done about chrome, but paint
can be sanded off with patience.

TitaniumTitaniumTitaniumTitaniumTitanium
Titanium has completely different metallurgical

characteristics than steel or aluminum. It is necessary
for the counter-reamer and facer to be designed in a

dramatically different way to be suitable for counter-
reaming and facing titanium. Once a counter-reamer/
facer is designed to be suitable for titanium it will no
longer be suitable for other materials. Special facers
for titanium may become available, but whether
enough titanium forks will be encountered that need
counter-reaming and facing is a significant question.

AluminumAluminumAluminumAluminumAluminum
Aluminum is a perfectly suitable material for

counter-reaming and facing, but presents some spe-
cial concerns to the mechanic. The type of cutting oil
used is critical. There are cutting oils made specifically
for use on aluminum. Any cutting oil that is suitable
will specify for use on aluminum on the container.
Words like �all-purpose� and �multi-purpose� should
not be interpreted to mean: includes aluminum.

Chrome-platingChrome-platingChrome-platingChrome-platingChrome-plating
Using a counter-reamer or facer on a chrome-

plated fork crown will also dull it quickly. Facing a
chrome-plated fork crown is very difficult to do, with
the facer failing to get a bite at normal pressure. This
job can be done with extremely high cutting pressure,
but it is strongly advised against.

Chrome-plated crown-race seats should not be
faced unless the chrome is first removed, a potentially
difficult procedure. A file or grinding stone can be
used for chrome removal. Counter-reaming can be
done without facing, but it wears the tool severely.

FORK-COUNTER-REAMING/FACING TOOLSFORK-COUNTER-REAMING/FACING TOOLSFORK-COUNTER-REAMING/FACING TOOLSFORK-COUNTER-REAMING/FACING TOOLSFORK-COUNTER-REAMING/FACING TOOLS (table 5-1)

ToolToolToolToolTool Fits and considerationsFits and considerationsFits and considerationsFits and considerationsFits and considerations

Bicycle Research FCS Complete counter-reaming/facing tool with 26.5mm, 30.1mm, and 33.1mm
counter-reamers

Bicycle Research FC2 Additional 27.1mm counter-reamer required if using Bicycle Research FCS to
face 1" fork column with JIS dimensions

Campagnolo 718 Complete counter-reaming/facing tool with 26.5mm counter-reamer for 1" fork
column

Campagnolo 718/8OS Complete counter-reaming/facing tool with 30.1mm counter-reamer for 1–1/8"
fork column

VAR33AC Complete counter-reaming/facing for JIS and French 1" fork columns
(w/26.6 & 27.1 mills)
VAR 38D/4E Additional 26.5mm & 27.2mm double-sided cutter needed for 1" fork columns if

not using VAR 963C or Bicycle Research FCS, which include critical 26.5mm size
VAR 963C Complete counter-reaming/facing tool with 26.5mm, 30.1mm, and 33.1mm

counter-reamer (least interference w/ bulge-based fork columns of all models)
VAR 965 Complete counter-reaming/facing tool for 1–1/4" fork columns
VAR 966 Complete counter-reaming/facing tool for 1–1/8" fork columns
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When cleaning counter-reamers and facing tools
use a brush and solvent. Blowing them clean with
compressed air is not damaging to the cutting edges
but is dangerous because of flying metal debris. Coat
the cutter with a light oil after cleaning and drying.

COUNTER-REAMERCOUNTER-REAMERCOUNTER-REAMERCOUNTER-REAMERCOUNTER-REAMER
SIZE REQUIREMENTSSIZE REQUIREMENTSSIZE REQUIREMENTSSIZE REQUIREMENTSSIZE REQUIREMENTS

The I.D. of the fork-crown race that will be pressed
onto the fork-column base determines the correct size
of counter-reamer to use. If replacing the headset, be
sure to measure the new headset. Do not measure the
O.D. of the fork-column base to determine the counter-
reamer size.

Measure the I.D. of the fork-crown race (see fig-
ure 5.2) that will be pressed onto the fork-column base,
find the range that includes this measurement in the
Race I.D.Race I.D.Race I.D.Race I.D.Race I.D.  column in table 5-2, and look to the right in
the Counter-reamer sizeCounter-reamer sizeCounter-reamer sizeCounter-reamer sizeCounter-reamer size  column in table 5-2 to deter-
mine the correct size to use.

All dimensions are in millimeters because these
are the only units used by manufacturers.

Incomplete counter-reamingIncomplete counter-reamingIncomplete counter-reamingIncomplete counter-reamingIncomplete counter-reaming
After completing the counter-reaming and facing, it

may appear that the counter-reaming was not completed
because the counter-reamer has not left a 360° cut. This
is normal and happens because the fork-column base is
off-center to the axis of the fork column. In fact, in
this case the counter-reaming that has occurred may
be excessive.

Excessive counter-reamingExcessive counter-reamingExcessive counter-reamingExcessive counter-reamingExcessive counter-reaming
After using the correct counter-reamer, the fork-

crown race may end up fitting loose. This usually oc-
curs when an off-center fork-column base that did not
actually need counter-reaming has been counter-
reamed. The counter-reamer removes metal at the high
points so that the average outside diameter is reduced
when it was not required. There is no simple way to
avoid this, except to eliminate paint when it causes
the pilot to fit too closely. When excessive counter-
reaming happens, the fork-crown race will need to be
installed with Loctite RC680.

Excessive counter-reaming timeExcessive counter-reaming timeExcessive counter-reaming timeExcessive counter-reaming timeExcessive counter-reaming time
Most fork-column bases have already been

counter-reamed to close to the correct size before the
mechanic ever sees them. Using a counter-reamer on
one of these will be a very quick process. On the other
hand, the counter-reamer is sometimes used to con-
vert a fork-column base from a 27.1mm size to a
26.5mm size. When using a counter-reamer to make
this conversion, instead of simply to improve an ex-
isting fit, then expect it will take 5�10 extra minutes
to cut this much metal.

Unusable tension devicesUnusable tension devicesUnusable tension devicesUnusable tension devicesUnusable tension devices
It is not unusual for the fork-column length to be

too short or too long to use a tension device on the
counter-reaming tool. This is not a problem, and the
procedure can be done easily without the use of a ten-
sion device.

CARE OF COUNTER-REAMINGCARE OF COUNTER-REAMINGCARE OF COUNTER-REAMINGCARE OF COUNTER-REAMINGCARE OF COUNTER-REAMING
AND FACING TOOLSAND FACING TOOLSAND FACING TOOLSAND FACING TOOLSAND FACING TOOLS

Counter-reaming and facing tools are very expen-
sive and easily damaged. Proper cutting technique is
important to get good life from them, but that is not
all. When storing counter-reamer/facers make sure
they are clean and coated with oil. The cutting edges
are easily chipped by light impact with other metal
objects, so handle them and store them in a way that
this will not happen. On hooks on a pegboard is a
good way to store facing tools.

COUNTER-REAMER SIZESCOUNTER-REAMER SIZESCOUNTER-REAMER SIZESCOUNTER-REAMER SIZESCOUNTER-REAMER SIZES (table 5-2)
Race I.D.Race I.D.Race I.D.Race I.D.Race I.D. Counter-reamer sizeCounter-reamer sizeCounter-reamer sizeCounter-reamer sizeCounter-reamer size
26.30–26.40mm 26.5mm
26.41–26.50mm 26.6mm
26.90–27.00mm 27.1mm
29.90–30.00mm 30.1mm
32.90–33.00mm 33.1mm
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FORK COUNTER-REAMINGFORK COUNTER-REAMINGFORK COUNTER-REAMINGFORK COUNTER-REAMINGFORK COUNTER-REAMING
AND FACING PROCEDUREAND FACING PROCEDUREAND FACING PROCEDUREAND FACING PROCEDUREAND FACING PROCEDURE

Fork counter-reaming and facing can be done at
the same time with a single tool, or counter-reaming
can be without facing (depending on the desire for
facing). Only one procedure is described here, despite
the above-mentioned choices, because the difference
in the required procedure for each choice is minimal.
This procedure is written on the assumption that
counter-reaming and facing will be done at the same
time. If counter-reaming only, simply stop the proce-
dure when the counter-reaming has been completed.

All dimensions are in millimeters because these
are the only units used by manufacturers.
1 . [ ] Use appropriate procedure/worksheet to re-

move headset and fork.

0 1 2 3

0

0

.

.1
.2

.3

.4

.5

.9

.

.8

.7

.6

5.2  Measuring the fork-crown race to determine the correct
counter-reamer size.

2 . [ ] Measure I.D. of fork-crown race to be in-
stalled and record here: ________mm.

Some sizes of fork-crown races are extremely close
without being interchangeable. Measurement to the
nearest .05mm is required.
3 . [ ] Look up appropriate counter-reamer dimen-

sion on COUNTER-REAMER SIZESCOUNTER-REAMER SIZESCOUNTER-REAMER SIZESCOUNTER-REAMER SIZESCOUNTER-REAMER SIZES table 5-2 and
record here: ________mm.

The only way to determine the size of some
counter-reamers is to measure the I.D. with a caliper.
This is particularly true when determining the size of
VAR double-ended counter-reamers, which are marked
with two sizes, but are not marked as to which end is
which size.

4 . [ ] Check or install correct size counter-reamer
on tool.

There are two good ways to hold the fork while
doing the procedure.

The simplest way is to mount the fork on a quick
release front wheel (it�s best to have an old dead wheel
around just for this purpose). Stand facing the front of
the fork. With the wheel on the floor, stand straddling
the front of the wheel to stabilize it. Lean over the fork
and wheel to use the tool and apply cutting pressure.

5.3  Using a wheel to hold a fork that is being counter-reamed and
faced .

Another very effective method for holding the
fork is to salvage any old quick release hub and use
some sort of metal straps to secure it to the middle of
a 2' × 2' piece of plywood or chip board. Clamp the
fork (standing straight up) to the hub and lean over
the fork to operate the tool and apply cutting pres-
sure. This system is more stable than the wheel mount-
ing system, but requires bending over further.
5 . [ ] Mount fork on front wheel or fork platform

(see explanatory notes).
Cutting oil is vital to the quality of the cutting

and the life of the cutting tools. Apply oil liberally
when starting and as you continue to cut. Use oil la-
beled for use on aluminum when cutting aluminum.
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6 . [ ] Apply ample cutting oil to crown-race seat
and counter-reamer.

7 . [ ] Place tool on fork column.
8 . [ ] With weight on handles, turn tool clockwise

several full turns.
9 . [ ] Pull tool up to check progress of counter-

reaming or facing.
10. [ ] If counter-reaming only, repeats steps 6–10

until fork-column base is counter-reamed
fully at outer perimeter.

With bottom bracket and head-tube facing, the
only factor determining whether the facing is com-
pleted is whether fresh metal has been cut for a full
360°. The nature of the fork-crown race requires that
this complete 360° cut be at the outer perimeter of
the crown-race seat or it may be ineffective. A con-
tinuous 360° cut adjacent to the fork-column base,
but not complete all the way around the outer perim-
eter of the crown-race seat, will not do the job. This is
because many fork-crown races have a chamfer on the
inner perimeter of the bottom face of the race (see
figure 5.5). If the cut portion of the crown-race seat
does not extend beyond the diameter of this chamfer,
then the fork-crown race may not be sitting on faced
surface at all.

Incomplete
facing

Incomplete 
facing

Complete
facing

Faced

Faced

Not faced

5.4  Face the crown-race seat until there is a complete 360° cut at
the outer perimeter of the crown-race seat.

Crown race
(cut-away)

Chamfer

Crown-race 
seat

Fork column

Fork-column
base

Fork crown

5.5  The chamfer at the inner edge of the bottom face of the crown
race makes it necessary to face the crown-race seat all the way to the
outer perimeter of the crown-race seat.

11. [ ] If facing, repeats steps 6–11 until facing cut
is a complete 360° at outer perimeter of
crown-race seat.

12. [ ] Remove tool from fork.
13. [ ] Remove fork from front wheel or from fork

platform.
14. [ ] Clean fork and tool.
15. [ ] Use appropriate procedures/worksheets to

install fork, headset, and stem as necessary.
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Dropout-alignment tool

Derailleur-mounting bolt

Impact here

�������	�������	
��
���������
���������������
���"�
������

��
��
���������
�
���
��	�
����	��
��	�
���
	�
����
	����
�
�	����
�
#�����K
�������
�
�	�������
�
�	� ���� �
�����
�������
�� ������
�	� ��
���� �

�
�
���	
�������

����	������	�������

:��	�����
	������
������
��
������
�������	��������

�	
��	
����	��	����
���
��	����
�
�	�
�����	���������
��
:��	� 	��	� �������
��
������
	����������
��

��� 0	� ��
����
�������
�
�
���	��
�
��	�
�������
�

"�
�������	��
���	�
��
���	���	�
�
�����
	�����	��	
�����
��
�
�	
�
������	
��	��8�
�
�	�
�������
�
�	
��

��	�� 	�
����	
�
�� 	���� 	�
��
����������	� ��� �� ����
	
�
�����	��	
���
�����	������
��
�
�	�
��
������
���������
�	�
��
��	�
��
��
�����	����	
���
�
�	����	�

+����� 	�
� �����
�
�� �������
�����
� 	��
����	�
��������	���
��	�
����
�����
��

!�
�������
���
�������	
��
!�
�����������	�
����
���	�����
�
�
8�	����������
�
����	�
��
		
��
��	�
��
		
��

�����
	���
���
8�	����������
�
����	�
�	
��
��	�
��
		
�������
	

��
���������	
�	�
��
		
��
��	�
��
�	�	��
����
	�
� �
�	� 	��
� ��� �
	� 
�
�� 	
� 	�
� �
		
��
�����
	���
���

!�
��� �
������ 	�
� �
�	��
�	�
�	�
�� 	�
� ����

��	�
�	��
�
�����	�
�	
��
��	�
��
�	�	��
�



��������	��
�����
�����
�	
���
�������	

�����+

	
����	���	������	
)�����
���
��� 	��
�� ����
�������
��
��
����


�
������
�
��
��
��
����
�����������������	
��	�
���
�	
��

���
��
��	�
���
����
����
����
�	��������	��J���
�����	�
�
�������
��
�
��
�	�
��������
�����
����	�
��
	�
	
��
��	�
��
���	��
��	�	�
���
�	�
����������	�	�

�
�	��
	��
���
�����	
�����	��	�	�
�������
��
����	

	�
��
		
��
��	�
��
���	��
������
�
�
��

�
����

�	�
	��
���
	�������
	��
����������
�	�
�
�����
��
����
��
��������
�	
����	����������
�������������
�� ��
�
	
������	�
�����
��
	�

��	�
��
���	��
����������
�
�
�
���$
�
������
��	�
�
�	
�	�
��
�����
�
�	��	�����	
�
��
�����
�	
���
�H
�	�	
�:*A1F�
��AAF��L�����(
	�� 
	
������	�
������
	�

��	�
��
���	��
����������0��	�
�

�
��
	��
����	�
�
�����
�
	�
��
��
�	��
��
�����	
���
��#�
�

��
��

���
���	���	
������
����
�����
���:��
��	
�����
�����	
����������

�	
�����������	
�	
������
�

�	
�����
������

9
����
�������
	��
�	�������	�	�
��
		
����
�

��
�	��������	4�	�
���
	��
�	��
��������
�������������
������0	�������
������	��
	��
�
�������	��	�	�
�����
����

���
��
�	��;
�	�����
����
�
����
�
����
�	��	�	�
��
��
�
���������	��
��
�	��!�
	�
�����
����	��	�	�
��
���
�
	��
	�	
����	����	���	%�

�
���		
����	���	�	��
���
���	�
���	���
	�	�
�������

�
�	��
������
	�
�����	 �
M
	���
	�
�����
����	��	�	�
��
�����
������
����
���
��
��
��
�	�
��	�
��
�
��������
�
����	�
���
�	�	���
���	�
�������
�����
��
����

����
��
����������

�������
�'��
�

������9��������
������
�����
���������� ���������������
�������
�����
��
������
���������������������

!���
��	�
�
�����	
������
�
	�
������
�����
��
����
����
����	��	�	�
���
���	
����	�
������
�	�
��
�
	�
��
����
��������	������	�
��
���
�	�
��	�
����

�����
���������	�����	�
��
�	
�	�
���
�	����������
�
	�
��
�����

)��
��$�������������$���

�
���
��������������
��'��������	


�������	
������
��

���	
�������	��
��
��������
���������������
�

�	����	
����
�	����

���
������
���������������������

��
��
�
����	�	��	�	�
��
����
���������
�	��������

�
���
����
�
�	�
��	�
��
����0����������
��	�
���	���
	�
�� ��� ���	������"�
���� �
����
������
���� �	�
�	
�



��������	��
�����
�����
�	
���
�������	

�����,


���������������������	�	�
�	
��
��
�
��	�
��
�
���
���
�
	�������������
�	
������

�
����	�
��
����
����������
�
�
�
��������
�
����	�
������
��

�	
�������
	���������
	

���
������
����	���

��
�
���
�	�
��
��
���	��	����
����
���������
��������	�
�	��
��
����
���
�	�
��	�
��	
���������	���
�
	

�������
��	�
��
����
���������	

��
�����	��
��
�
��
���0���
	�����
���	�
��	
��
�����
��
��
��������
���
�	�
�	��
��
���
�	�
��
��	�
��
����
������0��	�

�	
������	

���������	���
���	
����
�����
����	���
��
!�	
��	�
��
��������

���
����
�����	���
���	
�����
��
	�
����
��	
�����	��������
���
��
�������������
����
�
��	�
���0��	�
���
��
������	

������	��
����
��	�

��	�
��
����
�������
����
�	
����	�������
���	��	����
�
��
�
�	����2�/B�
��	��
�����	
���
������	�	
���3
��
�
��
�����
�	���	���� �	
��	��	������
� ���
�	
���

�
�
��	
�	�
�
���������
����
�����

	0��
�	�����
������

!��
������
�
��

�
�����	�����
�
�����
���	�
����

���
����
�����	��	������

��
�����
�������	

�	���	
�	
��
�����
����
��
���
�	�
��	
�����	�
��
�������
����
�����
��	�
��	
��6
�����
�7�	�
��	
���0��	�
��	
������
�
�
�	����	���	
�
��	

�������	�
�
�����
�������
����
�
�	����
�
���	�
� �
����
��������
� 	����
�� �
���
�
���������� ����
��
�
���������
��
���������
��

���	�����
�
��
����
��	�
��	
������
��	�
��
����
��
����	
���
��

�����

������&���
���������������
��������	����

���
�����
�����������

���	����
������
�������

0�����
�����
���
����
������������
�	
����	��
	
��
�����
���
�	���
	��������
��	
�	�
��
����
����������

	
����������
�	�
������
�����
���
���	�
��
������0���	

�����������
�
�	�
��
		
��
��	�
��	
���������
�	
�
��	
� 	�
� �
����
������ 	�
�� 	�
��
����� ��������
�
����	�
��
�����
�����
��
����
��

�����	�����
�����	�
9
�������
����
�����
��
����
�
�������
�����

	��
�	�
�
������������
�������
��
������
����	�
�	���
�������
�
��
�
���	�
����
�	
��	�
������
���������
�	
���	�������
���0�������
���		
��	�������
�	�
��	�
��
��
����
��������
�����
�
����
������	��
�
���
�
���	��
0����
	�
���
���������������
�	
��
	
����
�	�
��
��
�����

���
�	��	�
�������
�	��	�	�
�
���
��
����	��
�����
�
���	�
��



��������	��
�����
�����
�	
���
�������	

������

(����
�
��
�	�������
0��
��
$�����

��
�+	
���9*<��
�����������������
����
������
��
����	�
����	��	�
�+	
���N��	��
���
�
�	�������
�	�	

���

���
���	�
�
���
�	��
	�
��	
���
���
����������
����
+���
�8������������
�	���
���	��	

���	�
�+	
�������
�
	�
��
	�
��
����
��
�

�
������
����	����


" #�$ ���������
������������
���������)��������&�

���)���"

�" #�$ ���������������������������'�
��D�
������&

�������������)������
"

+" #�$ ��
���������&�����)����������������
������

�����)��������
���&������
�����)�����
���	

������������&�����*�������&��&������"

, #�$ F������������
���
6����������������*������(

������
�����*�����*������������������"

1" #�$ �������
6��������������*����&����D�
���&�
����

�����(��������������
������������*���"

2" #�$ ���������&�����)��������)��������������������


D�
������&����������*�*���������
"

3" #�$ ��������������������*����&�����)���"

�" #�$ -�)���������������*����&�����)�����������)

���)�����������������������*���������
(

&��������)�
�*�������D�)"

6" #�$ �������
6����������������*�������
������

*����&����������'�����D�)"

����
�
����	����
�����	�
�
����������

8" #�$ ��
����������������������
����!	����
���������

���)����������
��
���������&�������
��*

����������������
����)��&����B�����%<
�8C

����������������
"�7�������
������BH�����)�C


����*������������
"��A*�*����������
�����
���	

�����&����(�������
�����������������������	


�����
���������!	�����������*��*���**������

���&���������������&���������
88��"�

��������	
�

�����	
�

�������	�������	
�����
��	������
��������	
�;������������
�����	
�
���


��������
� ���
������
��	
��������!�����	
�;�����������	
��
�%
�
/���

��<:������
=0 ������	
���	
�������
��	
���������	
�;������
���	��	
�,�
������
�������
�������
�



" #�$ A�
�����!	����
�*���������
�����������������	

���
��
8���*���
�����
�)�����&�����*�����	

���
�"


�" #�$ ��D�
��)��)��������������
�������
6��	

���)����)�������������
���
�����������&���

*���
��*�!	����
�������*�������������&������

����&������������������������������)��������	

���(��*�����

����"


+" #�$ ��������'���)�����!	����
�������*���
��*

����������������
�����������������*���
��*����	

)�����������"


," #�$ A*����������������������������
������)������

��&�����������)�����������(������*���������

��������&�����������)�������
������'��"


1" #�$ 9��������������������������
�����

���������


��������������:�
�
����&������
����*�����*

��������������������������*���
��*����)������	

�����"�E����
��������������:�
�
��������


���(��������
�������������&����(���������	

���
�����������������*�����:�
"


2" #�$ 4�'������������������
����
��������)��������	

���(��������������'���)�����!	�����������
���

*���	���������������*������������������*���
���

���)������������*���
(��
�����

���"



������

��������	
���
�������

��������

	

����
�
��	�����

�
���������	
�������
�	������	���
������
		
��������


	��������	���
������
		
�������
	�����
� �� ������
�
�

�
�������
��������������
	���
������������	��	�	��
��
��	
�	�
��
		
�������
	���
������
�
���
����
��
��
������
	����
��
�������
		
�������
	���������������
�����	
�

��	��
�����	
��	�
��
		
�������
	���
������
�
���
��
��

�������
����
����
���
��������
��
�
�
�����������	
������
�
���
����
��
��������

��������

	�����
����� �

����������	
�����
�



���������
����������	
������
��
���������
�����	��	����

�
���	�
�������
	�	
��
	�	
����	�
��
		
�������
	���
���
������
���	
������������
���!"�����
	
��#"��
��

�
��$
�	���%���
�	��
��	�	�
��
		
��
%�	�
�%���
�	��	
�
�	�����	�
��
		
�������
	�

�����������%��
�	��	��
��������
���
��	��	�����
���
	�
�
�������
�	�
������
�
%����������
��
�
����
�����	
��	
�	�
��
		
�������
	�������
�

�������������������%��
�	��	��
��������
���
��	��	
����
��	�
�
��
�	���
�	�
������
�
%����������
������	��
��
��	
�	�
��
		
�������
	���
���

��	�����
��
�
�
���������%��
�
��������������
�
�������
������������
�
%�	����	
������	
���
��	�	
��
�
�����
����
	�
%�������
��������
���	
�
	�
��������
��
��
����������
�
���
�
��������
�������������

�����������������	��	��
��������
���
%�������
���
�����	��	��
��
	�

���������������
�
�����
	���
����
�
�
	��
�����	��
��������
���������

�����������	�������
����������	��	�	��
������	

	�
��
%	����
�
%�	�
��
		
�������
	���
��������������
�
��	�
�
��%��	�
�����
��
�	�	
��

�
��
��	���	
��	�
��
���
���������	�
�	�

������	�������
����������	��	�	��
���� ��	
�	�

����	� ���
�
%� 	�
��
		
�������
	� ��
��� 	��	� ��� �
�	
�
%����������
%	����
�
�%�&
���
��	�
�����
�%�&
���������
������	����%����
�	��	��	
���������	�	�
�����	�
���
%�	�

�
		
�������
	���
���

�����������
��&�
�	��	��
	�	
�������
�	�
��
		
��
�����
	���
������
��
����	
������
�
	��
����
�����	�

�
�������������
������	
�	�
��
		
�������
	�������
�

��	
���������������	���
	��
��
���	��
�	
���
�
���
	
�� 	��	� 	��
���� 
�	
� 	�
� �����	���
� ���� ���
������	�	�
��
%	�
���
%�	�
��
		
�������
	���
�������
%�&
�� 	�
��
��	�
��
%� 	�
� �����	���
� ���� �
��	��
� 	

	�
��
		
�������
	���
����'
����������
��
�������
���
��
	��
��	��	���
�
����
���������
�����	

������
�
���
������������
��

�������	��������������
�����
�	�	��	�%�����	�
����
��
�
�	�
�������
��

��	��
����	�
��
�
�����	�
����
���	���
���������%�&
������

1
3 4 5

6

4 7
2

Bottom-bracket
shell

2

���������
�������������������������������������������
��������
�
�

�������
���
���� �!
����
���"��#��$�

��������
��%���
�
����

��&�� �����'
�����(��� ���
���)��*�	����� �!������
���"�



��������	
���
�������

��������

	

�� �� �

��
�
���	�

	

��������������

(
%
�
��
�
����������������	�
���������
���
���
�
���
��
�����
��
��
��%
��	�������	��	�
�
�����	
�%�&
�� ��������
� 
��
�� ��� 	
� �����
� 	�
� �
		
�������
	
������
���
�
	�����	��	������
��
�
���
��
�
������
���� 	�
� �
		
�������
	�� )

� 	�
� ��������
�����	
�
����
�*+�� ��
%
�
��
�
�����	�
������������


����������������
,��
��
��	
�
�
������	�
��
		
�������
	���	�����
��


������	
��
�
�
�	�
��������������
����	������	�	�

�
		
�������
	�� �	� ��� �
�
��
��
��� ���� 
%	
�� �
�
-���
���	
��
�
�
�	�
�������������)

�	�
�
��
�
��

��
����������	�����
�*��. �
����


�
�����������	

����
�*��# �����	
���
%
�
��	��	����	�
��
		
�������
	

�
������
�������	�
�	�

������
���	
��
�
���
��
�
�����
��
���	�
��
		
�������
	����

�

�����
�
������������
�
�����
��
����	������

�����
���	�
�	�����
		
�������
	�
�
��������
�����
��
�

������	�
%����
����������	
����
�����
��	�
�����	�
��
%
����������������
��
�
������
��	�
�	��
�
%��������
	�
� ��
��	� 
%� �������� ���� 	�
� 	��
� 
%� 
-����
�	�
�����	�
�	����
�����
��
�
�
��	�
�������
%��

��

������������������
,%��
���	��	�
�	���	�����
		
�������
	���
���	


�
� ��� �

�� �
���	�
����	�� �

�� -����	�� ��
��
�� �	
��
�����
����
�	
��
�����
��	�
�������
%����
����	��

�	��

��������
�
�������,%�	�
�
-����
�	��

����		�

�
	��
�	�
����������	�
���������
����	
�����	
����

����
��
�����
�*���/#�������
������
�	����
���,%����
	

%��
	��
���	�
�������������
�
��	�
��	�
�����	
����

����
�����	��

��	
��
����
%	
�����
�
���+!�/��������
��
0��	�� ���	���
	�
���
���� ����
��
���
	�� �
���
	�
�
%��	
������
���
���	�
����
������
���		�����
%
�
��	
������
���
���������1
��
&����
���%�����
��*������
����
	�
���������	�
�%�����	�
��	�
����
������	������%
��%
��
�
�	���%
��	�
����	
����	��
������
�������
����

�
��
��	
�
�
������	�
��
		
�������
	��������	�
����
���
��	������%
��	�
����	
��

)
�
�
	�
��%��	
����%%
�	����	�
�����	
����
�����

��
���
	�
��	�
��
		
�������
	����
-����
��%
����
��

���
�	�
�� ������
	�
�� 	�
� �
		
�������
	� ���� �
��
�
����������+���
�'����������
,
���
���������
�������
��������� �����&�����
�������
��
���� ����
��
� 	�
����
�
�	���
�	��
��
	�

��
�
������2�%��	�
��
�
����
��
�
���
�	�
�����	
�����
�
��������

�����	�
����	
�
����
�
����	
�	�����	�
�
������
�	�������������
����
��
�

)
����
���������������	���
������
		
�������
	����	�
����
���
�����
	�

��	�
�������
��������� �����������'
�����&��-����'������
��

����
���
%%
�	��
�
�������
����	�
	�
������������
�
����	��
�	��	�
�������
��	�
��	�

���
�	���
�	��
��
	�

��
�
�������

����������� ������!���� ��"�������#�
3�
�
%�	�
��
�	��
��
������	
���	��	��
���

	�
����	
�
��	
��
��
�
�	��	�����
���
���
		
�������
	
�

���
�
����������
��
��
�����%�
��	�
��
�
������
�

%�	�
��
		
�������
	��4
�	��
��
��	��	��

��	
��
�

%�
��	�
��
		
�������
	���
�������
	������
�����
��
��
5�
���
		
�������
	���
����
��
��
�� �	� ��� ���
�	
�������%�
�����

�
�����
���
����������������
�%�&
�
��	�
�	����
�
����������
		
�������
	���	��
�
���
��	
����������
�
���
���	
����
����
��
�	��	�������
����
�����
����������
�����
����
&	�
�
��������
�
��
�
�
%�
-����
�	�

)
����	�����	
���
����������	
�	��	�	�
��
		
�
�����
	� ��
�����
�
�
�����
�6���
�
����
�
� ��� 	��	
��
���
�%
������ ��� �����	�
�	�� 	�
� �

�
�
��� �%�


���� ����	�
��
�����������
	��
�
������	
����	�
�	�	�

�
������ �
�
����� 
&�
����
��� 	���	� ��

�� �
	� 	���
��

	��� ����
������
%���

	��
����
�����
�����
����
������
��
���
�	�����	
����
��
��
���
������	��

����������� ������!���� 
�"�� $#������

��
�������������	
��	��	�������
�
&�
��
��
�
������	���� 	��	� 	�
��
		
�������
	��

�����������	�
�
�	�����

�
�
������	�
��
������������������
��
	
�	
�
��� ��������� 	�
� 
���
%� 	�
� ������ ����� ���� �
�����
	�
���������
�	�����
�%

�����%
������
�������
����
	�
�����
	�
���
�����
�����	
��������	����	��	�	�

�
		
�������
	��

��������	�
�	����������������
���
	��	�����
	��
��
��
�����	���	
�����	�
������������
�������������
������
���
�������	������

�
�%�&
�����

�� �

�
� �
������� ���� �
� 	�
� �
���
� 
%� 	���� �
����
5�
�
�
��	�
��
�������
��%�&
����������

�
���	�����
	
��
-��	
�	
���������
���
�	�
��

�
����	�����	�
��
	�
	
�������
	������	�
�	��������
��

���
�	�����
�	�

���	������

�
�

3�
�
	�
�� ���
� ��������� �	� ��� �
�
��
��
�� 	

�����	�	�
��
		
�������
	����
�������
�����
����
��
�����4
�	����
���
�
����	�
��
&�%�
��	�
�%��	
�����	�
��� ���	���
���
		
�������
	�� ,	� ��� �
��
��	��	� 	�

%��	
�������
	��
����
�����
�������
		
�������
	���
�
�
	��
����
��
���
	
����
���
�	��%	
�������		�
��������
���
��
%���
���
�	
��

��%��	
����
	���



��������	
���
�������

��������

	

�� �� �


���������
	
��
��
�����
��������
%��
		
�������
	�������
	
��

���
�	�
�	

����

�
�����
�%
��
��������	��
�
���	

��
%
�������	���
������
		
�������
	��
�������������	��
��

�������	�
�	

���%
��	�
��
�����
���
%
��
����
��
����

�����������	

�������
%
��
���
����
�
%���������
���
��7


��
�
%���
��-����	����
���	���	�������
�
�
����5�
�
�
�
�	����
�
�	

��%
��
�
�%���	�
������������	��
���
	��	��
�
����	

�����
��
-���
��%
����%%
�
�	��
�%������
	�
���
%����	��

����	
���
�������

��������

�
���	���������	
�


��� � !"�#$%�&�$" %'(#! �$"

��������	
���
������
����
�������
����������

���
������ ��������
� 
��������
���
! �������
��������
� 
������
��������
� 
���"

��#��$� � 
%&' '(##
)�*��
���
���� 
&+##
�����
)�����

� !�� '(##
)�*��
���
���� 
&+##
�����
)�����

���� 
&',- '(##
)�*��
���
���� 
&+##
�����
)�����

�
��������� .���)���� ���
# �/��
0�����
 �����1�
)�*��
����
� �
)��
!�
)�*��
���

��������
��������
 ����
)� #
���
����0���
�� ����

��������	� '+##
)�*��
���
���� 
0���
���$��
���$��
��$
� �/���$
��������

��������	� 2� ����
'(##
�������
)���
0���
��$��
����/
�����
# �����3
�)
�����
���$
� ��
� �

 4�����
)�*��
���
���� 
)���
,+##
 ��������
! �� #�!���/��
� ���
���
�����

��������	� '(##
)�*��
���
���� 
)���
����� ��
��5����!��
����
06
,-##
���"
� ��
��������

��������	

 &(##
)����
) ���
 �
 ��
��$����
���
� #�
���0��
)�*��
����
���� 
)���

��5����!��
����
0���
�� ��
 �
�7����
� ����

2��#�� 
�8���'9
����� 2��
��������
'(##
)�*������
0�����

2�$�� 
,9&
����� 2��
��������
'(##
)�*������
0�����

��������	
��2��88���.�
���
:�;.<�8

��#��$� � 
%-'6� '(##
)�*��
����


 1��
�'+= '+"%##
���
'(##

>��$�!���$�
'9& ���4�����
�0 �/�
!�
)����� �3
#��
����
 �
# ��
��))�����
��# 4����

������
?������
�  �
??�: ���4�����
�0 �/�
!�
)����� �3
#��
����
 �
# ��
��))�����
��# 4����

�� ��!�"
�#��!$��%��!$� '+##3
'+"@##3
'(##3
'("%##3
'%"%##
���
'=##
)�*��
����

8.�>:���
�..82
�2��$����  /
����$�
)���
���
� �/���$�3
!��
��
!���
����
0���
�����
0���
� �
)��

!������
��#!��
 )
� �����
��
 ��"
	�����
���
������ �
$���3
!��
� �A�
)��
������� ���
� �/���$�"
;��������

�  /
����$�
�  ��
)��
�����)��
!����
 )
� �/���$
 ����"

��#��$� � 
%&, ;���������  /
����$�
)���
��#��$� � 
� �/���$�
���� 
)���
',##
�������

������

���� 
&''' ;���������  /
����$�
)���
��#��$� � 
� �/���$�
���� 
)���
',##
�������

������

����
,%&, 2��$����  /
���$��
����$�
�)���
�������
� �/���$�
��� �

��&�����!' 2��$����  /
����$�
� ����
���
)���
�������
� �/���$��

��&�����!� 	�����
��4�
�*�������
)��
� 
���
� �/���$�
0���
�4��
��#!��
 )
� �����
���� 

)���
�������
� �/���$�
0���
�4��
��#!��
 )
� ������

	��/

�B�, 
��$��
���$����  /
����$�
�)���
�������
� �/���$�
��� 3
���
'+##
)�*��
�����

	��/

�B�+ 2��$��
�  /
����$�
 �
 ��
���
)���
���
� �/���$�3
#���������  /
����$�
 �

 ����
���
)���
� #�
'
���
(
� ���
� �/���$�

	��/

�B�&, 2��$����  /
����$�
���� 
)���
',##
�������
������

2��#�� 
�8���'9
����� 2��
��������
#���������  /
����$�
)���
2��#�� 
� �/���$�
 ���

2����
8B <���
$���
�����
���
������
$���
) �
����/
� �/���$�
06�4��
��#!��
 )
� �����

2�$�� 
,9&
����� 2��
��������
���$����  /
����$�
� �/���$
�  �

<�:
&( 	����
�!��/�
���
�0/0���
� #�����
� 

 1��
�,9'�



��������	
���
�������

��������

	

�� �� )


��
�������������
����
���
3�
���������	�
��
		
�������
	������������������

�����
�
���������
		
�������
	������	�
�	 ������#�/
8������	
��
��
%��
�
��	
���%%����	��������	����	�

�
		
�������
	���
�
�����������������������
�
��� 
�������/�!�����	
��
��
%��
�
��	
���%%����	��

��������
���	
%�""��#����#���������

9�%%����	�������
�
&�
��
��
���
�
�����	�
����
���	���
�����
��%�&
�������:��������
�%��
	�������%�&
��
����	

����������	�
�;�<�#����������
�	
�����������
�
�
�������
��
�	�
���
��
��%
��	�
�%�&
�������5�
�
	�
������	���
����������%%����	�	
�	������
	����	�
����
���	���
����������
����	���
�
	��������
���)	
���1�&
�
=���)����
��=������1==�* �

9�%%����	�������
�
&�
��
��
��	��
������	�
�����

�	�
�
���%	
��	�
�����
���
�
���

�
��
����%%����	�
�����
�
&�
��
��
��	��
������	�
������,��	�������
���	
����
�
��
��
��	
�	���	�
��
		
�������
	�	��
����
)

�	�
�
�������
�
���

��������

�	�
�������	
�
����
�*�# �

%�""��#���� $#������
3�
�
	�
����%%����	��	��	�����	��
�
&�
��
��
����

	��	��	������
	��
��
�����
�	
��
	����

�������	�
�	

�
����	���

��-����	���
�����	��� ,%� 	�
� ����	
�

&�
��
��
�����	��	�	�
�������
�%

�����

	��	��
���
���	� 
%� �	�� �
	�	�
��� 	�
�� �
	�� ��%%����	� 	
� 	����� ���
%�������
�����������	�
��	�
��
		
�������
	���
������
�

��%�������)

�	�
��������
�
���

��������

������
	
������
�#�8 �


��
��	
(
		
�������
	��	��
�����	
�	�
�%���
����
�
���


�
�
������%%
�
�	�	��
����	�����������	
�����	�
�%
��
��
����	���
��,	�����
�
������	
���
�	�%�����	�	��
����	���
����������
��
�������	����������
����
��
��	
��
	
����

����������	
�	����	�
�%�&
�������
��	
��
	
����
��
��
��	���
� �
����
�
�	����	����
� ��
�	�%�� 	�
� 	��
�����
	��
�����	�������
������������
����
��

�
��

)

� 	�
� %
��
����� ���
� %
�� �� 	���
� 
%� �
		
��
�����
	�	��
�����%
���	�
��

����	
���
�������

��������

�
���	����������	
�(���)�

��� � !"�#$%�&�$" %'(#! �$"

��C�2��?8����	
	��
2	����:2
���5����!��
��������
���
!�
��5�����
� 
)��
4��� ��
����"
����
#��

!�
��$��
����
 �
���4�
����"
��*��
��������
)��
�������
����
 ���
���
���
���
���4�
�����"

���� 
&''9 ��*��
���
�������
)���
��#��$� � 
����

��������	
��*����� 8�$��
����
��5����!��
0���
'"9##
����

��������	������� 8�$��
����
��5����!��
0���
,"@##
����

	��/
2	��( 
��4�
����
��5����!��
0���
,"@##
����
�� �
��
�� ��
��
<�:
&'�

	��/

�B�@ ��*��
���
�������
�)���
#���3
!��
� �
���3
����� ��
�����

2��#�� 
�8���'9
����� 2��
��������
)�*��
���
�������
����
)���
2��#�� 
����

2�$�� 
,9&
����� 2��
��������
)�*��
���
�������
����
)���
2�$�� 
����

�� �
� 
��4�
����
��5����!��
0���
,"@##
����

28.����
��C�2��?8����	
2	����:2
�) �
��5����!��
���
0���
�7����
� ���
 �
�� ��
��
���
)����

	��/
2	��@
����� 0� 8�$��
����3
��#����
)��

��������	

 
��4�
����
�)���
����
0���
&(##
)����
��� �

<�:
'&& 
��4�
����3
!��
�0/0���
� #�����
� 
	��/

�B�&&

&(;;
�8��2
��C�2��?8����	
2	����:2
�) �
��5����!��
���
0���
&(##
0�����
)�����

��������	

 �  �
�  �3
 ���
 ��
#���
) �
���
5 !
�0 �/�
 �
��#����
)�*��
����
��� �


��������
��C�2��?8����	
2	����:2
�) �
��5����!��
���
0���
��*
)�����$�
 �
���
)����

�
��������� .���)���� ���
# �/��
0�����
)���
���
��1�
��*
)����
0���
����/
��#

��# 4��
��������
 ����
)� #
���
����0���
�� ����

	��/

�B�' ,+##
�'(##
)�*������
�������
 �
 ����
����

<�:
&-6& ,,##
D
,@##

<�:
&-6, ,(##
D
,=##

<�:
&-6' ,,##
D
,@"-##



��������	
���
�������

��������

	

�� �� *

��

��������

�
��
��	���������	��

��C�2��?8�
��	2E
��0���
) ���
 �
���
��)�
����
 )
���
!�/�
���
��0���
���
��$�������
������"

�����
��	2E
��0���
) ���
 �
���
��$��
����
 )
���
!�/�3
���
� +,!�" %'�!,('#%�% ('&! �$�� 0
!�� 0
) �
������
������� �"


,('#%�!-.' /�	�0� /�	�0� /�!#� #$0 /	1 ""0 /�('$&,0 /2, !1�(!,0


-. &#� ���
�����
���
# ��
�#������ ; ��
�������3 ������
!�/�� ������
!�/�� ��$����

�&&3(('$&'" !�������3
��
0���
��
#���
 �����" � #�
;�*���� )� #
��� )� #
��� ���*�����4�

���������	
����
������������� ���
�#������ �������4������ #�����$�����
 � �����������
���

�������
���������������
��" !������� � 
#�����$����� ������� ���������
!�/��

� !&, ,@��� ,@��� &## &## ,(���

�3.��4�4 '@"(F'@"-## '+"(F'+"-## '@"(F'@"-## '@"(F'@"-## '@"(F'@"-##

� +,!�" %' ��)������ ��$������� ��)������ ��$������� ��)������

!,('#%�% ('&! �$ ������ ������ ������ ������ ������

�'5!�" %' ��$������� ��$������� ��$������� ��$������� ��$�������

!,('#%�% ('&! �$ ������ ������ ������ ������ ������

��6 $#��!,('#% &"'%9G
H
,@���
 &"'%+G
H
,@���
 '(##
H
,@��� '+##
H
&## '+##
H
&## &F'6=G
H
,(���

%'"&( .! �$� �2��#�� �� ���)��� ���$����

	,'����4�4 ''"(F''"-## '@"(F'@"-## ''"(F''"-## ''"(F''"-## ''"(F''"-##


 ?2�
�?������
2�������
������
���
�2.
���������� ���
2��������
.�$���1��� �����1��
���
)����
���������$��!��"
���

"99+G
���#����
��))������
�� 0�
��
���
��6 $#��!,('#%�%'"&( .! �$
� 0
��
�
��))������
 �
I�����J
 ���"

� ��6 $#��!,('#%�%'"&( .! �$
��
���
��#�
 )
���
������
����"
���
���#����
4����
��
� �
�
#������#���3
!��
�
4����

� ��������
)� #
���
������
#������#���"

� ������
���
20���
�������
���
���������
�*����
����
���
������
������� �
 )
���
)�*��
���
���$��
�����
��
��)������
) �

���
20���
���
��$�������
) �
���
������"
���
� ���� ��
���)��
���
���$���
������
�� 0
��
��
���
� #����
������

��������� ��3
���� �$�
� #���#��
���
������
I�J
�������
) �
��)�
��
������
���
��������
#�$��
!�
����
 )
���
��#�

��*�#���E
'+
H
&��
�)
��
��
�
20���
������"

� 2��#�� 
#��/�
?2�
����
I?�
&"'%
H
,@J"



��������	
���
�������

��������

	

�� �� 7


&��'�(����%
�%)(�������*�

�%(��
���������	
���
�	
���������������
�����
������

�����

���������������������
��������������
�����

����� ������������������������������������!"#

�����������
��8��

) +�, -��./���(#�
��
�*	��	(#�
�.��0�(������(�

"
�#�.��(���1�1������*�/*�.2�333333333��)

�����.������
������������������������&��������������

�) +�, -��./���(#�
��
����������.�����������
�(#�4	
���5�4�*����	'�)��#�
��
�*.������
�������
�(
�(��������3333333333��)

����������	��	
�	�

��

����������	���	
�	�

��

�����/������������������
�����������0������������
���������
��

������&�������������������������
��������

�) +�,  ���6��(��������.)

��

��������

��
��8��
�) +�, -��./���������	���(���	�7����
*#�	.
���4��	

��/.
���1����(/4�1�(�2�33333333333��)

Caliper

�����1��
�����������'
�����	
�� �����
����

') +�, -��./�����8/.�����	(/4�4����/.
���������	
(�..��1������(��
�*�1�(�233333333333��
�"�
�����(�..��.�����*��
6���/�����)

�������
��	���

��������

����������

������

�����2�������
���
���� �
���
����������

����������
������������

�
������,� ��������� ��������

9) +�, :/�����(��
�*�(�/����(��(�"
.��"
�#���(��
�*
������������6��
�)

�����3���&������
��������

�) +�, :/�����8/.������(/4�(�/����(��(�"
.��"
�#
��8/.�����	(/4�������������6��
�)

��	��3���&����������
���
���� �

;) +�, <�.4�(��(/4�1�(�.�1����#�����
����
1
(��
��)
 �(��������
�*.�#���2
3333333333333333333333333333333333

��
��4�
 ������ �����
��������������������������������������

!���)5�#�������
���
�"�



��������	
���
�������

��������

	

�� �� 9

�) +�,���$����
�	
��
�����
���
�������
�����
��
�%

��5����./���(/4��
�����������4
�(#����
��(����#���2�3333333333333333


!) +�, =�����#������04��/4�
����

��������




��
��	���������	���1����(/4�����.����1���
���./������.��#���"���������)



) +�, �����������
�1�����
��5�(#��.��"#��#���1
7��
(/4�
.������������������������
 ����#�����#����)


�) +�,  ���6�����������
�*.�1����
�.
�����8/.�����
(/4����1������1�������1�.4
����)


�) +�, <1���4��(
�*�����
�*.���������$���(��	
�������5�4�4������/���1��#������
�������
���./���
��"
�#��#��������>�	
�����
�*
�/���)� �(�������������
�*�.
&��#���2�333333


�) +�,  ���6��.4
���������4
�*�(���1/�����(���1
"#
(#�����"�.�����#���
*#������"#
(#�"�.
����#����1��5����./���.4
��������.5���������
"#��#�������������&�������������&�����$��
������
���������
 ���)

�

�

��

��

��

��

��

��

��

��

����

��

��

�	

�	

�


�


��

��

�����.�������-�,�������
��������
 ���
������

,%� 	�
� ������
��

��� 	
��
� �
����
���
����
� �	� ��
�
���
�	�
�������� %�	� ���
� 	
��

����������
���

�
������������
�����
��
���

�������	���
������
��	�
� �
�����	���
��
����
�
�	��

���	
��
�%
�����)�����
�����

�
�
�����
���
��	�
��	��	������
���
��	
��
	
����

	�
�����
����	
��
��	�
�����
�
� ����� �
�	�
�� ��	
�� ��
	��������	
��
��������
���	
������
�����	��

') +�, ?����.4
���������
�*.�#���2

33333333333333333333333333333333333

9) +�,  ���6��4��.�
(�.���6��
1��#����
.����)

�) +�,  ���6����#���.����1�����
�*.�1�����
*#�����

�1�.4
��������1����
�.
���1
7���(/4)


;) +�,  ���6��1
7���(/4�"
�#�1
7��	(/4�������(#�(�
�#������
��(�
���������
��.��4�

�)

�������

���
����	��'�� ����
������������'��������
��

�

������2����������	��'�� ����
�������������������������������� ��&�'
��

,����
�� �6���

(
	����������
��
���

���
�
�
���5���
�	�
��
�
�
	����%%����	�	
�	��
���
�	6�,%��
���	��
�����
����

�
��
��	
�	���	�
�	��
�����,	��������
���������%%
�
��
���
��
	�
��	�
����������	���
���	��
�����
���
����	����
����	�
��������	���������
����
������	�
�	�
���
���,	
�
�����
�	��	�����	�
�	��
�����

�������
��������
��%	
�
��
������	�
��	
�	����	����	�
������	
��
���
���
	�
�
	
�	���	�
�	��
����

4�����
		
�������
	���������
�����
���
������
	�
��
�
���
�
�	�
�������
��

��	��
����	�
������,	���

�	�
����	
��
�
�
�	�
�
��
�������	��	��
������
�������%
�
�
����
��
������
��
�
�������
%	�����
�����������
�	

��������	��%���
������
��
������
�
%	
�������
	������
��	���
�
��
�	�
%�������
	�������%�
��
�
�%��
���	�
�
��
�������
�����
��	�
�
	�
��%��
��,%���	���������
������	�
��
���������
	��
�	�
����
������������	
��
%
�
���	��	�
��
	�	�
��
%�	�
�������
�

�) +�,  ���6��.���.�1����(/4.��
1���0������"�
��

��"����
�����
��.�#���2
33333333333333333333



��������	
���
�������

��������

	

�� �� :

��
������
�
����
	
�!) +�, ������.4
����5�
�.
���(/4.5�����
�.
���(��	

6�..�.�"#������0�.���.�"������/����)
�
) +�, ������
�.
����1�������	���(����.#���)
��) +�, ������(/4��#����.�����.#�����#����.�"
�#

����#��/.#�����.��6���)
��) +�, ����������.�����
�*.����0�
1���	/.
�*��#��

���	/.
�*�����
�*.�������(���������)

���
	���	�
�
���
5�
���
��������
���
�	��	�
����%��
��
��������	�


�������
����
�
�
����	����
�������	
������	�
��
	�� �����
�
���������3��
�	����
����������
�
�������	�
�	�����
	��

���
������	�
��
���������
�	���
��	����������	
����

�
�����
%� 	�
��
		
�������
	� ��� ����� 	��	� 	�
� ������

	
����	
��
���
�	�%���	��	�
�%�&
�������
&	������	�
������	�
���
��������	�������
��
������
	����	�����	
�
��
��
��������%
����	��

����	�����
��
	��

������
����
����
-������
��	

%�	��
����	�
�����	�����
�
	��
���
�����
�	
��
	������
��������
����
�
�	����	����
�
�
%	
��	�����
	�
�����
��
��
	
��
		
�������
	����
���������
��,���������
���%����
���	����
��
�������
�����	�������

����
��	
��
����
�	�
�
�������
���	���	
�	
�	�	
��
	
����
���
	�
��	�
�
���
���	�
���	
�	���
�	�
��
�����	��	�
��
����������
��
%	�
��	�
����

��	�
�������
���	��	�
�	���
%���������
��	��
���,%�	�
�	��

%�	�
��
����	��
�������
�
���
�����
�%
��������	�

������2�����������

� ����-��������

� ����� ���������������� ��
���
��������������

��������	
���


������������
��

������.�����������

����! ��
"����������

� ������������� ��,��������

������

� ����-��������

� ����� ���

,���
�	����	�
�������
������� %
���
��� ����
	��
��

��
��
���)����%����	��
���
���
�����������
	��
�
��
��������
	
�	���
���	�� 	�
����
��
�
�
����� %

������
������
����
�	�
��
��������%��
����	
�	�
�	�
���
�	


�
������	�
��
		
�������
	�
��) +�, <�.4�(��(������(�����.4
�����1���4
�.)
�') +�, <�.4�(��
�.
���(/4.�1���4
�.�
�������"�����
��)

�9) +�, <�.4�(��
�.
���(/4.�1���(��(�.�
��6
(
�
�0��1
�����"�����
��)

��) +�, <�.4�(��
��1
7��	(/4��#����.�1�����0�(��(�.
���"�����#����.5�4���
(/����0������������
(/4�1���*�)

������

������.����
��������
����������� ����
������������,�����-
�

���
	��
����
�
�
����
��	
����
��������
2����
	
&���"���������"������ ��������+�����

5�
���
�����������	������
������	����
��	������
�
����
�����	��
�������
	
��������	����3��
��
�%�&
��
����	��
��� ���
�	�
���;
��%�� 	��	� �
����
�
�	� ���	�
��	�����������
��
�	��

5�
�����	��������
�����	����	���
�
�����������	�

���������
����
� ��	��� ���� �����
� ����
	
�� 
%� 	�

�
		
�������
	���
����)

���

��������

�
��
��	

�	���
�>�* ��������
�	�
�� !&,��
������	�
�	,'����4�4��
�
	
��
	
����
�	�
�	��
���	��
�

���� ����������+�����
)�����
���	
������
�����	������������
��������
��

�
���1���	��
�����	��
���
��%��
�7
5��	� 	�
��
�� ������
� 	
���	��� ��� ��
�
��� ��

�
�����
���������
��
�	��
5��	�	�
��
��������
�	
��
�
�	�
������	���


�������
��
�	�����
�������������
	
���
5��	�	�
��
��������
�	
��
�
�	�
�����������

���
��
�	�����
�������������
	
���
1
��
&����
���%�	�
������	���
���������
�
��
�����

���	�
�%��
�
%�	�
��
���������	��	�
�
��������������
���	
�
�����

��	��	��
���
�������	���������
���	�����
����	�
�������	���
	�

��	�
��
�
����
���5��	��
��
�����	
����		
������	��	��
�
�����
	
���
��	�
�������

����� %�
�� ������	
�������� �� �
����
�
�	� ������

����	����
�	�
�
&	���������
	
��
%����	���
	�

��	�

�
�
����
�����	���
�	
��������
���
�
�����
	
���
�
%�
%
�	�������
��

��
��	�
������	���
������
��	�
���	�����
,���
������	
������������
��	�
����	��
�����

��	��	
����	��	���		
������	�
��
��	��
%�	�
�������
�%�
��	�

�
�
� ���
� 	
� �	�� 
����1
�� 
&����
�� �%��
�����	� 	�

�����������	
��
�
����*�����
	���������
���	��������	�

��� �
��	�� 	��	� ��� *�����
�	
�2� ��%
�	���	
���� 	�

	�����
���
%�	�
�	��
��	��	�%�	����	
�	�
���������������
�
�� ������	
�������� ,%� 	�
� �
����
�
�	� ������
����



��������	
���
�������

��������

	

�� �� �

*�����
�	
��
��	�
�
������	�	�
�	��
������	����
��
	�
���	��
����
������	��	�	�
�������������
�����
	
�
�
�����	����������
������	�
��
����
�
�	�������
�����
��������	�����������
��
������
��
%����	���
	�

�
�
�
����
�������
��	��%�
���
�
����
�	
�
���
%�������

��
�����
���%%���
�	�

1
�	���	
����
�	����
����	�������	���
������
		
�
�����
	����
�������
�
�
��?����
�
����	����������������
�
�
�	
�	�
�?,)��	����������
�
�������
�	�
����	
�����	���
����	
����
�	�������
���	
������
�����	������
�����	
�	�
�

?,)�������
�����	����	���
�
%����
���
��������
����

	�
%
���
	
������������
����	
��
����
�
�	�������
��
�;) +�, <1���
*
����.4
�����(�/.���4������.�"
�#

(#�
��
��5�(#�
��
�*	��	1�����(������(�5������	
8/.�����	(/4�4����/.
���1������(��
�*5�*����
�*��%��������
'�����,����-��4�*���	
��������	
����
����44��4�
������4��(������.�)

��) +�,  �4��(����0�"�����/��.4
����5����.4
����
�#���
.�(�/.
�*�4������.�"
�#�(#�
��
�*�4�.
	
�
��������8/.�����	(/4�4�.
�
��)


#���������+�����
4�������������	���������������
�
�����
��
���	�

���
�%�	����
�����������:�
�	�
�%
��
�����	
�	�	
��
	
��
���
��
���	�����	���
	�

��
��������
�����	��

=�
���	�
�����
	
��
%�	�
��
�
����	�
����������
������
�	�
���������%
����������	
��
��
����
�
�
%
���
����
�
�	�

5�	��	�
�������
��
����
�	������������
���������
�
	���
������	�
��
�������
��	�
�	
��
���
%�	�
�������
�
,%��	������������	���
�������
����
�	�
����	���
�%�
�
	�
�
���
%�	�
�������
�	
�	�
�%��
�
%�	�
������,%��	�����
%����
��%�&
��������
����
�	�
����	���
�%�
��	�
�
��

%�	�
�������
�	
�	�
������
�%��
�
%�	�
�%����
�

,��	���� ���� �������	
� �
����
�
�	� ���� 
�� 	�

������
����	�
����
�%����
�������	��
�	�
����
��
��
���
�
�	��,%�	�
���%%
�
��
�����
���	�����!����	�
��
�
����
�
�	�������
�	���
����������	������%%
�
��
���
�	
�
	�����!��������
������	��	�	�����
��	�	
�	����
����

%�	�
��
		
�������
	��
�����
��
�	�

������2�����	����� ����������������
���
�-���
����������������-��
�

 �
����������
 ���
����������������������������������������'�������

��

��1��
������������������
�������������	��'�� ��
������������������
����
 ���
��!�
�
��-�"������� ������	��'�� �
������������

,%�	
�	����
�������	
��
	
����
��
����
�
�	����	�
�����	���	�
��
����������	�
����
�	��

�%����	��
����
%
	�
������	���
�������
��
�
�	����	�
�	��
����
%�	�

�����	���
� ���� ��
������
	���
����	� 	�
� %��
�
%� 	�

�
������������	�
��������

�����
������
���	�
�%���

����	��
��	�*���
�!) +�,  �4��(����0�"�����/���������*���(/4.)

��������!�+����+�����!�
��
�
��������������
���������
���������������
	���
�

��������	��	��
����	�
�������	
�
	�
��������
	 ����
�

��
��
��
��������������	��
��	
��������
	���
������	
	�
�
������
� �
�
������������	��
��� ,��	������� �

�

�����������������
�
��
��
�����	�	�
�%
��
��������
%
���	�
�� �����
���
����
�	��
	���
��� ������
� 	�
�
�
�
���	�����
���
		
�������
	��
����
����	�������
,%����	��������

�
��������	���	
�%����	�
�����
�	�-����
�	����������������
��@

����������
��
�����
����������
�%��9
�
�	�������
�����������	��
��
�����
�����	�

����
�
%��������77�	
��������77����������
������
�
	����	�
�
�������
��
��
��
������

(�����������
	���
����
��
�
�
&�
����
�	
���������
���������
����������
���%
���	�
��������
�����������

%
��������������
	���
���<
	���
���
%	
�����
�%
�
��	���
	�
���&���������
��
%�������	��	������%�	���
�����
	
��������
��
����	
�
%��
���������
	���
����	���A8"
�����������
��
����
���������

�
��A8"������������	��

	�
�
���������������
�
��A8"���

�
�
���
	���
� ��	�

�
��
�	�-���	�	��
%��

�
�������	
���
��������,%�	�
��
�
	���
���������
�����$
�
%�������
������
	�
��	�����A8"
���������#A�."�
��
�����
������+A#*" ��	�
�-���	�	��
%
�

�
�������	��	������%�	� ��� �
����
�	�����1����	�
�����
��	����������	�
�	�%
��������������<
	���
��������

��	� ��� ����������� ������ ���� �
�	�
�� 	�
� �
		
�
�����
	�
������
��
����	����
���
����
� 	������ 	

�����	�	�
��
		
�������
	�

������������"��������
�"����������!�+�������������

1
��
	��������
��
%�	�������
�	���������������
�
	���
���%��
�����
��	�
��	
�	�
����������������
����
�

���
����
�
�����	
��
	�������
	���
�������
��
�	������
	��	����	
�	
�	���	
�	�
���
	�������	
�	�
�������
����
�
	������� 	
� 	�
������ ,��
�
�
%� 	�
� %
����
������
	�
����	�
������	��	��
����	�
�������	
�
	�
��������
�
��
��
������
�	��	����	�
���������
�
��	�
�������
�
��	�

�������	
���
%�	�
�������	�
��
��
���
�	��	����	�
����
�
,��	���� 	�
� �
	���
���
��
��	
� 	����� ,%� �

���
����
�
�
�	��
%�	�
�����	����
�������
���
	����
���
�
�	��
��
����	�
�
���������
	���
����
�
�����
��
�	��������	�


���������
�������
�	���� �������
������

����	�������	�
	�������
	���
���������������������
���
�	�
�������




��������	
���
�������

��������

	

�� �� �;

��
	����
������
�
�	������������
	
���,%��

���
��
���
�
�	��
%�	�
������	���
�������
	����
��%�
��	�

�
������� %��
��
�
� 	��
������� 	�
�
�������� �
	���
��
�
�
� ����
��
�	�������� 	�
�
�������� �
����� ��
�	���� 
������
����������	���
����������

����	�������		�����
�
	���
�� ������������������ ����
��
� 	�
� ������
	���
��
������
�
�	������������
	
��
�
) +�,  �4��(�����������
�*.)

�		
����
��) +�, =�(�
���1
7��	(/4��#����.��=�(�
�������)

=������
���
�	� 	
��
� 	��
��
�� ��	
� 	�
��
		
��
�����
	���
����,	����
����	
���
���	��
���	�
������������
�����
�	�
���
��������
-���
�	��
���	��������,%�%���
��
��
���
��	
��	��	�	�
������������
�	

�����
���
����	��
	�
���������
�	���
������
�
����%�����
�
��	�
����	�
�
���
�
������
�
%����������	�
���
����,%�	�
�������
�
�
���
	
�	��
���
�	�	�
����
�����
�
����	
�	��
�������,%�	�
�
�
�
������	
�	��
���
�	���	�����
�	��%�	�
���
���	��
���
���
��

������
��� ,%��
	���
��	�����
,����
%��� 	
��
	
��
��� 	��
��� 	�
� ������ ,%� 	�
�
� ��� 	�
���
� �
		���� 	�

	��
���� �	��	
��� 	��� �
	�	���� 	�
���������������� ���	
��	�������		�
�B�
�C����%
�	��	�
��	����	�
��
��
�	����
��
	�
���3����������%�	�
�%�&
�������������
%	������	��
��
�	�	������
��	
���
�����
�	
����	������
���
���	�
��
�
	
�	����%
����
���	��
��������	��	�������	�������	�
�%�&
�
����
�������
	
��%�&
������	

�����������	�
�;�<�#��

��) +�, �/��1
7���(/4����1
7��	(/4�����������.	
.�������������*��#���
�.
���������	���(���
.#����"
�#�1
7���(/4)���(/�������'1�	��.
��'��.@9A5�����"����6��.�.
�/������/.�0�)

���������'� ������
��������8�3��7���	��'�� ����
��0����������	��
�� ��
����,������������
����������������
���

���
���������
���
���
����������'��������
��

�

��) +�,���$�
1�
�.����
�*�����.�
��������
���5���.�
���������
���.�1�(
�*����#�4�..
����"�0.

��(/4.��������.4
��������������
���(��	
��(����
�����
��)

�') +�, B���.��.���.��
1���0�5��#���
�.�����
����(/4.)
�9) +�, :#���/*#�0�*���.����8/.�����	(/4��#����.

���(/4�����
�.
�����1��.
����1�������	
���(����.#���)

��) +�, �/�������4���C/���
�0��1�*���.��
����8/.�	
�����(/4)

�;) +�, �/������
�*.�
������8/.������(/4�����(�6��
����
�*.�"
�#�*���.�)

��) +�, �/�������4���C/���
�0��1�*���.��������
*#�
�����1�.4
����)

�!) +�, �/������
�*.�
����*���.�����.4
��������
(�6�������
�*.�"
�#�*���.�)

���	����������� 
��9������,��������
����������������������������

�����������������
 ���
��������
��������������


������������
��

�
) +�, <�.������
*#�������1�.4
�����
������1��.
����1
������	���(����.#���)

���
��:
�����������������������������������������
 ���
�������������

��	����� �

��) +�, <�.�����4��.�
(�.���6��4����(�����
1���0�)
��) +�, :#�����
����8/.������(/4�/��
��
���7���.��
*#�

4��../������.4
����)



��������	
���
�������

��������

	

�� �� ��

��) +�, ���
10��#����
*#�	.
���.4
�����4����/.
��
���(#�.�4��	�
.�..����0��
���.
����/���..
.4
�����
.�(#��*���������
�������0���6��.��
���
�4��6��(#�
��
���)

Caliper

������1��
���������'
�����	
�� �����
����

�') +�, ����	�#����������(��
�*�����6��
10��#���(/4
4����/.
������(#�.�4��	�
.�..����0��
���	
.
����/���..�.4
�����"�.�(#��*���)�<1�(/4
4����/.
���#�.�
�(���.�������.4
�����
.�/�	
(#��*��5��
.�..����������������(�������
1
���
1�����
�*�����
����.�������/���1�4��(����

1������.�������
.��/���1�4��(�)

Caliper

������8����,�����
���
���� �
��

� �������
�����
������
����������

����
�������������

����	
�
�

����������������������
����� 
��	
�������
���������

��������'(#

�9) +�, =��.�����(��
�*��������.�����8/.������(/4
����1/����/��)

��) +�, ��(/���1
7���(/4�����9!
�	��.���!��.@
�A�)
�;) +�, =��.�����(��
�*������7�����/��)
��) +�, :#�����
����8/.������(/4�/��
��
���7���.��
*#�

4��../������.4
����)
������

���
�
����	���
�
��
�����
�	�����
���

�����������	�
���	���
����
������(���
		�(�����
�,��	��
	�	
�����������
%�	�
�
��	���
��������������
�%�
��((,
%
��D�8�>>������
�����
�	�	
������
 ����
��	���
�����


��
�����	�
����
��������������	��	�
����,%���
%
��
��
������
�
��
�����
��
�	
��
�
��A*"���������	��
��	
�AE"���	
������	
��������	
�	�
�%���	�
��
%�	�
��	���
��
'!) +�, ��������8/.�����	(/4�1�(��"
�#��(��������

��(�#�������4/����.�
�*���4�����>><�>�����
>��(����:�4��.�
(���)

0

������$$4�$������$�������2� ��
���������� 
����

'
) +�, ������8/.������(/4���������$�(����(������
����
�*.)

'�) +�, D.��1
��	�
4�4�������������������4/������
���(/4�1�(��������(#�E!F���������.�
(���)

0

�������������������������� ���������
����-��������;7<��������


�������



��������	
���
�������

��������

	

�� �� ��

'�) +�, ����
�*���8/.������(/4�.���
����0�"
�#���	
8/.�����	(/4�.4�����5�.�(/�����(��
�*�"
�#
��(��
�*�.4���������������.���!!
�	��.
��;��.@;A�)

Hold stationary

�����������������
��������-��
����
�������������
���
���� ���
�'


���
,�
��������,�

'�) +�, �#�(���#�����������(/4�.�
����
��.�/4�"
�#
E!F�����)� �.���
1�(/4�.�
44��)

'') +�, B��.4����#����.��1�.4
�����1
���0�����8���
6
*���/.�0����(#�(��1������(�
�*�.��.��
��
�#���
��
(���.���8/.������
.��������.�)�<1���
���(�
�*�
.�1���5���.���(/4�������.����.��
(�/����(��(�"
.������(#�(���*�
�)

������=����
 ���
��&������

,�����������������������

'9) +�, =��.�����(��
�*������/�����8/.�����	(/4
����������7��(��(�"
.����������.�
(������
�����.�
�*���4�)

0

������1�&�������� ��
���-�
���������������� ������
����� �-���
������	��
����������������
���������������������

'�) +�, ����
�*���8/.������(/4�.���
����05��
*#���
��(��
�*����������.���!!
�	��.���;��.@;A�)

';) +�, �#�(��1������(�
�*)��#������(�
�*�
.��
11
	
(/������1���5���������#��.4
��������6��
�/.�4�	
.
�
��.�����(#�(��1/��#���1������(�
�*)� �	
4������8/.�������.��4.�'9G';����������
(��(�"
.��������
����.���(�..��0�/��
��4��0

.���
�
�����)

5�
���
	�	����	�
�������
��	�	�
��
��	�	�
���
���
�����

���	
��
�
������	
����	�����
�����
�	��	��	�����	
%

�� ���������� 	���	�� �
�����
�� 	���	� ���� ��

	�� ���
���	��

����� �	� 	���� �
��	�� F
�� �

�� �	� %

��� ��
����
�����%���	�
��
%�	�
�-����	�������
���	�
��
%�	�

���	���������
	�
��	�
�
���
�����
���
����
���������
,%�	�
����	���
�
������-����	�����������
�	��
���	�
��
�	�������
���	�
�������%

����
�	��	�	�����
��	��,%�	�
�

��
������
����
����������	�
����������
�	�
�������

%

�������������
���
	�	
���,%�����
��
�
�����
���
	�
	
�������
	�%

������������
��	���	��	�
���
��
����
�
����
��
�	��,%�	�
��
		
�������
	�%

����
�������
�����
	����	��

��
�
�����
���	�
����	����
��
���
�	�
,%�	�
�������
�%

���	���	�	��
�������
�	�
��
%��	���
�
	�	�
�� ���� �

�
� 	��
���� ��
	�
�� �
�	�
��� �	� �����
��	
����
&�
����
��
�����	��	��	��

����
�������
���%
��������
�
�������
�����	���
�������-����	���
�����	� �
	��	�	�
��
		
�������
	���
����

���%������
'�) +�,  ������.4
�����������(
���"#��#���
��1���.

HI



��������	
���
�������

��������

	

�� �� ��

9!) +�, <�.������
*#��(����������.���
��
����
������

���	�(#�4�������4�*���!	
!�1���(����(�
��(#�
C/��)�<1�(#��*
�*�.4
����5����./�����
(#�(��(#�
��
�*�(������(�5�(#�
��
��5����
1���������
���/����8/.�����)

9
) +�,  ����
�*�(������������6��
�/.�4�.
�
��.5�8���
6
*���/.�0�
�������/����������1�(�����������
.���
1���0����(�
�*�����
�.)�<1����
�
����
���(�
�*�
.�1���5���4������8/.�����)

9
���
��
&	���
	�
��	
����
�����
�����������	�
�
�	������
�����������	�
�	� ���
�
� 	��	� ��� �
%	�
�

����
�
�	� 	���	
�� 	�����
�
������ 	
� 
������	
������
��
�����
�
�
%�����
�����������	�
�	����	
��
��
��
��	
�%
��	�
����	�����������	
�
%��
���	��	�
��������	�
�
��������
&�
����
����������������
�����������	
����
	��
�	
�����
�����������	�
�	����	�����	
��

�����	
��
�
�����	�	�
��
		
�������
	���	����	�
�%���	��
���
�����
��
�����
��� ,%� �
�����	�� ���
��� 
��
������� �
����
�
��
�
�	�
��������
���
��	�
�������
�
�����������
�����
�����	�
�	��
�����
������	��
��,%��
	����
��	�
������
�����������
�����������	�
�	�
9�) +�, <1���.
���5���.���(/4������7��(��(�"
.������

1��������	
����8/.�����)
9�) +�,  ���6����4�����.�
(��������(������11�����.)
9�) +�, <�.�������1��(����������.���(����	����(#�4	

���.�1���(����(����(#�
C/��)

�*��%��
�����
'�����,����-

�	����
�
�	�����
�
��

������
�����
�
2���	�


	
*#�������"�����.���������

)�����
���	
������
�����	���
����

	�� �
��
� 	�

�
������� ��� 	��

� �
�
���� ��
��7���
�� 	�
� 
�������
������
������

�����
�	���
����	��
���
�	������
����
�
�
�	������������
2���
��	�
�
��������������
��
��	�
�
�
	�
� ����������� ��� ��������
�	���
� �
��	�
����	�� �
�
������	
���������
����A
���������	�����
�����
2��
�
�	�
�������
����
�
�	�������
���
��	�
�
��������������

��	�	�
������	���
����������������
�	���
��
��	�
��

�+�#�������/������.���������
��
� �
����

	� ��� 	���� ����	
�� ����
�� >��.

	��
����>��E ������%���
�����
&����
����
�
�����������
�
����

	����	�
�2���	�


	��
�	�
��
%�	�
��

�
	
���
	
�
���������
��,��	�
�%
��
�����
&�����	�
��

	�
�
���
��
�����	�
���
%����	��
��%
��
�
������
	��
	�
������������B�������� ��
���������
������	���
�
������
	����
�� �
����
�
�	� %
�� 	�
� 
&����
� ��
!���C�5�
��
��
��	
�����
�
�
%�	�
�
��
	�	�
��
�
%
��	
�	�
�
&����
��
����

	�����
��>/�.�	��
���
>��E � ���� �

��
�� ������
�
� 	�
� ��%
���	�
�����
�

��
�	
�
��

*���������������#�������
�� ��+����������

4
����
�	�
������	���
�������
	����
��%�
��	�

�
������� %��
�� ,%� 	�
� �����	���
� ���� �	����� 
�	� ���	
	�
�%��
�
%�	�
��
�����������
�	��������
�����
��	��

����
��G ��,%�	�
������	���
�����%��
�����
�
��
�����	�

�
�������%��
�����
�	��������
�����
��	��
�����
��/ �
<
�
���	�
�����
�����JK<�:<?B��H?�<:<H?���
&

��	�
�%���	����
��>��. �
%�	�
��
����

	��,	��

����
	�
�%���	�������

�������� ��
���������
������	���
�������
	���
��
���
����
�
�	�%
��	�
�
&����
����!���

4
����
�	�
�����������	
�������	�����
�����
������
�����
��
����
��%�
�����	
�
�����	�
%�	�
����������
�
	��
�
����
�
�	�	
�	�
��������	����������
�����
�	�

���
��������������������
�����������
%���	����
��
���
�
�
	��
��	�
������������
�	��<
�
���	��������
�����	�

JK<�:<?B��H?�<:<H?���
&�
��	�
��
�
������
�
%
	�
��
����

	��>��+ ��,	��

�����	�
�%���	�������

�������� ��
���������
�����������	
�������	��
��
�����
��
����
��"#$���

4
����
�	�
���������
�
��
���1
�����
	�
��
%��
��
���������������
�
��
����

�	�
���������
�����	
������

*+�! ��,%� 	�
�������������

��	
��
�
�
�	���
�����

	�
�
��
��������
��	��
��/ �����
���,%�	�
�����������
�

��	
��
�
������
�����
�	�
�
��
��������
��	��
��G 
����
���<
�
���	��������
�����	�
�JK<�:<?B��H?	
�<:<H?���
&�
��	�
��
�
������
�
%�	�
��
����

	�
,	��

�����	�
��
�
���������

�������� ��
���������
� ����������� ��
� ��� ��
#����	�����������������
�
��
��
%�%!���

���� �����"��������
�%	
���
�
�����	�
�������
����
���	�
�������
�%
�

���������������������
�	�%���	�
���
�
���<
�
���	�
�

�����������
�
�����������
	��JK<�:<?B��H?�<	
:<H?�� �
&
�� 
�� 	�
� %���	� ���� �
�
������
�� 
%� 	�

�
����

	�

�������� ��
���������
�������
����
%�������
�


��?����
�
�
�������(���������
	����
�	��	�������������
�
�	�������
��%�
��	�
�
��
��	��
����
�
%�	�
�&'���&����
�
�
�'����	������	������ �	��
����
��
�
�
��	�
�������

���(
$��



��������	
���
�������

��������

	

�� �� �)

1����	�
�������
�
��	�
�L<����<?�=J��<-J?	
�<H?� �	���
�>�#�����
�>�*� � ��	
�� ���	��������	
���
�
�
����
�	�
�������
������
������	�
���������
��	�

���
����
���<
�
���	�
�
&��	����������
��
�	
�����	�
���	�
����	����������	�
�JK<�:<?B��H?�<:<H?���
&

��	�
�%���	��
����

	����
��>��. �

�������� ��
�������1�
��	���
�>�#�����
�>�*� �
	�
��
�	
�����	��%
��	����������
����$$���

<
�
���	�
�
&��	��������	����
��&�
�
����
��	����
	�
����	����������	�
�JK<�:<?B��H?�<:<H?���
&�

��	�
��
�
������
�
%�	�
��
����

	��>��+ �

�������� ��
���������
�������
����	�
����
����
	�
��
������
�
��	�
�����	��1�
��	���
�>�#�����
�>�*� �
	�
��
������
��
��	��%
��	����������
����!)#$���


��������!�����.��������
�
��
���
	
�	�
��
����

	���	������
��
�
�����

	
������������	���	��
��	��
�����
������
�%
��
����

&����
��
&�������
��	
��
�	�������������
��
	�������
��	
���
	�
��	������F
��
		�0������ ����
��
��	
��
�
�������
�	
��
�	�������	
���
���
��	
���
����
��
��	�

�������	
��	��	������
��	�
�����
�
%����
��	��
�����
�
	
��
��	��
��������
�����������������
��BGA/�C�,��	�

%
��
�����
&����
���
�����
���	�
�
�
��	�
��������	
�
�����
���������
	�
%������
	��H�I�

�
��������	
�#G*��
�	
�7
H#I�HGI�H*I�HJI
��
�����
�����!�

�
��������	
�#G�/* ��
�	
�7
H#I�HGI�H*I�HGA/I�HJI
��
�����
�������

��������
��

�����	����
&����
��	�
�
������%%
��

��
��
	�

��	�
�%���	������
�
���
&����
�������
���
���� 	�
� HGA/I��
�� �%	
�� 	�
� H*I� 	
� �����
� 	�
� *� 	
� �
�
��	��
�����
�

�
��������	
���# G*��
�	
�7
H#I�HGA/I�HGI�H*I�HJI
��
�����
��������

�
��������	
�#���* ��
�	
�7
H#I�H/I�H*I�HGA/I�HJI
��
�����
�����!�

�
��������	
��/# /�/* ��
�	
�7
H#I�HGA/I�H/I�H*I�HGA/I�HJI
��
�����
�����/��

,%��
	����������������	
���	�
������
����
�������
	
���������������	���	�����
��	��
�����
�����
������
�
��	��
� ����
��� ������� �
����
�� 	�
� ����
� 
%� 	�

����
���������	���	��	���
����	���	����
��	��
�����
�
��������������	�
�����
�����	�
�����	��
�
����
���
	��
�����
���	�
�	�
�����������������
��
����
	�
� �

3��	�
�%���	����
�
%�	�
��
����

	��%�����������	�

������� ��� 	�
��
&� 	�	�
���J:J -<?J� �?BJ�H�
���J�:�>=J��J?:J ��<�:����5
����
���	�

�
&��
�
����
��	���	��
���
���
	����
�������
��
%
�

�
������
���	
�	�
��
&	��������
���
��	��	
�
���
������	��	��

���	
��
�%���
�������
�%�������	�
�������
%
��
��	�
����
�������	
��	���
���
�������
���	�
�����
�
��%
����	�
�
��(
����
�	
�������	
����
��	��
�����

��
�
�
���
���������
��	��
�����
��

�������� ��
���������
�����
�!���������
���
��
��	
��
	��	�
�%
����������
���J:J -<?J� �?BJ
H�����J�:�>=J��J?:J ��<�:���

�������� ��
���������
� �
���	� 
%� 	�
� B���
�
����	C�%
���������%"�

�������� ��
���������
� �
���	� 
%� 	�
� B�
�
�
����	C�%
���������%!�

�	�	�
�
���
%�	�����
&���
��������%
��-�7
�/�
(������"
��#� ����-
�
�/��(������"
��#�� 4�� ���
��
��
�����
�������������������
� ���������
���-��������

-�

��
-�,
���������,���������%
��	�
�����
���	��	���

%���
����	
�	�
�
�	�
��
&
��	
�	�
�-�7
�/��(�����
"
��#�����-
�
�/��(������"
��#��
&
��
��	�
�	����
���
�
%�	�
��
����

	�

�������� ��
�������$$���������
���
�����	
�	�

%���	�������
%�	�
�-
�
�/��(������"
��#�����-�7
	
�/��(������"
��#�%
�������

�������� ��
�������%!� ��������
���
���	
�	�

�
�
���������
%�	�
�-
�
�/��(������"
��#�%
������
��
��
���	�
%�	�
�%
���������$)�

�������� ��
�������%"� ��������
���
���	
�	�

�
�
���������
%� 	�
�-�7
�/��(������"
��#� %
��
��������
��
���	�
%�	�
�%
���������$*�

3��	�
��
�
������
�
%�	�
��
����

	��%����������
	�
� ������� ��� 	�
� �
&� 	�	�
���K=J� J?�� =J?B:�
:H=J �?�J�  �?BJ� �H � ���J�:�>=J
���<?=<?J��5
����
���	�
��
&�
�
����
��	���	��
�
�
���
	����
�������
��
%
�
��
������
���	
�	�
��
&	�
������
���
��	��	
�
����������	��	��

���	
��
�%���
�
�����
�%�������	�
��������%
��
��	�
����
�������	
��	�
�
���
�������
���	�
�����
��%
����	�
�
��(
����
�	

������	
�������
���������
��	��
�����
���
�
�
���
���
����
�
�	��	�������
��	��
����
��
���	�
%�	�
�%���	�	�

�������	�
�������
�
���		�:
8�;�������8.B�:
8�;���
-�

��
-�,
���������,�#����������
��
�����
�������������

�������� ��
�������%!���������
���
�����	
�	�

%���	�������
%�	�
��		�:
8�;�������8.B�:
8�;��

%
�������
�������� ��
���������
��
���	�
%� 	�
��		�:

8�;���%
���������$�
�������� ��
���������
��
���	�
%�	�
�8.B�:

8�;���%
���������"�



��������	
���
�������

��������

	

�� �� �*

��
����	�%
���������	�����
&����:�2�8����
:����
�.�2��K
�8��:������)
�
	��
����%��
����
�	�

%����	
�
����
�����
�%
��	�
�������
���	�������
���	����	�

�����������
���������	

���
�
�	
�	�
�%���
��,%�	������
	�
� ���
�� ��
� 	�
� �
%	�������.::�����
 �.8�:�
����� �
&� 	
� �
	
����
� 	�
� ���
�	���
� 	
�
����

����
2� �%� �	� ��� �
	� 	�
� ���
�� 	�
����
� 	�
� ����	�����
�.::�����
�.8�:������
&��

�������� ��
�������"#$���������
���
�����	
�	�

%���	� ������ 
%� 	�
�:�2�8����
 :�����.�2��K
�8��:�����%
������

�������� ��
�������"���������
���
�����	
�	�

�
�
���������
%�	�
�:�2�8����
:�����.�2��K
%
������

�������� ��
���������
��
���	�
%�	�
�:�2�8��
���
:�����.�2��K
�8��:�����%
���������)#$�
�������������
,����������'�������	�
���
������
���������

�	�� 
���-������&������-������-���
��������������	�

�� �

(
�
��	�
��
&����	��
���
	
����
����
%	���������	
�
&���
����
����� ������������ ��������������������

:�
�	�
��
%	��
&��
����%�	�
�����
�����	�
�������	
�	�

�
%	�
%�	�
��	�	
�
�	�B�
�	���
��������
��������<
���������� 
����:�
�	�
�����	��
&��
����%�	�
�����
����
	�
�������	
�	�
� �
%	�
%�	�
��	�	
�
�	�B�
�	� ��
��

�����
��������<�������!���!���������
���
��	��	


���������� 	��	� �

��� 	
��
� %���
�� �����
� %���� ��� 	�

�������%
��
��	�
����
�������	
��	���
���
�������
��
	�
�����
��%
����	�
�
��(
����
�	
�������	
����
���
	��
�����
���
�
�
���
���������
��	��
�����
��

�������� ��
�������$���������
���
�����	
�	�

�����
��#���������%
�������	�
��.::�����
�.8�
�:������
&�

�������� ��
�������"���������
���
�����	
�	�

8 0��
��#���������%
�������	�
��.::�����
�.8�
�:������
&�

3��	�
��
�
������
�
%�	�
��
����

	��%����������
	�
� ������� ��� 	�
� �
&� 	�	�
������ �H  J�:J�
:H=J �?�J�:H�JK<�:<?B��K=J�J?��=J?B:��
5
����
���	�
��
&��
�
����
��	���	��
���
���
	���

�������
��
%
�
��
������
���	
�	�
��
&	��������
�
�
��	��	
�
����������	��	��

���	
��
�%���
�������
�%���
���	�
��������%
��
��	�
����
�������	
��	���
���
�����
�
���	�
�����
��%
����	�
�
��(
����
�	
�������	
��
�
��	��
�����
���
�
�
���
���������
��	��
�����
��

�������� ��
�������!)#$� ��������
���
��� ��	

	�
�%���	�������
%��
	��%
����������	�
����	��
&�

�������� ��
�������$���������
���
�����	
�	�

�
�
���������
%�	�
�-�7
�/���7����������*�#�%
��
�����

�������� ��
�������"���������
���
�����	
�	�

�
�
���������
%�	�
�-
�
�/���7����������*�#�%
��
�����

�������� ��
���������
��
���	�
%�	�
�-�7
�/�
�7����������*�#�%
���������!+#$�

�������� ��
���������
��
���	�
%�	�
�-
�
�/�
�7����������*�#�%
���������!!#$�

��
�
���
���������	�	�
�
���
%�	�����
&�%
��-�7
	
�/�� �7��� ���� ���*�#� ����-
�
�/�� �7��� ���
���*�#�������%
��	�
�����
���	��	���
�%���
����	
�	�
�

	�
��
&
��	
�	�
�-�7
�/���7������� ���*�#����
-
�
�/���7����������*�#��
&
��
��	�
�	��������


%�	�
��
����

	�

�������� ��
�������$)���������
��%�
��	�
��
	�
	
��
%� 	�
� %���	��
����

	����
� �>��. � 	
� 	�
�-
�
	
�/��(������"
��#��
&�����
�>��E �

�������� ��
�������$*���������
��%�
��	�
��
	�
	
��
%�	�
�%���	��
����

	����
��>��. �	
�	�
�-�7
	
�/��(������"
��#��
&�����
�>��E �

�������� ��
�������!!#$���������
��%�
��	�
��
	�
	
��
%�	�
��
�
����
����

	����
��>��+ �	
�	�
�-
�
	
�/���7����������*�#��
&�����
�>��E �

�������� ��
�������!+#$���������
��%�
��	�
��
	�
	
��
%�	�
��
�
����
����

	����
��>��+ �	
�	�
�-�7
	
�/���7����������*�#��
&�����
�>��E �

)
�����	���
�>�#�����
�>�*� �%
��������
��	��	����

�
�	
�����	�������&�
�
����
��	��	��	�%�������	�
�����
�
�������	
���������	�	�
�����	�
��H?�=D�<H?2)))��
&

��	�
�	��������
�
%�	�
��
����

	��,	������
%
��
�����	
�
	��
-���
���	
��
�
�	�������
��	��	����
����
���
��
	��	������	����	�
��&�
�
����
��	������
����	��	�������
�
�	���
�	
��
�
�	�������
��	��	����
�����
�	�
���	��	���
�
��
�	������
������	�
�������
�������	���
����	��	�
���
�	

���
��	�
�����	��4��������
�����������-���
�������
��'

���
�����������������
�
�����������������	���������
�������� �
� ���� ��
,� 
������ �����-�

�-���>�:�
� 	�

������
�	��	��������	
���������
�
�	����-����	��	
�	�


��������������
�

�������� ��
�������&'��!��������	
����������	���

����	�	�	
���	���
�	
�����	��
%�$)������&�
�
���
%�!!#$�

�������� ��
�������&'��!,�������	
����������	���

����	�	�	
���	���
�	
�����	��
%�$)������&�
�
���
%�!$�

�������� ��
�������&'��!-�������	
����������	���

����	�	�	
���	���
�	
�����	��
%�$)������&�
�
���
%�!.�

�������� ��
�������&'��!��� ��� ���	
����������	�
���
�����	�	�	
���	���
�	
�����	��
%�$)������&�
�
��

%�!+#$�
������)����*
����� ���������������*���
��#



��������	
���
�������

��������

	

�� �� �7

WORKSHEET INSTRUCTIONS
*** First, fill in all blanks on the first and second worksheet pages marked with ***.
 ** Second, fill in all blanks on the first and second worksheet pages marked with **.
    Third, start at the top of the worksheet, completing each line before moving to the next line down.
    Each empty parenthesis is filled in by following the arrow pointing to it back to its source.

SPINDLE INTERCHANGEABILITY WORKSHEET

PURPOSE: USE THIS WORKSHEET TO

a) specify suitable replacement spindles that
b) improve or maintain adjustable cup protrusion and
c) improve or maintain chainline while
d) improving or maintaining adequate chainring clearance to the chainstay.

EXISTING CONDITIONS
Measure cup protrusion from lockring face *** _______ mm

Observe the spindle brand *** ___________ and code  ***__________

             Measure the distance from the top of
** _______ one cone profile to the top of the other.

Sunmano
D-3?

?mm

DETERMINE RANGE OF
ACCEPTABLE CENTER WIDTH

(The cup face may end up protruding from the
lockring face by a range of +2 to –0mm)

DETERMINE TOLERANCE RANGE (for new spindle)

2 - ( ________ ) = ________ upper limit

0 - ( ________ ) = ________ lower limit

ADD TOLERANCE RANGE TO EXISTING CENTER WIDTH
 (to determine new spindle center width range)

( ________ ) + ( ________ ) =

( ________ ) + ( ________ ) =

Minimum center width

Maximum center width 

TO

Numbers in these boxes are the range of acceptable center widths.

WORKSHEET PART #1 CONTINUE ON NEXT PAGE
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Measure chainring-to-chainstay clearance:
Clearance measures ***_________mm

chainrings in by ?mm

chainrings out by ?mm

EXISTING CONDITIONS

Observe spindle brand ***__________ and spindle code ***__________

Measure the right end of the spindle from the top of the cone profile to the end:

**__________ Axle end length

Error is *** __________mm

( ________ ) + ( ________ ) = ________

CORRECTED
TOLERANCE
  Upper limit ( ________ )

  Lower limit ( ________ )

CORRECTED
TOLERANCE
Upper limit ( ________ )
Lower limit:

2 – ( ________ ) = ________

This way only if above is less than 2 This way only if above is 2 or more

Pick which box
below now!

         ( ________ ) + ( __________ ) =

         ( ________ ) + ( __________ ) =
    Numbers in these boxes are the range for acceptable axle end lengths.

ADD CORRECTED TOLERANCE TO EXISTING AXLE END LENGTH
or

or

ONE ONLY!

Maximum axle end length

Minimum axle end length

CONTINUE ON NEXT PAGEWORKSHEET PART #2

AXLE END LENGTH TOLERANCE RANGE FOR ACCEPTABLE CHAINLINE
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Measure chainline error and write below.
Write as a negative number if chainrings are in.

(Chainring center may be ±2mm off freewheel centerline)

UPPER LIMIT             2 – (__________ )=_________

LOWER LIMIT        (–2) – (__________ )=_________

RESULTING RING-TO-STAY CLEARANCE
(rings must clear stays by 2mm)
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Maximum axle end length

Minimum axle end length

Minimum center width 

Maximum center width 

CONCLUSION: SELECTION OF ACCEPTABLE REPLACEMENT SPINDLES

FROM BOTTOM OF
WORKSHEET PART #1

FROM BOTTOM OF
WORKSHEET PART #2

Look up in table 9-3 (page 9-20), and list below the choices that have 
both a center width and axle end length that fall in the ranges indicated above.

BRAND_______________________ CODE_________ CENTER WIDTH__________ AXLE END__________

BRAND_______________________ CODE_________ CENTER WIDTH__________ AXLE END__________

BRAND_______________________ CODE_________ CENTER WIDTH__________ AXLE END__________

BRAND_______________________ CODE_________ CENTER WIDTH__________ AXLE END__________

BRAND_______________________ CODE_________ CENTER WIDTH__________ AXLE END__________

BRAND_______________________ CODE_________ CENTER WIDTH__________ AXLE END__________
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WORKSHEET PART #3
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ABOUT THIS CHAPTERABOUT THIS CHAPTERABOUT THIS CHAPTERABOUT THIS CHAPTERABOUT THIS CHAPTER
SectionsSectionsSectionsSectionsSections

The first section of this chapter is designed as
general information for all types of headsets. The
second section of this chapter is about threaded head-
sets. Threaded headsets press into the head tube, press
onto the fork, and thread onto the fork. The third
section of this chapter is about threadless headsets.
The threadless system uses no fork threads. The
fourth section of this chapter is about headsets that
use roller bearings instead of ball bearings. The fifth
section is about the Mavic headset and similar de-
signs without a locknut. The final section is a table
of headset-stack heights to enable selection of an ap-
propriate replacement headset.

GENERAL INFORMATIONGENERAL INFORMATIONGENERAL INFORMATIONGENERAL INFORMATIONGENERAL INFORMATION

TERMINOLOGYTERMINOLOGYTERMINOLOGYTERMINOLOGYTERMINOLOGY

Locknut

Washer

Adjus table race

Bearing

Upper head-tube race

Lower head-tube race

Bearing
Fork-crown race

S eal

S eal

11.1  Parts in a headset.

Headset: The bearing assembly that allows the
fork to rotate in the frame�s head tube.

Head tube: The semi-vertical tube at the front of
the frame that the fork rotates inside of.

Fork: The portion of the frame that attaches di-
rectly to the front wheel and allows the front wheel
to rotate side-to-side relative to the rest of the frame.

Fork column: The tube at the top of the fork
that rotates inside the head tube. The fork column
may also be called steering column, steering tube, steerer
tube, or fork steerer.

Fork-column base: The largest-diameter portion
of the fork column, at the absolute bottom of the fork
column. The fork-crown race presses onto the fork-
column base.

Fork crown: The large joining piece between the
base of the fork column and the top of the fork blades.

Crown-race seat: The top surface of the fork
crown on to which the fork-crown race sits.

Race: The cone or cup surface on which bearings
roll. A misuse of this term is to use it to describe a set
of ball bearings held together in a holder, which is
more properly called a retainer.

Pressed race: A race that is pressed onto the fork
column or into the head tube.

Upper head-tube race: The pressed race that in-
stalls in the upper end of the head tube. It may be a
cone or a cup.

Lower head-tube race: The pressed race that in-
stalls in the lower end of the head tube. It may be a
cone or a cup, but is virtually always a cup.

Cone: A surface that bearings roll on that is posi-
tioned inside the circle of balls. A cone may thread onto
the fork column, or it may be pressed into the top end
of the head tube or the bottom of the fork column.

Cup: A surface that bearings roll on that is posi-
tioned outside the circle of balls. A cup is pressed into
either end of the head tube, or may thread onto the
fork column.

Adjustable cup or cone: A bearing cup that
threads onto the fork column would be an adjustable
cup. A cone could serve this function also, so a more
generic term might be adjustable race, which would
include an adjustable cup or an adjustable cone. On a
threadless headset the adjustable cone does not thread
onto the fork column, but slips effortlessly on.

Adjustable race: A bearing cup or cone that threads
onto the fork column would be an adjustable race. On
a threadless headset the adjustable race does not thread
onto the fork column, but slips effortlessly on.
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Fork-crown race: The bearing race that is pressed
onto the base of the fork column. It may be a cone or
a cup, but is virtually always a cone. Sometimes called
a crown race.

Locknut: A nut that threads onto a fork column
against an adjustable race to lock the position of the
adjustable race to the fork column.

Lockring: Similar to a locknut, but instead of
having the flats that are fit by regular wrenches, a
lockring is round and has notches that are engaged by
a curved tool with hooks.

Retainer: A clip that holds a group of balls that
fit in-between a cup and a cone. A retainer is some-
times falsely called a race.

Cable hanger: A bracket used by some brake sys-
tems that is installed under the headset locknut to serve
as a stop for the brake-cable housing.

Reflector bracket: A bracket that mounts under
the headset locknut for mounting of a front reflector.

PREREQUISITESPREREQUISITESPREREQUISITESPREREQUISITESPREREQUISITES
Stem removalStem removalStem removalStem removalStem removal

Stem removal is optional for headset adjustment,
but required for headset overhaul or replacement.
Although other writers have indicated that having the
stem in place affects the headset adjustment, scientific
testing has shown that this is not the case; however,
having the stem in place does make the adjustment
more awkward. See the chapter HANDLEBARS, STEMS,HANDLEBARS, STEMS,HANDLEBARS, STEMS,HANDLEBARS, STEMS,HANDLEBARS, STEMS,
AND HANDLEBAR EXTENSIONSAND HANDLEBAR EXTENSIONSAND HANDLEBAR EXTENSIONSAND HANDLEBAR EXTENSIONSAND HANDLEBAR EXTENSIONS (page 28-5).

Brake removal/disconnectionBrake removal/disconnectionBrake removal/disconnectionBrake removal/disconnectionBrake removal/disconnection
Depending on the type and design of the brake, it

will be necessary to remove the brake calipers from
the fork, or remove the brake cable from the caliper,
in order to overhaul the headset. If the cable does not
go through a cable hanger that is part of the headset,
or cannot be released from the bracket without dis-
connecting the cable from the brake, then caliper re-
moval is probably the best choice. When the cable
cannot be released from the headset or the fork (sus-
pension forks) without disconnecting the cable, leave
the calipers in place and just disconnect the cable. See
CABLE-OPERATED BRAKE CALIPERSCABLE-OPERATED BRAKE CALIPERSCABLE-OPERATED BRAKE CALIPERSCABLE-OPERATED BRAKE CALIPERSCABLE-OPERATED BRAKE CALIPERS (page 36-1).

INDICATIONSINDICATIONSINDICATIONSINDICATIONSINDICATIONS
There are several reasons a headset may need to

be adjusted, and several reasons it may need to be over-
hauled. Adjustment should generally be done on the
basis of need (looseness or tight rotation). Overhaul

should be done as part of a regular maintenance cycle,
the duration of which will change depending on the
type of riding conditions, the amount of riding, and
the type of equipment.

Maintenance cyclesMaintenance cyclesMaintenance cyclesMaintenance cyclesMaintenance cycles
If starting out with a headset known to be in good

condition with good quality grease, it should last thou-
sands of miles without needing an overhaul. If the
equipment sees little wet-weather riding, then an ap-
propriate maintenance cycle would be 2000�3000
miles, in most cases. If a lot of wet-condition riding is
done, then the maintenance cycle might need to be as
often as every 750�1000 miles. Parts rust whether be-
ing ridden or not, so another factor is how long the
bike may be sitting before being used again. For ex-
ample, if ridden 200 miles in the rain in the fall then
put the bike away four months for the winter, it would
probably be a good idea to overhaul the headset be-
fore putting the bike away for the winter. With a new
bike, there is no way to have an idea how well the
bearings were prepped, greased, and adjusted. In par-
ticular, it is common that new bikes come with ball
retainers in the headset. In the case of headsets, ball
retainers lead to premature failure and should always
be replaced with loose balls as soon as possible. Ide-
ally, overhaul a new bike within the first 100 miles of
use (not usually practical). With a new bike poor fac-
tory greasing is common, and the initial break-in pe-
riod puts a lot of microscopic metal fragments into
the grease, two additional good reasons to overhaul
the headset almost immediately.

Some other factors affecting the maintenance cycle
are whether there is grease injection and whether there
are seal mechanisms. Grease-injection systems do not
eliminate the need for overhaul. They only increase the
acceptable time between overhauls; furthermore, they
are only as good as the customer is consistent and thor-
ough about pumping in new grease. Seal mechanisms
(conventional headsets with rubber seals between the
cones and cups) are not effective water-tight seals. Their
effectiveness varies with the brand and model. At best,
they can lengthen the acceptable time between over-
hauls. With seal mechanisms or grease-injection sys-
tems, the best policy is to initially overhaul the head-
set on a normal length maintenance cycle, and if the
grease is found to be in good condition, then extend
the cycle the next time.
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Symptoms indicating need for overhaulSymptoms indicating need for overhaulSymptoms indicating need for overhaulSymptoms indicating need for overhaulSymptoms indicating need for overhaul
One of the most common conditions that leads

the cycling enthusiast to believe that their headset
should be overhauled is when the races are �brinelled.�
Brinelled races are races that are dented. A headset
with brinelled races does not turn smoothly side-to-
side, but moves in distinct increments � almost like
an indexed shift lever. When this symptom exists it is
possible that overhaul will eliminate it, but in most
cases the headset will need to be replaced.

The only symptom indicating a need for a head-
set overhaul is that when performing an adjustment
the looseness (free play) in the bearings cannot be elimi-
nated without the bearing becoming excessively tight
(it does not turn smoothly). The lack of smoothness
could be caused by dry grease, contaminated grease,
or worn parts.

Symptoms indicating need for adjustmentSymptoms indicating need for adjustmentSymptoms indicating need for adjustmentSymptoms indicating need for adjustmentSymptoms indicating need for adjustment
The primary symptom experienced indicating that

a headset needs adjustment is looseness in the bear-
ings. This can be detected by grasping the end of the
fork and jerking it in and out while feeling for a knock-
ing sensation. One method for detecting a loose ad-
justment that is recommended against is to lock up
the front brake and feel for a knocking sensation while
rocking the bike forward and back. This method can
lead to the impression that the headset is loose when
it is not, because a loose brake pivot will feel just like
a loose headset. Inspect for loose bearings and a loose
locknut after 300�500 miles of use. The only way to
check for a loose locknut is to put a tool on the lock-
nut and see if it is secure. Whenever the locknut is
loose, simply securing the locknut is not adequate
because the adjustment may have been lost while the
locknut was loose.

Other reasons to adjust the headset are that it feels
tight or feels brinelled (moves in increments). A tight
headset shows up when lifting the front of the bike
by the top tube and the wheel does not flop to one
side under its own weight. The brinelled symptom, if
caught early enough, can be eliminated through ad-
justment, but when it is not known whether there are
loose bearings instead of retainers, it is best to over-
haul the headset.

TOOL CHOICESTOOL CHOICESTOOL CHOICESTOOL CHOICESTOOL CHOICES
The design or brand of headset will determine the

tools needed. Table 11-1  (page 11-4 through 11-5) cov-
ers all tools for the job. The preferred choices are in
bold. A tool is preferred because of a balance among:

ease of use, quality, versatility, and economy. When
more than one tool for one function is bold,  it means
that several tools are required for different configura-
tions of parts.

TIME AND DIFFICULTYTIME AND DIFFICULTYTIME AND DIFFICULTYTIME AND DIFFICULTYTIME AND DIFFICULTY
Overhauling the headset including stem and brake

caliper/cable removal, stem and brake reinstallation,
and headset adjustment is a 25-35 minute job of mod-
erate difficulty. Adjusting the headset alone is a 8-12
minute job of moderate difficulty.

COMPLICATIONSCOMPLICATIONSCOMPLICATIONSCOMPLICATIONSCOMPLICATIONS
Headset will not stay tightHeadset will not stay tightHeadset will not stay tightHeadset will not stay tightHeadset will not stay tight

There are numerous reasons that headsets loosen
up. The reasons include:

Poorly pressed races seating fully after adjustment.
Inadequate torque on locknuts/lockrings.
Chrome plating peeling off race surfaces of in-

expensive new headsets.
Riding on extremely rough terrain (or abusive

jumping), when the headset is designed more
for light weight than for durability.

Use of keyed washers between adjustable race
and locknut/lockring.

Loose head-tube raceLoose head-tube raceLoose head-tube raceLoose head-tube raceLoose head-tube race
Loose races in the head tube can be due to poor

initial tolerance or due to damage to the head tube. If
the head tube has been damaged, there will often be a
visible flare at the bottom in front or back (see figure
8.29, page 8-16). Loose races due to poor tolerances
can be solved by finding a better fitting headset (if
available), or by the use of Loctite RC680.

Loose crown raceLoose crown raceLoose crown raceLoose crown raceLoose crown race
Loose fork-crown races are usually due to poor

manufacturing tolerances in the race or on the fork-
column base. The solutions include finding a headset
with a more suitable fork-crown-race I.D., using Loc-
tite RC680, or expanding the fork-column base with
a Stein KT knurling tool.

Removal tool will not engageRemoval tool will not engageRemoval tool will not engageRemoval tool will not engageRemoval tool will not engage
head-tube racehead-tube racehead-tube racehead-tube racehead-tube race

The designs of certain head tubes and certain head-
tube-race-removal tools are not compatible. When this
is the case, the removal tool passes right back through
the head-tube race when removal is attempted. The
solution is to put the tool in place and install an inter-
nal snap ring through the race being removed so that
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HEADSET TOOLSHEADSET TOOLSHEADSET TOOLSHEADSET TOOLSHEADSET TOOLS (table 11-1)

ToolToolToolToolTool Fits and considerationsFits and considerationsFits and considerationsFits and considerationsFits and considerations

LOCKNUT WRENCHES/SPANNERS
Diamond C79 Old fashioned monkey wrench fits all flatted locknuts better than pre-fit

headset wrenches below
Park HW-2 Precise fitting 12" long 32 & 36mm locknut tool, fits 8-flat nuts
Stein HW-32/8 Precise fitting 12" long 32mm locknut tool, fits 8-flat nuts
Stein HW-36/6 Precise fitting 12" long 36mm locknut tool, fits 6-flat nuts
Stein HW-36/8 Precise fitting 12" long 36mm locknut tool, fits 8-flat nuts
Stein HW-40/8 Precise fitting 12" long 40mm locknut tool, fits 8-flat nuts
VAR 988 Fits 8-flat 36 & 40mm locknuts
VAR 65/2 Fits 8-flat 32 & 35mm locknuts

ADJUSTABLE-RACE SPANNERS/PLIERS
Park HW-1 Anatomically shaped 32 & 36mm adjustable-race tool
Park HCW7 Fits 30 & 32mm adjustable races
Park HCW8 Fits 33 & 34mm adjustable races
Park HCW9 Fits 31 & 40mm adjustable races
Park HCW10 Fits 35 & 36mm adjustable races
Park HCW6 Fits 32mm adjustable races, with 15mm pedal wrench
Park HCW12 Fits 32mm adjustable races, with single-peg bottom-bracket-lockring wrench
Campagnolo 712 Fits 32mm adjustable races, with multiple-peg bottom-bracket-lockring wrench

for Campy bottom brackets
Campagnolo 712/1 Fits 32mm adjustable race wrench with bottom-bracket adjustable-cup pin

wrench for Campy bottom brackets
Campagnolo 7130033 Fits 36 & 40mm adjustable races
Hozan C431 Fits 36 & 40mm adjustable races, heavy duty and comfortable
Lifu 0600 Fits 30 & 32mm adjustable races
Lifu 0601 Fits 33 & 34mm adjustable races
Lifu 0606 Fits 36 & 40mm adjustable races, with useful offset to 36mm end
Tange 3640 Fits 36 & 40mm adjustable races
VAR 78 Adjustable-race pliers that grasp the race body instead of wrench flats

LOCKRING WRENCHES/PLIERS
Park HCW12 Single-peg style wrench fits all headset lockrings
Hozan C205 Single-peg style wrench fits all headset lockrings, also fits bottom-bracket

lockrings
Hozan C203 Lockring pliers fit all lockrings with even number of notches
HEAD-TUBE-RACE REMOVERS
Park RT1 Fits all headset sizes
Stein FS Fork stabilizing tool used to keep fork from turning while adjusting headset
Campagnolo 723 Fits 1" headsets
Campagnolo 1170006 Fits 1–1/8" & 1–1/4" headsets
Wheels Mfg. HR1 Fits 1" headsets
Wheels Mfg. HR2 Fits 1–1/8" headsets
Hozan C436 Fits 1–1/8" & 1–1/4" headsets, excellent quality
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HEADSET TOOLSHEADSET TOOLSHEADSET TOOLSHEADSET TOOLSHEADSET TOOLS (table 11-1 continued)

ToolToolToolToolTool Fits and considerationsFits and considerationsFits and considerationsFits and considerationsFits and considerations

CROWN-RACE REMOVERS
Stein CRR1 Universal, works on most suspension forks and fork-crown shapes
Campagnolo 729 Fits 1" headsets with larger diameter crown races on limited fork-crown shapes
Campagnolo 7170003 Fits some 1–1/8" headsets on limited fork-crown shapes
Campagnolo 7170002 Fits some 1–1/4" headsets on limited fork-crown shapes
Shimano TL-HP20 Fits 1" headsets with smaller diameter crown races on limited fork-crown

shapes
Hozan C437 Fits some large diameter races on 1" headsets, plus 1–1/8" & 1–1/4" headsets

on limited fork-crown shapes
VAR 983 Fits some large diameter races on 1" headsets, plus 1–1/8" & 1–1/4" headsets

on limited fork-crown shapes

HEAD-TUBE-RACE PRESSES
Hozan C438 Fits all sizes of headsets, uses stepped inserts
United Bicycle Tool Dedicated 1–1/8 “ & 1–1/4” inserts for Hozan C438 that provide better
TRC & TRC4 support and accommodate longer head tubes
VAR 34 Fits all sizes of headsets, uses stepped inserts
Park HHP1 Fits all sizes of headsets, uses stepped inserts (does not maintain headset

race alignment adequately), also fits one-piece bottom-bracket cups

CROWN-RACE INSTALLERS
VAR 146/2 Fits 1" forks, heavy slide hammer
VAR 973 Fits 1–1/8" forks, heavy slide hammer
VAR 972 Fits 1–1/4" forks, heavy slide hammer
Hozan C435 Fits all sizes of forks when used in conjunction with United Bicycle Tool HP50,

HP51, and HP52, heavy slide hammer
Campagnolo 722 Fits 1" forks, light-weight slide hammer (but can be hammered)
United Bicycle CRS Fits 1" forks, light-weight slide hammer, compatible w/ all fork columns
United Bicycle CRS2 Fits 1–1/8" forks, light-weight slide hammer, compatible with all fork columns
United Bicycle CRS3 Fits 1–1/4" forks, light-weight slide hammer, compatible with all fork columns
Shimano TL-HP50 Adapter for other slide hammers that clears any interference with bottom of

fork column on 1" forks
Shimano TL-HP51 Adapter for other slide hammers that clears any interference with bottom of

fork column on 1–1/8" forks
Shimano TL-HP52 Adapter for other slide hammers that clears any interference with bottom of

fork column on 1–1/4" forks
United Bicycle Tool Adapter for other slide hammers that clears any interference with bottom of
HP50 fork column on 1" forks
United Bicycle Tool Adapter for other slide hammers that clears any interference with bottom of
HP51 fork column on 1–1/8" forks
United Bicycle Tool Adapter for other slide hammers that clears any interference with bottom of
HP52 fork column on 1–1/4" forks

THREADLESS-HEADSET TOOLS
Park TNS-1 Installs star nut for threadless headset in 1" & 1–1/8" fork columns
Park TNS-2 Installs star nut for threadless headset in 1–1/4" fork columns
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it expands and ends up trapped between the race and
the end of the removal tool. The tool drives against
the snap ring, which has a smaller I.D. than the race,
so that the tool cannot pass through.

The correct sizes of internal snap rings to use are
as follows: 1�1/16" for 1" headsets, 1�1/8" for 1�1/8"
headsets, and 1�1/4" for 1�1/4" headsets.

These may be a little sloppy after being installed
past the race, but they are the largest sizes that will
pass through the respective race sizes, and will work
despite the sloppiness.

The snap ring solution may not work if the head-
tube race is unusually tight in the head tube.

Fork will not pull through head-tube races,Fork will not pull through head-tube races,Fork will not pull through head-tube races,Fork will not pull through head-tube races,Fork will not pull through head-tube races,
or crown race will not clearor crown race will not clearor crown race will not clearor crown race will not clearor crown race will not clear
top of fork columntop of fork columntop of fork columntop of fork columntop of fork column

The fork may stick when pulling it through the
head-tube races, or the fork-crown race may stick be-
fore it comes off the end of the fork column. Both of
these symptoms occur when the fork column (below
the threads) is bulged as a result of an over-tightened
stem-binder bolt.

If this problem does occur, there is no alternative
except to use whatever force is necessary to get the
fork clear of the race, and then dispose of the fork.

Head-tube race will not seat fullyHead-tube race will not seat fullyHead-tube race will not seat fullyHead-tube race will not seat fullyHead-tube race will not seat fully
There are several reasons that a head-tube race

might not seat fully when being pressed in. If using an
inferior pressing tool, the races may cock to the side
and jam.

If installing aluminum body races into a steel head
tube, a sharp edge on the inner perimeter of the head-
tube face may create shavings or burrs that get trapped
between the head-tube face and the race. Remove the
race, then clean off any burrs or shavings off the race
with a file. File or deburr the inner perimeter of the
head-tube face with a round file or deburring tool.

Some head-tube-race pressing tools have multiple
slots for the keeper plate of the tool to engage with,
and a limited range of thread for the handle. Some-
times it is necessary to thread the tool shaft out of the
tool head more and move the keeper plate up one slot
on the tool shaft to ensure a complete pressing.

T ool shaft threaded to limit

Cup-press -tool handle

Cup-press -tool insert

Cup-press -tool insert

Upper head-tube race

Lower head-tube race

Incomplete ins tallation

Incomplete ins tallation

Head tube

Press -tool-insert keeper plate

S lot in cup-press-tool shaft

11.2  If the keeper plate is engaged in the wrong slot, then the tool
shaft may thread to its limit  before pressing is complete.

A beveled or sloped head-tube face or beveled race
body may make a gap appear between the outer pe-
rimeter of the head-tube face and the race when, in
fact, there is full contact at the inner.

Gap

11.3 The curve of the cup may make it appear as though the race is
not fully seated, when it is.
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Slide hammer jamsSlide hammer jamsSlide hammer jamsSlide hammer jamsSlide hammer jams
before pressing crown race fullybefore pressing crown race fullybefore pressing crown race fullybefore pressing crown race fullybefore pressing crown race fully

The recommended VAR slide hammers are some-
times a very tight fit on the fork column, usually due
to a buildup of paint or chrome on the fork column.
An expansion reamer can be used to easily modify the
tool to solve this problem (see chapter 7, page 7-3).

The Hozan C435 I.D. is a very close fit to the
fork-column base. If the fork-column base is taller than
the fork-crown race being installed, then the tool will
jam on the fork-column base before pressing the fork-
crown race fully. Use a different brand tool or use
Shimano or United Bicycle Tool (HP50, HP51, and
HP52) adapters with the Hozan tool.

Some forks, particularly some suspension forks,
have a taper just above the fork-column base that many
slide hammers will not clear. Use United Bicycle Tool
slide hammers CRS, CRS2, and CRS3 to solve this
problem, or use Shimano or United Bicycle Tool
(HP50, HP51, and HP52) adapters with the Hozan,
VAR, or Campagnolo tool (see table 11-1, page 11-5).

Some carbon-fiber and aluminum forks have an
extra-fat fork column. Hozan, VAR, and Campagnolo
tools all jam in the first few inches before pressing
ever begins. United Bicycle Tool slide hammers CRS,
CRS2, and CRS3 solve this problem (see table 11-1,
page 11-5).

Fork-crown race will not seat fullyFork-crown race will not seat fullyFork-crown race will not seat fullyFork-crown race will not seat fullyFork-crown race will not seat fully
See the above problem regarding slide hammer

jamming before race installs fully. If none of these
are the cause of the problem, it may be one of the
following items.

A bevel or slope to the crown-race seat or the race
body may make a gap appear between the outer pe-
rimeter of the crown-race seat and the race when, in
fact, there is full contact at the inner perimeter.

Gap

11.4  A bevel at the edge of the crown-race seat may make it appear
as though the race is not seated fully when the race is seated fully.

If the race is undersized to the fork-column base,
or gets cocked during installation, burrs may peel off
the surface of the fork-column base. In this case, re-
move the race, clean off the burrs, check the fit, and if
fit is good attempt another installation (watching align-
ment carefully).

Fork-crown race cracksFork-crown race cracksFork-crown race cracksFork-crown race cracksFork-crown race cracks
when being installedwhen being installedwhen being installedwhen being installedwhen being installed

Certain small-profile steel races are very intoler-
ant of fit errors. Check fit carefully, especially when
the fork-crown race is very small. Larger races will
simply jam before installing completely, instead of
cracking, when fit tolerances are poor.

Head-tube races make creaking noisesHead-tube races make creaking noisesHead-tube races make creaking noisesHead-tube races make creaking noisesHead-tube races make creaking noises
Aluminum head-tube races may creak in an alu-

minum head tube even when properly fit. Use Loc-
tite 242 on mating surfaces to solve this problem.

HEADSET FITHEADSET FITHEADSET FITHEADSET FITHEADSET FIT
Headset parts press into the head tube, press onto

the fork, and thread onto the fork. There are several
different fit standards listed in table 11-2 (page 11-8).
When replacing the headset, match the thread stan-
dard and the press fit dimensions (head-tube-race O.D.
and fork-crown-race I.D.). If the bike has JIS standard
press fit dimensions, or a mix of JIS and �Campy�
standards, use reaming tools to convert the frame and
fork to the �Campy� standard (30.0mm head tube and
26.5mm fork-crown base), which is the one that most
replacement headsets are available in. Headsets are bro-
ken down into three groups: 1", 1�1/8", and 1�1/4"
sizes. These numbers refer to the outside diameter of
the fork threads. In some cases, a quicker way to iden-
tify what size headset is in the bike is by checking the
stem�s O.D. Some types of headsets are unique to one
manufacturer. Old inexpensive English Raleighs
(1" × 26tpi), Murrays, and Huffys have unique head-
sets, as well as some Austrian bikes and other bikes
from European countries that would not be consid-
ered part of the cycling industry mainstream anymore.

Another important aspect of fit is the �stack
height� of the headset, which relates to the differ-
ence in the length of the fork column and the head
tube. In this area there are no standards, and the
worksheets provided give a formula for calculating
the maximum acceptable stack height for a replace-
ment headset. Tables at the end of the chapter (page
11-24 through 11-28) help find a headset that is of a
suitable stack height to fit the bike.
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HEADSET-FIT FACTORSHEADSET-FIT FACTORSHEADSET-FIT FACTORSHEADSET-FIT FACTORSHEADSET-FIT FACTORS (table 11-2)

Headset typeHeadset typeHeadset typeHeadset typeHeadset type 1" “Campy”1" “Campy”1" “Campy”1" “Campy”1" “Campy” 1" JIS (Asian)1" JIS (Asian)1" JIS (Asian)1" JIS (Asian)1" JIS (Asian) 1" American1" American1" American1" American1" American 1" French1" French1" French1" French1" French 1–1/8" OS1–1/8" OS1–1/8" OS1–1/8" OS1–1/8" OS 1–1/4" OS1–1/4" OS1–1/4" OS1–1/4" OS1–1/4" OS
(actual thread(actual thread(actual thread(actual thread(actual thread
O.D.—25.0mm)O.D.—25.0mm)O.D.—25.0mm)O.D.—25.0mm)O.D.—25.0mm)

TypicalTypicalTypicalTypicalTypical Most bicycles Most Asian Quality BMX1 Older French Most mountain Fisher MTBs3,
occurrencesoccurrencesoccurrencesoccurrencesoccurrences f rom Italy and bicycles 2  that a nd old bicycles, b ikes wi th l imited other

US factories1 , are not oversize Schwinns d iscontinued in oversize MTBs, some
not US brand ( OS) early 1980s headsets, some tandems
imports, most tandems
quali ty replace-
ment headsets

Stem O.D.Stem O.D.Stem O.D.Stem O.D.Stem O.D. 22.15–22.25mm 22.15–22.25mm 21.05–21.15mm 21.95–22.05mm 25.35–25.45mm 28.50–28.60mm

Pi tchPi tchPi tchPi tchPi tch 24tpi 24tpi 24tpi 1mm 26tpi 26tpi

Fork thread O.D.Fork thread O.D.Fork thread O.D.Fork thread O.D.Fork thread O.D. 25.1–25.3mm 25.1–25.3mm 25.1–25.3mm 24.7–24.9mm 28.3–28.5mm 31.5–31.7mm

Nominal threadNominal threadNominal threadNominal threadNominal thread 1" × 24tpi or 1" × 24tpi 1" × 24tpi 25mm × 1mm 1–1/8" × 26tpi 1–1/4" × 26tpi
descriptiondescriptiondescriptiondescriptiondescription 25.4mm × 24tpi 4

Head-tube-Head-tube-Head-tube-Head-tube-Head-tube- 30.15–30.30mm 29.95–30.10mm 32.65–32.80mm 29.95–30.10mm 34.00–34.10mm 37.00–37.10mm
race O.D.race O.D.race O.D.race O.D.race O.D.

Head tube I.D.Head tube I.D.Head tube I.D.Head tube I.D.Head tube I.D. 29.95–30.05mm 29.75–29.85mm 32.45–32.55mm 29.75–29.85mm 33.75–33.85mm 36.75–36.85mm

Fork-crown-Fork-crown-Fork-crown-Fork-crown-Fork-crown- 26.30–26.40mm 26.90–27.00mm 26.30–26.40mm Variable 5 29.90–30.00mm 32.90–33.00mm

race I.D.race I.D.race I.D.race I.D.race I.D.

Fork-column-Fork-column-Fork-column-Fork-column-Fork-column- 26.45–26.55mm 27.05–27.15mm 26.45–26.55mm Variable 533333 30.05–30.15mm 33.05–33.15mm

base O.D.base O.D.base O.D.base O.D.base O.D.

1 Lower quality adult bikes and BMX bikes sold in department stores often have headset dimensions that are unique
to the specific manufacturer of the bike. This is most notably true with Huffy and Murray brand bikes.

2 Occasional Asian bicycles used mixed standards for the head-tube-race O.D. (Campy standard) and fork crown
race I.D. (JIS standard).

3 Fisher MTBs ceased utilizing the 1–1/4" oversize headset in approximately 1994.

4 BSC and ISO thread description is 1" × 24tpi. Italian thread description of 25.4mm × 24tpi is fully interchange-
able, but not exactly the same, resulting in a slightly tight feel in the threads when mixing types.

5 Peugeot uses a unique fork-crown-race I.D. of 26.5mm. Some French bikes adhere to the Campy standard and
some to the JIS standard.
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THREADED-HEADSETTHREADED-HEADSETTHREADED-HEADSETTHREADED-HEADSETTHREADED-HEADSET
OVERHAUL ANDOVERHAUL ANDOVERHAUL ANDOVERHAUL ANDOVERHAUL AND
ADJUSTMENT PROCEDUREADJUSTMENT PROCEDUREADJUSTMENT PROCEDUREADJUSTMENT PROCEDUREADJUSTMENT PROCEDURE
NOTE: If simply adjusting the headset, proceed di-

rectly to step 65.

REMOVALREMOVALREMOVALREMOVALREMOVAL
Remove brake calipers from the fork, or remove

cable from brake calipers, whichever seems easier to
do (keep in mind putting everything back together).
If the cable goes through a cable hanger in the head-
set, or on a fork that has no slot to enable the cable to
be released, it will be necessary to remove the cable
from the brake.
1 . [ ] Remove brake calipers from fork, or remove

cable from brake calipers.
2 . [ ] Mark stem height with felt marker or piece

of tape.
3 . [ ] Loosen stem bolt (the one that goes down

shaft of stem) about four full turns.
4 . [ ] If stem-bolt head has come up out of stem,

tap it down forcefully with plastic hammer
or ball peen hammer and block of wood to
protect bolt head.

5 . [ ] Pull stem out of fork, and use something to
tie bars to top tube, so that weight of bars
does not hang against brake and derailleur
cables and so that cables are not kinked.

Poor  s eat ing

R elat ive cone/cup
pos it ion

11.5  Look for poorly seated race and depth of cone insertion be-
fore disassembly.

6 . [ ] Inspect for poorly seated cups and for rela-
tive depth of cones in cups.

H old s tat ionary

T urn counterclock w is e

H old w heel
betw een k nees

11.6  Removing the locknut.

7 . [ ] Use headset wrench to hold adjustable race
stationary while using large adjustable
wrench to turn locknut (counterclockwise)
to break it loose and remove it. If possible
hold wheel between legs while doing this to
may make it easier to control.

8 . [ ] Remove front wheel.
In the next step, measure the amount of fork

thread exposed above the remaining headset pieces.
This number is useful for many things. If this number
increases when the headset is assembled, it indicates
that pieces were left out or the use of ball bearings
that are too small. If this number becomes smaller, it
indicates use of balls that are too large or that the ball
bearings are out of place. If this number is less than
4.5mm to start with, it indicates that the locknut has



11 – HEADSETS11 – HEADSETS11 – HEADSETS11 – HEADSETS11 – HEADSETS

11 – 1011 – 1011 – 1011 – 1011 – 10

poor engagement and washers or spacers should be
removed from the headset until the exposed thread
measures 4.5mm or more.

Caliper

W as her (s )

M in imum 4 .5 m m

11.7  Measure the exposed thread available for the locknut.

9 . [ ] Use depth gauge on end of caliper to mea-
sure exposed thread above washers/brack-
ets and record number here: ________mm.

Underneath the locknut there may be one or sev-
eral washers and brackets (for reflectors or for the
brake cable). Sometimes a washer will be difficult to
lift off. Usually this means that it has rotated and
jammed its key into the threads. In this case, grasp the
washer with large pliers (Hozan C203 if you have one)
and rotate it back until its key lines up with the slot in
the threads. It should lift off easily then.

The sequence of washers and brackets is impor-
tant. Sometimes there is a special washer that must go
against the adjustable race, and often this special washer
must face a certain way. If there is a cable hanger
bracket, changing its position in the sequence could
change the brake adjustment (which could be danger-
ous if not detected). In some cases, there might be a
second locknut or lockring between the top nut and
the adjustable race. If there is a lockring, a lockring
wrench is needed to break it loose. To keep track of
the sequence and orientation of the washers, brack-
ets, and any additional lockring either write descrip-
tive notes, draw an exploded diagram, or bundle them
together with something like a plastic bag tie until
ready to reinstall them.
10. [ ] Lift any washers and brackets off fork and

note their order and orientations.
11. [ ] Remove lockring (if any).
12. [ ] Remove additional washers (if any).

Be prepared for loose ball bearings to drop out in
this next step. They should not be reused, and the
correct quantity is something that will be determined

by trial and error, so don�t be too concerned about
keeping track of every last ball. Keep track of at least
one for size reference.
13. [ ] Pull down on fork while turning adjustable

race (counterclockwise) until fork comes out
bottom of head tube. Adjustable race will
remain perched on top of head tube.

In the next steps, look for seal mechanisms (see fig-
ure 11.1, page 11-1) and remove them. They will be
plastic or rubber rings between the pairs of races at the
top and bottom of the head tube. The seal mechanisms
can be different at the top and bottom, and which way
each one faces is critical as well. If seal mechanisms are
switched, or the way they face is reversed, then adjust-
ing the headset will become impossible.
14. [ ] Lift adjustable race off top of head tube and

look for seal mechanism and remove it (if
any). Bundle it with adjustable race now so
it does not get confused with lower seal
mechanism. Note its orientation here:
____________________

15. [ ] Remove balls (usually in a retainer) from top
part of headset and measure them with Park
SBC-1 or caliper. Note upper ball-bearing
size here: __________

16. [ ] Look on fork-crown race, or up inside the
race pressed into lower end of head tube for
seal mechanism and remove it. Note its ori-
entation here: ____________________

17. [ ] Remove balls (usually in a retainer) from bot-
tom part of headset and measure them with
Park SBC-1 or caliper. Note lower ball-bear-
ing size here: __________

CLEANING THE PARTSCLEANING THE PARTSCLEANING THE PARTSCLEANING THE PARTSCLEANING THE PARTS
18. [ ] Clean head-tube races with solvent.
19. [ ] Clean adjustable race with solvent.
20. [ ] Clean fork threads with solvent.
21. [ ] Clean balls bearings with solvent only if re-

using them. (Re-using bearings not  recom-
mended.)

INSPECTIONINSPECTIONINSPECTIONINSPECTIONINSPECTION
When headsets wear out, the surfaces on which the

balls roll develop dents (smooth craters in the metal)
called brinelling. Once this occurs, a proper adjustment
cannot be made. In some cases there will be galling
(rough craters in the metal where the balls roll). The
design of the headset is such that the lower pair of races
tends to wear out first. Although it is sometimes pos-
sible to get individual replacement parts; more often
than not, only complete headsets are available. It is not
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advisable to mix parts from different headsets in one
stack. In any case, if any parts are heavily worn, it is a
good idea to replace them all. The dents or pits may
show up clearly to the naked eye, but the ultimate test
to determine whether there are pits is to trace the wear
path the bearings have left on the cup or the cone with
the tip of a ball point pen. If the tip of the pen catches
anywhere, it is a pit or dent.

Severely over-tightened headsets or badly abused
headsets may fail by the lower cup cracking. The cracks
will show up on the top of the lower cup, usually in a
radial pattern. Another problem found with headsets
is that the pressed parts may be loose. This can be due
to poor original tolerances, or by an enlargement of
the head tube as a result of abusive riding.

Thread damage may also occur on the fork. This
will primarily be where a lock washer has been forced
to rotate. Occasionally the threads may be stripped at
the engagement with the locknut or the adjustable race.

Do not inspect the ball bearings for wear. Signifi-
cant wear on bearings is not necessarily detectable with
the naked eye or by feel. It is recommended to always
replace the bearings if going to the trouble to over-
haul the headset.

11.8  Dents in these races are called brinelling and are cause to
replace the headset. Note that the positions of the dents correspond
to the spacing between the ball bearings created by the retainer.

22. [ ] Inspect cup races and cone races for dents
from brinelling or galling (pits).

23. [ ] Inspect lower cup for cracking.
24. [ ] Inspect pressed races in head tube and on

fork crown for looseness by trying to jiggle
or twist them. They should be immobile.

25. [ ] Inspect for damaged fork-column threads or
bent fork column (evidence is a bow along
the length of the column, any bulges in the
column, and any groove worn into the col-
umn, particularly about 1–2" above base).

Headsets often have keyed washers between the
locknut or lockring and the adjustable race. The key
on the washer is not only unnecessary and likely to

damage fork threads, it may even interfere with se-
curing the position of the adjustable race. This type
of interference happens when the adjustable race is
held stationary and the locknut is torqued down to
the adjustable race. The keyed washer tends to rotate
and jam its key into the fork threads. When this hap-
pens the washer is no longer capable of transferring
force down to the adjustable race since it is stuck
against the fork threads. The end result is a locknut
that is tight but an adjustable race that is not.

This could be prevented by turning the adjustable
race up in addition to turning the locknut/lock washer
down, but this turns the adjustment process into a
trial-and-error fiasco.

Dam age f r om w as her k ey

11.9  Fork threads damaged from rotated lock washer.

26. [ ] Inspect keys on inside of lock washers and
brackets, and replace washers or brackets if
keys are damaged. (It is optional and recom-
mend to replace keyed washers or file out
keys on washers.)
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REPLACEMENT OR INSTALLATIONREPLACEMENT OR INSTALLATIONREPLACEMENT OR INSTALLATIONREPLACEMENT OR INSTALLATIONREPLACEMENT OR INSTALLATION
NOTE: If not replacing or installing a headset, skip

ahead to step 49.

Removal of pressed racesRemoval of pressed racesRemoval of pressed racesRemoval of pressed racesRemoval of pressed races

Impact here

Head-tube-race remover

Head tube

Lower head-tube race

11.10  Removing the lower head-tube race.

27. [ ] Remove head-tube races.
The fork-crown race can be very awkward to re-

move. There are several styles of tools and techniques.
The traditional tool design looks like an upside-

down U or a horseshoe. The tool straddles the fork
crown from below and the ends of the tool catch on
any of the fork-crown race that extends beyond the
profile of the fork crown (see figure 11.11). Fat fork
crowns or deep-profile fork crowns both interfere with
this type of tool, and it is virtually certain that this
tool will be of no use on a typical suspension fork. In
addition, many sizes and varieties of this tool are re-
quired to fit different sizes and brands of races.

Stein makes a completely different crown-race
remover (CRR1) that has two wedge-like jaws that
come together from the sides to catch under the edge
of the fork-crown race. A hollow shaft that fits over
the fork column is joined to these jaws. A slide ham-
mer slides down the shaft to provide the impact that
removes the race. The jaws can be pressed together in
a vise to wedge the race up slightly to get better en-
gagement of the jaws before using the slide hammer.
This design is the most universal yet, with minimal
chance of damaging the race or fork crown.

Impact here

Fork blade

Fork crown
(cross -section)

Fork-crown race
(cross -section)

Fork column
(cross -section)

Crown-race remover

11.11  A traditional crown-race remover in use. This type of tool
has very limited usefulness.

Fork blade

Fork crown
(cross-section)

S tein CRR1
adjustable jaw

S tein CRR1
tool head

S tein CRR1
tool shaft

S tein CRR1
slide hammer

Fork-crown race
(cross-section)

Fork column
(cross-section)

1

2

11.12  To use the Stein CRR1 crown-race-removal tool, (1) squeeze
the adjustable jaws in until they catch between the crown race and
the fork crown (squeeze in vise if necessary), then (2) vigorously ac-
celerate the Stein CRR1 slide hammer down to drive the fork-
crown race off.
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Traditionally mechanics have used a punch and
hammer on the bottom face of the fork-crown race to
drive it off, but certain types of races are marred or
damaged with this technique and it is completely in-
applicable to most suspension forks. The Stein CCR1
makes this technique virtually obsolete.
28. [ ] Remove fork-crown race.

VVVVVerification of fi teri fication of fi teri fication of fi teri fication of fi teri fication of fi t
When replacing parts and the old parts are at hand,

measure fork-thread diameter and pitch. Measure the
head-tube-race O.D. and the fork-crown-race I.D.
Check HEADSET-FIT FACTORS (HEADSET-FIT FACTORS (HEADSET-FIT FACTORS (HEADSET-FIT FACTORS (HEADSET-FIT FACTORS ( table 11-2, page 11-8) to
help determine the headset type to use or order.

0 1 2 3
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11.13  Measuring the head-tube race.

29. [ ] Record original head-tube-race O.D. here:
__________mm.

0 1 2 3

0

0

.1
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.7

.6

11.14  Measuring the fork-crown race.

30. [ ] Record original crown-race I.D. here:
__________mm.

31. [ ] Record original thread description here:
____________________

Stack height is an important consideration, if not
replacing a headset with an identical model. If the new
headset has a greater stack height than the old one,
then there will not be enough room to install the lock-
nut. Shorter is acceptable because washers can be added
to the new headset to make it taller. Rather than mea-
suring the old headset, determine the maximum al-
lowable stack height by measuring the length of the
head tube and the length of the fork column and sub-
tracting the difference. This number is the maximum
stack height for the replacement headset.

To measure stack height of a headset, start by stack-
ing up the parts of the lower half of the headset (in-
cluding bearings). Measure the total height of the stack,
then subtract the length of the cylinder on the pressed
race that inserts inside the head tube. Assemble the
complete upper stack including washers and locknut(s),
measure the total height, subtract the length of the
cylinder on the pressed race that inserts inside the head
tube, and subtract the thickness of the lip of the lock-
nut that sits on top of the fork column. The stack
height of the headset is the upper and lower stack added
together. If this number is greater than the difference
between the head-tube length and the fork-column
length, the headset will not fit.

A

B

C

D

E

11.15  Measure A, B, C, D, and E. (A�B�C)+(D�E) = stack height.

32. [ ] Measure total length of fork column in milli-
meters with metric tape measure and record
here: __________
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33. [ ] Measure head-tube length in millimeters with
metric tape measure and record here:
__________

34. [ ] Subtract step 33 from step 32 and record
difference here: __________mm. This is maxi-
mum stack height.

35. [ ] Replace headset with one of compatible
thread size, press fits, and stack height.

In the next few steps, verify that the press-fit di-
mensions for the new headset are a good fit, or whether
Loctite is needed to make the fit ideal. The process
involves measuring the inside diameter of the head
tube and the outside diameter of the head races to de-
termine the diameter difference. The head-tube I.D.
should be smaller than the race O.D., so that there
will be interface when the race is pressed in to the
head tube. When subtracting race O.D. from head-
tube I.D., a negative answer indicates that there will
be interference. The ideal answer range is �.2mm to �
.3mm. Based on the diameter difference calculated in
step #38, choose an option: install as is, augment fit
with Loctite, machine the head tube to improve the
fit, or get a better fitting headset.

These measurements require an accuracy of
.05mm. Measurements of this accuracy not only re-
quire a high quality caliper, the method in which the
caliper is used is critical. If not 100% confident in the
measurements, pay close attention to what happens
when attempting to install the parts. If they slip to-
gether with little or no effort, it indicates the press fit
is marginally loose. Loctite will be needed. If the parts
are extremely difficult to press together, the tolerance
difference is too great. In this case, either a different
headset is needed or some machine work is needed on
the fork and/or head tube.

In steps #36 through #38, measurements are taken
and a calculation is made to determine the dimensional
difference between the head-tube-race O.D. and the
head-tube I.D. In step #39, a course of action is cho-
sen, based on the dimensional difference determined
in step #38. Consider the following examples.

Example 1:
head-tube I.D.: 30.1mm
race O.D.: 30.0mm.
30.1 � 30.0 = .1 (>.0mm)
A different headset is needed because the
positive .1mm difference indicates that
there will be no interference between the
race and head tube.

Example 2:
head-tube I.D.: 30.1mm
race O.D.: 30.2mm.
30.1 � 30.2 = �.1
The negative difference indicates that there
will be some interference to the fit, but it is
not enough, so Loctite 680 should be used
to improve the fit.

Example 3:
head-tube I.D.: 30.0mm
race O.D.: 30.25mm.
30.0 � 30.25 = �.25
The negative .25mm difference is inside the
acceptable difference range (�.2 to �.3mm),
so the part can be installed as is.

Example 4:
head-tube I.D.: 29.9mm
race O.D.: 30.25mm.
29.9 � 30.25 = �.35
The negative .35mm difference is outside
the acceptable difference range (�.2 to
�.3mm), so the part can be installed only
once the head tube is reamed to improve
the fit.

36. [ ] Measure I.D. of head tube in two or more
places and average result. Record here:
_____ + _____ = _____ ÷ 2 = ______mm.

0 1 2 3

0

0

.1

.1
.2

.3

.4

.5

.9

.9

.8

.7

.6

R eamed port ion 
of  head tube

11.16  Use the caliper jaws to measure inside diameter and make
sure that the tips of the jaws are not inserted beyond the reamed
portion of the head tube.
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37. [ ] Measure O.D. of new races to be pressed
into head tube and record here:
_______mm.

38. [ ] Subtract step 37 from step 36 and record
answer here: __________mm.

39. If step 38 is (check one):
[ ] >.0mm, find different headset.
[ ] .0 to –.19mm, install race w/Loctite RC680.
[ ] –.20 to –.30mm, install headset as is.
[ ] <–.30mm, ream head tube (not always

possible) or get new headset.
In the next few steps, verify that the press-fit di-

mensions for the new headset are a good, or whether
Loctite is needed to make the fit ideal. The process
involves measuring the inside diameter of the fork-
crown race and the outside diameter of the fork-col-
umn base to determine the diameter difference. The
crown-race I.D. should be smaller than the fork-col-
umn-base O.D., so that there will be interface when
the race is pressed on to the fork. When subtracting
fork-column-base O.D. from race I.D., a negative an-
swer indicates that there will be interference. The ideal
answer range is �.1mm to �.2mm. Based on the diam-
eter difference calculated in step #42, choose an op-
tion: install as is, augment fit with Loctite, machine
the fork-column base to improve the fit, or get a bet-
ter fitting headset.

In steps #40 through #42, measurements are taken
and a calculation is made to determine the dimensional
difference between the crown-race I.D. and the fork-
column-base O.D. In step #43, a course of action is
chosen, based on the dimensional difference deter-
mined in step #42. Consider the following examples.

Example 1:
crown-race I.D.: 27.1mm.
fork-column-base O.D.: 27.0mm
27.1 � 27.0 = .1 (>.0mm)
A different headset is needed because the
.1mm difference indicates that there will be
no interference between the race and fork.

Example 2:
crown-race I.D.: 27.0mm.
fork-column-base O.D.: 27.05mm
27.0 � 27.05 = �.05
The negative difference indicates that there
will be some interference to the fit, but it is
not enough, so Loctite 680 should be used
to improve the fit.

Example 3:
crown-race I.D.: 27.0mm.
fork-column-base O.D.: 27.15mm
27.0 � 27.15 = �.15
The negative .15mm difference is inside the
acceptable difference range (�.1 to �.2mm),
so the part can be installed as is.

Example 4:
crown-race I.D.: 27.0mm.
fork-column-base O.D.: 27.25mm
27.0 � 27.25 = �.25
The negative .25mm difference is outside
the acceptable difference range (�.1 to
�.2mm), so the part can be installed only
once the fork-column base is counter-
reamed to improve the fit.

40. [ ] Measure I.D. of fork-crown race and record
here: __________mm.

41. [ ] Measure O.D. of fork-column base and
record here: __________mm.

42. [ ] Subtract step 41 from step 40 and record
answer here: __________mm.

In the first option of step #43, it indicates that if
the result of the calculation is greater than .0mm, a
different-sized headset must be used. There is one ad-
ditional option that can be very effective if the result
in step #42 is between .0 and .2mm. A Stein KT
knurling tool can be used to increase the effective di-
ameter of the fork-column base by up to .2mm. Use
Loctite RC680 in addition to knurling.

This knurling technique has the same effect as an
old mechanic�s trick called �staking.� To stake a fork-
column base a chisel would be used to make indenta-
tions at multiple points around the fork-column base.
Both the knurling tool and the staking technique cause
some metal to rise up by forcing other metal to be
indented. The knurling tool does a more thorough
and consistent job without any risk of mis-striking
with the chisel when performing the staking technique.
The knurling tool serves triple use, enlarging handle-
bar centers and seat posts as well.

To use the knurling tool, the tool is put in the vise
jaws and the fork column is inserted inside the knurling
tool. Close the vise just enough to cause the toothed
wheels of the knurling tool to indent the fork-column
base, then rotate the fork around several times. If the
knurling pattern is not very pronounced, repeat the
process with the vise closed tighter.
43. If step 42 is (check one):

[ ] >.0mm, find different headset.
[ ] .0 to –.09mm, install race w/Loctite RC680.
[ ] –.10 to –.20mm, install headset as is.
[ ] <–.20mm, mill fork crown (not always pos-

sible) or get better-fitting headset.
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Instal lation of pressed racesInstal lation of pressed racesInstal lation of pressed racesInstal lation of pressed racesInstal lation of pressed races
44. [ ] Clean with alcohol or acetone all three

pressed race mating surfaces: plus outside of
fork-crown-race seat, and inside of head
tube. Prepare same surfaces with Loctite 242
to prevent corrosion (optional) or Loctite
RC680 to improve poor fit (if necessary).

When pressing in the head-tube races, they must
be pressed on fully. There is no specific force required,
but there will be a distinct �bottomed-out� feeling
when they are in fully.

Cup-press -tool insert

Cup-press -tool insert

Upper head-tube race

Lower head-tube race

Press  until gap is  gone

Press  until gap is  gone

Head tube

Press -tool-insert keeper plate

Bearing

11.17  Installing the races into the head tube with a Hozan C438.

45. [ ] Insert larger race into bottom of head tube and
smaller one into top of head tube and press in
fully with press. If aluminum races appear to
be developing shavings as they press in, re-
move shavings before completing installation.

46. [ ] Inspect head-tube races to confirm they ap-
pear pressed in fully.

To use a slide hammer to install a fork-crown race,
simply place the race on the fork-column base and
accelerate the slide hammer down the fork column
against the race. Do not support the fork on its dropouts

while doing this! Simply hold the fork in mid-air with
one hand while accelerating the slide hammer with
the other hand.

Crown-race ins taller

Crown race

11.18  With the crown race sitting on top of the crown-race seat,
rapidly accellerate the fork and the crown-race installer towards
each other.

47. [ ] Press crown race onto fork.
48. [ ] Inspect that crown race appears fully

seated.

Replacing ball bearingsReplacing ball bearingsReplacing ball bearingsReplacing ball bearingsReplacing ball bearings
The original ball bearings are usually in a retainer

(a clip that holds the balls together in a set). Although
there are no mechanical advantages to using retainers,
there are several disadvantages. Installing loose balls is
always recommended. If installing loose balls, try to
find the highest quality ones available. Good balls are
described as grade 25. Decent ball bearings might be
described in the range of grade 100 to grade 200. Any
higher number than these is a mediocre bearing.

Balls in a retainer are more expensive to buy in a
high grade, and grade information is rarely available
for balls in a retainer. Retainers create a fixed rela-
tionship between the balls, which is one of the causes
of brinelling, the primary cause of headset failure.

Important informationImportant informationImportant informationImportant informationImportant information
i f instal l ing bal l  retainersi f instal l ing bal l  retainersi f instal l ing bal l  retainersi f instal l ing bal l  retainersi f instal l ing bal l  retainers

 Forget any rules of thumb about which way ball
retainers face in relation to the cups and cones, or rela-
tive to the ground. There is only one way to get ball
retainers in correctly and that is to test-mate them both
ways to the cone and both ways to the cup. In one of
the four combinations, the clip that holds the balls
together (instead of the balls) will be obviously con-
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tacting the ball race on the cone or the cup. Install the
retainers opposite this. If good measurements of the
exposed thread were taken once the locknut was re-
moved, and original retainers were in correctly, and
the original or an identical headset has been installed,
putting a retainer in backwards will reduce the ex-
posed thread by more than a millimeter.

ASSEMBLYASSEMBLYASSEMBLYASSEMBLYASSEMBLY
Getting a headset assembled with loose balls can

be tricky. Follow these steps carefully and there will
be a good chance of success.
49. [ ] Replace ball bearings (check steps 15 & 17

for sizes).

Cup

Gr eas e

B ear ing

11.19  Put a light layer of grease in each cup. The thickness of the
layer of grease should be less than 1/2 the diameter of the ball bearing.

50. [ ] Lightly  coat cup race with grease. One milli-
meter thickness of grease should be more
than enough. The upper cup could be an ad-
justable race or upper head-tube race.

L as t  bal l  ins tal led

11.20  Place the balls in the cup so that they touch each other. If a
gap remains that is too small for a ball, put one more in anyway.

51. [ ] Fill cup with balls and make sure they are all
touching each other.

52. [ ] Test mate upper cup to upper cone, sepa-
rate, and inspect balls.

In the next step, some balls will be removed. The
reason this is done is to prevent headset failure from
brinelling. By leaving the balls room to move around
relative each other it guarantees that any brinelling
that occurs is in random locations. When ball retain-
ers are used or the cup is left full, the brinelling occurs
in the same places over and over again until it reaches
a noticeable depth and causes headset failure.

11.21  If the balls are not jumbled after test-mating the parts, re-
move two balls.

11.22  If the balls remain jumbled after test-mating the parts, re-
move three balls.

53. [ ] Remove two balls from cup if they sit level,
three balls if jumbled.

In the next step, re-mate the cup and cone back
together. The function of this step is to observe the
depth of the cone in the cup. This way, if the balls get
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jumbled during assembly, it will show up as a cone not
inserting as far into the cup; take the headset apart and
reassemble it before going to the trouble of adjusting it.
Also, this same observation was made before disassem-
bly. If the relation between these parts has changed, it
probably means the ball size has changed.

11.23  Mate the cone and cup together again to seat the balls in
place, then check the depth of the cone in the cup. When the headset
is finally assembled, the cone should be in the same position relative
to the cup, or ball bearings are out of place.

54. [ ] Test-mate cone and cup again to seat balls
and inspect depth of each cone in each cup.

55. [ ] Coat balls lightly with grease.
56. [ ] Insert seal (if any) into cup or onto cone.
57. [ ] Repeat steps 50–56 for lower cone and cup.
58. [ ] Grease fork threads and fork column fully.

No contact

11.24  Engage the adjustable race to the top of the fork, while
maintaining no contact between the balls and the cones.

59. [ ] Assemble fork into head tube and adjustable
race onto fork. (Cones should not insert fully
into cups at this point .)

11.25  With the upper race seated and with a downward pressure
on the fork, turn the adjustable race clockwise to draw the fork up
into place.

60. [ ] Drop fork down and thread race fully on to
draw fork up fully.

61. [ ] Inspect if positions of cones in cups appear
similar to how the cone positions appeared
when checked in step 54, then check for
smooth rotation of fork.

62. [ ] Install washers, lockring (if any), and brack-
ets (if any).

If ball size has increased, a retainer has been inverted,
or the balls are jumbled and out of position, it will show
up as a reduced amount of thread available for the top
locknut. If the ball size has been reduced, or washers or
brackets have been left out, it will show up as an in-
creased amount of thread available for the top locknut.
In the next step, measure the result and compare it to
the measurement taken during disassembly.
63. [ ] Measure exposed thread and verify it

matches pre-disassembly dimension (step 9).
If installing a new headset check that at least
4.5mm of thread is available for locknut.

If changing the number or washers, whether a
bracket is used, or the entire headset, verify that there
is not too much thread for the locknut. If there is,
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the lip on the top of the locknut will stop against the
top of the fork column before securing against the
adjustable race.

Ins ert  . 2 mm  f eeler  gauge under  lock nut l ip

11.26  Use a thin feeler gauge between the locknut lip and the top
of the fork column to verify that the lip is not stopping against the
fork column.

64. [ ] Thread on, but do not secure, locknut. Verify
lip does not bottom on top of steering tube.

ADJUSTMENTADJUSTMENTADJUSTMENTADJUSTMENTADJUSTMENT
65. [ ] If headset has not just been overhauled,

break loose locknut and turn adjustable race
1/4 turn (counterclockwise).

66. [ ] Gently thread race down to contact balls.
67. [ ] Install wheel if not already installed.
68. [ ] Hold fork stationary and turn race 90° coun-

terclockwise.

1 - Clock w is e unt i l
  gent le contact

2 - Counterclock w is e 9 0 º

11.27  Turn the adjustable race clockwise until it gently contacts
the ball bearings, then turn it at least 90° counterclockwise. Place-
ment of the top tube mark sticker (step #69) is also illustrated.

The following adjustment procedure is very dif-
ferent from the way most mechanics adjust head-
sets. The procedure uses an adjustment-calibration
sticker (a BBI product), but a piece of masking tape
that you mark yourself can be used as an alterna-
tive to the sticker. This approach (with sticker or
tape) may seem awkward at first, but students at
BBI that were very experienced with headset adjust-
ment prior to arriving at BBI, endorse this approach
wholeheartedly.
69. [ ] Put sticker with top tube mark (or marked

masking tape) on top tube, with mark close
to adjustable race and centered on top of
top tube (see figure 11.27).

11.28  This is the BBI Headset Apron sticker that is recommended
for precise and easy headset adjustment.

H eads et  A pron 
s t ick er

W as te piece

11.29  Install the Headset Apron sticker. Note that the Headset
Apron Sticker is installed with the numbers upside down and the
edge as close to the Top Tube Sticker as possible.

70. [ ] Hold fork square to frame and put BBI Head-
set Apron sticker on adjustable race so that
it hangs down like an apron and “0” mark
lines up with top tube mark. (When sticker
is on correctly, calibration lines are on bot-
tom edge and numbers are upside down at
top edge of sticker.) If not using Headset
Tape sticker, just put matching marks on top
tube and masking tape on adjustable race.
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H old 
s tat ionary

T urn clockw is e

H old w heel
betw een k nees

11.30  Stabilizing the fork while securing the adjustment.

71. [ ] Stabilize fork with wheel (or Stein FS) be-
tween knees, hold race stationary, and se-
cure locknut to 300in-lbs (38lbs@8").

In step #72, bearing play is checked by jerking on
the bottom ends of the fork blades. With non-suspen-
sion forks, this method is preferred because it pro-
vides the greatest leverage. With suspension forks, it
is necessary to jerk on the fork crown or the stan-
chion (upper) tubes, instead. This is because play be-
tween the sliders (lower tubes) and stanchions can be
misinterpreted as play in the headset adjustment.
72. [ ] Check for play by grasping both fork blades

(or Stein FS clamp) in one hand and bottom
of down tube in other hand, then jerking
fork forward and back. Rotate fork to sev-
eral positions and check further for play. If
there is no play, check for smooth rotation.
If not smooth, restart at step 67, but start
with race turned further counterclockwise.

0 11

11.31  With fork square to frame, turn the race clockwise to the
next �+� mark to tighten the adjustment, or counterclockwise to
the next ��� mark to loosen the adjustment.

73. [ ] If using Headset Apron Sticker : tighten ad-
justment by putting the next “+” mark on
sticker at top tube mark with wheel lined up
with down tube. (If headset had no play, but
was smooth, loosen adjustment to next “–”
mark instead.)
If not using sticker : put new mark 2–3mm
counterclockwise from last mark and adjust
new mark to line up with top tube mark to
tighten adjustment.

74. [ ] Secure locknut to minimum 300in-lbs
(38lbs@8").

75. [ ] Check for play and repeat adjustment as
necessary, securing locknut each time be-
fore checking for play. (If headset originally
had no play, repeat loosening adjustment
until play is found, then return to last “no
play” adjustment.)
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THREADLESS-HEADSETTHREADLESS-HEADSETTHREADLESS-HEADSETTHREADLESS-HEADSETTHREADLESS-HEADSET
SYSTEMSSYSTEMSSYSTEMSSYSTEMSSYSTEMS
NOTE: If replacing a conventional fork and headset

with threadless fork and headset, skip to step 7.

U pper  head-
tube r ace

A djus table r ace

Compr es s ion r ing

S tem

S tar-f angled nut

P las t ic cap

Cap bolt

F or k  column

W as her

11.32  Cross-section of the top half of a threadless headset installed.

REMOVALREMOVALREMOVALREMOVALREMOVAL
1 . [ ] Remove wheel from fork.
2 . [ ] Remove brake calipers from fork, or remove

cable from brake calipers.
3 . [ ] Remove cap bolt and plastic cap at top of

fork column just above stem.
4 . [ ] Loosen stem-binder bolt(s) and remove stem

from fork column. (Be prepared for fork to
drop out.)

5 . [ ] Slide fork out bottom. (Note adjustable race,
compression ring, and spacer washers will
be left balanced on top of headset.)

6 . [ ] Do steps 14–24 from THREADED-HEADSETTHREADED-HEADSETTHREADED-HEADSETTHREADED-HEADSETTHREADED-HEADSET
OVERHAUL,  AND ADJUSTMENTOVERHAUL,  AND ADJUSTMENTOVERHAUL,  AND ADJUSTMENTOVERHAUL,  AND ADJUSTMENTOVERHAUL,  AND ADJUSTMENT PROCEDUREPROCEDUREPROCEDUREPROCEDUREPROCEDURE
(page 11-10) .

NOTE: If overhauling an existing threadless head-
set, skip steps 7–12.

CONVERSION TO THREADLESSCONVERSION TO THREADLESSCONVERSION TO THREADLESSCONVERSION TO THREADLESSCONVERSION TO THREADLESS
SYSTEMSYSTEMSYSTEMSYSTEMSYSTEM

A threadless headset installs into the head tube
and onto the fork crown just like a normal headset.
The difference comes with the installation of the ad-
justable race. In fact, it is no longer threaded but slips
onto the fork column, and is trapped in place by a

special stem that clamps on the outside of the fork
column. So, assuming all three pressed races are in-
stalled and it is time to slip on the adjustable race,
proceed with step #7.
7 . [ ] Do steps 1–31 (page 11-9), then steps

36–48 (page 11-14) from THREADED-HEADSETTHREADED-HEADSETTHREADED-HEADSETTHREADED-HEADSETTHREADED-HEADSET
OVERHAUL, AND ADJUSTMENTOVERHAUL, AND ADJUSTMENTOVERHAUL, AND ADJUSTMENTOVERHAUL, AND ADJUSTMENTOVERHAUL, AND ADJUSTMENT PROCEDUREPROCEDUREPROCEDUREPROCEDUREPROCEDURE.

8 . [ ] Grease stem bolt threads and threads on
bolt that goes through cap that mounts on
top of fork column.

9 . [ ] Install ball retainers in cups. Slide adjustable
race, split cone called “compression ring”,
spacer washers, and stem onto fork.

10. [ ] Mark fork column 3mm below top of stem
and remove fork.

11. [ ] Cut fork column at this point with a hack-
saw or tubing cutter. File off any burrs or
swells.

12. [ ] Press star-shaped nut called “the star
fangled nut” fully into fork column with Park
TNS-1 or TNS-2.

Impact

Park  T N S -1  or  T N S -2

S tar-f angled nut

F ork  column

11.33  Installing the �star-fangled nut.�

ASSEMBLYASSEMBLYASSEMBLYASSEMBLYASSEMBLY
13. [ ] Do steps 50–57 from THREADED-HEADSET OVER-THREADED-HEADSET OVER-THREADED-HEADSET OVER-THREADED-HEADSET OVER-THREADED-HEADSET OVER-

HAUL, AND ADJUSTMENTHAUL, AND ADJUSTMENTHAUL, AND ADJUSTMENTHAUL, AND ADJUSTMENTHAUL, AND ADJUSTMENT PROCEDUREPROCEDUREPROCEDUREPROCEDUREPROCEDURE (page 11-17).
14. [ ] Put fork in and slide on adjustable race,

compression ring, washers, and stem.
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15. [ ] Put plastic cap with bolt on top of fork col-
umn and engage bolt in star-fangled nut
threads.

AdjustmentAdjustmentAdjustmentAdjustmentAdjustment
NOTE: If adjusting an already installed threadless

headset, loosen the stem-binder bolts before
starting the adjustment.

S tem-binder  bolt s

A djus t ing bolt

11.34  Loosen stem bolts before starting the adjustment.

16. [ ] Tighten cap bolt slowly until just a trace of
knocking can be felt when jerking on end
of fork.

17. [ ] Align stem and torque bolts to 85in-lbs
(24lbs@3" or 21lbs@4") if double-bolt
stem, or 100in-lbs (33lbs@3" or 25lbs@4")
if single-bolt stem.

18. [ ] Check again for knocking when jerking on
fork. If knocking is not felt, adjustment is
done. If knocking is felt, proceed to next step.

19. [ ] Loosen stem bolts until stem rotates about
fork column easily.

20. [ ] Turn adjusting bolt in plastic cap approxi-
mately 1/6 turn (clockwise).

21. [ ] Align stem and torque bolts to 85in-lbs
(24lbs@3" or 21lbs@4") if double-bolt
stem, or 100in-lbs (33lbs@3" or 25lbs@4")
if single-bolt stem.

22. [ ]  Check again for knocking when jerking on
fork. If knocking is not felt, adjustment is
done. If knocking is felt, repeat steps 19–22
as many times as necessary.

ROLLER-BEARINGROLLER-BEARINGROLLER-BEARINGROLLER-BEARINGROLLER-BEARING
HEADSETSHEADSETSHEADSETSHEADSETSHEADSETS

Roller-bearing headsets use cylindrical bearings
instead of ball bearings. These cylinders are held in a
conical retainer, which is sandwiched between two
conical races. The conical races can be machined di-
rectly into the pressed cups and cones, or they can be
loose and floating.

Adjuster cup

Non-integral race

Roller-bearing retainer
Integral race

Upper pressed piece

Lower pressed piece

Conical-race/retainer
sandwich

Fork-race mount

11.35  A roller-bearing headset.

AssemblyAssemblyAssemblyAssemblyAssembly
1 . [ ] Do steps 1–48 from THREADED-HEADSETTHREADED-HEADSETTHREADED-HEADSETTHREADED-HEADSETTHREADED-HEADSET

OVERHAUL, AND ADJUSTMENTOVERHAUL, AND ADJUSTMENTOVERHAUL, AND ADJUSTMENTOVERHAUL, AND ADJUSTMENTOVERHAUL, AND ADJUSTMENT PROCEDUREPROCEDUREPROCEDUREPROCEDUREPROCEDURE
(page 11-9) .

2 . [ ] If conical races are not integral with pressed
pieces, grease both sides of each race.

3 . [ ] Grease bearing retainers fully.
4 . [ ] If conical races are separate, sandwich re-

tainers between pairs of conical races.
5 . [ ] Install retainers/retainer sandwiches in cups.
6 . [ ] Insert fork into head tube.
7 . [ ] Thread on adjuster cup all the way.

ADJUSTMENTADJUSTMENTADJUSTMENTADJUSTMENTADJUSTMENT
8 . [ ] Do steps 62–75 from  THREADED-HEADSETTHREADED-HEADSETTHREADED-HEADSETTHREADED-HEADSETTHREADED-HEADSET

OVERHAUL, AND ADJUSTMENTOVERHAUL, AND ADJUSTMENTOVERHAUL, AND ADJUSTMENTOVERHAUL, AND ADJUSTMENTOVERHAUL, AND ADJUSTMENT PROCEDUREPROCEDUREPROCEDUREPROCEDUREPROCEDURE
(page 11-18) .
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MAVIC HEADSETSMAVIC HEADSETSMAVIC HEADSETSMAVIC HEADSETSMAVIC HEADSETS
WITHOUT LOCKNUTSWITHOUT LOCKNUTSWITHOUT LOCKNUTSWITHOUT LOCKNUTSWITHOUT LOCKNUTS

Most new Mavic headsets have a locking mecha-
nism built into the adjustable cup, instead of a sepa-
rate locknut. The adjustable cup has a tiny Allen bolt
that is tightened to compress the adjustable-cup threads
against the fork threads. Warning� there are 32mm
wrench flats on the adjustable cup that can easily be
rounded off if a wrench is used to turn the cup with-
out first loosening the Allen bolt. It is easy to destroy
the adjustable-cup threads.

ASSEMBLY OR REPLACEMENTASSEMBLY OR REPLACEMENTASSEMBLY OR REPLACEMENTASSEMBLY OR REPLACEMENTASSEMBLY OR REPLACEMENT
1 . [ ] Do steps 1–60 from  THREADED-HEADSETTHREADED-HEADSETTHREADED-HEADSETTHREADED-HEADSETTHREADED-HEADSET

OVERHAUL, AND ADJUSTMENTOVERHAUL, AND ADJUSTMENTOVERHAUL, AND ADJUSTMENTOVERHAUL, AND ADJUSTMENTOVERHAUL, AND ADJUSTMENT PROCEDUREPROCEDUREPROCEDUREPROCEDUREPROCEDURE (page
11-9), except that no washers or locknuts
are removed (unless replacing conventional
headset with Mavic).

ADJUSTMENTADJUSTMENTADJUSTMENTADJUSTMENTADJUSTMENT
2 . [ ] Loosen locking bolt with 2.5mm Allen

wrench if not already loose, and turn adjust-
able cup 1/4 turn (counterclockwise) to pre-
vent over-tightening.

3 . [ ] Adjust adjustable cup (clockwise) gently
down against bearings until slight resistance
is felt, then back off about 1/8 turn (about
10–15mm at the cup perimeter).

4 . [ ] Use 2.5mm Allen wrench to gently secure
locking bolt in cup.

5 . [ ] Grasp the fork and jerk it to check for play.
6 . [ ] To eliminate play loosen locking bolt, turn

adjustable cup 3–4mm (clockwise) at its pe-
rimeter, then resecure locking bolt. Check
for play and repeat as necessary.
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POPULAR HEADSET FITS FOR 1" THREADED-FORK COLUMNSPOPULAR HEADSET FITS FOR 1" THREADED-FORK COLUMNSPOPULAR HEADSET FITS FOR 1" THREADED-FORK COLUMNSPOPULAR HEADSET FITS FOR 1" THREADED-FORK COLUMNSPOPULAR HEADSET FITS FOR 1" THREADED-FORK COLUMNS (table 11-3,A)
STACKSTACKSTACKSTACKSTACK
HEIGHTHEIGHTHEIGHTHEIGHTHEIGHT BRANDBRANDBRANDBRANDBRAND MODELMODELMODELMODELMODEL FIT STANDARDS AVAILABLEFIT STANDARDS AVAILABLEFIT STANDARDS AVAILABLEFIT STANDARDS AVAILABLEFIT STANDARDS AVAILABLE
30.0mm Shimano Dura-Ace (HP-7600) Campy1

31.2mm Tange-Sekei MA-60 Campy/JIS3

32.5mm Shimano Sante Campy1

33.0mm American Classic Trilock Campy1

33.0mm Campagnolo Veloce Campy1

33.0mm King Short Stack Campy1

33.0mm Ritchey Logic Comp, Pro WCS, Logic Expert Campy1

33.0mm Shimano Deore XT (HP-M730, HP-M732) Campy1

33.0mm Tange-Sekei Extrude (steel) Campy1

33.4mm Tange-Sekei Levin CDS Campy1, JIS2, Campy/JIS3

33.5mm Shimano 105 (HP-1050) Campy1

33.5mm Shimano 105SC (HP-1055) Campy1, JIS2

33.5mm Shimano 600 Ultegra (HP-6400) Campy1

33.5mm Shimano Deore (HP-MT60), Deore DX (HP-M650, HP-M651) Campy1, JIS2

33.5mm Shimano Deore XT (HP-M735) Campy1, JIS2

33.5mm Shimano Exage (HP-M350, HP-A450, HP-M450) Campy1

33.5mm Tioga DSL Campy1

33.8mm Campagnolo Nuovo Record (track), Gran Sport Campy1

34.0mm Odyssey Pro Campy1

34.3mm Shimano XTR (HP-M900, HP-M901) Campy1

35.0mm Specialized Pro (alloy and steel) Campy1, JIS2

35.5mm Shimano RX100 (HP-R500) Campy1

35.5mm Suntour Superbe Pro Campy1

36.0mm American Classic Airlock Campy1

36.0mm Dia-Compe Threadhead Campy1

36.0mm Tange-Sekei Extrude (alloy) Campy1

36.2mm Suntour Superbe Track Campy1

36.3mm Shimano Dura-Ace (HP-7400) Campy1

36.5mm YST HP-8311 Campy1, JIS2

1 Campy means head-tube races are 30.2mm or equivalent and fork-crown race is 26.4mm or equivalent.
2 JIS means head-tube races are 30.0mm or equivalent and fork-crown race is 27.0mm or equivalent.
3 Campy/JIS means head-tube races are Campy 30.2mm and fork-crown race is JIS 27.0mm.

(Continued next page)

HEADSET-STACK HEIGHTHEADSET-STACK HEIGHTHEADSET-STACK HEIGHTHEADSET-STACK HEIGHTHEADSET-STACK HEIGHT
Headset-stack height is the room that the headset

takes up on the fork column. Stack height plus head-
tube length should equal fork-column length.

It is acceptable to use a shorter stack height than
will fit (washers must be added or fork column short-
ened), but a headset with too great a stack height can-
not be made to fit.

The following table is divided into four sections.
These are 1" threaded, 1�1/8" threaded, 1�1/4"
threaded, and threadless headsets.

Each section of table 11-3 (pages 11-23 through
11-27) has headsets arranged in ascending order of stack
height on the assumption that the desired stack height
is known and the suitable brands/models need to be
found. This assumption makes the layout of table
11-3 less suitable for situations where the headset is
known and the stack height needs to be looked up.
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POPULAR HEADSET FITS FOR 1" THREADED-FORK COLUMNSPOPULAR HEADSET FITS FOR 1" THREADED-FORK COLUMNSPOPULAR HEADSET FITS FOR 1" THREADED-FORK COLUMNSPOPULAR HEADSET FITS FOR 1" THREADED-FORK COLUMNSPOPULAR HEADSET FITS FOR 1" THREADED-FORK COLUMNS (table 11-3,A cont.)
STACKSTACKSTACKSTACKSTACK
HEIGHTHEIGHTHEIGHTHEIGHTHEIGHT BRANDBRANDBRANDBRANDBRAND MODELMODELMODELMODELMODEL FIT STANDARDS AVAILABLEFIT STANDARDS AVAILABLEFIT STANDARDS AVAILABLEFIT STANDARDS AVAILABLEFIT STANDARDS AVAILABLE
37.0mm Onza Mongo UFO, Mongo II Campy1

37.0mm Stronglight X94 Campy1

37.0mm Suntour XC-Pro Grease Guard Campy1, JIS2

37.6mm Shimano Deore XT (HP-M740), Deore LX (HP-M563), Campy1, JIS2

STX (HB-MC30), DuraAce (HP-7410),
600 Ultetgra (HP-6500)

38.0mm Mavic 315 Campy1

38.0mm Specialized Direct Drive Campy1, JIS2

38.0mm Tioga Beartrap Campy1

38.0mm Tange-Sekei Levin Campy1, JIS2, Campy/JIS3

38.5mm Campagnolo C-Record (track) Campy1

39.0mm Mavic 305 Campy1

39.1mm Campagnolo Nuovo Record, Victory, Triomphe, Olympus Campy1

39.5mm Campagnolo Xenon Campy1

40.0mm Shimano 600EX (HP-6207) Campy1

40.0mm Tange-Sekei Comet (cartridge bearing) Campy1

40.0mm Tange-Sekei MTB225 Campy1, JIS2, Campy/JIS3

40.2mm Stronglight Delta Campy1

40.7mm Campagnolo Euclid, Centaur, Olympus (alloy) Campy1

40.7mm Stronglight X-14MTB, X-12, A-93 Campy1, Campy/JIS3

41.0mm Wilderness Trail WTB/King Campy1

41.2mm Campagnolo Athena, Chorus, Croce D’Aune Campy1

41.5mm Campagnolo Record (aluminum), C-Record Campy1

42.2mm Campagnolo Super Record (road) Campy1

43.0mm Stronglight B-10, C-11 Campy1

44.0mm Tange-Sekei G-Master 2000 Campy1, Campy/JIS3

1 Campy means head-tube races are 30.2mm or equivalent and fork-crown race is 26.4mm or equivalent.
2 JIS means head-tube races are 30.0mm or equivalent and fork-crown race is 27.0mm or equivalent.
3 Campy/JIS means head-tube races are Campy 30.2mm and fork-crown race is JIS 27.0mm.
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POPULAR HEADSET FITS FOR 1-1/8" OS THREADED-FORK COLUMNSPOPULAR HEADSET FITS FOR 1-1/8" OS THREADED-FORK COLUMNSPOPULAR HEADSET FITS FOR 1-1/8" OS THREADED-FORK COLUMNSPOPULAR HEADSET FITS FOR 1-1/8" OS THREADED-FORK COLUMNSPOPULAR HEADSET FITS FOR 1-1/8" OS THREADED-FORK COLUMNS (table 11-3,B)
STACKSTACKSTACKSTACKSTACK
HEIGHTHEIGHTHEIGHTHEIGHTHEIGHT BRANDBRANDBRANDBRANDBRAND MODELMODELMODELMODELMODEL DESCRIPTIONDESCRIPTIONDESCRIPTIONDESCRIPTIONDESCRIPTION
33.0mm Ritchey Logic Expert Conventional
33.0mm Tange Extrude (steel) Conventional
33.5mm Shimano Altus (HP-R501) Conventional
33.5mm Shimano Deore DX (HP-M650, HP-M651) Conventional
33.5mm Shimano Deore XT (HP-M736) Conventional
33.5mm Tioga Avenger OS Conventional
33.9mm American Classic Trilock Allen bolt locking
33.9mm King Threaded Sealed
34.0mm Odyssey Pro OS Allen bolt locking
34.3mm Shimano XTR (HP-M900, HP-M901) Conventional
35.0mm Specialized Pro Conventional
35.0mm Stronglight X-15MTB Roller (needle) bearings
35.0mm YST CS-717 Conventional
35.5mm Shimano Altus (HP-R501) Conventional
35.5mm Tange-Sekei AP-1 OS Conventional
36.0mm American Classic Airlock Allen bolt locking
36.0mm Dia-Compe Threadhead Threaded version of Aheadset
36.0mm Tange-Sekei Levin OS CDS Conventional
36.5mm Race Face Real Seal II Allen bolt locking
37.5mm Tange Extrude (alloy) Conventional
37.5mm YST CS-737 Conventional
37.6mm Shimano Deore XT (HP-M741), Deore LX (HP-M564), Conventional

STX (HB-MC31)
38.0mm Mavic 316 Allen bolt locking
38.5mm Onza Mongo II Allen bolt locking
38.5mm Tange High Roller Needle bearing
39.5mm Campagnolo Record OR Conventional
40.6mm Tange Comet Cartridge bearing
41.0mm Campagnolo Chorus, Athena Conventional
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POPULAR HEADSET FITS FOR 1-1/4" OS THREADED-FORK COLUMNSPOPULAR HEADSET FITS FOR 1-1/4" OS THREADED-FORK COLUMNSPOPULAR HEADSET FITS FOR 1-1/4" OS THREADED-FORK COLUMNSPOPULAR HEADSET FITS FOR 1-1/4" OS THREADED-FORK COLUMNSPOPULAR HEADSET FITS FOR 1-1/4" OS THREADED-FORK COLUMNS (table 11-3,C)
STACKSTACKSTACKSTACKSTACK
HEIGHTHEIGHTHEIGHTHEIGHTHEIGHT BRANDBRANDBRANDBRANDBRAND MODELMODELMODELMODELMODEL DESCRIPTIONDESCRIPTIONDESCRIPTIONDESCRIPTIONDESCRIPTION
33.0mm Ritchey Logic Conventional
33.0mm American Classic Trilock Allen bolt locking
33.5mm Shimano Deore DX (HP-M650, HP-M651) Conventional
35.0mm YST Ultralight Conventional
35.0mm King Threaded Sealed
36.0mm American Classic Airlock Allen bolt locking
36.0mm Dia-Compe Threadhead Threaded version of Aheadset
37.0mm Tange-Sekei VP-5000 Conventional
38.0mm Mavic 317 Allen bolt locking
38.5mm Onza Mongo II Allen bolt locking
39.5mm Campagnolo Record OR Conventional
39.9mm Shimano Deore XT (HP-M742) Conventional
40.3mm Shimano Deore XT (HP-M737), XTR (HP-M902) Conventional
41.0mm YST CS-707S Conventional
41.0mm Campagnolo Chorus Conventional
43.0mm YST CS-707A Conventional
44.0mm Dia-Compe Threadhead S-Series II Conventional



11 – HEADSETS11 – HEADSETS11 – HEADSETS11 – HEADSETS11 – HEADSETS

11 – 2811 – 2811 – 2811 – 2811 – 28

POPULAR HEADSET FITS FOR THREADLESS-FORK COLUMNSPOPULAR HEADSET FITS FOR THREADLESS-FORK COLUMNSPOPULAR HEADSET FITS FOR THREADLESS-FORK COLUMNSPOPULAR HEADSET FITS FOR THREADLESS-FORK COLUMNSPOPULAR HEADSET FITS FOR THREADLESS-FORK COLUMNS (table 11-3,D)

NOTE: The height of the stem must be added to the following stack-height figures when calculating fit.

STACKSTACKSTACKSTACKSTACK
HEIGHTHEIGHTHEIGHTHEIGHTHEIGHT BRANDBRANDBRANDBRANDBRAND MODELMODELMODELMODELMODEL FIT STANDARD AVAILABLEFIT STANDARD AVAILABLEFIT STANDARD AVAILABLEFIT STANDARD AVAILABLEFIT STANDARD AVAILABLE
24.0mm Tange-Sekei NSS-STS 1" Campy
24.0mm Dia-Compe AheadSet Kontak DL 1" Campy
27.0mm Dia-Compe AheadSet Kontak SA 1" Campy
28.0mm Dia-Compe AheadSet Kontak 1" Campy
28.0mm King NoThreadSet, Team NoThreadSet 1" Campy
28.0mm Tange-Sekei NSS-ALS 1" Campy
28.0mm Tioga Alchemy 1" Campy
29.8mm Dia-Compe AheadSet S-series 1" Campy
30.0mm Dia-Compe AheadSet S-series II 1" Campy
35.0mm Ritchey Fuzzy Logic, Logic 1" Campy
37.0mm Ritchey Logic Pro, Logic Pro WCS 1" Campy
37.0mm American Classic TriLock 511010, 511020 1" Campy
41.0mm YST G-force 1" Campy/JIS3

41.9mm Kor G-force 1" Campy/JIS3

25.0mm Dia-Compe AheadSet Kontak DL 1-1/8" OS
27.0mm Dia-Compe AheadSet Kontak SA 1-1/8" OS
27.6mm Dia-Compe AheadSet S-series 1-1/8" OS
28.0mm Tioga Alchemy, High Roller 1-1/8" OS
30.0mm Dia-Compe AheadSet Kontak S-Series II 1-1/8" OS
31.3mm Tange-Sekei NSS-ALM 1-1/8" OS
31.4mm King NoThreadSet, Team NoThreadSet 1-1/8" OS
31.5mm Race Face Real Seal 1-1/8" OS
33.0mm American Classic TriLock 511010, 511020 1-1/8" OS
33.5mm Dia-Compe AheadSet, Kontak 1-1/8" OS
35.0mm Ritchey Fuzzy Logic, Logic 1-1/8" OS
37.0mm Ritchey Logic Pro, Logic Pro WCS 1-1/8" OS
41.0mm YST G-force 1-1/8" OS
41.9mm Kor G-force 1-1/8" OS
26.0mm Dia-Compe AheadSet Kontak DL 1-1/4" OS
27.0mm Dia-Compe AheadSet Kontak SA 1-1/4" OS
29.7mm Dia-Compe AheadSet S-Series 1-1/4" OS
30.0mm Dia-Compe AheadSet S-Series II 1-1/4" OS
31.0mm King NoThreadSet, Team NoThreadSet 1-1/4" OS
32.0mm Dia-Compe AheadSet Kontak 1-1/4" OS
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HEADSET TROUBLESHOOTINGHEADSET TROUBLESHOOTINGHEADSET TROUBLESHOOTINGHEADSET TROUBLESHOOTINGHEADSET TROUBLESHOOTING
CauseCauseCauseCauseCause SolutionSolutionSolutionSolutionSolution
SYMPTOM: As the headset is turned, there is a constant pattern of the adjustment feeling tight at one
point and loose at another.
Head tube and/or fork crown need facing and are Face both always.
causing the races not to be in line with each other.
Fork column is bent, causing the races not to be in Replace the fork.
line with each other.
Races are not fully seated, causing the races not to Inspect, then disassemble headset and repress
be in line with each other. the races (all three).

SYMPTOM: As the headset is turned, it has one or more positions that it tends to settle at, as though
it were indexed. Also, the fork tends to lock in the straight-ahead alignment and will not stay on its
own if turned a degree or two to the side. The symptom is sometimes described as automatic pilot.
The proper name is brinelling.
Dents in the races of the lower stack. Replace the lower stack or entire headset. Use
(Aggravating factors are use of ball retainers and loose balls, two less balls than the maximum,
over-tight adjustments.) and do not over-tighten the adjustment.
Dents in one portion of the race more than another Face the head tube and fork crown (shop) and
indicate races have been out of alignment. replace the lower stack or complete headset.

SYMPTOM: When adjusting the headset, it changes from having a trace of play to being obviously
over-tight with only one ten-degree adjustment.
Wrong size balls (likely if ball size was assumed or Disassemble and try the next likely size.
guessed).
Inverted retainer(s). Disassemble, inspect and assemble correctly.
Mismatched brands of parts within one stack. Replace necessary parts.
Head tube and fork crown need facing, particularly Face head tube and fork crown.
if loose spot is at only one location of rotation.
Dry grease (particularly if headset is old). Overhaul headset.

SYMPTOM: An erratic symptom of tightness or looseness appears and disappears, particularly when
the fork is rotated, or a sound of clicking, popping or snapping accompanies a change from an
adjustment that is tight to one that is loose when the fork is turned, but the headset has not been
adjusted. Any erratic tightness or looseness.
Ball(s) out of position in races. Disassemble, inspect, reassemble.
Too many balls in a cup. Disassemble, inspect, reassemble.

SYMPTOM: Headset will not hold its adjustment after riding bike.
Inexpensive, new headset breaking in. Readjust.
Locknut inadequately secured. Tighten locknut.
Locknut properly tightened, not remaining secured. Use Loctite 242 on threads.
Aluminum locknut not remaining secured. Replace with steel locknut or use Loctite 242 on

threads.
Headset pressed races not fully pressed. Inspect, repress if necessary, and readjust.

SYMPTOM: Headset feels very sluggish, but not rough, when it is rotated and the adjustment is correct.
0-ring type seal out of position. Inspect, disassemble and reassemble with seal in

place.
Seal mechanism inverted. Disassemble, inspect and reassemble with seal

correctly oriented.
Grease is dry and congealed. Disassemble, inspect and overhaul.

(Continued next page)
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HEADSET TROUBLESHOOTING HEADSET TROUBLESHOOTING HEADSET TROUBLESHOOTING HEADSET TROUBLESHOOTING HEADSET TROUBLESHOOTING (Cont.)(Cont.)(Cont.)(Cont.)(Cont.)

CauseCauseCauseCauseCause SolutionSolutionSolutionSolutionSolution
SYMPTOM: Headset squeaks when rotated.
Grease is dry. Overhaul headset.

SYMPTOM: Creaking noises come from the headset area when the bike is being ridden.
Loose stem. Secure stem.
Loose handlebars. Secure handlebars.
Handlebars creaking internally at ferrule. Ignore or replace handlebars.
Loose pressed races. Inspect, disassemble, reinstall with Loctite 242 or

install a better fitting headset.
Aluminum pressed pieces in aluminum head tube, Reinstall with Loctite 222.
even if press fit tolerances are correct.

SYMPTOM: Looseness cannot be eliminated even by over tightening the adjustment.
Loose pressed pieces. Replace with better fitting headset or reinstall

with Loctite RC680.
Locknut lip stopping against steering tube instead of Inspect and install stack washer under locknut.
stopping against the screwed race.

SYMPTOM: Headset makes a rumbling sound when riding over bumps.
Loose adjustment. Check and readjust.
Loose pressed pieces. Check and correct.

SYMPTOM: Headset locknut will not secure.
Stripped fork-column threads. Remove locknut and inspect. Replace fork if

threads are stripped.
Fork column has collapsed at washer key slot. Visually inspect inside of fork column for

deformation, or test-fit stem into fork column.
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ABOUT THIS CHAPTERABOUT THIS CHAPTERABOUT THIS CHAPTERABOUT THIS CHAPTERABOUT THIS CHAPTER
Adjustable-cone hubs have a threaded axle, loose

balls or balls in a retainer, cones that thread onto the
axle, and cups that are fixed inside the hub shell. This
includes adjustable-cone front hubs, adjustable-cone
rear hubs that accept a thread-on freewheel, and
freehubs (rear hubs that have the freewheel integrated
into the hub). Shimano Parallax hubs are adjustable-
cone hubs that sometimes require a special adjustment
procedure, which is covered in a separate section later
in this chapter.

There are also cartridge bearing hubs, with car-
tridge bearings that press into the hub shell. These are
covered in a separate chapter, CARTRIDGE-BEARINGCARTRIDGE-BEARINGCARTRIDGE-BEARINGCARTRIDGE-BEARINGCARTRIDGE-BEARING
HUBS HUBS HUBS HUBS HUBS (page 13-1). This additional chapter covers Suzue
sealed hubs, SunTour/Sanshin/Specialized hubs,
Bullseye hubs, Ringlè hubs, Mavic hubs, and other
brands that are similar in design to the listed brands.

GENERAL INFORMATIONGENERAL INFORMATIONGENERAL INFORMATIONGENERAL INFORMATIONGENERAL INFORMATION

TERMINOLOGYTERMINOLOGYTERMINOLOGYTERMINOLOGYTERMINOLOGY
Hub shell: The main structure of the hub. The

hub shell includes the housing for the bearings, a hub
core, and two hub flanges.

Axle: The shaft that goes through the hub about
which the hub turns.

Quick-release axle: A hollow axle, so the quick-
release mechanism can be installed through the axle
to retain the wheel to the bicycle.

Solid axle: An axle that has axle nuts threaded
onto it that retain the wheel to the bicycle.

Cone: A conical-shaped piece of metal that the
bearings roll on that is positioned inside the circle of
balls. A cone may be a built-in feature on an axle, or it
may thread onto an axle.

Cup: A surface that bearings roll on that is posi-
tioned outside the circle of balls. A cup is usually a
permanent part of the hub shell.

Race: The surface of a cup or cone on which ball
bearing rolls.

Locknut: A nut that threads onto an axle and tight-
ens against a cone to lock the position of the cone
relative to the axle.

Dustcap: A piece of plastic, metal, or rubber that
threads or presses onto the outer end of the hub shell
to cover the hole through which the bearings are ac-
cessed. In some cases, the dustcap attaches to the cone
instead of the hub shell.

Seal: A rubber piece attached to the dustcap, cone,
or axle spacer that fills the gap between the axle and
dustcap to reduce the entry of dirt.

Freewheel: A set of gears on a freewheeling mecha-
nism that threads onto a rear hub.

L ock nut

L ock nut

W as her

W as her

A djus table cone

A djus table cone

Dus tcap

Dus tcap

B al l  bear ings

B al l  bear ing

Cup

Cup

H ub s hel l

Inner  lock nut

S pacer

A x le

12.1  Adjustable-cone rear hub for thread-on freewheel.
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Freehub: A hub that uses the freewheeling mecha-
nism as part of the hub.

Freehub body: The portion of a freehub that is
the freewheeling mechanism.

Adjustable cone

Locknut

Washer

Axle

Dustcap

Ball bearings

Cup

Hub shell

Freehub body
Cup
Ball bearing
Dustcap
Adjustable cone
Washer
Locknut

12.2  Adjustable-cone freehub.

PREREQUISITESPREREQUISITESPREREQUISITESPREREQUISITESPREREQUISITES
Wheel removal and installationWheel removal and installationWheel removal and installationWheel removal and installationWheel removal and installation

Before overhauling or adjusting a hub, the wheel
is removed from the bike. See the WHEEL REMOVAL,WHEEL REMOVAL,WHEEL REMOVAL,WHEEL REMOVAL,WHEEL REMOVAL,
REPLACEMENT, AND INSTALLATIONREPLACEMENT, AND INSTALLATIONREPLACEMENT, AND INSTALLATIONREPLACEMENT, AND INSTALLATIONREPLACEMENT, AND INSTALLATION chapter (page 18-6)
if unsure about wheel removal and installation.

Freewheel removal and installationFreewheel removal and installationFreewheel removal and installationFreewheel removal and installationFreewheel removal and installation
To overhaul or adjust a rear hub with a thread-on

freewheel, the freewheel must be removed. See the FREE-FREE-FREE-FREE-FREE-
HUB MECHANISMS AND THREAD-ON FREEWHEELS HUB MECHANISMS AND THREAD-ON FREEWHEELS HUB MECHANISMS AND THREAD-ON FREEWHEELS HUB MECHANISMS AND THREAD-ON FREEWHEELS HUB MECHANISMS AND THREAD-ON FREEWHEELS chapter
(page 25-9) for freewheel removal. If not yet be acquainted
with chapter 25, it may be unclear whether the hub has
a thread-on freewheel or is a freehub. There are two ways

to determine this. If the hub is a Shimano or Campagnolo
model and has a bulge on the hub core just inside the
right-side hub flange, it is definitely a freehub. If the hub
is a SunTour brand, the hub core will appear fatter than
the core of the same front hub. If unsure or mistaken in
identifying whether the rear hub is a freehub, it will not
be a big problem. If the rear hub is actually a freehub,
then when attempting freewheel removal no notches or
splined hole in the face of the freewheel will be found to
engage the freewheel remover. This chapter is also needed
to perform an optional freehub-body removal and in-
stallation on a freehub.

INDICATIONSINDICATIONSINDICATIONSINDICATIONSINDICATIONS
There are several reasons to overhaul the hub(s),

and several reasons to adjust them. An overhaul should
be done as part of a regular maintenance cycle, the du-
ration of which will change depending on the type of
riding, the amount of riding, and the type of equip-
ment. Adjustments should be done on the basis of need.

Maintenance cyclesMaintenance cyclesMaintenance cyclesMaintenance cyclesMaintenance cycles
If starting out with hub(s) known to be in good

condition with good quality grease, they should be able
to be ridden thousands of miles without needing an
overhaul. If the equipment sees little wet-weather riding,
then an appropriate maintenance cycle would be 2000�
3000 miles in most cases. If a lot of wet-condition riding
is done, then the maintenance cycle might need to be
as often as every 750-1000 miles. Parts rust whether
being ridden or not, so another factor is how long the
bike may be sitting before it will be used again. For
example, if ridden 200 miles in the rain in the fall then
put away for four months of winter, it would prob-
ably be a good idea to overhaul the hub(s) before put-
ting the bike away for the winter.

Other factors affecting the maintenance cycle are
the presence of a grease injection system and/or whether
there are seal mechanisms. Grease-injection systems do
not eliminate the need for overhauling. They only in-
crease the acceptable time between overhauls; further-
more, they are only as good as the customer is consis-
tent and thorough about pumping in new grease. Seal
mechanism hubs (adjustable-cone hubs with rubber seals
between the cone and dustcaps) do not have effective
water-tight seals. Their effectiveness varies with the brand
and model. At best, they can lengthen the acceptable
time between overhauls. With seal mechanisms or grease-
injection systems, the best policy is to initially over-
haul the hub(s) on a normal-length maintenance cycle
and see if the grease is found to be in good condition. If
so, then extend the maintenance cycle the next time.
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Symptoms indicating need of overhaulSymptoms indicating need of overhaulSymptoms indicating need of overhaulSymptoms indicating need of overhaulSymptoms indicating need of overhaul
What symptom would lead to feeling the hub(s)

should be overhauled? One is that when performing
an adjustment, the looseness (free play) in the bear-
ings cannot be eliminated without the bearing becom-
ing excessively tight (does not turn smoothly). The
lack of smoothness could be caused by dry grease,
contaminated grease, or worn parts. Another symp-
tom is that when removing the wheel and rotating
the axle, the end of the axle oscillates, indicating a
bent axle (which should always be replaced). Finally,
there may be a broken axle, which may not be obvi-
ous until the quick-release skewer is removed, and then
the axle falls out in two pieces.

Symptoms indicating need of adjustmentSymptoms indicating need of adjustmentSymptoms indicating need of adjustmentSymptoms indicating need of adjustmentSymptoms indicating need of adjustment
The primary symptom experienced indicating the

hub(s) need adjustment is looseness in the bearings.
This can be detected by grasping the rim (with the
wheel mounted in the bike) and jerking it side-to-side
while feeling for a knocking sensation. Inspect for
loose bearings and loose locknuts every 300�500 miles.
The only way to check for a loose locknut is to put a
tool on the locknut and see if it is secure. Another

possible symptom indicating that hubs need adjust-
ment is that when loosening the quick-release lever
45° from its fully-closed position, play cannot be de-
tected at the rim. A properly adjusted quick-release hub
has no play when installed to full security in the bike,
but does have play when the skewer is not clamping
with full force. Non-quick-release hubs simply feel
tight when removed and the axle is rotated. A quick-
release axle that feels a little tight out of the bike is
extremely tight when installed in the bike.

One other case in which it is recommend to ad-
just the hub(s) is on any new bike. Factory adjust-
ments are not very reliable. Due to poor factory set-
up, hubs may be completely worn out after as little as
1000 miles of use.

TOOL CHOICESTOOL CHOICESTOOL CHOICESTOOL CHOICESTOOL CHOICES
The design or brand of hub(s) will determine the

tools needed. Table 12-1 covers tools for adjustable-
cone hub(s) only.  This table covers all tools for the
job. The preferred choices are in bold. A tool is pre-
ferred because of a balance among: ease of use, qual-
ity, versatility, and economy.

ADJUSADJUSADJUSADJUSADJUSTTTTTAAAAABLE-CONE-HUB TOOLSBLE-CONE-HUB TOOLSBLE-CONE-HUB TOOLSBLE-CONE-HUB TOOLSBLE-CONE-HUB TOOLS (table 12-1)
ToolToolToolToolTool Fits and considerationsFits and considerationsFits and considerationsFits and considerationsFits and considerations
Hozan C354 Axle vise w/threaded holes for holding axle during hub disassembly, grips very

securely
Campagnolo P Axle vise w/smooth holes for holding axle during hub disassembly
Park AV-1 Axle vise w/smooth holes for holding axle during hub disassembly
Stein HV-1 Hub vise for holding hub during adjustment
Bicycle Research TC/S Thread chaser set for numerous thread descriptions of axles with inch pitch
Campagnolo 1170004 Dustcap puller for Campagnolo C-Record hubs
Bicycle Research CW1 13, 14, 15, & 16mm cone wrench
Campagnolo Q1 13 & 14mm cone wrench, lacks leverage and hand protection
Campagnolo Q2 15 & 16mm cone wrench, lacks leverage and hand protection
Hozan C57 Three cone wrenches fit 13/14mm, 15/16mm, & 15/17mm
Kingsbridge 250A 11 & 12mm cone wrench, lacks leverage and hand protection
Kingsbridge 250B 13 & 14mm cone wrench, lacks leverage and hand protection
Kingsbridge 250C 15 & 16mm cone wrench, lacks leverage and hand protection
Kingsbridge 250D 17 & 18mm cone wrench, lacks leverage and hand protection
Kingsbridge 250E 14 & 17mm cone wrench, lacks leverage and hand protection
Kingsbridge 250F 13 & 15mm cone wrench, lacks leverage and hand protection
Park SCW-13 Six high-quality cone wrenches from 13–18mm with good leverage and hand
thru SCW-18 cushioning, thin design fits all cones
VAR 20/1 13 & 14mm cone wrench, too thick and lacks hand protection
VAR 20/2 15 & 16mm cone wrench, too thick and lacks hand protection
VAR 20/3 17 & 18mm cone wrench, too thick and lacks hand protection
Wheels Mfg. C1 13 & 14mm cone wrench, lacks hand protection
Wheels Mfg. C2 15 & 16mm cone wrench, lacks hand protection
Wheels Mfg. C3 15 & 16mm cone wrench, lacks hand protection
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TIME AND DIFFICULTY RATINGTIME AND DIFFICULTY RATINGTIME AND DIFFICULTY RATINGTIME AND DIFFICULTY RATINGTIME AND DIFFICULTY RATING
Overhauling a hub, including freewheel (or cog)

removal and bearing adjustment, is a 30-45 minute job
of moderate difficulty. Adjusting the hub alone (in-
cluding freewheel removal) is a 10-12 minute job of
moderate difficulty.

COMPLICATIONSCOMPLICATIONSCOMPLICATIONSCOMPLICATIONSCOMPLICATIONS
Bent axlesBent axlesBent axlesBent axlesBent axles

The only complication created by a bent axle is
that there is no point to adjusting the hub if the axle is
bent. The job description must be changed to over-
hauling the hub.

Broken axlesBroken axlesBroken axlesBroken axlesBroken axles
It is not unusual to have a job description of ad-

justing a hub with a quick-release axle, and upon re-
moving the wheel and quick release it is found that
the axle is broken. In this case the job description must
be changed to hub overhaul.

WWWWWorn-out cupsorn-out cupsorn-out cupsorn-out cupsorn-out cups
After disassembling the parts and cleaning, the first

thing that should be inspected for is pitted cups. Cups
are not replaceable and this would be the end of the job.
The only repair would be hub or wheel replacement.

Cones not availableCones not availableCones not availableCones not availableCones not available
Many older hubs and inexpensive new ones have no

parts available. This becomes critical if cones are needed.
There is a section of this chapter about cone interchange-
ability. If it is no help, then the hub with bad cones will
need to be replaced or ridden until it �dies.�

Damaged dustcapsDamaged dustcapsDamaged dustcapsDamaged dustcapsDamaged dustcaps
Dustcaps for many hubs are not an available re-

placement part. If they are damaged or lost it can be
the �end of the line� for the hub.

Mysterious playMysterious playMysterious playMysterious playMysterious play
There are two things that can cause a mysterious

play in the bearings of the hub that will not go away no
matter how the adjustment is refined. A loose cup in
the hub shell will cause this problem, and so will a loose
locknut on the side of the hub not being adjusted.

HUB-AXLE THREADSHUB-AXLE THREADSHUB-AXLE THREADSHUB-AXLE THREADSHUB-AXLE THREADS     (table 12-2)
NominalNominalNominalNominalNominal

ApproximateApproximateApproximateApproximateApproximate ApproximateApproximateApproximateApproximateApproximate measurementmeasurementmeasurementmeasurementmeasurement
Pi tchPi tchPi tchPi tchPi tch axle O.D.axle O.D.axle O.D.axle O.D.axle O.D. nut or cone I.D.nut or cone I.D.nut or cone I.D.nut or cone I.D.nut or cone I.D. (thread type(thread type(thread type(thread type(thread type 11111))))) Typical occurrencesTypical occurrencesTypical occurrencesTypical occurrencesTypical occurrences

1mm 8.70–8.90mm 7.80–8.10mm 9mm × 1mm QR axle front hubs on most road and mountain bikes
(Metric/ISO) from Europe and Asia. Front hub solid axles2 on

SunTour/Specialized and Shimano (modern) hubs.
1mm 9.70–9.90mm 8.80–9.10mm 10mm × 1mm QR axle rear hubs on most road and mountain bikes

(Metric/ISO) from Europe and Asia. Rear hub solid axles2 on
SunTour/Specialized and Shimano (modern) hubs.

26tpi 7.70–7.90mm 6.80–7.10mm 5/16" × 26tpi3 Solid axle2 front hubs on most European road bikes (not
(BSC) Campagnolo) and from Asia (includes older Shimano).

26tpi 8.70–8.90mm 7.80–8.10mm 9mm × 26tpi Campagnolo (and other Italian brands) and some Joy
(Italian) Tech (Jou Yu) front QR axles.

26tpi 9.30–9.50mm 8.40–8.70mm 3/8" × 26tpi4 Solid axle2 rear hubs on most European road bikes and
(BSC) from Asia (includes older Shimano). Occasional older

solid axle front MTB hubs (usually w/flats on the axle ends).
26tpi 9.70–9.90mm 8.80–9.10mm 10mm × 26tpi Campagnolo (and other Italian brands) and some Joy

(Italian) Tech (Jou Yu) rear QR axles.

24tpi 7.70–7.90mm 6.80–7.10mm 5/16" × 24tpi Solid axle2 front hubs from American hub manufacturers
(BSC) found on many bikes from department stores.

24tpi 9.30–9.50mm 8.40–8.70mm 3/8" × 24tpi4 Solid axle2 rear hubs on bikes with a coaster brake or
(BSC) three-speed type hub.

1 The listed thread types are only the ones that occur commonly. Other thread types exist and should be identified
by measuring the diameter and pitch.

2 Solid axles are those that use axle nuts to hold the wheel to the frame/fork.
3 The 5/16" diameter is sometimes called 8mm. This is incorrect because the resulting mixed-unit diameter and

pitch end up sounding like an Italian thread when it is, in fact, a BSC thread.
4 The 3/8" diameter is sometimes called 9.5mm. This is incorrect because the resulting mixed-unit diameter and

pitch end up sounding like an Italian thread when it is, in fact, a BSC thread.
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Unusual bearing sizesUnusual bearing sizesUnusual bearing sizesUnusual bearing sizesUnusual bearing sizes
Almost all hubs use 3/16" balls in the front hub

and 1/4" in the rear. The consistency of this is so great
that it lulls mechanics into thinking that all hubs use
these sizes. Consequently a wrong size gets used and
the hub either adjusts or wears poorly. Campagnolo
hubs are the most likely cause of trouble, with their
frequent use of 7/32" balls, which are barely distin-
guishable from 3/16".

THREADSTHREADSTHREADSTHREADSTHREADS
Axle threads come in several standards. Measure

pitch and diameter and make sure a replacement axle
matches. This is usually not an issue unless trying to
upgrade a non-quick-release axle to a quick-release axle,
or have Joy Tech (Jou Yu) or Campagnolo brand hubs,
which have relatively unique threads. See table 12-2
(page 12-4) for axle-thread information.

CONE INTERCHANGEABILITYCONE INTERCHANGEABILITYCONE INTERCHANGEABILITYCONE INTERCHANGEABILITYCONE INTERCHANGEABILITY
In every possible case, replace a worn cone with

an identical cone. There will be many times when this
will not be possible so it becomes necessary to know
how to pick a correct substitute cone. For this there
are some general guidelines and testing procedures that
can be used to determine compatibility.

These general guidelines are based on certain ten-
dencies that are common to certain brands.

Shimano has made more models of hubs over
the years than anyone could possibly keep
track of. Many of these models are externally
different only. It is quite common that the
cones in one model are identical to another
model. Even when not identical, the cones
may differ only in ways such as quality, fin-
ish, design of seal, or overall length. If seal
differences exist, then the quality of the seal
may be compromised but not the function-
ality of the hub. If only a length difference
exists, it can often be made up for with a
spacer change. The Shimano Parts Dealer
Parts Catalog has excellent descriptive infor-
mation about cones. If the dimensions for
two different cones match, they are usually
interchangeable with few critical complica-
tions. Wheels Mfg. makes duplicates of cer-
tain Shimano cones. Some distributors (in-
cluding United Bicycle Parts and Quality Bi-
cycle Products) have created compatibility

charts or systems to make it easier to deter-
mine which Shimano cone substitutes for
another Shimano cone.

Suzue hubs are knockoffs of some older
Shimano hubs, so there is often compatibil-
ity between Suzue and Shimano cones.

Atom, Normandy, Maillard, and some
�Schwinn Approved� hubs are all different
names that appear on what are essentially the
same hub, so cones of one type can often be
used on a hub with one of the other names.
Sachs has bought the Maillard company and
sometimes the older parts will be called Sachs
when they fit the older Maillard, Normandy,
and Atom hubs.

�Schwinn Approved� has appeared mostly on
Maillard products (early seventies through the
mid-seventies), but during the same time pe-
riod �Schwinn Approved� appeared on
Sanshin and Shimano products on occasion.

Sanshin, Sunshine, and SunTour are different
brand names that appear on hubs made by
the Sanshin company, so compatibility often
exists between hubs with these brand names.

Jou Yu and Joy Tech are two names for the
same company.

Wald company makes a number of replacement
axle sets that fit a variety of historical and
current American-made front hubs that are
found on department-store bikes and older
fat-tire one-speeds. These brands include
Wald, Weco, Union, Schwinn, Ross, New
Departure, Excel, and Enlite.

The test to determine cone compatibility has a num-
ber of steps that originally test for a likely replacement
cone, and then empirically tests for compatibility. See
figures 12.3, 12.4, 12.5, 12.6, 12.7, and 12.8 (page 12-6).

Hold the old cone and possible substitute to-
gether small end to small end.

Check whether the small-end diameters match.
Check whether the curves of the two cones

appear symmetrical.
Check whether the overall cone length of the

possible replacement is equal or longer (re-
placement can�t be shorter).

Check whether replacement�s overall diameter
is equal to or less than original (replacement
diameter cannot be larger unless hole in
dustcap can be enlarged).
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Test-mate the replacement cone against the balls
in place in the hub cup and see if the grease
print on the cone indicates that the balls will
be rolling on the middle of the cone race (balls
cannot roll on either end of the cone race).

If everything is acceptable except that the thread
descriptions don�t match, replace the axle and
hardware as well.

12.3  The right cone is possibly a suitable replacement for the left
cone because the small-end diameters match and the curves of the
races match.

12.4  Although the curves of the races match, the right cone is not
likely to be a suitable replacement for the left cone because the
small-end diameters do not match.

12.5  Although the small-end diameters match, the right cone is
not likely to be a suitable replacement for the left cone because the
curves of the races do not match.

12.6  Although the small-end diameters match and the curves of
the races match, the right cone is an probably an unsuitable replace-
ment for the left cone because of its shorter overall length. Due to
the length difference, the cone wrench flats are likely to end up inac-
cessible (below the face of the dustcap).

12.7  Although the small-end diameters match and the curves of
the races match, the right cone is an probably an unsuitable replace-
ment for the left cone because of its larger overall diameter. Due to
the diameter difference, the right cone is unlikely to fit in the hole in
the dustcap.

12.8  The grease prints in the middle of the race on this cone indi-
cate that the ball bearings will contact the correct area on the race.

When a compatible cone cannot be found, there
is one additional thing to try short of running the hub
with worn-out cones or replacing the hub or wheel. If
a substitute cone was found that failed the grease print
test because the balls were contacting too high or low
on the cone race, then it may still be useable by chang-
ing the ball-bearing size.

Smaller balls will allow the cone to insert further
so the contact will be further from the small end of
the cone (watch for the wrench flats ending up below
the dustcap face). Larger balls will position the cone
further out so the contact will be closer to the small
end of the cone race. Using smaller balls may reduce
the wear life, but the hub has no wear life left without
replacing the worn cones, so anything that works is a
meaningful gain. When the ball-bearing size changes
so will the quantity. Just put in the maximum num-
ber of balls that will fit in the cup without jamming.

For this purpose it is useful to have some odd-
size balls on hand, such as 11/64", 7/32", 15/64", and
17/64". These ball sizes (except 7/32"� used in
Campagnolo hubs) are likely to be available only
by special order from larger industrial bearing sup-
ply houses.
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ADJUSTABLE-CONE-HUBADJUSTABLE-CONE-HUBADJUSTABLE-CONE-HUBADJUSTABLE-CONE-HUBADJUSTABLE-CONE-HUB
OVERHAUL & ADJUSTMENTOVERHAUL & ADJUSTMENTOVERHAUL & ADJUSTMENTOVERHAUL & ADJUSTMENTOVERHAUL & ADJUSTMENT
PROCEDUREPROCEDUREPROCEDUREPROCEDUREPROCEDURE
NOTE: If just adjusting hub and not overhauling it,

do steps 1–7, then skip to PRELIMINARY ADJUST-PRELIMINARY ADJUST-PRELIMINARY ADJUST-PRELIMINARY ADJUST-PRELIMINARY ADJUST-
MENTMENTMENTMENTMENT just after step 57.

COMPONENT REMOVAL ANDCOMPONENT REMOVAL ANDCOMPONENT REMOVAL ANDCOMPONENT REMOVAL ANDCOMPONENT REMOVAL AND
PRE-DISASSEMBLY INSPECTIONPRE-DISASSEMBLY INSPECTIONPRE-DISASSEMBLY INSPECTIONPRE-DISASSEMBLY INSPECTIONPRE-DISASSEMBLY INSPECTION
1 . [ ] Remove wheel from bike and skewer (if any)

from hub.
2 . [ ] Place wheel back in dropouts.

Dr opout

Pr ot ruding ax le
(unacceptable)

12.9  It is unacceptable for the quick-release axle to protrude be-
yond the face of the dropout.

3 . [ ] Observe wheel in bike and determine whether
QR axles protrude beyond dropout faces.

4 . [ ] If QR axles protrude, measure dropout thick-
ness. This is maximum axle protrusion.
Maximum axle protrusion is: _________mm.

5 . [ ] Rotate axle and check for oscillation at ends
that indicates bends.

6 . [ ] Rotate axle and feel for severe grittiness
that indicates worn out parts.

Adjustable-cone rear hubs with thread-on free-
wheels require freewheel removal for hub adjustment
or overhaul. It is recommended, but not required, to
remove freehub cogs when overhauling a freehub, but
there is no reason to remove the cogs to adjust a free-
hub bearing.
7 . [ ] Remove freewheel (if any, for overhaul or

adjustment) or freehub cogs (for overhaul
only, not adjustment).

In the next step, determine the correct axle protru-
sion (the distance the end of the axle protrudes beyond
the face of the locknut that is found just inside of the
dropout). In most cases, the axle protrusion should be

equal on both sides. One rare exception is when one
dropout is thicker than the other (in which case the
axle protrusions should differ by the amount the drop-
out thickness differs). Certain inexpensive bikes have
a plate of metal that the derailleur attaches to, which
bolts onto the outer face of the right-rear dropout.
This is called a bolt-on derailleur hanger. The bolt-on
derailleur hanger is part of the dropout, so in this case
consider the right dropout to be thicker than the left
dropout by the thickness of the bolt-on hanger.

In the next steps, measure the two axle protru-
sions and average them to determine the correct axle
protrusion. If the right-rear dropout is thicker, add
half the difference in thickness to the average axle pro-
trusion for the correct right-side protrusion, and sub-
tract half the thickness difference from the average
axle protrusion for the correct left-side protrusion.

When measuring the axle protrusion, use the depth
gauge of a caliper and measure from the high point on
the face of the locknut to the end of the axle. Some
axles have a recess in their face. Do not measure down
into any recess.

Cor r ect

Incor rect

L ock nut
(cutaw ay)

Cal iper Depth gauge

12.10  Measuring the axle protrusion.

Determine correct axle protrusionDetermine correct axle protrusionDetermine correct axle protrusionDetermine correct axle protrusionDetermine correct axle protrusion
8 . [ ] Right-side axle protrusion: _________mm.
9 . [ ] Left-side axle protrusion: +_________mm.
10. [ ] Total axle protrusion is: =_________mm.

÷ 2
11. [ ] AVG. AXLE PROTRUSION =_________mm.

Measure over-locknut widthMeasure over-locknut widthMeasure over-locknut widthMeasure over-locknut widthMeasure over-locknut width
In the next step, measure the overall width from

the left locknut to the right locknut. This measure-
ment will be needed if parts are replaced with non-
exact replacements. If some sort of substitute part that
is not the same effective width as the original is used,
it could affect the fit of the wheel to the frame or
fork. By knowing how much the final width differs
from the original width, it will be known how many
washers to add or subtract on the side of the hub that
has the substitute part.
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Over-locknut width

12.11  Measure the over-locknut width.

12. [ ] Measure over-locknut width.
OVER-LOCKNUT WIDTH IS: _________mm.

NOTE: Front hubs, go to step 17.
Steps #13 through #16 apply to rear hubs only.

The purpose of these steps is to get a measurement
that corresponds to the distance the freewheel or free-
hub cogs sit from the dropout. This distance must be
maintained when overhauling the hub or the rear de-
railleur might need adjustment or the freewheel may
not even have enough room to be re-installed. The
measurement will not be needed unless right-side parts
are replaced with non-identical parts, or if left-side and
right-side parts get mixed up.

A B

12.12  Determine freewheel space by adding measurement A to
measurement B.

NOTE: Freehubs, go to step 16.

Measure and calculate freewheel space:Measure and calculate freewheel space:Measure and calculate freewheel space:Measure and calculate freewheel space:Measure and calculate freewheel space:
13. [ ] Freewheel shoulder to end-

of-shell: ________mm
14. [ ] End-of-shell to locknut face: +________mm
15. [ ] FREEWHEEL SPACE =________mm

(Skip to step 17.)

Measure and calculate freehub spaceMeasure and calculate freehub spaceMeasure and calculate freehub spaceMeasure and calculate freehub spaceMeasure and calculate freehub space

B A

12.13  Determine freehub space by adding measurement A to mea-
surement B.

16.[ ] For freehubs, measure from end of freehub
body (where cogs came off) to locknut face.
Add this to measurement from right flange
to outer end of freehub body to calculate
freehub space.
Freehub body to nut face: __________mm
Body flange to outboard end
of freehub body +__________mm
FREEHUB SPACE =__________mm

DISASSEMBLYDISASSEMBLYDISASSEMBLYDISASSEMBLYDISASSEMBLY
Disassembling the first end of the axle is a lot easier

if the axle is not free to turn. The ideal way to do this
is to have the end of the axle that is not being disas-
sembled held in a bench vise. When securing the axle
in a vise, it is easy to damage either the axle or the
locknut. If the axle is a not-quick-release type, there is
enough axle to grasp securely with the axle directly in
�soft jaws.� Soft jaws are inserts made of aluminum,
copper, plastic, or wood that cover the face of the vise
jaws. All of these materials are softer than the axle
threads so the axle threads will not be damaged. Quick-
release axles do not protrude far enough to get a good
grip with soft jaws, which might lead to clamping the
vise tighter, which could crush the hollow quick-re-
lease axle. For this reason, a special axle vise is required
for use with quick-release axles. Grasping the axle by
the locknut can lead to damage of the locknut.
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20. [ ] Lift hub off axle, cupping hand below hub to
catch ball bearings.

12.16  Cup a hand under the hub with the axle between two fin-
gers while lifting off the hub in order to catch any ball bearings that
fall out.

Steps #21 through #24 are about removing the
right-side axle parts. Removing these enables check-
ing for a bent axle, damaged threads, replacing the cone
if damaged, and resetting the right-side axle protru-
sion if necessary. The tendency is to skip these steps if
the cone is not in need of replacement, but some im-
portant problems could be missed , especially if this is
the first time overhauling this hub.

If the hub is a rear hub with a thread-on freewheel,
a variety of parts configurations might be found in
the next step. These will break down into one of two
fundamental categories, axles sets with a single lock-
nut on the right and axle sets with a double locknut
on the right. Some of the variations might be whether
there is a big spacer built into the outer locknut of a
double-locknut design and whether there are single
or multiple spacers.

In these next steps, use two ties to bundle the
right-side parts. This will enable keeping track of the
left-side (first off, single tie) and right-side (second
off, two-ties) parts.
21. [ ] Reverse axle in axle vise or soft jaws.
22. [ ] Hold cone (or lower locknut of double-locknut

hub) stationary with cone wrench while
breaking loose locknut with adjustable
wrench. (Use cone wrench on locknut only if
locknut is round.)

23. [ ] Only if double-locknut hub : hold cone sta-
tionary while breaking loose lower locknut.

Loosen

Hold s tationary
with cone wrench

Hozan axle vixe
(secured in bench vise)

12.14  With the hub secured in a Hozan axle vise, use a cone
wrench to hold the cone while breaking loose the locknut.

17. [ ] Clamp right  end of QR axle in axle vise, or
right  end of solid axle in soft jaws.

18. [ ] Hold left cone stationary with cone wrench
while breaking loose left locknut with adjust-
able wrench. (Use cone wrench on locknut
only if locknut has round face.)

There are few standards about the number and
sequences of parts on the end of the axle. Further-
more, keeping left-side and right-side rear-axle parts
separate is critical on rear hubs (front hubs usually are
symmetrical). For this reason, the next step suggests
transferring parts directly from the axle to a bundling
tie (wire or plastic bread-bag ties work). Some parts,
particularly outer locknuts, have a certain way they
need to face, so it is just as important to maintain the
specific orientation of each part as it comes off the
axle as it is to maintain the order.

12.15  Transfer the parts one-by-one from the end of the axle to a
bundling tie to maintain the correct order and orientation.

19. [ ] Thread left-end parts off axle and onto bun-
dling tie (maintaining order and orientation).
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24. [ ] Thread right-end parts off axle and onto two
bundling ties, while maintaining order and
orientation.

Rubber seals on dustcaps or cones rotate relative
to the part they are attached to. Seal effectiveness can
be improved and seal drag reduced by lubricating be-
tween the seal and what it is attached to. Seals will be
removed at this time to enable greasing later. Seals
can possibly be re-installed backwards, so note their
orientation if removing them from a dustcap, or sim-
ply leave them on the left-side and right-side parts
bundles if removing them from a cone.
25. [ ] Remove rubber seals (if any) from

dustcaps (note orientation) or cones (leave
seals on bundles).

Next, remove the ball bearings. This is a critical
step because bearing sizes and quantities are not uni-
versal. For front hubs, 10� 3/16" balls per side is most
common. The most likely exception that will not be
obvious is that some older Campagnolo hubs use
slightly oversize 7/32" balls. For rear hubs, the most
common quantity and size are 9� 1/4" balls per side.
The quantity of balls for the right side and left side of
any hub is almost always universally equal, so if eleven
are counted on the right and nine on the left, it is
certain that a ball dropped from one side to the other
and that ten per side is the correct amount. On the
other hand if the quantity per side differs by one, it is
extremely possible that one ball was lost.
26. [ ] Remove ball bearings one side at a time and

determine quantity and size per side and
record observations here:
Quantity: Left ______  Right ______
Size: Left ______  Right ______

Dustcap removal is next. It is optional, with re-
moval only making cleaning and inspection easier.
That dustcap removal is optional is important, because
with some hubs it is easy to bend or break the dustcap
when attempting to remove it. This happens most
often with some Shimano freehubs. To pry out the
dustcap use a plastic tire lever. Lever gently in one
location, then move a few degrees and lever a little
more, then move again and lever a little more. Con-
tinue like this until the dustcap eases out. If it will not
come out easily, do not remove it.
27. [ ] Pry dustcaps out unless damage is likely.

Were dustcaps very loose?   Yes?   No?
(circle one)

The next step only applies to rear freehubs, and is
optional. The hub can be cleaned with the freehub
body still attached. It makes for extra work when dry-
ing after cleaning. Techniques for freehub-body re-

moval are not covered here, as they are optional and
are covered as part of the FREEHUB MECHANISMS ANDFREEHUB MECHANISMS ANDFREEHUB MECHANISMS ANDFREEHUB MECHANISMS ANDFREEHUB MECHANISMS AND
THREAD-ON FREEWHEELSTHREAD-ON FREEWHEELSTHREAD-ON FREEWHEELSTHREAD-ON FREEWHEELSTHREAD-ON FREEWHEELS chapter (page 25-9).
28. [ ] Only if working on rear freehub, remove

freehub body (optional).
29. [ ] Clean all parts, including outside of hub shell.

INSPECTIONINSPECTIONINSPECTIONINSPECTIONINSPECTION
Hub-shell damage in regard to the bearings is rare.

Cracks may appear on some inexpensive steel hubs
on the backside of the bearing area when the bearings
become extremely over-tight. Some inexpensive hub
shells made of multiple parts joined together may fail
at the joints. The evidence of this type of failure is
greasing oozing out a seam in the hub shell. This ex-
ternal inspection is done first because any failure is
non-repairable and the job is over.
30. [ ] Inspect outside of hub shell for damage.

Good?   Bad?
The bearing cups are supposed to be permanently

pressed into the hub shell. Occasionally they work
loose. If not inspected for, this might cause substan-
tial frustration when trying to eliminate play when
making the adjustment. Firmly press a finger into a
cup and try to force it to rotate. If it does rotate, it
must be fixed by dripping Loctite 290 behind the cup.
31. [ ] Inspect pressed in cups for looseness.  See

if they rotate or jiggle.   Good?   Bad?
By design hub cups wear out long after the cones

have worn out. This is good because the cups cannot
be replaced. When a cup wears out, a new hub is
needed. Check for cup wear by looking in the cups
for the wear line left by the balls. Trace this wear line
with the tip of a ball point pen. If it snags on any-
thing, the cup is shot and the hub should be replaced.

12.17  Inspect the cup for pits with the tip of a ball point pen.

32. [ ] Trace ball path in cups with a ball point pen
to check for pits.   Good?   Bad?
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If the cups were worn out, the cones are virtu-
ally certain to be. If not, be sure to check the cones
carefully so that a worn out one will not damage a
cup, leading to a hub replacement. Cones wear out
by developing pits (galling). Find the shiny wear line
left by the balls on the conical portion of the cone.
Trace this wear line with the tip of a ball point pen
to check for pits.

12.18  Inspect the cone for pits with the tip of a ball point pen.

When inspecting the cone for pits, other symp-
toms with the wear line might be detected. If the wear
line wanders from high on the cone race to low on
the cone race, the cone may still be useable but the
wear pattern indicates a probable bent axle. If the wear
pattern is at the top or bottom of the cone race, it
indicates that the cone is the wrong one for that par-
ticular hub, or that the wrong-size bearings are in use.
An unusual looking wear pattern that does not indi-
cate a particular problem is when the wear line is fat
halfway around the cone and thin on the other half.
This happens because the cone does not rotate during
use so all the load is experienced on the bottom half.
This pattern is not seen all the time because in many
cases the rear wheel is in and out often, and the axle
and cones end up rotated into a different positions
with each installation of the wheel.

12.19  A wear line that is low on the cone race at one point and
high on the cone race at another point indicates the axle is bent.

12.20  A wear line that is at the top of the cone race (left cone), or
bottom of the cone race (right cone) indicates that the cone is the
wrong one for the hub or that the balls are the wrong size.

12.21  When the wear pattern is fatter on half the cone race it
indicates that the axle has been in the same position for most of the
life of the hub, no particular problem is indicated.

33. [ ] Trace ball path on cones with a ball point
pen to check for pits and inspect for other
wear problems.   Good?   Bad?

Next, inspect the axle for bends. Roll the axle on
a flat smooth surface such as a Formica counter top
or a glass display case. Look under the axle as it rolls
for a humping up and down that indicates it is bent.
A bent axle is an axle in the process of breaking, and
should be replaced, not straightened. A bent axle can
be caused by misaligned dropouts. Axles can also bend
from severe impact to the wheel or high pedaling loads.
34. [ ] Inspect axle for bends.   Good?   Bad?

Threads can be damaged on the axle from getting
nicked, from a keyed lock washer rotating around the
axle, or from excess torque on a locknut, which re-
sults in stripped threads. If the threads are nicked from
impact against something or damaged by a rotated lock
washer, they can be repaired with the thread file (met-
ric-pitch quick-release axles) or Bicycle Research thread
chaser (inch-pitch solid axles). Threads stripped from
an over-tightened locknut cannot be repaired. Replace
the axle.
35. [ ] Inspect axle for damaged threads.

Good?   Bad?
Some axles have slots along their length. A key

on the lock washer engages the slot. The only func-
tion of the key is to enable the factory to adjust the
hub without a cone wrench. However, the washer
often rotates around the axle and the key damages the
threads as well as itself. If a key is damaged, the washer
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is sure to rotate again. File out the damaged key or
replace the washer with an unkeyed one. If installing
a replacement axle without a slot, get rid of the keys
on the inside of the washers.
36. [ ] Inspect keyed lock washers for damaged

keys.   Good?   Bad?
Inspect the locknuts for damage, usually result-

ing from being over-tightened or from poor wrench
fit or use. Locknuts have to match the original
thread and thickness. If the new locknut has a dif-
ferent thickness, make up the difference by adding
or subtracting washers.
37. [ ] Inspect locknuts for damaged threads,

cracks, warpage, and rounded off flats.
Good?   Bad?

Inspect the dustcaps for looseness and damage. If
they were loose (determined during removal), then
re-install them with Loctite 242. If a dustcap is bent,
try to straighten it out. It is only critical if the dustcap
is deformed to the point that it rubs on a part of the
axle set that the dustcap overlaps.

A simple technique for straightening a bent
dustcap is to put the dustcap on the bench face down
and insert a socket that is a close fit inside the dustcap
and tap on the dustcap with a soft mallet.
38. [ ] Inspect dustcaps for looseness (done in step

27) and damage.   Good?   Bad?

ASSEMBLYASSEMBLYASSEMBLYASSEMBLYASSEMBLY
If installing a new axle, the length does not have

to match exactly. For quick-release axles, the mini-
mum axle protrusion per side should be no less than
one-half the dropout thickness, and the maximum
should be no more than the dropout thickness. For
non-quick-release axles, the minimum length should
be no less than the sum of the dropout thickness, plus
the thickness of the washers under the axle nuts, plus
the thickness of the axle nuts.

Calculate new axle protrusionCalculate new axle protrusionCalculate new axle protrusionCalculate new axle protrusionCalculate new axle protrusion
NOTE: If not replacing axle with new one of differ-

ent length, go to step 42.
39. [ ] Repeat original average axle

protrusion from step 11 here: _________mm.
40. [ ] Measure difference between axles and di-

vide by two.
Difference is: ________mm

÷ 2
1/2 axle difference =________mm

41. [ ] If new axle is shorter, subtract difference (or
if longer, add) from/to old protrusion.
Old protrusion (step 39) ________mm
1/2 axle difference (step 40) ±________mm
New protrusion is: =________mm

Parts replacementParts replacementParts replacementParts replacementParts replacement
42. [ ] Replace bad parts on bundles with good parts.

Preparation of hub shell for assemblyPreparation of hub shell for assemblyPreparation of hub shell for assemblyPreparation of hub shell for assemblyPreparation of hub shell for assembly
If the freehub body has been removed in step #28,

it is time to replace it. Be sure it is dry and oiled in-
side. Techniques for  cleaning, drying, oiling, and in-
stallation are all covered in the freewheel chapter.
43. [ ] Install freehub body if it was removed in

step 28.
Fill both cups generously with grease and put the

balls into the cups. If unsure of the ball quantity, fill
the cups with balls without forcing any in.

The most important thing about dustcap installa-
tion is to make sure that they end up level rather than
tipped. Tap the dustcap in with a rubber or plastic
mallet. Do the best possible to level the dustcap at
this point, and then when the hub is assembled, give
the wheel a spin and check whether the dustcaps
wobble as they spin. Straighten them as necessary.
44. [ ] Pack grease and balls in one side of hub,

then install dustcap.
45. [ ] Pack grease and balls in other side of hub,

then install dustcap.
46. [ ] Grease seals, if any, and install on dustcaps

or cones.

Set right-side axle protrusionSet right-side axle protrusionSet right-side axle protrusionSet right-side axle protrusionSet right-side axle protrusion
47. [ ] Grease axle threads.
48. [ ] Install axle in axle vise or soft jaws with

right end up. (Right end is longer-threaded
end if right parts bundle is bigger bundle, or
shorter-threaded end if right parts bundle is
smaller bundle.)

When disassembling the axle set, the assumption
is that all the parts are in the correct orientation. If
these parts were not correctly oriented, or if the bundle
came apart during cleaning and the order and orienta-
tion is uncertain, make sure the outer locknuts go on
correctly. If one side of the locknut is flat and smooth
and the other side is not, the non-smooth side faces
out, so as to grip the inside face of the dropout and
hold the wheel more securely in the bike.

12.22  Transferring the parts from the bundling tie to the axle.
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49. [ ] Transfer all parts from right-side bundle (two
ties) to axle.

50. [ ] Position top locknut so axle protrusion
equals average axle protrusion plus .2mm.

51. [ ] Hold top locknut stationary with wrench
and tighten parts below it snugly up
against locknut.

52. [ ] Measure axle protrusion, then adjust protru-
sion if necessary.

53. [ ] Loosen axle slightly in axle vise (or vise) so
that axle is free to turn.

54. [ ] Hold cone with cone wrench and torque
locknut to 120–180in-lbs (30–45lbs@4").

Instal l  axle in hubInstal l  axle in hubInstal l  axle in hubInstal l  axle in hubInstal l  axle in hub
55. [ ] Turn axle over in axle vise (or vise).
56. [ ] Drop hub (right-side down) onto axle.
57. [ ] Transfer left-side parts bundle to axle.

PRELIMINARY ADJUSTMENTPRELIMINARY ADJUSTMENTPRELIMINARY ADJUSTMENTPRELIMINARY ADJUSTMENTPRELIMINARY ADJUSTMENT
NOTE: If just adjusting a front hub or thread-on-

freewheel rear hub:
1. Do steps 1 through 7,
2. Break loose left-side locknut from cone by
holding cone stationary and turning locknut
counterclockwise.
3. Hold right cone with cone wrench and
torque locknut to 120–180in-lbs (30–
45lbs@4").

NOTE: If just adjusting (not overhauling) a freehub:
1. Back cone off enough to push right side of
axle out far enough to access right-side cone.
2. Secure right-side cone and locknut together
to 120–180in-lbs (30–45lbs@4").
3. Place right side of axle in axle vise/soft
jaws.

T orque w rench (t ighten)

Cone w r ench (hold s tat ionar y )

H oz an ax le v is e (in  bench v is e)

12.23  Preparing a hub for adjustment.

The next few steps are a preliminary to adjusting
the hub. The left-side parts will be put in a position
close to their final position, but deliberately at a very
loose adjustment. This prepares the hub for adjustment
because the adjustment procedure is based on starting
too loose and eliminating the looseness. A very high
degree of initial looseness is required for quick-release
hubs because the axle is compressed by the load of the
closed quick release, which will take up some of the
excess play before the adjustment is even started.

The adjustment procedure recommends using cali-
bration stickers (BBI Hub Dial stickers). The stickers
will be put on the hub to calibrate the adjustment.
The surfaces must be grease-free for the stickers to
stick well, particularly on the cone. Even if not using
the stickers, it will be necessary to mark the hub in
some way, so cleaning is still required.

The adjustment procedure (page 12-15) is very dif-
ferent from the way most mechanics adjust hubs. The
procedure uses an adjustment-calibration sticker (a BBI
product), but a piece of masking tape that you mark
yourself can be used as an alternative to the sticker.
This approach (with sticker or tape) may seem awk-
ward at first, but students at BBI that were very expe-
rienced with hub adjustment prior to arriving at BBI,
endorse this approach wholeheartedly.

If parts were replaced, or right and left parts were
mixed together, it is time to check the over-locknut
width and freewheel-space/freehub-space measure-
ments against the originals.
58. [ ] Tighten cone until it very gently contacts

bearings, then back it off a full 90°.
59. [ ] Hold cone stationary and tighten locknut to

it to 120–180in-lbs (30–45lbs@4").

1 –  P lace in v i s e
5 –  H old

6 –  T ighten

3 –
Clock w is e
(to gent le
contact)

9 0 º

4 –

2 –  P lace tools  on
lef t  end of  ax le

12.24  Preliminary setting of the cone.
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60. [ ] Jerk rim up and down and check for obvious
(even extreme) knocking. If adjustment is
not adequately loose, go back to step 58
and start even looser.

12.25  Jerk up and down on the rim to check for obvious knocking
that indicates that the adjustment is loose enough.

61. [ ] Clean left dustcap and left cone thoroughly
(with acetone or alcohol).

62. [ ] If non-matching right-side hub parts were
installed, check freewheel/freehub-space
from steps 15 or 16 and adjust if necessary.

63. [ ] If non-matching hub parts were installed,
compare to over-locknut width in step 12
and adjust if necessary.

FINAL ADJUSTMENTFINAL ADJUSTMENTFINAL ADJUSTMENTFINAL ADJUSTMENTFINAL ADJUSTMENT
Adjusting a hub can be challenging. The first chal-

lenge of adjusting a hub is that the cone needs to be
adjusted relative to the axle. The axle wants to turn
unless fixed somehow. This could be done in the vise,
but there is another challenge in that the quick-re-
lease axle in the bike is compressed compared to its
length out of the bike. If a perfect adjustment of a
quick-release axle out of the bike were made,  it would
be over-tight in the bike and with no easy way to
tell. The wheel can�t mounted inside the dropouts to
make the adjustment because then there is load on
both outer locknuts and they can�t be turned. Yet
one more challenge is to keep track of the adjust-
ments. The cone position must be compared to where
it was relative to the axle; however, the axle is so
small that there is no way to mark it to track the
progress of the adjustment.

The following adjustment procedure solves all
these problems. It pre-loads the axle so that the in-
the-bike adjustment will not be tighter than when
performing the adjustment. It fixes the axle from ro-
tating, and by also fixing the hub from rotating, this
technique allows tracking the cone position relative
to the hub rather than relative to the axle.

This adjustment procedure assumes a Stein HV-1
hub axle vise is being used to hold the wheel station-
ary. Although the HV-1 is an inexpensive and excel-

lent tool, as an alternative the wheel can simply be
mounted to the outside of a rear dropout on a bike.
Alternatively, cut a few inches of chainstay and a rear
dropout out of a trashed frame to clamp in the vise to
substitute for the HV-1.

Non-quick-release hub-Non-quick-release hub-Non-quick-release hub-Non-quick-release hub-Non-quick-release hub-
adjustment preparationadjustment preparationadjustment preparationadjustment preparationadjustment preparation
NOTE: For quick-release axles, go to step 65.
64. [ ] Clamp Stein HV-1 in vise and use axle nut to

bolt right end of axle into hole of HV-1 se-
curely (about 240in-lbs).

Quick-release hub-adjustment preparationQuick-release hub-adjustment preparationQuick-release hub-adjustment preparationQuick-release hub-adjustment preparationQuick-release hub-adjustment preparation
NOTE: For non-quick-release axles, go to step 70.
65. [ ] Put Stein HV-1 in vise securely.
66. [ ] Insert QR skewer through bottom of HV-1

and into right end of axle (no springs).
In the next step, a nut (standard 5mm ×.8mm or

quick-release adjusting nut) is put on the end of the
skewer so that it will bear against the end of the axle
when the skewer is secured. The nut then transfers
the load though the axle, simultaneously securing the
axle from rotation and compressing the axle in the
same fashion that it will be when the wheel is installed
in the bike. When the wheel is mounted normally in
the bike, the force is applied through the dropout to
the outer locknut and then to the axle.

Nut

S k ew er

Quick  r eleas e

S tein H V -1  hub v i s e

B ench v is e

12.26  The hub is mounted in the Stein HV-1 vise (in bench vise
jaws), using a 5 × .8mm nut on the end of the quick-release skewer.

Using a 5mm ×.8mm nut instead of the quick-
release adjusting nut has some advantages. Sometimes
the large diameter of the quick-release adjusting nut
interferes with an open-end or adjustable wrench be-
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ing used on the locknut. The regular nut allows use of
any wrench, including a deep socket (so that a ratchet
drive or torque wrench can be used to secure the ad-
justment). Some older French skewers and some
American skewers are not compatible with a 5mm
nut so use the quick-release adjusting nut in these cases.
67. [ ] Put nut (no spring) on skewer.

The quick-release lever must be clamped with the
same force during the adjustment as it is during nor-
mal wheel installation for the adjustment to be accu-
rate. The common tendency is to not secure the lever
tight enough. When it is properly set, force is required
to close the lever starting when the lever is parallel to
the axle and the lever must be closed down all the
way until it is perpendicular to the axle. Many quick-
release levers are curved; when the lever is curved, the
straight portion at the base of the lever is the only
part to be concerned with regarding the starting and
ending positions. See figure 12.27.
68. [ ] With base of quick-release lever parallel to

axle, secure nut tight with fingers.
69. [ ] Close quick-release lever 90° until base of

lever is perpendicular to axle.

12.27  Adjust the quick release so force to close begins at A and
close the lever until it matches position B.

Adjustment ProcedureAdjustment ProcedureAdjustment ProcedureAdjustment ProcedureAdjustment Procedure
70. [ ] Jiggle rim to check hub for looseness, and

set left cone and locknut to looser position if
no play is felt.

12.28  With a finger on the end of the end of the axle to feel for
knocking, jerk up and down on the rim.

Next, the rim needs to be fixed from turning so
the cone can be adjusted relative to the hub. A bungee
cord or its substitute is used. It will need to be at-
tached, detached, and re-attached several times with-
out loosing the position of the hub, so set up the
bungee cord to a fixed point on the rim and a fixed
point on the bench or vise.

12.29  Attach a bungee cord to the rim at the valve hole (or valve),
then attach the other end to a fixed point on the bench.

71. [ ] Attach a bungee cord to valve/valve hole,
and to fixed point on bench/vise to fix rim
from turning.

The following adjustment procedure is very dif-
ferent from the way most mechanics adjust hubs. The
procedure uses an adjustment-calibration sticker (a BBI
product), but a piece of masking tape that you mark
yourself can be used as an alternative to the sticker.
This approach (with sticker or tape) may seem awk-
ward at first, but students at BBI who were very expe-
rienced with hub adjustment prior to arriving at BBI
endorse this approach wholeheartedly.

12.30  A BBI Hub Dial Sticker.

If the hub has a dustcap that rotates with the hub
shell, the cone needs to be marked with a scribe be-
tween the wrench flats, or use one edge of one of the
wrench flats as the cone mark.

If the hub has a dustcap that remains stationary as
the hub shell rotates, use a fine-tip felt marker to put
a mark on the hub shell right at the edge of the sta-
tionary dustcap.
72. [ ] Check whether dustcap rotates with hub

shell and mark cone if dustcap rotates or
hub shell if dustcap is stationary.
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If the hub has a dustcap that rotates with the hub,
use the BBI Hub Dial sticker that has numbers out-
side of the dial marks. If the hub has a dustcap that
remains stationary as the hub rotates, use the BBI Hub
Dial sticker that has numbers on top of the dial marks.

The Hub Dial sticker needs to be cut out and at-
tached to the dustcap so that the calibration lines are
right against the cone and so that the �0� mark lines
up with the cone mark or hub-shell mark.

0 1+ 2+1–2–
3+– 3

4+– 4
5+– 5

6+– 6
7+–7

12.31  BBI Hub Dial Sticker placed on a rotating dustcap so that
the �0� mark lines up with the edge of a cone-wrench flat.

2+ – 2
4+ – 4

6+ – 6

0

12.32  When the BBI Hub Dial Sticker goes on a stationary
dustcap,  mark the hub shell in line with the �0� on the sticker.

73. [ ] Cut out Hub Dial sticker and put it on
dustcap so that “0” mark lines up with cone
mark or shell mark. If not using a BBI Hub
Dial sticker, draw a mark on dustcap lining
up with cone mark or hub-shell mark.

In the next step, hold the cone stationary while
breaking loose the locknut. If the cone and locknut
both turn counterclockwise simultaneously, the axle
may turn with them. This will cause the locknut on
the other end of the axle against the HV-1 to break
loose. This will not be obvious, but as adjustment
continues to be set tighter and tighter, a slight amount
of play will persistently remain. The play being felt
will be the loose locknut on the end of the axle against
the HV-1. By this time the adjustment is probably way
over-tight and the right-side locknut and cone need to
be resecured. Start over. Avoid this by keeping the cone
absolutely stationary while breaking loose the locknut.
74. [ ] Holding left cone absolutely  stationary,

loosen left locknut.
75. [ ] Adjust cone clockwise to next dial mark

(+), hold cone absolutely stationary and se-
cure locknut 120–180in-lbs (30–45lbs@4").
If not using a BBI Hub Dial sticker, simply
draw a new mark 1–2mm clockwise from
original on dustcap.

The next step is to jiggle the rim and feel if there
is knocking that indicates the adjustment is too loose,
then reset the cone to the next positive mark on the
Hub Dial. This adjustment needs to be very precise.
If the mark is under- or over-shot, try again. See fig-
ures 12.33 and 12.34.
76. [ ] Remove bungee cord and check for knock in

hub by jiggling rim (rotate wheel and check
at many points about rim).

77. [ ] Re-attach bungee cord and repeat adjust-
ment process to next “+” mark. If not using
a BBI Hub Dial sticker, draw a new mark 1–
2mm clockwise on dustcap or hub shell.

0 1+ 2+1–2–
3+– 3

4+– 4
5+– 5

6+– 6
7+–7

12.33  The cone has been turned 10° clockwise so that the edge of
the wrench flat lines up with �+1� on the sticker.
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12.34  The cone (and sticker) has been turned 10° clockwise so that
the  �+1� on the sticker lines up with the mark on the hub shell.

NOTE: If knock is felt easily in step 76, perform
steps 77–78.

78. [ ] Repeat step 71, then 74–76 as many times
as necessary (each time moving cone mark
to next “+” mark on hub dial), until play is
not felt. If at any time play becomes detect-
able intermittently (play can be felt at some
points on rim, but not at all points on rim)
the next adjustment should only be halfway
to next mark.

The objective in the next step is to loosen the
quick-release lever enough to take the compression
load off the axle, but to leave it tight enough so that
the wheel will not wiggle relative to what it is mounted
to, when jiggling the rim to check for free play in the
adjustment. To accomplish this, the lever needs to be
opened halfway back from the perpendicular-to-axle
position a position parallel to the axle (45°). If the
wheel ends up loosely mounted at this quick-release
position, the quick release was not properly set ini-
tially, and the adjustment should be started over again.

4 5 °

12.35  Loosen the quick-release lever 45°, then check for knock.

79. [ ] Once knock is eliminated, remove bungee,
loosen QR lever 45°, and check for knock.

NOTE: If knock is not felt in step 79 (with lever
loosened), perform step 80, otherwise go to
step 81.

80. [ ] Secure skewer lever, re-attach bungee, re-
turn halfway to last adjustment and repeat
check with bungee off and QR lever loos-
ened 45°.

NOTE: Once knock is felt in step 80 (with lever
loosened) perform steps 81–83.

81. [ ] Adjustment is good:  Yes?  No?
82. [ ] Remove wheel from HV-1, remove skewer

and nut if any, install freewheel or freehub
cogs, install wheel normally.

83. [ ] Check at rim for knocking and adjust skewer
setting tighter (within normal range) if
knocking is felt.

SHIMANO PARALLAX HUBSSHIMANO PARALLAX HUBSSHIMANO PARALLAX HUBSSHIMANO PARALLAX HUBSSHIMANO PARALLAX HUBS
Shimano makes several front hubs that are in a

style group called �Parallax.� Some of these hubs are
completely conventional in every way except the over-
size diameter of the hub-shell core. Some of them have
special axle designs that requires some slightly differ-
ent techniques.

All models of Parallax hubs have rubber seal cov-
ers that hide the access to the cones. These soft seals
must be pulled over the locknut and off the end of the
axle before servicing the hub.

The way to tell the difference between the variet-
ies of Parallax hubs is simple. If a threaded axle pro-
trudes past the face of the locknut, the hub is com-
pletely conventional. If a smooth unthreaded stud
protrudes from the face of the locknut, then the hub
has a special axle.

There are actually two different special axles. One
is a 10mm conventional axle with a 9mm unthreaded
end that protrudes past the locknut. The other is a
11mm axle that does not protrude through the lock-
nut at all. Both of these designs require a different
approach from each other and different approach from
other hubs.

The way to identify the 10mm design is to break
loose the locknut. If the smooth stud remains station-
ary while the locknut turns, then the axle is the 10mm
variety. Currently hubs of this design have the desig-
nation �Parallax 100� on a gold sticker, but this could
change or the sticker might be removed. Another in-
dicator that the hub may be of this variety is that the
smooth protruding stud is black steel; however, this
could change also.
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The certain way to identify the 11mm design is to
break loose the locknut. If the smooth stud rotates
while the locknut turns, then the axle is the 11mm va-
riety. Currently hubs of this design have the designation
�Parallax 110� on a gold sticker, but this could change
or the sticker might be removed. Another indicator
that the hub may be of this variety is that the smooth
protruding stud is chrome steel; however, this could
change also. Some of the 11mm-axle hubs have special
locknuts with a built in rotating washer shaped like the
letter �D.� If this washer is present, then the hub defi-
nitely is the 11mm-axle variety. (See figure 12.36.)

SERVICING 10MM-AXLESERVICING 10MM-AXLESERVICING 10MM-AXLESERVICING 10MM-AXLESERVICING 10MM-AXLE
PARALLAX HUBSPARALLAX HUBSPARALLAX HUBSPARALLAX HUBSPARALLAX HUBS

There are only two special considerations with
servicing these hubs. When overhauling this variety,
a different technique is required for holding the axle.
Also, although the axle-thread description is a con-
ventional 10mm × 1mm, the special reduced diam-
eter 9mm ends and extra thread length require the axle
to be replaced with original matching parts only.

The recommended Hozan C354 axle vise with
threaded hole is adequate but not ideal for grasping
the end of the axle for disassembly purposes. Better
choices would be Park AV-1, United Bicycle Tool AX,
or Campagnolo P.

SERVICING 11MM-AXLESERVICING 11MM-AXLESERVICING 11MM-AXLESERVICING 11MM-AXLESERVICING 11MM-AXLE
PARALLAX HUBSPARALLAX HUBSPARALLAX HUBSPARALLAX HUBSPARALLAX HUBS

There are actually two varieties of this hub. One
has a simple round-face locknut on the end of the axle.
The other has a built-in rotating washer that is shaped
like the letter �D� and has a tab in the face of the
washer that fits into the axle slot.

ComplicationsComplicationsComplicationsComplicationsComplications
The fact that the axle does not protrude through

the locknut means that there is no way to pre-load
the axle and then adjust the hub. This reduces the hub
adjustment to pure trial-and-error; furthermore, the
design of the hub makes it impossible to use the Hub
Dial Stickers or any other marking system to track
the increments of adjustment. Estimating the amount
that the cone wrench moves for each adjustment is
the only way to control the size of each adjustment.

The presence of the �D�-shaped washer makes it
virtually impossible to grasp the axle in any kind of a
vise and makes it extremely difficult to grasp the end
of the axle to feel for free play or a tight adjustment.

The steel locknut threads onto an aluminum axle
with very little thread engagement due to the low pro-
file of the locknut. The possibility of stripping axle
threads is high. There is no way to measure torque, so
the mechanic must subjectively reach a tightness that
will not strip the axle or allow the cone to work loose.
Using Loctite 222 on the cone and locknut threads
greatly reduces this problem.

Service proceduresService proceduresService proceduresService proceduresService procedures
The hub with no �D�-shaped washer can be held

by grasping the smooth stud protruding from the
locknut face in a smooth jaw axle vise such as the
Park AV-1.

1

2

2

3

3 4

5

12.36  Parts of a Shimano Parallax hub with an 11mm axle:
1. rubber seal, 2. locknut/�D�-washer assembly, 3. alternate regular
locknut, 4. cone w/seal, 5. 11mm axle.

To hold the axle while disassembling a hub with a
�D�-shaped washer, gently grasp the smooth stud and
the tab on the face of the �D�-shaped washer in a
smooth-jawed vise.
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When adjusting the hub, grasp the axle in an axle
vise or bench vise so that it cannot rotate. Start with the
cone backed off at least 90° from the point it first con-
tacts the bearings. Secure the locknut. Jiggle the end of
the axle to check for free play. Do not interpret the loose-
ness of the �D�-shaped washer as play in the bearings.

When the amount of free play is correct, it should
disappear when the wheel is securely mounted in the
fork and reappear when the skewer is loosened 45°.
It will take repeated trial and error adjustments to
find the subtle setting that has no play when the
skewer is fully tight but has play when the skewer is
loosened 45°.
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ADJUSADJUSADJUSADJUSADJUSTTTTTAAAAABLE-CONE-HUB TROUBLBLE-CONE-HUB TROUBLBLE-CONE-HUB TROUBLBLE-CONE-HUB TROUBLBLE-CONE-HUB TROUBLEEEEESHOSHOSHOSHOSHOOOOOOTINGTINGTINGTINGTING (table 12-3)

CauseCauseCauseCauseCause SolutionSolutionSolutionSolutionSolution
SYMPTOM: The axle feels tight or rough to rotate when play is first eliminated (or on a quick-release
hub it fails to develop play when the quick-release lever is loosened 45°).
Last adjustment was too large. Try to find an in-between adjustment.
Misinstalled dustcap rubbing on axle set. Observe whether dustcap turns true as the

wheel turns and reset if needed.
Bent axle causes portion of the axle set to rub dustcap. Inspect for bent axle and replace.
Dry grease. Disassemble, inspect, overhaul.
Cones and/or cups galled. Disassemble, inspect, replace parts.
Seal mechanism drag. Check that seal mechanisms are not incorrectly

positioned and/or lubricate seals.
Wrong size balls. Disassemble, measure balls.
SYMPTOM: Play cannot be eliminated without severely over-tightening the adjustment.
Locknut on end of axle set that is mounted in vise Check locknut security.
not secured.
Cups and/or cones galled. Disassemble, inspect and replace.
Loose cups in hub shell. Disassemble, inspect and repair with

appropriate Loctite.
SYMPTOM: Properly adjusted bearings feel sluggish but not rough when rotating the axle.
Seal mechanism drag. Grease seal mechanisms.
Dry grease. Disassemble, inspect, overhaul.
Plastic dustcap rubbing. Align dustcap.
SYMPTOM: When adjusting or inspecting the hub, an erratic looseness or tightness is detected that
comes and goes and changes location.
Too many balls in the cup(s). Disassemble and check ball quantity.
SYMPTOM: When rotating the axle set, a pattern is detected of a consistent tight spot and a
consistent loose spot.
Bent axle. Inspect for bent axle and replace.
Low-precision parts. None.
SYMPTOM: When inspecting the cone, a wear pattern is detected that is high on the cone race on
one-half of the cone and is low on the cone race 180° away.
Bent or broken axle. Inspect and replace.
SYMPTOM: Axle is bent or broken.
Dropouts are misaligned. Check and align dropouts.
Weak dropouts combined with a weak axle. Avoid using quick-release axle, or upgrade

quality of solid axle.
High torque from very low gear pulls cog set and hub Use strongest axle available.
forward beyond the elasticity of axle.
SYMPTOM: When riding the bike, a clicking sound is heard from a hub (usually the front), but the hub
feels normal when inspected.
Loose balls rotating around the cone drop over the Normal, but possibly the hub is short on
top of the cone and bump into the last ball over the grease.
top.
SYMPTOM: When inspecting the cone, the wear pattern is very high or very low on the cone race.
Wear life has probably been very short.
Wrong size balls. Measure balls.
Inappropriate cone for hub. Inspect cone.
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Axle spacer (threads on)

Internal snap ring

Cartridge bearing

Spacer

Cartridge bearing

Freehub mechanism

Pawl

Axle

Cartridge bearing

Hub shell

Cartridge bearing

Axle spacer 
(held in place by O-ring)

Internal snap ring

Ratchet ring

Internal snap ring
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ABOUT THIS CHAPTERABOUT THIS CHAPTERABOUT THIS CHAPTERABOUT THIS CHAPTERABOUT THIS CHAPTER
This chapter is about pedals with conventional

bearings. Conventional bearing systems have loose
balls, cones, and cups. Most pedals use an adjustable
cone threaded on the end of the pedal axle. These
closely resemble hubs in principle. Another variety
uses an adjustable cup threaded into the pedal body.
These closely resemble adjustable-cup bottom brack-
ets in principle. This chapter has separate procedures
for service of these two types, which are called �Ad-
justable-cone� pedals and �Adjustable-cup� pedals. A
troubleshooting chart that covers both of these pedal
types follows at the end of the chapter.

GENERAL INFORMATIONGENERAL INFORMATIONGENERAL INFORMATIONGENERAL INFORMATIONGENERAL INFORMATION

TERMINOLOGYTERMINOLOGYTERMINOLOGYTERMINOLOGYTERMINOLOGY
Pedal body: The main structure of the pedal. The

pedal body includes the housing for the bearings and
can also include a pedal cage or a retention mechanism.

Pedal cage: The one-piece or two-piece plate of
metal that is on the front and back, or just the back,
of the pedal. The pedal cage supports the shoe and
may be the point to which a toe clip mounts.

Retention mechanism: This mechanism is simi-
lar to a ski binding. Usually by means of springs, the
retention mechanism engages some sort of clip to the
cleat that is attached to the rider�s shoe.

Pedal axle: The shaft that threads into the crank
arm and about which the pedal rotates.

Cone: A surface that bearings roll on that is
positioned inside the circle of balls. A pedal cone
may be a built-in feature on an axle, or it may thread
onto an axle.

Cup: A surface that bearings roll on that is posi-
tioned outside the circle of balls. A cup may be pressed
permanently into the pedal body or it may be threaded
into the pedal body.

Locknut. A nut that threads onto an axle against
a threaded-on cone, to lock the position of the cone
relative to the axle, or it may thread onto a threaded-
in cup against the pedal body, to lock the position of
the cup relative to the pedal body.

Pedal cage

Dustcap

Locknut
Keyed lock washer

Cup

Cone

Pedal body

Cup

Pedal axle

S eal

14.1  Diagram of a common adjustable-cone pedal.

Dustcap: A piece of plastic, metal, or rubber that
threads or presses onto the outer end of the pedal
body to cover the hole through which the bearings
are accessed.

Spline: A cylindrical fitting that has alternat-
ing ribs and grooves on its surface that are parallel
to the axis of the cylinder. Splines are usually en-
gaged by a tool with the opposite spline pattern. A
spline is used as an alternative to a standard six- or
eight-sided wrench fitting.

Bearing-cylinder: A complete bearing-system
housing that is cylindrical-shaped and includes two
cup races. When the bearing-cylinder is assembled to
the axle with cones and bearings, it is a complete bear-
ing unit that can be inserted and removed from the
pedal body with the bearings intact.
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Pedal body

L ock nut
Cone

B ear ing-cy l inder

R etent ion mechanis m

S plined f it t ing

Pedal ax le

14.2  Diagram of a adjustable-cone pedal with bearing unit re-
movable from pedal body.

Pedal  body

R etent ion 
mechanis m

B al l  bear ings

Cup

R oller  bear ing cage

S nap-r ing

Cup w r ench f lat s

L ock nut

Pedal  ax le

Cup

B al l  bear ings

14.3  Diagram of an adjustable-cup pedal.

LIMITATIONSLIMITATIONSLIMITATIONSLIMITATIONSLIMITATIONS
The design of pedals varies more than conventional

hub, bottom bracket, and headset bearings. For this
reason, the procedural steps are somewhat more gen-
eralized, and may not apply directly to the make and
model of pedal being serviced.

This chapter does not cover pedal installation or
bearing service on cartridge-bearing pedals. See PEDALPEDALPEDALPEDALPEDAL
RRRRREMOVAL, REPLACEMENT, AND INSTALLATIONEMOVAL, REPLACEMENT, AND INSTALLATIONEMOVAL, REPLACEMENT, AND INSTALLATIONEMOVAL, REPLACEMENT, AND INSTALLATIONEMOVAL, REPLACEMENT, AND INSTALLATION (page
24-1), or CARTRIDGE-BEARING PEDALSCARTRIDGE-BEARING PEDALSCARTRIDGE-BEARING PEDALSCARTRIDGE-BEARING PEDALSCARTRIDGE-BEARING PEDALS (page 15-1).

PREREQUISITESPREREQUISITESPREREQUISITESPREREQUISITESPREREQUISITES
Pedal removal and installationPedal removal and installationPedal removal and installationPedal removal and installationPedal removal and installation

It is optional, but strongly recommended, to re-
move the pedals from the crank arm to service the
bearings. The procedures are written as though the
pedals are removed from the crank arms. It is strongly
recommended to overhaul only one pedal at a time,
so as not to mix parts between pedals.

Other prerequisi tesOther prerequisi tesOther prerequisi tesOther prerequisi tesOther prerequisi tes
It is optional, but recommended, to be familiar

with servicing hubs and/or bottom brackets. Due to
the greater variation in design of pedals, the following
instructions are generalized to a greater degree than
other bearing service information in this book. If al-
ready familiar with servicing other bearings, then ap-
ply that sense of knowledge about the other bearings
to the variations that might be encountered with ped-
als. This keeps the more generalized instructions for
pedals from being a handicap.

INDICATIONSINDICATIONSINDICATIONSINDICATIONSINDICATIONS
There are several reasons pedals require an over-

haul, and several reasons they require adjustment. An
overhaul should be done as part of a regular mainte-
nance cycle, the duration of which will change de-
pending on the type of riding, the amount of riding,
and the type of equipment. Adjustments should be
done on the basis of need.

MAINTENANCE CYCLESMAINTENANCE CYCLESMAINTENANCE CYCLESMAINTENANCE CYCLESMAINTENANCE CYCLES
If starting out with the pedals(s) known to be in

good condition with good quality grease, they should
be able to be ridden thousands of miles without need-
ing an overhaul. If the equipment sees little wet-
weather riding, then an appropriate maintenance cycle
would be 2000�3000 miles in most cases. If a lot of
wet-condition riding is done, then the maintenance



14 – ADJUS14 – ADJUS14 – ADJUS14 – ADJUS14 – ADJUSTTTTTAAAAABLE-CONE/CUP PEBLE-CONE/CUP PEBLE-CONE/CUP PEBLE-CONE/CUP PEBLE-CONE/CUP PEDADADADADALSLSLSLSLS

14 – 314 – 314 – 314 – 314 – 3

cycle might need to be as often as every 750�1000 miles.
Parts rust whether being ridden or not, so another
factor is how long the bike may be sitting before it
will be used again; for example, if the bike is ridden
200 miles in the rain in the fall, then put away four
months for the winter, it would be a good idea to
overhaul the pedal(s) before putting the bike away.

Some other factors affecting pedal maintenance
cycles are whether there is grease injection and whether
there are seal mechanisms. Grease-injection systems do
not eliminate the need for overhaul. Grease injection
only increases the acceptable time between overhauls.
Grease-injection systems are only as good as the cus-
tomer is consistent and thorough about pumping in
new grease. Seal mechanisms (conventional bearings
with rubber seals between the cone and dustcaps) are
not effective water-tight seals. Their effectiveness varies
with the brand and model. At best, they can lengthen
the acceptable time between overhauls. With seal
mechanisms or grease-injection systems, the best policy
is to initially overhaul the pedal(s) on a normal-length
maintenance cycle, and if the grease is found to be in
good condition, then extend the cycle the next time.

Symptoms indicating need of overhaulSymptoms indicating need of overhaulSymptoms indicating need of overhaulSymptoms indicating need of overhaulSymptoms indicating need of overhaul
What symptom would lead to feeling that the

pedal(s) should be overhauled? One is that when per-
forming an adjustment, the looseness (free-play) in the
bearings cannot be eliminated without the bearing
becoming excessively tight (does not turn smoothly).
The lack of smoothness could be caused by dry grease,
contaminated grease, or worn parts. Another symp-
tom indicating a need for overhaul is that when re-

moving the pedal and rotating the axle, the end of the
axle oscillates, indicating a bent axle (which should
always be replaced).

Symptoms indicating need of adjustmentSymptoms indicating need of adjustmentSymptoms indicating need of adjustmentSymptoms indicating need of adjustmentSymptoms indicating need of adjustment
The primary symptom that will be experienced

indicating that pedal(s) needs adjustment is looseness
in the bearings. This can be detected by grasping the
pedal and jerking it side-to-side while feeling for a
knocking sensation. Inspect for loose bearings and
loose locknuts every 300�500 miles. The only way to
check for a loose locknut is to put a tool on the lock-
nut and see if it is secure. Another possible symptom
indicating need to adjust the pedal(s) is that the pedals
simply feel tight when removed and the axle is turned.
If tightness is felt when rotating the pedal body on its
axle while the pedal is attached to the crank arm, the
bearing is extremely tight.

One other case in which pedal-bearing adjustment
is recommended is on any new bike. Most retail outlets
assume the factory has done the job correctly, and don�t
check the adjustment. Factory adjustments are not very
reliable. Hubs may be completely worn out after as
little as 1000 miles of use, due to poor factory setup.

TOOL CHOICESTOOL CHOICESTOOL CHOICESTOOL CHOICESTOOL CHOICES
The design or brand of pedal(s) will determine the

tools needed. The following list covers tools for ad-
justable cone/cup pedals only.

In addition to these specialized tools, a variety of
spanners used on brakes, hubs, and bottom brackets
are needed for the cones and adjustable cups. These
include the Park HCW-3, Park OBW-1, Park OBW-2,
and 14�17mm cone wrenches.

ADJUSTABLE-CONE/CUP-PEDAL BEARING TOOLSADJUSTABLE-CONE/CUP-PEDAL BEARING TOOLSADJUSTABLE-CONE/CUP-PEDAL BEARING TOOLSADJUSTABLE-CONE/CUP-PEDAL BEARING TOOLSADJUSTABLE-CONE/CUP-PEDAL BEARING TOOLS (table 14-1)
ToolToolToolToolTool Fits and considerationsFits and considerationsFits and considerationsFits and considerationsFits and considerations
Campagnolo 7130025 Campy adjustable-cup “Three-bearing” models called TBS, SGR, Record, and

Croce deAune
Campagnolo 7130034 Campagnolo QR pedals with removable bearing unit
Campagnolo 710 Dustcap spanner for classic Campagnolo Nuovo Record and Super Record

road quill-style pedals
Shimano TL-SH-PD73 Socket-in-socket tool required for Shimano adjustable-cone pedals with no

lock washer between locknut and cone including: Deore XT PD-M735, Deore
DX PD-M650, PD-M525, Ultegra PD-6402, PD-A525

Shimano TL-SH-PD40 Bearing-unit-removal tool for accessing bearings on following models: Dura-Ace
PD-7410, Ultegra PD-6400, Ultegra PD-6401, Ultegra PD-6402, 105SC PD-
1055, 105SC PD-1056, PD-M737, PD-M525, PD-A525, and any other models
w/20.7mm diameter 10-tooth spline just outward of the mounting-wrench flats

Shimano TL-SH-PD30 Lockring tool for adjustable-cup models including Dura-Ace PD-7400 and Dura-
Ace PD 7401, or any other model with a 8-face locknut with concave faces

Park HCW3 25mm bottom-bracket adjustable-cup spanner for Shimano adjustable-cup
models with 25mm locknut including: Ultegra PD-6400, 105 PD-1050, Exage
PD-A450, PD-A550
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TIME AND DIFFICULTY RATINGTIME AND DIFFICULTY RATINGTIME AND DIFFICULTY RATINGTIME AND DIFFICULTY RATINGTIME AND DIFFICULTY RATING
Overhauling a pedal including pedal removal, dis-

assembly, cleaning, assembly and bearing adjustment
is a 20�30 minute job of moderate difficulty. Double
this for two pedals. Adjusting the pedal alone is a 5�8
minute job of moderate difficulty.

COMPLICATIONSCOMPLICATIONSCOMPLICATIONSCOMPLICATIONSCOMPLICATIONS
Limi ted parts avai labi l i tyLimi ted parts avai labi l i tyLimi ted parts avai labi l i tyLimi ted parts avai labi l i tyLimi ted parts avai labi l i ty

Many pedals have limited parts availability or no
parts availability. This is because the value of the la-
bor required to service the pedal often exceeds the
replacement value of the pedal. Before beginning ser-
vice of a pedal, make sure there is a source for parts.

Damaged body partsDamaged body partsDamaged body partsDamaged body partsDamaged body parts
Pedals are extremely exposed to damage. If the

main structure of the pedal is damaged, there is usu-
ally no point in overhauling the pedal. If body parts
are loose and cannot be tightened, it will interfere with
checking whether the bearing adjustment is loose.

Mixing left and right pedal partsMixing left and right pedal partsMixing left and right pedal partsMixing left and right pedal partsMixing left and right pedal parts
Parts are often similar, but not interchangeable,

between left and right pedals. Even experienced me-
chanics do not overhaul pedals frequently, so it is a
good idea to have only one pedal apart at a time, to
eliminate any possibility of mixing parts between the
left and right pedals.

Trial -and-error adjustmentsTrial -and-error adjustmentsTrial -and-error adjustmentsTrial -and-error adjustmentsTrial -and-error adjustments
Unlike bottom brackets, headsets, and hubs, there

is no convenient way to mark and calibrate the incre-
ments of adjustment when adjusting a pedal bearing;
furthermore, there is usually no way to hold the cone
while securing the locknut, making the adjustment a
frustrating trial-and-error process.

ABOUT THE RESTABOUT THE RESTABOUT THE RESTABOUT THE RESTABOUT THE REST
OF THIS CHAPTEROF THIS CHAPTEROF THIS CHAPTEROF THIS CHAPTEROF THIS CHAPTER

There are three sections to the rest of this chapter:
the first section is ADJUSTABLE-CONE PEDALSADJUSTABLE-CONE PEDALSADJUSTABLE-CONE PEDALSADJUSTABLE-CONE PEDALSADJUSTABLE-CONE PEDALS, which
starts with a description of the type of pedals this sec-
tion covers, some common models and styles, what
to look for if uncertain about the type of pedals being
serviced, and a list of some particular styles this sec-
tion does not cover; the second section is ADJUSTABLE-ADJUSTABLE-ADJUSTABLE-ADJUSTABLE-ADJUSTABLE-
CUP PEDALSCUP PEDALSCUP PEDALSCUP PEDALSCUP PEDALS,,,,,  which begins with a description of the
type of pedals it covers, some common models and
styles, what to look for if uncertain about the type of

pedals being serviced, and a list of some particular styles
it does not cover; the third section is the ADJUSTABLE-ADJUSTABLE-ADJUSTABLE-ADJUSTABLE-ADJUSTABLE-
CONE/CUP-PEDALS TROUBLESHOOTINGCONE/CUP-PEDALS TROUBLESHOOTINGCONE/CUP-PEDALS TROUBLESHOOTINGCONE/CUP-PEDALS TROUBLESHOOTINGCONE/CUP-PEDALS TROUBLESHOOTING table that applies
to both styles of pedals.

ADJUSTABLE-CONE PEDALSADJUSTABLE-CONE PEDALSADJUSTABLE-CONE PEDALSADJUSTABLE-CONE PEDALSADJUSTABLE-CONE PEDALS

PEDALS THATPEDALS THATPEDALS THATPEDALS THATPEDALS THAT
THIS SECTION COVERSTHIS SECTION COVERSTHIS SECTION COVERSTHIS SECTION COVERSTHIS SECTION COVERS

The most common type of pedal has an adjust-
able cone. This adjustable cone is located at the out-
side end of the axle. All traditional pedals have a
dustcap that can be removed at the outside end of the
pedal. If there is such a dustcap, then it is certain that
the pedal is an adjustable-cone type.

Shimano and Campagnolo make pedals that have
adjustable cones but no dustcap on the outside end of
the pedal. This includes all Shimano �SPD� type ped-
als, and all �Look-retention-system compatible� mod-
els except Dura-Ace. Specific Shimano models include
Dura-Ace model PD-7410; Ultegra models PD-6400,
PD-6401, and PD-6402; 105SC models PD-1055 and
PD-1056; model PD-A525; and off-road models PD-
M737 and PD-M525. The distinguishing characteris-
tic of these above-listed Shimano models and any un-
listed Shimano models is that on the inside face of the
pedal body there is a 10-spline, 20.6mm cylinder. This
spline rotates with the pedal body. The Campagnolo
pedals of this type are the �Look-retention-system
compatible� QR models including Record. The dis-
tinguishing Campagnolo feature is an octagonal-
splined fitting on the inside face of the pedal body
measuring 21mm across the flats. This octagonal fit-
ting rotates with the pedal body.

S plined fitting for 
bearing-unit removal

Wrench flats for
pedal removal

S HIMANO CAMPAGNOLO

14.4  Shimano and Campagnolo adjustable-cone pedals that have
removable bearing cylinders.
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Shimano and Campagnolo both make pedals that
have no dustcap on the outside end that are not the
adjustable-cone type. The distinguishing feature in each
case is that there are places to put two different span-
ners on the inside face of the pedal body. These two
fittings both rotate with the pedal body, and are in
addition to the wrench fitting that is on the pedal axle
that is used to install and remove the pedal from the
crank arm. All of these have an adjustable cup that
fits a 15mm or 17mm cone wrench and a locknut of a
much larger size threaded onto the cup.

W rench f lats  f or
pedal rem oval

B ear ing cup
w r ench f lats

L ock nuts

14.5  Shimano and Campagnolo adjustable-cup pedals.

Look makes a pedal that is similar in appear-
ance and external configuration to the Shimano and
Campagnolo models that has no dustcap on the out-
side end of the pedal, but once the pedal-axle as-
sembly is extracted from the pedal body, it will be
found to have cartridge bearings instead of adjust-
able-cone/cup bearings.
NOTE: If just adjusting pedal bearings and not

overhauling them, skip to step 33.

PEDAL REMOVALPEDAL REMOVALPEDAL REMOVALPEDAL REMOVALPEDAL REMOVAL
AND PRELIMINARY INSPECTIONAND PRELIMINARY INSPECTIONAND PRELIMINARY INSPECTIONAND PRELIMINARY INSPECTIONAND PRELIMINARY INSPECTION
1 . [ ] Do steps 1–6 of PEDAL REMOVAL, REPLACEMENT,PEDAL REMOVAL, REPLACEMENT,PEDAL REMOVAL, REPLACEMENT,PEDAL REMOVAL, REPLACEMENT,PEDAL REMOVAL, REPLACEMENT,

AND INSTALLATIONAND INSTALLATIONAND INSTALLATIONAND INSTALLATIONAND INSTALLATION procedure (page 24-3).
2 . [ ] Spin pedal axles and observe whether there

is any oscillation in the end of the pedal ax-
les, indicating that they are bent.

ACCESS PEDAL BEARINGACCESS PEDAL BEARINGACCESS PEDAL BEARINGACCESS PEDAL BEARINGACCESS PEDAL BEARING
It is strongly recommend from this point on that

only one pedal is disassembled at a time. There are parts
that are unique to each pedal. If both pedals are disas-
sembled at the same time and parts get mixed from right

to left, each overhaul will have to be done all over again
(at best); at worst, getting the parts mixed up between
left and right pedals will damage some parts.

If there is access to the adjustable cone through a
dustcap on the outside end, then the cups will be pressed
directly into the pedal body. If the pedal is the type
that has bearings accessed by threading an assembly out
of the pedal body, then the cups will be at either end of
a cylinder that rotates on the pedal axle. This �bearing-
cylinder� will not be evident until the bearings have
been accessed. After accessing the bearings, there is no
great difference in how to treat each system. The only
difference will be the terminology used to refer to the
piece that includes the bearing cups and either the pedal
body or the bearing-cylinder. From this point on, the
portion including the bearing cups will be called the
�pedal-body/bearing-cylinder.�

There is one optional difference about how to treat
the pedals with a bearing-cylinder design. Instead of
overhauling this type of pedal to clean and grease the
bearings, it is possible to pump fresh grease into the
bearings without any further disassembly. In order to
do this, a grease gun and a piece of flexible hose that
fits snugly over the bearing-cylinder are needed. At-
tach the hose to the grease gun and to the outer end of
the bearing-cylinder, then pump grease through the
bearing-cylinder until nothing but clean grease comes
out the other end. The only disadvantage to this short-
cut is that the ball bearings cannot be replaced; usu-
ally the other parts that could be accessed by full dis-
assembly are not available.
3 . [ ] If pedal has dustcap on outside end

unthread or pry out dustcap.
4 . [ ] If pedal has no dustcap on outside end, and

is a Shimano , use TL-PD40 to remove bear-
ing assembly from pedal body. Use large ad-
justable wrench to turn TL-PD40 counter-
clockwise on left-side pedals or clockwise
on right-side pedals.

5 . [ ] If pedal has no dustcap on outside end and is
a Campagnolo , use Campagnolo 7130034 to
remove bearing assembly from pedal body.
Turn tool counterclockwise on left-side ped-
als or clockwise on right-side pedals.

DISASSEMBLE BEARINGDISASSEMBLE BEARINGDISASSEMBLE BEARINGDISASSEMBLE BEARINGDISASSEMBLE BEARING
The pedal axle must be held securely from rotat-

ing while removing the locknut/cone, and when ad-
justing the bearing later.
6 . [ ] Clamp threaded portion of pedal axle in vise,

using soft jaws to protect threads from steel
jaws of vise.
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Step #7 measures the offset (if any) between the
end of the pedal spindle and the face of the locknut. If
bearing size is lost track of, or a guess must be made
about bearing size, or if the pedal gets assembled with
bearings out of position it will show up as a change in
this number after putting the pedal back together.
7 . [ ] Use depth gauge of caliper to measure off-

set between upper end of pedal axle and
face of locknut and record here: ______ mm.

8 . [ ] Hold cone stationary with cone wrench or
special tool while breaking loose locknut
with adjustable wrench or fit wrench.

9 . [ ] Thread parts off pedal axle and onto bundling
tie while maintaining order and orientation.

There are no standards for bearing quantities and
sizes in pedals. There are usually different quantities
in each cup, and there may be different sizes. Step #10
keeps track of the first set of balls encountered, so
that there is no need to rely on trial-and-error when
assembling. Step #11 records similar information for
the second set of bearings encountered.
10. [ ] Use magnet to remove bearings from outer

bearing cup. Count and measure ball-bearing
size and record here:
Outer-bearing quantity __________
Outer-bearing size __________ mm.

11. [ ] Lift pedal-body/bearing-cylinder off axle,
cupping hand below pedal to catch interior
ball bearings. Count and measure ball-bear-
ing size and record here:
Inner-bearing quantity __________
Inner-bearing size __________ mm.

Rubber seals on pedal bodies or axle cones may
rotate relative to the part they are attached to. Seal
effectiveness can be improved and seal drag reduced
by lubricating between the seal and what it is attached
to, so they will be removed at this time to enable greas-
ing later. Seals can possibly be re-installed backwards,
so note their orientation if removing them from a
dustcap, or simply leave them on the bundle if remov-
ing them from a cone.
12. [ ] Remove rubber seals, if any, from pedal

body (note orientation) or axle cone.
13. [ ] Pry dustcaps out of inside face of pedal body

unless damage is likely.  Were dustcaps very
loose?   Yes?   No?   (circle one)

14. [ ] Clean all parts, including outside of pedal.

INSPECTIONINSPECTIONINSPECTIONINSPECTIONINSPECTION
Pedal-body damage that will affect the bearings is

rare. Some inexpensive pedal bodies made of multiple
parts joined together can fail at the joints. Since the
pedal body must grasped and jiggled vigorously to

check for whether the bearing adjustment is too loose,
it is important that there be no looseness in the struc-
ture of the pedal.
15. [ ] Inspect pedal body for unrepairable loose-

ness.   Good?   Bad?
The bearing cups are supposed to be permanently

pressed into the pedal body (except bearing-cylinder
types). Occasionally, they work loose. If not inspected
for, this might cause considerable trouble later when
trying to eliminate play when making the adjustment.
Firmly press a finger into a cup and try to force it to
rotate. If it does rotate, it must be fixed. Drip Loctite
290 around the edge of the cup to fix a loose cup. It is
designed to penetrate and flow behind the cup and
then cure to lock the part securely in place.
16. [ ] Inspect pressed-in cups for looseness.  See

if they rotate or jiggle.   Good?   Bad?
By design, bearing cups wear out long after the

cones have worn out. This is good because they can-
not be replaced. A new pedal or axle assembly is
needed. Check for cup wear by looking in the cups
for the wear line left by the balls. Trace this wear line
with the tip of a ball point pen. If it snags on any-
thing, the cup is shot.
17. [ ] Trace ball path in cups with a ball point pen

to check for pits.   Good?   Bad?
If the cups were worn out, the cones are virtu-

ally certain to be. If not, be sure to check the cones
carefully so that a worn-out one will not damage a
cup, leading to a pedal replacement. One cone is
threaded off the outside end of the pedal axle. The
other cone is built into the pedal axle and is only
replaceable if the pedal axle is replaceable. Cones wear
out by developing pits (galling). Find the shiny wear
line left by the balls on the conical portion of the
cone. Trace this wear line with the tip of a ball point
pen to check for pits.
18. [ ] Trace ball path on cones with a ball point

pen to check for pits.   Good?   Bad?
Next, inspect the axle for bends. This inspection

was already done in step #2, but this is another way of
looking at the axle and is worth doing. Roll the axle
on a flat smooth surface such as a Formica counter
top or a glass counter top. Look under the axle as it
rolls for a humping up and down that indicates it is
bent. A bent axle is an axle in the process of breaking,
and should be replaced.
19. [ ] Inspect for a bent axle.   Good?   Bad?

Some axles have slots along their length. A tab
on the lock washer engages the slot. The function of
the tab is to enable adjusting the pedal without a cone
wrench, a necessity in some cases; however, the
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washer often rotates around the axle and the tab dam-
ages the threads as well as itself. If a tab is damaged,
the washer is sure to rotate again. Replace washers
with damaged tabs.
20. [ ] Inspect keyed lock washers for damaged

keys.   Good?   Bad?
Inspect the locknuts for damage, usually resulting

from being over-tightened, or from poor wrench fit
or use. Locknuts have to match the original thread
and thickness. If the new nut is thicker, it may inter-
fere with the dustcap.
21. [ ] Inspect locknuts for damaged threads,

cracks, warpage, and rounded off flats.
Good?   Bad?

Inspect the dustcaps for looseness and damage. If
they were loose (determined during removal), then
re-install them with Loctite 242. If they are bent, try
to straighten them out. Bends in dustcaps are only
critical if the dustcaps are deformed to the point that
the rub on the part of the axle that they overlap.
22. [ ] Inspect dustcaps for looseness (done) and

damage.   Good?   Bad?

ASSEMBLYASSEMBLYASSEMBLYASSEMBLYASSEMBLY
Preparation of pedal-body/bearing-cylinderPreparation of pedal-body/bearing-cylinderPreparation of pedal-body/bearing-cylinderPreparation of pedal-body/bearing-cylinderPreparation of pedal-body/bearing-cylinder
for assemblyfor assemblyfor assemblyfor assemblyfor assembly

Put a light coating of grease in each bearing cup
and put the balls into the grease. If unsure of the ball
quantity, fill the cups with balls without forcing any
in. Cover the balls with a light coating of grease.

Some pedals have dustcaps pressed into the in-
side end of the body. The most important thing
about dustcap installation is to make sure that they
end up level rather than tipped. Tap the dustcap in
with a rubber or plastic mallet. Level the dustcap as
well as possible at this point; when the pedal is com-
pletely re-assembled, give it a spin and check
whether the dustcaps wobble as they spin.
Straighten them as necessary.
23. [ ] Lightly grease bearing cups.
24. [ ] Place correct quantity and size of ball bear-

ings in each cup.
25. [ ] Cover balls with a light coating of grease.
26. [ ] Press dustcap (if any) into inside end of

pedal body.
27. [ ] Grease seals, if any, and install on pedal

body or pedal axle.

Assemble bearingsAssemble bearingsAssemble bearingsAssemble bearingsAssemble bearings
28. [ ] Clamp threaded portion of pedal axle in vise,

using soft jaws to protect threads from steel
jaws of vise.

29. [ ] Drop pedal-body/bearing-cylinder (inside-end
down) onto pedal axle.

30. [ ] Thread on cone until it presses against bear-
ings, slip on lock washer (if any), and thread
locknut down fully.

31. [ ] Measure offset between end of pedal axle
and face of locknut and record: _______ mm.

32. Compare measurement in step 7 to measure-
ment in step 31 and check one of following
choices.
[ ] If step 7 and step 31 are equal or differ-
ent by less than .5mm,  then balls are in cor-
rect position and are correct size and quan-
tity.
[ ] If step 31 is less than step 7 , balls are
out of position in cup(s), balls are too large,
or too many balls installed.
[ ] If step 7 is less than step 31 , balls are
too small.

PRELIMINARY ADJUSTMENTPRELIMINARY ADJUSTMENTPRELIMINARY ADJUSTMENTPRELIMINARY ADJUSTMENTPRELIMINARY ADJUSTMENT
NOTE: If just adjusting pedal only, do steps 1–8.
33. [ ] Position cone so that it gently contacts balls

then turn it counterclockwise 90°.

FINAL ADJUSTMENTFINAL ADJUSTMENTFINAL ADJUSTMENTFINAL ADJUSTMENTFINAL ADJUSTMENT
Adjusting a pedal can be challenging. The first

challenge of adjusting a cone is that adjustment cali-
brations like the ones used with other bearings can-
not be used. This is made further challenging by the
fact that some cones need to be turned only a fraction
of the distance that a hub cone is turned, which is a
small adjustment to start with. If that were not enough,
there is sometimes no access to the cone with a wrench
while tightening the locknut. The tabbed washer be-
tween the cone and locknut must be relied on entirely
on to keep the cone from turning while securing the
locknut. Since the washer almost always has some
rotational free-play, this can become very frustrating.
Unfortunately, there are no tricks. A lot of patience
and hand control is needed. If relying on the tabbed
washer to maintain the cone position, then allow for
rotation of the cone when setting its position.
34. [ ] Hold cone stationary (if accessible) and

tighten locknut to it to 60–70in-lbs
(20–25lbs@3").

35. [ ] Jiggle the pedal-body/bearing-cylinder side-
to-side and check for obvious  knocking. If
the adjustment is not adequately loose, go
back to step 33 and start even looser.

In the next step, hold the cone stationary while
breaking loose the locknut. If the cone and locknut
both turn counterclockwise simultaneously, the axle
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will turn with them. This will cause the frame of ref-
erence for the cone to be lost so there will be no idea
if a small or large adjustment has been made. Avoid
this if possible by keeping the cone absolutely stationary
while breaking loose the locknut.
36. [ ] Holding cone absolutely stationary, loosen

locknut.
37. [ ] Adjust cone 10° tighter, hold cone abso-

lutely stationary and secure locknut to
60–70in-lbs (20–25lbs@3").

The next step is to jiggle the pedal-body/
bearing-cylinder and feel if there is knocking that in-
dicates the adjustment is too loose, then reset the cone
additional 10° clockwise. This adjustment needs to be
very precise. If the mark is under- or over-shot, try
again. The adjustment needs to repeated over and over
again until the knocking is eliminated.
38. [ ] Jiggle the pedal-body/bearing-cylinder side-

to-side and check for knocking.
39. Check one of two following choices depending

on result of step 38.
[ ] No knocking is felt, adjustment is done.
[ ] Knocking is felt, repeat steps 36–39.

40. [ ] Install dustcap or insert pedal-axle assembly
into pedal body.

INSTALL PEDALINSTALL PEDALINSTALL PEDALINSTALL PEDALINSTALL PEDAL
41. [ ] Do steps 14–23 of PEDAL REMOVAL, REPLACE-PEDAL REMOVAL, REPLACE-PEDAL REMOVAL, REPLACE-PEDAL REMOVAL, REPLACE-PEDAL REMOVAL, REPLACE-

MENT, AND INSTALLATIONMENT, AND INSTALLATIONMENT, AND INSTALLATIONMENT, AND INSTALLATIONMENT, AND INSTALLATION  procedure (page 24-4).

ADJUSTABLE-CUP PEDALSADJUSTABLE-CUP PEDALSADJUSTABLE-CUP PEDALSADJUSTABLE-CUP PEDALSADJUSTABLE-CUP PEDALS

PEDALS THATPEDALS THATPEDALS THATPEDALS THATPEDALS THAT
THIS SECTION COVERSTHIS SECTION COVERSTHIS SECTION COVERSTHIS SECTION COVERSTHIS SECTION COVERS

Non-cartridge-bearing pedals that do not have an
adjustable cone have an adjustable cup. This adjust-
able cup is located at the inside face of the pedal body.
This type of pedal never has a dustcap on the outside
end of the pedal body and always has two fittings on
the inside face of the pedal body where spanners can
attach. These two fittings rotate with the pedal, and
should not be confused with a third fitting on the pedal
axle that the pedal-mounting wrench mates to.

Shimano and Campagnolo make pedals that have
adjustable cups. Specific Shimano models include:
Dura-Ace models PD-7400 and PD 7401; 105 model
PD-1051; and Exage models PD-A450 and A550. The
distinguishing characteristic of these above-listed
Shimano models and any unlisted Shimano models is

that on the inside face of the pedal body there is a
octagonal locknut that fits a 25mm spanner (except
Dura-Ace, which has an octagonal locknut with con-
cave faces). The Campagnolo pedals of this type are
the TBS models including Record, SGR, and Croce
deAune. The distinguishing Campagnolo feature is an
octagonal fitting on the inside face of the pedal body
measuring 23mm across the flats.

Shimano and Campagnolo both make pedals that
have no dustcap on the outside end that are not the
adjustable-cup type. The distinguishing feature in each
case is that there is a single spanner fitting on the in-
side face of the pedal body that rotates with the pedal.
NOTE: If only adjusting pedal bearings and not

overhauling them, skip to step 29.

PEDAL REMOVALPEDAL REMOVALPEDAL REMOVALPEDAL REMOVALPEDAL REMOVAL
AND PRELIMINARY INSPECTIONAND PRELIMINARY INSPECTIONAND PRELIMINARY INSPECTIONAND PRELIMINARY INSPECTIONAND PRELIMINARY INSPECTION
1 . [ ] Do steps 1–6 of PEDAL REMOVAL, REPLACEMENT,PEDAL REMOVAL, REPLACEMENT,PEDAL REMOVAL, REPLACEMENT,PEDAL REMOVAL, REPLACEMENT,PEDAL REMOVAL, REPLACEMENT,

AND INSTALLATIONAND INSTALLATIONAND INSTALLATIONAND INSTALLATIONAND INSTALLATION procedure (page 24-3).
2 . [ ] Spin pedal axle and observe whether there is

any oscillation in the end of the pedal axle,
indicating that it is bent.

DISASSEMBLE BEARINGDISASSEMBLE BEARINGDISASSEMBLE BEARINGDISASSEMBLE BEARINGDISASSEMBLE BEARING
3 . [ ] Clamp pedal body in vise, using soft jaws to

protect pedal from steel jaws of vise.
4 . [ ] Use depth gauge of caliper to measure off-

set from face of locknut to face of adjust-
able cup and record here: __________ mm.

5 . [ ] Use 15mm or 17mm cone wrench to hold
adjustable cup stationary while using special
spanner to turn locknut counterclockwise to
break it loose.

6 . [ ] Thread locknut off of adjustable cup.
7 . [ ] Thread adjustable cup counterclockwise un-

til it is out of pedal body, but do not lift axle
assembly out of pedal body.

8 . [ ] Lift adjustable-cup/pedal-axle assembly out
of pedal body by pulling up on pedal axle
and carefully lay assembly down on rag to
collect any loose bearings that may drop out
of the cup.

9 . [ ] Dura-Ace models only , examine pedal shaft
and inside pedal body for caged cylindrical
roller bearing and remove.

10. [ ] Dura-Ace models only , use snap-ring plier to
remove external snap-ring from pedal axle.

11. [ ] Remove loose balls from adjustable cup and
record quantity and size here:
Inside-end-bearing quantity: __________
Inside-end-bearing size: __________ mm.
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12. [ ] Remove outside-end ball bearings from
depth of pedal body and record quantity and
size here:
Outside-end-bearing quantity: __________
Outside-end-bearing size: __________ mm.

13. [ ] Clean all parts, including pedal body.

INSPECTIONINSPECTIONINSPECTIONINSPECTIONINSPECTION
One bearing cup is supposed to be permanently

pressed into the pedal body at the deep end of the
hole in the pedal body. The bearing cup�s inaccessible
location makes it virtually un-inspectable for loose-
ness, unless it is so loose that it falls out.
14. [ ] Inspect pressed-in cup for looseness.  See if

it falls out.   Good?   Bad?
By design, bearing cups wear out long after the

cones have worn out. This is good because they can-
not be replaced, and a new pedal or axle assembly is
needed. Check for cup wear by looking in the cups
for a wear line left by the balls. The cup fixed in the
pedal body can only be inspected visually. The adjust-
able cup can be inspected normally; trace the wear
line in the cup with the tip of a ball point pen. If it
snags on anything, the cup is shot.
15. [ ] Visually inspect fixed cup inside pedal body,

and trace ball path in adjustable cup with a
ball point pen to check for pits.   Good?   Bad?

If the cups are worn out, the cones are virtually
certain to be. If not, be sure to check the cones care-
fully so that a worn-out one will not damage a cup,
leading to pedal replacement. One cone is at the outer
end of the pedal axle. The other cone is built into the
pedal axle towards the inner end and is only replace-
able if the pedal axle is replaceable. Cones wear out
by developing pits (galling). Find the shiny wear line
left by the balls on the conical portion of the cone.
Trace this wear line with the tip of a ball point pen to
check for pits.
16. [ ] Trace ball path on cones with a ball point

pen to check for pits.   Good?   Bad?
Campagnolo and Dura-Ace models have a cylin-

drical bearing surface on the pedal axle between the
inner and outer cone. If this bearing surface is worn,
it will appear scored. In this case, the pedal axle needs
to be replaced.
17. [ ] Campagnolo and Dura-Ace only , inspect cy-

lindrical bearing surface on pedal axle.
Good?   Bad?

Next, inspect the axle for bends. It was already
inspected in step #2, but this is another way of look-
ing at the axle and is worth doing. Roll the axle on a
flat smooth surface such as a Formica counter top or

a glass counter top. Look under the axle as it rolls for
a humping up and down that indicates it is bent. Bent
axles are axles in the process of breaking, and should
be replaced.
18. [ ] Inspect axle for bends.   Good?   Bad?

Inspect the locknuts for damage, usually resulting
from being over-tightened, or from poor wrench fit
or use. Locknuts have to match the original thread
and thickness. If the new one is thicker, it may inter-
fere with the dustcap.
19. [ ] Inspect locknuts for damaged threads,

cracks, warpage, and rounded off flats.
Good?   Bad?

ASSEMBLYASSEMBLYASSEMBLYASSEMBLYASSEMBLY
Preparation of pedal-body cupPreparation of pedal-body cupPreparation of pedal-body cupPreparation of pedal-body cupPreparation of pedal-body cup
and adjustable cup for assemblyand adjustable cup for assemblyand adjustable cup for assemblyand adjustable cup for assemblyand adjustable cup for assembly

Put a light coating of grease in each bearing cup
and put the balls into the grease. If unsure of the ball
quantity, fill the cups with balls without forcing any
in. Cover the balls with a light coating of grease. The
balls can be difficult to position down in the pedal
body. The pedal axle can be used to seat the balls cor-
rectly before covering them with grease.
20. [ ] Lightly grease cups and slide adjustable cup

onto pedal axle.
21. [ ] Fill cups with appropriate size and quantity

of ball bearings, then coat with grease.
22. [ ] If Campagnolo pedal with roller bearing

pressed inside pedal body , coat roller bear-
ings with grease.

Preparation of axle assemblyPreparation of axle assemblyPreparation of axle assemblyPreparation of axle assemblyPreparation of axle assembly
for instal lation into pedalfor instal lation into pedalfor instal lation into pedalfor instal lation into pedalfor instal lation into pedal

Depending on the brand and model of pedal, some
or all of the following steps will need to be done.
23. [ ] Lightly grease adjustable-cup threads.
24. [ ] Install locknut onto adjustable cup (unless

not removed) and position at end of cup
with spanner fitting.

25. [ ] Shimano Dura-Ace pedals , install adjustable-
cup retainer snap-ring in slot in pedal axle.

26. [ ] Shimano Dura-Ace pedals , slip roller bearing
cage onto end of pedal axle.

Installation of pedal-axle assemblyInstallation of pedal-axle assemblyInstallation of pedal-axle assemblyInstallation of pedal-axle assemblyInstallation of pedal-axle assembly
into pedal bodyinto pedal bodyinto pedal bodyinto pedal bodyinto pedal body
27. [ ] Put pedal body in vise, open-end of bearing

hole facing up.
28. [ ] Maintaining upward pressure on pedal axle

(to keep balls trapped in adjustable cup), in-
sert pedal-axle assembly in pedal body and
thread adjustable cup fully into pedal.
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BEARING ADJUSTMENTBEARING ADJUSTMENTBEARING ADJUSTMENTBEARING ADJUSTMENTBEARING ADJUSTMENT
This bearing system adjusts like a bottom bracket.

Tightening the locknut that is threaded onto the cup
actually draws the cup sllightly out of the pedal body.
When a cup is set right up against the bearings so
that rotating the axle might feel a little tight, the act
of securing the locknut loosens the adjustment, even
if the cup does not turn. There is no point to feeling
the axle to check the adjustment except when the
locknut is secure.
29. [ ] With locknut loose, adjust cup until it is gen-

tly pressing against bearings.
30. [ ] With felt-tip pen, put matching marks on ad-

justable-cup face and pedal body.
31. [ ] Use spanner to hold adjustable cup station-

ary and secure locknut.
32. [ ] Use depth gauge of caliper to measure off-

set from face of locknut to face of adjust-
able cup.

33. Compare measurement in step 4 to measure-
ment in step 32 and check one of following
choices.
[ ] If step 4  and step 32 are equal or differ-
ent by <.5mm,  then balls are in correct po-
sition and are correct size and quantity.
[ ] If step 32 is less than step 4 , balls are
out of position in cup(s), balls are too large,
or too many balls installed.
[ ] If step 4 is less than step 32 , balls are
too small.

34. [ ] Jerk on end of pedal axle to check for
knocking.

In the last step, either knocking in the bearings
was felt, or it was not. If knocking is felt, then the
adjustment is too loose. When knocking is not felt,
it does not mean that the adjustment is correct. Step
#29 is designed to create an initial adjustment that
has knocking. If knocking is not felt, the adjustment
could easily be too tight. For this reason, the �If no
knocking is felt� option in step #35 suggests redoing
step #29 (setting the adjustable cup slightly more
counterclockwise).
35. [ ] If no knocking is felt:  Redo step 29 with ad-

justable cup left in a slightly more counter-
clockwise position.
If knocking is felt:  Loosen locknut and posi-
tion adjustable cup 10° (1–2mm) further
clockwise, remark, then secure adjustment.

36. [ ] Repeat step 35 repeatedly until knock is not
felt.

37. [ ] Do steps 14–23 of PEDAL REMOVAL, REPLACE-PEDAL REMOVAL, REPLACE-PEDAL REMOVAL, REPLACE-PEDAL REMOVAL, REPLACE-PEDAL REMOVAL, REPLACE-
MENT, AND INSTALLATIONMENT, AND INSTALLATIONMENT, AND INSTALLATIONMENT, AND INSTALLATIONMENT, AND INSTALLATION  procedure (page 24-4).
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ADJUSADJUSADJUSADJUSADJUSTTTTTAAAAABLE-CONE/CUP-PEBLE-CONE/CUP-PEBLE-CONE/CUP-PEBLE-CONE/CUP-PEBLE-CONE/CUP-PEDDDDDALALALALAL
TROUBLESHOOTINGTROUBLESHOOTINGTROUBLESHOOTINGTROUBLESHOOTINGTROUBLESHOOTING (table 14-2)

CauseCauseCauseCauseCause SolutionSolutionSolutionSolutionSolution
SYMPTOM: The axle feels tight or rough when play is first eliminated.
Last adjustment was too many degrees. Try to find an in-between adjustment.
Mis-installed dustcap rubbing on axle. Observe whether dustcap turns true as the pedal

turns and reset if needed.
Bent axle causing a portion of the axle set to rub Inspect for bent axle and replace.
dustcap.
Dry grease. Disassemble, inspect, overhaul.
Cones and/or cups galled. Disassemble, inspect, replace parts.
Seal mechanism drag. Check that seal mechanisms are not incorrectly

positioned and/or lubricate seals.
Wrong size balls. Disassemble, measure balls.

SYMPTOM: Play cannot be eliminated without severely over-tightening the adjustment.
Cups and/or cones galled. Disassemble, inspect and replace.
Loose cups in pedal body. Disassemble, inspect and repair with appropriate

Loctite.

SYMPTOM: Properly adjusted bearings feel sluggish but not rough when rotating the axle.
Seal mechanism drag. Grease seal mechanisms.
Dry grease. Disassemble, inspect, overhaul.
Plastic dustcap rubbing. Align dustcap.

SYMPTOM: When adjusting or inspecting the pedal, an erratic looseness or tightness is detected
that comes and goes and changes location.
Too many balls in the cup(s), or a ball has Disassemble and check ball quantity and for out-of-
dropped into the pedal-body core. place ball(s).

SYMPTOM: When rotating the axle, a pattern is detected of a consistent tight spot and a consistent
loose spot.
Bent axle. Inspect for bent axle and replace.
Low-precision parts. None.

SYMPTOM: When inspecting the cone, a wear pattern is detected that is high on the cone profile on
one-half of the cone and is low on the cone profile 180° away.
Bent or broken axle. Inspect and replace.

SYMPTOM: When riding the bike, a clicking sound is heard from a pedal, but the axle feels normal
when inspected.
Loose parts in the pedal body Tighten cage bolts or other pedal-body hardware.
Loose or worn shoe cleat Inspect and secure or replace cleat.

SYMPTOM: When inspecting the cone, the wear pattern is very high or very low on the cone profile.
Wear life has probably been very short.
Wrong size balls. Measure balls.
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ABOUT THIS CHAPTERABOUT THIS CHAPTERABOUT THIS CHAPTERABOUT THIS CHAPTERABOUT THIS CHAPTER
This chapter is about pedals with cartridge bear-

ings. The design of this kind of pedal can vary tre-
mendously, with almost every manufacturer design-
ing pedals a different way. About the only factor these
manufacturers have in common is that they all use a
cartridge bearing (Hadley and Conrad are names that
are sometimes used for the bearing) that is pressed into
the pedal body. This chapter addresses the Look pedal
(which is the same as the Mavic), the Time pedal, and
the onZa pedal. The onZa pedal design is typical of a
number of cartridge-bearing MTB pedals.

GENERAL INFORMATIONGENERAL INFORMATIONGENERAL INFORMATIONGENERAL INFORMATIONGENERAL INFORMATION

TERMINOLOGYTERMINOLOGYTERMINOLOGYTERMINOLOGYTERMINOLOGY
Pedal body: The main structure of the pedal. The

pedal body includes the housing for the bearings and
can also include a pedal cage or a retention mechanism.

Pedal cage: A one-piece or two-piece plate of metal
that is on the front and back, or just the back, of the
pedal. The pedal cage supports the shoe and may be
the point to which a toe clip mounts.

Retention mechanism: This mechanism is simi-
lar to a ski binding. Usually by means of springs, the
retention mechanism engages some sort of clip to the
cleat that is attached to the rider�s shoe.

Pedal axle: The shaft that threads into the crank
arm and about which the pedal rotates.

Cartridge bearing: A fully self-contained bear-
ing unit that cannot be disassembled. The bearing car-
tridge includes ball bearings and an inner and outer
race. The bearings are usually hidden behind seals. The
entire assembly is shaped like a short cylinder with a
hole through the center.

Locknut: A nut that threads onto an axle against
a bearing cartridge to lock the position of the bearing
relative to the axle.

Dustcap: A piece of plastic, metal, or rubber that
threads or presses onto the outer end of the pedal
body to cover the hole through which the bearings
are accessed.

Spline: A cylindrical fitting that has alternat-
ing ribs and grooves on its surface parallel to the
axis of the cylinder. Splines are usually engaged by
a tool with the opposite spline pattern. A spline is
used as an alternative to a standard six- or eight-
sided wrench fitting.

PREREQUISITESPREREQUISITESPREREQUISITESPREREQUISITESPREREQUISITES
Pedal removal and installationPedal removal and installationPedal removal and installationPedal removal and installationPedal removal and installation

It is optional, but strongly recommended, to re-
move the pedals from the crank arm to service the
bearings. The procedures are written as though the
pedals are removed from the crank arms. It is strongly
recommended to overhaul only one pedal at a time,
so as not to mix parts between pedals.

INDICATIONSINDICATIONSINDICATIONSINDICATIONSINDICATIONS
There are several reasons that the pedals may need

bearing replacement, and several reasons they may
need adjustment. Bearing replacement should be done
as part of a regular maintenance cycle, the duration of
which will change depending on the type of riding,
the amount of riding, and the type of equipment.
Adjustment should be done on the basis of need.

Maintenance cyclesMaintenance cyclesMaintenance cyclesMaintenance cyclesMaintenance cycles
If starting out with the pedals(s) known to be in

good condition with good quality grease, they should
be able to be ridden thousands of miles without need-
ing bearing replacement. If the equipment sees little
wet-weather riding, then an appropriate maintenance
cycle would be 2000�3000 miles in most cases. If a lot
of wet-condition riding is done, then the maintenance
cycle might need to be as often as every 750�1000 miles.
Parts rust whether the bike is being ridden or not, so
another factor is how long the bike may be sitting
before it will be used again; for example, if ridden 200
miles in the rain in the fall, then put away four months,
it would be a good idea to overhaul the pedal(s) be-
fore putting the bike away.

Seal mechanisms used in these pedals are not effec-
tive water-tight seals. Their effectiveness varies with
the brand and model. At best, they can lengthen the
acceptable time between overhauls. With seal mecha-
nisms, the best policy is to initially overhaul the
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pedal(s) on a normal length maintenance cycle (2000-
3000 miles), and if the grease is found to be in good
condition, then extend the cycle the next time.

Symptoms indicatingSymptoms indicatingSymptoms indicatingSymptoms indicatingSymptoms indicating
need of bearing replacementneed of bearing replacementneed of bearing replacementneed of bearing replacementneed of bearing replacement

What symptom would lead to feeling the pedal(s)
should have the bearings replaced? One is that when
performing an �adjustment,� the looseness (free-play)
in the bearings cannot be eliminated. Another is that
when removing the pedal and rotating the axle, the
end of the axle oscillates, indicating a bent axle (which
should always be replaced).

Symptoms indicatingSymptoms indicatingSymptoms indicatingSymptoms indicatingSymptoms indicating
need of “adjustment”need of “adjustment”need of “adjustment”need of “adjustment”need of “adjustment”

Cartridge bearings cannot be �adjusted,� but if the
retaining mechanism that holds the pedal parts to-
gether is loose, it may seem like a loose bearing. When
the retaining mechanisms are secured, the looseness
may go away. If securing the retention mechanism
does not eliminate the sensation of looseness, parts
are probably worn out and need to be replaced. With
Look, Mavic, and Onza pedals the retaining mecha-
nism is the dustcap.

The primary symptom that will be experienced
indicating the pedal(s) needs �adjustment� is looseness
in the bearings. This can be detected by grasping the
pedal and jerking it side-to-side while feeling for a
knocking sensation. Inspect for loose bearings and
loose locknuts every 300�500 miles. The only way to
check for a loose locknut is to put a tool on the lock-
nut and see if it is secure.

TOOL CHOICESTOOL CHOICESTOOL CHOICESTOOL CHOICESTOOL CHOICES
Each type of pedal requires some different spe-

cial tools that will be needed; therefore, there is no
tool list. Reading the complete procedure is recom-
mended before preparing to service the pedal. It is
also a good idea to know what tools will be needed
before starting.

TIME AND DIFFICULTY RATINGTIME AND DIFFICULTY RATINGTIME AND DIFFICULTY RATINGTIME AND DIFFICULTY RATINGTIME AND DIFFICULTY RATING
Overhauling a pedal (including pedal removal,

disassembly, cleaning, assembly, and bearing adjust-
ment) is a 10�15 minute job of little difficulty. Double
this time for two pedals. Adjusting the pedal alone is a
1�2 minute job of little difficulty.

COMPLICATIONSCOMPLICATIONSCOMPLICATIONSCOMPLICATIONSCOMPLICATIONS
Limi ted parts avai labi l i tyLimi ted parts avai labi l i tyLimi ted parts avai labi l i tyLimi ted parts avai labi l i tyLimi ted parts avai labi l i ty

Some pedals have limited parts availability or no
parts availability. This is because the value of the la-
bor required to service the pedal exceeds the replace-
ment value of the pedal. Before beginning service of a
pedal, make sure there is a source for parts.

Damaged body partsDamaged body partsDamaged body partsDamaged body partsDamaged body parts
Pedals are extremely exposed to damage. If the

main structure of the pedal is damaged, there is usu-
ally no point in overhauling the pedal. If body parts
are loose and cannot be tightened, it will interfere with
checking whether the bearing adjustment is loose.

Mixing left and right pedal partsMixing left and right pedal partsMixing left and right pedal partsMixing left and right pedal partsMixing left and right pedal parts
Parts are often similar, but not interchangeable,

between left and right pedals. Even experienced me-
chanics do not overhaul pedals frequently, so it is a
good idea to have only one pedal apart at a time, to
eliminate any possibility of mixing parts between the
left and right pedals.

ABOUT THE RESTABOUT THE RESTABOUT THE RESTABOUT THE RESTABOUT THE REST
OF THIS CHAPTEROF THIS CHAPTEROF THIS CHAPTEROF THIS CHAPTEROF THIS CHAPTER

There are three sections to the rest of this chapter:
the first section is LOOK/MAVIC PEDALSLOOK/MAVIC PEDALSLOOK/MAVIC PEDALSLOOK/MAVIC PEDALSLOOK/MAVIC PEDALS; the second sec-
tion is TIME PEDALSTIME PEDALSTIME PEDALSTIME PEDALSTIME PEDALS; the third section is ONZA PEDALSONZA PEDALSONZA PEDALSONZA PEDALSONZA PEDALS.

LOOK/MAVIC PEDALSLOOK/MAVIC PEDALSLOOK/MAVIC PEDALSLOOK/MAVIC PEDALSLOOK/MAVIC PEDALS

PEDALS THIS SECTION COVERSPEDALS THIS SECTION COVERSPEDALS THIS SECTION COVERSPEDALS THIS SECTION COVERSPEDALS THIS SECTION COVERS
This section covers almost all Look pedals and

Mavic pedals that are the �Look-clipless� style, as well
as some models that use toe-clips. All the models cov-
ered have a dustcap in the outside end of the pedal. If
the pedal has no dustcap, this section does not cover
it, with one exception.

Look makes a pedal that is similar in appearance
and external configuration to the Shimano and
Campagnolo �Look-style� models that have no out-
side-end dustcap (see figure 14.2 on page 14-2), but
once the pedal-axle assembly is extracted from the
pedal body, you will find that it has cartridge bearings
instead of adjustable-cone/cup bearings.
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Dustcap

Locknut

Cartridge bearing
Pedal body

Needle bearing

O-r ing

Pedal axle

15.1  A Look/Mavic pedal.

PEDAL REMOVALPEDAL REMOVALPEDAL REMOVALPEDAL REMOVALPEDAL REMOVAL
AND PRELIMINARY INSPECTIONAND PRELIMINARY INSPECTIONAND PRELIMINARY INSPECTIONAND PRELIMINARY INSPECTIONAND PRELIMINARY INSPECTION
1 . [ ] Do steps 1–6 of PEDAL REMOVAL, REPLACEMENT,PEDAL REMOVAL, REPLACEMENT,PEDAL REMOVAL, REPLACEMENT,PEDAL REMOVAL, REPLACEMENT,PEDAL REMOVAL, REPLACEMENT,

AND INSTALLATION AND INSTALLATION AND INSTALLATION AND INSTALLATION AND INSTALLATION procedure (page 24-3).
In the next step, inspect the end of the axle for os-

cillation, which indicates it is bent. A bent axle is an
axle in the process of breaking and should be replaced.
2 . [ ] Spin pedal axle and observe whether there is

any oscillation in the end of the pedal axle,
indicating that it is bent.

ACCESS PEDAL BEARINGACCESS PEDAL BEARINGACCESS PEDAL BEARINGACCESS PEDAL BEARINGACCESS PEDAL BEARING
It is strongly recommend that only one pedal is

disassembled at a time. There are parts that are unique
to each pedal. If both pedals are disassembled at the
same time and parts get mixed from right to left, each
overhaul will have to be done all over again (at best);
at worst, getting the parts mixed up between left and
right pedals will damage some parts.

In step #3, the dustcap is removed. Older models
had a plastic dustcap with a hex-nut on its face. The
dustcap should be tight and the plastic is soft, so it is
important to use a 6-point socket on this dustcap to
prevent rounding the corners. More recent models
have a dustcap with multiple pin holes. A bottom-
bracket pin spanner can be used to remove these.
3 . [ ] Remove pedal dustcap from outside end of

pedal.

DISASSEMBLE BEARINGDISASSEMBLE BEARINGDISASSEMBLE BEARINGDISASSEMBLE BEARINGDISASSEMBLE BEARING
The pedal axle must be held securely from rotat-

ing while removing the locknut. Soft jaws made of
copper, aluminum, or plastic are recommended to
protect the threads of the pedal axle from damage while
clamped firmly in the vise.
4 . [ ] Clamp threaded portion of pedal axle in vise,

using soft jaws to protect threads from steel
jaws of vise.

In step #5, remove a locknut, which could be a
right-hand or left-hand thread, depending on whether
the pedal is from the left or right side of the bike. Be
sure to pay attention to the clockwise/counter-
clockwise notations in this step. Older Mavic quill
pedals that use toe clips have right-hand thread on both
left and right pedal locknuts.
5 . [ ] Hold axle from turning with a pedal wrench

while breaking loose locknut with an 11mm
socket wrench (counterclockwise for right
pedal, clockwise for left pedal).

6. [ ] Support pedal body on vise so that axle is free
to drop down between jaws. Use punch to
drive end of axle down through outer bearing.

7 . [ ] Turn pedal body over so outer bearing car-
tridge will drop out of pedal body.

At this point, a cylindrical cage of needle bearings
is still inside the pedal body. Although Mavic instruc-
tions indicate that this cylindrical cage is removable,
and the replacement part is available, removal is not
recommended. Using the tools and methods Mavic
describes has proven unreliable and the installation
tool is difficult, if not impossible, to find.
8 . [ ] Clean all parts, including outside of pedal.

INSPECTIONINSPECTIONINSPECTIONINSPECTIONINSPECTION
9. [ ] Rotate outer bearing cartridge to check for

rough feeling, indicating need of replacement.
In step #10, inspect the polished cylindrical sur-

face that is the inner race for the needle bearing, which
is still inside the pedal body. If this surface on the axle
is gouged or pitted, then the bearing is probably bad
as well. Because the bearing cannot be replaced, re-
placing only the axle will provide a very short-term
benefit, and would be a waste of money. Suggest to
the customer that they ride with a bad pedal bearing
until it becomes intolerable, or suggest replacing the
pedals now.
10. [ ] Inspect polished cylindrical surface on axle

that rolls inside of needle bearing assembly
for gouges and pits.
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Next, inspect the axle for bends. This was already
inspected for in step #2, but this is another way of
looking at it, and is worth doing. Roll the axle on a
flat smooth surface such as a Formica counter top or
a glass counter top. Look under the axle as it rolls for
a humping up and down that indicates it is bent. A
bent axle is an axle in the process of breaking and
should be replaced.
11. [ ] Inspect axle for bends.   Good?   Bad?

ASSEMBLYASSEMBLYASSEMBLYASSEMBLYASSEMBLY
12. [ ] Grease needle bearings in inside-end of

pedal body.
13. [ ] Grease bearings of outside-end cartridge

bearing.
14. [ ] Insert axle into pedal.
15. [ ] Grasp fat threaded end of axle in soft jaws

in vise.
16. [ ] Slip outside-end cartridge bearing onto end

of axle.
To remove the outside-end bearing from the axle,

impact is needed. Instead of using impact to install a
new bearing, the locknut on the end of the axle can
be used as a press to drive the bearing onto the axle.
Do not be surprised by the high resistance encoun-
tered when threading the locknut down.

Once again, note that left and right pedals differ
in regards to whether this locknut is a left-hand or
right-hand thread. Pay attention to the clockwise/coun-
terclockwise notations.
17. [ ] Holding axle from turning with pedal

wrench, use 11mm wrench to secure lock-
nut (counterclockwise for left pedal, clock-
wise for right pedal). Tightening locknut
presses bearing onto spindle.

ADJUSTMENTADJUSTMENTADJUSTMENTADJUSTMENTADJUSTMENT
A surprising feature of this pedal is that the dustcap

fixes the location of the axle/bearing assembly in the
pedal body. When the dustcap is not in place, or not
tight, then the pedal body will move in and out on
the axle by several millimeters.
18. [ ] Install and secure dustcap.

INSTALL PEDALINSTALL PEDALINSTALL PEDALINSTALL PEDALINSTALL PEDAL
19. [ ] Do steps 14–23 of PEDAL REMOVAL, REPLACE-PEDAL REMOVAL, REPLACE-PEDAL REMOVAL, REPLACE-PEDAL REMOVAL, REPLACE-PEDAL REMOVAL, REPLACE-

MENT, AND INSTALLATION MENT, AND INSTALLATION MENT, AND INSTALLATION MENT, AND INSTALLATION MENT, AND INSTALLATION procedure (page 24-4).

TIME PEDALSTIME PEDALSTIME PEDALSTIME PEDALSTIME PEDALS

PEDALS THIS SECTION COVERSPEDALS THIS SECTION COVERSPEDALS THIS SECTION COVERSPEDALS THIS SECTION COVERSPEDALS THIS SECTION COVERS
This section covers the original Time pedals, which

feature a large-diameter cartridge bearing in the inside
end of the pedal, which is retained by a circlip, and a
small-diameter needle bearing permanently fixed in
the outside end of pedal.

BEARING ADJUSTMENT ONLYBEARING ADJUSTMENT ONLYBEARING ADJUSTMENT ONLYBEARING ADJUSTMENT ONLYBEARING ADJUSTMENT ONLY
There is no bearing adjustment. Excess play or

tightness means the bearings are damaged or worn out.

Pedal  body

N eedle bear ing

Car t r idge bear ing

S nap-r ing

Pedal  ax le

S nap-r ing

15.2  A Time pedal.

PEDAL REMOVALPEDAL REMOVALPEDAL REMOVALPEDAL REMOVALPEDAL REMOVAL
AND PRELIMINARY INSPECTIONAND PRELIMINARY INSPECTIONAND PRELIMINARY INSPECTIONAND PRELIMINARY INSPECTIONAND PRELIMINARY INSPECTION
1 . [ ] Do steps 1–6 of PEDAL REMOVAL, REPLACEMENT,PEDAL REMOVAL, REPLACEMENT,PEDAL REMOVAL, REPLACEMENT,PEDAL REMOVAL, REPLACEMENT,PEDAL REMOVAL, REPLACEMENT,

AND INSTALLATION AND INSTALLATION AND INSTALLATION AND INSTALLATION AND INSTALLATION procedure (page 24-3).
2 . [ ] Spin pedal axle and observe whether there is

any oscillation in the end of the pedal axle,
indicating that it is bent.

ACCESS PEDAL BEARINGACCESS PEDAL BEARINGACCESS PEDAL BEARINGACCESS PEDAL BEARINGACCESS PEDAL BEARING
3 . [ ] Use internal snap-ring plier to remove snap-

ring from inside face of pedal body.
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The pedal axle must be held securely from rotat-
ing while removing the locknut. Soft jaws made of
copper, aluminum, or plastic are recommended to
protect the threads of the pedal axle from damage while
clamped firmly in the vise.
4 . [ ] Clamp threaded portion of pedal axle in vise,

using soft jaws to protect threads from steel
jaws of vise.

5 . [ ] Pull up sharply on pedal body to remove it
from axle assembly.

6 . [ ] Use external snap-ring plier to remove snap-
ring (just outside of cartridge bearing) from
axle.

In the next step, use impact to remove the car-
tridge bearing from the axle. This impact can damage
the bearing, so do not remove the bearing unless pre-
pared to replace it.
7 . [ ] Remove axle from vise and support outer

perimeter of bearing on jaws of vise with
threaded end of axle down and use ball peen
hammer to gently tap axle out of bearing.

At this point, all the parts that can be removed
have been removed . There is a needle bearing still in
the pedal at the outside end of the pedal that cannot
be removed.
8 . [ ] Clean all parts, including outside of pedal.

INSPECTIONINSPECTIONINSPECTIONINSPECTIONINSPECTION
9 . [ ] Rotate bearing cartridge to check for rough

feeling, indicating need of replacement.
Inspect the polished cylindrical surface that is the

inner race for the needle bearing, which is still inside
the pedal body. If this surface on the axle is gouged or
pitted, then the bearing is probably bad as well. The
axle can be replaced with the bad bearing still in the
pedal; however, it would probably be a waste. Either
suggest riding with the bad axle until it becomes in-
tolerable, or replace the pedals.
10. [ ] Inspect polished cylindrical surface on out-

side end of axle for gouges and pits.
Next, inspect the axle for bends. This was already

inspected for in step #2, but this is another way of
looking at it and is worth doing. Roll the axle on a flat
smooth surface such as a Formica counter top or a
glass counter top. Look under the axle as it rolls for a
humping up and down that indicates it is bent. Bent
axles are axles in the process of breaking and should
be replaced.
11. [ ] Inspect axle for bends.   Good?   Bad?

ASSEMBLYASSEMBLYASSEMBLYASSEMBLYASSEMBLY
12. [ ] Grease bearings in inner-end of pedal body.

13. [ ] Slip inward-side cartridge bearing onto end
of axle. Support bearing on vise jaws and
tap axle in with plastic hammer if necessary.

14. [ ] Use external snap-ring plier to install small
snap-ring on axle.

15. [ ] Insert axle into pedal.
16. [ ] Use internal snap-ring plier to install large

snap-ring into inside face of pedal.

INSTALL PEDALINSTALL PEDALINSTALL PEDALINSTALL PEDALINSTALL PEDAL
17. [ ] Do steps 14–23 of PEDAL REMOVAL, REPLACE-PEDAL REMOVAL, REPLACE-PEDAL REMOVAL, REPLACE-PEDAL REMOVAL, REPLACE-PEDAL REMOVAL, REPLACE-

MENT, AND INSTALLATION MENT, AND INSTALLATION MENT, AND INSTALLATION MENT, AND INSTALLATION MENT, AND INSTALLATION procedure (page 24-4).

ONZA PEDALSONZA PEDALSONZA PEDALSONZA PEDALSONZA PEDALS

PEDALS THIS SECTION COVERSPEDALS THIS SECTION COVERSPEDALS THIS SECTION COVERSPEDALS THIS SECTION COVERSPEDALS THIS SECTION COVERS
This section covers original onZa pedals, which

have a cartridge bearing in the outer end of the hole
through the pedal body, and a brass bushing in the
inner end of the hole through the pedal body.

BEARING ADJUSTMENT ONLYBEARING ADJUSTMENT ONLYBEARING ADJUSTMENT ONLYBEARING ADJUSTMENT ONLYBEARING ADJUSTMENT ONLY
There is no bearing adjustment. If the dustcap or

locknut on the axle is loose, it will allow the pedal
body to float laterally on the axle assembly. If there is
excess play or tightness once the dustcap has been
checked,  it means the bearings are bad.

PEDAL REMOVALPEDAL REMOVALPEDAL REMOVALPEDAL REMOVALPEDAL REMOVAL
AND PRELIMINARY INSPECTIONAND PRELIMINARY INSPECTIONAND PRELIMINARY INSPECTIONAND PRELIMINARY INSPECTIONAND PRELIMINARY INSPECTION
1 . [ ] Do steps 1–6 of PEDAL REMOVAL, REPLACEMENT,PEDAL REMOVAL, REPLACEMENT,PEDAL REMOVAL, REPLACEMENT,PEDAL REMOVAL, REPLACEMENT,PEDAL REMOVAL, REPLACEMENT,

AND INSTALLATION AND INSTALLATION AND INSTALLATION AND INSTALLATION AND INSTALLATION procedure (page 24-3).
2 . [ ] Spin pedal axle and observe whether there is

any oscillation in the end of the pedal axle,
indicating that it is bent.

ACCESS PEDAL BEARINGACCESS PEDAL BEARINGACCESS PEDAL BEARINGACCESS PEDAL BEARINGACCESS PEDAL BEARING
It is strongly recommend that only one pedal is

disassembled at a time. There are parts that are unique
to each pedal. If both pedals are disassembled at the
same time and parts get mixed from right to left, each
overhaul will have to be done all over again (at best);
at worst, getting the parts mixed up between left and
right pedals will damage some parts.
3 . [ ] With 6mm Allen wrench, remove pedal

dustcap from outside end of pedal.
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DISASSEMBLE BEARINGDISASSEMBLE BEARINGDISASSEMBLE BEARINGDISASSEMBLE BEARINGDISASSEMBLE BEARING
The pedal axle must be held securely from rotat-

ing while removing the locknut. Soft jaws made of
copper, aluminum, or plastic are recommended to
protect the threads of the pedal axle from damage while
clamped firmly in the vise.

Dustcap

Locknut

Cartr idge bearing

Brass bushing

Pedal axle

Rubber seal

15.3  An Onza pedal.

4 . [ ] Clamp threaded portion of pedal axle in vise,
using soft jaws to protect threads from steel
jaws of vise.

5 . [ ] Hold axle from turning with a pedal wrench
while breaking loose locknut with 8mm
socket.

6 . [ ] Pull pedal body off of axle.
7 . [ ] Turn pedal body over so outer bearing car-

tridge will drop out of pedal body. If it will
not drop out, drive it out with a 10mm diam-
eter drift punch or same-size pipe.

8 . [ ] Use small-tip screwdriver to pry rubber seal
out of inside-end of pedal body.

9 . [ ] Use 10.5–11.1mm diameter drift punch or
same-size pipe (a long 10mm Allen wrench
also works) to drive brass bushing out of in-
side-end of pedal body.

INSPECTIONINSPECTIONINSPECTIONINSPECTIONINSPECTION
10. [ ] Rotate outer bearing cartridge to check for

rough feeling, indicating need of replacement.
11. [ ] Inspect polished cylindrical surface on axle

that rolls on inside of bushing for gouges
and pits.

12. [ ] Inspect inside of brass bushing for gouges
and pits.

Next, inspect the axle for bends. This was already
inspected for in step #2, but this is another way of
looking at it and is worth doing. Roll the axle on a flat
smooth surface such as a Formica counter top or a
glass counter top. Look under the axle as it rolls for a
humping up and down that indicates it is bent. Bent
axles are axles in the process of breaking and should
be replaced.
13. [ ] Inspect axle for bends.   Good?   Bad?

ASSEMBLYASSEMBLYASSEMBLYASSEMBLYASSEMBLY
14. [ ] Using same tool used for brass bushing re-

moval, drive brass bushing back into hole
(unthreaded) in inside-end of pedal.

15. [ ] Press rubber seal into hole in inside-end of
pedal body (with inner-perimeter lip facing
out of pedal body).

16. [ ] Oil or grease cylindrical bearing surface on
inner end of axle and insert axle into pedal.

17. [ ] Insert bearing cartridge into hole (threaded)
in outside-end of pedal body.

18. [ ] Thread locknut onto end of axle.
19. [ ] While holding axle from turning with pedal

wrench, use 8mm socket to secure locknut.
Torque to 10–15in-lbs (3.5–5.0lbs@3").

ADJUSTMENTADJUSTMENTADJUSTMENTADJUSTMENTADJUSTMENT
A surprising feature of this pedal is that the dustcap

fixes the location of the axle/bearing assembly in the
pedal body. When the dustcap is not in place or not
tight, then the pedal body will move in and out on
the axle by several millimeters.
20. [ ] Lube threads, install and secure dustcap to

torque of 24in-lbs (4lbs@6").

INSTALL PEDALINSTALL PEDALINSTALL PEDALINSTALL PEDALINSTALL PEDAL
21. [ ] Do steps 14–23 of PEDAL REMOVAL, REPLACE-PEDAL REMOVAL, REPLACE-PEDAL REMOVAL, REPLACE-PEDAL REMOVAL, REPLACE-PEDAL REMOVAL, REPLACE-

MENT, AND INSTALLATION MENT, AND INSTALLATION MENT, AND INSTALLATION MENT, AND INSTALLATION MENT, AND INSTALLATION procedure (page 24-4).
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ABOUT THIS CHAPTERABOUT THIS CHAPTERABOUT THIS CHAPTERABOUT THIS CHAPTERABOUT THIS CHAPTER
This chapter is about rebuilding wheels. It cov-

ers designing the wheel, determining the spoke
length, assembling the spokes to the hub and rim
(lacing the wheel), and getting the wheel ready for
truing. Additional information is included about re-
placing rims and re-using old spokes. This chapter
does not include anything about truing the wheels,
but refers to the WHEEL TRUING AND REPAIRWHEEL TRUING AND REPAIRWHEEL TRUING AND REPAIRWHEEL TRUING AND REPAIRWHEEL TRUING AND REPAIR chapter
(page 17-6) for that purpose.

The information in this chapter can be used for
rebuilding a damaged wheel (saving the hub and using
a new rim), or building a new wheel with all new com-
ponents; however, it is written as though a wheel is
being rebuilt. If building a new wheel with new com-
ponents, merely substitute the word �build� for the
word �rebuild.�

GENERAL INFORMATIONGENERAL INFORMATIONGENERAL INFORMATIONGENERAL INFORMATIONGENERAL INFORMATION

TERMINOLOGYTERMINOLOGYTERMINOLOGYTERMINOLOGYTERMINOLOGY
Wheel: The structure consisting of the hub,

spokes, nipples, and rim.

H ub R imS pok es N ipples

16.1  Parts of a wheel.

Rim: The metal hoop at the outer end of the
spokes that the rubber tire attaches to. The word rim
is sometimes misused to apply to the wheel.

Spoke hole: The hole in the rim where the nipple
comes out, although it would be better called the
�nipple hole.� In regard to the hub, the term refers to
the hole in the hub flange that the spoke goes through.

Eyelet: A separate metal reinforcement that goes
in the spoke-nipple hole in the rim.

Valve hole: The hole in the rim that the tire-infla-
tion valve inserts through.

Spoke wall: The wall of the rim that the spokes
attach to.

Outer wall: The wall of the rim that faces the
tube and tire. This wall only exists on modular-style
clincher rims and tubular rims.

Sidewall: The vertical face of the rim where brake
pads contact. There are rim sidewalls and tire sidewalls;
in regard to a tire, sidewall refers to the portions of
the tire between the rim bead and the tire tread.

Rim bead: The edge of the rim where the tire
attaches.

S pok e hole
E y elet

S pok e w al l

S idew all
Outer  w al l

R im beads

16.2  Parts of a rim.

Hub: The mechanism at the center of the wheel
that an axle rotates inside of and the spokes attach to.

Hub flange: The disc on either end of the hub
that the spokes attach to.

Spokes: The wires that go from the hub to the rim.
Spoke elbow: The end of a spoke that makes a

90° bend where the spoke goes through the hole in
the hub flange.

Spoke head: The flattened disc at the end of the
spoke elbow that keeps the spoke from pulling through
the holes in the hub flange.
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Nipple: The elongated nut that threads onto the
end of the spoke and attaches the spoke to the rim.

Nipple head: The fat portion at one end of the
nipple (usually round).

Nipple slot: A slot in the nipple head that fits a
slotted screwdriver.

Cross pattern: The pattern created by two sets of
spokes in a hub flange that radiate in opposite direc-
tions as the spokes go out to the rim. If a clockwise-
radiating spoke crosses three counterclockwise-radiating
spokes from the same hub flange, then the wheel is
said to be a �three-cross pattern.� Cross patterns are
described symbolically. A three-cross pattern is usu-
ally just written �3X.�

Interlace: When a spoke leaves the hub, it crosses
over other spokes; if it switches to crossing under at
the last spoke it crosses on way to the rim, then this
pattern is called an interlace.

Dish: The centering of the rim to the hub lock-
nuts. Because the flanges of a rear hub may not be
equidistant from the locknuts, a rim centered to the
locknuts is not necessarily centered to the hub flanges.
Viewed from the wheel�s edge, this makes the wheel
appear like a dish viewed from its edge.

PREREQUISITESPREREQUISITESPREREQUISITESPREREQUISITESPREREQUISITES
Wheel removal and installationWheel removal and installationWheel removal and installationWheel removal and installationWheel removal and installation

Before rebuilding a wheel, the wheel must be
removed from the bike. See the WHEEL REMOVAL,WHEEL REMOVAL,WHEEL REMOVAL,WHEEL REMOVAL,WHEEL REMOVAL,
REPLACEMENT, AND INSTALLATIONREPLACEMENT, AND INSTALLATIONREPLACEMENT, AND INSTALLATIONREPLACEMENT, AND INSTALLATIONREPLACEMENT, AND INSTALLATION chapter (page 18-6)
if unsure about wheel removal and installation.

Tire removal and installationTire removal and installationTire removal and installationTire removal and installationTire removal and installation
Before rebuilding a wheel, the tire must be re-

moved from the wheel. See the TIRES AND TUBESTIRES AND TUBESTIRES AND TUBESTIRES AND TUBESTIRES AND TUBES
chapter (page 19-3) if unsure about tire removal and
installation.

Freewheel removal and installationFreewheel removal and installationFreewheel removal and installationFreewheel removal and installationFreewheel removal and installation
To rebuild a wheel, it is necessary to remove the

freewheel or freehub cogs. See the  chapter FREEHUBFREEHUBFREEHUBFREEHUBFREEHUB
MECHANISMS AND THREAD-ON FREEWHEELSMECHANISMS AND THREAD-ON FREEWHEELSMECHANISMS AND THREAD-ON FREEWHEELSMECHANISMS AND THREAD-ON FREEWHEELSMECHANISMS AND THREAD-ON FREEWHEELS for free-
wheel removal (page 25-9) and freehub-cog removal
(page 25-16).

Hub adjustmentHub adjustmentHub adjustmentHub adjustmentHub adjustment
Before building a wheel, the hub must be adjusted

to have no free play when out of the bike. See the
appropriate chapter on hub adjustment.

INDICATIONSINDICATIONSINDICATIONSINDICATIONSINDICATIONS
Symptoms indicating the needSymptoms indicating the needSymptoms indicating the needSymptoms indicating the needSymptoms indicating the need
for rim replacement or wheel rebuildingfor rim replacement or wheel rebuildingfor rim replacement or wheel rebuildingfor rim replacement or wheel rebuildingfor rim replacement or wheel rebuilding

During wheel repair, or even before, symptoms
may be experienced that indicate wheel replacement
or wheel rebuilding is desired. These symptoms are:

Multiple broken spokes, either all at once or
one at a time, over the last few hundred miles.

Multiple corroded nipples that won�t turn.
Multiple damaged nipples (rounded-off

wrench flats).
Dents or bends in the rim that cannot be ad-

equately straightened by normal spoke ad-
justment and unbending techniques.

Cracks in the rim.
Severe rim-sidewall wear, evidenced by a con-

cave rim sidewall, or by rim beads that have
become wider apart than they were originally.

Whenever these symptoms are specific to the
spokes and nipples, decide whether to keep the rim or
replace it. The dilemma is that if the problem with
the spokes or nipples is bad enough to prevent truing
the wheel, then there is no good way to tell if the rim
is in good shape. If the rim is reused, the damage may
not be discovered until most of the work of truing
has been done. As a rule, replace the rim when the set
of spokes needs to be replaced.

TOOL CHOICESTOOL CHOICESTOOL CHOICESTOOL CHOICESTOOL CHOICES
The most important tool for building a wheel is

the spoke-length system that will be used to deter-
mine the correct spoke length. There are many sys-
tems on the market, and all will determine the length
correctly most of the time; however, there is no ideal
system. Each has its own compromise. Short reviews
of several of the systems are included. In the section
of this chapter on determining spoke length, there
are tips for some of these systems and complete in-
structions for a few of them. The systems are basi-
cally sound, but the instructions that come with them
are over-simplified, making each system appear
simple and easy-to-use. Because the systems come
with over-simplified instructions, this chapter in-
cludes very detailed instructions that will enable you
to get better results out of any of these systems than
you would get by just using the manufacturer�s over-
simplified instructions.

The spoke-length-calculation systems are either
manual, or electronic. The electronic ones require a
computer or a special scientific calculator. The manual
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ones require the use of written tables for looking up
factors, and leave the math up to the user. Most sys-
tems provide hub and rim data for existing equipment
to simplify calculations, but inevitably wheels need
to be built with components that are not listed. Con-
sequently, the system�s provisions for dealing with
unlisted equipment are more critical than the lists of
existing equipment.

Sutherland�s Handbook for Bicycle Mechan-
ics. This book covers much more than spoke
length, but its spoke-length system is one of
its most important features. The database on
existing rims and hubs is good when an edi-
tion is first published, but becomes seriously
out of date between editions. The book pro-
vides a system for determining data for rims
not listed, but the instructions for measuring
and calculating rim data are vague. This
manual includes instructions for Sutherland�s
fifth and sixth editions for no other reason
than these editions are the one most widely
used at the time of this writing.

Spoke Calc by DT. This is a wall poster full of
data tables and measuring devices for hubs
and rims. The data tables are based on dimen-
sions, rather than models, so they never go
out of date. On the other hand, no model
information means that every rim and hub
needs to be measured, instead of just looked
up. The built-in measuring systems are primi-
tive and a likely source of error. In this chap-
ter, full instructions for use of Spoke Calc
(with more accurate methods for measuring
components) are provided.

Wheelsmith Spoke Length Calculator. This
scientific calculator, programmed specifically
for spoke-length calculation, is simple and
quick. The accompanying book has a reason-
able range of existing component data, and
the system comes with a good device for
measuring rims. The system for measuring
hubs is less precise, but this chapter provides
more accurate hub-measurement techniques.

Blue Pig Industries Wheel Calculator. This
PC-based computer program is accurate,
has a comprehensive database, allows add-
ing and editing data, and has many extra
features. It requires hub and rim measure-
ments for unlisted equipment. Procedures
for making these measurements are in-
cluded in this chapter.

SpokeMaster (BOD). SpokeMaster is a com-
ponent of the BOD bicycle-product data-
base. This program (based on the
Sutherland�s book) is easy to use but is se-
verely limited by the complete lack of any
way to deal with rims or hubs that are not
listed in its database. It is difficult to con-
firm whether a hub or rim matches a listing
due to lack of dimensional and descriptive
information about the hubs and rims. This
program is not recommended!

SpokeMaster for Windows by Two-Bit Soft-
ware. This is a completely different program
than SpokeMaster (BOD). The name is likely
to change because of trademark infringement,
so look for a spoke-length program for Win-
dows by Two-Bit Software. It has a database,
and allows custom entries for hubs and rims.
The descriptions of how to measure hubs and
rims are inadequate, so use procedures rec-
ommended later in this chapter. The program
is inexpensive and easy to use, but forces the
user to complete the process for both sides
of rear wheels, resulting in inconsistent dif-
ferentials between the left and right sides (in-
consistent differential values are the result of
the program�s use of a simple geometrical
model of the wheel, rather than a more real-
istic one based on physics). Use the recom-
mended left-side length and calculate the
right-side length differential by methods rec-
ommended later in this chapter.

Tool choices and useful supplies are listed in table
16-1 (page 16-4). The preferred tools or supplies in
table 16-1 are shown in bold face. If there are several
tools for the same purpose that are shown in bold
type, the choice is strictly a matter of personal prefer-
ence or price.
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TIME AND DIFFICULTY RATINGTIME AND DIFFICULTY RATINGTIME AND DIFFICULTY RATINGTIME AND DIFFICULTY RATINGTIME AND DIFFICULTY RATING
Lacing new spokes into a wheel is a 8�12 minute

job of little difficulty. This time is based on starting
with a bare hub. This does not include calculating
spoke length (which varies from 2�10 minutes depend-
ing on the system used), or truing.

COMPLICATIONSCOMPLICATIONSCOMPLICATIONSCOMPLICATIONSCOMPLICATIONS
Removing spokes before removingRemoving spokes before removingRemoving spokes before removingRemoving spokes before removingRemoving spokes before removing
the freewheel from hubthe freewheel from hubthe freewheel from hubthe freewheel from hubthe freewheel from hub

On the freehub-type rear hubs that are most com-
mon today, it is not a big concern if the cogs are not
removed from the hub before the spokes are cut or
unthreaded. Making this mistake on a traditional hub
with thread-on freewheel can be disastrous because the
rim is an indispensable part of the freewheel-removal
procedure, and because the freewheel blocks access to
the spoke holes in most cases. See the chapter FREEHUBFREEHUBFREEHUBFREEHUBFREEHUB
MECHANISMS AND THREAD-ON FREEWHEELSMECHANISMS AND THREAD-ON FREEWHEELSMECHANISMS AND THREAD-ON FREEWHEELSMECHANISMS AND THREAD-ON FREEWHEELSMECHANISMS AND THREAD-ON FREEWHEELS (page 25-13)

for methods for removing freewheels once the rim has
been detached. Usually, a choice must be made between
sacrificing the freewheel or sacrificing the hub.

Knowing whether to reuse a rimKnowing whether to reuse a rimKnowing whether to reuse a rimKnowing whether to reuse a rimKnowing whether to reuse a rim
When spokes start breaking repeatedly, then it

makes more sense to replace them all at once, rather
than one at a time. It might also be desirable to re-
place a set of spokes because of corroded nipples,
rounded nipple-wrench flats, or spokes mangled from
a chain over-shift. For reasons of economy, a decision
is often made to reuse the rim.

If the problems with the spokes make it impos-
sible or impractical to true the wheel precisely before
rebuilding it, then there is no way to know whether
the rebuilt wheel will end up true with good uniform
spoke tension. It can turn out to be very false economy
to reuse a rim. Unless it is possible to true the wheel
and evaluate spoke-tension uniformity before
unbuilding the wheel, it is recommended to use a new
rim when the spokes need to be replaced.

WHEEL-LACING AND BUILDING TOOLS WHEEL-LACING AND BUILDING TOOLS WHEEL-LACING AND BUILDING TOOLS WHEEL-LACING AND BUILDING TOOLS WHEEL-LACING AND BUILDING TOOLS (table 16-1)
ToolToolToolToolTool Fits and considerationsFits and considerationsFits and considerationsFits and considerationsFits and considerations

Blue Pig Wheel Calculator PC computer program. See preceding review of spoke-length systems.
DT Spoke Calc Wall chart or PC computer program. See preceding review of spoke-length

systems.
SpokeMaster (BOD) Not recommended — see preceding review of spoke-length systems.
SpokeMaster for Windows Name for this is likely to change due to trademark conflict. Make sure pro-
by Two-Bit Software gram is by Two-Bit Software. See preceding review of spoke-length systems.
Sutherland’s Handbook Book, includes spoke-length system. See preceding review of spoke

length systems.
Wheelsmith Programmed scientific calculator. See preceding review of spoke-length
Spoke Length Calculator systems.
Bicycle Research ND-1 Offset screwdriver for speed-threading of nipples.
VAR 265 Special nipple driver for electric drills. Only useful for production runs of

identical wheels.
Hozan C915 Relatively inexpensive spoke-threading machine, impractical for more than

2–3 spokes at a time. Valuable for creating replacement spokes in unusual
sizes for wheels that just need a few spokes replaced.

Phil Wood Cuts and threads spokes, difficult to cost-justify, difficult to create
Spoke Threading Machine consistent length of threading (makes truing more difficult).
DT Spoke Ruler Inexpensive spoke ruler, aluminum gauge-notches loose accuracy quickly.
Park SBC-1 Inexpensive spoke ruler, no gauge-notches
Phil Wood Expensive, precise, and durable. Superior variety of gauge-notches that
Spoke Length Gauge retain accuracy.
Wheelsmith Spoke Ruler Precise and durable. Limited variety of gauge-notches.
Eldi 2620 Heavy duty spoke cutter for cutting out old spokes.
DT Spoke Freeze Thread preparation compound reduces corrosion and vibration loosening.
Wheelsmith Spoke Prep Thread preparation compound reduces corrosion and vibration loosening.
Sanford Sharpie Fine Used for marking on hub and rim to keep track of where spokes will go.
Point permanent marker
1/2” masking tape Used for tagging a spoke in order to keep track of it.
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Knowing whether to reuse the spokesKnowing whether to reuse the spokesKnowing whether to reuse the spokesKnowing whether to reuse the spokesKnowing whether to reuse the spokes
When a rim is damaged, it may seem to make sense

to replace the rim, but reuse the spokes. This can be
another false economy. There is no way to tell what
life is left in old spokes. They may all be on the verge
of fatigue failure. It is strongly recommended to al-
ways use new spokes when installing a new rim.

Calculating inaccurate spoke lengthsCalculating inaccurate spoke lengthsCalculating inaccurate spoke lengthsCalculating inaccurate spoke lengthsCalculating inaccurate spoke lengths
Determining the correct spoke length can depend

on taking numerous measurements precisely, looking
up numbers accurately from complex tables without
error, and performing a number of mathematical pro-
cedures without error. Manual systems have all these
potential problems. Electronic systems can reduce
some of them, but usually not all. Until a mechanic
has calculated spoke length for a large number of
wheels without error, it is a mistake not to double-
check all spoke-length calculations � recalculation is
far less time-consuming than building a wheel twice.

Correct spoke length(s) unavailableCorrect spoke length(s) unavailableCorrect spoke length(s) unavailableCorrect spoke length(s) unavailableCorrect spoke length(s) unavailable
It is not unusual to calculate the correct spoke

length, only to find that it is not on hand or readily
available from a supplier. For most wheels there is an
ideal length, and a range of acceptable lengths of at
least plus or minus 1mm from the ideal.

If deviating slightly from the ideal does not solve
the problem, then consider switching to another gauge
or another cross pattern. Most wheels are built as a
three-cross, but a four-cross pattern is practically iden-
tical in function. On front wheels only, a two-cross
pattern might be an option.

Wrong spokes in boxWrong spokes in boxWrong spokes in boxWrong spokes in boxWrong spokes in box
One of the most common situations in a bike shop

is for spokes in a container to be mixed, or all the
spokes different from the label on the box (due to lids
getting switched). Another problem is that gauges of
spokes or nipples are wrong or mixed.

It is always easier to measure length and gauge of
the spokes before lacing the wheel, than it is to unlace
a wheel and start over again. Measuring every time is
the only way to prevent this common problem.

Building with wrong-length spokesBuilding with wrong-length spokesBuilding with wrong-length spokesBuilding with wrong-length spokesBuilding with wrong-length spokes
For each wheel there is a range of spoke lengths

that will not cause problems. Beyond this range, there
are lengths that are too long or too short, but can be
lived with. Spokes that are too long or too short can-
not be used.

When spokes are too long, they protrude past the
nipple into the tire area. If the nipple is in a recessed
socket and the protrusion 1mm or less, this is not a
problem. If the nipple is not in a socket, the protrud-
ing spokes will need filing, which is time-consuming
and awkward.

When spokes are too short, they will show thread
outside the nipple. Up to 1mm of exposed thread is
nothing more than a cosmetic flaw. More than this
raises concerns that there may be inadequate thread
engagement between the nipple and the spoke.

Poor fit of spokes to hub flangePoor fit of spokes to hub flangePoor fit of spokes to hub flangePoor fit of spokes to hub flangePoor fit of spokes to hub flange
Spokes may seem to be too tight or too loose in

the spoke holes.
Some high performance hubs are made with

1.8mm spokes in mind. The 2.0mm size usually fits,
but is difficult to install and causes the spokes to come
out of the flange at an awkward angle. The lacing pro-
cedure recommended here effectively deals with the
problem of the tight spokes coming out of the flanges
awkwardly.

Sometimes a flange seems too thin for the elbow of
the spoke. Traditionally, it has been recommended to
use washers between the spoke head and hub flange in
this case, however these washers are virtually impos-
sible to find. Structurally it makes little difference.

Light gauge spokes, such as 1.8mm, sometimes
seem loose inside the spoke hole in the hub flange. As
long as the spoke is a harder metal than the hub flange,
then the spoke under load will always create its own
ideal bed of support in the hub flange.

Special hub configurationsSpecial hub configurationsSpecial hub configurationsSpecial hub configurationsSpecial hub configurations
There are numerous special hub configurations,

and between the time this manual is being written and
the time that a new edition comes out, there will un-
doubtedly be more.

The rage at the time of this writing is �direct pull�
hubs that use spokes that have no elbow. The only
certain thing is that this rage will be replaced by an-
other before this edition of the manual gets old.

This chapter only applies to the tried-and-true
drilled-flange hubs and elbowed-spoke designs.

Even with this traditional design there are varia-
tions that create complications. The simplest varia-
tion is one in which every other spoke hole is coun-
tersunk on the outer face of the flange, and all the
other holes are countersunk in the inside face of the
flange. The countersinks are designed to accommo-
date the elbow of the spoke (highly debatable � see
Countersunk or chamfered spoke holesCountersunk or chamfered spoke holesCountersunk or chamfered spoke holesCountersunk or chamfered spoke holesCountersunk or chamfered spoke holes  on page 16-9), so
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dealing with this design is simply a matter of choos-
ing the first hole correctly so that the head of the spoke
ends up on the opposite side of the flange from the
countersink.

H ub f lange

S pok e hole w ith 
counter s ink  on outs ide

S pok e hole w ith 
counter s ink  on ins ide

Counters ink

F lange cr os s -s ect ion

16.3  Cross-section of a hub flange with alternately-countersunk
spoke holes.

Some hubs are designed so that all the spokes have
their heads on the inside of the flange. To accomplish
this, there are usually two �levels� to the outer face of
the flange. The �upper level� is the normal outer face
of the flange. The �lower level� is usually a �V-shaped�
notch in the outer face of the flange that allows a spoke
to come out of the hole (in the notch) and pass under
the spokes in the �upper lever.� This design causes
two problems: 1) when selecting the spoke length, it
is important to know if the V-notches limit the cross
pattern (3-cross or less is typical) so that you may se-
lect a pattern and the appropriate length accordingly;
2) when lacing, it is necessary to feed all spokes into
the flange from the inside, and install the spokes (to
the rim) in the �lower level� before attaching any
spokes from the �upper level.�

Special rim configurationsSpecial rim configurationsSpecial rim configurationsSpecial rim configurationsSpecial rim configurations
Special rim configurations present several types

of challenges.
Not all rims have the same spoke-drilling style.

There are three drilling styles; furthermore, the manu-
facturers and distributors tend to ignore the issue en-
tirely, so it is up to the mechanic to determine the
drilling style. There are no commonly accepted terms
for different styles, so the following terms are unique
to this book. Depending on how the rim is oriented
when being examined, a drilling style can appear two
exactly opposite ways.

Hold the rim horizontal with the valve hole on
the opposite side of the wheel from your body. Look
at the two spoke holes to the right of the valve hole to
see which of the following styles a rim matches:

Staggered down/up: This is the most common
pattern, and the first hole to the right of the
valve hole is staggered down.

Staggered up/down: This is a less common
pattern, and the first hole to the right of the
valve hole is staggered up.

Unstaggered: This pattern is usually found on
aerodynamic-profile rims, and all spoke holes
are directly in line with each other.

Deep cross-section rims have awkward access when
putting a nipple down into its hole. Although tools
have been made for this process, nothing works better
than putting the nipple on a square-shaft toothpick.

Some aerodynamic-rim designs keep the nipple
entirely inside the rim. Special tools may be required
to install and adjust the nipples.

Different cross patternsDifferent cross patternsDifferent cross patternsDifferent cross patternsDifferent cross patterns
on each side of the wheelon each side of the wheelon each side of the wheelon each side of the wheelon each side of the wheel

The rules change on how to lace a wheel when
the lacing pattern is not the same on both sides of the
wheel. Be sure to read about the special technique re-
quired whenever building something like a wheel with
3-cross on one side and 2-cross on the other side.

Lacing errorsLacing errorsLacing errorsLacing errorsLacing errors
The complexity of lacing a wheel makes it inevi-

table that errors will occur. The lacing method in this
chapter is designed to reduce error, but more impor-
tantly it includes periodic checks as the wheel devel-
ops stage-by-stage, so that the errors will be discov-
ered early. Always perform the checks!

Scratching the rim while lacing the wheelScratching the rim while lacing the wheelScratching the rim while lacing the wheelScratching the rim while lacing the wheelScratching the rim while lacing the wheel
Rims can be very expensive, and maintaining the

cosmetic finish in good condition is an important part
of building a wheel. Don�t hesitate to bow spokes
when installing them in order to get the tips to clear
the rim � just avoid kinking them.

ABOUT THE RESTABOUT THE RESTABOUT THE RESTABOUT THE RESTABOUT THE REST
OF THIS CHAPTEROF THIS CHAPTEROF THIS CHAPTEROF THIS CHAPTEROF THIS CHAPTER

The rest of this chapter is divided into four parts.
The first part is about wheel design. This section helps
determine which hub, rim, spoke, and lacing pattern
will be best for any particular reason. The second sec-
tion is about how to determine spoke length. The third
section is about how to lace the spokes into the hub
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and rim from scratch. The fourth section is about re-
placing a damaged rim while reusing the spokes and
keeping them in place. This should only be done when
a new wheel is damaged and it is known that the spokes
are not damaged and have not yet begun to fatigue.

WHEEL DESIGNWHEEL DESIGNWHEEL DESIGNWHEEL DESIGNWHEEL DESIGN
When designing a wheel, the designer should keep

in mind the three types of load that the wheel experi-
ences, and the performance and reliability criteria that
suit the user.

Wheels experience three types of load; radial load,
lateral load, and torsional load.

Radial load is the load that is experienced in a
straight line between the hub and the rim. Radial loads
result from the weight on the wheel, and from hitting
bumps and dips in the riding surface.

Lateral load is load experienced at the rim that is
at right angles to the plane of the wheel. Normal lat-
eral loads are relatively slight, and occur when the
wheel is leaning over, but the rider is not (for example,
when rocking the bike side to side while climbing out
of the saddle). Extreme lateral loads are experienced
when control is lost and the wheel receives impact
from the side.

Torsional load is experienced on all rear wheels,
and on any wheel that has a hub-mounted brake (disc
brakes, drum brakes, and coaster brakes). Torsional
load is experienced when drive forces cause the hub
to rotate, which then causes the rim to rotate by means
of the spokes. Hub brakes cause torsional load because
the momentum of the vehicle is causing the rim to
rotate, and the brake at the hub is resisting the rota-
tion. Rim brakes do not cause torsional load on the
wheel structure because the resistance to the rim�s
rotation is at the rim, not at the hub.

In addition to designing a wheel to withstand these
loads, the wheel designer must consider the perfor-
mance expectations of the user. Wheel weight and
aerodynamic resistance are the primary considerations
that affect performance. In regard to wheel weight,
rim weight is most important, spoke weight is less
important, and hub weight is the least important.
These differences are because of the relative speed of
rotation of each wheel component. The faster the
speed of rotation is, the more significant a weight dif-
ference will be. Rim shape and spoke shape are the
most significant factors affecting aerodynamics.

The reliability of the wheel is one more consider-
ation in the design of a wheel. A wheel that will with-
stand high radial load is more reliable for the type of
user that will subject the wheel to extreme levels of
off-road use. Heavier riders are also concerned with a
wheel�s ability to withstand high radial loads. Rim
weight and shape would be important considerations
for this user. A wheel that will last many thousands
of miles without spoke breakage is more reliable for
the type of user that rides many miles of smooth road.
For this user, spoke gauge and spoke number choices
might be most significant.

The rest of this section on wheel design discusses
the specifics of how rim shape, rim weight, rim materi-
als, lacing patterns, spoke gauges, spoke quantity, and
hub choices affect how a wheel will hold up, and meet
the user�s expectations of performance and reliability.

RIM CHOICESRIM CHOICESRIM CHOICESRIM CHOICESRIM CHOICES
MaterialsMaterialsMaterialsMaterialsMaterials

Materials used for rims include steel, aluminum,
carbon fiber, and titanium. Steel is economical, but oth-
erwise undesirable. Aluminum has a superior strength-
to-weight ratio and superior braking performance and
is the only choice for most applications. Titanium rims
of a reasonably low weight have extremely thin wall
thickness, so their use is limited to the track. Carbon-
fiber rims can either be full carbon fiber, or a carbon-
fiber �fairing� on the inner diameter of an aluminum
rim. A full carbon-fiber rim is prone to catastrophic
failure and provides an inferior surface for braking.
Aluminum/carbon-fiber combinations have neither of
the disadvantage of plain carbon fiber.

Because of its combination of desirable proper-
ties, aluminum remains the material of choice for most
bicycle rims.

ShapesShapesShapesShapesShapes
The cross-sectional shape of a rim and the thick-

ness of its walls are the primary things affecting rim
strength. Rims are of either of two categories, tubular
(tires are glued on) or clincher (conventional tires).

Tubular rims have a cross-section shaped like a
modified tube. This is the best shape for strength-to-
weight ratio, but only sew-up tires that are glued onto
a rim can be mounted on these rims, so tubular rims
are therefore impractical for the average cyclist.

Clincher rims are either U-shaped, box section,
or modular. U-shaped rims for clincher tires have no
hollow to their cross-section and have the least strength
for their weight. Box-section rims have a hollow box
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section at each corner of the rim cross-section and have
an improved strength-to-weight ratio. Modular rims
have a tubular cross-section with rim flanges attached
for mounting a clincher tire. This design features the
best strength-to-weight ratio for clincher rims.

M odular  clincher T ubular

U -s haped cl incher B ox -s ect ion cl incher

16.4  Common rim cross-sections.

Aerodynamic rims can be tubular or clinchers with
box or modular cross-section. They are generally
heavier than their non-aerodynamic counterparts,
weaker laterally and stronger radially. Aerodynamic
rim shapes are compatible with sidepull brakes, but
are not very suitable for cantilever brakes (touring and
mountain bikes).

The best shape for a rim to be used with cantile-
ver brakes is sort of a reverse-aerodynamic shape, nar-
rower at the outer perimeter than at the inner perim-
eter of the sidewall. Straight-wall (no slope) rims are
almost as suitable for use with cantilever brakes. Any
rim that is wider at the point where it meets the tire is
a poor choice for use with cantilever brakes, or brakes
that mount on cantilever braze-ons.

16.5  The aero� rim type on the left is unsuitable for use with canti-
lever brakes; the rim in the right has the ideal slope to the sidewalls
for use with cantilever brakes.

In conclusion, shape is important because it de-
termines whether a rim gets the most out of the
amount of material that is used.

Eyelets (hole reinforcements)Eyelets (hole reinforcements)Eyelets (hole reinforcements)Eyelets (hole reinforcements)Eyelets (hole reinforcements)
Rims may be eyeleted to reinforce the rim at the

spoke hole. Single eyelets reinforce the rim only at
the spoke wall. Double eyelets form a socket that dis-
tributes the spoke load between the spoke wall and
outer wall of a tubular or modular-clincher rim. Eye-
lets also reduce friction between the nipples and the
rim, and are critical for this reason when using alumi-
num nipples.

Eyelets are a desireable, but not critical, feature.

Anodized rimsAnodized rimsAnodized rimsAnodized rimsAnodized rims
Anodized aluminum rims have been chemically

treated to make the surface more corrosion resis-
tant. The anodization could be a variety of colors
including clear, gray, silver, gold, blue, red or black.
This results in a rim that keeps its appearance bet-
ter; however, the anodization wears off the brak-
ing surface rapidly.

Hard-anodized rims have been chemically
treated to create an anodized layer that not only
resists corrosion, but is more abrasion resistant than
plain-anodized rims. The process incidentally im-
proves the strength of the rim insignificantly. These
rims will be dark in color, such as smoky gray,
brownish gray, dark gray, dark blue-gray or black.
The result is that the hard anodization remains on
the braking surface longer, but it seems to detract
from braking performance.

In conclusion, anodization of all types is an insig-
nificant consideration in wheel design.

Heat-treating and work hardeningHeat-treating and work hardeningHeat-treating and work hardeningHeat-treating and work hardeningHeat-treating and work hardening
A variety of alloys and hardening processes (heat

treating) are used in manufacturing rims. These al-
loy choices and hardening processes cannot be de-
scribed as having any special significance without also
considering the rim weight and design. There is a
very narrow range of hardness that is suitable to a
bicycle rim. Too hard and the rim is brittle and tends
to crack around the spoke holes, and elsewhere. Too
soft and it bends to easily. Whether a manufacturer
uses �heat treating,� �work hardening,� or some other
exotic-sounding hardening process, the end results
must be very close to the same or the rim will be too
brittle or too soft.

In conclusion, the use of different materials and
hardening processes mean more to the rim designer
than they do to the end user. Marketing people look
for every little tidbit to make their products sound
superior. Do not let these marketing concepts have
too much influence on rim choice.
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Ceramic coatingCeramic coatingCeramic coatingCeramic coatingCeramic coating
Ceramic coatings are put on rim sidewalls to im-

prove brake performance. They have no effect on
overall rim strength, other than to reduce rim wear
from the brake pads (an important consideration for
many mountain bikers). These ceramic coatings are
effective for the purpose of improving braking.

In conclusion, ceramic coatings are an expen-
sive plus.

Rim weightRim weightRim weightRim weightRim weight
Rim weight is a significant factor in determining

wheel strength and the bicycle�s acceleration and brak-
ing performance. Weight is a function of the overall
dimensions of the rim, the cross-sectional design, and
the wall thickness. It is most useful when comparing
two rims of similar cross-section design (both modu-
lar, for example) and similar dimensions (both 19mm
wide and 14mm deep, for example). If one rim weighed
10% more than the other, the likely reason would be
that the heavier rim would have thicker rim walls at
some point. Thicker means stronger. If the extra thick-
ness is uniform throughout, then it means that the
rim is overall stronger. If the sidewalls only are thicker,
it means that the rim is stronger radially. If the spoke
wall is thicker, it means that the rim is less likely to
fail at the spoke holes, and it has greater lateral strength.
Whether the extra thickness would be uniform
throughout is unknown, unless you are have access to
the  manufacturer�s specifications or have a rim cross-
section to measure.

Clincher rims of the 27" and 700C sizes range in
weight from more than 800 grams to as little as 400 grams.
Less than 475 grams is generally considered to be in a
range where strength is significantly compromised for
the advantage of low weight. Manufacturers of 26" nar-
row triathlon rims claim weight savings ranging from 0
to 40 grams for a 26" rim compared to the 700C size of
the same model; general weight guidelines for these 26"
rims should not be considered different. Tubular rims
(700C ) range in weight from 480 grams to as little as 280
grams. Less than 375 grams is generally considered to be
in a range where strength is significantly compromised
for the advantage of low weight. Mountain bike rims
(26") range in weight from 750 grams to as little as 390
grams. Less than 450 grams is generally considered to be
in a range where strength is significantly compromised
for the advantage of low weight.

In conclusion, rim weight is a significant factor in
wheel design, but rim shape determines whether two
rims of comparable weight have comparable strength
and stiffness.

HUB CHOICESHUB CHOICESHUB CHOICESHUB CHOICESHUB CHOICES
Small- versus large-flange hubsSmall- versus large-flange hubsSmall- versus large-flange hubsSmall- versus large-flange hubsSmall- versus large-flange hubs

Large-flange hubs were traditionally thought to
increase a wheel�s lateral, radial and torsional stiffness.
Of these, only torsional stiffness has been scientifi-
cally verified, but the increase in torsional stiffness
reduces spoke fatigue by an insignificant degree.

Small-flange hubs have been traditionally described
as having less radial stiffness (making them more com-
fortable), less lateral stiffness (making them less stable
in cornering) and less torsional stiffness, which is true,
but of low significance (see above). The assumptions
about comfort and lateral stiffness with either flange
type are false and the difference in torsional stiffness
is not significant, so flange diameter should not be a
major consideration in designing a wheel. This is also
true for mixed-flange designs (small flange on one side
and large flange on the other side).

In conclusion, flange-diameter considerations
are relatively insignificant with regard to wheel
properties.

Five-, six-, seven-, or eight-speed capaci tyFive-, six-, seven-, or eight-speed capaci tyFive-, six-, seven-, or eight-speed capaci tyFive-, six-, seven-, or eight-speed capaci tyFive-, six-, seven-, or eight-speed capaci ty
Providing more space for a greater number of

sprockets increases the offset of the right flange to
the left, which in turn significantly increases the
wheel�s vulnerability to failure when exposed to high
lateral loads (generally only experienced during
crashes or other forms of losing control of the bike).
In some cases, this is compensated for by adding space
to the left side of the hub. A standard seven-speed
hub might have 130mm overall spacing, but be avail-
able in a 135mm �dishless� (actually not dishless, just
less dish) option.

In conclusion, giving up a needed gear or spread-
ing a frame to accept a wide version of a hub to pre-
vent wheel failure during crashes is a questionable
priority choice. Build wheels with no consideration
to how the number of gears affects lateral strength.

Countersunk or chamfered spoke holesCountersunk or chamfered spoke holesCountersunk or chamfered spoke holesCountersunk or chamfered spoke holesCountersunk or chamfered spoke holes
Countersinking is done to improve the mating of

the spoke elbow to the flange to reduce fatigue. Alu-
minum flanges are softer than spokes, so the edges of
non-countersunk holes will easily conform (shape) to
the shape of the spoke . This �shaping� of non-coun-
tersunk spoke holes is superior to the �shaping� that
occurs if the spoke holes are countersunk.

For this reason, ignore the countersinking pat-
tern if it interferes with lacing the wheel in the
way desired.
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Hub-core diameterHub-core diameterHub-core diameterHub-core diameterHub-core diameter
The advent of front suspensions has led to front-

suspension hubs. These hubs often have a larger di-
ameter core, which has been reputed to increase stiff-
ness. Research has shown that front-suspension hubs
that do reduce separate fork-leg action do so because
of changes in axle design. Larger hub cores alone are
irrelevant to wheel strength.

Suspension-hub considerationsSuspension-hub considerationsSuspension-hub considerationsSuspension-hub considerationsSuspension-hub considerations
Special front hubs are made for use on bikes with

front suspensions. These hub features may include
large diameter hub cores, oversized axles, oversized
skewers,  and oversized locknut faces. All these fea-
tures (except larger diameter hub cores) reduce inde-
pendent leg action on front forks. It cannot be de-
signed into the hub, but nothing reduces indepen-
dent fork-leg action more than maximizing the secu-
rity of the hub in the fork. Wheel performance is
unaffected by all these factors, which work by re-
ducing flex in the axle and motion between the axle
and the fork leg.

Direct-pul l  flange designsDi rect-pul l  flange designsDi rect-pul l  flange designsDi rect-pul l  flange designsDi rect-pul l  flange designs
Direct-pull flange designs use a spoke that has no

elbow. This is a poor design that attempts to solve a
problem that does not exist. It has been reinvented
and abandoned numerous times in the history of bi-
cycles. The rational is that since spokes break at the
elbow, the elbow should be eliminated. Spokes do not
break at the elbow because it is an elbow, but because
it is the anchor-point of the spoke.

The dynamics of a rear wheel require that the hub
rotate under torque-loads slightly before the rim re-
sponds. The traditional elbowed spoke compensates
for this by allowing the spoke to rotate in the hole in
the flange, which, in itself, adds no stress to the spoke.
Direct-pull designs allow the hub to wind up before
the rim only by flexing the spoke, which does add
additional stress to the spoke.

The direct-pull design complicates determination
of spoke length, reduces cross-pattern options, in-
creases spoke inventory, reduces choice of spoke
brands and gauge options, and in some cases makes it
more difficult to tighten nipples because of a tendency
of the spoke to spin in the flange hole.

Avoid recommending this hub type to customers,
and inform those who request it of the disadvantages.

SPOKE CHOICESSPOKE CHOICESSPOKE CHOICESSPOKE CHOICESSPOKE CHOICES
MaterialsMaterialsMaterialsMaterialsMaterials

Carbon-steel spokes (most common, called
chrome plated, galvanized, zinc plated) are inexpen-
sive. Stainless-steel spokes are corrosion resistant and
are usually made with superior manufacturing tech-
niques, making them a generally more reliable
choice. Stainless-steel spokes can be identified by
the fact that they are not magnetic, or very mildly
magnetic, whereas carbon-steel spokes are fully at-
tracted to magnets.

There are exotic material choices, as well. Both
titanium and carbon-fiber spokes are available in lim-
ited lengths and gauges at extremely high prices.

Titanium spokes are only available in thicker
gauges that make them no lighter than the thin-
nest gauge steel spokes. Thin-gauge titanium spokes
are not possible because of the greater elasticity of
the material.

Carbon-fiber spokes are quite thick and may be a
serious aerodynamic disadvantage. Carbon-fiber
spokes are very susceptible to failure due to nicks. The
carbon-fiber spokes are aerodynamically shaped, but
due to their great thickness, they create more drag
than thin round steel spokes.

Neither carbon-fiber or titanium spokes allow
use of conventional tension meters, resulting in hav-
ing to guess about the most critical factor in wheel
building � correct spoke tension.

Stick with stainless-steel spokes for a proven com-
bination of reliability, low weight potential, selection,
and vital compatibility with tension meters.

Gauge choicesGauge choicesGauge choicesGauge choicesGauge choices
The most common gauge is English 14g, or ISO

(and Japanese) 2mm. Note that English gauge num-
bers increase as the spoke diameter decreases, so that a
15g spoke is thinner than a 14g spoke.

Plain-gauge spokes are spokes that are uniform
gauge over their entire length (except the thread).
Common plain-gauge spokes are 2mm (14g) and
1.8mm (15g). Plain-gauge spokes are economical. Plain-
gauge 2mm spokes are the easiest to build with be-
cause they wind up the least as nipples are tightened.
For this reason, most machine-built-wheel spokes are
2mm. If a spoke breaks, a wheel built with 2mm spokes
will go out of true less than a wheel with thinner
spokes, because the spokes are less elastic.

Butted spokes are spokes that are thicker at the
ends than they are in the middle. Common butted
spokes are 2mm/1.8mm/2mm, 2mm/1.6mm/2mm,
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1.8mm/1.6mm/1.8mm, and 1.8mm/1.5mm/1.8mm.
Differentials of up to 3 gauges are now being seen.
Butted spokes have the advantage of resisting fatigue
by virtue of their thickness at the ends where fatigue
occurs, and of enhancing wheel strength by making it
more elastic, allowing a wheel to flex under load with-
out bending. Butted spokes are more difficult to build
with than plain 2mm spokes because they wind up
more as the nipples are tightened. Butted spokes can
save several ounces of weight per wheel compared to
plain 2mm spokes, and their smaller diameter creates
less aerodynamic drag.

Aerodynamic spokes are spokes that do not have
a round cross-section. They may be bladed (flattened),
elliptical (oval), or airfoil (best aerodynamics) cross-
section. These shapes reduce the frontal area exposed
to the air as the wheel moves through the air. The
aerodynamic benefit is clear when riding in windless
conditions, or directly in line with the wind, but in
cross winds even greater turbulence (and drag) may
be encountered with aerodynamic spokes than would
be encountered with round-section spokes. With many
aerodynamic spokes, there is a potential that there will
be a compatibility problem with a tension meter.

Bladed spokes are usually 2mm spokes that have
been flattened. Their weight is comparable to plain
2mm spokes. If bladed spokes have conventional spoke
heads, the holes in the hub flange must be slotted with
a special tool, which voids any manufacturer�s war-
ranty. Spokes with an oval or airfoil cross-section are
usually 1.8mm spokes and have a weight comparable
to butted 1.8mm spokes. The aerodynamic shape of
oval or airfoil spokes is generally superior to bladed
spokes, and they usually do not require modification
of the hub flange.

The best overall spoke choice is a butted 2mm,
and the best overall choice when performance is a
greater priority than durability is a butted 1.8mm
spoke. In addition, extra-light rims should always be
built with light-gauge spokes.

NUMBER OF SPOKESNUMBER OF SPOKESNUMBER OF SPOKESNUMBER OF SPOKESNUMBER OF SPOKES
Conventional full-size wheels almost always use

36 or 32 spokes per wheel. Racing wheels usually use
at most 32 spokes per wheel, but sometimes are built
with 28 or 24 spokes per wheel. Touring bikes and
tandems usually use 40 or 48 spokes.

Spoke quantity, weight, and true tolerancesSpoke quantity, weight, and true tolerancesSpoke quantity, weight, and true tolerancesSpoke quantity, weight, and true tolerancesSpoke quantity, weight, and true tolerances
When the number of spokes is reduced, weight is

saved, but more importantly, aerodynamic resistance
is reduced. When the number of spokes is reduced,
the wheel structure is slightly more elastic and resis-
tant to bending. When the number of spokes is re-
duced, each spoke is asked to control the true of a
longer section of rim, which may lead to a worsening
of the lateral-true and radial-true tolerances that can
be achieved, particularly with lightweight rims. This
loss of control over true is particularly troublesome
with light-weight rims and less than 32 spokes.

Spoke quantity and fatigue lifeSpoke quantity and fatigue lifeSpoke quantity and fatigue lifeSpoke quantity and fatigue lifeSpoke quantity and fatigue life
The fatigue life of a spoke is directly proportional

to the number of spokes. Consequently, 28 spoke
wheels will start breaking spokes at 78% of the life of
the same wheel built with 36 spokes. This statistic is
even more significant in regards to tandem wheels. It
is reasonable to assume that a tandem experiences ap-
proximately twice the load per wheel as a single bike.
If both bikes had the same wheels with 36 spokes each,
the life of the spokes in the tandem wheel would be
50% of the life of the spokes in the single wheel. To
get equal spoke life, the tandem wheel would need 72
spokes. Increasing from 36 to 48 spokes only makes a
33% improvement in the life expectancy of the spokes
on a tandem.

On the other hand, extra-spoke wheels on tour-
ing bikes are probably more trouble than they are
worth. If the average rider is about 160 pounds and
the average touring bike is about 30 pounds, the aver-
age 45-pound load of touring gear only increases the
load on the spokes by 24%. More importantly, the
total vehicle load (235 pounds) is only about 4% more
than what would be considered a normal but heavy
rider and bike (225 pounds). Although 40-spoke wheels
would have 11% greater spoke life than 36-spoke
wheels, the trade off is that replacement rims and
spokes are much harder to find.

Extra spokes and rim/spoke availabilityExtra spokes and rim/spoke availabilityExtra spokes and rim/spoke availabilityExtra spokes and rim/spoke availabilityExtra spokes and rim/spoke availability
At drillings above 36 holes, the selection of rims

becomes very limited. Also, every bike shop in the
country is likely to have 36-hole replacement rims and
the appropriate length spokes, but probably less than
5% of the shops in the country have 40- or 48-hole
rims, or the unusual spoke lengths sometimes needed
for such wheels. Since a tourist can�t carry spare rims,
the trade-off is not worth it.
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NIPPLE CHOICESNIPPLE CHOICESNIPPLE CHOICESNIPPLE CHOICESNIPPLE CHOICES
Nipple lengthNipple lengthNipple lengthNipple lengthNipple length

Long nipples are designed to protrude further
through thicker rim walls, or to provide a greater
length for the wrench to engage. Long and short
nipples of the same brand usually have the same depth
of thread engagement, so use of long nipples does not
usually allow the use of shorter spokes.

Nipple materialsNipple materialsNipple materialsNipple materialsNipple materials
Most nipples are made of brass and are plated with

chrome or a similar plating. Aluminum nipples are
used to save weight, and more significantly, in condi-
tions where the spokes may snag on obstacles, alumi-
num nipples are more likely to fail than pull through
the rim. The weight saved is less than 1 ounce per
wheel. Aluminum nipples have a high coefficient of
friction on non-eyeleted aluminum rims and may be
more difficult to tighten.

SPOKING PATTERNSSPOKING PATTERNSSPOKING PATTERNSSPOKING PATTERNSSPOKING PATTERNS
A cross pattern, such as three cross (3X), gets its

name from the number of times a spoke radiating one
direction from a flange crosses the path of spokes ra-
diating the opposite direction from the same flange.
Most wheels are either built with a 3X or 4X pattern.

Cross-pattern voodooCross-pattern voodooCross-pattern voodooCross-pattern voodooCross-pattern voodoo
The discussion of cross pattern in regard to wheel-

performance characteristics is the source of a great deal
of �voodoo mechanics.� Countless unsubstantiated
theories based on subjective experience abound. Suf-
fice it to say that wheel builders have been experiment-
ing with cross patterns for as long as there have been
spoked wheels. Decades ago the bulk of wheel design-
ers settled on the virtually indistinguishable 3X and 4X
patterns as the reliable ones. Scientific studies have veri-
fied these patterns to be the best and roughly compa-
rable. All other cross patterns are voodoo, not science.

Three-cross and four-cross patternsThree-cross and four-cross patternsThree-cross and four-cross patternsThree-cross and four-cross patternsThree-cross and four-cross patterns
Traditionally, 3X patterns were thought to create

a wheel with greater lateral, radial and torsional stiff-
ness, and 4X wheels were thought to have all the op-
posite characteristics. All of these opinions have been
scientifically disproved. On the contrary, the only
measurable difference in strength between 3X and 4X
is that 4X patterns have an insignificantly greater tor-
sional stiffness. In a more practical sense, 3X has an

advantage over 4X in that the hub does not need to
wind up as far when installing the third set of spokes,
so that 3X is less awkward to build with.

On wheels with less than 36 spokes, 4X spoking
is not compatible.

Pick between these patterns on the basis of spoke-
length availability, and build 3X when lengths for both
are available.

Radial, one-cross, and two-cross patternsRadial, one-cross, and two-cross patternsRadial, one-cross, and two-cross patternsRadial, one-cross, and two-cross patternsRadial, one-cross, and two-cross patterns
Cross patterns with fewer crosses than 3X are best

used on very small wheels (less than 20") and are used
to reduce congestion of spokes at the hub.

Performance advocates sometimes suggest using
2X, 1X, or radial spoke patterns to save weight
(through use of a shorter spoke) or reduce aerody-
namic resistance (only in regards to radial spoking,
and in this case the logic is false). Since spoke lengths
get shorter when crosses get fewer and shorter lengths
are more rare, using 2X, 1X, or radial patterns often
means not getting your choice of spoke gauges in or-
der to build the lesser-cross wheel. To build a radial-
spoked wheel with 14g spokes would be heavier and
have more aerodynamic drag than to build the same
wheel 3X with butted-1.8mm spokes.

The weight loss of radial spoking compared to
3X is 4%, or as little as 7 grams per wheel. One- and
two-cross patterns are an even lesser weight savings
compared to 3X. Aerodynamic resistance is not a
factor, because, at the top of the wheel where the
spokes are moving the fastest in relation to the air
mass, changing the cross pattern does not change
the face the spokes present to the air. Radial spok-
ing (and to a lesser degree 1X and 2X) does put
stresses on the hub flange in directions that they
are not designed to withstand, and may lead to sud-
den, complete wheel failure.

Radial spoking, 1X, or 2X have inadequate tor-
sional stiffness to support the wheel under high hub
torque loads from pedaling (rear wheels) or hub-
mounted brakes (such as disc brakes on either wheel).
For this reason, radial spoking should not be used on
any rear hub, or any front hub with a disc brake.

Traditionally, radial spoking is thought to increase
the radial and lateral stiffness of the wheel. These char-
acteristics have not been proven through testing. Ra-
dial spoking does reduce the torsional stiffness of the
wheel (proven), and for this reason should not be used
on rear wheels, even if just on the left flange (which
does do part of the job of transferring torque to the
rim from the hub).
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Five-cross patternFive-cross patternFive-cross patternFive-cross patternFive-cross pattern
If 4X is better than 3X (debatable) then 5X is even

better, right? No. Even if 4X were better, it would be
better because it achieves an ideal 90° relationship
between the spoke and the radius of the hub. The 5X
pattern deviates just as much above the ideal of 90° as
the 3X pattern deviates below. Furthermore, the 5X
pattern causes the spokes to interfere with each other
in a way that cause them to become kinked or bent.

Mixing cross patternsMixing cross patternsMixing cross patternsMixing cross patternsMixing cross patterns
Mixing cross patterns on rear wheels is sometimes

suggested as a way to save weight or improve aerody-
namics. A typical mix might be 3X on the right side
and radial on the left. The weight savings by using
radial on the left would typically be about 3 grams.
The aerodynamic savings would be none.

Another reason given for mixing cross patterns
on the two sides of a rear wheel is to minimize the
tension difference between left and right-side spokes.
Think of a wheel like a tug-of-war game in which the
objective is to keep the flag on the middle of the rope
over the center line. The rim is the flag on the rope.
The spokes on each flange are like the two tug-of-war
teams. The balance of tension on each side of the flag
must never change if the flag (rim) is to stay centered.
The positions of each member of the team on one
side of the rope can be rearranged countless ways, but
it will not change the net force they must pull with to
keep the flag centered. Pretty much the only way to
change the average amount of force required from each
team member is to change the number of team mem-
bers (number of spokes).

When cross patterns are mixed on a rear wheel,
the only real difference between cross patterns be-
comes more significant. That difference is torsional
stiffness. If the right-side spokes are a higher cross pat-
tern than the left-side spokes, then the right side will
have greater torsional stiffness. This means that load
on the right-side spokes will start the rim moving be-
fore the left-side of the hub will have wound up enough
to generate torsional load to the rim. In other words,
on a mixed-cross wheel, only the spokes on the side
with the higher cross pattern will do the work of trans-
mitting load from the hub to the rim. Because there
are no significant advantages, and because fewer spokes
will be supporting the torsional load, mixing cross
patterns is not recommended.

Pulling spokes heads-in or heads-outPulling spokes heads-in or heads-outPulling spokes heads-in or heads-outPulling spokes heads-in or heads-outPulling spokes heads-in or heads-out
The argument has been made that pulling spokes

should be installed with the heads on the inside of the
flange because the spoke is better supported when in-
stalled in this fashion. Research has shown that pull-
ing spokes (counterclockwise radiating, viewed from
the bike�s right side) are no more inclined to fail from
fatigue than the pushing spokes. This negates the ar-
gument; furthermore, the argument is based on the
assumption that the spoke touching the flange after it
leaves the spoke hole somehow gives the spoke more
support. Since the primary loads in the spoke are in
the shear direction, there is no way that this additional
contact could provide more support.

The other argument about which way the pull-
ing-spoke heads should face has to do with what will
happen when the chain over-shifts the innermost cog
and goes into the spokes. When the pulling-spoke
heads are inside the flange, then the chain has a greater
tendency to jam in the spokes if pedaling pressure is
maintained on the chain; in this case, the pulling spokes
act like guides that catch the chain and force it closer
to the center of the wheel. What is often overlooked
is that when the pulling-spoke heads are outside the
flange, then the chain has a greater tendency to jam in
the spokes if the rider resists the continued rotation of
the chain by keeping the cranks stationary after the over-
shift occurs; in this case, the non-pulling spokes act like
guides that catch the chain and force it closer to the
center of the wheel. It is impossible to predict what
the rider�s behavior will be in this situation, so there
is no real value to build one way instead of the other.

The procedure in this chapter creates a wheel that
has the pulling spokes in the flanges with the heads
facing out. Because no real difference exists, there are
not detailed instructions on how to build a wheel the
opposite way. The least confusing way to get the op-
posite result is to put each set of spokes into the oppo-
site face of the flange than the instructions indicate.

ConclusionConclusionConclusionConclusionConclusion
Stick with 3X and 4X patterns for all types of

wheels except those smaller than 20".

TYING AND SOLDERING SPOKESTYING AND SOLDERING SPOKESTYING AND SOLDERING SPOKESTYING AND SOLDERING SPOKESTYING AND SOLDERING SPOKES
Tying and soldering is a technique used to restrain

the spokes in case they should break. Although it has
been credited with increasing the strength and stiff-
ness of the wheel, this has been scientifically disproved.
Any process that alters the metallurgy of the spoke
by exposing it to high heat should be avoided.
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DETERMINING SPOKE LENGTHDETERMINING SPOKE LENGTHDETERMINING SPOKE LENGTHDETERMINING SPOKE LENGTHDETERMINING SPOKE LENGTH

USING THIS SECTIONUSING THIS SECTIONUSING THIS SECTIONUSING THIS SECTIONUSING THIS SECTION
This section includes complete instructions for

using Spoke Calc by BPP, Wheelsmith Spoke Length
Calculator, and Sutherland�s Handbook for Bicycle Me-
chanics (fifth and sixth editions). The process for sev-
eral of these systems requires common measurements
of the hub and rim. Before any specific system is cov-
ered, there are procedures described for making these
common measurements.

In addition to complete instructions for these
three systems, there are guidelines for using three
computer programs. These programs are Blue Pig
Wheel Calculator, PC Quick Spoke, and
SpokeMaster for Windows.

COMMON HUB MEASUREMENTSCOMMON HUB MEASUREMENTSCOMMON HUB MEASUREMENTSCOMMON HUB MEASUREMENTSCOMMON HUB MEASUREMENTS
AND FACTORSAND FACTORSAND FACTORSAND FACTORSAND FACTORS
Over-locknut widthOver-locknut widthOver-locknut widthOver-locknut widthOver-locknut width

As seen in the illustration below, over-locknut
width is the distance from the face of one locknut
to the face of the other locknut. Some cartridge-
bearing hubs do not use locknuts. In this case, mea-
sure to the surfaces that butt against the inside faces
of the dropouts.

Over-locknut width

1 . [ ] Measure Over-locknut width ( _______ is O W)

Hub-flange diameterHub-flange diameterHub-flange diameterHub-flange diameterHub-flange diameter
Hub-flange diameter is not actually a measurement

of the flange diameter, but a measurement of the di-
ameter of the circle that goes through the center of all
the spoke holes in a flange. Depending on the length
system being used, it will be called hub-flange diam-
eter, flange diameter, actual hub diameter, spoke-hole-

circle diameter, or hole diameter. It is easiest to mea-
sure from the inside edge of one hole to the outside
edge of the opposite hole.

M eas ure

1 . [ ] Measure Hub-Flange diameter to nearest mil-
limeter :( _______ is HF D)

Center-to-flange dimensionCenter-to-flange dimensionCenter-to-flange dimensionCenter-to-flange dimensionCenter-to-flange dimension
The center-to-flange dimension is the distance

from the center of a flange to the centerpoint between
the two locknuts. It is easy to describe and easy to
diagram, but not so easy to measure accurately be-
cause of the large offset between the edge of the flange
and the face of the locknut. For this reason, a series of
measurements and calculations are required.

Flange thickness

1 . [ ] Measure Flange thickness ( _______ is F T)
2 . [ ] Record Over-locknut width ( _______ is O W)

Flange thickness and over-locknut width are used
in the following formula:

(OW � FT) ÷ 2 = CWF

In the following steps, formulas are not written
in their correct mathematical form, but as a series of
calculator entries. In the blanks under each letter code,
fill in the correct measurements. Then enter the val-
ues and calculator function keys as indicated, to get
the result.
3 . [ ] Center-width factor of hub (C WF) Calculator

entries (round result to whole millimeter):
  OW             FT

_____  _____  2  ( _______  is CWF)
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Ins et
r ight

Ins et
lef t

T r uing s tand ar ms

4 . [ ] Measure Inset left ( ________ is I L)
5 . [ ] Measure Inset right (skip for front hub):

( ________ is IR)
The formula for calculating the center-to-flange

(left) dimension is: CWF � IL = CFL. The following
step shows the calculator entries, not the mathemati-
cal formula.
6 . [ ] Center-to-Flange left (CF L) Calculator entries

(round result to whole millimeter):
  CWF            IL

_____  _____  ( ______ is CFL)

The formula for calculating the center-to-flange
(right) dimension is: CWF � IR= CFR. The following
step shows the calculator entries, not the mathemati-
cal formula.
7 . [ ] Center-to-Flange right (CF R) Calculator en-

tries  (skip for front hub):
  CWF            IR

_____  _____  ( ________ is CFR)

Freewheel/freehub spaceFreewheel/freehub spaceFreewheel/freehub spaceFreewheel/freehub spaceFreewheel/freehub space
NOTE: Step 1 is for conventional hubs that a free-

wheel threads on to.
1 . [ ] Measure freewheel space (freewheel shoul-

der to locknut face): +________mm

F reew heel
s pace

T r uing s tand ar ms

16.10  Measuring freewheel space with the hub in a truing stand.

NOTE: Step 2 is for freehubs only.
2 . [ ] Count and record the number of cogs that

fit on the freehub and record here:
Number of cogs on freehub is: __________.

Rear-wheel -spoke-length di fferential  factorRear-wheel -spoke-length di fferential  factorRear-wheel -spoke-length di fferential  factorRear-wheel -spoke-length di fferential  factorRear-wheel -spoke-length di fferential  factor
Many spoke-length-calculation systems create dif-

ferent lengths for the left and right sides of the rear
hub by repeating all the calculations separately for
both sides. Others may use a simplified mathemati-
cal calculation that determines the difference between
the left and right sides. Most systems create an ac-
ceptable (but less than ideal) difference, because they
rely on a simple geometrical model for determining
the length differential; the simple geometrical model
does not account for additional stretch that occurs
on the tighter right-side spokes. The numbers in the
table 16-2 are based on experience (not calculation),
and should provide more consistently satisfactory
length differentials than differentials that are deter-
mined by geometric calculation.

The table 16-2 shows the correct length differen-
tial for most wheel types. By looking up the inter-
section of the over-locknut width and the freewheel
space (or number of freehub cogs), the correct dif-
ferential is determined. This difference can be sub-
tracted from the calculated left-side length to deter-
mine the correct right-side length, or it can be added
to the calculated right-side length to determine the
correct left-side length.

REAR-WHEEL-SPOKE-LENGTHREAR-WHEEL-SPOKE-LENGTHREAR-WHEEL-SPOKE-LENGTHREAR-WHEEL-SPOKE-LENGTHREAR-WHEEL-SPOKE-LENGTH
DIFFERENTIAL FACTORS DIFFERENTIAL FACTORS DIFFERENTIAL FACTORS DIFFERENTIAL FACTORS DIFFERENTIAL FACTORS (table 16-2)

Over-locknut-width measurementOver-locknut-width measurementOver-locknut-width measurementOver-locknut-width measurementOver-locknut-width measurement
in millimetersin millimetersin millimetersin millimetersin millimeters

FreewheelFreewheelFreewheelFreewheelFreewheel 90– 119.6– 124.6– 128.6 131.1–
space or # ofspace or # ofspace or # ofspace or # ofspace or # of 119.5 124.5 128.5 –131 136
freehub cogsfreehub cogsfreehub cogsfreehub cogsfreehub cogs

none, or less 0mm N/A N/A N/A N/A
than 29mm

29-34mm N/A 1mm 0mm N/A N/A

35-38mm, or N/A N/A 2mm 1mm 0mm
6- or 7-speed
freehub

8-speed freehub N /A N/A N/A 2mm 1mm

1 . [ ] Record over-locknut width: ________mm.
2 . [ ] Record freewheel space or number of free-

hub cogs: ________ cogs.
3 . [ ] Look up in table 16-2 at intersection of over-

locknut width  and freewheel-space/no.-of-
freehub-cogs  value for rear-wheel-spoke-
length differential factor and record here:
___ mm (rear-wheel-spoke-length differential)
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COMMON RIM MEASUREMENTSCOMMON RIM MEASUREMENTSCOMMON RIM MEASUREMENTSCOMMON RIM MEASUREMENTSCOMMON RIM MEASUREMENTS
Rim sizeRim sizeRim sizeRim sizeRim size

Rim size is often marked directly on the rim. If
not, one measurement needs to be taken and then the
rim size can be looked up in  table 19-1 (page 19-16) in
the TIRES AND TUBESTIRES AND TUBESTIRES AND TUBESTIRES AND TUBESTIRES AND TUBES chapter.
1 . [ ] Use tape measure to measure outside diam-

eter of rim.
2 . [ ] Look up outside diameter in Approximate rim

O.D. column of TIRE AND RIM SIZESTIRE AND RIM SIZESTIRE AND RIM SIZESTIRE AND RIM SIZESTIRE AND RIM SIZES  table 19-1
(page 19-16) and record equivalent rim size
from the Nominal size column here:
______________ rim size.

Making a rim-measurement toolMaking a rim-measurement toolMaking a rim-measurement toolMaking a rim-measurement toolMaking a rim-measurement tool
For most spoke-length systems, a dimension called

effective rim diameter or spoke end diameter is required.
To get this dimension, an accurate inside diameter of
the rim is needed (except if using the Wheelsmith
Spoke Length Calculator). To get the inside diameter
dimension, a tool must be made. This will be called a
rim ruler.

The tool is made by modifying two metal metric
yardsticks (available at hardware stores). One of the
yard sticks needs to be cut off once so that it goes
from 0�350mm. The other needs to be cut twice, so
that it goes from 350�700mm. Because material is lost
when the ruler is cut, it is not possible to use one yard-
stick to get both pieces.

When cutting the piece that must start at
350mm, use a hacksaw to cut 1�2mm before the
350mm mark (between 348 and 349) and then use a
file to carefully remove the excess to the midpoint
in the thickness of the 350mm mark. Make sure that
the end is square (perpendicular to the top and bot-
tom edges of the ruler). If too much material is re-
moved, it can be compensated for by leaving that
much extra on the second piece. Cut the other end
at 700mm. Precision is not important for this cut.

The second ruler must be cut so that its actual
length ends up exactly equal to the starting dimension
of the first ruler. If the first ruler ended up cut pre-
cisely at 350, then the second ruler needs to be 350mm
long. If the first ruler ended up cut between the 350
and 351mm marks, then the second ruler needs to end
up as close as possible to 350.5mm long. Make sure
that all cut ends are square. Remember, if the first piece
ends up with too much cut off at the 350 millimeter mark,
leave the second piece long by the amount of the error.

Rim diameterRim diameterRim diameterRim diameterRim diameter
Rim diameter is the diameter at the end of the

spokes in the rim. It is not a measurement of the rim,
but of the spokes. Other names for this are spoke end
diameter, actual rim diameter, and rim inner diameter,

When measuring the rim, the rim should be lying
on a flat surface. The rim rulers stand on their edges
on the same surface, inside the rim, overlapping each
other. Set the rulers up so that the 350�700mm ruler
faces you with the 350mm mark on the left. The sec-
ond piece will overlap in front and on the right, with
the backside of the ruler facing you (no ruler mark-
ings visible). The left edge of the right piece is the
point at which the reading is taken. If the end of the
right piece is touching the 511mm mark, the reading
is 511mm. If it clears the 511mm but does not expose
the 512mm mark, then call it 511.5mm. Always read
the ruler to the nearest half millimeter.

3 7 0 3 8 0 3 9 0 4 0 0 4 1 0 4 2 0 4 3 0 4 4 0 4 5 0 4 6 0 4 7 0 4 8 0 4 9 0 5 0 0 5 1 0 520 530 540 550 560 570 580 590 600 610 620 630 640 650 660 670 680 6903 6 0

3 5 0 m m to 7 0 0 mm r ule 0 mm to 3 5 0 mm  r ule

R im R im

B ench

16.11  Setting up the rim rulers.

3 7 0 3 8 0 3 9 0 4 0 0 4 1 0 4 2 0 4 3 0 4 4 0 4 5 0 4 6 0 4 7 0 4 8 0 4 9 0 5 0 0 5 1 0 520 530 540 5503 6 0

R ead here (5 1 1 m m)

16.12  Reading the rim rulers.

To take readings, place one end of the rim-sizing
rulers adjacent to the second hole past the valve hole,
and the other end adjacent to the hole half the num-
ber of holes in the rim away from the second hole
past the valve hole. Do not put the rulers against rein-
forcements of the nipple holes, but against the main
body of the rim. For additional measurements, move
each end of the rulers four-holes clockwise. Take four
measurements and average, to account for imperfec-
tions in the rim.
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1 . [ ] Measure rim Inside Diameter at four equally-
spaced points and record:
( _________= ID1)
( _________= ID2)
( _________= ID3)
( _________= ID4)

In the next step, measure the nipple length with a
caliper. In this and all other steps involving caliper
measurements (unless noted otherwise), read the cali-
per to the nearest tenth millimeter.

N ipple length

16.13  Measure the nipple length by putting one caliper jaw in the
slot in the nipple head and the other against the other end of the
nipple .

2 . [ ] Measure and record Nipple length (N L) from
bottom of slot to tip of nipple: ( ______ is N L)

In the next step, insert the nipple in the rim, then
measure the amount of nipple that protrudes from
the rim. Use the depth gauge on the caliper to mea-
sure with, and make sure the nipple is held firmly in
place while measuring.

Cal iper  depth gauge

Pr es s

16.14  Measure nipple drop by placing the butt of the caliper
against a nipple and extending the depth gauge of the caliper until it
meets the rim (not nipple hole eyelets).

3 . [ ] Measure and record Nipple drop (N D) from
rim to nipple tip:  ( __________ is N D)

The next step is a calculation. The step is written
as a series of entries into a calculator, not as a math-
ematical equation. Treating it as a mathematical for-
mula will result in error. Round all calculator results to
the nearest whole millimeter. For this step the process
is expressed twice. The first time shows the letter codes
for the variable data that must be entered and sym-
bols for the function keys that must be pressed in be-

tween each item of data. The second time (directly
below), substitutes blanks that must be filled in; for
example, in step #4 (in the blank below ID1), fill in
the value recorded for ID1 in step #1. When all the
blanks have been filled in, then enter the values and
the key functions as shown. After pressing the equals
key, round the answer to the nearest whole and enter
this in the last blank.

Step #4 calculates something called rim diameter.
It is not actually a measurement of the rim but of the
diameter at the bottom of the slots in the nipple heads
when all the nipples are in the rim. This is the point
that the spoke should stop, so this calculation deter-
mines the spoke end diameter. By adding in the nipple
length and subtracting the nipple drop, the actual dis-
tance from the inner perimeter of the rim to the bot-
tom of the slot in the nipple head is calculated. This
distance must be added at both ends of the rim inside
diameter, so that is why length and drop are included
twice in the calculator entries.
4 . [ ] Rim diameter (R D) Calculator entries (round

result to whole millimeter):
   ID1           ID2            ID3            ID4

______  ______  ______  ______

                   NL            NL            ND

  4   _____  _____   _____

        ND

 _____  ( _______ is RD)

If not using a calculator, the formula for this cal-
culation is:
((ID1 + ID2 + ID3  + ID4) ÷ 4) + 2(NL � ND) = RD.

SPOKE-CALC BY DTSPOKE-CALC BY DTSPOKE-CALC BY DTSPOKE-CALC BY DTSPOKE-CALC BY DT
The Spoke-Calc system is a wall poster that has

graphics on which the hub and rim are placed to de-
termine dimensions, and tables in which numbers are
looked up based on the dimensions. The table con-
tain good data, but experimentation has shown that
the method for determining rim dimensions is too sub-
jective, with different people getting results varying
by up to 4mm for the same rim.

The following information needs to be measured
and looked up to use Spoke-Calc:

Over-locknut width
Hub-Flange diameter
Center-to-flange dimension (left side)
Freewheel/freehub space (rear wheels only)
Rear-wheel-spoke-length differential
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In the next step, a lacing pattern must be cho-
sen. Discussion of the merits of different lacing pat-
terns occurs earlier in this chapter under the head-
ing SPOKING PATTERNSSPOKING PATTERNSSPOKING PATTERNSSPOKING PATTERNSSPOKING PATTERNS.
6 . [ ] Decide on lacing (cross) pattern and enter

here: ( ______ is lacing pattern)
NOTE: SPOKE-CALC TABLE BSPOKE-CALC TABLE BSPOKE-CALC TABLE BSPOKE-CALC TABLE BSPOKE-CALC TABLE B has factors for combina-

tions of lacing patterns  and numbers of holes
in the hub  that can’t be built (because spokes
would interfere with each other). The most
common of these unbuildable combinations are
4-cross lacing on hubs with 32 or fewer holes,
and 3-cross lacing on hubs with 24 or fewer
holes. A small portion of SPOKE-CALC TABLE BSPOKE-CALC TABLE BSPOKE-CALC TABLE BSPOKE-CALC TABLE BSPOKE-CALC TABLE B
from  SPOKE-CALC by BPP and DT  has been
reproduced here.

SPOKE-CALC TABLE BSPOKE-CALC TABLE BSPOKE-CALC TABLE BSPOKE-CALC TABLE BSPOKE-CALC TABLE B (segment) (segment) (segment) (segment) (segment)
HUB DRILLING AND LACING PATTERN
32 HOLE HUBS 36 HOLE HUBS
0 1x 2x 3x 4x 0 1x 2x 3x

H 4 1 2 1 1 9 1 4 8 1 2 1 2 0 1 6 1 1
U 4 2 2 1 1 9 1 5 8 1 2 1 2 0 1 6 1 1
B 4 3 2 2 2 0 1 5 8 1 2 2 2 0 1 7 1 1

4 4 2 2 2 0 1 5 8 1 2 2 2 1 1 7 1 1
F 4 5 2 3 2 1 1 6 8 1 2 3 2 1 1 7 1 1
L 4 6 2 3 2 1 1 6 9 1 2 3 2 2 1 8 1 2
A 4 7 2 4 2 1 1 6 9 1 2 4 2 2 1 8 1 2
N 4 8 2 4 2 2 1 7 9 0 2 4 2 3 1 9 1 2
G 4 9 2 5 2 2 1 7 9 0 2 5 2 3 1 9 1 2
E 5 0 2 5 2 3 1 7 9 0 2 5 2 4 1 9 1 3

5 1 2 6 2 3 1 8 9 0 2 6 2 4 1 9 1 3
D 5 2 2 6 2 4 1 8 9 0 2 6 2 5 2 0 1 3
I 5 3 2 6 2 4 1 8 1 0 0 2 7 2 5 2 0 1 3
A 5 4 2 7 2 5 1 9 1 0 0 2 7 2 6 2 0 1 3
M 5 5 2 7 2 5 1 9 1 0 0 2 8 2 6 2 1 1 4
E 5 6 2 8 2 6 1 9 1 0 0 2 8 2 7 2 1 1 4
T 5 7 2 8 2 6 2 0 1 0 0 2 9 2 7 2 1 1 4
E 5 8 2 9 2 6 2 0 1 0 0 2 9 2 7 2 2 1 4
R 5 9 2 9 2 7 2 0 1 1 + 1 3 0 2 8 2 2 1 5

0 1x 2x 3x 4x 0 1x 2x 3x

7 . [ ] Table B factor (TB F). Look up in correct
# Hole Hubs column of Table B for intersec-
tion of:
HFD row  and Lacing Pattern column
( _____ is TB F)

Determine Base-Spoke lengthDetermine Base-Spoke lengthDetermine Base-Spoke lengthDetermine Base-Spoke lengthDetermine Base-Spoke length
In step #8 Base-Spoke length is calculated. Cor-

rect front length, correct right-rear length, correct left-
rear length, and correct non-differential rear length
are all based on Base-Spoke length.
8 . [ ] Base-Spoke length Calculator entries (round

result to whole millimeter):
 TAF           TBF

_____  _____  _______ is BS L.

Rim diameter
Differential-length factor

The following instructions use Spoke-Calc for
data, but rely on the hub and rim measurement sys-
tems detailed earlier in this chapter. The data in the
portions of the Spoke-Calc tables that are repre-
sented here has been altered because the tables are
provided only as an illustration of how the system
works. Do not use the data in these partial tables to
determine spoke l ength!

Determine Table A factorDetermine Table A factorDetermine Table A factorDetermine Table A factorDetermine Table A factor
NOTE: All tables in following procedure are small

simulated portions of SPOKE-CALC TABLE ASPOKE-CALC TABLE ASPOKE-CALC TABLE ASPOKE-CALC TABLE ASPOKE-CALC TABLE A from
SPOKE-CALC by BPP and DT .
Steps #1, #2, and #4 require information that is

common to many spoke-length-calculation systems.
The instructions for measuring and calculating these
pieces of information are earlier in this chapter un-
der the headings COMMON HUB MEASUREMENTS ANDCOMMON HUB MEASUREMENTS ANDCOMMON HUB MEASUREMENTS ANDCOMMON HUB MEASUREMENTS ANDCOMMON HUB MEASUREMENTS AND
FACTORSFACTORSFACTORSFACTORSFACTORS and COMMON RIM MEASUREMENTSCOMMON RIM MEASUREMENTSCOMMON RIM MEASUREMENTSCOMMON RIM MEASUREMENTSCOMMON RIM MEASUREMENTS.
1 . [ ] Calculate Hub Center-To-Flange Dimension

for left flange and record here: ________mm.
2 . [ ] Calculate Rim Diameter and record result

here: ________mm.
The following table is a simulated segment of Table

A on the Spoke-Calc poster. The information  is de-
liberately altered and cannot be used. It is provided to
help recognize which table to use.

SPOKE-CALC TABLE ASPOKE-CALC TABLE ASPOKE-CALC TABLE ASPOKE-CALC TABLE ASPOKE-CALC TABLE A (segment)(segment)(segment)(segment)(segment)
HUB CENTER-TO-FLANGE DIMENSION

1818181818 1919191919 2020202020 2121212121 2222222222 2323232323 2424242424 2525252525 2626262626
R 535535535535535 269 269 269 269 269 269 270 270 270 535535535535535
I 536536536536536 270 270 270 270 270 270 270 270 270 536536536536536
M 537537537537537 270 270 270 270 270 270 271 271 271 537537537537537

538538538538538 271 271 271 271 271 271 271 271 271 538538538538538
D 539539539539539 271 271 271 271 271 271 272 272 272 539539539539539
I 540540540540540 272 272 272 272 272 272 272 272 272 540540540540540
A 541541541541541 272 272 272 272 272 272 273 273 273 541541541541541
M 542542542542542 273 273 273 273 273 273 273 273 273 542542542542542
E 543543543543543 273 273 273 273 273 273 274 274 274 543543543543543
T 544544544544544 274 274 274 274 274 274 274 274 274 544544544544544
E 545545545545545 274 274 274 274 274 274 275 275 275 545545545545545
R 546546546546546 275 275 275 275 275 275 275 275 275 546546546546546

1818181818 1919191919 2020202020 2121212121 2222222222 2323232323 2424242424 2525252525 2626262626

3 . [ ] Table A factor (TA F). Look up in Table A for
intersection of:
Rim diameter (R D) row and
Center-to-Flange dimension (CF L ) column :
( _________ is TA F)

Determine Table B factorDetermine Table B factorDetermine Table B factorDetermine Table B factorDetermine Table B factor
4 . [ ] Measure and record Hub-flange Diameter

here: _______mm.
5 . [ ] Count number of holes in one flange,

double, and record here:
( _______ is holes in hub)
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Front-wheel-spoke lengthFront-wheel-spoke lengthFront-wheel-spoke lengthFront-wheel-spoke lengthFront-wheel-spoke length
NOTE: Skip to step 10 or 14 for rear wheels.
9 . [ ] Front spoke length equals BS L.

FRONT spoke length is: _______mm

Rear-wheel differential-spoke lengthsRear-wheel differential-spoke lengthsRear-wheel differential-spoke lengthsRear-wheel differential-spoke lengthsRear-wheel differential-spoke lengths
The dish of a typical rear wheel creates a situation

where the distance from the left flange to the rim is
greater than the distance from the right flange to the
rim. Therefore, different spoke lengths should be used
to ensure equal thread engagement on all the nipples
and to reduce the likelihood of spokes protruding
through nipples or leaving thread exposed at the top
of the nipples.

There are drawbacks to using two spoke lengths.
When two sizes are needed, it is more likely that at
least one is out of stock. When lacing the wheel, it
complicates things to work with two lengths and make
sure that they do not get mixed up.
10. [ ] Record BS L here: _______mm
11. [ ] Record Differential Factor here: –_______mm
12. [ ] REAR RIGHT length is: =_______mm
13. [ ] Rear left length is same as BS L (step 8)

REAR LEFT length is: _______mm

Rear-wheel non-differential-spoke lengthsRear-wheel non-differential-spoke lengthsRear-wheel non-differential-spoke lengthsRear-wheel non-differential-spoke lengthsRear-wheel non-differential-spoke lengths
Non-differential rear length is a compromise. It

usually means that the right-side spokes will be a little
longer than ideal, and the left-side spokes will be a
little shorter than ideal. This sometimes results in a
little thread showing at the left-side nipples. Non-dif-
ferential-spoke length is particularly useful when the
correct lengths for differential spoking are not avail-
able. It is also useful for beginners because there is no
complication of keeping track of different spokes for
the right and left sides while lacing the wheel.

When using one spoke length, it is almost never
acceptable to just use the Base-Spoke length for both
sides. This will usually result in right-side spokes pro-
truding all the way through the nipples. It is also un-
acceptable to just use the right-side length for both
sides in many cases. If the correct right-side length
were to be used on the left side, then it is likely that
the thread engagement to the nipples would be com-
promised too much.
NOTE: Next step is optional and is only used for

rear wheels, when needing (or preferring) to
build with one spoke length.

14. [ ] Record BS L (step 8) here: _______mm
– 1mm

NON-DIFFERENTIAL REAR =_______mm

WHEELSMITH SPOKE LENGTHWHEELSMITH SPOKE LENGTHWHEELSMITH SPOKE LENGTHWHEELSMITH SPOKE LENGTHWHEELSMITH SPOKE LENGTH
CALCULATORCALCULATORCALCULATORCALCULATORCALCULATOR

In addition to the calculator and rim measuring
rods that come with the system, a metric caliper is
needed. Common measurements and factors needed
(from the earlier section of this chapter COMMONCOMMONCOMMONCOMMONCOMMON
HUB MEASUREMENTS AND FACTORSHUB MEASUREMENTS AND FACTORSHUB MEASUREMENTS AND FACTORSHUB MEASUREMENTS AND FACTORSHUB MEASUREMENTS AND FACTORS and COMMON RIMCOMMON RIMCOMMON RIMCOMMON RIMCOMMON RIM
DIMENSIONSDIMENSIONSDIMENSIONSDIMENSIONSDIMENSIONS) include:

Over-locknut width
Hub-flange diameter
Center-to-Flange dimension (left side only for

rear wheels)
Freewheel/Freehub space (rear wheels only)
Rear-wheel-spoke-length differential factor (rear

wheels only)
Rim diameter
Differential-length factor

The following instructions assume that the
Wheelsmith System, with the HP 332SII, is being used.

Preliminary measurements and calculationsPreliminary measurements and calculationsPreliminary measurements and calculationsPreliminary measurements and calculationsPreliminary measurements and calculations
1 . [ ] Record Rim Diameter here: _______mm.
2 . [ ] Record Hub-flange diameter here: _____mm.
3 . [ ] Calculate and record left-side Center-to-

Flange dimension here: ______mm.
4 . [ ] Count number of holes in hub and record

here: ______ spokes.
5 . [ ] Decide on a cross pattern and record cross

pattern number here: _____X.
6 . [ ] For rear wheels only look up Rear-wheel-

spoke-length differential factor  and record
here: _____mm.

Wheelsmith calculator entriesWheelsmith calculator entriesWheelsmith calculator entriesWheelsmith calculator entriesWheelsmith calculator entries
NOTE: "C" restarts calculation, key with back-

space arrow clears entry.
7 . [ ] Press ON key (marked "C") to turn calcula-

tor on.
8 . [ ] Press XEQ key.
9 . [ ] Press 9 key. R? appears.
10. [ ] Enter Rim Diameter on keypad and press R/S

key. F? appears.
11. [ ] Enter Hub-flange diameter on keypad and

press R/S key. C? appears.
12. [ ] Enter Center-to-Flange dimension on keypad

and press R/S key. N? appears.
13. [ ] Enter number of holes in hub on keypad and

press R/S key. X? appears.
14. [ ] Enter cross pattern number on keypad and

press R/S key.
15. [ ] Round value on display screen to nearest

whole number and record here:
Base-spoke length (BS L) equals ________mm.
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Front-wheel-spoke lengthFront-wheel-spoke lengthFront-wheel-spoke lengthFront-wheel-spoke lengthFront-wheel-spoke length
NOTE: Skip to step 17 or 21 for rear wheels.
16. [ ] Front spoke length equals BS L.

FRONT spoke length is: _______mm

Rear-wheel differential-spoke lengthsRear-wheel differential-spoke lengthsRear-wheel differential-spoke lengthsRear-wheel differential-spoke lengthsRear-wheel differential-spoke lengths
The dish of a typical rear wheel creates a situa-

tion where the distance from the left flange to the
rim is greater than the distance from the right flange
to the rim; therefore, different spoke lengths should
be used to ensure equal thread engagement on all
nipples, and to reduce the likelihood of spokes pro-
truding through nipples or leaving thread exposed at
the top of the nipples.

There are drawbacks to using two spoke lengths.
When two sizes are needed, it is more likely that at
least one is out of stock. When lacing the wheel, it
complicates things to work with two lengths while
making sure that they do not get mixed up.
17. [ ] Record BS L (step 16) here: _______mm
18. [ ] Enter Differential Factor here: –_______mm
19. [ ] REAR RIGHT length is: =_______mm
20. [ ] Rear left length is same as BS L (step 16).

REAR LEFT length is: _______mm

Rear-wheel non-differential-spoke lengthsRear-wheel non-differential-spoke lengthsRear-wheel non-differential-spoke lengthsRear-wheel non-differential-spoke lengthsRear-wheel non-differential-spoke lengths
Non-differential rear length is a compromise. It

usually means that the right-side spokes will be a little
longer than ideal, and the left-side spokes will be a
little shorter than ideal. This sometimes results in a
little thread showing at the left-side nipples. Non-dif-
ferential-spoke length is particularly useful when the
correct lengths for differential spoking are not avail-
able. It is also useful for beginners because there is no
complication of keeping track of different spokes for
the right and left sides.

When using one spoke length, it is almost never
acceptable to just use the Base-Spoke length for both
sides. This will usually result in right-side spokes pro-
truding all the way through the nipples. It is also un-
acceptable to just use the right-side length for both
sides in many cases. If the correct right-side length
were to be used on the left side, then it is likely that
the thread engagement to the nipples would be com-
promised too much.
NOTE: Next step is optional and is only used for

rear wheels, when needing (or preferring) to
build with one spoke length.

21. [ ] Record BS L (step 15) here: _______mm
– 1mm

NON-DIFFERENTIAL REAR =_______mm

SUTHERLAND’S HANDBOOKSUTHERLAND’S HANDBOOKSUTHERLAND’S HANDBOOKSUTHERLAND’S HANDBOOKSUTHERLAND’S HANDBOOK
FOR BICYCLE MECHANICSFOR BICYCLE MECHANICSFOR BICYCLE MECHANICSFOR BICYCLE MECHANICSFOR BICYCLE MECHANICS

The following instructions can be used for deter-
mining spoke length using either the fifth or sixth edi-
tion of Sutherland�s. Note that although the procedures
are the same, tables occur on different page numbers
for each edition. When the instructions refer to
Sutherland�s, there is a fifth edition page number, then
a sixth edition page number.

Several of the first steps require information that
is determined by procedures in the earlier sections
in this chapter COMMON HUB MEASUREMENTS ANDCOMMON HUB MEASUREMENTS ANDCOMMON HUB MEASUREMENTS ANDCOMMON HUB MEASUREMENTS ANDCOMMON HUB MEASUREMENTS AND
FACTORSFACTORSFACTORSFACTORSFACTORS and COMMON RIM MEASUREMENTSCOMMON RIM MEASUREMENTSCOMMON RIM MEASUREMENTSCOMMON RIM MEASUREMENTSCOMMON RIM MEASUREMENTS.

Determine hub-diameter categoryDetermine hub-diameter categoryDetermine hub-diameter categoryDetermine hub-diameter categoryDetermine hub-diameter category
1 . [ ] Determine Hub-flange diameter and record

here: _______mm.
Sutherland�s groups similarly-sized hub flanges into

groups called hub-diameter categories. The following
procedure recommends measuring the Hub-flange di-
ameter (previous step) and from that determining
the category.

If the hub is not on hand, it may be possible to
determine the hub-diameter category by looking up the
brand and model in Sutherland�s (fifth edition 11�5
through 11�13, or sixth edition 11�2 through 11�35).
Look in the lists below each category heading for the
make/model that corresponds to the hub in question
to determine the category into which it fits.

HUB-FLANGE-DIAMETER CATEGORIESHUB-FLANGE-DIAMETER CATEGORIESHUB-FLANGE-DIAMETER CATEGORIESHUB-FLANGE-DIAMETER CATEGORIESHUB-FLANGE-DIAMETER CATEGORIES
(table 16-3)

Spoke-hole-circle-diameter rangeSpoke-hole-circle-diameter rangeSpoke-hole-circle-diameter rangeSpoke-hole-circle-diameter rangeSpoke-hole-circle-diameter range Hub-diameter categoryHub-diameter categoryHub-diameter categoryHub-diameter categoryHub-diameter category

30–32mm 31mm

33–36mm 34mm

37–42mm 40mm

43–46mm 44.5mm

47–52mm 48mm

53–60mm 58mm

61–64mm 63mm

65–69mm 67mm

80–90mm 90mm

102.5–112mm 102.5mm

2 . [ ] Determine hub-diameter category by finding
range in table 16-3 that includes result from
step 1, then look up corresponding Hub-diam-Hub-diam-Hub-diam-Hub-diam-Hub-diam-
eter categoryeter categoryeter categoryeter categoryeter category . Hub-diameter categoryHub-diameter categoryHub-diameter categoryHub-diameter categoryHub-diameter category  is: ____mm
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Determine theoretical spoke lengthDetermine theoretical spoke lengthDetermine theoretical spoke lengthDetermine theoretical spoke lengthDetermine theoretical spoke length
In the next step, the rim size must be determined.

Usually, this can be done by looking on the rim for
size markings (such as 26 × 1.75). In the absence of
markings, the outside diameter of the rim should be
measured and the rim size looked up in the TIRE ANDTIRE ANDTIRE ANDTIRE ANDTIRE AND
RIM SIZESRIM SIZESRIM SIZESRIM SIZESRIM SIZES  table 19-1 in TIRES AND TUBESTIRES AND TUBESTIRES AND TUBESTIRES AND TUBESTIRES AND TUBES (page 19-16).
3 . [ ] Record rim size here:_____________.
4 . [ ] Count number of spoke holes in hub and

rim, make sure they match, and record here:
_____ Number of spokes.

5 . [ ] Decide on a cross pattern and record cross
pattern number here: ______X

6. [ ] Turn to correct Sutherland’s  page for rim size
determined in step 3 according to table 16-4:

LOCATIONS OF SUTHERLAND’SLOCATIONS OF SUTHERLAND’SLOCATIONS OF SUTHERLAND’SLOCATIONS OF SUTHERLAND’SLOCATIONS OF SUTHERLAND’S
THEORETICAL SPOKE-LENGTH TABLESTHEORETICAL SPOKE-LENGTH TABLESTHEORETICAL SPOKE-LENGTH TABLESTHEORETICAL SPOKE-LENGTH TABLESTHEORETICAL SPOKE-LENGTH TABLES

(table 16-4)
Rim sizeRim sizeRim sizeRim sizeRim size fi fth edi tionfi fth edi tionfi fth edi tionfi fth edi tionfi fth edi tion sixth edi ti onsixth edi ti onsixth edi ti onsixth edi ti onsixth edi ti on
27" & 28" rims 11–15 11–39
700C rims 11–15 11–47
26" MTB rims 11–31 11–63
26" (other), 700D, & 650 rims 11–31 11–73
24", 22", 600 & 550 rims 11–41 11–83
20" & 500 rims 11–51 11–93
18" & 17" rims 11–58 11–99
16" & 400 rims 11–60 11–101
14" rims 11–62 11–104
12" rims 11–64 11–106
10" rims 11–65 11–107

7 . [ ] On page determined in step 6, find table for
hub-diameter category determined in step 2.

8 . [ ] Look at intersection of cross pattern column
and number of spokes row  to find theoreti-
cal spoke length and record here: _____ mm.

Looking up rim-correction factorsLooking up rim-correction factorsLooking up rim-correction factorsLooking up rim-correction factorsLooking up rim-correction factors
NOTE: If exact brand and model of rim are not

found in step 11, it will be necessary to mea-
sure the rim and calculate rim-correction factor
starting at step 12.

9 . [ ] Find correct Sutherland’s  correction-factor
table. Use table 16-5 to find correct page.

LOCATIONSLOCATIONSLOCATIONSLOCATIONSLOCATIONS OF SUTHERLAND’SOF SUTHERLAND’SOF SUTHERLAND’SOF SUTHERLAND’SOF SUTHERLAND’S
RIM-CORRECTION-FACTOR TABLESRIM-CORRECTION-FACTOR TABLESRIM-CORRECTION-FACTOR TABLESRIM-CORRECTION-FACTOR TABLESRIM-CORRECTION-FACTOR TABLES

(table 16-5)
Rim sizeRim sizeRim sizeRim sizeRim size 5th edition5th edition5th edition5th edition5th edition 6th edition6th edition6th edition6th edition6th edition
28 × 1–1/2 11–16 11–40
27 × 1–1/4, 27 × 1–1/8, 27 × 127 × 1–1/4, 27 × 1–1/8, 27 × 127 × 1–1/4, 27 × 1–1/8, 27 × 127 × 1–1/4, 27 × 1–1/8, 27 × 127 × 1–1/4, 27 × 1–1/8, 27 × 1 11–16 thru 11–40 thru

11–19 11–44
700C, 28 × 1–5/8 × 1–3/8700C, 28 × 1–5/8 × 1–3/8700C, 28 × 1–5/8 × 1–3/8700C, 28 × 1–5/8 × 1–3/8700C, 28 × 1–5/8 × 1–3/8 11–20 thru 11–48 thru

11–25 11–55
700C sew–ups (Tubulars)700C sew–ups (Tubulars)700C sew–ups (Tubulars)700C sew–ups (Tubulars)700C sew–ups (Tubulars) 11–26 thru 11–56 thru

11–29 11–60
26 × 1–1/4 EA1 11–32 11–74
26 × 1–3/8 EA3 and 650A 11–33 11–75 thru

11–76
650B and 26 × 1–1/2 11–34 11–76
700D 11–34 11–76
26 × 1–3/4 and 650C 11–34 11–77
26 × 1.5, 26 × 1.75, 26 × 2.12526 × 1.5, 26 × 1.75, 26 × 2.12526 × 1.5, 26 × 1.75, 26 × 2.12526 × 1.5, 26 × 1.75, 26 × 2.12526 × 1.5, 26 × 1.75, 26 × 2.125 11–35 thru 11–64 thru

11–38 11–70
26 and 650 SEW–UPS (TUBULARS) 11–39 11–78 thru

11–79
24 × 1–1/4 11–42 11–84 thru

11–85
24 × 1.25 and 24 × 1.375 11–43 11–84
600A 11–43 11–85
24 × 1–3/8 11–44 11–86
24 × 1–3/4 11–45 11–86
24 × 1–1/8 n one 11–87
24 × 1.5, 24 × 1.75, 24 × 2.12524 × 1.5, 24 × 1.75, 24 × 2.12524 × 1.5, 24 × 1.75, 24 × 2.12524 × 1.5, 24 × 1.75, 24 × 2.12524 × 1.5, 24 × 1.75, 24 × 2.125 11–46 thru 11–87 thru

11–47 11–88
22 × 1–3/8 11–48 11–90
550A 11–48 11–91
22 × 1.5, 22 × 1.75, 22 × 2.125 11–48 11–91
25", 24", 22", 600 SEW–UPS 11–49 11–89 thru

11–90
20 × 1–3/8, 20 × 1–1/4 20 × 1–1/8 11–52 thru 11–94 thru

11–53 11–95
500A 11–53 11–95
20 × 1.5, 20 × 1.75, 20 × 2.12520 × 1.5, 20 × 1.75, 20 × 2.12520 × 1.5, 20 × 1.75, 20 × 2.12520 × 1.5, 20 × 1.75, 20 × 2.12520 × 1.5, 20 × 1.75, 20 × 2.125 11–54 thru 11–96 thru

11–55 11–98
20 × 1–3/4 11–55 11–96
20 × 2 and 20" sew–ups 11–56 11–98
18" and 17" 11–59 11–100
16" and 400 11–61 11–102
14" 11–63 11–105
12" 11–64 11–106
10" 11–65 11–107

10. [ ] Starting on page determined in step 9, lo-
cated rim brand.

11. [ ] Under rim brand, locate exact  rim model and
record corresponding correction factor here.
Rim-correction factor is: __________mm
(Skip this step and proceed to step 12 if ex-
act  model was not found in table.)
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Calculating rim-correction factorsCalculating rim-correction factorsCalculating rim-correction factorsCalculating rim-correction factorsCalculating rim-correction factors
NOTE: Steps 12–17 should be skipped if correc-

tion factor was found in tables using step 11.
12. [ ] Determine Sutherland’s constant from fol-

lowing table based on rim size determined in
step 3 and record constant here: _________.

SUTHERLAND’S RIM CONSTANTSSUTHERLAND’S RIM CONSTANTSSUTHERLAND’S RIM CONSTANTSSUTHERLAND’S RIM CONSTANTSSUTHERLAND’S RIM CONSTANTS
(table 16-6)

Rim sizeRim sizeRim sizeRim sizeRim size Sutherland’s rim constantSutherland’s rim constantSutherland’s rim constantSutherland’s rim constantSutherland’s rim constant
28", 27", 700C, 315
& 700C tubulars
26 " 300
24 " 270
20 " 225
18 " 200
16 " 175
14 " 150
12 " 125
10 " 100

13. [ ] Measure and calculate Rim Diameter by
method described in COMMON RIM MEASURE-in COMMON RIM MEASURE-in COMMON RIM MEASURE-in COMMON RIM MEASURE-in COMMON RIM MEASURE-
MENTSMENTSMENTSMENTSMENTS section of this chapter and
record Rim Diameter here: _______mm

14. [ ] Divide by 2 ÷ 2
15. [ ] Rim radius equals: =_______mm
16. [ ] Subtract Sutherland’s constant: –_______mm
17. [ ] Rim-correction factor is: =_______mm

Determine Base-Spoke lengthDetermine Base-Spoke lengthDetermine Base-Spoke lengthDetermine Base-Spoke lengthDetermine Base-Spoke length
18. [ ] Record theoretical spoke length from step 8

here: _______mm
19. [ ] Correction factor from step 11 or

step 17 +_______mm
20. [ ] Base-Spoke length (BS L) is: =_______mm
NOTE: When adding a negative number (the rim-

correction factor), simply subtract it as though
it were a positive number.

Front-wheel-spoke lengthFront-wheel-spoke lengthFront-wheel-spoke lengthFront-wheel-spoke lengthFront-wheel-spoke length
NOTE: Skip to step 22 or 25 for rear wheels.
21. [ ] Front spoke length equals BS L.

FRONT spoke length is: _______mm

Rear-wheel differential-spoke lengthsRear-wheel differential-spoke lengthsRear-wheel differential-spoke lengthsRear-wheel differential-spoke lengthsRear-wheel differential-spoke lengths
The dish of a typical rear wheel creates a situation

where the distance from the left flange to the rim is
greater than the distance from the right flange to the
rim; therefore, different spoke lengths should be used
to ensure equal thread engagement on all the nipples
and to reduce the likelihood of spokes protruding
through nipples or leaving thread exposed at the top
of the nipples.

There are drawbacks to using two spoke lengths.
When two sizes are needed, it is more likely that at
least one is out of stock. When lacing the wheel, it
complicates things to work with two lengths, and
make sure that they do not get mixed up.
22. [ ] Record BS L (step 20) here: _______mm
23. [ ] Enter Differential Factor here: –_______mm
24. [ ] REAR RIGHT length is: =_______mm
25. [ ] Rear left length is same as BS L (step 20).

REAR LEFT length is: _______mm

Rear-wheel non-differential-spoke lengthsRear-wheel non-differential-spoke lengthsRear-wheel non-differential-spoke lengthsRear-wheel non-differential-spoke lengthsRear-wheel non-differential-spoke lengths
Non-differential rear length is a compromise. It

usually means that the right-side spokes will be a little
longer than ideal, and the left-side spokes will be a
little shorter than ideal. This sometimes results in a
little thread showing at the left-side nipples. Non-dif-
ferential-spoke length is particularly useful when the
correct lengths for differential spoking are not avail-
able. It is also useful for beginners because there is no
complication of keeping track of different spokes for
the right and left sides.

When using one spoke length, it is almost never
acceptable to just use the Base-Spoke length for both
sides. This will usually result in right-side spokes pro-
truding all the way through the nipples. It is also un-
acceptable to just use the right-side length for both
sides in many cases. If the correct right-side length
were to be used on the left side, then it is likely that
the thread engagement to the nipples would be com-
promised too much.
NOTE: Next step is optional and is only used for

rear wheels, when needing (or preferring) to
build with one spoke length.

26. [ ] Record BS L (step 16) here: _______mm
– 1mm

NON-DIFFERENTIAL REAR =_______mm

BLUE PIG WHEEL CALCULATORBLUE PIG WHEEL CALCULATORBLUE PIG WHEEL CALCULATORBLUE PIG WHEEL CALCULATORBLUE PIG WHEEL CALCULATOR
Blue Pig Wheel Calculator is a DOS program for

IBM-compatible computers. Use the operator�s manual
to learn how to use the program. For unlisted hubs or
rims, the program will require input on several hub
and rim measurements that are the same as some of
the common hub and rim measurements described
earlier in this chapter.

Blue Pig references to �Actual Rim Diameter� or
�Average Rim Diameter� are the same as Rim Diam-
eter as described in this chapter (page 16-16).

Blue Pig references to �Hub Diameter� or �Ac-
tual Hub Diameter� are the same as Hub-flange Di-
ameter as described in this chapter (page 16-14).

To get the value Blue Pig calls �Dish,� subtract
the left flange inset from the right flange inset and
divide by 2.
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Blue Pig references to �Lock nut- Lock nut� are
the same as Over-locknut width as described in this
chapter (page 16-14).

SPOKEMASTER FOR WINDOWSSPOKEMASTER FOR WINDOWSSPOKEMASTER FOR WINDOWSSPOKEMASTER FOR WINDOWSSPOKEMASTER FOR WINDOWS
SpokeMaster for Windows is a Windows-based

program for IBM-compatible computers equipped
with the Windows operating system. Hubs and rims
may be selected from lists, or new hubs and rims can
be added to the lists.

When entering a new rim, a dimension must be
listed in an empty box underneath the label �inner
(mm).� Use Rim Diameter as described earlier in this
chapter. An empty box labeled �outer(mm)� should
also be filled in with the approximate outside diam-
eter of the rim. Although this second number is not
used for calculating anything, the program will not
continue the process without some value in this box
that is larger than �inner (mm).�

When entering a new hub, a dialog box appears
with four unlabeled empty entry boxes. The upper
left one is the left-side Center-to-Flange dimension.
The upper right one is the right-side Center-to-Flange
dimension. The lower left one is the left Hub-flange
Diameter. The lower right one is the right Hub-flange
Diameter. All of these dimensions are described in the
section of this chapter COMMON HUB DIMENSIONS ANDCOMMON HUB DIMENSIONS ANDCOMMON HUB DIMENSIONS ANDCOMMON HUB DIMENSIONS ANDCOMMON HUB DIMENSIONS AND
FACTORSFACTORSFACTORSFACTORSFACTORS (page 16-14).

Although the program forces the user to calcu-
late both sides of a rear hub, only the left-side infor-
mation should be used; the right-side length infor-
mation is based on a faulty geometry-only approach
that fails to take spoke stretch into account. Use this
chapter�s rear-hub differential-length factor  to deter-
mine how much shorter the right side should be than
the left.

LACING WHEELSLACING WHEELSLACING WHEELSLACING WHEELSLACING WHEELS
NOTE: If building a new wheel from scratch, start

with step 1.

PREPARING AN EXISTING WHEELPREPARING AN EXISTING WHEELPREPARING AN EXISTING WHEELPREPARING AN EXISTING WHEELPREPARING AN EXISTING WHEEL
FOR REBUILDFOR REBUILDFOR REBUILDFOR REBUILDFOR REBUILD

If re-using an old rim, there is a chance that rim
damage will be discovered after it has been laced and
partially trued. If reusing an existing rim, it is impor-
tant to loosen all the spokes before cutting them out.
Cutting spokes under full tension can damage the rim.

A common beginner mistake with disastrous conse-
quences is to cut out or unthread the spokes on a rear
hub before removing the freewheel. Since normal free-
wheel removal requires the presence of the rim, this
will mean either sacrificing the hub or the freewheel.
Once the rim has been removed, there is no guaran-
teed way to save and reuse both the hub and freewheel.
0a. [ ] Remove wheel from bike.
0b. [ ] Remove tire, tube, and rim strip.
0c. [ ] Remove thread-on freewheel or freehub

cogset, if any.
0d. [ ] If saving rim, loosen all spokes until slack.
0e. [ ] Cut out all spokes.

PREPARING THE RIM AND HUBPREPARING THE RIM AND HUBPREPARING THE RIM AND HUBPREPARING THE RIM AND HUBPREPARING THE RIM AND HUB
The steps in this group are the most critical to the

entire process. All thinking and decisions that need to
be made are made here. If these steps are done cor-
rectly, the rest of wheel lacing is little more than con-
nect-the-dots. The general concept here is to prepare
the rim by giving every spoke hole in the rim a unique
name. These names will be based on names that will
be given to each spoke. Like names for people, each
of these names will have two parts, indicating the fam-
ily the spoke belongs to and the name for the indi-
vidual as well. In the case of wheels, there are always
four families. The spokes are divided into two obvi-
ous groups, the left side and right side of the wheel.
Look at a wheel from either side. See that on each side
of the wheel there is a set of spokes that radiate out
from the hub in a clockwise direction and a set of
spokes that radiate counterclockwise from the hub.

Two sides with two directions on each side cre-
ates four families of spokes. The family names are
A, B, C, and D. In a 36-spoke wheel there are nine
spokes in each set, so each family of spokes (and cor-
responding holes) will be numbered A1�A9, B1�B9,
C1�C9, and D1�D9. When building the wheel, the
process will alternate from right side to left side, so
the A and C spokes will be on the right side of the
wheel and the B and D spokes will be on the left
side. Once this system of marking the rim has be-
come familiar, it will suffice to simply mark the first
spoke hole for each family.
1 . [ ] Lay rim on a surface, rotate in order to look

directly at valve hole in inner face of rim,
and observe that spoke holes are staggered
so that every other hole is up and every
other hole is down. There are some cases
when there is no obvious stagger.
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2 . [ ] Put an “R” at valve hole on side of rim fac-
ing up with marker or tape to indicate right
side of rim.

R

R

R

D ow n/up s tagger

U p/dow n s tagger

N o s tagger

16.15  Mark an �R�  on the rim at the valve hole. Note that on
some rims the spoke holes are staggered so that when the rim is on
its side the holes alternate up and down, on other rims the spoke
holes are staggered the opposite, and that on some rims there is no
spoke-hole stagger.

In the next step, the first up-hole to the right of
the valve hole is marked A1. Rims are drilled three
different ways (going right/clockwise from the valve
hole): spoke holes staggered down/up, spoke holes
staggered up/down, and without any stagger to the
spoke holes. On most rims, the first up-hole clock-
wise from the valve hole is the second hole. On a few
models, the first up-hole is also the first hole clock-
wise from the valve hole. With the rare rims that have
no stagger to the spoke holes, the remainder of the
procedure will be easier to follow if you pretend that
such a rim is a staggered-hole rim of the more com-
mon variety (first up-hole is the second hole clock-
wise/right of the valve hole).
3 . [ ] Mark first up-hole to right (clockwise) of

valve hole to be A1. In cases where there is
no obvious stagger, mark second hole clock-
wise of valve hole to be A1.

R

R

R

Dow n/up s tagger

U p/dow n s tagger

No s tagger

16.16  Mark the first up-hole to right of valve hole to be A1.

The following step #4 is useful the first few times
a wheel is built, but after the lacing process becomes
familiar, it is a good step to skip.
4 . [ ] Continue clockwise around rim marking ev-

ery fourth hole A2, A3, A4, etc., until back
to A1. There should be three holes in-be-
tween each pair of “A” holes. The last mark
should be A7 for 28-hole rims, A8 for 32-
hole rims, A9 for 36-hole rims, etc.

A 2

16.17  Working to the right (clockwise) mark every fourth hole
A2, A3, etc.

5 . [ ] With right side of rim still up, mark hole that
is two holes to right (clockwise) of A1 to be
C1. This hole will always be halfway be-
tween A1 and A2.

A 1
Dow n/up s tagger

U p/dow n s tagger

No s tagger
A 1

16.18  Mark the first up-hole to right of A1 to be C1.

The following step #6 is useful the first few times
a wheel is built, but after the lacing process becomes
familiar, it is a good step to skip.
6 . [ ] Continue clockwise around rim marking ev-

ery fourth hole C2, C3, C4, etc., until back
to C1. The last mark will be C7 for 28-hole
rims, C8 for 32-hole rims, C9 for 36-hole
rims, etc.

C2

16.19  Starting four holes to the right (clockwise) from C1, mark
every fourth hole C2, C3, C4, etc.

7 . [ ] Turn rim over, rotate rim to look directly at
valve hole in inner face of rim, and put an
“L” at valve hole.
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8 . [ ] Mark first up-hole counterclockwise  (left) of
valve hole to be B1. In cases where there is
no obvious stagger, mark first  hole counter-
clockwise of valve hole to be B1.

LB 1

L

L

Dow n/up s tagger

U p/dow n s tagger

No s tagger
B 1

(A 1 )

(A 1 )

(A 1 )

16.20  Mark the first up-hole counterclockwise of the valve hole
to be B1.

The following step #9 is useful the first few times
a wheel is built, but after the lacing process becomes
familiar, it is a good step to skip.
9 . [ ] Continue counterclockwise  (left) around rim

marking every fourth hole from B1 to be B2,
B3, B4, etc., until back to B1. The last mark
will be B7 for 28-hole rims, B8 for 32-hole
rims, B9 for 36-hole rims, etc.

B 2

16.21  Working to the left (counterclockwise) mark every fourth
hole B2, B3, etc.

10. [ ] With left side of rim still up, mark second
hole counterclockwise  (left) of B1 to be D1.
This hole will always be halfway between
B1 and B2.

Dow n/up s tagger

U p/dow n s tagger

No s tagger

B 1

16.22  Mark the first up-hole to left of B1 to be D1.

The following step #11 is useful the first few times
a wheel is built, but after the lacing process becomes
familiar, it is a good step to skip.
11. [ ] Continue counterclockwise  (left) around rim

marking every fourth hole D2, D3, D4, etc.,
until back to D1. The last mark will be D7
for 28-hole rims, D8 for 32-hole rims, D9 for
36-hole rims, etc.

D2

16.23  Starting four holes to the left (counterclockwise) from D1,
mark every fourth hole D2, D3, D4, etc.

Steps #12 and #13 establish a starting hole in the
right flange for spokes of the �A� set. On the rear
hub, the freewheel-mounting threads or freehub body
clearly distinguish the right side. There is no true right
to a front hub, but it is necessary to create one in
order to follow the lacing procedure. An easy way to
do this is to wrap a rubber band around the axle set to
mark the right side.
12. [ ] Front hubs only, mark one side of hub to in-

dicate an arbitrary right side.
In the following step, any hole in the right flange

may be marked. If alternating holes are countersunk,
it is optional (but unnecessary) to select a hole that is
not countersunk. The merits (or lack of them) to
countersinking holes is discussed in the earlier sec-
tion Countersunk or Countersunk or Countersunk or Countersunk or Countersunk or chamfered chamfered chamfered chamfered chamfered spoke holesspoke holesspoke holesspoke holesspoke holes  (page 16-9).
13. [ ] Use marker to mark any spoke hole in right-

side hub flange on both faces of flange. If
holes are alternately countersunk, it is op-
tional to mark a hole that is not countersunk.

Step #14 is very straightforward, unless the rim is
one of the rare models that have no apparent spoke-
hole stagger. In this case, as it was in step #3, it is im-
portant to pretend that there is a stagger to the spoke
holes, so that the instructions will be consistent for
staggered and unstaggered rims.
14. [ ] With either side of rim up, observe whether

first hole to right ( clockwise ) of valve hole
is:   up   or   down    (circle one).
(If, in step 3, second hole clockwise from
valve hole was marked to be A1 because
there was no obvious hole stagger, circle
down  for this step.)
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15. [ ] From outside of flange, temporarily insert a
spoke several inches into marked hole in
right flange.

R ight  f lange

M ark  one
hole

16.24  Mark any hole in the right flange and insert a spoke as
sh own .

Step #16 is a critical step that selects the correct
hole in the left flange for the first spoke of the �B� set.
Insert a spoke from into the right flange (from the
outside), keep it parallel to the axle, and stop it against
the backside of the left flange between two spoke holes.
The design of hubs is such that there is never a spoke
hole in the left flange that is directly opposite a spoke
hole in the right flange, so pick a space between two
holes in the left flange to stop the spoke. If not sure
the spoke is in the right space between holes, try one
space to the right and one space to the left. It should
be easy to see obvious differences in whether the spoke
remains parallel to the axle.

With the left flange away and the right flange close,
mark a hole in the left flange to the left or right side of
the spoke that is inserted through a spoke hole in the
right flange. Whether to mark the hole to the left or
to the right depends on whether the first spoke hole
to the left of the valve hole in the rim is up or down,
an observation made in step #14. There is no benefit
to having the first hole to the left of the valve hole up
or down; manufacturers do it different ways as a mat-
ter of preference. However, when building the wheel,
ignoring this difference will result in half the spokes end-
ing up much tighter than the others, and the wheel must
be rebuilt! The explanation for why this would hap-
pen would only create confusion; simply take care to
mark the hole in the left flange correctly. When mark-
ing the hole in the left flange, mark it so that the mark
can be seen from the outside face of the flange.

The following procedure only applies to wheels
that use the same cross pattern on the left and right
sides. There is no detailed procedure elsewhere on
how to build a mixed-cross pattern (design is not
recommended). Marking the hole in which to in-
stall the first B spoke is where the change occurs
when building mixed-cross wheels; for example, in
step 16, assuming a 4X pattern is being built on the
right side, to build a 3X on the left side, mark the
second hole instead of the first hole to the left. For
a 2X it would the third hole. For 1X in would be
the fourth hole, and for radial it would be the fifth
hole. Always mark on additional hole away for each
reduction in cross number.
16. Hold hub to face right end of axle (left end of

axle is pointing away), and the hole with
spoke in it is at 12 o’clock. Keeping spoke in
line with the axle, push spoke through until
it bumps into back side of left flange be-
tween two spoke holes. If spoke is straight,
end of spoke should end up between two
holes in left flange (holes in left and right
flange are staggered to each other and do
not line up).

[ ] Mark first hole (both faces of flange) in left
flange to left  of spoke if down was circled in
step 14.

[ ] Mark first hole (both faces of flange) in left
flange to right  of spoke if up was circled in
step 14.

R ight  f lange L ef t f lange

M ar k  thi s  hole i f
  up i s  cir cled
    in s tep 1 4  

M ar k  thi s  hole
if  dow n  i s  
circled in 
s tep 1 4

16.25  With the spoke held parallel to the axle, mark the appropri-
ate hole in the left flange to be the first hole of the �B� set.
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PREPARING THE SPOKESPREPARING THE SPOKESPREPARING THE SPOKESPREPARING THE SPOKESPREPARING THE SPOKES
17. [ ] Divide total number of spokes by 4 to deter-

mine number of spokes to be in each set of
four. Spokes per set is: __________

Nothing is more exasperating then getting a wheel
laced up and mostly trued and then discovering that
the spokes are the wrong length. Either they all are
wrong, or they are mixed up. Step #18 and #19 are criti-
cal to prevent this, so they are well worth the effort. In
step #18, if using two lengths of spokes for a rear wheel,
it is critical to get the correct length on each side of the
wheel. Start by putting the short spokes on the right
side of the bench and long spokes on the left side of the
bench. When selecting a spoke set to install in the right
flange, choose a set from the right side of the bench;
when selecting a spoke set to install in the left flange,
choose a set from the left side of the bench.

In step #19, use a spoke ruler to make sure that all
the spokes in a group are the same length, and that all
are the correct length. To use a spoke ruler, hang the
bend of the spoke in the hole at the �0� end of the
ruler and read the length at the end of the thread. If
the end of the spoke ends up between two marks, use
the higher value. If using a regular ruler, measure from
the inside of the bend to the end of the thread.
18. [ ] Put two sets of spokes on bench to right of

rim and two sets to left of rim. If building
rear wheel with shorter spokes on right side,
be sure shorter spokes are on bench on right
side of wheel!

19. [ ] Arrange all spokes in each set so that thread
ends are together. Stand each set up on
thread ends and make sure all spokes are
same length. Measure one spoke from each
set to make sure it is correct length.

Prepping the threads with either oil or a special
spoke-prep compound is vital. Oil will provide rea-
sonable protection from corrosion, but it needs to be
renewed periodically. Spoke-prep compounds last
longer (in terms of corrosion prevention) and also act
as a mild Loctite to keep nipples from unthreading if
they loose tension.
20. [ ] Prep all threads with spoke-prep compound

or oil.

LACING THE “A” SETLACING THE “A” SETLACING THE “A” SETLACING THE “A” SETLACING THE “A” SET
21. [ ] Insert spoke from one right-side set into

marked hole in right flange so that spoke
head ends up on outside of flange and tag
this spoke with masking tape and mark it A1.

22. [ ] Insert second spoke from same right-side set
in similar fashion into second hole clockwise
from marked hole. Continue working clock-
wise filling every other hole until right flange
has every other hole filled with spokes, all
with heads facing out.

A 1

R ight  f lange

16.26  Insert spoke in marked hole and mark it A1. Insert spokes
in every other hole and mark them A2, A3, etc.

23. [ ] With right side of rim and right end of hub
facing up, attach marked spoke to A1 hole
in rim, covering approximately half of thread
length with nipple. Continue clockwise
around hub and rim, inserting each next
clockwise spoke to fourth hole clockwise in
rim from last spoke and threading each
nipple halfway on.

A 2

A 2

R ight  f lange

16.27  Attach the spokes to their correspondingly-marked holes.

Step #24 is a set of inspections to confirm ev-
erything is done correctly so far. It becomes a real
nightmare to find out in a later set that something
was wrong from early on, so be thorough about
these inspections.
24. With right side of rim facing up rotate rim to

look at valve hole in inner face of rim and
inspect for following:

[ ] Right side of axle should be pointing up.
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[ ] If building a rear wheel with two different
spoke lengths, two sets of spokes should be
left on bench on left side of wheel.

[ ] A spoke should be in first up-hole clockwise
from valve hole.

[ ] Three empty holes should be between every
filled spoke hole in rim.

[ ] Every other hole in right hub flange is filled.
[ ] All spoke heads are on outside face of

flange.
25. [ ] If any of inspections in step 24 are failed, re-

move all spokes and repeat LACING THE “A” SETLACING THE “A” SETLACING THE “A” SETLACING THE “A” SETLACING THE “A” SET .

LACING THE “B” SETLACING THE “B” SETLACING THE “B” SETLACING THE “B” SETLACING THE “B” SET
The �B� set is the mirror image of the �A� set,

just on the other side of the wheel. The most impor-
tant parts of doing the �B� set are already done, step
#8 and step #16, when the starting holes for the �B�
set in the rim and in the left flange were marked. Be-
cause the wheel is turned over, and because the �A�
and �B� sets are a mirror image, work counterclock-
wise in this set, instead of clockwise.
26. [ ] Turn wheel over so left side of hub and rim

are up and rotate rim to look directly at
valve hole in inner face of rim.

27. [ ] Insert spoke from one left-side spoke set into
marked hole in left flange, so that spoke head
ends up on outside of flange and tag this
spoke with masking tape and mark it B1.

B 1

L ef t  f lange

16.28  Spoke B1 is put in the hole marked in the left flange in step #16.

28. [ ] In similar fashion, insert second spoke from
same left-side set into hub, in second hole
counterclockwise from marked hole. Continue
working counterclockwise, filling every other
hole until left flange has every other hole
filled with spokes, all with heads facing out.

29. [ ] With left side of rim and left end of hub fac-
ing up, attach marked spoke to B1 hole in
rim, covering approximately half of thread
length with nipple. Continue counterclock-
wise around hub and rim, inserting each
next counterclockwise spoke to fourth hole
counterclockwise in rim from last spoke and
threading each nipple halfway on.

B 2

B 2

L ef t f lange

16.29  Attach the B1 spoke the B1 hole, and all other B set spokes
in every fourth hole counterclockwise from B1. �A� set spokes are in
place at this time, but are not shown.

Step #30 is a series of inspections. Just as with
the �A� set, if anything is left wrong with the �B�
set, it can be extremely difficult to figure out what
went wrong with the �C� set. When something goes
wrong putting in the �C� set, the tendency will be to
think the problem is with the �C� set, instead of with
the �B� set. Perform these inspections religiously.
Then, if anything goes wrong with the �C� set it
will be known that the problem is limited to the
spokes just put in.
30. With left side of rim facing up, rotate rim to

look at valve hole in inner face of rim and
inspect for following:

[ ] If building a rear wheel with two different
spoke lengths, one set of spokes should be
left on bench on each side of wheel.

[ ] A spoke should be in first up-hole counter-
clockwise of valve hole.

[ ] Two empty holes should be between every
pair of filled spoke holes in rim.

[ ] Every other hole in left hub flange is filled.
[ ] All spoke heads are on outside face of

flange.
31. [ ] If any of inspections in step 30 are failed,

remove all B spokes and repeat LACING THELACING THELACING THELACING THELACING THE
“B” SET“B” SET“B” SET“B” SET“B” SET.
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LACING THE “C” SETLACING THE “C” SETLACING THE “C” SETLACING THE “C” SETLACING THE “C” SET
32. [ ] Cross-pattern wheel only: With left side of

wheel still facing up, insert remaining set of
right-side spokes down into right flange so
that spokes end up with heads on inside of
right flange.
Radial wheel only: With right side of wheel
facing up, insert remaining set of right-side
spokes down into right flange so that spokes
end up with heads on outside of right flange.

" C"  s et s pok es

L ef t f lange

R ight  f lange

16.30  Insert the remaining spokes from the right side of the bench
in the right flange in this fashion.

The cross pattern is established in the �C� set.
Rather than counting crosses to determine where the
spokes need to go, the spokes are installed by rote,
and then the cross is counted to verify what happened.
The �C� set is going in the right flange. The �A� set
was the other set in the right flange, and its spokes
had the heads to the outside of the flange. Just as sets
are alternating from right flange to left flange and back
to right flange, sets in the same flange will alternate so
that the spoke heads alternate head-out (�A� set) and
head-in (�C� set). To do this, the spokes are fed into
the right flange from the left side of the hub. Then
the wheel is turned over so that the right flange is up.

A key step here is finding the right spoke to mark
to be C1. Because the location of C1 will change with
each cross pattern, it is necessary to count a different
number of spokes (for each different cross pattern)
counterclockwise from the marked hole in the right
flange (marked in step #13 and now containing spoke
A1) to find the correct spoke to mark C1. The ex-
ception to this is with radial spoking, in which case

the C1 spoke will be the first �C� set spoke clock-
wise of the marked hole. For 1X pattern, the C1
spoke will be the first �C� spoke counterclockwise
of the marked hole in the right flange. For 2X pat-
tern, the C1 spoke will be the second �C� spoke coun-
terclockwise of the marked hole in the right flange.
For 3X pattern, the C1 spoke will be the third �C�
spoke counterclockwise of the marked hole in the
right flange. For 4X pattern, the C1 spoke will be
the fourth �C� spoke counterclockwise of the marked
hole in the right flange. With the exception of radial
spoking, the number of �C� spokes counted coun-
terclockwise from the marked hole to find C1 al-
ways equals the number of the cross pattern.

After finding C1, the rest of the spokes are num-
bered C2, C3, C4, etc. clockwise from C1.
33. [ ] Turn wheel over so that right flange faces up.

In the following step, if comfortable with the pro-
cedure it is OK to just mark the C1 spoke and skip
marking the additional spokes of the C set.
34. Do one of next five options depending on

spoke cross pattern being used (see figure
16.31 on following page):

4X SPOKE PATTERN:
[ ] Mark “C” set spoke that is fourth spoke

counter clockwise of only marked hole in
right flange, C1.

[ ] Going clockwise from C1, mark remaining
spokes C2, C3, C4, etc.

3X SPOKE PATTERN:
[ ] Mark “C” set spoke that is third spoke coun-

terclockwise of only marked hole in right
flange, C1.

[ ] Going clockwise from C1, mark remaining
spokes C2, C3, C4, etc.

2X SPOKE PATTERN:
[ ] Mark “C” set spoke that is second spoke

counter clockwise of only marked hole in
right flange, C1.

[ ] Going clockwise from C1, mark remaining
spokes C2, C3, C4, etc.

1X SPOKE PATTERN:
[ ] Mark the “C” set spoke that is counter clock-

wise of the only marked hole in the right
flange, C1.

[ ] Going clockwise from C1, mark remaining
spokes C2, C3, C4, etc.

RADIAL SPOKE PATTERN :
[ ] Mark the “C” set spoke that is clockwise  of

the only marked hole in the right flange, C1.
[ ] Going clockwise, mark remaining spokes in

“C” set C2, C3, C4, etc.
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A 1

R ight  f lange1

2

3

4

0

" C1 "  f or  1 X " C1 "  i f  radial

" C1 "  f or  2 X

" C1 "  f or  3 X

" C1 "  f or  4 X

16.31  Depending on the cross pattern, different spokes will be
marked C1.

16.32  Mark the remaining �C� set spokes clockwise from C1 to be
C2, C3, etc.

35. [ ] Holding rim stationary, rotate hub clockwise
as far as it comfortably can.

In the next step, create the cross pattern. After
attaching spoke C1 to the rim at hole C1, trace the
path of spoke C1 back from the rim to the hub flange.
It will be found that it crosses the same number of
�A� set spokes as the name of the cross pattern. Af-
ter building a 3X and 36 spoke wheel, it will be found

that C1 crossed A1, A9, and A8. For a 3X and 32
spoke wheel, it will be found that C1 crossed A1,
A8, and A7.

C8

Cros s  1

Cros s  2

Cros s  3  (under )

(A 7 )

" B "  s pok es  in  place,  but  not s how n
C2 , C3 ,  etc.  in f lange,  but  not  s how n

16.33  In this 3X-32° example, C1 crosses over A7 and A8, then
under A1. See figure 16.34 for 3X-36° and 4X-36° examples.

16.34  The left example is a 3X-36° wheel, and the right example
is a 4X-36° wheel.

36. [ ] Move spoke C1 until it points to hole C1.
Flex it slightly, in order to pass tip of spoke
C1 under spoke A1, then insert spoke C1
into hole C1, covering approximately half of
spoke-thread length with nipple.

37. [ ] Repeat previous step for spoke C2, C3, C4,
etc., consecutively. Each spoke will attach
to rim exactly four holes after last spoke and
will always cross under last A spoke before
reaching rim.
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The next three steps are inspection steps. As with
the previous spoke sets, do not let confidence encour-
age skipping these steps before doing the �D� set.
38. [ ] Inspect at rim for each set of three filled

spoke holes separated by one empty spoke
hole.

16.35  Each set of three spokes separated by an empty hole should
consist of one up spoke, a down spoke in the middle, and another up
spoke.

39. [ ] Inspect one set of three consecutive spokes
at rim for whether set consists of, in order,
one right (up) flange spoke, one left (down)
flange spoke, then one right (up) flange
spoke.

40. [ ] Inspect that each “C” spoke crosses under a
“A” spoke just before reaching rim. Correct
any spokes that don’t cross under.

41. [ ] If any of inspections in steps 38 through 39
are failed, or if remaining group of spokes on
bench is on right (if building a rear wheel
with two spoke lengths), remove all C
spokes and repeat LACING THE “C” SETLACING THE “C” SETLACING THE “C” SETLACING THE “C” SETLACING THE “C” SET .

LACING THE “D“ SETLACING THE “D“ SETLACING THE “D“ SETLACING THE “D“ SETLACING THE “D“ SET
The �B� set is the first set in the left flange, and its

spokes have the heads to the outside of the flange.
Just as the insertion of spoke sets has alternated from
right flange to left flange and back to right flange,
spokes sets in the same flange will alternate so that
the spoke heads alternate head-out (�B� set) and head-
in (�D� set). To do this, the spokes are fed into the left
flange from the right side of the hub. After the spokes
have been inserted, the wheel is turned over so that
the left flange is up (see figure 16.36).

" D "  s et  s pok es

R ight  f lange

L ef t  f lange

16.36  Insert the remaining spokes from the left side of the bench
in the left flange in this fashion.

42. [ ] Cross-pattern wheel only: With right side of
wheel still facing up, insert remaining set of
left-side spokes down into left flange so
that spokes end up with heads on inside of
left flange.
Radial wheel only: With left side of wheel
facing up, insert remaining set of left-side
spokes down into left flange so that spokes
end up with heads on outside of left flange.

43. [ ] Turn wheel over so that left flange faces up.
A key step here is finding the right spoke to mark

to be D1. Because the location of D1 will change with
each cross pattern, it is necessary to count a different
number of spokes clockwise from the marked hole in
the left flange to find the correct spoke to mark D1
(for each different cross pattern). The exception to
this is with radial spoking, in which case the D1 spoke
will be the first �D� set spoke counterclockwise of the
marked hole. For a 1X pattern, the D1 spoke will be
the first �D� spoke clockwise of the marked hole in
the left flange. For a 2X pattern, the D1 spoke will be
the second �D� spoke clockwise of the marked hole
in the left flange. For a 3X pattern, the D1 spoke will
be the third �D� spoke clockwise of the marked hole
in the left flange. For a 4X pattern, the D1 spoke will
be the fourth �D� spoke clockwise of the marked hole
in the left flange. With the exception of radial spoking,
the number of �D� spokes counted clockwise from the
marked hole to find D1, always equals the number of
the cross pattern.

After finding D1, the rest of the spokes are num-
bered D2, D3, D4, etc. counterclockwise from D1.



16 – WHEEL BUILDING AND RIM REPLACEMENT16 – WHEEL BUILDING AND RIM REPLACEMENT16 – WHEEL BUILDING AND RIM REPLACEMENT16 – WHEEL BUILDING AND RIM REPLACEMENT16 – WHEEL BUILDING AND RIM REPLACEMENT

16 – 3216 – 3216 – 3216 – 3216 – 32

In the following step, if comfortable with the pro-
cedure, it is OK to just mark the D1 spoke and skip
marking the additional spokes of the D set.
44. Do one of next five options depending on

spoke cross pattern being used (see figure
16.37):

4X SPOKE PATTERN:
[ ] Mark “D” set spoke that is fourth spoke clock-

wise of only marked hole in left flange, D1.
[ ] Going counter clockwise from D1, mark re-

maining spokes D2, D3, D4, etc.
3X SPOKE PATTERN:
[ ] Mark “D” set spoke that is third spoke clock-

wise of only marked hole in left flange, D1.
[ ] Going counter clockwise from D1, mark re-

maining spokes D2, D3, D4, etc.
2X SPOKE PATTERN:
[ ] Mark “D” set spoke that is second spoke

clockwise of only marked hole in left
flange, D1.

[ ] Going counter clockwise from D1, mark re-
maining spokes D2, D3, D4, etc.

1X SPOKE PATTERN:
[ ] Mark the “D” set spoke that is clockwise of

the only marked hole in the left flange, D1.
[ ] Going counter clockwise from D1, mark re-

maining spokes D2, D3, D4, etc.
RADIAL SPOKE PATTERN :
[ ] Mark the “D” set spoke that is counter clock-

wise of the only marked hole in the left
flange, D1.

[ ] Going counter clockwise, mark remaining
spokes in “D” set D2, D3, D4, etc.

1

2

3

4

0

" D 1 "  f or  1 X" D 1 "  i f  radial

" D 1 "  f or  2 X

" D 1 "  f or  3 X

" D 1 "  f or  4 X

16.37 Depending on the cross pattern, different spokes will be
marked D1.

16.38  Working counterclockwise from D1, mark the remaining
spokes D2, D3, D4, etc.

45. [ ] Move spoke D1 until it points to hole D1.
Flex it slightly, in order to pass tip of spoke
D1 under spoke B1, then insert spoke D1
into hole D1, covering approximately half of
spoke-thread length with nipple.

D8

Cros s  1

Cros s  2

Cros s  3  (under)

(B 7 )

" A "  and " B "  s pok es  in place,  but  not  s how n
D2 ,  D 3 ,  etc.  in  f lange,  but  not  s how n

16.39 In this 3X-32° example, D1 crosses over B7 and B8, then
under B1.

46. [ ] Repeat previous step for spoke D2, D3, etc.
47. [ ] Inspect that each “D” spoke crosses under a

“B” spoke just before reaching rim. Correct
any spokes that don’t cross under.

REPLACING RIMREPLACING RIMREPLACING RIMREPLACING RIMREPLACING RIM
AND REUSING OLD SPOKESAND REUSING OLD SPOKESAND REUSING OLD SPOKESAND REUSING OLD SPOKESAND REUSING OLD SPOKES

Reusing old spokes is strongly recommended
against. Spoke fatigue is impossible to detect by in-
spection. Building a new rim onto an existing wheel,
only to have to rebuild the wheel because of fatigued
spokes, is a terrible waste of time and money; further-
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more, two rims of the same size do not necessarily
take the same-size spokes, so unless the replacement
rim is identical, the old spokes may not work.

Only if the customer has smashed a virtually new
rim and an identical replacement is available, then it
would it make sense to reuse the old spokes.
1 . [ ] Lay replacement rim on top of damaged rim

(right-side up) with valve holes lined up and
fix rims together with tape.

16.40  Tape new rim on top of right side of old rim in this fash-
ion, then tape the outermost spoke crosses on the upper set of
spokes together.

2 . [ ] Wrap tape securely around each pair of
spokes where they cross each other the last
time before reaching rim.

3 . [ ] Unthread all nipples on spokes coming from
right-side flange.

4 . [ ] Re-attach all right-side spokes to new rim in
holes directly adjacent to holes that spokes
have been removed from.

16.41  Transfer spokes to new rim.

5 . [ ] Turn wheel over so left side is up and new
rim is on bottom.

6 . [ ] Unthread all nipples on spokes coming from
left-side flange.

7 . [ ] Re-attach all left-side spokes to new rim in
holes directly adjacent to holes that spokes
have been removed from.

8 . [ ] Remove tape from spoke crosses and re-
move tape holding rims together.

PREPARING WHEELPREPARING WHEELPREPARING WHEELPREPARING WHEELPREPARING WHEEL
FOR TRUINGFOR TRUINGFOR TRUINGFOR TRUINGFOR TRUING
1. [ ] Put wheel securely in truing stand so that right

end of axle is on your right and secure fully.
2 . Do one of next two options depending on

whether wheel is front wheel, rear wheel
with two different spoke lengths, or rear
multi-sprocket wheel with one spoke length:

[ ] If building a front wheel or a rear wheel with
two spoke lengths,  tighten all nipples until
1mm of thread (or two whole threads) is ex-
posed above nipple.

[ ] If building a multi-cog rear wheel with one
spoke length,  tighten all nipples until 2mm
of thread (or 4 whole threads) is exposed
above nipple.

NOTE: If building a front wheel, skip to step 4.

Establ ishing ini tial  dish:Establ ishing ini tial  dish:Establ ishing ini tial  dish:Establ ishing ini tial  dish:Establ ishing ini tial  dish:

Over-locknut width

16.42  Measure over-locknut width in this fashion.

F reew heel
s pace

T r uing s tand ar ms

16.43  Measure freewheel space in this fashion.

16.44  Measure cogset width in this fashion.
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The following recommended dish corrections are
just ball park estimates of what it will take to get the
dish adjustment close to ideal. Further dish correc-
tion will be likely for many wheels.
3 . Do one of the following options depending on

width of cogset, over-locknut width, and
amount of spoke-length differential used be-
tween left and right side of rear wheel:

EIGHT-SPEED COGSET, WIDE-WIDTH HUBS
(over-locknut width is 131.1–136.0mm)

[ ] If one spoke length was used, tighten all
right-side nipples three full turns.

[ ] If 1mm shorter spokes were used on right
side, tighten all right-side nipples two full
turns.

[ ] If 2mm shorter spokes were used on right
side, skip to step 4.

EIGHT-SPEED COGSET, NARROW-WIDTH HUBS
(over-locknut width is 127.6–131.0mm)

[ ] If one spoke length was used, tighten all
right-side nipples four full turns.

[ ] If 1mm shorter spokes were used on right
side, tighten all right-side nipples three full
turns.

[ ] If 2mm shorter spokes were used on right
side, tighten all right-side nipples one full turn.

NORMAL SIX- OR SEVEN-SPEED COGSET
AND WIDE-WIDTH HUB
 (cogset width is 29-32.5mm or freewheel
space of 35.0-38.0mm, over-locknut width
is 131.1–136.0mm)

[ ] If one spoke length was used, tighten all
right-side nipples two full turns.

[ ] If 1mm shorter spokes were used on right
side, skip to step 4.

NORMAL SIX- OR SEVEN-SPEED COGSET
AND MEDIUM-WIDTH HUB
(cogset width is 29-32.5mm or freewheel
space of 35.0-38.0mm , over-locknut width
is 127.6–131mm)

[ ] If one spoke length was used, tighten all
right-side nipples three full turns.

[ ] If 1mm shorter spokes were used on right
side, tighten all right-side nipples one full turn.

NORMAL SIX- OR SEVEN-SPEED COGSET
AND NARROW-WIDTH HUB
(cogset width is 29-32.5mm or freewheel
space of 35.0-38.0mm, over-locknut width
is 124.6–127.5mm)

[ ] If one spoke length was used, tighten all
right-side nipples four full turns.

[ ] If 1mm shorter spokes were used on right
side, tighten all right-side nipples two full
turns.

[ ] If 2mm shorter spokes were used on right
side, skip to step 4.

FIVE- OR NARROW SIX-SPEED COGSET AND
WIDE-WIDTH HUB
(cogset width is less than 27.5mm or free-
wheel space of 30–34mm, over-locknut
width is 124.6–127.5mm)

[ ] If one spoke length was used, tighten all
right-side nipples one full turn.

FIVE- OR NARROW SIX-SPEED COGSET AND
WIDE-WIDTH HUB
(cogset width is less than 27.5mm or free-
wheel space of 30–34mm, over-locknut
width is 119.6–124.5mm)

[ ] If 1mm shorter spokes were used on right
side, tighten all right-side nipples 1 full turn.

[ ] If one spoke length was used, tighten all
right-side nipples three full turns.

Establish working tension:Establish working tension:Establish working tension:Establish working tension:Establish working tension:
4 . Jiggle rim at bottom vigorously side-to-side and

observe amount nipples move up and down
in rim, then:

[ ] If nipples move up and down >2mm, tighten
all nipples 3 full turns and check again.

[ ] If nipples move up and down 1–2mm, tighten
all nipples 2 full turns and check again.

[ ] If nipples move up and down <1mm, tighten
all nipples 1 whole turn and check again.

[ ] If nipples do not move up and down, skip to
step 5.

5 . [ ] Pluck numerous spokes on right side of
wheel and feel and hear for resonation in
rim. If no resonation is felt or heard, tighten
all nipples ½ turn.

Pre-set spoke bendsPre-set spoke bendsPre-set spoke bendsPre-set spoke bendsPre-set spoke bends
(skip to step 11 i f reusing old spokes):(skip to step 11 i f reusing old spokes):(skip to step 11 i f reusing old spokes):(skip to step 11 i f reusing old spokes):(skip to step 11 i f reusing old spokes):

As can be observed, spokes do not naturally take
a straight line from the hub flange to the rim. They
tend to arc on their way out of the flange, although
they will straighten up when tensioned. Once the ten-
sion is gone, they will go back to being bowed. When
a wheel is in use, the spokes are constantly getting
tighter and looser. If they are also bowing and straight-
ening when riding, then they will fatigue much faster.
The following group of steps is designed to get the
spokes to follow a straight line from the hub to the
nipple, even when the spokes are relaxed, so that as
they loosen and tighten under use, they will not be
bowing and straightening as well.
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6 . [ ] On right side of wheel, insert broad flat tool
(such as a cone wrench or large combination
wrench) between cross of spokes A1 and
C1 and the right hub flange, then apply le-
verage in direction that forces A1 away
from central plane of wheel and C1 toward
central plane of wheel. Repeat for A2 and
C2 pair, A3 and C3 pair, etc.

" C"  s pok e" A "  s pok e

Pr es s  in here

16.45  Just inside of the point where they cross each other, lever
each A�C pair with the same number so that the A spoke is moved
out and the C spoke is moved in to preset the spoke bends where the
spokes come out of the flange.

7 . [ ] On left side of wheel, insert broad flat tool
(such as cone wrench or large combination
wrench) between cross of spokes B1 and
D1 and the left hub flange, then apply lever-
age in direction that forces B1 away from
central plane of wheel and D1 toward cen-
tral plane of wheel. Repeat for B2 and D2
pair, B3 and D3 pair, etc.

8 . [ ] On right side of wheel, grab spoke pair A1
and C1 close to rim and squeeze pair to-
gether firmly. Repeat for pairs A2 and C2,
A3 and C3, etc.

" C"  s pok e" A "  s pok e

S queez e
together

16.46  Squeeze each A�C pair with the same number, and then
each B�D pair with the same number firmly together just above the
nipples to preset the bend where the spokes come out of the nipples.

9 . [ ] On left side of wheel, grab spoke pair B1
and D1 close to rim and squeeze pair to-
gether firmly. Repeat for pairs B2 and D2,
B3 and D3, etc.

10. [ ] Repeat steps 4 and 5 as necessary.

WHEEL TRUINGWHEEL TRUINGWHEEL TRUINGWHEEL TRUINGWHEEL TRUING
11. [ ] Jiggle rim side-to-side to check hub for play

(Remove wheel and adjust hub to eliminate
play if hub is loose. Reinstall wheel in stand
when done).

12. [ ] Put a drop of oil where each nipple enters rim.
13. Use procedure TRUING WHEELS WITH UNDAMAGEDTRUING WHEELS WITH UNDAMAGEDTRUING WHEELS WITH UNDAMAGEDTRUING WHEELS WITH UNDAMAGEDTRUING WHEELS WITH UNDAMAGED

RIMS, SPOKES, AND NIPPLESRIMS, SPOKES, AND NIPPLESRIMS, SPOKES, AND NIPPLESRIMS, SPOKES, AND NIPPLESRIMS, SPOKES, AND NIPPLES  (page 17-11) from
step 13 to complete truing.
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ABOUT THIS CHAPTERABOUT THIS CHAPTERABOUT THIS CHAPTERABOUT THIS CHAPTERABOUT THIS CHAPTER
This chapter is about repairing wheels. It covers

truing the wheels (adjusting spokes so that the rim is
more round, centered, and wobbles less), replacing
broken spokes and damaged nipples, and fixing mi-
nor rim damage. The chapter WHEEL BUILDING AND RIMWHEEL BUILDING AND RIMWHEEL BUILDING AND RIMWHEEL BUILDING AND RIMWHEEL BUILDING AND RIM
REPLACEMENTREPLACEMENTREPLACEMENTREPLACEMENTREPLACEMENT is about replacing rims and building
new wheels. That chapter does not include anything
about truing wheels, but refers back to this chapter
for that process.

GENERAL INFORMATIONGENERAL INFORMATIONGENERAL INFORMATIONGENERAL INFORMATIONGENERAL INFORMATION

TERMINOLOGYTERMINOLOGYTERMINOLOGYTERMINOLOGYTERMINOLOGY
Rim: The metal hoop at the outer end of the

spokes that the rubber tire attaches to. The word �rim�
is sometimes misused to apply to the wheel, including
the spokes and hub.

Rim sidewall: The face of the rim that contacts
the brake pads.

Rim beads: The two edges of the rim at the rims
outer perimeter.

Hub: The mechanism at the center of the wheel
that an axle rotates inside of, and the spokes attach to
the outside of.

Hub flange: The disc on either end of the hub to
which the spokes attach.

Spokes: The wires that go between the hub and
the rim.

Spoke elbow: The end of the spoke that makes a
90° bend where the spoke goes through the hole in
the hub flange.

Spoke head: The flattened disc at the end of the
spoke elbow that keeps the spoke from pulling through
the holes in the hub flange.

Nipple: The elongated nut that threads onto the
threaded end of the spoke and attaches the spoke to
the rim.

Spoke hole: The hole in the rim where the nipple
comes out, although it would be better called the
�nipple hole.� With regard to the hub, the hole in the
hub flange that the spoke goes through is also called
the spoke hole.

Eyelet: A separate metal reinforcement that goes
in the spoke nipple hole in the rim.

Cross pattern: The pattern created by two sets of
spokes in a hub flange that radiate in opposite direc-
tions on their way to the rim. If one clockwise radiat-
ing spoke crosses three counterclockwise radiating
spokes from the same hub flange, then the wheel is
said to be a �three-cross pattern.�

Interlace: If a spoke switches from crossing over
spokes to crossing under the last spoke it crosses on
way to the rim, the switch from crossing over to cross-
ing under is called an interlace.

Dish: The centering of the rim to the hub lock-
nuts. Because the flanges of a rear hub may not be
equidistant from the locknuts, a rim centered to the
locknuts is not necessarily centered to the hub flanges.
Viewed from the wheel�s edge, this makes the wheel
appear like a dish viewed from its edge.

Radial error: This is a deviation in the round of the
rim. Radial errors are sometimes called �round errors.�

Radial bump: This is a radial error that devi-
ates further from the center of the wheel than the
rest of the rim.

Radial dip: This is a radial error that deviates closer
to the center of the wheel than the rest of the rim.

Kgf: Stands for kilograms of force. This is a unit
used to measure the tension of a spoke.

Reading unit: A number that is read from a spoke-
tension meter. The reading unit must be looked up
on a chart specific to the spoke-tension tool being used
to convert to kgf.

PREREQUISITESPREREQUISITESPREREQUISITESPREREQUISITESPREREQUISITES
Wheel removal and installationWheel removal and installationWheel removal and installationWheel removal and installationWheel removal and installation

Before repairing a wheel, the wheel must be
removed from the bike. See the WHEEL REMOVAL,WHEEL REMOVAL,WHEEL REMOVAL,WHEEL REMOVAL,WHEEL REMOVAL,
REPLACEMENT, AND RE-INSTALLATIONREPLACEMENT, AND RE-INSTALLATIONREPLACEMENT, AND RE-INSTALLATIONREPLACEMENT, AND RE-INSTALLATIONREPLACEMENT, AND RE-INSTALLATION chapter (page
18-6) if unsure about wheel removal and installation.

Tire removal and installationTire removal and installationTire removal and installationTire removal and installationTire removal and installation
Before repairing a wheel, the tire usually must

be removed from the wheel. See the TIRES ANDTIRES ANDTIRES ANDTIRES ANDTIRES AND
TUBESTUBESTUBESTUBESTUBES chapter (page 19-3) if unsure about tire re-
moval and installation.
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Freewheel removal and installationFreewheel removal and installationFreewheel removal and installationFreewheel removal and installationFreewheel removal and installation
To replace a broken spoke, it is necessary to re-

move the freewheel or freehub cogs. See the FREEHUBFREEHUBFREEHUBFREEHUBFREEHUB
MECHANISMS AND THREAD-ON FREEWHEELSMECHANISMS AND THREAD-ON FREEWHEELSMECHANISMS AND THREAD-ON FREEWHEELSMECHANISMS AND THREAD-ON FREEWHEELSMECHANISMS AND THREAD-ON FREEWHEELS chapter for
freewheel removal (page 25-9) and freehub cog removal
(page 25-16).

Hub adjustmentHub adjustmentHub adjustmentHub adjustmentHub adjustment
Before truing a wheel, the hub must be adjusted

to have no free play when out of the bike. See the
ADJUSTABLE-CONE HUBSADJUSTABLE-CONE HUBSADJUSTABLE-CONE HUBSADJUSTABLE-CONE HUBSADJUSTABLE-CONE HUBS chapter (page 12-13).

INDICATIONSINDICATIONSINDICATIONSINDICATIONSINDICATIONS
Symptoms indicating need of wheel repairSymptoms indicating need of wheel repairSymptoms indicating need of wheel repairSymptoms indicating need of wheel repairSymptoms indicating need of wheel repair

There are several reasons to repair wheels.
Truing is needed when the side-to-side wobble (lat-

eral error) of the rim makes it difficult to adjust the
brakes (to eliminate brake-pad rub) without compro-
mising the brake adjustment. Truing might also be
needed because the rim is out of round (radial error),
causing difficulty with getting the brake pads set at one
height that is not too high at one point and too low at
another point. Another reason wheel truing might be
needed is that the rim needs to be centered to the hub
(dished). The symptoms that would lead to suspicion
that the wheel needs dishing are that the bike has a
tendency to pull to one side (particularly when riding
no hands), or that it is difficult to get the rim properly
centered in the frame or fork. The symptoms indicat-
ing that the rim needs dishing can be caused by many
things other than rim dish, but dish is one of the easiest
causes to check for and correct, so it should be done
first. See the troubleshooting section of this chapter
(page 17-30) for other possible solutions when dishing
a rim does not eliminate the symptom(s).

Replacing a broken spoke needs to be done when-
ever a spoke breaks. More importantly, a broken spoke
indicates other problems. If spokes continue to break,
it indicates that the life of the spokes is used up and
the wheel should be rebuilt or replaced.

Repairing minor rim damage is advisable when
truing is unsuccessful in eliminating the lateral errors
while maintaining proper spoke tension. There are
severe limitations to what can be done about repair-
ing damaged rims, so very often the ultimate repair is
rim or wheel replacement.

Symptoms indicating need of wheelSymptoms indicating need of wheelSymptoms indicating need of wheelSymptoms indicating need of wheelSymptoms indicating need of wheel
replacement or rebuildingreplacement or rebuildingreplacement or rebuildingreplacement or rebuildingreplacement or rebuilding

Either during the course of a wheel repair, or even
before the repair is attempted, symptoms might be
experienced that indicate it would be better to replace
or rebuild the wheel. These symptoms are:

Multiple broken spokes, either all at once or
one at a time, over the last few hundred miles.

Multiple corroded nipples that won�t turn.
Multiple damaged nipples (rounded off flats).
Dents or bends in the rim that cannot be ad-

equately straightened by normal spoke ad-
justment and unbending techniques.

Cracks in the rim.
Severe rim-sidewall wear.

Maintenance cyclesMaintenance cyclesMaintenance cyclesMaintenance cyclesMaintenance cycles
There is not much routine maintenance to wheels

other than repairing them when one of the above
symptoms is experienced, but two things are very
important. First, the key to wheel longevity is proper
spoke tension. Proper tension promotes longer spoke
life, long-lasting true, and longer rim life. Fortunately,
another thing proper spoke tension promotes is stable
spoke tension. Once tension is set right, it probably
will not need regular attention. Unfortunately, only
a minority of bicycle manufacturers and bike shops
pay attention to this critical factor. Whenever assem-
bling a bike, or truing used wheels, check the spoke
tension first.

The second form of wheel maintenance is nipple
lubrication. The nipples are the little elongated nuts at
the rim end of each spoke. These nipples are tightened
or loosened, which is how the wheel is trued. In many
climates, the nipples have a tendency to corrode solid
even before the wheel needs to be trued the first time.
The shop should put a drop of light oil that can pen-
etrate at the top of each nipple so that it will soak down
into the threads whenever general maintenance is done.
The only exceptions to this are when it is known that
the threads have been treated with a compound such as
Wheelsmith Spoke Prep (a �lifetime� corrosion preven-
tative) or when you know that the climate is so dry
that rust and corrosion are not a problem.
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TOOL CHOICESTOOL CHOICESTOOL CHOICESTOOL CHOICESTOOL CHOICES
The following list covers all tools for the job. The

preferred choices are in bold. A tool is preferred be-
cause of a balance of ease of use, quality, versatility,

WHEEL-REWHEEL-REWHEEL-REWHEEL-REWHEEL-REPPPPPAIR TOOLSAIR TOOLSAIR TOOLSAIR TOOLSAIR TOOLS (table 17-1)

Tool Fits and considerations
NIPPLE WRENCHES (inaccurately called “spoke wrenches”)
Campagnolo 1103 Fits six sizes, but awkward to hold
Generic multi-wrenches Fit multiple sizes, but usually not all critical ones, awkward to hold
Park SW-0 Black wrench fits 2.0/1.8mm-gauge spokes with 3.2mm nipples
Park SW-1 Green wrench fits 2.0/1.8mm-gauge spokes with 3.3mm nipples
Park SW-2 Red wrench fits 2.0/1.8mm-gauge spokes with 3.5mm nipples
Park SW-3 Blue wrench fits 12-gauge spoke nipples
Park SW-4 Yellow wrench fits 11-gauge spoke nipples
Park SW-7 Three-size multi-wrench that is painful to hold
Park SW-10 Adjustable clamping wrench fits all odd sizes and partially damaged nipples
Rika Spokey (red) Comfortable, resists slippage, fits 3.3mm nipples
Rika Spokey (yellow) Comfortable, resists slippage, fits 3.5mm nipples
Spline Drive S/T Fits spline-drive nipples
VAR 51/1 Fits 2.0/1.8mm-gauge spokes with 3.3mm nipples
VAR 51/2 Fits 2.0/1.8mm-gauge spokes with 3.5mm nipples
SPOKE-SIZING TOOLS
Hozan C915 Relatively inexpensive spoke-threading machine, impractical for more than

2–3 spokes at a time. Valuable for creating replacement spokes in unusual
sizes. For wheels that just need a few spokes replaced

Phil Wood Spoke Cuts and threads spokes, difficult to cost-justify, difficult to create
Threading Machine consistent length of threading (makes truing more difficult).
DT Spoke Ruler Inexpensive spoke ruler measures in millimeters and inches, aluminum gauge

notches loose accuracy quickly.
Phil Wood Spoke Length Expensive, precise and durable. Metric and inches. Superior variety of gauge
Gauge notches that retain accuracy.
Wheelsmith TR-001 Precise and durable. Metric and inches. Limited variety of gauge notches.
TENSION METERS
Hozan C737 Expensive, fragile, precise readings, cannot be re-calibrated
Wheelsmith N001 Less expensive, durable, less precise readings, but can be re-calibrated
SPOKE CUTTERS
Eldi 2620 Heavy duty spoke cutter for cutting out old spokes
Eldi 297 Cuts excess spoke off at nipple head, fits inside few rims
Hozan C216 Cuts excess spoke off at nipple head, fits inside few rims
DISHING TOOLS
Campagnolo N Slow to use, fits 26" and larger only
Minoura (all) Cheap, effective, not compatible with all locknuts, fits 26" and larger only
Park WAG-1 Will fit wheel in stand, can create false readings in some cases, fits 20" and

up
VAR 143 Quick and easy to use, fits 20" and up
Wheelsmith F001 Awkward to read at axle, foldable, fits 26" and larger only

and economy. When more than one tool for one func-
tion is in bold it means that several tools are required
for different configurations of parts, or that two or
more tools are equally suitable for the job.

Continued
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TIME AND DIFFICULTYTIME AND DIFFICULTYTIME AND DIFFICULTYTIME AND DIFFICULTYTIME AND DIFFICULTY
Truing a wheel is a 15�35 minute job of moderate-

to-high difficulty. Replacing broken spokes, then tru-
ing the wheel, is a high-difficulty job that could take
from 20�35 minutes. Repairing a damaged rim then tru-
ing the wheel could take 25�90 minutes, and is excep-
tionally difficult to do successfully unless the damage is
minor. Precision spoke-tension balancing (optional on
high-performance wheels) can add 15�30 minutes.

COMPLICATIONSCOMPLICATIONSCOMPLICATIONSCOMPLICATIONSCOMPLICATIONS
Loose hub adjustmentLoose hub adjustmentLoose hub adjustmentLoose hub adjustmentLoose hub adjustment

A wheel cannot be trued if the hub adjustment has
any free play. The mechanic changes the existing ad-
justment by eliminating free play. The mechanic is re-
sponsible to return the adjustment to at least as good as
it was originally. The mechanic is not responsible to
make the adjustment more correct than it started out,
unless the customer agrees to pay for a hub adjustment.

Rounded wrench flats on nipplesRounded wrench flats on nipplesRounded wrench flats on nipplesRounded wrench flats on nipplesRounded wrench flats on nipples
As soon as one rounded nipple is encountered,

turn all the nipples on the wheel to see if others will
be a problem. A wheel with many damaged nipples is
not cost effective to repair. A damaged nipple can be
turned or removed with a Park SW-10 nipple wrench.

Frozen nipplesFrozen nipplesFrozen nipplesFrozen nipplesFrozen nipples
As soon as one frozen nipples is encountered, turn

all the nipples on the wheel to see if others will be a
problem. A wheel with many frozen nipples is not
cost effective to repair. A frozen nipple can be turned
or removed with a Park SW-10 nipple wrench, although
it is often necessary to find a way to keep the spoke
from turning.

Broken spokeBroken spokeBroken spokeBroken spokeBroken spoke
A broken spoke is routine in itself, and not nec-

essarily a complication. On a rear wheel, it often
leads to freewheel removal, which itself can become
very problematic.

WHEEL-REWHEEL-REWHEEL-REWHEEL-REWHEEL-REPPPPPAIR TOOLSAIR TOOLSAIR TOOLSAIR TOOLSAIR TOOLS (table 17-1 continued)

Tool Fits and considerations
RIM REPAIR TOOLS
Bicycle Research RS-1 Pliers-type tool squeezes blips out of rims and aligns offset spliced rim seams
TRUING STANDS AND STAND ACCESSORIES
Bicycle Engineering TSAG Gauge for centering Park TS-2 truing stand, not needed
United Bicycle Tool Metric feeler-gauge set for measuring round, lateral, and dish errors
CV-290
Coyote Jaw Inserts Beefs up axle slot on Park TS-2
Hozan A340 Oversize motorcycle-wheel true stand
Minoura Workman Pro Consumer-model stand that will cost more time than cheap price justifies
Park TS-2 Durable, easy wheel in/out, easy adjust of reading gauges
Park TS-6 Consumer-model stand that will cost more time than cheap price justifies
Park TSB-2 Tilt base for Park TS-2 helps compensate for mounting TS-2 at poor height
Pure Cycle True Stand Only consumer stand suitable for shop use. Prime advantage is compactness.
United Bicycle UB-DI Dial indicator for adding to existing true stand that can provide readouts to

.025mm. Unnecessary accuracy, not a time saver.
VAR 74 Awkward wheel installation and indicator adjustment
VAR 485 Expensive, awkward wheel installation, amplifying runout pointers make

small errors look big
SUPPLIES
DT Spoke Freeze Thread-preparation compound reduces corrosion and vibration loosening, can

be applied to assembled wheel
Wheelsmith Spoke Prep Thread-preparation compound reduces corrosion and vibration loosening,

cannot be applied to assembled wheel so is best used during lacing
Sanford Sharpie Fine Used for marking on rim to keep track of correction zones and tension
Point permanent marker readings
1/2” masking tape Used for tagging a spoke in order to keep track of it
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Multiple broken spokesMultiple broken spokesMultiple broken spokesMultiple broken spokesMultiple broken spokes
Multiple broken spokes can be encountered sev-

eral different ways: the wheel may come into the shop
with several broken spokes; several spokes may break
while truing the wheel; there may be only one bro-
ken spoke currently, but evidence of other previously
broken spokes due to the presence of mismatched
nipples or spokes. The problem is that a wheel with
multiple broken spokes is certain to break more spokes
soon. Replacing the current broken ones becomes a
very temporary repair that costs the customer a lot of
money in the long run, especially if it is done over
and over again.

Damaged spokesDamaged spokesDamaged spokesDamaged spokesDamaged spokes
Spokes may be bowed, bent, kinked, or chewed

up. Most bows and bends are not a problems, but a
kinked spoke (sharp bend) is weak.

The most common damage is for all the head-in
spokes in the right flange to be chewed up by a chain
that has shifted past the innermost rear cog. Although
these spokes are weakened, one must balance the fact
that they could have some reasonable life left, against
the fact that the only cost-effective repair for the shop is
to rebuild the wheel (complicated by the issue of whether
or not to rebuild with the same rim). It�s usually best to
true a wheel with chewed-up spokes, and rebuild it com-
pletely if and when the spokes begin to break.

Replacing spokes of unusual lengthReplacing spokes of unusual lengthReplacing spokes of unusual lengthReplacing spokes of unusual lengthReplacing spokes of unusual length
It is very likely that customers will bring in

wheels for which the shop has no matching lengths
of spokes. Hozan makes an inexpensive spoke
threader that is a better choice than turning away
the work or ordering the spokes.

Spokes protruding past nipplesSpokes protruding past nipplesSpokes protruding past nipplesSpokes protruding past nipplesSpokes protruding past nipples
When spokes protrude past the nipples, they may

puncture the tube, or the nipples may be running
out of thread.

A small amount of protrusion in a rim that has
nipples down in a recessed well is not a problem. If
the end of the spoke can reach the rim strip, then it
must be ground down with a small stone on a rotary
tool, or filed if accessible. This is time consuming.

If the spoke protrudes, the nipple is hard to turn,
and the spoke tension is low, the nipples are running
out of thread on the spoke. Since proper tension can-
not be achieved, the wheel is unreliable.

Bent rimsBent rimsBent rimsBent rimsBent rims
Four types of bent rims may be encountered.

These are radial flat spots, simple lateral bends, bent
rim beads, and collapsed rims.

Radial flat spots are revealed by having loose
spokes in the very section of the wheel that should be
loosened in order to make the rim more round. These
radial flat spots are caused by impact to the rim that
occurs in-line with the plane of the wheel (such as
hitting curbs or landing too hard). Repair is possible,
but success is rare.

Simple lateral bends are revealed by having loose
spokes just in the section of the wheel on the side that
should be loosened to correct a lateral error, or by
very tight spokes right where it would be best to
tighten some to correct a lateral error. These lateral
bends are caused by impact to the rim from the side.
Repair is possible, but success is rare.

Another type of rim bend is a ding in the bead.
The outer perimeter of the rim is deformed, but the
body of the rim is unharmed. If the bead is collapsed
straight in, there is no real problem and no solution.
If the bead is deformed outward, it can be pressed back
in with some success.

Rims can collapse catastrophically. The wheel will
have a shape like a potato chip, with two large wobbles
to the right alternating with two large wobbles to the
left. This is unrepairable.

Cracked rimsCracked rimsCracked rimsCracked rimsCracked rims
Cracks can occur in rims at the nipple holes, at

the inner perimeter of the sidewall, or in the sidewall.
In all these cases, the rim is useless. Cracks around
nipple holes or at the inner perimeter of the sidewall
usually indicate excessive spoke tension. Cracks in the
face of the sidewall may be from abuse or, more likely,
from excessive rim wear.

Worn out rim sidewallsWorn out rim sidewallsWorn out rim sidewallsWorn out rim sidewallsWorn out rim sidewalls
Worn-out sidewalls occur primarily on off-road

bikes that are used in a lot of wet conditions. The dirt
being ground between the brake pads and the rim
wears away the rim surface. Although texture is a good
indicator of wear, the best indicator is a concave shape
(curved in) to the sidewall. Most rims have flat sur-
faces or convex surfaces. Rim failure is imminent and
can be catastrophic.

Poor quality rim seamsPoor quality rim seamsPoor quality rim seamsPoor quality rim seamsPoor quality rim seams
Rim seams can be offset, narrow, fat, or flat at

the bead. A Bicycle Research RS1 can be used to elimi-
nate offset on non-welded rims, or to squeeze down
a fat seam. If a rim has a narrow seam or a very short
radial dip at the seam, the error at the seam should
be ignored while truing the wheel. Any error at the
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seam that includes less than the distance between the
two spokes adjacent to the seam is a seam problem,
not a true problem.

Poor quality rimsPoor quality rimsPoor quality rimsPoor quality rimsPoor quality rims
Inexpensive bikes often have rims that are so

poorly made that both beads cannot be round at the
same time and/or both sidewalls cannot be true at the
same time. If one side looks round and true and the
other jumps all over the place, then rim quality is to
blame and further truing is a waste of time.

TTTTTubular tire on rim to be truedubular tire on rim to be truedubular tire on rim to be truedubular tire on rim to be truedubular tire on rim to be trued
Tubular tires (glued on) present problems with

correcting round, dish, and replacing a nipple. The
shop cannot afford the expense of removing and re-
gluing within the normal price of truing a wheel. In
addition, many shops refuse to glue tubulars because
of liability.

If the rim is box shaped, then radial truing can be
done by setting the truing-stands radial-true indica-
tors to the inner perimeter of the rim. If the rim has
an aerodynamic profile, then nothing is possible ex-
cept eyeballing the round.

Dish is problematic on tubular rims because the
tire interferes with the dish tool, and it is not unusual
for the tire to wobble back and forth on the rim. The
best solution is to deflate the tire and deflect it enough
so that the dish tool can rest on the rim.

Nipple replacement is a problem because the tire
must be partially unglued from the rim. Usually lift-
ing up a two-inch segment is adequate. Using an unat-
tached spoke, feed the spoke up through the nipple
hole at angle so that it comes out beside the tire, at-
tach the nipple, and use the spoke to pull the nipple
down into the rim. Remove the spoke from the nipple,
then thread the nipple onto the spoke that is coming
from the hub. Be sure to put fresh glue under the section
of the tire that was lifted!

Mis-laced wheelsMis-laced wheelsMis-laced wheelsMis-laced wheelsMis-laced wheels
Usually mis-laced wheels are encountered when

truing up a wheel that has just been laced up. There
may either be erratic tight and loose spokes, or there
will be a pattern of tight and loose spokes.

Erratic tight and loose spokes usually indicated
that a few spokes were installed wrong, such as one
two cross and one four cross in a wheel that is oth-
erwise fully three cross. Find and fix the offending
mis-laced spokes.

A pattern of tightness and looseness will usually
have alternating pairs, with two in a row tight, then
two in a row loose. Each pair would include one pull-

ing spoke and one pushing spoke. When this pattern
occurs, it indicates that one whole side is mis-laced
(all the spokes at least one hole off from where they
should be in the flange). The wheel should be re-laced.

ABOUT THE RESTABOUT THE RESTABOUT THE RESTABOUT THE RESTABOUT THE REST
OF THIS CHAPTEROF THIS CHAPTEROF THIS CHAPTEROF THIS CHAPTEROF THIS CHAPTER

The next section is about truing a wheel that has
no rim damage, broken spokes, or damaged nipples.
Everything in this section is also part of the process of
repairing a wheel with rim damage, broken spokes, or
damaged nipples. After the section on repairing the
undamaged wheel is a section on replacing damaged
nipples and broken spokes. The procedure for this sec-
tion goes only as far as necessary to recover from the
damage, then refers back to truing an undamaged wheel
to complete the job. The last section is concerned with
repairing damaged rims, which once again only goes as
far as recovering from the damage, then refers back to
the first part on truing undamaged wheels.

TRUING WHEELS WITHTRUING WHEELS WITHTRUING WHEELS WITHTRUING WHEELS WITHTRUING WHEELS WITH
UNDAMAGED RIMS,UNDAMAGED RIMS,UNDAMAGED RIMS,UNDAMAGED RIMS,UNDAMAGED RIMS,
SPOKES, AND NIPPLESSPOKES, AND NIPPLESSPOKES, AND NIPPLESSPOKES, AND NIPPLESSPOKES, AND NIPPLES

AVOIDING COMMON PITFALLSAVOIDING COMMON PITFALLSAVOIDING COMMON PITFALLSAVOIDING COMMON PITFALLSAVOIDING COMMON PITFALLS
Based on decades of teaching experience, there are

ten common pitfalls to truing wheels a mechanic
should watch out for at all times. The pitfalls are listed
here, and in some cases are repeated as the procedure
is described later on.

Pitfall #1: Avoid turning the nipple the wrong
way. Nipples are a right-hand thread, just like any
type of jar lid. The problem is that while turning the
nipple, the viewpoint is the same as looking at the
�jar� upside down. With the tire off and looking at
the nipple from the tire-side of the rim (the nipple�s
�tire end�), the viewpoint is the same as looking at the
top of the �jar lid.� When the view is of the end of the
nipple that the spoke attaches to (the �hub end�), it is
the same as looking at the �jar� upside down.

Try this experiment. Get any empty jar (prefer-
ably clear), and hold it upside down. Now, look
through the bottom of the jar, and turn the lid off.
The lid had to be turned clockwise (the normal way
to tighten lids) to get it off. Loosening a nipple when
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looking at it from �hub end� is just like loosening the
lid on the upside-down jar. Tightening it is just the
opposite. If you have trouble with this visualization
technique, use a felt tip pen to draw a half-circle ar-
row on the inner perimeter of the rim around every
fourth nipple in the counterclockwise direction. Turn
nipples the direction the arrow indicates when tight-
ening, and opposite the arrow when loosening.

Pitfall #2: There is feedback designed into the wheel-
truing procedure recommended in this chapter that con-
firms things are on the right track; don�t bypass the pro-
cedure and lose the feedback. When correcting lateral
(side-to-side) errors and radial (round) errors, set the tru-
ing stand so that its indicators just barely contact the rim.
Then, a very small correction is made. If the correct ad-
justment is made there will be immediate feedback in
the form of the slight contact disappearing! If it does not
disappear, either the wrong spoke is being turned, or the
correct spoke in the wrong direction.

If the contact between the truing-stand indicator
and the rim is too heavy, there will be no immediate
feedback as to whether the correction is the right one.
Then it is easy to do the wrong thing for a long time
before discovering it, or too much of the right thing,
which is ultimately the wrong thing, as well.

Along with this, keep the following guidelines
in mind: turning a nipple a whole turn is a huge
adjustment, turning a nipple a half turn is a nor-
mal adjustment, turning a nipple a quarter turn is
a fine adjustment.

Pitfall #3: Don�t make dish (rim centering to the
hub) corrections backwards, worsening instead of
improving an out-of-dish problem. For some reason,
many people have an intuitive understanding of how
to correct a dish problem that is just the opposite of
the correct way. When making dish corrections, fol-
low procedures, not instinct!

Pitfall #4: Don�t assume that once dish is checked
and found to be correct, it will remain correct from
then on. On rear wheels, there is a tendency for the
rim to pull to the left slightly as the spokes get tighter.
Advanced wheel mechanics use this to their advan-
tage by tolerating minor errors to the right when the
wheel is at low tension, expecting them to self-correct
as the wheel is tightened. Another way that dish is
sometimes lost is when starting with a well-dished
wheel with a major round error. In correcting the
round error, some substantial lateral error is created.
In correcting the lateral error, the dish adjustment is
lost. As a beginner, just keep checking wheel dish,
even if it checked out fine early on.

Pitfall #5: Don�t check for dish error when the
wheel has significant lateral errors. This is like using a
level to check whether a warped stud is perpendicular
to the ground. Where the level is put completely changes
the interpretation of any error. Always be sure that the
lateral true is acceptable before using a dish gauge.

Pitfall #6: Don�t lose track of the right and left
sides of the wheel when making dish corrections. A
good technique is to always wrap a rubber band around
the right end of the axle before starting truing the wheel.
Always install the wheel in the truing stand with the
rubber band on the right, and always start each dish
measurement on the right side of the wheel. By using
these habits consistently, the chance of getting turned
around and performing a reverse correction is minimized.

Pitfall #7: Avoid assuming that the lateral align-
ment of the rim remains constant when correcting a
series of radial errors. It is natural to loose some lateral
true while adjusting radial. For this reason, after every
three radial corrections, interrupt the process and go
back and recheck for lateral errors. What makes switch-
ing back and forth between radial and lateral correc-
tions so important is that a rim never moves strictly
side-to-side. Think of the rim as a swinging pendulum.
As it goes left of center it goes up. As it goes right of
center, it goes up. While working on radial errors, the
wheel will develop more and more lateral error. If you
work on radial errors for too long without backtrack-
ing to lateral-error correction, there will be more and
more false radial errors. It�s a viscous cycle.

Pitfall #8: Don�t fail to balance the left- and right-
side corrections when correcting a round error (I am
getting a little ahead here, but just try to grasp this
concept). If trying to move a section of the rim closer
to the hub, spokes need to tightened. If only a left-
side spoke is tightened, the rim will be pulled closer
to the hub, but it will also be pulled closer to the left
side of the hub, since that is where the spoke comes
from. If a nearby right-side spoke is tightened an equal
amount, it too will pull the section of rim closer to
the hub, but to the right side as well. Since both spokes
were tightened equally and one pulled the rim left and
the other pulled the rim right, the net effect is that the
rim moved closer to the hub, but stayed laterally stable
(did not move closer to the left or right). For this rea-
son, never use one spoke when correcting a radial er-
ror. If using two spokes, the amount each spoke should
be adjusted will always be equal. If adjusting three
spokes in a row (it gets trickier now), the total adjust-
ment on left-side spokes has to equal the total adjust-
ment on right-side spokes. For example, if the group
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of three included two left-side spokes straddling one
right-side spoke, tighten the left-side spokes a quarter
turn each (two quarters equals one half) and the one
right-side spoke one half turn.

Pitfall #9: Don�t make errors reading the spoke-
tension-meter tool, and don�t make errors using math
to average a series of readings. The tension meter does
not read in familiar units like a ruler. If measuring
something familiar like a letter-size sheet of paper with
a ruler and the measurement was something ridicu-
lous like 12" x 18", it would obviously need to be
redone. Without any fundamental understanding of
the realities of spoke tension and the units that ten-
sion is measured in, extreme care is called for. Watch
out for these pitfalls:

Confusing very low readings with very high
readings. The nature of the Wheelsmith ten-
sion meter is to simultaneously read �0� and
�100� when measuring tension on a tension-
less spoke. As readings of �100� are virtually
impossible, and readings of �0� are quite com-
mon, it is safe to assume the lower number.
Pluck the spoke in question and trust what it
feels like. If it sings like a bird, the �100� is
right. If it has no tone at all, go with the �0�.

Do not measure left-side spokes when deter-
mining a rear wheel�s overall tension aver-
age. By nature, rear-wheel left-side spokes
are significantly lower in tension than right-
side spokes. It is the right-side spokes that
reach maximum tension first, and if left-side
spokes are measured it will result in over-
tightening the right side.

Part of tensioning the wheel is taking readings
on a number of spokes and then average the
readings. Over and over again, students at
Barnett Bicycle Institute take ten readings
ranging from 60 to 70 each, average them,
come up with an answer of 72.3, and then go
on as though nothing were wrong. Their
mistake is to have left one of the readings
out of a group of ten, but still divide by ten
to get the average. Sometimes they make the
opposite error of adding a number in twice.
In this case the average will be near or below
the lowest readings they took. Be suspicious if
an average that is close to or beyond the lowest
or highest numbers being averaged!

Pitfall #10: Don�t lose perspective, avoid seeing
little errors as big errors. As the wheel takes longer
and longer to complete, it is easy to become more and

more able to see errors. A significant number of stu-
dents at Barnett Bicycle Institute make substantial
progress on a wheel and become convinced that it was
worse than when they started! For this reason, it is im-
perative to measure errors before fixing them, and
measure them to determine when to stop, rather than
relying on subjective judgment.

PREPARATIONSPREPARATIONSPREPARATIONSPREPARATIONSPREPARATIONS
AND INSPECTIONSAND INSPECTIONSAND INSPECTIONSAND INSPECTIONSAND INSPECTIONS
1 . [ ] Remove wheel from bike and skewer (if any)

from hub.
2 . [ ] Remove tire from rim.
3 . [ ] Mark right end of axle with tape or rubber

band.
4 . [ ] Jerk axle side-to-side to check hub for play.

(Adjust hub to eliminate play if hub is loose.)
5 . [ ] Install wheel securely in stand with right

side of wheel on right side of stand.
6 . [ ] Put a drop of oil where each nipple enters

rim and a drop of oil on the end of each
nipple where spoke comes out.

7 . Measure spoke at its midpoint to determine
gauge. Check off closest of following mea-
surements.
ROUND CROSS-SECTION SPOKE SIZES
[ ] 2.0mm– 14 gauge
[ ] 1.8mm– 15 gauge
[ ] 1.7mm– 16 gauge
[ ] 1.55mm– 17 gauge
ELLIPTICAL CROSS-SECTION SPOKE SIZES
(measure the minor thickness)
[ ] 1.2mm, 2.0mm ends
[ ] 1.2mm, 1.8mm ends

ESTABLISHINGESTABLISHINGESTABLISHINGESTABLISHINGESTABLISHING
STARTING TENSIONSTARTING TENSIONSTARTING TENSIONSTARTING TENSIONSTARTING TENSION

In the next step, measure the tension on the spokes
(right side only if a rear wheel). The reason to start
with this measurement is that the process of truing
more than likely will add tension to the wheel. If the
wheel starts out with a high tension, it might end up
being tightened too much. Usually, if the tension is
over 80kgf, it makes sense to loosen the wheel before
starting to true the wheel. Resist the tendency to
tighten a wheel that starts out loose (under 80kgf); a
loose wheel automatically becomes tighter from the
truing process (tightening the wheel before truing will
lead to too much tension). If the wheel does not gain
enough tension from truing, more tension can be eas-
ily added at the end of the truing process.
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Before tension can be measured, get familiar with
how to use the Wheelsmith Tensiometer. Take a look
at figure 17.1 (below) to see how the tool is placed on
the spoke. One ear of the tool goes over the spoke
and one goes under the same spoke. When the tool is
installed correctly, it will hold itself on the spoke.

A

B

D

D

E

C

E

17.1  The Wheelsmith Tensiometer is placed on the spoke so that
the ear marked �A� goes over the spoke and the ear marked �B� goes
under the spoke. When point �C� contacts the spoke, squeeze the
tool together at the points marked �D,� so that the points marked
�E� can catch on the opposite side of the spoke from point �C.�

It is important where the tool is placed along the
length of the spoke. The entire tool must be between
the rim and the last point where the spokes cross each
other on the way to the rim. Also, if the spokes are
butted (thick on the ends and thin in the middle) the
entire tool needs to be on the thin portion of the spoke.
Sometimes butting is hard to see. Grasp the spoke
between two fingertips and feel for a change as you
slide your fingers from one end of the spoke to the
other, or set a caliper tight on the spoke near the middle
of its length and see if the caliper jams before it will
slide all the way to the nipple.

One more important tip about the Wheelsmith
Tensiometer is how to hold it while taking a reading.
It is best to support it on one finger, as in the next
picture. If held between two fingers, there is a chance
the additional pressure will influence the reading.

100 90 80 70 60 50 40 30 20 10

17.2  Holding a Wheelsmith Tensiometer while taking a reading.

Reading increments of 10Reading increments of 10Reading increments of 10Reading increments of 10Reading increments of 10
Now look at the tool scale and figure out how to

read it. The top scale has lines numbered 10 to 100
(right to left). The bottom scale has no numbers. The
easiest reading to make is if one of the lines on the
bottom scale touches one of the lines on the top scale.
The reading is then the number adjacent to the line
on the top scale that is being touched by a line on the
bottom scale.  (See following figures 17.3 and 17.4.)

100 90 80 70 60 50 40 30 20 10

A reading of 50

A

17.3  In this example, the reading on the Wheelsmith Tensiometer
is 50 because the lower-scale line indicated by �A� lines up exactly
with the upper-scale line marked �50.�

100 90 80 70 60 50 40 30 20 10

A reading of 60

AB

17.4  In this example, the reading on the Wheelsmith Tensiometer
is 60 because the lower-scale line indicated by �B� lines up exactly
with the upper-scale line marked �60.�

Reading increments of 5Reading increments of 5Reading increments of 5Reading increments of 5Reading increments of 5
If none of the lines on the bottom scale touch any

of the lines on the top scale, look for the two lines
that come closer to touching than any of the others.
Let�s say there is a line on the bottom scale that comes
close to touching the 50 line on the top scale, and
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there is another line on the bottom scale that comes
equally close to touching the 60 line. In this case, split
the difference between 50 and 60 and call the reading
a 55. (See following figure 17.5.)

100 90 80 70 60 50 40 30 20 10

A reading of 55

AB

17.5  In this example, the lower-scale line indicated by �A� is close
to the upper-scale line marked �50,� the lower scale line indicated by
�B� is close to the upper-scale line marked �60,�  and they are
equally close. Consequently, the reading is halfway between 50 and
60, which is 55.

Reading increments of 2.5 and 7.5Reading increments of 2.5 and 7.5Reading increments of 2.5 and 7.5Reading increments of 2.5 and 7.5Reading increments of 2.5 and 7.5
When no lines touch, it will not always be the

case that the two closest will be equally close to the
lines they don�t quite touch. Sticking with the above
example, if the line close to 50 is closer to 50 than the
line close to 60 is close to 60, then the reading would
be 52.5. If the reverse were true, with the line near 60
being the closer, then the reading would be 57.5 in-
stead. (See following figures 17.6 and 17.7.)

100 90 80 70 60 50 40 30 20 10

A reading of 52.5

AB

17.6  In this example, the reading on the Wheelsmith Tensiometer
is close to 50 because the lower-scale line marked �A�  is closer than
any other line on the lower scale is close to any other line on the
upper scale. The reading is more than 50 because the �A� line is on
the 60 side of 50. The reading is below 55 because the �A� line is
closer to 50 than the �B� line is close to 60, so the reading is 52.5.

100 90 80 70 60 50 40 30 20 10

A reading of 57.5

AB

17.7  In this example, the reading on the Wheelsmith Tensiometer
is close to 60 because the lower-scale line marked �B�  is closer than
any other line on the lower scale is close to any other line on the
upper scale. The reading is less than 60 because the �B� line is on the
50 side of 60. The reading is above 55 because the �B� line is closer
to 60 than the �A� line is close to 50, so the reading is 57.5.

To get an idea of what the tension level is, mea-
sure about ten spokes and average their readings, then
look up the average reading in the reading column on
a table supplied with the tool, then look across to the
appropriate spoke-gauge column to find the equiva-
lent tension in kilograms of force (kgf). Let�s pretend
we have just taken a batch of readings and they aver-

aged 62.5. The spoke gauge is 1.8mm. On the accom-
panying chart, the average reading is found in the read-
ing column (halfway between 60 and 65), and the kgf
is interpolated to be 118 (halfway between 108 which
is the tension for a reading of 60, and 128 which is the
tension for a reading of 65).

T ens iometer
Reading

S S -14
2.0

S S -15
1.8

DB-14
1.7

10

20

15

25

35

40
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45

50

55

60

70

80

65

75

S poke T ens ion in Kilograms of Force (kgf)

51

55

61

68

89

127

77

104

49

53

58

64

71

80

92

108

128

48

52

57

63

70

78

90

105

126

158

S poke Gauge and center dimens ion (mm)*

62.5 = 118

17.8  A Wheelsmith Tensiometer chart.

8 . [ ] Measure tension on ten consecutive right-
side spokes, record readings in following
blanks, and total.

_____+_____+_____+_____+_____

_____+_____+_____+_____+_____ =_______
9 . [ ] Divide step 44 total by 10 ÷ 1 0

Average reading is: =_______
10. [ ] Record reading that is equal to 70kgf for

spoke gauge in use: _______
11. [ ] Look average reading up on tension-meter

chart and across to column for spoke gauge
used on wheel, and decide whether tension
is:  < 70kgf   >70kgf    (circle one choice).

NOTE: If <70kgf  circled in previous step, skip to
step 13):

If the average tension is more than 70kgfIf the average tension is more than 70kgfIf the average tension is more than 70kgfIf the average tension is more than 70kgfIf the average tension is more than 70kgf
12. [ ] Loosen all spokes one-half turn and repeat

steps 8–12 until average is <70kgf.
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CORRECTING LATERAL ERRORSCORRECTING LATERAL ERRORSCORRECTING LATERAL ERRORSCORRECTING LATERAL ERRORSCORRECTING LATERAL ERRORS
Lateral error needs to be corrected before radial

error or dish error because measuring and correcting
radial or dish errors is compromised if there is signifi-
cant lateral error. The basic technique when correct-
ing lateral error is to set the truing indicators to barely
rub the rim at one point as the wheel rotates in the
stand, stop the wheel at that point, and tighten one
spoke just enough to eliminate the rub. Then the in-
dicators are moved in just enough to create another
rub, which is then eliminated. This is repeated over
and over again until the lateral error becomes insig-
nificant (<.5mm). Because there is no way to predict
how many times it will be necessary to repeat the pro-
cess, the next steps are written as a repetitive cycle,
each time ending with: �Insert .5mm feeler gauge in
gap to determine if it is<.5mm and return to step
16 if it is not .� Once the tolerance is met, move on to
the next step.

Depending on the brand of truing stand being
used, there are different techniques to setting the tru-
ing indicator(s) so that they just rub. If using a stand
such as the VAR 74, which has separately adjustable
left and right indicators, it takes a little adjustment to
set them into position. First, just get the wheel spin-
ning at a good clip. As it spins, try to get an idea of
where the rim is the majority of the time. If it is run-
ning generally straight but with a few pronounced
wobbles, decide whether those wobbles are primarily
to the right, or to the left. If they are predominantly
to one side, use the indicator on that side of the stand.
If unsure, or the rim appears to wobble equally to the
right and the left, alternate each lateral correction be-
tween the worst rub on the left and the worst rub on
the right. If using the Park stand, the two indicators
move in simultaneously to the rim. This can be a bless-
ing or a problem. It�s a blessing because the indicators
determine by themselves whether the worst rub is to
the right or left side. It�s a problem when the wheel or
stand is off-center and it keeps rubbing on one side
when the worst wobble is to the other side. This can
be solved by either turning the wheel around in the
stand, or finding something to wedge underneath one
of the indicators so that it does not move in anymore.

Start the next series of steps with a measurement
to determine whether there is a need to make correc-
tions. Use feeler gauges to measure the error. Start the
wheel spinning, and adjust the lateral-true indicator(s)
until there is the slightest detectable rub. Now turn

the wheel slowly and find what looks like the largest
gap that occurs between the lateral-true indicator that
rubbed the rim and the rim.
 

Biggest gap
this  s ide of wheel

0.50mm

Lateral-true indicator

17.9  Using a .5mm feeler gauge to check the lateral error.

13. [ ] Spin wheel and set lateral-truing indicators
so that they just barely touch rim.

14. [ ] Turn wheel slowly and find largest gap be-
tween rim and indicator that touched rim.

15. [ ] Insert .5mm feeler gauge into gap to deter-
mine if gap is: ³³³³³ .5mm (bad) <.5mm (good)

A handy technique is to use a �marker� on the
rim at each point a correction will be made. The
marker could be a 1/2" piece of tape, such as masking
tape. Each time a rub is found, mark the center by
putting the tape on top of the rim (not on the face
where the truing indicator might knock it off). Alter-
natively, use two markers to mark where a rub begins
and where it ends.
16. [ ] Spin wheel slowly and stop it at the point

where rim just rubs the lateral-truing indica-
tor. If wheel rotates past rub, be sure to turn
wheel back so rim is contacting indicator.
Find center of rub zone, not just one end,
and put a marker on rim at this point.

In the next step, pick which spoke(s) to use to cor-
rect the rub. It will always come from the opposite side
of the wheel than where the indicator is rubbing. If the
indicator is rubbing on the right side of the rim over a
short distance directly opposite a left-side spoke, then
tighten that left-side spoke one-half turn. If the rub on
the right is short and halfway between two left-side
spokes, or slightly longer and includes two left-side
spokes, then it is necessary to pick which spoke to use
for the correction. Pluck the two spokes in question. If
one is obviously looser than the other, tighten it. If
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they are equal, then it is OK to split the half turn cor-
rection between them with a quarter turn each. Begin-
ners should stick with using one spoke.
17. [ ] Find spoke (or two, at most) from side of

hub opposite side of rub that is closest to
center of rub (or lesser-tensioned spoke of
pair that are both close to center of rub) and
tighten it one-half turn (quarter turn each if
adjusting two spokes).

Rub on left centered
on r ight-s ide spoke

1/2 turn

17.10  If there is a short rub on the left centered exactly opposite a
right-side spoke, tighten that spoke one-half turn.

Rub on left centered
on left-s ide spoke

1/2 turn

1/4 turn
each

A

B

17.11  There is a short rub on the left that is centered between two
right-side spokes; if A is looser than B, tighten A one-half turn. If
they seem equally tight, then tighten them both a quarter turn.

18. [ ] Move marker past true indicator again to
check that rub is eliminated.

19. [ ] Spin wheel and set lateral-truing indicators
so that they just barely touch rim.

20. [ ] Only if wheel looks reasonably true, turn
wheel slowly and find largest gap between
rim and indicator that touched rim. If errors
remain obvious, return to step 16 now.

21. [ ] Insert a .5mm feeler gauge in gap to deter-
mine if it is <.5mm and return to step 16
if it is not.

NOTE: If gap is <.5mm go to step 22.

CORRECTING RADIAL ERRORSCORRECTING RADIAL ERRORSCORRECTING RADIAL ERRORSCORRECTING RADIAL ERRORSCORRECTING RADIAL ERRORS
Radial-error correction is probably the most de-

manding part of truing wheels. Many judgments have
to be made about how many spokes to include in a
correction. Both rubbing and the lack of rubbing may
indicate errors. So, some corrections must be done by
loosening and some by tightening. Radial corrections
must constantly be interrupted to recheck and cor-
rect any lateral errors that develop while working on
round. Remember: make sure that the total turns of
correction on one side of the wheel equal the total
turns of correction on the other side of the wheel.

Radial errors can either be a place where the rim is
further or closer to the hub than a perfectly round
wheel. Those places where the rim is further from the
wheel center are called �bumps� and those that are closer
to the wheel center �dips.� Think of it as though the
outer perimeter of the rim were a road, and the irregu-
larities on the road are bumps and dips.

The strategy when correcting radial errors is to
take care of bumps before taking care of dips. There
are two reasons for this. First, it is easier to detect the
bumps (by the rim rubbing on the truing indicators)
than it is to detect the dips (by looking for gaps). Sec-
ond, it is like building a nice flat highway through
hilly terrain. It is easier to smooth off the hilltops than
it is to fill in the valleys. Also, by reducing the size of
the hills, you also diminish the valleys � if you don�t
get that right away, you will. Rims are not quite the
same, but the effect is. By working on eliminating
bumps first, there will be less to do with dips.

The first step is to measure the radial error, so it is
known how much work must be done and when
progress has been made. To do this, set the truing in-
dicator so that it barely scrapes against the outer pe-
rimeter of the turning rim. Turn the rim slowly and
find the biggest gap between the rim and the truing
indicator, and use a feeler gauge(s) to measure this gap.

If the truing stand is a VAR or similar model, there
is a separate plate that slides up and down that is the
radial-truing indicator. If the plate will tip a little to
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the side, it can be set so that it contacts one edge of the
rim only. This is preferable! The Park stand uses the
same indicators for radial true as it does for lateral
true. Tighten the knob under the big arm so that the
indicators will miss the rim entirely when they are
adjusted in toward the rim. When the indicators are
under the rim, start the rim turning and loosen the
knob under the big arm until an indicator just touches
the rim. In almost every case, it will touch at one edge
of the rim before the other. Once again, this is prefer-
able. When correcting radial true, it is preferable to
get information from only one edge of the rim. The
adjustment for the radial at the right edge of the rim is
the identical adjustment for the radial at the left edge
of the rim. When correcting deviations observed at
one edge, the other edge is getting rounder simulta-
neously. Since it is impossible for any rim to have
exactly identical left and right edges, if the indicator
touches both edges at once you will get confusing in-
formation. Adjust the radial by one edge of the rim
and trust that the other will also end up in tolerance.

Eliminating bump errorsEliminating bump errorsEliminating bump errorsEliminating bump errorsEliminating bump errors
22. [ ] Spin wheel and adjust radial-truing indica-

tor so that rim just barely rubs it as rim
turns. Observe whether rub is on left or
right edge of rim.

23. [ ] Turn rim slowly and look for biggest gap be-
tween indicator and edge of rim on same side
as rub occurred  and stop rim at biggest gap.

24. [ ] Insert .5mm feeler gauge into gap to deter-
mine if gap is: ³³³³³ .5mm (bad) <.5mm (good)

With the radial indicator still set in the same way,
give the wheel another spin and again find the slight
rub that is occurring. If the wheel spins past the rub, be
sure to back up to it. Figure out where the rub begins
and where it ends. Put a marker on the inner perimeter
of the rim at the center of the rub. The rub might be
short (including two or three spokes in its range), or
long (including four or more spokes in its range). Long
rubs in the early going often indicate that the truing
indicator is set to tight against the rim. See if the indica-
tor can be set looser to get a shorter rub.

A different technique is required for fixing a short
rub including two spokes than a short rub including
three spokes. For two spokes, tighten both spokes
equally (generally a half turn each, or perhaps just a
quarter). For three spokes, tighten the two on the ends
a quarter turn each and the one in the middle a half
turn. With this method, the total number of turns on
right-side spokes equals the total number of turns on
left-side spokes; therefore, the impact on the lateral
true will be minimized.

S hort rub centered
between two spokes

1/2 turn

1/2 turn

17.12  Fix a radial bump including two spokes in its range by
tightening both spokes equally.

S hort rub centered
on one spoke

1/4 turn

1/4 turn

1/2 turn

17.13  Fix a radial bump including three spokes in its range by
tightening the end spokes a quarter turn each and the middle spoke
a half turn.

Fixing rubs over four or more spokes is different.
The easiest way to deal with a bigger problem is to
make it a number of smaller problems. In this case,
instead of putting the marker in the middle of the rub,
put a marker at each end of the rub. Instead of think-
ing of the rub as one big error, think of it as a number
of two-spoke rub errors. (If the rub range included an
odd number of spokes, the last correction will be a
three-spoke correction [1/4, 1/2, 1/4], instead of a two-
spoke correction like all the others.) If you are unclear
about this system, follow the two examples below. The
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first example is a rub that includes four spokes in its
range. For the sake of this discussion, the spokes will
be called spoke A, B, C, and D. Correct this four-
spoke rub by treating it like two short rubs involving
two spokes each. Tighten A and B a half turn each
(first correction) and then C and D a half turn each
(second correction). The second example involves a
longer rub including seven spokes, called spokes F, G,
H, I, J, K, and L. The first correction is to tighten F and
G a half turn each. The second correction is to tighten
H and I a half turn each. The third correction is to
tighten J a quarter turn, K a half turn, and L a quarter
turn. Once again the rule of tightening left- and right-
side spokes equal amounts applies.

Long rub including
odd number of spokes

1/2 turn
each

1/2 turn
each

(1/4, 1/2, 1/4)

F

G

H

I

J

K

L

17.14  Fix a radial bump of four or more spokes by breaking it
down into short sections including two spokes, with the last section
including three spokes if the total range of the rub included an odd
number of spokes.

As with the correction of lateral rubs, if these cor-
rections are done properly, the result will be that the
rub disappears. If it does not, either nipples are being
turned the wrong way, the range of the rub has not
been determined accurately, or the truing indicator
have been set too tight so that the rub was not light.

Once the rub goes away, go on to the next correc-
tion. After three corrections (count every two- or
three-spoke group as a correction), interrupt the ra-
dial work and check the lateral again, correcting it if
necessary until the largest gap is <.5mm.
25. [ ] Rotate rim slowly to find radial rub and place

marker at center of range of rub.
26. [ ] Tighten appropriate group of spokes (two or

three) so that spokes on each side of the
wheel are tightened equal amounts (1/2, 1/2
or 1/4, 1/2, 1/4).

27. [ ] Move rim back and forth to check that rub is
gone at marker.

28. [ ] Spin wheel and adjust radial-true indicator to
barely rub again.

29. [ ] Turn wheel slowly to check for largest gap
at edge where rub occurs to check if gap is
<.5mm and repeat steps 25–29 if not. Af-
ter every three cycles of steps 25 through
29, check and correct lateral errors until
largest gap is <.5mm.

NOTE: At end of step 29 if largest gap is <.5mm,
proceed to CORRECTING DISH ERRORSCORRECTING DISH ERRORSCORRECTING DISH ERRORSCORRECTING DISH ERRORSCORRECTING DISH ERRORS section.

30. [ ] If largest gap is >.5mm, but setting truing in-
dicator to slight contact results in rub around
rim at a number of sections including over
50% of spokes, proceed to Eliminating dip errorsEliminating dip errorsEliminating dip errorsEliminating dip errorsEliminating dip errors .....

El iminating dip errorsEl iminating dip errorsEl iminating dip errorsEl iminating dip errorsEl iminating dip errors
The very nature of a dip error makes it harder to

find because the truing indicator skips over the dip
without any obvious feedback that the error is there.
Make this an advantage by setting the radial-true indi-
cator so that it rubs so firmly against the rim that it
rubs everywhere but one short range. This quiet range
is the worst radial dip. Determine where the dip be-
gins and ends and put a marker on the inner perim-
eter of the rim at the center of the quiet range. Just
like the bumps, dips can involve two spokes, three
spokes, or longer sections involving four or more
spokes that must be broken down into a series of two-
or three-spoke corrections. Other than looking for
the quiet range instead of a rub, the only difference
between fixing dips instead of bumps is that spokes
must be loosened in the quiet range instead of tight-
ened in the rubbing range. A correction is completed
when the rim just barely rubs at the marker where
before it was quiet.



17– WHEEL TRUING AND RE17– WHEEL TRUING AND RE17– WHEEL TRUING AND RE17– WHEEL TRUING AND RE17– WHEEL TRUING AND REPPPPPAIRAIRAIRAIRAIR

17 – 1517 – 1517 – 1517 – 1517 – 15

31. [ ] Set truing-stand radial indicators firmly
against outer perimeter of rim so that only
one short section of rim does not rub as
wheel is rotated.

32. [ ] Rotate rim slowly to find quiet range and
place marker at center of quiet range.

33. [ ] Loosen appropriate group of spokes (two or
three) so that spokes on each side of wheel
are loosened equal amounts (1/2 & 1/2, or
1/4 & 1/2 & 1/4).

34. [ ] Move rim back and forth to check that rub
has developed at marker.

35. [ ] Spin wheel and adjust radial-true indicator to
barely rub again.

36. [ ] Turn wheel slowly to check for largest gap
at edge where rub occurs to check if gap is
<.5mm and repeat steps 31–36 if not. Af-
ter every three cycles of steps 31–36,
check and correct lateral errors until largest
gap is <.5mm.

37. [ ] If largest gap is <.5mm proceed to CORRECT-CORRECT-CORRECT-CORRECT-CORRECT-
ING DISH ERRORSING DISH ERRORSING DISH ERRORSING DISH ERRORSING DISH ERRORS.

CORRECTING DISH ERRORSCORRECTING DISH ERRORSCORRECTING DISH ERRORSCORRECTING DISH ERRORSCORRECTING DISH ERRORS
Dish corrections are made to center the rim in the

bike. A rim can be moved to the right by tightening all
the right-side spokes, or loosening all the left-side spokes.
A rim can be moved to the left in the opposite way.

A

B

Dish tool

17.15  Dish error exists when dimension A and B are not equal.
The dish tool is used to make this comparative measurement.

Dish and spoke tensionDish and spoke tensionDish and spoke tensionDish and spoke tensionDish and spoke tension
The average tension of the wheel has changed since

lateral and radial errors were corrected. After deter-
mining a dish error exists, you need to know whether
to tighten or loosen spoke tension, and on which side.
If it is still low, spokes must be tightened. If the ten-
sion is too high, spokes must be loosened to correct
dish. If the tension is fine, a mix of tightening and
loosening spokes is needed to correct the dish error.

For example, if a dish error is detected that would
be corrected by either tightening all the right-side
spokes a half turn or loosening all the left-side spokes
a half turn, but the tension on the wheel is correct,
then the dish correction would be made by tightening
the right-side spokes a quarter turn each and loosen-
ing the left-side spokes a quarter turn each.

Dish and lateral  errorsDish and lateral  errorsDish and lateral  errorsDish and lateral  errorsDish and lateral  errors
Lateral error and dish error are closely related. As

mentioned in pitfall #5, useful information about dish
cannot be determined when the wheel has significant
lateral errors. At the conclusion of the radial-error
corrections, lateral errors were checked and cleaned
up as necessary, so at this point the wheel is ready for
the initial dish observation. Once a dish correction is
made, check the lateral again (and correct if necessary)
before re-checking the dish.

Measuring dish errorMeasuring dish errorMeasuring dish errorMeasuring dish errorMeasuring dish error
To determine the amount of dish error, use a tool

called a dish gauge. The dish gauge rests on the rim at
two points 180° apart, and then an adjustable part is
set to contact the face of the locknut on the axle, so
that the tool is contacting the wheel at three points
(two on the rim and one on the hub). Theoretically,
the tool can be initially set on either side of the wheel;
for the purposes of simplicity and clarity, the follow-
ing discussion assumes that the dish tool has been set
for three-point contact on the right side of the wheel.

Contact Contact

17.16  Adjust the dish tool to have three-point contact.

Next, the tool is transferred to the left side of the
wheel. At random, one of three conditions might be
found. The tool might contact at three points, indi-
cating no dish correction is needed. Second, when the
dish tool is held down against the rim at one end, it
contacts at the hub, but has a gap at the other point
on the rim (180° away). In this case, the gap should be
measured (with feeler gauges) and perhaps corrected.
The last possibility is that the tool might contact the
rim at two points, but has a gap at the hub. There is
an error that needs to be measured and perhaps cor-
rected, but not until the tool is reset on the left side of
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the wheel for three-point contact and transferred back
to the right side so that the error can be measured at a
gap at the rim.

Gap

17.17  A gap seen at the hub after transferring the tool to the sec-
ond side. Reset the tool and transfer back to the other side.

Measure gap

Press

17.18  Measure the gap between the end of the dish tool and the rim.

Whether to measure dish error at hub or rimWhether to measure dish error at hub or rimWhether to measure dish error at hub or rimWhether to measure dish error at hub or rimWhether to measure dish error at hub or rim
The last condition of re-setting the tool and trans-

ferring back to the right side needs to be explained.
Error can legitimately be measured either at the gap
at the rim or at the gap at the hub. (When referring to
gap at the rim, it always mean that with one end of
the tool held to the rim there is gap at the other end of
the tool.) Two things change, in either case.

If the gap is at the rim (on the left, for example)
and spokes will be tightened, they will be tightened
on the same side of the wheel (left side, in this case). If
the gap is at the left side of the rim and spokes will be
loosened, they will be loosened on the opposite side of
the wheel (right side, in this example). If the gap is at
the hub (on the left, for example) and spokes will be
tightened, they will be tightened on the opposite side
of the wheel (right side, in this case). If the gap is at
the left side of the hub and spokes will be loosened,
they will be loosened on the same side of the wheel
(left side, in this case).

Additionally, for a given amount of dish error,
the gap seen at the hub will always be half the size of
the gap at the rim when the tool is transferred to the
other side. Use a formula (described in the next para-
graph, and built into the procedure) to convert gap
size to the size (number of turns) of the correction. If

the formula is designed to be correct for converting
gap-at-rim to turns-of-correction, then it will be wrong
for converting gap-at-hub to turns-of-correction.

The formula for converting gap-at-rim to turns-
of-correction is simply to divide the size of the gap by
eight (if gap is measured in millimeters). For example,
an 8mm gap measured at the rim on the right side
would be corrected by turning all the nipples on one
side one whole turn (8÷8=1). If the wheel were in
need of tightening, it would a whole turn on the right.
If it were in need of loosening, it would be a whole
turn on the left. Whether to tighten or to loosen all the
nipples is determined by the exiting spoke tension.

Consider two more examples. There is a 5mm gap
on the right side. Divide 5mm by eight and the an-
swer is .625. Should the correction be 625 thousandths
of a turn on each nipple? No, too complicated. The
number .625 is exactly halfway between .500 (one half)
and .750 (three quarters). Quarter-turn increments are
the smallest ones that should be used when adjusting
nipples to correct dish. What should you do in this
example, one half turn or three quarter turns? Be con-
servative and err on the side of caution by going with
one half turn. On the other hand, if you divided the
gap by eight and got .718 (for example), definitely go
with three-quarter turn nipple adjustments.

Fixing dish errorsFixing dish errorsFixing dish errorsFixing dish errorsFixing dish errors
To fix dish, set the dish tool so that a gap is found

between one end of the tool and the rim on the side of
the wheel opposite from where the tool had perfect
three-point contact. Second, measure the gap and di-
vide by eight (gap in millimeters) and round the an-
swer to the nearest quarter-turn increment to deter-
mine the size of the nipple adjustments. Third, mea-
sure the tension in order to know whether to tighten
or loosen nipples when correcting dish (see page 17-
9). Make the adjustment by either tightening the
nipples on the same side of the wheel as where the
dish tool showed a gap to the rim, or by loosening the
nipples on the other side of the wheel.
38. [ ] Set dish tool to have three-point contact on

right side of wheel.
39. [ ] Transfer dish tool to left side of wheel.

Check one of following:
[ ] gap at rim is 0–2mm, proceed to step 52.
[ ] gap at rim is >2mm, proceed to step 42.
[ ] gap is seen at the hub.

If gap is seen at the hub:If gap is seen at the hub:If gap is seen at the hub:If gap is seen at the hub:If gap is seen at the hub:
40. [ ] Set dish tool to have three-point contact on

left side of wheel.
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41. [ ] Transfer dish tool to right side of wheel. Gap
will now be found at rim, proceed to step 42.

If gap is seen at one end of dish toolIf gap is seen at one end of dish toolIf gap is seen at one end of dish toolIf gap is seen at one end of dish toolIf gap is seen at one end of dish tool
when one end is held to rim:when one end is held to rim:when one end is held to rim:when one end is held to rim:when one end is held to rim:
42. [ ] With one end of dish tool held to rim, mea-

sure gap at other end and record gap here:
________ on Left side  Right side  (circle one)
(If <2mm, go to SETTING FINAL TENSIONSETTING FINAL TENSIONSETTING FINAL TENSIONSETTING FINAL TENSIONSETTING FINAL TENSION .)

43. [ ] Divide number in step 42 by eight and round
answer to nearest quarter. This number is
necessary turns of correction for nipples.
Record here: ________ turn(s) of nipples

Before making the dish correction, determine the
wheel tension in order to know whether to tighten or
loosen when correcting dish. The acceptable tension
range for a wheel is 80�120kgf, with ideal being about
100kgf. If the existing tension is anywhere under 90kgf,
nipples should be tightened (unless the size of the cor-
rection is going to be a whole turn or more, in which
case it should be split into a correction in which spokes
on one side of the wheel are tightened and the other
side are loosened). If the tension is between 90�100kgf,
loosen all the spokes on one side by half the necessary
correction and tighten all the spokes on the other side
by half the necessary correction. If the existing ten-
sion is anywhere over 100kgf, loosen nipples for the
dish correction.
44. [ ] Measure tension on ten consecutive right-

side spokes, record readings in following
blanks, and total.

_____+_____+_____+_____+_____

_____+_____+_____+_____+_____ =_______
45. [ ] Divide step 44 total by 10 ÷ 1 0

Average reading is: =_______
46. Look average reading up on tensiometer chart

and across to column for spoke gauge used
on wheel and decide whether tension is:
(check one choice)
[ ] <80kgf & step 43 is £££££1(tighten nipples)
[ ] 80–100kgf or  step 43 is >1 (split, one
side tighten, other side loosen)
[ ] >100kgf (loosen nipples)

47. Based on step 46, dish correction should be:
[ ] Tighten nipples
[ ] Split, loosen one side and tighten other
[ ] Loosen nipples

In step #48, one of three choices will be checked,
then the blank in the checked choice should be filled
in. Check the same choice as was checked in step #47
(for example, if �[  ] Tighten...� was checked in step
#47, check �[  ] Tighten...� in step #48). The blank in

the checked choice should be filled in with the value
that was calculated in step #43. After checking off a
choice and filling in the blank, circle the notation left
or right  in the checked choice in step #48. Wherever
the option checked is �tighten,� circle the left or right
choice to match whether Left side or Right side  was
circled in step #42. Wherever the option checked is
�loosen,� circle the left or right  choice to be the oppo-
site of whether Left side or Right side  was circled in
step #42.
48. Check one of following choices, based on

whether to tighten, split, or loosen spokes
(determined in step 47). If tightening, al-
ways tighten on same side of wheel as gap
was found at rim; if loosening, always
loosen on opposite side of wheel from
where gap was found at rim (determined in
step 42). Fill in blank in checked option with
amount calculated in step 43:

[ ] Tighten on   left   right   (circle one) by
________ turns of nipples.

[ ] Split, loosen on   left   right   (circle one) by
________ turns of nipples
and tighten on   left   right   (circle one) by
________ turns of nipples.

[ ] Loosen on   left   right   (circle one) by
________ turns of nipples.

49. [ ] Perform correction described in step 48,
turning nipples as uniformly as possible.

50. [ ] Check and correct lateral errors until largest
gap is <.5mm.

51. [ ] Check with dish tool for size of gap at rim
again. If gap is £££££2mm go to SETTING FINALSETTING FINALSETTING FINALSETTING FINALSETTING FINAL
TENSIONTENSIONTENSIONTENSIONTENSION. If >2mm repeat steps 38–51.

SETTING FINAL TENSIONSETTING FINAL TENSIONSETTING FINAL TENSIONSETTING FINAL TENSIONSETTING FINAL TENSION
Even after all this, the wheel�s average tension

might still be too low, or it might be too high. The
tension is important because low tension causes pre-
mature spoke fatigue and unstable true. High tension
causes fatigue cracks in the rim and increases the like-
lihood of a complete wheel collapse.

The acceptable tension range for all wheels is very
broad, about 80�120kgf. Specific wheels might need a
more specific tension. The conditions that lead to a
need for setting spoke tension in the lower half of the
range (80�100kgf) are

Front wheels
Light-weight rider
Extreme light-weight rims
Poor nipple condition or corroded nipples that

won�t turn
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The conditions that lead to a need for setting spoke
tension in the higher half of the range (100�120kgf) are

Rear wheels with pronounced dish
Heavy-weight riders
Extreme heavy-duty usage

When making a tension adjustment, always turn
all the spokes in the wheel an equal amount. This
amount might be a quarter turn, a half turn, or a whole
turn. In general, never use a whole turn unless increas-
ing from average tension that is 50kgf or below. Use a
half turn if increasing from an average that is more
than 50kgf and less than 80kgf. Use quarter turns when
increasing from a tension that is in the 80�95kgf range.
If over-tight, always loosen by half turns. If you re-
lease too much tension, increase tension again in quar-
ter-turn increments.
52. [ ] Measure tension on ten consecutive right-

side spokes, record readings in following
blanks, and total.

_____+_____+_____+_____+_____

_____+_____+_____+_____+_____ =_______
53. [ ] Divide step 52 total by 10 ÷ 1 0

Average reading is: =_______
54. [ ] Look up average reading on tension-meter

chart and read across to column for spoke
gauge used on wheel.
Write approximate kgf here: ________kgf

55. Tension is (check one of following):
[ ] 95–120kgf, go to step 81
[ ] <50 kgf, tighten all nipples 1 turn
[ ] 50–80kgf, tighten all nipples ½ turn
[ ] 81–95kgf, tighten all nipples ¼ turn
[ ] >120kgf, loosen all nipples ½ turn

56. [ ] Perform adjustment indicated in step 55 on
all nipples.

57. [ ] Check and adjust lateral error until largest
gap is <.5mm.

58. [ ] Check and correct dish error as in steps 38
through 51, if gap at rim is >2mm.

59. [ ] Measure tension on ten consecutive right-
side spokes, record readings in following
blanks, and total.

_____+_____+_____+_____+_____

_____+_____+_____+_____+_____ =_______
60. [ ] Divide step 59 total by 10 ÷ 1 0

Average reading is: =_______
61. [ ] Look up average reading on tension-meter

chart and read across to column for spoke
gauge used on wheel
Write approximate kgf here: ________kgf

62. Tension is (check one of following):
[ ] 95–120kgf, go to step 81
[ ] <50 kgf, tighten by 1 turn
[ ] 50–80kgf, tighten by ½ turn
[ ] 81–95kgf, tighten by ¼ turn
[ ] >120kgf, loosen by ½ turn

63. [ ] Perform adjustment indicated in step 62 on
all nipples.

64. [ ] Check and adjust lateral error until largest
gap is <.5mm.

65. [ ] Check and correct dish error as in steps 38
through 51, if gap at rim is >2mm.

66. [ ] Measure tension on ten consecutive right-
side spokes, record readings in following
blanks, and total.

_____+_____+_____+_____+_____

_____+_____+_____+_____+_____ =_______
67. [ ] Divide step 66 total by 10 ÷ 1 0

Average reading is: =_______
68. [ ] Look up average reading on tension-meter

chart and read across to column for spoke
gauge used on wheel
Write approximate kgf here: ________kgf

69. Tension is (check one of following):
[ ] 95–120kgf, go to step 81
[ ] <50 kgf, tighten by 1 turn
[ ] 50–80kgf, tighten by ½ turn
[ ] 81–95kgf, tighten by ¼ turn
[ ] >120kgf, loosen by ½ turn

70. [ ] Perform adjustment indicated in step 69 on
all nipples.

71. [ ] Check and adjust lateral error until largest
gap is <.5mm.

72. [ ] Check and correct dish error as in steps 38
through 51, if gap at rim is >2mm.

73. [ ] Measure tension on ten consecutive right-
side spokes, record readings in following
blanks, and total.

_____+_____+_____+_____+_____

_____+_____+_____+_____+_____ =_______
74. [ ] Divide step 73 total by 10 ÷ 1 0

Average reading is: =_______
75. [ ] Look up average reading on tension-meter

chart and read across to column for spoke
gauge used on wheel
Write approximate kgf here: ________kgf

76. Tension is (check one of following):
[ ] 95–120kgf, go to step 81
[ ] <50 kgf, tighten by 1 turn
[ ] 50–80kgf, tighten by ½ turn
[ ] 81–95kgf, tighten by ¼ turn
[ ] >120kgf, loosen by ½ turn
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77. [ ] Perform adjustment indicated in step 76 on
all nipples.

78. [ ] Check and adjust lateral error until largest
gap is <.5mm.

79. [ ] Check and correct dish error as in steps 38
through 51, if gap at rim is >2mm.

80. [ ] Repeat steps 73 through 79 as many times
as necessary until tension is 95–120kgf.

TENSION BALANCING SPOKESTENSION BALANCING SPOKESTENSION BALANCING SPOKESTENSION BALANCING SPOKESTENSION BALANCING SPOKES
TheoryTheoryTheoryTheoryTheory

In taking the readings to determine the tension
average, it will probably be observed that the spokes
on one side of the wheel vary wildly in tension. Varia-
tions in readings are within acceptable limits if they
vary by the equivalent of ±20kgf and would be con-
sidered excellent at the equivalent of ±10kgf.

When spoke tension needs balancing, there will
be excessively tight spokes and excessively loose
spokes. Both conditions cause problems.

High-tension:
High-tension spokes cause localized stress at

the rim at each nipple hole, which can lead
to rim failure.

High-tension spokes are much more likely to
lead to nipple failure (rounded wrench flats)
than spokes under normal tension, particularly
if the overall tension is near its upper limit
and/or the spoke and nipple quality is low.

High-tension spokes twist (called wind-up) more
while truing the wheel and lead to more work
when stressing the wheel to eliminate wind-up.

Low-tension:
Low-tension spokes fatigue more quickly be-

cause of the likelihood that they will go slack
when they are at the bottom of the loaded
wheel, leading to a �snap� effect when they
return to tension.

Low-tension spokes are more likely to have
their nipples unwind, leading to loss of true.

Low-tension spokes limit the potential to true
errors by loosening spokes. This is particu-
larly true when working with the left side of
a rear wheel with exaggerated dish.

The tension-balancing process is a good diagnos-
tic tool. During the process, a normal wheel will have
some spokes that have a high tension and others that
are low. If the wheel is not damaged, these high and
low-tension spokes will virtually always be present as
adjacent pairs. The process of correction is to find a
high and a low spoke that are adjacent and adjust one

down and the other up. When many consecutive high-
tension spokes are found (and the wheel is true) it in-
dicates rim damage. The same is true when there are
multiple consecutive low-tension spokes.

Three procedure alternativesThree procedure alternativesThree procedure alternativesThree procedure alternativesThree procedure alternatives
There are three ways to tension-balance wheels.
The first method, preventative balancing, is infor-

mal and imprecise, but reasonably effective. It is in-
corporated into the lateral-truing procedure described
earlier. All it consists of is checking two adjacent
spokes for relative tension when deciding which one
of them to use to correct a lateral error.

The second method, reading balancing, has a de-
tailed procedure starting with step #81 following. With
this method, an average reading based on all the spokes
on one side of the wheel is determined and a simple
mathematical formula is applied to the average to de-
termine the acceptable-reading range. Spokes outside
the range are then adjusted. This method works well
on spokes of common thickness in wheels that are near
a 100kgf average, but is less applicable to wheels with
very thin spokes or very low or high average tensions.

The third method, precision balancing, is described
at the end of the whole wheel-truing process under
the heading PRECISION TENSION BALANCING PRECISION TENSION BALANCING PRECISION TENSION BALANCING PRECISION TENSION BALANCING PRECISION TENSION BALANCING (page 17-
24) . This method is the most precise, but is very time
consuming and has some complicated mathematical
procedures. This method is the best one to use if the
spokes are a thin gauge or the tensions are near the
limits of the acceptable range.

Reading balancing with a WheelsmithReading balancing with a WheelsmithReading balancing with a WheelsmithReading balancing with a WheelsmithReading balancing with a Wheelsmith
TensiometerTensiometerTensiometerTensiometerTensiometer

Step #85�#89 and #103�#107 use the reading bal-
ancing method of determining the acceptable range.
This method is only suitable if a Wheelsmith tensi-
ometer is being used and the average tension is 80�
100kgf. The reason for this tension limitation is that
there is not a direct linear comparison between read-
ing values and kgf values on the tension-meter chart.
If the tension is 80�100kgf, then reading balancing can
be done by adding and subtracting 3 from the average
reading and rounding the result to the nearest incre-
ment of 2.5 (plus-3/minus-3 method).

For example, consider a wheel with 2.0mm spokes
and an average tension reading of 72. Using the plus-
3/minus-3 method of determining the acceptable-read-
ing range, the result would be a reading range of 70 to
75. Looking these values up on the example tension-
meter chart on page 17-10, a tension range of 89-104kgf
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is determined. The average reading of 72 equals 95kgf;
the tension range of 89-104kgf is well within the rec-
ommended ±10kgf range of the 95kgf average.

If the average tension is above 100kgf, the plus-
3/minus-3 method will create a tension range that is
too wide to achieve the desired properties of rim du-
rability and true stability (unacceptable spoke ten-
sions will be left alone). If on the same wheel with
2.0mm spokes, the spoke tension averaged 110kgf,
the average reading would be 76.25. Using the plus-
3/minus-3 method of determining the acceptable-
reading range, the result would be a reading range of
72.5�80. Looking these readings up on the same chart,
it is apparent that a tension range of 96.5�127kgf re-
sults. This range is �13.5kgf to +17kgf of the 110kgf
average tension for this wheel. This is well outside
of the recommended ±10kgf range. This discrepancy
is why the alternate precision tension-balancing
method involves so much math. Using the precision
tension-balancing method would determine an accept-
able-reading range of 72.5�77.5 for the same wheel
at 110kgf. This reading range would result in some-
thing much closer to ±10kgf recommendation.

If the average tension is below 80kgf, the plus-3/
minus-3 method will create an unacceptable tension
range that is too narrow (spokes with acceptable ten-
sions will be adjusted unnecessarily). If on the same
wheel with 2.0mm spokes, the spoke tension averaged
75kgf, the average reading would be 63.9. Using the
plus-3/minus-3 method of determining the acceptable-
reading range, the result would be a reading range of
60.0�67.5. Looking these readings up on the same
chart, it is apparent that a tension range of 68�83kgf
results (�7kgf/+8kgf of the 75kgf average tension). This
is well within the recommended ±10kgf range; spokes
within this range are pointless to balance. This dis-
crepancy is why the alternate precision tension-balanc-
ing method involves so much math. Using the preci-
sion tension-balancing method would determine an
acceptable-reading range of 57.5�67.5 for the same
wheel at 75kgf. This reading range would result in
something much closer to ±10kgf recommendation.

If the plus-3/minus-3 reading balance method is used
when tensions are outside the 80�100kgf range, it is
quite likely that time will be spent trying to balance
spokes that are acceptable, or some spokes that need
balancing will not be balanced.

Following are some examples that show that using
the plus-3/minus-3 reading balancing method will cre-
ate an acceptable-reading range that will be either 5 or
7.5. To calculate the acceptable-reading range, add and

subtract 3 from the average reading to determine the
minimum and maximum acceptable readings. Round
these two answers to the nearest 2.5 reading increment
value. The two numbers that result from the rounding
are the minimum and maximum acceptable readings,
and should range from 5 to 7.5 reading units.

For example, if the average reading is 70.2:
70.2 + 3 = 73.2 (round to 72.5)
70.2 � 3 = 67.2 (round to 67.5)

See in this example that the average reading is close
to halfway between the minimum and maximum read-
ings (2.3 below 72.5 and 2.7 above 67.5). The result-
ing acceptable-reading range is 5 reading units.

For another example, if the average reading is 71.3:
71.3 + 3 = 74.3 (round to 75)
71.3 � 3 = 68.3 (round to 67.5)

See in this second example that the average read-
ing is close to halfway between the minimum and
maximum readings (3.7 below 75 and 3.8 above 67.5).
The resulting acceptable-reading range is 7.5 reading
units. Had a 5 unit reading range been used in this
case (70 to 75), then the average would not be close to
halfway between the minimum and maximum read-
ings, making the mechanical process of correcting the
unbalanced pairs more challenging.

This method, in summary, requires picking an
acceptable-reading range that has the average reading
close to halfway between the minimum and maximum
readings. Ideally this range would be 5, but if neces-
sary it would be 7.5. Any reading range (when using a
Wheelsmith tension meter) of 10 or more would usu-
ally be considerably more than a ±10kgf range, and
in some cases more than ±20kgf.

Determine right-side acceptableDetermine right-side acceptableDetermine right-side acceptableDetermine right-side acceptableDetermine right-side acceptable
reading rangereading rangereading rangereading rangereading range

The following procedure only applies if using a
Wheelsmith Tensiometer.
NOTE: If not tension balancing the wheel, go to

step 117.
81. [ ] Measure tension of all spokes on right side

of wheel and record readings on right face
of rim adjacent to each spoke.

82. [ ] Add all right-side readings together
and record right-side total here: _________

83. [ ] Divide by number of readings: ÷____
84. [ ] Right-side average reading is: =_________
NOTE: For a more precise alternative to determin-

ing the minimum and maximum readings than
the method in steps 85–89, use steps 1–37 of
the PRECISION TENSION BALANCING PRECISION TENSION BALANCING PRECISION TENSION BALANCING PRECISION TENSION BALANCING PRECISION TENSION BALANCING procedure.

85. [ ] Range reduction: –3
86. [ ] Right-side MINIMUM READING: =_________
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87. [ ] Repeat step 84: _________
88. [ ] Range increase: + 3
89. [ ] Right-side MAXIMUM READING: =_________

Examine the tension markings on the rim for sets
of �high/low� spokes. A high/low set would be two
consecutive spokes at the rim from the same flange in
which one spoke was higher than the acceptable-read-
ing range calculated, and the other was either unac-
ceptably low or in the low side of the acceptable range.
Or, it could be one spoke that was unacceptably low
and the adjacent spoke was in the high side of the
acceptable range. Mark these pairs by drawing bracket
marks on the face of the rim that include the pair of
high/low-tension readings.

It is possible to find isolated single spokes that are
high or low tension, and there are no apparent spokes
next to them to balance with the high- or low-tension

spoke. These isolated unbalanced spokes indicate ei-
ther a truing error in the wheel at that point or a de-
fect or damage point in the rim. If it is a new rim that
is precisely trued, this might be grounds for seeking
warranty satisfaction.

If the wheel is true and there are multiple con-
secutive high-tension or low-tension spokes, it is a sure
sign of rim damage.

In figure 17.19, a wheel has had the tension read-
ings written on the face of the rim and pairs (marked
A, B, and C) have been selected for balancing. The
reading marked D is an isolated low-tension spoke that
cannot be balanced. The reading marked E is an iso-
lated high-tension spoke that cannot be balanced. The
group marked F is a group of consecutive low-tension
spokes that indicate a rim defect if both the lateral
and radial true are good at that point.

(65
A

A
D

B

B

C

C

C

E

F

F

Reading average: 70.4
Minimum acceptable: 67.5
Maximum acceptable: 72.5

17.19  This rim has been marked with tension readings for all the spokes on this side. Pairs suitable for balancing are bracketed. See the
above text for a detailed explanation.
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Correcting right-side tension-balance errorsCorrecting right-side tension-balance errorsCorrecting right-side tension-balance errorsCorrecting right-side tension-balance errorsCorrecting right-side tension-balance errors
A high/low pair of adjacent, same-side spokes can

be balanced because the spokes have overlapping zones
of influence on the rim. Two adjacent spokes on the
same side of the wheel both influence the lateral true
at the halfway point between the spokes. If a lateral-
true indicator on the truing stand is set to almost con-
tact the rim at this halfway point, and the low-tension
spoke on one side of the true indicator is tightened a
quarter turn, then when the high-tension spoke on
the other side is loosened then the true can be restored
at the halfway point. Tension of both spokes has been
maintained and the lateral true halfway between them
has been maintained. See the below illustration for a
graphic example of how to tension balance a pair of
spokes.

B B B

C C C

D D D

77.5 77.5 77.5

65.0 65.0 65.0

S mallest
vis ible 
gap Contact

1/4 turn

Restore
gap

? turns

75.0

67.5

S tep 1 S tep 2 S tep 3

17.20  In this example, spokes B and D need to be balanced.
Step 1) Eliminate the left true indicator and set the right

true indicator to the smallest visible gap.
Step 2) Turn nipple D 1/4 turn counterclockwise. The

ind i ca tor should contact.
Step 3) Turn nipple B clockwise just until the original gap

is restored, then mark new tensions for spokes B
and D.

90. [ ] Bracket pairs of spokes on wheel that need
balancing.

91. [ ] Select pair to balance.
92. [ ] Cancel out lateral-truing indicator on left

side of wheel.
93. [ ] Set right-side indicator to just barely clear

rim at point halfway between spokes being
balanced.

94. [ ] Tighten looser of two spokes being balanced
1/4 turn. Observe clearance at point halfway
between spokes disappear.

95. [ ] Loosen tighter of two spokes being balanced
just enough to restore initial clearance set at
point halfway between two spokes being
balanced.

96. [ ] Measure new tensions on spokes being bal-
anced and repeat steps 93–95 if necessary.

Even though true has been maintained at the
point halfway between the spokes, there is a chance
that the true has been lost just outside the zone be-
tween the two spokes.

Check to see if more than one spoke might po-
tentially be used to correct the lateral error. Remem-
ber, depending on the lateral stiffness of the rim, each
spoke can affect an area 3�5" in each direction. The
spoke that will be used to correct the lateral error will
be on the same side of the rim as the ones that are
being tension balanced.

To correct the lateral error that has developed,
choose whichever spoke has the most appropriate ten-
sion level to allow further loosening or tightening, as
the case may be. See the below illustration.

A Y

B Z

C A

D B

E C

F D

77.5

65.0

65.0

Large
gap

75.0

67.5

67.5

77.5
75.0

72.5

Loos en unti l
gap is  restored

Contact

70.0

T ighten to
reduce gap

Condition 1 Condition 2

17.21  Condition 1� When lateral true is checked at E after
balancing B and D, a contact is found at E. Since F is
tighter than D, loosen F to eliminate the contact.

              Condition 2� When lateral true is checked at A after
balancing B and D, an excessive gap is found. Since Z is
looser than B, tighten Z to fix the gap.

97. [ ] Once both spokes have tension in accept-
able range, check true just outside of bal-
ance zone on both sides. Correct true by
finding closest spoke with suitable tension
that will affect lateral in area in need.

98. [ ] Repeat steps 91–97 for all other pairs brack-
eted on right side of wheel.
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Determine left-side acceptable-reading rangeDetermine left-side acceptable-reading rangeDetermine left-side acceptable-reading rangeDetermine left-side acceptable-reading rangeDetermine left-side acceptable-reading range
99. [ ] Measure tension of all spokes on left side of

wheel and record readings on left face of
rim adjacent to each spoke.

100.100.100.100.100. [ ] Add all left-side readings together
and record left-side total here: _________

101.101.101.101.101. [ ] Divide by number of readings: ÷____
102.102.102.102.102. [ ] Left-side average reading is: =_________
103.103.103.103.103. [ ] Range reduction: –3
NOTE: For a more precise alternative to determin-

ing the minimum and maximum readings, use
steps 1–37 of the PRECISION TENSION BALANCINGPRECISION TENSION BALANCINGPRECISION TENSION BALANCINGPRECISION TENSION BALANCINGPRECISION TENSION BALANCING
procedure.

104.104.104.104.104. [ ] Left-side MINIMUM READING: =_________
105.105.105.105.105. [ ] Repeat step 102: _________
106.106.106.106.106. [ ] Range increase: + 3
107.107.107.107.107. [ ] Left-side MAXIMUM READING: =_________

Correcting left-side tension-balance errorsCorrecting left-side tension-balance errorsCorrecting left-side tension-balance errorsCorrecting left-side tension-balance errorsCorrecting left-side tension-balance errors
108.108.108.108.108. [ ] Bracket pairs of spokes on wheel that need

balancing.
109.109.109.109.109. [ ] Select pair to balance.
110.110.110.110.110. [ ] Cancel out lateral-truing indicator on right

side of wheel.
111.111.111.111.111. [ ] Set left-side indicator to just barely clear

rim at point halfway between spokes being
balanced.

112.112.112.112.112. [ ] Tighten looser of two spokes being balanced
1/4 turn. Observe clearance at point halfway
between spokes disappear.

113.113.113.113.113. [ ] Loosen tighter of two spokes being bal-
anced just enough to restore initial clear-
ance set at point halfway between two
spokes being balanced.

114.114.114.114.114. [ ] Measure new tensions on spokes being bal-
anced and repeat steps 111–113 if necessary.

115.115.115.115.115. [ ] Once both spokes have tension in accept-
able range check true just outside of balance
zone on both sides. Correct true by finding
closest spoke with suitable tension  that will
affect lateral in area in need.

116.116.116.116.116. [ ] Repeat steps 109–115 for all other pairs
bracketed on left side of wheel.

STABILIZING THE TRUESTABILIZING THE TRUESTABILIZING THE TRUESTABILIZING THE TRUESTABILIZING THE TRUE
While the nipples were being tightened, some of

the spokes have been turning with them (wind-up).
When the bike is ridden, the spokes will all unload
temporarily and will unwind to varying degrees. The
unloading effects the lateral true. The common signal
that this is happening is one or several sounds coming
from the wheel when it is first ridden after truing,
that then go away.

There are several techniques for stabilizing wheel
true. Two are safe but ineffective, one is safe and ef-
fective but inefficient, and one is risky but effective
and efficient.

One safe and ineffective technique is often seen in
books. It consists of slightly over-tightening a nipple
and then backing off some. Although this technique
works in principle, there is no correct amount of over-
tightening and backing off that works every time.

The other safe but ineffective method is to squeeze
parallel pairs of spokes on each side of the wheel once
the truing is completed. After using this method,
spokes still ping on the first test ride and the wheel
still goes out of true.

A safe, effective, and inefficient method is to sim-
ply test-ride the wheel after truing it. Follow this up
with another ride and another re-true if necessary.
Then another, if necessary. It could take up to three
or four cycles of installing the wheel on the bike,
riding, removing the wheel, and re-truing before the
true is stabilized. Another version of this is to put
some sort of vertical load on the wheel at the axle or
at the top of the rim. Experimentation with this shows
that it is only partially effective. The wheel will still
ping and go out of true some once ridden.

The risky but effective technique is to side-load
the wheel. The wheel is supported at the axle and
pressed down simultaneously at two points 180° apart
at the rim. This is done repeatedly on both sides of
the wheel until all the spokes have been momentarily
relieved of tension. What makes this effective is that
the wheel has very little lateral strength so it is easy to
deflect the rim enough to successfully unload a spoke.
It is this very thing that makes this technique risky.
The lateral weakness of the wheel, combined with
careless technique, can result in a collapsed wheel.

To safely side-load a wheel the tension must not be
to high. This technique should never be used when a
tension meter has not been used to confirm the average
right-side tension is below 120kgf. Additionally, it is
important to use several forms of feedback to be able to
tell when just enough load has been applied. The feed-
back might be a noise from a spoke, a twitching sensa-
tion felt in a spoke, or any sensation that the rim is de-
flecting. Whichever form of feedback occurs first, indicates
that the wheel has been adequately loaded at that point!

The correct technique to side-load the wheel is to
place it on a solid surface that is low enough to be able
to lean over it. Protect the surface from the axle by
using a small block of wood. Place a hand at the 3
o�clock position on the rim and a hand at the 9 o�clock
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position on the rim. At both positions the hand should
be centered over a spoke that comes from the lower
flange and a finger should rap around the outside of
the rim and touch the lower-flange spoke. This finger
is critical because it is used to feel for any twitch in
the spoke that indicates the side-load level is enough.
With elbows locked, shove gently down on the rim
and be sensitive to the ping sound, a spoke twitch, or
the feeling of the rim deflecting. If nothing is felt, shove
a little harder. If the rim seems to suddenly give way,
break loose the locked elbows immediately.

2

3

3

4

4

5

5

6

6

7

7

8

8

2

1 1

17.22  To stress the wheel, center the balls of your thumbs over
two spokes from the bottom flange that are 180° apart. Reach from
below to place a finger against each spoke. Press firmly until you
hear or feel a spoke unwind. Repeat for sets 2�8, then repeat on
other side of wheel.

117.117.117.117.117. [ ] Place wheel right-side down on low surface.
118.118.118.118.118. [ ] Position hands 180° apart on rim with hands

centered over spokes coming from low flange
and fingers touching same spokes.

119.119.119.119.119. [ ] With locked elbows gently shove against rim
until ping, spoke twitch, or rim flex is experi-
enced. Increase effort if none are experienced.

120.120.120.120.120. [ ] Move hands to adjacent spokes from lower
flange and repeat step 119. Repeat until all
spokes from lower flange have been unloaded.

121.121.121.121.121. [ ] Turn wheel over and repeat steps 118–120
for second side.

122.122.122.122.122. [ ] Place wheel in truing stand and check if lat-
eral-true error exceeds maximum allowed.

Side-loading eliminates spoke wind-up. Spoke wind-
up was created by tightening nipples. If nipple tighten-
ing is used to eliminate lateral errors that appear after
side-loading, then the wind-up will be reintroduced.
Therefore, when correcting these lateral errors, the best
technique is to loosen a spoke that is on the same side
of the wheel as the lateral-true indicator that is contact-

ing the rim. For example: if the contact is on the right
side of the rim, loosen the right-side spoke that is clos-
est to the center of the contact. Loosening will not cre-
ate as much wind-up as tightening.
123.123.123.123.123. [ ] Correct lateral-true errors if necessary by

loosening spoke(s) at point of contact com-
ing from same side of hub as side that is
contacting.

124.124.124.124.124. [ ] Repeat steps 117–123 repeatedly until
wheel remains within desired lateral toler-
ance. (When spokes are adjusted on one
side only, side-loading need only be done
with that side down.)

Post-truing completionPost-truing completionPost-truing completionPost-truing completionPost-truing completion
125.125.125.125.125. [ ] Re-adjust hub as necessary. (Remember, a

properly adjusted quick-release, conven-
tional-bearing hub has play when out of bike
that had to be eliminated to true wheel.)

126.126.126.126.126. [ ] Reinstall tire, quick release skewer, and
wheel in bike.

127.127.127.127.127. [ ] Clean rim of any oily residues left over from
truing process.

PRECISION TENSION BALANCINGPRECISION TENSION BALANCINGPRECISION TENSION BALANCINGPRECISION TENSION BALANCINGPRECISION TENSION BALANCING
Precision balancing is a more precise way to de-

termine the acceptable tension reading range for a
given side of a wheel. This procedure is an alternative
to steps #85�89  or #103�107 of the TRUING WHEELS TRUING WHEELS TRUING WHEELS TRUING WHEELS TRUING WHEELS
WITH UNDAMAGED RIMS, SPOKES, AND NIPPLEWITH UNDAMAGED RIMS, SPOKES, AND NIPPLEWITH UNDAMAGED RIMS, SPOKES, AND NIPPLEWITH UNDAMAGED RIMS, SPOKES, AND NIPPLEWITH UNDAMAGED RIMS, SPOKES, AND NIPPLE proce-
dure. This procedure is preferred if limitations of the
wheel require that the average tension be outside the
recommended 80-100kgf range, or if more precision
is desired. For most wheels, the reading-balancing
method is adequate. The precision tension-balancing
method requires more time and more math.

The precision tension-balancing process consists of
four basic steps. Each step is a mathematical calcula-
tion. The first step is to convert the average reading
from the wheel into an exact tension average. Because
the tension-meter chart has relatively large jumps be-
tween values in the reading column, when the average
reading falls between two readings that appear on the
chart, a mathematical process called �interpolation� is
needed to determine the tension value that is equiva-
lent to the average reading . The second step is to deter-
mine an acceptable tension range for the wheel. This is
accomplished by adding 10 to the average tension to
determine that maximum tension, and by subtracting
10 from the average tension to determine the minimum
tension. The last two steps of the process use the pro-
cess of interpolation to convert the maximum and mini-
mum acceptable tensions to minimum and maximum
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acceptable reading values. Once the process of calculat-
ing the minimum and maximum acceptable reading
values is completed, then the wheel can be reviewed
for spokes that fall outside the acceptable range.

The maximum reading value (X), determined in
the following process, can be used in steps #89 or #107,
and the minimum reading value (y), determined in
the following process, can be used in steps #86 or #104
of the TRUING WHEELS WITH UNDAMAGED RIMS,TRUING WHEELS WITH UNDAMAGED RIMS,TRUING WHEELS WITH UNDAMAGED RIMS,TRUING WHEELS WITH UNDAMAGED RIMS,TRUING WHEELS WITH UNDAMAGED RIMS,
SPOKES, AND NIPPLESSPOKES, AND NIPPLESSPOKES, AND NIPPLESSPOKES, AND NIPPLESSPOKES, AND NIPPLES worksheet. Step #1 gets its value
from step #84 or #102 of the TRUING WHEELS WITHTRUING WHEELS WITHTRUING WHEELS WITHTRUING WHEELS WITHTRUING WHEELS WITH
UNDAMAGED RIMS, SPOKES, AND NIPPLESUNDAMAGED RIMS, SPOKES, AND NIPPLESUNDAMAGED RIMS, SPOKES, AND NIPPLESUNDAMAGED RIMS, SPOKES, AND NIPPLESUNDAMAGED RIMS, SPOKES, AND NIPPLES worksheet.

Determining exact tensionDetermining exact tensionDetermining exact tensionDetermining exact tensionDetermining exact tension
from average readingfrom average readingfrom average readingfrom average readingfrom average reading

By means of mathematical interpolation, steps #1
through #11 convert the average reading from the ten-
sion meter into a precise average tension (K).
1 . [ ] Average of readings from one side

(from step 84 or 102): ______ A
2. [ ] Closest reading value <A  from

tension-meter chart  reading line : ______ B
3. [ ] Closest reading value >A  from

tension-meter chart  reading line : ______ C
4. [ ] Kgf value equal to B from

tension-meter chart  kgf line : ______ D
5. [ ] Kgf value equal to C from

tension-meter chart  kgf line : ______ E
6. [ ] A – B = F ______ – ______ = ______ F
7. [ ] E – D = G ______ – ______ = ______ G
8. [ ] F × G = H ______ × ______ = ______ H
9. [ ] C – B = I ______ – ______ = ______ I
10. [ ] H ÷ I = J ______ ÷ ______ = ______ J
11. [ ] D + J = K ______ + ______ = ______ K

Steps #6 through #11 can be expressed algebra-
ically, which is easier for someone familiar with alge-
bra. The formula is:

(A–B) × (E–D)
        (C–B)

Determining the acceptable tension rangeDetermining the acceptable tension rangeDetermining the acceptable tension rangeDetermining the acceptable tension rangeDetermining the acceptable tension range
for tension balancingfor tension balancingfor tension balancingfor tension balancingfor tension balancing

Now that the precise average spoke tension has
been determined, a simple process is used to deter-
mine the acceptable tension range.
12. [ ] Maximum tension in kgf (M)

K + 10 = M ______ + ______ = ______M
13. [ ] Minimum tension in kgf (L)

K – 10 = L ______ – ______ = ______ L

Determining a tension reading equal to Determining a tension reading equal to Determining a tension reading equal to Determining a tension reading equal to Determining a tension reading equal to M
Steps #14 through #24 convert the maximum ac-

ceptable tension (M) from step #12 into an equivalent
tension-meter reading (X) for the tension meter in use.
14. [ ] Maximum tension for this side: ______M
15. [ ] Closest kgf value <M  from

tension-meter chart  kgf line : ______ N
16. [ ] Closest kgf value >M  from

tension-meter chart  kgf line : ______ P
17. [ ] Reading value equal to N from

tension-meter chart  reading line : ______Q
18. [ ] Reading value equal to P from

tension-meter chart  reading line : ______ R
19. [ ] M – N = S ______ – ______ = ______ S
20. [ ] R – Q = T ______ – ______ = ______ T
21. [ ] S × T = U ______ × ______ = ______ U
22. [ ] P – N = V ______ – ______ = ______ V
23. [ ] U ÷ V = WWWWW ______ ÷ ______ = ______ WWWWW
24. [ ] WWWWW + Q = X ______ + ______ = ______ X

Steps #19 through #24 can be expressed algebra-
ically, which is easier for someone familiar with alge-
bra. The formula is:

(M–N) × (R–Q)
        (P–N)

In the next step, the exact value of X needs to be
rounded to a number that can actually be read from
the tension meter. The finest increments recom-
mended earlier for reading a Wheelsmith Tensiometer
are 0, 2.5, 5, and 7.5. Here are some examples.

Round anything from 58.8�61.2 to 60.0
Round anything from 61.3�63.7 to 62.5
Round anything from 63.8�66.2 to 65.0
Round anything from 66.3�68.7 to 67.5

The value determined in step #25 is used in the
TRUING WHEELS WITH UNDAMAGED RIMS, SPOKES, ANDTRUING WHEELS WITH UNDAMAGED RIMS, SPOKES, ANDTRUING WHEELS WITH UNDAMAGED RIMS, SPOKES, ANDTRUING WHEELS WITH UNDAMAGED RIMS, SPOKES, ANDTRUING WHEELS WITH UNDAMAGED RIMS, SPOKES, AND
NIPPLENIPPLENIPPLENIPPLENIPPLE worksheet. Transfer the value to step #89 of
the wheel truing worksheet (if tension-balancing the
right side of wheel), or to step #107 (if tension-balanc-
ing the left side of wheel).
25. [ ] Round X to nearest reading ending in 0, 2.5,

5, or 7.5 and record here:
MAXIMUM READING is: ________

  + Q = X

  + D = K
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Determining a tension reading equal to LDetermining a tension reading equal to LDetermining a tension reading equal to LDetermining a tension reading equal to LDetermining a tension reading equal to L
Steps #26 through #36 convert the minimum ac-

ceptable tension (L) from step #13 into an equivalent
tension-meter reading (y) for the tension meter in use.
26. [ ] Minimum tension for this side: ______ L
27. [ ] Closest kgf value <L  from

tension-meter chart  kgf line : ______ n
28. [ ] Closest kgf value >L  from

tension-meter chart  kgf line : ______ p
29. [ ] Reading value equal to n from

tension-meter chart  reading line : ______ q
30. [ ] Reading value equal to p from

tension-meter chart  reading line : ______ r
31. [ ] L – n = s ______ – ______ = ______ s
32. [ ] r – q = t ______ – ______ = ______ t
33. [ ] s × t = u ______ × ______ = ______ u
34. [ ] p – n = v ______ – ______ = ______ v
35. [ ] u ÷ v = wwwww ______ ÷ ______ = ______ wwwww
36. [ ] wwwww + q = y ______ + ______ = ______ y

Steps #31 through #36 can be expressed algebra-
ically, which is easier for someone familiar with alge-
bra. the formula is:

(L–n) × (r–q)
        (p–n)

In the next step, the exact value of y needs to be
rounded to a number that can actually be read from
the tension meter. The finest increments recom-
mended earlier for reading a Wheelsmith Tensiometer
are 0, 2.5, 5, and 7.5. Here are some examples.

Round anything from 68.8�71.2 to 70.0
Round anything from 71.3�73.7 to 72.5
Round anything from 73.8�76.2 to 75.0
Round anything from 76.3�78.7 to 77.5

The value determined in step #37 is used in the
TRUING WHEELS WITH UNDAMAGED RIMS, SPOKES, ANDTRUING WHEELS WITH UNDAMAGED RIMS, SPOKES, ANDTRUING WHEELS WITH UNDAMAGED RIMS, SPOKES, ANDTRUING WHEELS WITH UNDAMAGED RIMS, SPOKES, ANDTRUING WHEELS WITH UNDAMAGED RIMS, SPOKES, AND
NIPPLENIPPLENIPPLENIPPLENIPPLE worksheet. Transfer the value to step #86 of
the wheel truing worksheet (if tension-balancing the
right side of wheel), or to step #104 (if tension-balanc-
ing the left side of wheel).
37. [ ] Round y to nearest reading ending in 0, 2.5,

5, or 7.5 and record here:
MINIMUM READING is: ________

TRUING WHEELS WITHTRUING WHEELS WITHTRUING WHEELS WITHTRUING WHEELS WITHTRUING WHEELS WITH
BROKEN SPOKES ORBROKEN SPOKES ORBROKEN SPOKES ORBROKEN SPOKES ORBROKEN SPOKES OR
DAMAGED NIPPLESDAMAGED NIPPLESDAMAGED NIPPLESDAMAGED NIPPLESDAMAGED NIPPLES

Most of repairing a wheel with a damaged nipple
or broken spoke is the same as truing an undamaged
wheel. The main differences are it is necessary to de-

termine the spoke length for a replacement spoke, and
it is necessary to determine the spoke gauge for a re-
placement nipple. There can also be a little bit of a
problem removing the damaged nipple.

Preparations and inspectionsPreparations and inspectionsPreparations and inspectionsPreparations and inspectionsPreparations and inspections
1 . [ ] Do steps 1–7 from TRUING WHEELS WITH UN-TRUING WHEELS WITH UN-TRUING WHEELS WITH UN-TRUING WHEELS WITH UN-TRUING WHEELS WITH UN-

DAMAGED RIMS, SPOKES OR NIPPLESDAMAGED RIMS, SPOKES OR NIPPLESDAMAGED RIMS, SPOKES OR NIPPLESDAMAGED RIMS, SPOKES OR NIPPLESDAMAGED RIMS, SPOKES OR NIPPLES procedure.
2 . [ ] Remove rim strip from rim.
3 . [ ] Rear wheels only, remove freehub cogs, or

freewheel.

Determining correct spoke lengthDetermining correct spoke lengthDetermining correct spoke lengthDetermining correct spoke lengthDetermining correct spoke length
i f replacing spokei f replacing spokei f replacing spokei f replacing spokei f replacing spoke

The spoke length can be calculated using various
spoke-length programs or tables; when replacing a
spoke, the simplest way to determine the correct length
is to measure an existing spoke in the wheel. It will
not be a precise measurement, but it will be adequate.
Measure with a metric tape measure.

The proper way to measure a spoke that is in-
stalled in the wheel is to measure from the base of the
nipple (where the nipple comes out of the rim) to edge
of the spoke hole in the hub flange (the edge that is
closest to the center of the wheel). This is easiest to do
by measuring a spoke that has its head on the inside
of the hub flange, otherwise the spoke head covers
the hole. On rear wheels, left and right spokes can be
different lengths, so measure on the side of the wheel
that needs the spoke replaced.

17.23  Measuring a spoke in the wheel.

4 . [ ] Measure length of an installed spoke on
same side of wheel as replacing spoke. Mea-
sure from inside face of rim to far edge of
spoke hole in flange and write number here:
___________mm.

  + q = y
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Determining the correct spoke gaugeDetermining the correct spoke gaugeDetermining the correct spoke gaugeDetermining the correct spoke gaugeDetermining the correct spoke gauge
i f replacing a nipple or spokei f replacing a nipple or spokei f replacing a nipple or spokei f replacing a nipple or spokei f replacing a nipple or spoke

In step #7, from the TRUING WHEELS WITH UNDAM-TRUING WHEELS WITH UNDAM-TRUING WHEELS WITH UNDAM-TRUING WHEELS WITH UNDAM-TRUING WHEELS WITH UNDAM-
AGED RIMS, SPOKES, AND NIPPLESAGED RIMS, SPOKES, AND NIPPLESAGED RIMS, SPOKES, AND NIPPLESAGED RIMS, SPOKES, AND NIPPLESAGED RIMS, SPOKES, AND NIPPLES  procedure, the spoke
gauge at the midpoint was measured so that the infor-
mation could be used later to determine spoke ten-
sion. If the spoke is butted or aerodynamic, this mea-
surement will not determine the right gauge for the
nipple or spoke. It is best to double check, anyway.
Use the midpoint measurement and the following end
measurement to get a replacement spoke of the cor-
rect gauge as well.
5 . Use calipers or spoke ruler to measure diameter

of spoke just before it enters nipple. Com-
pare measurement to following and check
off one to indicate spoke gauge:
[ ] 2.6mm– 12 gauge
[ ] 2.3mm– 13 gauge
[ ] 2.0mm– 14 gauge
[ ] 1.8mm– 15 gauge

Removing and replacing a broken spokeRemoving and replacing a broken spokeRemoving and replacing a broken spokeRemoving and replacing a broken spokeRemoving and replacing a broken spoke
The easiest way to remove a broken spoke is to

cut it an inch from the hub flange and then work the
remainder out. Note which side of the flange the spoke
head is on, then install the new spoke so that the spoke
head ends up on the same side of the flange.

Look at the hub flange and see that the spokes
alternate having their heads to the inside and to the
outside of the flange.

If the new spoke is going to be a �head-out� spoke,
after starting the new spoke through the hole in the
correct direction, it may be necessary to flex it away
from the hub when it gets to the other flange so that it
will come out the opposite side of the wheel just be-
yond the crotch of two spokes in the opposite flange. If
the spoke bows while doing this, it is not a problem.

A �head-in� spoke can just be laid out flat once it
is pushed all the way into the flange.

Spokes will need to be bowed slightly to weave
them past the other spokes and into their final posi-
tion. Note that each spoke crosses several others in its
path from the hub to the rim. Typically �head-in�
spokes cross under the last spoke on the way to the
rim, and �head-out� spokes cross over the last spoke
on the way to the rim. Just follow the pattern of the
other spokes.
6 . [ ] Remove broken spoke(s).
7 . [ ] Put new spoke(s) in and thread on nipple(s)

without tightening.

Removing and replacing a damaged nippleRemoving and replacing a damaged nippleRemoving and replacing a damaged nippleRemoving and replacing a damaged nippleRemoving and replacing a damaged nipple
Nipples are damaged from being over-tightened

or from a misfit wrench being used. Sometimes they
round off while being tightened and can still be turned
the opposite way to loosen them. Sometimes they must
be grasped with pliers or vise-grip pliers to break them
loose. Try using a Park SW-10 nipple wrench instead.
If the SW-10 slips, use a file to increase the flats on the
nipple. Once the spoke is getting slack, it�s all right to
cut the spoke. Often the threads of the spoke are also
damaged, and the spoke must be replaced.
8 . [ ] Remove damaged nipple(s).
9 . [ ] Thread on new nipple(s) without tightening.

Determining starting tension for the replacedDetermining starting tension for the replacedDetermining starting tension for the replacedDetermining starting tension for the replacedDetermining starting tension for the replaced
spoke or spoke with replaced nipplespoke or spoke with replaced nipplespoke or spoke with replaced nipplespoke or spoke with replaced nipplespoke or spoke with replaced nipple

When a nipple is removed or a spoke is broken,
the wheel can go wildly out of true, and it can look
like a lot more than one spoke will be involved in
making the correction. If the wheel was reasonably
true to start with before the spoke broke or damaged
nipple was removed, then all it will take to get it back
to the same degree of true is to adjust the new spoke/
nipple. The key to doing this is to determine the ten-
sion average on the side of the wheel with the new
spoke or nipple, then tighten the new nipple/spoke
to that tension. In the following steps, measure the
tension of ten spokes on the side with the new spoke
or nipple (excluding the new spoke or spoke with new
nipple) and average the readings. Then tighten the new
spoke or spoke with new nipple to the average read-
ing. There is no need to use the tension-meter chart to
convert readings to kilograms.
10. [ ] Measure tension on ten consecutive spokes

on side with new spoke/nipple and record
readings in following blanks.

_____+_____+_____+_____+_____

_____+_____+_____+_____+_____ =_______
11. [ ] Divide step 10 total by 10 ÷ 1 0

Average reading is: =_______
12. [ ] Tighten new spoke/nipple to average reading

calculated in step 11.
13. [ ] Replace freewheel/freehub cogs.
14. [ ] Do steps 8–127 from TRUING WHEELS WITH UN-TRUING WHEELS WITH UN-TRUING WHEELS WITH UN-TRUING WHEELS WITH UN-TRUING WHEELS WITH UN-

DAMAGED RIMS, SPOKES AND NIPPLESDAMAGED RIMS, SPOKES AND NIPPLESDAMAGED RIMS, SPOKES AND NIPPLESDAMAGED RIMS, SPOKES AND NIPPLESDAMAGED RIMS, SPOKES AND NIPPLES procedure
(page 17-10).
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TRUING WHEELS WITHTRUING WHEELS WITHTRUING WHEELS WITHTRUING WHEELS WITHTRUING WHEELS WITH
DAMAGED RIMSDAMAGED RIMSDAMAGED RIMSDAMAGED RIMSDAMAGED RIMS

The fundamental problems with repairing wheels
with bends is that when metal bends it elongates. Bend-
ing it back will not shrink it again. Bending it back
just elongates it more. What this implies is that once a
rim is bent, it can never be fully straightened. One big
dent can be changed into a series of small, less obvi-
ous dips and bumps, but in cannot be eliminated. The
more severe the bend is, the less likelihood of a suc-
cessful outcome. The more over-correcting and re-
correcting is done, the less likely the repair will ever
make it to a successful point.

Rim bends can be broken down into three catego-
ries. These are dings in the outer perimeter of the rim,
radial bends in the body of the rim, and lateral bends.
Dings in the outer perimeter of the rim can be identi-
fied by two characteristics. There is a lack of any ap-
parent radial error in the inner perimeter of the rim
and there is no evidence of loose spokes at the point of
the radial error. Radial bends in the body of the rim
can be identified by the fact the fact that the very spokes
that should be loosened to let out the dip are already
looser than all the other spokes in the wheel. Lateral
bends in the rim are identified by the fact that the very
spokes that should be tightened to correct the rub are
already tighter than any other spokes on their side of
the wheel, or the very spokes that should be loosened
to correct the rub are already looser than any other
spokes on the same side of the wheel.

FIXING DINGS IN THE OUTERFIXING DINGS IN THE OUTERFIXING DINGS IN THE OUTERFIXING DINGS IN THE OUTERFIXING DINGS IN THE OUTER
PERIMETER OF THE RIMPERIMETER OF THE RIMPERIMETER OF THE RIMPERIMETER OF THE RIMPERIMETER OF THE RIM

Dings limited to the outer perimeter of the rim
are only a problem if they cause the rim sidewall to
bulge out at the point of the ding, and this is unusual
with aluminum rims. In any case, a tool is made to fix
these, and they are relatively easy to fix as long as the
dings are not severe.
1 . [ ] Do steps 1–21 from TRUING WHEELS WITH UN-TRUING WHEELS WITH UN-TRUING WHEELS WITH UN-TRUING WHEELS WITH UN-TRUING WHEELS WITH UN-

DAMAGED RIMS, SPOKES, AND NIPPLESDAMAGED RIMS, SPOKES, AND NIPPLESDAMAGED RIMS, SPOKES, AND NIPPLESDAMAGED RIMS, SPOKES, AND NIPPLESDAMAGED RIMS, SPOKES, AND NIPPLES worksheet.
The Bicycle Research RS1 Rim Saver is used to

squeeze in rim-sidewall bulges. This tool is a pair of
pliers with a wide jaw and a narrow jaw. The narrow
jaw is placed against the sidewall bulge and the wide
jaw is placed against the other side of the rim. Be care-
ful to squeeze the handles gently. Because no tool is
made to spread the rim back out, it is better to under
correct and need to repeat the attempt then to over

correct and make the rim too narrow. To check
whether the job is done, set a caliper to the rim width
on an undamaged section of rim and try to slide the
caliper past the damaged point. If it hangs up, con-
tinue to squeeze the rim narrower.
2 . [ ] Use Bicycle Research RS1 to squeeze in any

sidewall bulges detected during step 13 or
step 16 of TRUING WHEELS WITH UNDAMAGEDTRUING WHEELS WITH UNDAMAGEDTRUING WHEELS WITH UNDAMAGEDTRUING WHEELS WITH UNDAMAGEDTRUING WHEELS WITH UNDAMAGED
RIMS, SPOKES, AND NIPPLESRIMS, SPOKES, AND NIPPLESRIMS, SPOKES, AND NIPPLESRIMS, SPOKES, AND NIPPLESRIMS, SPOKES, AND NIPPLES worksheet.

3. [ ] Do steps 21–127 from TRUING WHEELS WITH UN-TRUING WHEELS WITH UN-TRUING WHEELS WITH UN-TRUING WHEELS WITH UN-TRUING WHEELS WITH UN-
DAMAGED RIMS, SPOKESDAMAGED RIMS, SPOKESDAMAGED RIMS, SPOKESDAMAGED RIMS, SPOKESDAMAGED RIMS, SPOKES,,,,,  AND NIPPLES AND NIPPLES AND NIPPLES AND NIPPLES AND NIPPLES worksheet.

FIXING RADIAL BENDSFIXING RADIAL BENDSFIXING RADIAL BENDSFIXING RADIAL BENDSFIXING RADIAL BENDS
IN THE BODY OF THE RIMIN THE BODY OF THE RIMIN THE BODY OF THE RIMIN THE BODY OF THE RIMIN THE BODY OF THE RIM

Radial bends in the body of the rim are detected
during normal truing when the point is reached of cor-
recting dips while truing radial. When correcting a dip
(which is done by loosening spokes in the vicinity of the
dip) it is found that the spokes are already looser than
any others in the wheel, a radial bend has been found.

To fix the problem loosen the loose spokes even
further, support the rim on wood blocks, apply im-
pact to the inner perimeter of the rim, and then re-
tighten the spokes. The reason that spokes must be
loosened first is that the rim needs to be moved past
the point where it must end up. Before the rim was
damaged, the loose spokes at the point of damage were
probably tight. If the repair is attempted without loos-
ening the spokes, there will be resistance from the
spokes before the rim is moved far enough.

To set up the wheel for repair, first loosen the spokes
in the affected area at least five full turns each. Support
the rim just outside the flattened area on two soft blocks
of wood, such as firring strips (1×2 boards). The blocks
of wood should be in line with the rim, not perpen-
dicular. The repair will be done by striking the center
of the bent section of rim with a rubber mallet.

After pushing out the rim, the spokes are tight-
ened until the bump is eliminated. If they are at nor-
mal tension once the rim is round, the correction is
done. If they are still loose, additional correction is
needed. If they end up over-tight, the bend has been
over-corrected. There is no good solution to this ex-
cept to live with the rim having a bump and the spokes
at that point being a little over-tight.

On paper this all sounds better than in actually
works. It is difficult to hit the rim with the correct
force, and the rim may bend in where it is supported
on the blocks. A great deal of patience and skill with
a rubber hammer is needed.
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IMPACT

Loosen 5 ful l  turns  each

17.24  Fixing a radial bend.

1 . [ ] Do steps 1–36 from  TRUING WHEELS WITH UN-TRUING WHEELS WITH UN-TRUING WHEELS WITH UN-TRUING WHEELS WITH UN-TRUING WHEELS WITH UN-
DAMAGED RIMS, SPOKES AND NIPPLESDAMAGED RIMS, SPOKES AND NIPPLESDAMAGED RIMS, SPOKES AND NIPPLESDAMAGED RIMS, SPOKES AND NIPPLESDAMAGED RIMS, SPOKES AND NIPPLES procedure.

2. If at any time in step 33, spokes needing loosen-
ing seem too loose to start with, rim is bent.
[ ] Loosen all spokes in affected area until
nipples are almost off (at least 5 full turns).
[ ] Place rim on wood blocks in line with rim,
with blocks just past end of dip.
[ ] Strike inner perimeter of rim near center
of dip with rubber mallet.
[ ] Put wheel in truing stand.
[ ] Tighten spokes in affected area until
bump is eliminated.
[ ] Measure tension on spokes in affected
area and compare to other spokes just out-
side affected area.
[ ] If tensions are low, loosen spokes again
and repeat procedure.
[ ] If tensions are normal or high, continue
from step 35 on TRUING WHEELS WITH UNDAM-TRUING WHEELS WITH UNDAM-TRUING WHEELS WITH UNDAM-TRUING WHEELS WITH UNDAM-TRUING WHEELS WITH UNDAM-
AGED RIMS, SPOKES AND NIPPLESAGED RIMS, SPOKES AND NIPPLESAGED RIMS, SPOKES AND NIPPLESAGED RIMS, SPOKES AND NIPPLESAGED RIMS, SPOKES AND NIPPLES procedure.

FIXING LATERAL BENDSFIXING LATERAL BENDSFIXING LATERAL BENDSFIXING LATERAL BENDSFIXING LATERAL BENDS
IN THE RIMIN THE RIMIN THE RIMIN THE RIMIN THE RIM

A lateral bend is identified when the spokes that
need tightening to correct a rub are already over-tight,
or a spoke that needs loosening to correct a rub is
already very loose.

There is no more difficult  wheel repair then repair-
ing a rim with a lateral bend. The rim needs to be un-
bent and the only way to do it is to hit it on something
(or with something), or stick the affected area in some
sort of crack and apply leverage to the wheel. How much
force to use can only be learned by trial and error. If
putting the wheel in some crack and apply leverage, find-
ing the right crack and figuring out how much rim to
insert are a challenge. If using impact, it is recommended
to put the rim on two wood blocks that support the rim
just beyond the damaged area, with the side of the wheel
that the rim bends to facing up. Next, cut a wood block
that is just a little bit shorter than the damaged area and
rest it on top of the rim on the damaged section. Strike
the block on top of the rim with a hammer.

Like when repairing a radial bend, it is important
to loosen the spokes on the side of the wheel where
the damage is so that the rim can be pushed easily past
the point that it should end up.

Loos ened
5 full turns

IMPACT

17.25  Fixing a lateral bend.

1 . [ ] Do steps 1–17 from TRUING WHEELS WITH UN-TRUING WHEELS WITH UN-TRUING WHEELS WITH UN-TRUING WHEELS WITH UN-TRUING WHEELS WITH UN-
DAMAGED RIMS, SPOKES AND NIPPLESDAMAGED RIMS, SPOKES AND NIPPLESDAMAGED RIMS, SPOKES AND NIPPLESDAMAGED RIMS, SPOKES AND NIPPLESDAMAGED RIMS, SPOKES AND NIPPLES procedure.

2 . [ ] When a lateral bend is detected while doing
step 17, mark all spokes that are loose. (If
none are obviously loose but on other side
of wheel there are obviously tight spokes,
mark all spokes on contact side of wheel
from tight spokes that are within zone of
tight spokes.)



17 – WHEEL TRUING AND RE17 – WHEEL TRUING AND RE17 – WHEEL TRUING AND RE17 – WHEEL TRUING AND RE17 – WHEEL TRUING AND REPPPPPAIRAIRAIRAIRAIR

17 – 3017 – 3017 – 3017 – 3017 – 30

3 . [ ] Loosen nipples on all marked spokes exactly
five full  turns.

4 . [ ] Remove rim from truing stand.
5 . [ ] Use 3 foot-long two-by-fours to support the

rim in following fashion. With the side of
the wheel with loosened spokes facing up,
put one two-by-four on its edge under rim
180° away from loosened spokes. Put
other two-by-fours on their edges so that
they are just either side of range of loos-
ened spokes and so that each two-by-four’s
full length supports rim.

6. [ ] Cut a short section of firring strip (one-by-two
board) to be slightly shorter than affected area
and place it on top of affected area.

7 . [ ] Strike firring strip with hammer.
8 . [ ] Put wheel in truing stand and check whether

rub in affected area has switched to oppo-
site side of wheel. (If not, repeat steps 4–8.)

9 . [ ] Tighten spokes that were loosened exactly
five full  turns and check how spoke tension
in affected area compares to adjacent
spokes. If spokes that were loose are still
loose, repeat steps 3–9.

10. [ ] Continue at step 19 from TRUING WHEELS WITHTRUING WHEELS WITHTRUING WHEELS WITHTRUING WHEELS WITHTRUING WHEELS WITH
UNDAMAGED RIMS, SPOKES AND NIPPLESUNDAMAGED RIMS, SPOKES AND NIPPLESUNDAMAGED RIMS, SPOKES AND NIPPLESUNDAMAGED RIMS, SPOKES AND NIPPLESUNDAMAGED RIMS, SPOKES AND NIPPLES procedure.

WHEEL TROUBLESHOOTINGWHEEL TROUBLESHOOTINGWHEEL TROUBLESHOOTINGWHEEL TROUBLESHOOTINGWHEEL TROUBLESHOOTING
CauseCauseCauseCauseCause SolutionSolutionSolutionSolutionSolution
SYMPTOM: A wheel fails to stay true for a reasonable time after truing, but there is no evidence of a
damaged rim.
Wheel was not stabilized. Stabilize the true. (See page 17-24, step 117.)
Spoke tensions were too low. Re-true wheel and set tension average closer to

the maximum.
SYMPTOM: Spokes lose tension rapidly.
Spokes were not tightened well. Re-tighten spokes closer to maximum tension.
SYMPTOM: Wheel will not hold tension even when it was tensioned high to begin with.
Rim and/or spoke choice is too light. Rebuild with heavier components, or rebuild with

Wheelsmith Spoke Prep or DT Spoke Freeze.
SYMPTOM: Spokes are breaking at the bend or at the nipple.
Spokes are fatigued from age. Rebuild or replace wheel.
Spokes are too light gauge (particularly if wheel is Rebuild wheel with heavier spokes.
new and rider or usage can be described as heavy).
Tensions are too low. Rebuild wheel. (Low tension causes premature

fatigue of all spokes.)
SYMPTOM: Spokes are breaking in the middle.
Impact to spoke(s). Replace broken spokes.
Low tension if at interlace. Replace spoke, tighten spokes.
SYMPTOM: Butted spokes are breaking at the transition of one gauge to the other.
Low-quality spokes. Rebuild or replace wheel.
SYMPTOM: More than one spoke is broken at the flange or at the nipples, or a variety of nipple and/or
spoke types in the wheel indicate that spokes have broken in the past in addition to a single broken
spoke that is being dealt with now.
Spokes are generally fatigued. Rebuild or replace wheel.
SYMPTOM: A spoke breaks when accelerating hard, hitting a bump or while truing the wheel.
Spokes are generally fatigued. Rebuild or replace wheel.
SYMPTOM: Dimples or bulges are found in the sidewall of the rim.
Tire compresses fully when the wheel hits bumps. Maintain full tire pressure and/or use a larger

cross-section tire.
SYMPTOM: Cracks are appearing in the rim sidewall, the rim sidewall is concave when it used to be flat
or convex, the rim beads are wider apart than they were originally.
Rim sidewall is being worn thin by brake pads. Replace rim immediately.



17– WHEEL TRUING AND RE17– WHEEL TRUING AND RE17– WHEEL TRUING AND RE17– WHEEL TRUING AND RE17– WHEEL TRUING AND REPPPPPAIRAIRAIRAIRAIR

17 – 3117 – 3117 – 3117 – 3117 – 31

CauseCauseCauseCauseCause SolutionSolutionSolutionSolutionSolution
SYMPTOM: Cracks are appearing at the nipple holes in the rim.
Spoke tension too high. Replace rim immediately.
SYMPTOM: While truing a lateral deviation, the spoke that needs tightening is too tight, or the spoke
that needs loosening is too loose.
Rim has a lateral bend. Bend rim back or replace rim.
SYMPTOM: Rim has a lateral bend.
Excessive side loads have been applied to the rim Avoid excessive side loads and/or use a stronger
through accident or abuse. rim.
SYMPTOM: While eliminating a radial dip (flat spot), the spokes that need to be loosened are too loose
already.
Rim has a radial bend. Bend rim back or replace rim.
SYMPTOM: Rim has a radial bend (flat spot).
Impact to wheel. Maintain correct tire pressure and avoid road

hazards, or use larger cross-section of tire.
Rim is too light (particularly when bend occurs Use a heavier rim.
repeatedly and tire pressure has been maintained).
Spoke gauge is too heavy for a lightweight rim. Use light spokes with light rims.
SYMPTOM: Complete wheel collapse (hyperbolic parabola).
Over-tight spokes. Repair if possible, avoid over-tightening spokes.
Excess lateral loads on wheel. Repair if possible, avoid loading wheel from side

if possible.
SYMPTOM: Stripped nipple wrench flats.
Over-tight spokes. Avoid over-tightening.
Failure to lubricate nipple threads and heads. Lubricate before truing.
Use of oversize nipple wrench. Use correct size.
Attempted repair of damaged rim by spoke Re-bend, then re-true if possible.
adjustment only.
SYMPTOM: Nipples frozen by corrosion.
Failure to lubricate or treat threads. Lubricate or treat threads at time of building, at

all times when re-truing and once a month in
climates where rust is a problem. Use stainless
steel spokes whenever possible.

SYMPTOM: Bulges in the sidewall of the rim at each spoke, or cracks or bulging at each spoke hole in
the rim.
Spoke tension too high for rim strength. Use less tension, but replace rim if cracked.
Inadequate support of the nipple at the rim. Use nipple washers in non-eyeleted lightweight

rims.
SYMPTOM: Wheel will not install centered in frame or fork or bicycle pulls to one side when ridden.
Dish is incorrect. Check and correct dish.
If dish is correct, frame or fork may be off-center. Check and correct frame or fork alignment.
If dish is correct and frame or fork is aligned, File dropout slots to equalize height.
dropouts may be unequal height.
SYMPTOM: A pinging or popping sound is heard continuously from the wheel (particularly rear) while
riding.
Spoke tension is too low and slack spokes are Tighten spokes.
rubbing on each other or on the spoke guard.
SYMPTOM: When the wheel is first ridden, popping and pinging sounds are emitted from the wheel,
particularly when accelerating.
True was not stabilized, and spokes are unwinding Stabilize the true. (See page 17-24, step 117.)
when relieved of tension.
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ABOUT THIS CHAPTERABOUT THIS CHAPTERABOUT THIS CHAPTERABOUT THIS CHAPTERABOUT THIS CHAPTER
This chapter is about removing and re-installing

wheels, as well as installing a replacement wheel or
rebuilt wheel.

GENERAL INFORMATIONGENERAL INFORMATIONGENERAL INFORMATIONGENERAL INFORMATIONGENERAL INFORMATION

TERMINOLOGYTERMINOLOGYTERMINOLOGYTERMINOLOGYTERMINOLOGY
Rim: The metal hoop at the outer perimeter of

the wheel that the tire attaches to.
Wheel: The assembly of the hub, spokes, and rim.

The word �rim� is sometimes misused to mean �wheel.�
When the tire is mounted to the rim, the word �wheel�
can be used to refer to the hub, spokes, rim and tire.

Quick-release mechanism: When used in regard
to a wheel, this term refers to a mechanism that at-
taches the wheel to the bicycle. It includes a quick-
release lever, a skewer, and a quick-release adjusting
nut. The quick-release mechanism is often called just
the �quick-release.�

Quick-release wheel: A wheel that is secured to
the bike by the means of a quick-release mechanism.

Quick-release lever: The approximate two-inch
lever that pivots 180° to apply the clamping force that
holds the wheel to the bicycle. It may also be called a
�cam lever,� because the pivot of the lever is a cam
that converts rotational motion to linear motion.

Skewer: The shaft of the quick-release lever that
goes through the hollow axle in the hub. It connects
the cam mechanism at one end to the tension-adjusting
nut at the other end. The word �skewer� is sometimes
used to refer to the entire quick-release mechanism.

Quick-release adjusting nut: On the opposite
end of the quick-release mechanism from the quick-
release lever is the quick-release adjusting nut. When
the mechanism is loose, this nut is tightened or loos-
ened to determine how tightly the quick-release
mechanism will clamp.

Axle nut: A large hex nut that threads onto the axle
that is outside the dropout that the wheel attaches to.
The axle nut should not be confused with the locknut.

The locknut is a nut that threads onto all threaded axles
and locks the position of the cone on the axle. When
looking at a mounted wheel, any nut inside the frame is
a locknut, and any nut outside the frame is an axle nut.

Solid-axle wheel: A wheel that is secured to the
bike by the means of axle nuts.

Dropout: The portion of the frame or fork that the
wheel attaches to. It may also be called a fork end or fork
tip (these terms apply to both front and rear dropouts).

Fork blades: The two tubes that join the frame
to the front hub.

Seat stays: The two frame tubes that go from the
rear dropouts to the frame joint just under the seat.

Chain stays: The two frame tubes that go from
the rear dropouts to the frame joint that is between
the pedals (usually at the bottom-bracket shell).

PREREQUISITESPREREQUISITESPREREQUISITESPREREQUISITESPREREQUISITES
Tire removal and installationTire removal and installationTire removal and installationTire removal and installationTire removal and installation

Before replacing a wheel, the tire should be re-
moved. See the TIRES AND TUBESTIRES AND TUBESTIRES AND TUBESTIRES AND TUBESTIRES AND TUBES chapter (page 19-3)
if unsure about tire removal and installation.

Freewheel removal and installationFreewheel removal and installationFreewheel removal and installationFreewheel removal and installationFreewheel removal and installation
To replace a wheel, it is necessary to remove the free-

wheel or freehub cogs. See the FREEHUB MECHANISMSFREEHUB MECHANISMSFREEHUB MECHANISMSFREEHUB MECHANISMSFREEHUB MECHANISMS
AND THREAD-ON FREEWHEELS AND THREAD-ON FREEWHEELS AND THREAD-ON FREEWHEELS AND THREAD-ON FREEWHEELS AND THREAD-ON FREEWHEELS chapter for freewheel re-
moval (page 25-9) and freehub-cog removal (page 25-16).

Hub re-spacing and adjustmentHub re-spacing and adjustmentHub re-spacing and adjustmentHub re-spacing and adjustmentHub re-spacing and adjustment
To improve the fit of an original or replacement

hub, it may be necessary to add or subtract spacers
from the axle set or change the amount that the axle
protrudes past the outer locknut. These operations
may require hub overhaul, and definitely require hub
adjustment. See the ADJUSTABLE-CONE HUBSADJUSTABLE-CONE HUBSADJUSTABLE-CONE HUBSADJUSTABLE-CONE HUBSADJUSTABLE-CONE HUBS chapter
(page 12-7) for hub overhaul and adjustment.

Wheel dishingWheel dishingWheel dishingWheel dishingWheel dishing
After spacing an axle set to improve fit of the wheel

to the frame or fork, or fit of the freewheel to the
wheel, chances are it will be necessary to re-dish the
wheel (center the rim to the hub). See page 17-15.



18– WHEEL REMO18– WHEEL REMO18– WHEEL REMO18– WHEEL REMO18– WHEEL REMOVVVVVAAAAAL, REPLL, REPLL, REPLL, REPLL, REPLAAAAACEMENCEMENCEMENCEMENCEMENTTTTT, AND INSTALL, AND INSTALL, AND INSTALL, AND INSTALL, AND INSTALLAAAAATIONTIONTIONTIONTION

18 – 218 – 218 – 218 – 218 – 2

Rear-derailleur adjustmentRear-derailleur adjustmentRear-derailleur adjustmentRear-derailleur adjustmentRear-derailleur adjustment
If installing a replacement rear wheel that does

not exactly match the way the original hub positioned
the rear cogs (or if in re-spacing the original hub the
positioning of the rear cogs is changed), it will be nec-
essary to re-adjust the rear derailleur. See the REARREARREARREARREAR
DERAILLEURS DERAILLEURS DERAILLEURS DERAILLEURS DERAILLEURS chapter (page 32-1).

Brake adjustmentBrake adjustmentBrake adjustmentBrake adjustmentBrake adjustment
If re-installing an original wheel that was not cor-

rectly installed before removal, or if installing an origi-
nal wheel that has been re-dished, or if installing a
replacement wheel that has more correct rim dish than
the original wheel, it will be necessary to center the
brake pads to the rim. If installing a wheel with a dif-
ferent rim diameter or width, it will be necessary to
adjust pad alignment and brake-cable length. See the
CABLE-OPERATED RIM-BRAKE CALIPERSCABLE-OPERATED RIM-BRAKE CALIPERSCABLE-OPERATED RIM-BRAKE CALIPERSCABLE-OPERATED RIM-BRAKE CALIPERSCABLE-OPERATED RIM-BRAKE CALIPERS chapter (page
36-1) for brake adjustments.

INDICATIONSINDICATIONSINDICATIONSINDICATIONSINDICATIONS
Wheel removal and re-installationWheel removal and re-installationWheel removal and re-installationWheel removal and re-installationWheel removal and re-installation

Wheels need to be  removed and re-installed for a
variety of reasons, including flat-tire repair, tire re-
placement, wheel truing, wheel rebuilding, hub ad-
justment and overhaul, freewheel/freehub-cog servic-
ing, and headset adjustment and overhaul.

Wheel replacementWheel replacementWheel replacementWheel replacementWheel replacement
Either during the course of repair, or even before

attempting repair, symptoms might be experienced
indicating that it would be better to replace the wheel
than repair it. These are

Multiple broken spokes, either all at once or one
at a time over the last few hundred miles of use

Multiple corroded nipples that won�t turn
Multiple damaged nipples (rounded-off

wrench flats)
Dents or bends in the rim that cannot be ad-

equately straightened by normal spoke ad-
justment and unbending techniques

Cracks in the rim
Severe rim-sidewall wear, evidenced by a con-

cave rim sidewall, or by rim beads that have
become wider then they were originally

All these problems aside, you may also elect to
replace the wheels in order to upgrade the bicycle�s
performance.

TOOL CHOICESTOOL CHOICESTOOL CHOICESTOOL CHOICESTOOL CHOICES
There are no special tools required to remove and

install a wheel.

TIME AND DIFFICULTYTIME AND DIFFICULTYTIME AND DIFFICULTYTIME AND DIFFICULTYTIME AND DIFFICULTY
Wheel removal and re-installation is a 1�2 minute

job of little difficulty. Fitting a new replacement wheel,
which can include hub overhaul, wheel dishing, and
brake adjustments is a 30�45 minute job of moderate
difficulty. If brake adjustments or rear-derailleur ad-
justments are required after installing the wheel, these
will add to the time of the job. See the appropriate
chapters on these subjects to get an idea of what time
might be involved in these operations.

COMPLICATIONSCOMPLICATIONSCOMPLICATIONSCOMPLICATIONSCOMPLICATIONS
Unsafe wheel installationUnsafe wheel installationUnsafe wheel installationUnsafe wheel installationUnsafe wheel installation

It is not unusual to find a wheel on a bike that has
been unsafely installed, due to loose axle nuts or miss-
ing washers on nut-type hubs, or loose or mis-used
quick-release skewers on quick-release hubs. It is the
mechanic�s responsibility to make sure that the cus-
tomer gets informed about the problem and the cor-
rect way to install the wheel.

Wheel-mounting failureWheel-mounting failureWheel-mounting failureWheel-mounting failureWheel-mounting failure
There are five traditional methods used to deter-

mine whether a quick-release mechanism is adequately
secure, and all are flawed. One traditional method is
to base whether the quick-release lever is adequately
secure is to adjust the mechanism so that the lever
leaves an imprint on the palm of the hand from the
effort of closing the lever. This is the �palm-imprint�
method; any method that focuses on the closure ef-
fort is a variation of the �palm-imprint� method. Sim-
ply stated, there are too many variables that affect
whether a properly adjusted quick-release mechanism
would leave on imprint on the palm. The quality of
fabrication, the presence of rust or dirt, the types of
materials used, the type of surface on the lever, and
the toughness of the mechanic�s palm are just a few of
the factors that could affect the outcome of the �palm-
imprint� method. More importantly, the palm-imprint
method leads the mechanic to focus on the wrong
things; the right things to focus on are the point in
the lever�s motion where clamping begins, and the
position at which the lever stops.

Another traditional method of determining
whether a quick-release mechanism is adequately se-
cured is the �dropout-imprint� method. With this
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method, it is said that the quick-release mechanism is
adequately secured when it leaves an imprint in the
face of the dropout. The size of the clamping surface,
the texture of the clamping surface, and the type of
dropout material all affect what it will take to cause
the quick-release mechanism to leave an imprint in a
dropout. Furthermore, once the dropout has been
imprinted numerous times from previous closings of
the quick-release mechanism, there is no way to tell
whether the quick-release mechanism at its current
setting is creating a new imprint. Most importantly,
this method leads the mechanic to focus on the wrong
things; the right things to focus on are the point in
the lever�s motion where clamping begins, and the
position that the lever stops at.

The third flawed method is the �release-force�
method. In this method, the mechanic adjusts and
closes the quick-release mechanism, then opens it again
to subjectively evaluate the effort required to open,
or release, the mechanism. This method has all the
same limitations of the palm-imprint method.

The fourth flawed method involves striking the
wheel to determine if it is secure. With this method,
the mechanic simply strikes the tire with a fist to see if
the wheel comes out. The CPSC (Consumer Product
Safety Commission) requires that wheels resist a force
of hundreds of pounds without coming out. A mean-
ingful striking force applied with a fist would either
break the mechanic�s fist or put a flat spot in the rim.

The last traditional method (also flawed) involves
setting the lever to a specific position, tightening the
adjusting nut, then closing the lever. This method could
be called the �nut-setting� method. In this method, the
mechanic starts by setting the base of the quick-release
lever to be parallel to the skewer, and then turns the
adjusting nut until it is snug. After snugging the adjust-
ing nut, the lever is closed. The problem with this
method is that there are a number of factors that influ-
ence the point at which the adjusting-nut feels snug. If
the dropouts are wider than the hub width, and the
frame is reasonably stiff, then the adjusting-nut will get
difficult to turn when it begins to compress the drop-
out width down to the width of the hub. In this case,
closing the quick-release lever will do little more than
reduce the dropout width further, closing the gaps be-
tween the inside faces of the dropouts and the faces of
the hub locknuts. When this condition exists, it is not
unusual to have to turn the quick-release lever like a
big wing-nut, in order to tighten the adjusting nut
enough; it is quite possible that several revolutions of
the lever-end of the quick-release mechanism will be

needed, after the adjusting nut has been turned as far as
is possible with fingers. The shape of the adjusting nut
(how easy it is to grasp), and whether the adjusting nut
face is smooth or textured, also influence the point at
which the adjusting-nut feels �snug.�

The method recommended in the following pro-
cedure is based on starting position and ending posi-
tion of the quick-release lever. To understand why this
method is best, it is necessary to understand how a
quick-release mechanism works (see figure 18.1). The
axle (pivot) of the quick-release lever is a cam. A cam
is a cylinder that rotates around a point that is not at
the center of the cylinder, for the pupose of convert-
ing rotational motion into linear motion. On a quick
release, as the cam rotates, the skewer-head (which
encircles the cam) is moved away from the dropout
(linear motion). The cam turns inside the skewer-head,
which is often hidden inside the housing that the quick-
release lever pivots in (the cam housing). Rotating the
quick-release lever rotates the cam, which changes the
position of the skewer-head in the cam housing (cam-
nut). The number of degrees of rotation determines
the amount that the skewer head is pulled into the
cam nut; when this happens, the distance between the
cam-nut and the adjusting-nut decreases, which causes
the two nuts to apply pressure to the dropouts. Since
virtually all skewers are steel rods of a relatively con-
stant diameter (all types of steel rods are equally elas-
tic if dimensions are constant), the only factor that
determines clamping force is the amount that the
skewer-head moves after the clamping force begins.
Virtually all traditionally-designed quick-release
mechanisms have the same amount of movement dif-
ferential over a 90° rotation.

S kewer head

CamClosed

Open

Cam-nut

Adjus ting-nut

18.1  As the lever swings from the open to closed position, it ro-
tates the cam, which moves the skewer-head further into the cam-
nut, effectively moving the cam-nut and adjusting-nut closer to-
gether (which creates the clamping force).

The recommended method for setting the quick-
release mechanism is to start by setting the adjusting
nut so that as the lever swings from the open position
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to the closed position, the clamping force begins when
the base of the quick-release lever is perpendicular to
the dropout face. This ensures that the clamping force
begins at a point that will allow enough rotation of
the cam to create enough displacement of the skewer
head after clamping begins. The lever is then closed
until the base of the lever is parallel to the dropout
(see figure 18.2). This does two things. First, it creates
a 90° rotation of the cam after clamping force begins,
which ensures that adequate skewer-head displacement
occurs (pressure). Second, the �parallel-to-dropout�
position ensures that the cam is rotated just past its
high-point. This ensures that the force required to re-
lease the lever will increase slightly before it gets easier,
which ensures that the quick-release lever has no ten-
dency to open on its own. In case the above instruc-
tions were unclear, the recommended method for us-
ing quick-release mechanisms is this: set the adjusting
nut so that as the lever is swung from the open posi-
tion to the closed position, the clamping force begins
at the point where the base of the lever is perpendicu-
lar to the face of the dropout, then close the lever at
least until its base is parallel to the dropout (90° from
starting point and perpendicular to the skewer, see
figure 18.2). The force that is required to accomplish
this can range dramatically, from minuscule, to be-
yond the capacity of human fingers (in which case the
adjustment needs to be compromised). The amount
of force that is required to close a properly-set quick-
release mechanism is dependent on the surface-smooth-
ness of the cam, the diameter of the cam, the smooth-
ness of the cam-pivot surface, the length of the lever
(and its shape and texture), the total surface-area of
the cam, and the surface condition of the cam (wear,
lubrication, rust, and dirt).

90°80°

Closed Open

Clamping force should be
firs t felt in this  range

Dropout

18.2  When properly set, as the lever swings from the open to closed
position, clamping force should first be felt when the base of the le-
ver is 80-90°from the closed position (the base of the lever parallel to
the dropout face).

(A well-known former bike racer recently infuri-
ated the bicycle industry by testifying that quick-re-
lease levers have a tendency to open on their own even
when properly secured. He says that he has experi-
enced this personally. It is quite probable that he was
relying on closing force (palm-imprint method, or
variation), not position, to determine when the lever
was properly set. When the lever is not closed to the
�parallel-to-dropout position,� friction alone is resist-
ing its natural tendency to achieve a state of greater
relaxation [i.e. open]. When the proper position is
achieved, the lever actually wants to stay closed, rather
than trying to open. Its like the snap on your blue
jeans. The moment of highest force is when the snap
is halfway together. Once you overcome the point
where the snap is halfway on, it actually helps itself
go the rest of the way on. When you unsnap your
jeans, at first the mechanism resists as much or more
than it resisted going together, but once you force the
snap to come apart to a certain point, it virtually pops
itself apart. Quick-release mechanisms are like snaps,
but without as dramatic and obvious a transition.
Unlike a snap, it is possible to stop the quick-release
at the point where it is halfway on [highest force];
this is not the point of highest security.)

Open-cam and other alternative quick-Open-cam and other alternative quick-Open-cam and other alternative quick-Open-cam and other alternative quick-Open-cam and other alternative quick-
release mechanismsrelease mechanismsrelease mechanismsrelease mechanismsrelease mechanisms

The recommended technique for securing quick-
release mechanism in this chapter applies to traditional,
steel quick-release mechanisms with a cam enclosed
inside a housing. There are a number of un-conven-
tional designs in existence today that deviate enough
in design that the recommended procedure may not
be appropriate. Primarily, these alternative designs
incorporate aluminum cams (or no cam at all), and
the cam mechanism is exposed, rather than enclosed.
Dimensions of these external cams also deviate from
convention. Since these alternative quick-release
mechanisms are not consistent with each other, or with
conventional quick-release mechanisms, there is no
general recommended procedure for their use; a me-
chanic should pursue information from the manufac-
turer of each of these alternative mechanisms.

Incorrect original  wheel  instal lationIncorrect original  wheel  instal lationIncorrect original  wheel  instal lationIncorrect original  wheel  instal lationIncorrect original  wheel  instal lation
and brake setupand brake setupand brake setupand brake setupand brake setup

If the wheel was installed incorrectly, then the
brakes may have been mis-adjusted to line up with
the rim. On bikes with anything but cantilever brakes,
it is a minor correction to center the brakes to the
correctly-installed wheel, but on bikes with cantile-
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ver brakes, the pads often must be repositioned if the
rim position changes. A decision must be made as to
whether to put the wheel back in wrong (to match
the brake adjustment), or put the wheel in right and
adjust the pads for free, or contact the customer and
tell them additional brake work will be needed. The
best solution is for the service writer to identify the
problem and give the customer all the options before
checking in the job.

Out-of-true wheelsOut-of-true wheelsOut-of-true wheelsOut-of-true wheelsOut-of-true wheels
When wheels are removed for tire or hub work,

it may be the case that the rims are out of true and rub
the brake pads intermittently. Although this is not
the shop�s responsibility, if the customer doesn�t no-
tice the problem until after getting the bike back, it
will reflect poorly on the shop and may lead to a com-
plaint. Usually, it is worth doing a few minutes of
complimentary wheel truing before re-installing the
wheel. The best solution is to spot the problem be-
fore the bike is checked in and to get the customer to
agree to getting the wheel trued or to accept that the
rim will rub the pads when they get the bike back.

Poor fit to dropoutsPoor fit to dropoutsPoor fit to dropoutsPoor fit to dropoutsPoor fit to dropouts
It is not unusual for a wheel to be too wide or too

narrow for the dropouts, causing awkward removal
and installation. Usually the customer would be fa-
miliar with the problem and it is nothing the mechanic
cannot deal with. Complimentary repair of the prob-
lem by giving the stays or fork blades a squeeze or
pull is not recommended because it could introduce
handling or chainline problems. It is a good idea to
contact the customer and see if they would like to pay
for the additional work that required to make their
existing wheel fit better.

Rear cog position changesRear cog position changesRear cog position changesRear cog position changesRear cog position changes
When replacing rear wheels, there is always a pos-

sibility that the new wheel will position the rear cogs
slightly differently, causing problems with rear-de-
railleur adjustment. A derailleur adjustment should
always be planned as part of a rear-wheel replacement.

Multiple axle thread standardsMultiple axle thread standardsMultiple axle thread standardsMultiple axle thread standardsMultiple axle thread standards
There are many different thread descriptions for

axles. This is only an issue if re-installing an axle-
nut-type wheel and a new axle nut is needed. Never
use test-mating to determine if a new nut fits. See the
ADJUSTABLE-CONE HUBSADJUSTABLE-CONE HUBSADJUSTABLE-CONE HUBSADJUSTABLE-CONE HUBSADJUSTABLE-CONE HUBS chapter (page 12-4) for infor-
mation on axle-thread types, or compare inside diam-
eter of new nut and old nut (if not stripped) and then
test mate to determine thread compatibility.

Rounded axle nutsRounded axle nutsRounded axle nutsRounded axle nutsRounded axle nuts
Rounded axle nuts often require a vise-grip tool

to remove. They should never be re-installed because
a torque wrench should be used for installation.

Stripped axlesStripped axlesStripped axlesStripped axlesStripped axles
Stripped axle threads may be encountered on

wheels with axle nuts. Minor damage can be repaired
with a thread chaser, but stripped axles must be re-
placed. This means a simple flat-tire repair can turn
into a hub overhaul as well. The customer must be
informed and asked to authorize an axle replacement,
but under no conditions should the wheel be re-in-
stalled with stripped axle threads.

Damaged quick-release skewersDamaged quick-release skewersDamaged quick-release skewersDamaged quick-release skewersDamaged quick-release skewers
Quick-release skewers can be damaged in several

ways. The skewer shaft can be bent or elongated. The
cam housing can be cracked or deformed. The cam
lever may be bent. The cam lever may get sticky (due
to cam-surface wear) and be difficult to close fully from
a normal starting position. In all these cases, the quick-
release mechanism must be replaced.

Different quick-release-skewer sizesDifferent quick-release-skewer sizesDifferent quick-release-skewer sizesDifferent quick-release-skewer sizesDifferent quick-release-skewer sizes
Quick releases can differ in length and shaft diam-

eter. Length may be an issue if installing a replace-
ment rear wheel that fits more cogs. Diameter of the
shaft may be an issue for some �suspension� front hubs.

Protruding axlesProtruding axlesProtruding axlesProtruding axlesProtruding axles
If a quick-release axle protrudes too far from the

face of the locknut, it can cause unsafe wheel installa-
tion. The axle should not protrude more from the
locknut face than the thickness of the dropout it will
be installed in. It is the mechanic�s responsibility to
check every wheel being installed for this condition
and correct it. Fortunately, it can be corrected ad-
equately by simply removing the skewer and holding
the end of the axle up to a grinding wheel.

Broken axlesBroken axlesBroken axlesBroken axlesBroken axles
A broken axle may not show itself until the

wheel is removed and the skewer removed from the
hub. Under no circumstances can the wheel be rein-
stalled without replacing the axle! The customer must
agree to axle replacement, or accept the bike back
in pieces. A broken axle is usually a symptom of a
mis-aligned dropout.

Bent axlesBent axlesBent axlesBent axlesBent axles
Bent axles are broken axles in the making. They

should never be bent back because it just causes fur-
ther weakening. Even re-installing the wheel with a
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bent axle is a questionable choice. The customer should
be advised of the problem and encouraged to agree to
axle replacement.

Poor hub adjustmentsPoor hub adjustmentsPoor hub adjustmentsPoor hub adjustmentsPoor hub adjustments
When the wheel is removed, a tight adjustment, a

loose adjustment, or loose cone locknuts may be dis-
covered. Adjustments should not be altered, but the
customer should be advised of the condition. Loose
adjustments may interfere with installing the wheel
in a fashion that the rim will not rub the brake pads.

Mis-adjusted brake padsMis-adjusted brake padsMis-adjusted brake padsMis-adjusted brake padsMis-adjusted brake pads
Mis-adjusted brake pads are a problem if they end

up rubbing the tire or are at risk of deflecting below
the rim when braking hard. Since it could appear that
the shop was responsible if a problem relating to these
conditions occurred after the wheel was installed, these
conditions must be dealt with. In some cases it is
simple, but the amount of work involved with some
brakes ends up being almost a full brake job. In these
cases, it would be best to contact the customer and get
authorization to perform the additional work. The
best solution is to look for problems with brake pads
missing the rim whenever checking in a bike for any
service that involves wheel removal.

ABOUT THE RESTABOUT THE RESTABOUT THE RESTABOUT THE RESTABOUT THE REST
OF THIS CHAPTEROF THIS CHAPTEROF THIS CHAPTEROF THIS CHAPTEROF THIS CHAPTER

The rest of this chapter is divided into three parts.
The first part is about wheel removal. The emphasis
here will be on following a procedure that not only
makes wheel removal easy, but on getting the right
information before removing the wheel, which makes
wheel installation easier. The second part is about the
fit of the wheel to the bike and additional consider-
ations when replacing a wheel. The third part is about
installation of a wheel so that it ends up properly
aligned and secure.

REMOVING A FRONTREMOVING A FRONTREMOVING A FRONTREMOVING A FRONTREMOVING A FRONT
OR REAR WHEELOR REAR WHEELOR REAR WHEELOR REAR WHEELOR REAR WHEEL

PREPARING ALL WHEELSPREPARING ALL WHEELSPREPARING ALL WHEELSPREPARING ALL WHEELSPREPARING ALL WHEELS
FOR REMOVALFOR REMOVALFOR REMOVALFOR REMOVALFOR REMOVAL
1 . [ ] Put bike in bike stand.

2 . [ ] Operate brake once or twice, spin wheel,
and observe whether rim or tire is rubbing
on brake pads.

3 . [ ] Observe whether rim appears centered be-
tween fork blades or seat stays (frame tubes
from below seat to rear axle).

4 . [ ] Spread brake pads by operating quick re-
lease on sidepull caliper or unhooking
straddle wire on cantilever/U-brake/center-
pull brake. If neither is possible, deflate tire
if it is too fat to pass through brake pads.

A

A A

Brake
quick release

18.3  By flipping the quick release in direction A, the pads will
move in direction A so that the tire will clear the pads more easily.

2

1

18.4  To release a straddle wire to improve brake-pad clearance,
1) squeeze the calipers in toward the rim, 2) then pull the end of the
straddle wire out of the caliper arm.
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5 . [ ] Some front wheels have safety-retention
mechanisms that hold wheel in place if quick
release fails. Look for plates of metal sand-
wiched between quick release and dropout
face and remove any screw/bolt that goes
through plate.

NOTE: Skip to step 8 if removing a front wheel.

PREPARING A REAR WHEELPREPARING A REAR WHEELPREPARING A REAR WHEELPREPARING A REAR WHEELPREPARING A REAR WHEEL
FOR REMOVALFOR REMOVALFOR REMOVALFOR REMOVALFOR REMOVAL
6 . [ ] Shift chain to innermost chainring in front

and outermost cog in rear so that chain has
as much slack as possible.

7 . [ ] Observe whether tire appears centered be-
tween chain stays just behind the bottom
bracket.

LOOSENING QUICK RELEASESLOOSENING QUICK RELEASESLOOSENING QUICK RELEASESLOOSENING QUICK RELEASESLOOSENING QUICK RELEASES
OR AXLE NUTSOR AXLE NUTSOR AXLE NUTSOR AXLE NUTSOR AXLE NUTS
NOTE: If wheel is held to bike by axle nuts, skip to

step 10.

If the wheel  is held to bike by a quick releaseIf the wheel  is held to bike by a quick releaseIf the wheel  is held to bike by a quick releaseIf the wheel  is held to bike by a quick releaseIf the wheel  is held to bike by a quick release
8 . [ ] Locate quick-release lever (generally on

left side of bike) and flip lever (do not ro-
tate) 180°.

Released

S ecured

18.5  Opening a quick-release lever.

9 . [ ] If wheel does not want to easily slide out of
dropouts, hold conical-nut end of quick-re-
lease mechanism on side opposite lever and
rotate lever counterclockwise to loosen
mechanism further, or simply loosen conical
nut further.

If the wheel is held to bike by axle nutsIf the wheel is held to bike by axle nutsIf the wheel is held to bike by axle nutsIf the wheel is held to bike by axle nutsIf the wheel is held to bike by axle nuts
10. [ ] Turn either axle nut counterclockwise to

loosen.
11. [ ] Turn second axle nut counterclockwise to

loosen. If axle tends to turn with axle nut,
re-tighten first axle nut just enough to fix
axle while breaking loose second axle nut,
then break loose first nut again.

12. [ ] If wheel does not slide out easily, loosen ei-
ther or both axle nuts further.

NOTE: If removing a front wheel, wheel removal is
done. Ignore remaining steps.

CLEARING FREEWHEELCLEARING FREEWHEELCLEARING FREEWHEELCLEARING FREEWHEELCLEARING FREEWHEEL
FROM DERAILLEUR AND CHAINFROM DERAILLEUR AND CHAINFROM DERAILLEUR AND CHAINFROM DERAILLEUR AND CHAINFROM DERAILLEUR AND CHAIN
13. [ ] If removing rear wheel, it probably has come

to a rest on top of rear derailleur. Rotate de-
railleur back (clockwise viewed from right
side of bike) around its mounting bolt while
pushing wheel forward and down.

18.6  Rotate the derailleur back so it will clear the wheel when the
wheel is removed.

14. [ ] Once freewheel clears rear derailleur, drop
wheel down and to bike’s left to get rear
cogs and right end of axle to clear lower
section of chain.
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INSPECTING AXLE FOR BENDSINSPECTING AXLE FOR BENDSINSPECTING AXLE FOR BENDSINSPECTING AXLE FOR BENDSINSPECTING AXLE FOR BENDS
A number of the following steps might require hub

work. Inspect now for whether the axle is bent. A bent
axle often indicates that the dropouts need alignment.
15. [ ] Looking into each end of axle, rotate axle and

observe whether there is any oscillation that
would indicate either end of axle is bent.

18.7  Inspect the end of the axle for oscillation when rotated.

FITTING WHEELS, ORIGINALFITTING WHEELS, ORIGINALFITTING WHEELS, ORIGINALFITTING WHEELS, ORIGINALFITTING WHEELS, ORIGINAL
AND REPLACEMENTAND REPLACEMENTAND REPLACEMENTAND REPLACEMENTAND REPLACEMENT

Whether reinstalling an existing wheel or install-
ing a replacement wheel, check whether it fits. The fol-
lowing is a short list of fit aspects common to all wheels:

Fit of axle length to dropout thickness
Fit of hub width to width between dropouts

For replacement wheels the following additional
aspects of fit should also be considered:

Fit of axle to dropout-slot width (particularly
if replacing front solid-axle wheel with
quick-release wheel)

Fit of thread-on freewheel or freehub-cog cas-
sette to hub (if replacing rear wheel)

For replacement wheels and rebuilt wheels, these
additional aspects of fit should also be considered:

Fit of rim width to brake-pad width
Fit of rim diameter relative to brake-pad height
Centering of rim to brakes
Fit of rim to existing-tire size

FIT OF AXLE LENGTHFIT OF AXLE LENGTHFIT OF AXLE LENGTHFIT OF AXLE LENGTHFIT OF AXLE LENGTH
TO DROPOUT THICKNESSTO DROPOUT THICKNESSTO DROPOUT THICKNESSTO DROPOUT THICKNESSTO DROPOUT THICKNESS

The amount that the axle protrudes past the lock-
nut on the hub is important. If the wheel is a quick-
release type and the axle is too long, it may prevent the
wheel from securing properly. Simply, a quick-release
axle should never protrude past the locknut by more
than the thickness of the dropout that the axle will in-
sert into. If the wheel is the type held on by axle nuts,
the axle protrusion should be at least equal to the sum
of the dropout thickness, the thickness of the axle
washer (if any), and the thickness of the axle nut, or the
axle nut may not engage the axle adequately.
1 . [ ] Measure axle protrusion on each side of hub

and record here:
Right-side protrusion: __________
Left-side protrusion: __________

Correct

Incorrect

Locknut
(cutaway)

Caliper Depth gauge

18.8  Measuring axle protrusion.

2 . [ ] Measure dropout thickness and record here.
Right side (include derailleur-mounting plate
that bolts on to the face of the dropout, if
any): __________
Left side: __________

Dropout with
integral hanger

Dropout

Bolt-on 
derail leur hanger

Dropout thickness Dropout thickness

18.9  Measuring dropout thickness.
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NOTE: If wheel is held on by axle nuts, skip to
step 5.

If wheel is quick-release typeIf wheel is quick-release typeIf wheel is quick-release typeIf wheel is quick-release typeIf wheel is quick-release type
Axle-length protrusion can be too long, resulting

in the quick-release mechanism clamping against the
end of the axle instead of against the dropout. Axle-
length protrusion cannot be functionally too short, it
simply makes alignment of the wheel more awkward
if there is no protrusion (wheel security is unaffected
by axle-to-dropout engagement).
3 . Subtract right-side axle protrusion from right-

side-dropout thickness.
Record answer here: __________

[ ] If answer is a negative value, shorten axle
by filing, cutting, or replacing. Excess length
can also be shifted to other side if other side
is too short.

[ ] If answer is ³³³³³ 0, axle protrusion is accept-
able.

4 . Subtract left-side axle protrusion from left-side-
dropout thickness. Record answer here:
__________

[ ] If answer is a negative value, shorten axle
by filing, cutting, or replacing. Excess length
can also be shifted to other side if other side
is too short.

[ ] If answer is ³³³³³ 0, axle protrusion is acceptable.

If wheel  i s sol id-axle typeIf wheel  i s sol id-axle typeIf wheel  i s sol id-axle typeIf wheel  i s sol id-axle typeIf wheel  i s sol id-axle type
Axle-length protrusion can be too short, result-

ing in inadequate engagement of the axle nut. Axle-
length protrusion cannot be functionally too long, it
is simply unsightly and hard on shins.
5 . Subtract right-side axle protrusion from sum of

right-side-dropout thickness, axle-nut thick-
ness, and axle-nut-washer thickness. Record
answer here: __________

[ ] If answer is a positive value, axle must be
replaced unless enough excess length is
found on left side.

[ ] If answer is £££££0, axle protrusion is accept-
able. Extra length can also be shifted to
other side if other side is too short.

6 . Subtract left-side axle protrusion from sum of
left-side-dropout thickness, axle-nut thick-
ness, and axle-nut-washer thickness. Record
answer here: __________

[ ] If answer is a positive value, axle must be
replaced unless enough excess length is
found on right side.

[ ] If answer is £££££0, axle protrusion is accept-
able. Extra length can also be shifted to
other side if other side is too short.

FIT OF HUB WIDTHFIT OF HUB WIDTHFIT OF HUB WIDTHFIT OF HUB WIDTHFIT OF HUB WIDTH
TO WIDTH BETWEEN DROPOUTSTO WIDTH BETWEEN DROPOUTSTO WIDTH BETWEEN DROPOUTSTO WIDTH BETWEEN DROPOUTSTO WIDTH BETWEEN DROPOUTS

A good fit between the hub and the dropouts en-
sures that the wheel is easy to remove and install. In
the case of suspension forks, a good fit is essential to
keep the suspension working properly.

Tolerance for errorTolerance for errorTolerance for errorTolerance for errorTolerance for error
If the hub width differs from the dropout width

by 2mm or more, awkward wheel installation or re-
moval will probably be experienced.

If the hub is too wide, the wheel will always be
difficult to install, regardless of how much the axle
nuts or quick-release adjustment is loosened.

If the hub is too narrow, the wheel will come out
relatively easily when the quick-release mechanism is
released or the axle nuts are un-torqued; however, the
frame will expand to a wider state after the wheel is
removed. The expanded frame makes reinstalling the
wheel a struggle without additional loosening of the
quick-release mechanism or axle nuts, because other-
wise the frame will need to be compressed to fit back
between the quick-release parts or the axle nuts.

Modern front dropouts often have a recess in their
faces or tabs that protrude from the tips so that the
wheel is trapped even when the quick release is re-
leased. These require that the quick-release adjusting
nut (on the non-lever end) be loosened further just so
that the quick-release will clear these safety mecha-
nisms. In this case, needing to loosen the quick release
further to remove the wheel is not necessarily a sign
that there is a problem with wheel fit. To adjust and
readjust the quick release every time because of these
safety devices is a pain. Every millimeter the drop-
outs are too wide adds to the pain.

With regard to the fit of the hub to a suspension
fork, the tolerance for error is even less. The hub must
be less than 1mm wider or narrower than the width
between the dropouts on the suspension fork. If the
fit is worse than 1mm, then the tubes sliding in and
out of each other (as the suspension compresses and
extends) tend to bind.

Quanti fying errorQuanti fying errorQuanti fying errorQuanti fying errorQuanti fying error
To quantify of the width error between the hub

and the dropouts, two measurements must be taken
and a difference must be calculated. First, use a cali-
per to measure the width from the face of one hub
locknut (the surface that presses against the inside
face of the dropout) to the face of the other hub
locknut. For rear hubs it will usually be necessary
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to remove the freewheel or freehub cogs (see the
FREEHUB MECHANISMS AND THREAD-ON FREEWHEELSFREEHUB MECHANISMS AND THREAD-ON FREEWHEELSFREEHUB MECHANISMS AND THREAD-ON FREEWHEELSFREEHUB MECHANISMS AND THREAD-ON FREEWHEELSFREEHUB MECHANISMS AND THREAD-ON FREEWHEELS
chapter, page 25-9 and 25-16). Next, use a caliper to
measure the distance between the inside faces of the
two dropouts (the parts of the frame that the wheel
attaches to). The width error is the difference be-
tween these two measurements.

Correcting errorCorrecting errorCorrecting errorCorrecting errorCorrecting error
To correct a width error, there are two basic ap-

proaches. It is possible to spread or compress the width
between the dropouts. This is not an option with alu-
minum frames or forks, carbon-fiber frames or forks,
or suspension forks (unless the suspension system is
not part of the fork blades). The other option is to
change the width of the hub. This is not an option
with many cartridge-bearing hubs, which often do not
have means to add or subtract spacers from the axle.
In these cases, a new axle set may need to be installed.

Assuming that the hub is an adjustable-cone hub
with a threaded axle, re-spacing the axle is simply a
matter of adding, subtracting, or substituting spacers
behind the locknuts on each end of the axle.

Consequences of hub re-spacingConsequences of hub re-spacingConsequences of hub re-spacingConsequences of hub re-spacingConsequences of hub re-spacing
Although the process of adding or subtracting

space from the axle is relatively simple, the conse-
quences can be quite complex. When adding, subtract-
ing, or substituting spacers from either end of the axle,
it will be necessary to re-adjust the hub bearings (see
the ADJUSTABLE-CONE HUBS ADJUSTABLE-CONE HUBS ADJUSTABLE-CONE HUBS ADJUSTABLE-CONE HUBS ADJUSTABLE-CONE HUBS chapter, page 12-12). As
long as changes made are equal on both sides of the
axle, then there is no concern about wheel dish (cen-
tering of the rim to the hub). If at any time unequal
spacing changes occur on the two ends of the axle,
then the wheel will need to be re-dished (see the chap-
ter WHEEL TRUING AND REPAIRWHEEL TRUING AND REPAIRWHEEL TRUING AND REPAIRWHEEL TRUING AND REPAIRWHEEL TRUING AND REPAIR, page 17-15).

As long as spacers are being added to the right end
of a rear hub, there is no concern about the fit of the
freewheel cogs, but if subtracting space from the right
end there is a possibility that the outermost cog may
end up too close to the frame and that the chain might
jam against the frame, either while on the outermost
cog or while shifting on to or off of it. Anytime spac-
ers are being added or subtracted from the right side
of the rear hub, it will affect the rear-derailleur limit-
screw settings and the index-cable-tension adjustment.
See the REAR DERAILLEURS REAR DERAILLEURS REAR DERAILLEURS REAR DERAILLEURS REAR DERAILLEURS chapter (page 32-10) in or-
der to adjust the rear derailleur.

The following steps enable calculation of the to-
tal change necessary to make the hub a perfect fit to
the dropouts. To make the necessary corrections to

the hub, the wheel dish, the freewheel fit, or the rear-
derailleur adjustment, refer to the appropriate chap-
ters on these components.
7 . [ ] Measure over-locknut width

 of hub and record here: __________

Over-locknut width

18.10

Dropout-ins ide width

18.11

8 . [ ] Measure width between dropout
inside faces, record here: __________

9 . [ ] Subtract smaller number from steps 7 or 8
from larger number from steps 7 or 8 and
record answer here: __________

10. Check one of following depending on answer
in step 9:

[ ] Hub width needs to be increased by amount
in step 9.

[ ] Hub width needs to be decreased by amount
in step 9.

[ ] Hub width is acceptable (step 9 is <1mm
for suspension forks or £££££2mm for others).

NOTE: If just re-installing a wheel, skip following
section FITTING WHEELS, REPLACEMENT ONLYFITTING WHEELS, REPLACEMENT ONLYFITTING WHEELS, REPLACEMENT ONLYFITTING WHEELS, REPLACEMENT ONLYFITTING WHEELS, REPLACEMENT ONLY and go
directly to INSTALLING THE WHEELINSTALLING THE WHEELINSTALLING THE WHEELINSTALLING THE WHEELINSTALLING THE WHEEL.
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FITTING WHEELS,FITTING WHEELS,FITTING WHEELS,FITTING WHEELS,FITTING WHEELS,
REPLACEMENT ONLYREPLACEMENT ONLYREPLACEMENT ONLYREPLACEMENT ONLYREPLACEMENT ONLY
NOTE: Skip to FIT OF BRAKE-PAD WIDTH TO RIM WIDTHFIT OF BRAKE-PAD WIDTH TO RIM WIDTHFIT OF BRAKE-PAD WIDTH TO RIM WIDTHFIT OF BRAKE-PAD WIDTH TO RIM WIDTHFIT OF BRAKE-PAD WIDTH TO RIM WIDTH

(following step 21) if re-installing an original
hub built up with a new rim.

FIT OF AXLEFIT OF AXLEFIT OF AXLEFIT OF AXLEFIT OF AXLE
TO DROPOUT-SLOT WIDTHTO DROPOUT-SLOT WIDTHTO DROPOUT-SLOT WIDTHTO DROPOUT-SLOT WIDTHTO DROPOUT-SLOT WIDTH
NOTE: Use this section only if replacing front solid-

axle wheel with quick-release wheel.
If upgrading a front solid-axle wheel to a quick-

release wheel, there may be a problem fitting the axle
to the slots in the fork dropouts. Most road-bike front
axles that use axle nuts are 5/16" diameter (7.95mm),
and all quick-release front axles are at least 9.5mm di-
ameter. Some forks are made with dropout slots just
wide enough to accommodate the axle-nut-type axles.
If upgrading to quick-release front axle, do the fol-
lowing steps. If the dropout axle slots are too narrow,
they will need to be enlarged with a file. MTB front
axles that use axle nuts are usually fatter, so the drop-
outs may not need this modification to accommodate
a quick-release axle.

If replacing an axle-nut-type front wheelIf replacing an axle-nut-type front wheelIf replacing an axle-nut-type front wheelIf replacing an axle-nut-type front wheelIf replacing an axle-nut-type front wheel
with a quick-release wheelwith a quick-release wheelwith a quick-release wheelwith a quick-release wheelwith a quick-release wheel
11. Measure width of slot in fork dropout and con-

clude one of following:
[ ] Slot width is ³³³³³ 9.5mm, quick-release axle will

fit without filing axle slots.
[ ] Slot width is <9.5mm, axle slots must be

filed to fit quick-release axle.

FIT OF FREEWHEEL TO HUBFIT OF FREEWHEEL TO HUBFIT OF FREEWHEEL TO HUBFIT OF FREEWHEEL TO HUBFIT OF FREEWHEEL TO HUB
NOTE: Use this section only if replacing a rear

wheel equipped with a thread-on freewheel.
Rear wheels that fit thread-on freewheels (as op-

posed to freehubs, which have the freewheel built in)
are not all made with the same space for the freewheel
to fit (called freewheel space). Also, in rare cases, there
is a possibility that the threads on the freewheel are not
compatible to the threads on the hub. Even when the
hub has adequate freewheel space, if it is not the identi-
cal amount as the original hub, it will be necessary to
re-adjust the rear-derailleur limit screws and cable.

For every type of freewheel (five-speeds, narrow
six-speeds, wide six-speeds, and seven-speeds), there is
a minimum-freewheel-space value. In certain cases
where the seat stay (tube from below the seat to the

rear dropout) is bulky where it attaches to the drop-
out, the minimum freewheel space may not be ad-
equate (the chain may rub against the end of the seat
stay while on the outermost cog or shifting on and off
of the outermost cog).

To determine whether the new rear hub has ad-
equate freewheel space, take two measurements on
the hub, add them together, and see if the answer is
equal to or more than the space requirement for the
specific freewheel. In the case of a six-speed freewheel,
it will also be necessary to take a measurement on the
freewheel to determine whether it is a narrow- or wide-
spaced six-speed. An alternate approach is to compare
the new hub�s freewheel space to the old hub�s free-
wheel space. As long as the new hub has equal to or
greater space than the old hub, the freewheel space
should be adequate. It is also possible to calculate the
difference between the new and old hub�s freewheel
spaces to determine how much space to add or sub-
tract from the right side of the new hub�s axle set, in
order to get an identical match and avoid having to re-
adjust the rear derailleur.

If the freewheel space on the new hub needs to be
modified, then it will affect the wheel dish and the fit
of the hub to the dropouts (see above). See the chapter
WHEEL TRUING AND REPAIRWHEEL TRUING AND REPAIRWHEEL TRUING AND REPAIRWHEEL TRUING AND REPAIRWHEEL TRUING AND REPAIR (page 17-15) to adjust the
wheel dish. If the hub�s fit into the dropouts is good,
then whatever amount of spacing will be removed from
the right side of the axle should be added to the left side
of the axle. If adding spacers to the right side of the
hub, the equivalent amount should be subtracted from
the left side of the hub. If the freewheel space is wrong
and the hub width is also wrong, try to fix both at the
same time. See the ADJUSTABLE-CONE HUBS ADJUSTABLE-CONE HUBS ADJUSTABLE-CONE HUBS ADJUSTABLE-CONE HUBS ADJUSTABLE-CONE HUBS chapter
(page 12-12) to add and subtract spacers from the axle
and adjust the hub after doing so.

Older French bikes (before 1985) occasionally had
freewheel threads that were a 1mm pitch. Just about
any replacement wheel will have freewheel threads
that are a pitch of 24tpi. These two pitches are not
compatible. In such a case, the freewheel will need to
be replaced along with the wheel.

If replacing a rear wheel equipped with aIf replacing a rear wheel equipped with aIf replacing a rear wheel equipped with aIf replacing a rear wheel equipped with aIf replacing a rear wheel equipped with a
thread-on freewheel with a new wheelthread-on freewheel with a new wheelthread-on freewheel with a new wheelthread-on freewheel with a new wheelthread-on freewheel with a new wheel
12. [ ] Measure pitch of freewheel threads on free-

wheel and hub and make sure they match.
13. [ ] Measure distance from shoulder at bottom

of hub’s freewheel threads to end of hub
shell and record: (new hub) __________

(old hub) __________
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14. [ ] Measure from end of hub shell to face of
locknut and record: (new hub) __________

(old hub) __________

A B

18.12  Measure these two dimensions to determine freewheel space.

15. [ ] Add both new hub numbers from steps 13
and 14 and record answer here: __________

16. [ ] Add both old  hub numbers from steps 13
and 14 and record answer here: _________

17. [ ] If freewheel has six cogs, measure distance
from outer face of outermost cog to inner
face of innermost cog and record measure-
ment here: __________

18.13  If freewheel is a six-speed, measure the freewheel width.

18. Check appropriate choice below, depending on
freewheel to be installed on new wheel:

[ ] Five-speed freewheel, minimum freewheel
space is 29mm.

[ ] Six-speed freewheel width is <28mm, mini-
mum freewheel space is 31mm.

[ ] Six-speed freewheel width is >28mm, mini-
mum freewheel space is 35mm.

[ ] Seven-speed freewheel, minimum freewheel
space is 37mm.

19. [ ] If new hub freewheel space (step 15) is less
than minimum-freewheel-space requirement
(step 18), add necessary spacers to right
side of axle so that it equals minimum-free-
wheel-space requirement (derailleur adjust-
ment will be required unless step 18 amount
also equals step 16), or add or subtract nec-
essary spacers on right side of axle so that
new freewheel space equals step 16 (no de-
railleur adjustment will be required). (See
ADJUSTABLE-CONE HUBSADJUSTABLE-CONE HUBSADJUSTABLE-CONE HUBSADJUSTABLE-CONE HUBSADJUSTABLE-CONE HUBS chapter, page 12-12.)

20. [ ] If necessary, subtract or add spacers to left
side of rear axle so that over-locknut width
equals step 8 (±2mm). (See ADJUSTABLE-ADJUSTABLE-ADJUSTABLE-ADJUSTABLE-ADJUSTABLE-
CONE HUBSCONE HUBSCONE HUBSCONE HUBSCONE HUBS chapter, page 12-12.)

21. [ ] Re-dish wheel if spacers have not been
added or subtracted equally on right and left
sides of wheel. (See WHEEL TRUING AND REPAIRWHEEL TRUING AND REPAIRWHEEL TRUING AND REPAIRWHEEL TRUING AND REPAIRWHEEL TRUING AND REPAIR
chapter, page 17-15.)

FIT OF RIM WIDTHFIT OF RIM WIDTHFIT OF RIM WIDTHFIT OF RIM WIDTHFIT OF RIM WIDTH
TO BRAKE-PAD WIDTHTO BRAKE-PAD WIDTHTO BRAKE-PAD WIDTHTO BRAKE-PAD WIDTHTO BRAKE-PAD WIDTH

In many cases, if a replacement wheel has a differ-
ent rim width than the original wheel, then nothing
is needed other than a minor cable adjustment to
change the brake pad-to-rim clearance. If the bike has
cantilever brakes, U-brakes, centerpull brakes, or
Shimano dual-pivot brakes, then even minor changes
in rim width can have a major effect on brake-pad-
height adjustment. The reason for this is that the
above-listed brakes (all brakes other than conventional
sidepull brakes) have a very short caliper-arm length.
When the caliper arm is short, the pads move almost
an equal amount up and down for the amount they
move in and out. For example, a 21mm-wide moun-
tain-bike rim might be replacing  a 27mm-wide moun-
tain-bike rim. Each pad will need to move 3mm fur-
ther in to reach the rim. When a cantilever arm moves
a pad 3mm further in, the pad ends up 1�2mm further
down. This might end up with the pad partially be-
low the rim. All this means is that the brake-pad height
on the caliper arm needs to be adjusted, not that the
narrower rim cannot be used.

18.14  Brake pads change height as they move laterally.
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With sidepull and cantilever brakes, pads move
down as they move in. If the replacement rim is nar-
rower, inspect for pads that end up too low on the rim.
If the replacement rim is wider, inspect for pads that
end up too high on the rim. With centerpull and U-
brake calipers, the pads move up as the move in. If the
replacement rim is narrower, inspect for pads that end
up too high on the rim. If the replacement rim is wider,
inspect for pads that end up too low on the rim.
22. [ ] Measure and compare old and new rim

widths.

Rim width

18.15  Measuring rim width.

23. If new rim width is narrower, check one of fol-
lowing choices:

[ ] Brakes are cantilever or sidepull brakes,
check if brake pads hit too low on new rim.

[ ] Brakes are U-brake or centerpull, check if
brake pads hit too high on rim.

24. If new rim width is wider, check one of follow-
ing choices:

[ ] Brakes are cantilever or sidepull brakes,
check if brake pads hit too high on new rim.

[ ] Brakes are U-brake or centerpull, check if
brake pads hit too low on rim.

FIT OF RIM DIAMETERFIT OF RIM DIAMETERFIT OF RIM DIAMETERFIT OF RIM DIAMETERFIT OF RIM DIAMETER
RELATIVE TO BRAKE-PAD HEIGHTRELATIVE TO BRAKE-PAD HEIGHTRELATIVE TO BRAKE-PAD HEIGHTRELATIVE TO BRAKE-PAD HEIGHTRELATIVE TO BRAKE-PAD HEIGHT

In almost every case, a wheel must be replaced
with one of an identical size or the brakes will not
reach the rim. The only exception to this is the 700C
and the 27" sizes, which differ in radius by approxi-
mately 4mm. In most cases, even this small differ-
ence would mean that the brakes will not fit. If re-
placing a 27" wheel with a 700C wheel, and the brake
pads are currently at the top of their height-adjust-
ment range, then there is a possibility the 700C wheel
will fit. If replacing a 700C wheel with a 27" wheel,
and the brake pads are currently at the bottom of
their height-adjustment range, then there is a possi-
bility the 27" wheel will fit. (This example assumes
the brakes are sidepull, not cantilever.)

If replacing a smaller wheel size with a larger size
(for example replacing 700C with 27") there is also a
question as to whether the tire tread will clear the frame
or fork. If the new tire is of a similar fatness as the old
one, then it is simply a matter of checking the old tire
to see if there is at least 8mm clearance. If the new tire
is skinnier or fatter than the old tire, factor in that dif-
ference as well as the wheel-radius difference. Ideally,
try to end up with about 6mm clearance (without fend-
ers), and 12mm clearance if fenders will be used.
NOTE: If replacing a wheel with one of the same

size, skip to CENTERING OF RIM TO BRAKESCENTERING OF RIM TO BRAKESCENTERING OF RIM TO BRAKESCENTERING OF RIM TO BRAKESCENTERING OF RIM TO BRAKES.

If replacing a wheel  wi th one of another sizeIf replacing a wheel  wi th one of another sizeIf replacing a wheel  wi th one of another sizeIf replacing a wheel  wi th one of another sizeIf replacing a wheel  wi th one of another size
25. [ ] Measure radius of old wheel,  and write an-

swer here: __________

Radius

18.16  Measure the rim radius.

26. [ ] Measure radius of new wheel, and write an-
swer here: __________

27. [ ] Subtract smaller of steps 25 and 26 from
larger of steps 25 and 26 and write answer
here: __________
This is amount brake pads will need to be
adjusted up or down to reach new rim.

28. [ ] Measure amount brake pad can move down
(if step 26 is smaller than step 25), or up (if
step 26 is larger than step 25,) and write
answer here: __________

Up

Down

18.17  Vertical pad adjustment of a sidepull brake.
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29. Choose one of following choices:
[ ] Step 28 is larger than step 27, so brakes

will accommodate new wheel size.
[ ] Step 28 is smaller than step 27, so brakes

will not accommodate new wheel size.
30. [ ] If replacing a smaller wheel with a larger one,

check clearance between tread and frame to
make sure there will be room for a larger tire.

CENTERING OF RIM TO BRAKESCENTERING OF RIM TO BRAKESCENTERING OF RIM TO BRAKESCENTERING OF RIM TO BRAKESCENTERING OF RIM TO BRAKES
Assuming the wheel is correctly dished initially (and

this may prove false later), if the axle spacing was modi-
fied in any way, dish should be checked and corrected.
Assuming the original wheel centered correctly between
the brake pads, if the new wheel does not center up
well, either the brakes were mis-adjusted to a poorly-
dished old wheel, or the new wheel is not correctly
dished. When installing the new wheel, if it does not
center to the brake pads, there is either a problem with
the wheel dish or the brake adjustment. Use a dish gauge
to check the dish of the new wheel (see page 17-15)
before centering the brakes to the new wheel.
31. [ ] Install wheel temporarily and check if rim is

centered between brake pads. If centered,
skip steps 32 and 33.

32. [ ] If not centered, check and correct wheel
dish if necessary.

33. If wheel dish is correct, brakes need centering.

FIT OF RIM TO EXISTING TIRE SIZEFIT OF RIM TO EXISTING TIRE SIZEFIT OF RIM TO EXISTING TIRE SIZEFIT OF RIM TO EXISTING TIRE SIZEFIT OF RIM TO EXISTING TIRE SIZE
Assuming the replacement wheel is the same size

category as the original and the plan is to re-use the old
tire, check that the new rim width is compatible with
the old tire. In a perfect world, it would be a matter of
matching the named width of the rim to the named
width of the tire, and all 26" MTB tires would be com-
patible with all 26" MTB rims. Unfortunately, the world
isn�t perfect, at least not as far as tires and rims are con-
cerned. For any size (such as 26" MTB), there are a
variety of rim widths and a variety of tire widths. To
complicate matters, the actual width for two rims that
are named the same can actually be quite different. The
same holds true of tires. If combining the narrowest of
rims with the widest of tires in a given size group, or
vice versa, then there may be a problem. There are a
few simple measurements that can be taken and calcu-
lations to make to determine whether the tire width is
acceptable to use with the new wheel.

If the tire is too narrow for the new rim, there are
several consequences. The height profile of the tire will
be too low, which can lead to more rim damage and

more pinch flats. Also, the shape of the tire will be de-
formed in a way that reduces cornering performance
(particularly on road bikes). If the tire is too wide for the
new rim, there is some risk of different consequences. If
the tire is too wide for the rim and the bike has cantile-
ver brakes, the brake pads often end up rubbing on the
tire � resulting in its premature demise. If the bike in
question has sidepull brakes, the pads probably will not
spread wide enough to clear an oversize tire. Also, on
road bikes where the tire is too wide for the rim, a squirmy
feel in the handling might be experienced � depending
on the tire design and the air pressure.

The following steps determine whether the exist-
ing tire is within the range of widths that is acceptable
on the new rim.
34. [ ] Use a caliper to measure inside width of rim.

Record measurement here: __________

Ins ide r im width

18.18  Measure inside width of rim.

35. [ ] Measure width from bead-to-bead (edge-to-
edge) of tire (flattened) and record width
here: __________

Flattened width between beads

Cross -section of flattened tire

18.19  Measure flattened width of tire between the beads.

36. [ ] Divide answer in step 35 by 2.5 to deter-
mine “section width” and record answer
here: __________

37. [ ] Multiply rim-inside width from step 34 by
1.4 to determine the narrowest acceptable
“section width” and record answer here:
__________

38. [ ] Multiply rim-inside width from step 34 by
2.0 (road bikes) or 3.0 (MTBs) to determine
the widest acceptable “section width” and
record answer here: __________

39. Check one of following choices:
[ ] Step 36 is included in range of steps 37 and

38, so tire width is ideal for rim.
[ ] Step 36 is outside of range of steps 37 and

38, so tire width is potentially unacceptable
for rim. (See preceding text for description
of possible problems.)
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INSTALLING THE WHEELINSTALLING THE WHEELINSTALLING THE WHEELINSTALLING THE WHEELINSTALLING THE WHEEL
NOTE: If installing a rear wheel, skip to REAR WHEELS.REAR WHEELS.REAR WHEELS.REAR WHEELS.REAR WHEELS.

FRONT WHEELSFRONT WHEELSFRONT WHEELSFRONT WHEELSFRONT WHEELS
Installing a front wheel is relatively simple, but don�t

let the simplicity lead to carelessness. Nothing is more
disastrous than a front-wheel-mounting failure!
1 . [ ] Check that sidepull-brake quick-release

mechanism is released, or cantilever/
U-brake/centerpull straddle wire is unhooked.

A

A A

Brake
quick release

18.20  A sidepull brake should be released before installing the
whee l .

18.21  A cantilever brake should be released before installing the
whee l .

2 . Check one of following choices, then perform
lettered steps that follow checked choice:

[ ] If wheel is retained with axle nuts:
a) Remove axle nuts and washers, grease
axle threads.
b) Install axle washers (textured face, if any,
toward dropout).
c) Thread on axle nuts (any flange on axle
nut faces toward dropout).

Axle

Axle nut

Axle washer

Dropout

18.22  Orientation of axle nut, washer, and dropout.

[ ] If wheel has quick-release mechanism and
quick-release mechanism has been re-
moved from axle:
a) Lubricate skewer shaft and threads.
b) Lubricate pivot of quick-release lever.
c) Install conical spring so that small end
points to threaded end of skewer (OK to
omit both springs, but not one).
d) Install skewer in axle so that lever ends
up on wheel’s left side.
e) Install second spring over threaded end of
skewer so that small end points inward (un-
less using no springs).
f) Thread on skewer adjusting nut.

Adjusting nut

Conical spr ing

Conical spr ing

S kewer shaft (interrupted)

Cam nut

Quick-release-lever pivot (cam)

Quick-release lever

Oi l

Grease

18.23  Parts identification and lubrication points of a quick-re-
lease mechanism.
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[ ] If skewer is already installed:
a) Lubricate quick-release lever pivot.
b) Check that there are two conical springs, or
no conical springs (one is worse than none).
c) Check that small ends of conical springs
point toward center.

3 . [ ] Slip wheel between fork blades and axle ends
into dropout slots. For quick-release wheels,
convention is that Q.R. lever is on bike’s left.

4 . [ ] Close sidepull quick-release mechanism or
hook up cantilever/U-brake/centerpull
straddle wire.

In the next step, make sure that the wheel is cen-
tered between the fork blades. This is not achieved
automatically by shoving the axle fully into the drop-
out slots. Few manufacturers make forks so precisely
that a properly-dished wheel will automatically cen-
ter. It is possible to use a round file to extend the length
of the axle slot in the dropout that is on the side of the
fork that the rim ends up too close to. In most cases,
this is not worth the trouble. A more practical ap-
proach is to make sure the wheel is dished, and install
the wheel so that it is centered to the fork blades, cen-
ter the brake to the rim, and from then on for all
further wheel installations just install the wheel so that
it ends up centered between the brake pads.
5 . Check one of following choices, depending on

whether brake was centered to correctly
dished wheel previously or not:

[ ] If brake was not centered to correctly dished
wheel previously, position rim so that it is
centered between fork blades. Secure wheel
temporarily and recheck centering.

[ ] If brake was centered to correctly dished
wheel previously, position rim so that it is
centered between brake pads. Operate brake
several times to ensure pads are returning to
their natural positions. Secure wheel tempo-
rarily and recheck centering.

6. [ ] If quick-release wheel has safety-retention
plates, install screws and tighten screws now.

In the next step, the wheel is secured. There are
few errors a mechanic can make that are more cata-
strophic than a wheel-mounting failure. If the wheel
is retained by axle nuts, there is a simple procedure
that guarantees a secure wheel: use axle washers, make
sure the clamping surfaces of the axle fully engage the
dropout surface, then use a torque wrench to tighten
the axle nuts to the recommended torque.

If the wheel is retained by a quick-release mecha-
nism, the solution is not so simple. Few manufactur-
ers provide guidelines for use of the quick-release
mechanisms; some of the manufacturers that do are
simply quoting existing lore, rather than techniques

that have been proven by research. �Existing lore� is
the cause of many of the problems with quick-release
mechanisms. It is strongly recommended that you read
the earlier section, Wheel-mounting failureWheel-mounting failureWheel-mounting failureWheel-mounting failureWheel-mounting failure  (page 18-2),
before proceeding with wheel installation.
7 . Select one of following steps depending on

whether wheel is retained by axle nuts or
quick-release mechanism:

[ ] If wheel has axle nuts, secure nuts to a
torque of 180–240in-lbs (30–40lbs@6")
and check that rim is still centered as in step
5. If axle tends to rotate while securing axle
nut, alternate tightening nuts on each side a
little at a time.

[ ] If wheel has quick-release mechanism:
a) Flip lever from open position toward
closed position and check if clamping force
is first encountered when lever is close to
pointing straight out (base of lever perpen-
dicular to dropout face). If dropouts are
wider than hub width, clamping force does
not begin until both dropouts are contacting
faces of axle hardware.
b) If necessary, tighten or loosen adjusting-nut
so that clamping force is first encountered
when lever is close to pointing straight out
(base of lever perpendicular to dropout face).
c) Flip lever to open position and rotate
skewer so that when lever is flipped to
closed position, lever will end up adjacent
to, but not overlapping, fork blade.
d) Close lever so that base of lever ends
up at parallel to dropout, or past point
where it is parallel.
e) If unable to close lever fully (base of lever
parallel to dropout), open lever enough to be
able to turn adjusting nut and loosen adjusting
nut by very  small increments until just able to
close lever to parallel-to-dropout position.
f) Check that rim is still centered as in step 5.

Correct

Correct

Incorrect

Incorrect

CLOSEDOPEN

18.24  The solid images are quick-release mechanisms as they ap-
pear when they have been closed properly by utilizing the cam (flip-
ping the lever). The outlined levers are quick-release mechanisms as
they appear when they have been secured incorrectly (as though the
lever was a wing-nut).
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90°80°

Closed Open

Clamping force should be
firs t felt in this  range

Dropout

18.25  When properly set, as the lever swings from the open to
closed position, clamping force should first be felt when the base of
the lever is 80-90°from the closed position (wih the base of the lever
parallel to the dropout face).

Ful ly closed Not closed

Parallel

18.26  When closed, the base of the lever must be parallel to the
dropout .

CLOSED

Unacceptable

Unacceptable

Unacceptable

Ideal Acceptable

18.27  When closed, the lever should be adjacent to, but not over-
lapping, the fork blade.

8 . [ ] Center brake pads as necessary (see chapter
on brakes).

REAR WHEELSREAR WHEELSREAR WHEELSREAR WHEELSREAR WHEELS
Installing a rear wheel is relatively simple, but

compared to a front wheel it is complicated by the
chain and the fact that the wheel needs to be aligned
between the chain stays (frame tubes between the
crank set and rear axle) and the seat stays (frame tubes
between the seat and the rear axle).
9 . [ ] Check that sidepull-brake quick-release

mechanism is released, or cantilever/U-
brake/centerpull straddle wire is unhooked.

A

A A

Brake
quick release

18.28  A sidepull brake should be released before installing the
whee l .

18.29  A cantilever brake should be released before installing the
whee l .
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10. Check one of following choices, then perform
lettered steps that follow checked choice:

[ ] If wheel is retained with axle nuts:
a) Remove axle nuts and washers, grease
axle threads.
b) Install axle washers (textured face, if any,
toward dropout).
c) Thread on axle nuts (any flange on axle
nut faces toward dropout).

Axle

Axle nut

Axle washer

Dropout

18.30  Orientation of axle nut, washer, and dropout.

[ ] If wheel has quick-release mechanism and
quick-release mechanism has been removed
from axle:
a) Lubricate skewer shaft and threads.
b) Lubricate pivot of quick-release lever.
c) Install conical spring so that small end
points to threaded end of skewer (OK to
omit both springs, but not one).
d) Install skewer in axle so that lever ends
up on wheel’s left side.
e) Install second spring over threaded end of
skewer so that small end points inward (un-
less using no springs).
f) Thread on skewer adjusting nut.

Adjus ting nut

Conical spr ing

Conical spr ing

S kewer shaft (interrupted)

Cam nut

Quick-release-lever pivot (cam)

Quick-release lever

Oi l

Grease

18.31  Parts identification and lubrication points of a quick-
release mechanism.

[ ] If skewer is already installed:
a) Lubricate quick-release lever pivot.
b) Check that there are two conical springs, or
no conical springs (one is worse than none).
c) Check that small ends of conical springs
point toward center.

11. [ ] Use right shift control to make sure rear de-
railleur is moved out as far as it will go.

H

L

18.32  Use the shift-control mechanism to position  the rear de-
railleur fully out before installing rear wheel.

12. [ ] Position wheel so that cogs are above sec-
tion of chain running from bottom of
crankset to bottom of derailleur and below
section of chain running from derailleur to
top of crankset.

18.33  Rotate derailleur back, then place outermost cog of wheel
between upper and lower sections of chain and engage outermost
cog to upper section of chain.
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13. [ ] Pull back on derailleur and pull wheel up into
dropout axle slots, making sure top of outer-
most cog engages chain.

18.34  Pull wheel back and up so that axle seats in axle slots, then
allow derailleur to swing forward.

14. [ ] Temporarily secure wheel with quick release
or axle nuts.

15. [ ] Close sidepull quick-release mechanism or
hook up cantilever/U-brake/centerpull
straddle wire.

In the next step, make sure that the wheel is cen-
tered between the seat stays and chain stays. This is
not automatically achieved by shoving the axle fully
into the dropout slots. Few manufacturers make
frames so precisely that a properly-dished wheel will
automatically center.

If the dropouts have horizontal axle-slots, then
there will be ample adjustment to center the rim be-
tween the chain stays and a limited range of adjust-
ment to center the wheel between the seat stays.

If the dropouts have vertical axle-slots, then there
will be limited adjustment to center the rim between
the chain stays and ample range of adjustment to cen-
ter the wheel between the seat stays.

Because axle slots are often wider than the axle, it is
usually possible to center the rim by moving the end of
the axle at right angles to the direction of the slot. The
slot may be filed wider to increase the amount of ad-
justment available. In most cases, this is not worth the
trouble. A more practical approach is to make sure the
wheel is correctly dished, then install the wheel so that
it is centered as best as possible between the seat stays

and between the chain stays. If the dropouts have ver-
tical axle-slots, precise centering between the seat stays
should be possible, but the potential to center the wheel
between the chain stays may be limited; if the drop-
outs have horizontal axle-slots, precise centering be-
tween the chain stays should be possible, but the po-
tential to center the wheel between the seat stays may
be limited. After installing the wheel as best as pos-
sible, then center the brake to the rim. On subsequent
wheel installations, the wheel should be installed so that
it ends up centered between the brake pads.

Some dropouts with horizontal axle-slots have po-
sitioning screws in the dropouts that butt against the
axle. Once the wheel is properly positioned, these screws
can be adjusted so that both butt against the axle. To
position the wheel when installing it at a later time,
then just pull it back until both ends of the axle are
against the positioning screws.
16. Check one of following choices, depending on

whether the brake was centered to correctly
dished wheel previously or not:

[ ] If brake was not centered to correctly dished
wheel previously, position rim so that it is cen-
tered between seat stays and chain stays. Se-
cure wheel temporarily and recheck centering.

[ ] If brake was centered to correctly dished
wheel previously, position rim so that it is
centered between brake pads and chain
stays (unless brake is under chain stays, in
which case rim should be centered between
brake pads and seat stays). Operate brake
several times to ensure pads are returning to
their natural positions. Secure wheel tempo-
rarily and recheck centering.

In the next step, the wheel is secured. There are
few errors a mechanic can make that are more cata-
strophic than a wheel-mounting failure. If the wheel
is retained by axle nuts, there is a simple procedure
that guarantees a secure wheel: use axle washers, make
sure the clamping surfaces of the axle fully engage the
dropout surface, then use a torque wrench to tighten
the axle nuts to the recommended torque.

If the wheel is retained by a quick-release mecha-
nism, the solution is not so simple. Few manufactur-
ers provide guidelines for use of the quick-release
mechanisms; some of the manufacturers that do are
simply quoting existing lore, rather than techniques
that have been proven by research. �Existing lore� is
the cause of many of the problems with quick-release
mechanisms. It is strongly recommended that you read
the earlier section, Wheel-mounting failureWheel-mounting failureWheel-mounting failureWheel-mounting failureWheel-mounting failure  (page 18-2),
before proceeding with wheel installation.
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17. Select one of following steps, depending on
whether wheel is retained by axle nuts or
quick-release mechanism:

[ ] If wheel has axle nuts, secure nuts to a
torque of 240–300in-lbs (40–50lbs@6")
and check that rim is still centered, as in
step 16. If axle tends to rotate while secur-
ing axle nut, alternate tightening nuts on
each side a little at a time.

[ ] If wheel has quick-release mechanism:
a) Flip lever from open position toward
closed position and check if clamping force
is first encountered when lever is close to
pointing straight out (base of lever perpen-
dicular to dropout face). If dropouts are
wider than hub width, clamping force does
not begin until both dropouts are contacting
faces of axle hardware.
b) If necessary, tighten or loosen adjusting-nut
so that clamping force is first encountered
when lever is close to pointing straight out
(base of lever perpendicular to dropout face).
c) Flip lever to open position and rotate
skewer so that when lever is flipped to
closed position, lever will end up adjacent to,
but not overlapping, seat stay or chain stay.
d) Close lever so that base of lever ends
up at parallel to dropout, or past point
where it is parallel.
e) If unable to close lever fully (base of lever
parallel to dropout), open lever enough to be
able to turn adjusting nut and loosen adjusting
nut by very  small increments until just able to
close lever to parallel-to-dropout position.
f) Check if rim is still centered as in step 16.

Correct

Correct
Incorrect

Incorrect

18.35  The solid images are quick-release mechanisms as they ap-
pear when they have been closed properly by utilizing the cam (flip-
ping the lever). The outlined levers are quick-release mechanisms as
they appear when they have been secured incorrectly (as though the
lever was a wing-nut).

90° 80°

ClosedOpen

Clamping force should
be firs t felt in this  range

Dropout

18.36  When properly set, as the lever swings from the open to
closed position, clamping force should first be felt when the base of
the lever is 80-90°from the closed position (the base of the lever par-
allel to the dropout face).

Ful ly closedNot closed

Parallel

18.37  When closed, the base of the lever must be parallel to the
dropout .

Correct

Correct

Correct

Unacceptable

Unacceptable

Unacceptable

Unacceptable

UnacceptableUnacceptable

CLOSED

18.38  When closed, the lever should be adjacent to, but not over-
lapping, the chain stay or seat stay.
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18. [ ] Center brake pads as necessary (see chapter
on brakes).

19. [ ] Pedal cranks to make sure chain is running
smoothly through derailleur and over free-
wheel cogs, and shift chain to more inner
freewheel cog so that the bike will be in an
easier gear to get started in.

NON-DERAILLEURNON-DERAILLEURNON-DERAILLEURNON-DERAILLEURNON-DERAILLEUR-----CHAIN TENSIONCHAIN TENSIONCHAIN TENSIONCHAIN TENSIONCHAIN TENSION
If the chain tension is too tight, it will not operate

smoothly. If it is too loose, it will fall off. Because
gears are not perfectly round, chain tension will vary
depending on the point of rotation of the crank. Find
the point at which the chain is tightest and adjust the
wheel forward or backward until the chain will move
up and down 1/2" at the point halfway between the
front and rear gears.

18.39  The chain should have 1/2" of free play when the crank has
been rotated to the point that puts the chain under the most tension.

Continued

WHEEL-REMWHEEL-REMWHEEL-REMWHEEL-REMWHEEL-REMOOOOOVVVVVAAAAAL AND INL AND INL AND INL AND INL AND INSSSSSTTTTTAAAAALLLLLLLLLLAAAAATIONTIONTIONTIONTION
TROUBLESHOOTINGTROUBLESHOOTINGTROUBLESHOOTINGTROUBLESHOOTINGTROUBLESHOOTING

CauseCauseCauseCauseCause SolutionSolutionSolutionSolutionSolution
SYMPTOM: Axle nuts or quick-release mechanism must be loosened further for wheel installation than
was required for removal.

Dropout spacing is too wide for hub width. Add spacers to axle set, or re-space the rear
triangle or fork blades.

SYMPTOM: Hands are needed to spread the dropouts in order to install the wheel.

Dropout spacing is too narrow for hub width. Remove spacers from axle set, or re-space the
rear triangle or fork blades.

SYMPTOM: Wheel will not center automatically between fork blades when installed fully.

Axle is bent. Remove wheel and inspect for bent axle.

Wheel is not properly dished. Remove wheel and inspect wheel dish.

Dropouts are different height. Live with the problem or use a file to change the
axle slot in the dropout until the wheel centers
properly.
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WHEEL-REMWHEEL-REMWHEEL-REMWHEEL-REMWHEEL-REMOOOOOVVVVVAAAAAL AND INL AND INL AND INL AND INL AND INSSSSSTTTTTAAAAALLLLLLLLLLAAAAATIONTIONTIONTIONTION
TROUBLESHOOTINGTROUBLESHOOTINGTROUBLESHOOTINGTROUBLESHOOTINGTROUBLESHOOTING (continued) (continued) (continued) (continued) (continued)

CauseCauseCauseCauseCause SolutionSolutionSolutionSolutionSolution
SYMPTOM: Wheel cannot be centered between chain stays on bike with rear-dropout vertical axle-slots.

Axle is bent. Remove wheel and inspect for bent axle.

Wheel is not properly dished. Remove wheel and inspect wheel dish.

Chain stays are different lengths. Live with the problem or use a file to change the
axle slot in the dropout until the wheel centers
properly.

SYMPTOM: Wheel does not center between seat stays when installed fully in rear-dropout vertical
axle-slots, or cannot be centered between seat stays at all (regardless of dropout type).

Axle is bent. Remove wheel and inspect for bent axle.

Wheel is not properly dished. Remove wheel and inspect wheel dish.

Dropouts are different height. Live with the problem or use a file to change the
axle slot in the dropout until the wheel centers
properly.

SYMPTOM: When axle is rotated, wheel changes position between fork blades or rear stays.

Axle is bent. Remove wheel and inspect for bent axle.

SYMPTOM: Wheel changes position after being installed.

Quick-release axle protrudes past axle locknut too Remove wheel and make sure that axle
far. protrusion is less than dropout thickness.

Quick release or axle nuts not adequately secure. Secure quick release or axle nuts properly.

Axle nuts need washers. Install washers between axle nuts and dropouts.

SYMPTOM: Wheel is difficult to install when dropout width is good and wheel-retention mechanisms
are adequately loose.

Dropouts badly misaligned. Check and align dropouts.
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ABOUT THIS CHAPTERABOUT THIS CHAPTERABOUT THIS CHAPTERABOUT THIS CHAPTERABOUT THIS CHAPTER
This chapter is about removing and installing tires

and tubes, fixing a punctured inner tube, as well as
installing a replacement tire and/or tube.

GENERAL INFORMATIONGENERAL INFORMATIONGENERAL INFORMATIONGENERAL INFORMATIONGENERAL INFORMATION

TERMINOLOGYTERMINOLOGYTERMINOLOGYTERMINOLOGYTERMINOLOGY
Tire: The rubber, cloth, and wire construction

that touches the ground as you roll. A common mis-
use of the term is to use �tire� to refer to the entire
wheel, including hub, spokes, rim, and tire.

Inner tube: The rubber air bladder that is in-
side the tire.

Valve: The stem on the inner tube that air is
pumped through to fill the inner tube. When the in-
ner tube is installed in the tire and the tire is installed
on the rim, the valve may appear to be attached to the
rim, as it is on automotive wheels, but it is always
part of an inner tube.

Schrader valve: The correct name for the com-
mon bicycle inner-tube valve that is the same design
as the one used on cars.

Presta valve: A valve that is narrower than a
Schrader valve and has a built-in nut that must be loos-
ened or tightened to open or close the valve. The Presta
valve is sometimes called a �European valve� or
�French valve.�

S chrader
valve

Presta
valve

Nut
(loosen to open,
tighten to close)

19.1  Schrader valve and Presta valve.

Tread: The textured or smooth rubber on the outer
perimeter of the tire where the tire contacts the road.

Sidewall: The portion of the tire that starts at the
outer perimeter of the rim and ends where the tread
begins. It may be fabric that is coated with so little
rubber that the coating is not apparent, or it may be
covered with an obvious layer of rubber such as: a
natural gum color, black, or other assorted colors.

Carcass: The structural body of the tire. The car-
cass consists primarily of a fabric of cloth threads that
stretch from one edge of the tire to the other. This
fabric is generally impregnated with rubber.

Threads: The individual cloth fibers that make
up the carcass.

Tire bead: The edge of the tire that attaches to
the rim. The tire bead is usually metal wire, but could
be a Kevlar cord. The wire or cord is wrapped in the
hem of the tire carcass.

Seating line: About 1/4" to 3/8" above the bot-
tom edge of the tire is the seating line. This is usually
a molded rubber line, but may be nothing more than
a color change between the edge of the carcass hem
and the sidewall of the tire. The color change might
be because a portion of the tire bead has been dyed, or
because a coating on the sidewall of the tire begins or
ends at this point.

Rim strip: The tape-like strip that mounts between
the inner tube and the rim. The rim strip�s function is
to protect the inner tube from damage by the rim and
the spokes. Rim strips come in many forms; they may
be rubber, plastic, cloth, or an adhesive cloth tape.

Tire liner: This tape-like strip that inhibits punc-
tures is an optional protective liner that goes between
the inner tube and the tire. The tire liner is always
plastic, and is approximately as wide as the tread.

PREREQUISITESPREREQUISITESPREREQUISITESPREREQUISITESPREREQUISITES
Wheel removal and installationWheel removal and installationWheel removal and installationWheel removal and installationWheel removal and installation

In order to replace or service a tire or a tube, the
wheel should be removed from the bike. See the WHEELWHEELWHEELWHEELWHEEL
REMOVAL, REPLACEMENT, AND INSTALLATIONREMOVAL, REPLACEMENT, AND INSTALLATIONREMOVAL, REPLACEMENT, AND INSTALLATIONREMOVAL, REPLACEMENT, AND INSTALLATIONREMOVAL, REPLACEMENT, AND INSTALLATION chapter,
if unsure about wheel removal (page 18-6) and instal-
lation (page 18-15).
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INDICATIONSINDICATIONSINDICATIONSINDICATIONSINDICATIONS
Flat-tire repairFlat-tire repairFlat-tire repairFlat-tire repairFlat-tire repair

The tire and tube will need to be removed and re-
installed in order to fix a flat. It is important to keep
in mind that all tires loose air gradually, even without
a puncture. The fact that the tire has lost pressure does
not always indicate that it is flat. Depending on the
type and weight of rubber that the tube is made of,
this loss could amount to just a few pounds a week, or
as much as 20 pounds a day (lightweight latex tubes).
Shops should have a policy of airing virtually all tires
to the recommended pressure when a repair is checked
in. This way, the mechanic can check for pressure loss
when starting the job. However, there is little point
in attempting to inflate a tire that has an obvious ob-
ject sticking out of it.

There is another reason that tires might lose pres-
sure and not be punctured. This is because some valves
come loose from the factory, or develop looseness
from age. In these cases, the valve just needs to be
tightened. The TIRE AND TUBE REMOVALTIRE AND TUBE REMOVALTIRE AND TUBE REMOVALTIRE AND TUBE REMOVALTIRE AND TUBE REMOVAL procedure
(page 19-3) starts with a check for a loose valve before
going to the trouble of removing the wheel and tire.

Worn and damaged tiresWorn and damaged tiresWorn and damaged tiresWorn and damaged tiresWorn and damaged tires
The following list covers several of the symptoms

that might be detected and would lead to replacing a tire:
Tread on road-bike tires worn to the point

that carcass threads are showing, or are
about to show

Knobs on off-road-bike tires worn to the point
that they cause loss of traction

Tread develops cracks from age and exposure
to the elements

Cuts in the tire that are through the rubber and
have damaged threads in the carcass

Abrasions in the tire�s sidewall that have dam-
aged threads in the carcass

Bulges or distortions in the tire�s shape (when
inflated) that indicate hidden carcass damage

Wheel truing, replacement, and rebuildingWheel truing, replacement, and rebuildingWheel truing, replacement, and rebuildingWheel truing, replacement, and rebuildingWheel truing, replacement, and rebuilding
The tire needs to be removed and re-installed

to do any wheel truing, wheel rebuilding, or wheel
replacement.

TOOL CHOICESTOOL CHOICESTOOL CHOICESTOOL CHOICESTOOL CHOICES
The only tools required are tire levers, pump or

compressor, and pressure gauges. All choices are ad-
equate and any personal preference is fine.

TIME AND DIFFICULTYTIME AND DIFFICULTYTIME AND DIFFICULTYTIME AND DIFFICULTYTIME AND DIFFICULTY
Tire removal and re-installation is a 4�6 minute

job of little difficulty. Patching a tube might take ad-
ditional 1�3 minutes.

COMPLICATIONSCOMPLICATIONSCOMPLICATIONSCOMPLICATIONSCOMPLICATIONS
Difficul t ti re removalDi fficul t ti re removalDi fficul t ti re removalDi fficul t ti re removalDi fficul t ti re removal

Tires may be difficult to remove because of a tight
fit or because of tire adhesion to the rim. If you are
having trouble getting a tire off the rim, deflate the
tube fully by squeezing the tire while the valve is open.
Push the tire away from the rim bead all the way
around on both sides to eliminate adhesion.

Difficult ti re instal lationDifficult ti re instal lationDifficult ti re instal lationDifficult ti re instal lationDifficult ti re instal lation
Tires can be difficult to install for several reasons:

the tire may simply be too tight a fit, there may be
too much air in the tube, the tube or rim strip may be
caught under the tire bead, the rim strip may be too
bulky for a tight-fitting tire, or the tube may be too
large for the tire cross-section.

Pinch flats on instal lationPinch flats on instal lationPinch flats on instal lationPinch flats on instal lationPinch flats on instal lation
Pinch flats can occur during installation when tire

levers are used incorrectly.

Di rectional  tread patternsDi rectional  tread patternsDi rectional  tread patternsDi rectional  tread patternsDi rectional  tread patterns
Many tires have directional tread designs. Look

for directional arrows and notations to avoid install-
ing the same tire twice.

High-seating bead sectionHigh-seating bead sectionHigh-seating bead sectionHigh-seating bead sectionHigh-seating bead section
Sometimes a portion of the tire bead seats higher

on the rim than the rest of the tire. When you spin
the wheel, you may see what appears to be a lump in
the tire. Chances are this condition will lead to a blow-
out. Newly-installed tires should be checked carefully
for this condition. Causes may be the tube or rim strip
caught under the tire bead, the valve-stem base caught
under the tire bead, a damaged bead, poor fit, or a
low-seating area elsewhere on the same side.

Low-seating bead sectionLow-seating bead sectionLow-seating bead sectionLow-seating bead sectionLow-seating bead section
When a portion of the tire bead sits too low on

the rim, the tire has a flat spot. The low spot encour-
ages a high spot elsewhere, which can lead to a blow-
out. The causes usually are low inflation, or a high-
seating area elsewhere.

Tire will not stay mountedTire will not stay mountedTire will not stay mountedTire will not stay mountedTire will not stay mounted
If the tire is seated properly at full inflation, and

then develops high-seating areas or blows off the rim,
the tire bead is probably damaged. Check for damage
and replace the tire if the bead is damaged.
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ABOUT THE RESTABOUT THE RESTABOUT THE RESTABOUT THE RESTABOUT THE REST
OF THIS CHAPTEROF THIS CHAPTEROF THIS CHAPTEROF THIS CHAPTEROF THIS CHAPTER

The next part of this chapter assumes the most com-
plex variation of the job being done, including remov-
ing a tire, patching an inner tube, replacing the tube
(perhaps because the patch failed), solving problems
with the rim strip, replacing the tire with a non-identi-
cal tire, installing a tire liner, and installing the tire.
The following procedures for tire and tube service are
divided into clear sections for each of these, so if do-
ing a less complex job (removing and re-installing a
tire in order to true a wheel, for example), then sim-
ply skip over the inappropriate sections.

At the end of the chapter is a table of rim and tire
sizes and a troubleshooting chart.

TIRE AND TUBE REMOVALTIRE AND TUBE REMOVALTIRE AND TUBE REMOVALTIRE AND TUBE REMOVALTIRE AND TUBE REMOVAL

PRE-REMOVAL PRE-REMOVAL PRE-REMOVAL PRE-REMOVAL PRE-REMOVAL INSPECTIONINSPECTIONINSPECTIONINSPECTIONINSPECTION
Inspecting for leaks, rubbing ti res, andInspecting for leaks, rubbing ti res, andInspecting for leaks, rubbing ti res, andInspecting for leaks, rubbing ti res, andInspecting for leaks, rubbing ti res, and
damaged tiresdamaged tiresdamaged tiresdamaged tiresdamaged tires
0a. [ ] If tire will hold air, inflate and inspect valve

core for leaks. Tighten (Schrader valve
only) if leaking.

S oap bubble indicates  valve leak

19.2  Smear a liquid (liquid soap) on top of the valve. If it bubbles
up, the valve core needs to be tightened.

0b. [ ] If tire will hold air, inflate and inspect tread for
cuts that have damaged threads in carcass.
Replace tire if damaged threads are found.

T read not cut to carcass T read cut through to carcass

19.3  Cuts in the rubber are no problem, but cuts that go through
the rubber into carcass threads mean the tire should be replaced.

0c. [ ] If tire will hold air, inflate and spin wheel to
check for tire rubbing on brake pads or
frame tubes. Replace tire if damaged
threads are found.

19.4  This sidewall was damaged by a brake pad.

0d. [ ] If tire will hold air, inflate and check for
bulges or deformations in tire’s shape that
would indicate there are cut or ruptured tire-
carcass threads, hidden or not. Replace tire
if damaged threads are found.

Bulge

19.5  The bulge in this tire indicates that the carcass threads are dam-
aged and separating.

Inspecting tread wearInspecting tread wearInspecting tread wearInspecting tread wearInspecting tread wear
Determining if the tread is worn out is a subjec-

tive process. It differs for tires used on pavement and
tires used off-road.

Road tires come with textured-tread and smooth-
tread (bald or slick) designs. In either wet or dry condi-
tions, the texture pattern is non-essential for traction,
because bicycle tires do not hydroplane. The function
of a tread pattern on an auto tire is to reduce hydro-
planing. (Hydroplaning happens when a tire floats on
the surface of the water; grooves in the tread allow the
water to escape from under the tire. Automobile tires
hydroplane because they have less load-per-square-inch
of road contact than bicycle tires. This is not to say
that a bicycle is not more likely to slide on wet pave-
ment than on dry pavement; wet pavement causes bi-
cycles to slide simply because the water changes the
coefficient of friction of the pavement and the tire, not
because of hydroplaning.) It is quite normal for a tire
with a tread pattern to develop a smooth strip down
the middle before the tire has seen many miles. The
fact that the texture has worn off is not in itself an indi-
cation that the tire is shot. However, when the wear is
getting bad, the bald section will become noticeably
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wider. If the tire has an obvious �flat top� that covers
the majority of the tread width (seen when looking in-
line with the tire, sighting across the top of the tire),
then it�s time for a new tire. Looking for this wide �flat
top� is the best way to determine whether a treadless
tire is getting worn out. When the tire is off, feel the
thickness and flexibility at the center of the tread. If the
tire is obviously thinner and much more flexible in the
center of the tread than at the edges, wear is advanced.

The issues are different with knobby off-road tires.
The height and definition of the knobs create trac-
tion. When knobs are worn in the center of the tread,
it affects braking and climbing traction. When knobs
are worn on the outer portion of the tread, it affects
cornering traction. Knobs wear two ways, they get
shorter and they get rounded off. With the wheel on
the bike and looking at the top of the wheel, check
whether the center knobs are rounded on the front or
back edges. If the tire shows wear on the leading edges
(rear wheel only), climbing traction is affected. If worn
on the trailing edges, braking traction is affected. If
the center section knobs just appear short compared
to the others, then they are simply worn out from
miles, and all types of traction are affected. If the knobs
on the outer portion of the tread appear worn, cor-
nering traction is affected.

If the tread does not appear worn out, and there
are no damaged carcass threads, it does not necessar-
ily mean the tire is fine. Later, when the tire is re-
moved, it should be inspected for age rot, one of the
most common reasons for tire replacement.

Exposed carcass  threads

Low, rounded knobs

19.6  The exposed carcass threads indicate this road tire is worn
out, and the rounded knobs indicate this MTB tire is worn out.

0e. [ ] Rotate wheel slowly and inspect tread wear
around whole tire.

0f. [ ] Inspect for and remove foreign objects in
tread such as thorns, glass, tacks, wire, etc.
Replace tire if damaged threads are found.

WHEEL REMOVALWHEEL REMOVALWHEEL REMOVALWHEEL REMOVALWHEEL REMOVAL
0g. [ ] See WHEEL REMOVAL, RE-INSTALLATION, AND RE-WHEEL REMOVAL, RE-INSTALLATION, AND RE-WHEEL REMOVAL, RE-INSTALLATION, AND RE-WHEEL REMOVAL, RE-INSTALLATION, AND RE-WHEEL REMOVAL, RE-INSTALLATION, AND RE-

PLACEMENT WORKSHEETSPLACEMENT WORKSHEETSPLACEMENT WORKSHEETSPLACEMENT WORKSHEETSPLACEMENT WORKSHEETS: REMOVING A FRONT ORREMOVING A FRONT ORREMOVING A FRONT ORREMOVING A FRONT ORREMOVING A FRONT OR
REAR WHEELREAR WHEELREAR WHEELREAR WHEELREAR WHEEL, steps 1–16.

TIRE REMOVALTIRE REMOVALTIRE REMOVALTIRE REMOVALTIRE REMOVAL
In the next step, mark the tire and valve in a spe-

cific way before removing them. By laying the tube
on the tire in the orientation they had when both were
mounted on the wheel, then it will be clear which
section of the tire is likely to have the cause of the
flat. Since a large part of successful flat repair is pre-
venting the next flat, this localized cause-search is valu-
able in and of itself.

However, after searching the specific area of the
tire, a thorough inspection of the tire is recommended.
For example, if the reason for the flat was a piece of
glass, then the rider probably ran through a patch of
glass. It is quite likely that there are several pieces of
glass in the tire, but only one has penetrated far enough
to cause a flat, so far. A grease pencil/crayon or a regu-
lar ball-point pen can be used to mark on rubber.
1 . [ ] Use a crayon or felt marker to mark tire

sidewall on right side at valve and also mark
valve stem on right side.

There are two basic valve types, Schrader (same as
valve on car tires), and Presta (European style, narrower).

The Schrader valve has a small plunger in the top
that must be depressed for air to escape. This plunger
is pushed up by a spring (hidden beneath the plunger),
which is what keeps the valve closed, even when there
is no air pressure in the tube. This plunger, the spring,
and the piece they are both built into are collectively
called the valve core. The valve core can be threaded
in and out of the valve stem, using a valve-core tool.

The Presta valve also has a little plunger, but no
spring hidden inside to keep the valve closed. Instead,
there is a small knurled nut on top of the plunger. When
this nut is threaded down (with fingers), the plunger is
pulled up and the valve is held closed. When the nut is
threaded up, then the plunger can be pushed down with
a finger to release air from the tube. Just below the
plunger nut are the valve threads, which the valve cap
screws onto. On rare occasions, there will be two
wrench flats in these threads. In this case, the valve core
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is removable, and it may need to be tightened to pre-
vent the valve core from leaking. A small adjustable
wrench is adequate to tighten a Presta-valve core.

Either valve type may be partially rubber coated, or
either may be an exposed threaded metal shaft that is
threaded all the way to the rim. When the valve is
threaded, then a valve-retaining nut is often used. This
nut is threaded (by fingers only) down against the rim.
The only function of the valve-retaining nut is to keep
the valve from escaping into the rim when trying to press
a pump head onto the valve. Valve-retaining nuts are
also reputed to prevent movement between the tire and
tube under hard braking conditions (and thus prevent
the valve from separating from the tube), but the real
cause of this problem is under-inflation, and nothing will
reduce the problem other than higher inflation pressures.
2 . [ ] Remove valve cap (if any), valve-stem-re-

taining nut (if any), and loosen valve nut
(if Presta valve).

3 . [ ] Deflate tire, if not already deflated.
4. [ ] On right side of wheel, 180° away from valve

(at a point where a right-side spoke joins rim),
insert tire lever under edge of tire and lever
tire out of rim, hooking tire lever onto spoke.

19.7  Insert a tire lever under the right tire bead and lever down
until the lever can be hooked onto a right-side spoke.

5. [ ] Two spokes clockwise from first tire lever, in-
sert second tire lever under edge of tire, lever
tire out of rim, and hook tire lever onto spoke.

19.8  Insert a second tire lever two spokes away from the first and
hook it onto a spoke.

6 . [ ] Two spokes clockwise from second tire le-
ver, insert third tire lever under edge of tire,
lever tire out of rim, and slide tire lever
clockwise around rim to unseat tire bead
from rim. If tire lever will not slide, hook it
to spoke, remove second tire lever, and in-
sert second lever two spokes past third lever
and try sliding it. Continue to leapfrog sec-
ond and third levers in this fashion until a
lever can be inserted and slid around rim.

19.9  Insert a third tire lever about two spokes away from the sec-
ond, lever it down, and attempt to slide the tire lever around the
rim away from the second tire lever, all the way to the valve.
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7 . [ ] Unhook first tire lever from spoke and slide
counterclockwise around rim back to valve.

19.10  Unhook the first tire lever from the spoke and slide it
around the rim the opposite way back to the valve.

8. [ ] 180° away from valve, pull inner tube out of
tire and continue to pull until all of inner tube
is out of tire. Finish by pulling valve out of rim.

19.11  Opposite the valve, pull the tube out of the tire.

9 . [ ] Use tire lever to lift second bead over same
side of rim as first bead.

19.12  Use a tire lever to lift the second bead over the same side of
the rim as the first bead.

INSPECINSPECINSPECINSPECINSPECTTTTTION, REION, REION, REION, REION, REPPPPPAAAAAIR, AND IR, AND IR, AND IR, AND IR, AND FIFIFIFIFITTTTT

TUBE INSPECTIONTUBE INSPECTIONTUBE INSPECTIONTUBE INSPECTIONTUBE INSPECTION
Many bike shops do not do tube repair. The rea-

son they give is that it is more economical to just re-
place the tube. It is possible that they reach this conclu-
sion by taking short cuts that should not be taken when
installing a new tube. The process of putting a patch on
a tube is not time consuming, in itself. It takes a me-
chanic that knows what to do less than 1 minute to
apply the glue and the patch, and then inspect whether
the patch is good. The real time that is required comes
from searching for the hole in the tube. When shops
don�t patch tubes (citing the economy), it is a good bet
that they don�t inspect the old tube. Inspecting the old
tube should never be skipped, because this is one of the
best ways to determine the cause of the flat (and pre-
vent its re-occurrence). Regardless of whether your shop
does or doesn�t patch tubes, don�t skip inspecting the
old tube. (While we are on this subject, patching tubes
is a highly efficient form of recycling of a product made
from a non-renewable resource.)
10. Perform following steps (in order) until leak is

found, then ignore remaining steps:
[ ] Attempt to inflate tube and listen for leaking

air to find hole.
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[ ] If tube is holding air easily, over-inflate tube
to enlarge puncture and make it easier to
find. Tubes can easily be over-inflated until
they are twice as fat as their inflated and
un-expanded size.

[ ] If leak is not audible, rotate tube with outer
perimeter close to cheek or tip of nose to feel
for fine streams of air that cannot be heard.

[ ] Submerge tube in water to look for bubbles
rising from tube to find hole if all other tech-
niques have failed to find hole.

11. [ ] Mark hole (with crayon or ball-point pen)
with an X or cross that extends an inch in
every direction from middle of hole.

12. Inspect hole and check off one or more of fol-
lowing choices to find and eliminate cause
of puncture:

[ ] Puncture is a single or multiple pin hole in
outer perimeter of tube. Inspect tire for
thorns, tacks, or small wires.

[ ] Puncture is a cut or slit on outer perimeter.
Inspect tire for glass, nail, or other large for-
eign objects.

S lice V-cut

19.13  Cuts like these should mean inspect the tire for glass, a nail,
or some other large foreign object.

[ ] Puncture is a pair of horizontal, parallel slits
on side of inner tube. Inspect for rim bead
damage. Keep tires better inflated and avoid
hitting obstacles on riding surface.

Paral lel s l its

19.14  Two parallel slits on the side of the tube indicate that the
tire has been bottomed out and the tube has been pinched between
the rim and the riding surface, or that a tire-removal tool has been
used improperly.

[ ] Puncture is a large shredded hole. Inspect
tire for large holes and tire bead for damage
from being blown off rim.

[ ] Puncture is a pin hole or slit on inner perim-
eter of tube. Inspect rim strip for position
problem or failure. Inspect inside of rim for
sharp burrs. Inspect spokes for protruding
through nipple heads.

[ ] Puncture is a cut in rubber at base of valve.
Install tube so valve is straight, and keep tire
fully inflated to prevent tire creep around rim.

[ ] Puncture is a failure of seam where the ends
of tube are joined together to make a circle.
Inspect whether tube size is too small for
fatness or diameter of tire.

Blow-out

19.15  This blown-out tube was caused by either a large hole in the
tire or a tire-mounting failure.

S cuffed bead l ip
(exposed threads)

Exposed bead wire
(torn threads)

19.16  These abrasions and tears on the tire bead could lead to
another blowout.

NOTE: If tube will be replaced, go to CHECKING NEWCHECKING NEWCHECKING NEWCHECKING NEWCHECKING NEW
INNER-TUBE FITINNER-TUBE FITINNER-TUBE FITINNER-TUBE FITINNER-TUBE FIT  (page 19-8). If not repairing or
replacing inner tube, go to TIRE INSPECTIONTIRE INSPECTIONTIRE INSPECTIONTIRE INSPECTIONTIRE INSPECTION
(page 19-9). If not repairing or replacing inner
tube, but installing a new tire, go to TIRE FITTIRE FITTIRE FITTIRE FITTIRE FIT
AND COMPATIBILITYAND COMPATIBILITYAND COMPATIBILITYAND COMPATIBILITYAND COMPATIBILITY  (page 19-10). If simply re-
installing the original tube and tire, go to
INSPECTING AND INSTALLING RIM STRIPSINSPECTING AND INSTALLING RIM STRIPSINSPECTING AND INSTALLING RIM STRIPSINSPECTING AND INSTALLING RIM STRIPSINSPECTING AND INSTALLING RIM STRIPS (page 19-12).
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TUBE REPAIRTUBE REPAIRTUBE REPAIRTUBE REPAIRTUBE REPAIR
Many bike shops do not patch tubes. The usual

excuse is that it is not financially sensible. Although
this argument has some holes in it, there is a more
important issue at stake. The variety of tubes out there
in the real world usually exceeds the variety of stock
of tubes that a bike shop has on hand. Given the choice
between installing a tube that is not a good match, or
patching a tube that has a minor puncture, it is prefer-
able to patch the tube. For this reason, a mechanic
should know how to patch tubes in a way that will
make the patched tube as reliable as a replacement
tube. A well-done patch job will successfully repair a
simple puncture. Slits, tears, multiple punctures, and
seam failures cannot be reliably patched.

There are several brands of good patch kits on the
market, and they all have one thing in common: the
patches have feathered edges. This is easy to see, be-
cause the perimeter of the patch will be a different
color than the center of the patch. Feathered patches
are not only better quality and more suited to light-
weight bicycle tubes, they are a lot easier to use. This
is because the patch is laminated between a layer of
foil and a layer of cellophane. The foil protects the
adhesive side of the patch and the cellophane provides
something to hold onto without touching the adhe-
sive once the foil has been peeled. The old standby
brand is REMA, but several other companies now
make feathered patches.

Keep these following tips in mind to insure a suc-
cessful patch job:

Don�t miss the hole. If the hole is well marked
by an X or cross that is larger than the size of
the patch, then it is less likely the hole will
be near the edge of the patch.

Roughing the tube up eliminates surface contami-
nation and creates a rough surface, which helps
the glue adhere to the tube. Do a thorough job.

Gluing needs to be thorough, but don�t overdue
it. Use a thin layer that evenly extends slightly
past the area the patch will cover. A lumpy
buildup creates a greater likelihood of patch
failure. Starting with plenty of glue and smear-
ing it around quickly as far as necessary to get
the covering thin will achieve the best result.
Putting on a little, finding that it�s not enough,
then adding more after the first application
has partially dried is asking for trouble.

13. [ ] Use emery cloth (usually comes with patch
kit) to rough up an area around hole that is
slightly larger than the patch.

14. [ ] Use rubber buffer to clean roughed area.

15. [ ] Put dime-sized blob of glue on hole and use
finger to spread glue out thoroughly. Glued
area must be at least slightly larger than
patch to be applied.

16. [ ] To speed glue drying, inflate tube if possible
until it is expanded.

17. [ ] Deflate tube if it was expanded in previous
step.

18. [ ] When glue is dry, peel foil-back off patch,
being careful not to touch exposed surface
of patch, and apply to tube. Center patch
over hole.

19. [ ] Roll a screwdriver handle back and forth
over patch, or apply pressure in some other
way to get patch to stick well. Cellophane
on patch (if any) can be left in place, or may
be removed.

20. With tube mostly inflated, check for:
[ ] Patch for security (edges not peeling up)
[ ] Leaks coming from edge of patch
[ ] Other leaks elsewhere in tube.

21. [ ] Deflate tube just enough so that it still has
shape, but is not expanded at all.

22. [ ] Optional: use talcum powder, tire talc, or
cornstarch on patched area to neutralize
glue past edges of patch, so tube will not
stick to inside of tire.

NOTE: If inner tube has been patched, go to TIRETIRETIRETIRETIRE
INSPECTIONINSPECTIONINSPECTIONINSPECTIONINSPECTION (page 19-9). If installing a new tire,
go to TIRE FIT AND COMPATIBILITYTIRE FIT AND COMPATIBILITYTIRE FIT AND COMPATIBILITYTIRE FIT AND COMPATIBILITYTIRE FIT AND COMPATIBILITY  (page 19-10).
If simply re-installing the original tube and
tire, go to INSPECTING AND INSTALLING RIM STRIPSINSPECTING AND INSTALLING RIM STRIPSINSPECTING AND INSTALLING RIM STRIPSINSPECTING AND INSTALLING RIM STRIPSINSPECTING AND INSTALLING RIM STRIPS
(page 19-12).

CHECKING NEW INNER-TUBE FITCHECKING NEW INNER-TUBE FITCHECKING NEW INNER-TUBE FITCHECKING NEW INNER-TUBE FITCHECKING NEW INNER-TUBE FIT
It would seem that tube fit would simply be a mat-

ter of putting a tube inside a tire of the same nominal
size. Because tire nominal sizes are not exact measure-
ments, and because tire manufacturers �play� with real-
ity for marketing reasons, the marking on the tire does
not accurately say how wide the tire is. The size number
(27", 700C, 26") is generally accurate, but there are sev-
eral sizes that are easily confused and not interchange-
able, and there are dissimilar-named sizes that are inter-
changeable. The 26"×1-3/8" size sounds similar to a tube
that might be marked 26"×1.5" & 1.75", but these num-
bers come from completely different sizing systems and
the two 26" are not at all the same. On the other hand
27" and 700C don�t sound at all alike, but with regards
to tube fit, they are fully interchangeable.

Another factor that further complicates tube fit is
that tubes are simply inconsistent. I have seen two
brands of tubes marked 700C×25 vary in width by as
much as 50%. Use the marked designation of the tire
to determine which tube to use, but then perform these
simple tests to confirm that it is a good fit.
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23. [ ] Inflate tube until it has shape but is not ex-
panded .

24. Place tube on rim and check for following
symptoms that tube is too small:

[ ] If tube needs to be stretched to fit on rim it
is too small.

[ ] If tube is skinnier than inside width of rim,
tube is too small.

Inflated (but not expanded) tube

19.17  The fact that the inflated tube is narrower than the inside
width of the rim suggests it will be to small for the tire.

If several fingers can fit between the tube and rim,
it is normal. The tube should be installed in a tire, not
the rim, to be checked for being too large.
25. Place tube inside of tire and check for follow-

ing symptoms that tube is too large:
[ ] If tube has doubled over itself to fit inside

tire, diameter of tube is too large for tire.

19.18  If the tube has doubled over to fit in the tire, it is too large.

[ ] If tube is fatter than tire height (viewing tire
from side, tube extends beyond inner perim-
eter of tire all way around tire), tube is too
fat for tire.

Inflated (but not expanded) tube

T ire

19.19  The inflated tube will not fit inside the tire. The tube is
too fat .

NOTE: If inner tube has been replaced, go to
CHANGING VALVE TYPESCHANGING VALVE TYPESCHANGING VALVE TYPESCHANGING VALVE TYPESCHANGING VALVE TYPES (below). If inner tube has
been replaced with one of same valve type, go
to TIRE INSPECTIONTIRE INSPECTIONTIRE INSPECTIONTIRE INSPECTIONTIRE INSPECTION  (page 19-9). If installing a
new tire, go to TIRE FIT AND COMPATIBILITYTIRE FIT AND COMPATIBILITYTIRE FIT AND COMPATIBILITYTIRE FIT AND COMPATIBILITYTIRE FIT AND COMPATIBILITY  (page
19-10). If simply re-installing the original tube
and tire, go to INSPECTING AND INSTALLING RIMINSPECTING AND INSTALLING RIMINSPECTING AND INSTALLING RIMINSPECTING AND INSTALLING RIMINSPECTING AND INSTALLING RIM
STRIPSSTRIPSSTRIPSSTRIPSSTRIPS (page 19-12).

CHANGING VALVE TYPESCHANGING VALVE TYPESCHANGING VALVE TYPESCHANGING VALVE TYPESCHANGING VALVE TYPES
26. [ ] If replacing Presta valve with Schrader

valve, ream or drill rim hole to >9mm.
27. [ ] If replacing a Schrader valve with a Presta

valve, valve grommet should be installed in
rim to reduce hole size and restrict entry of
dirt into rim.

TIRE INSPECTIONTIRE INSPECTIONTIRE INSPECTIONTIRE INSPECTIONTIRE INSPECTION
When the tire was still on the wheel, it was inspected

for external damage and wear. Now it needs further in-
spections that are best done while the tire is off the rim.

The first of these inspections is for age rot. Rubber
deteriorates with age, and it will show up in the tread
of a tire as thousands of hairline cracks that appear more
obviously when squeezing the tread. The tread is a pri-
mary factor in puncture resistance. Each of these cracks
is like having an open door in a fortress wall. These
cracks make the tire more vulnerable to punctures,
particularly from glass. The tread also protects the car-
cass threads from exposure to the elements. With cracks
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in the tread, there is a greater chance of these threads
deteriorating, leading to more stone bruises (carcass
threads ruptured by sharp stones) and blow outs.
28. [ ] Squeeze sides of tire together and inspect

tread for hairline cracks that open up when
tire is squeezed.

29. [ ] If tube was punctured, place tube on tire
with valve lined up with mark (from step 1)
on right sidewall and with sidewall and valve
marks both facing up. Find the puncture and
closely inspect the tire 3" either way from
the puncture for foreign objects.

30. [ ] Visually inspect inside of tire for foreign
objects (thorns, wire, glass, etc.) and re-
move them.

After a thorough visual inspection of the inside of
the tire, use your finger tips to feel for foreign objects.
The visual inspection should have detected anything that
could cut fingers. The feel test will find small thorns,
more than anything else. Out here in eastern Colorado,
we have small cactus thorns that are as thin as hairs. They
cannot be seen, but they certainly can be detected by
feel. If you want to be cautious, use a rag instead of your
fingers. Most thorns and staples will catch on a rag, but
you�re sure to miss a few that fingers would find.
31. [ ] Stroke inside of tire softly and carefully with

finger tips to find thorns or other small for-
eign objects that might have missed by vi-
sual inspection and remove them.

32. [ ] Visually inspect inside of tire for damaged
threads in the carcass. Replace tire if any
threads are cut.

33. [ ] Inspect tire beads for abrasions and delami-
nations, especially if tube was blown out.
Replace tire if problems are found.

NOTE: If installing a new tire, go to TIRE FIT ANDTIRE FIT ANDTIRE FIT ANDTIRE FIT ANDTIRE FIT AND
COMPATIBILITYCOMPATIBILITYCOMPATIBILITYCOMPATIBILITYCOMPATIBILITY  (page 19-10). If simply re-install-
ing the original tube and tire, go to INSPECTINGINSPECTINGINSPECTINGINSPECTINGINSPECTING
AND INSTALLING RIM STRIPSAND INSTALLING RIM STRIPSAND INSTALLING RIM STRIPSAND INSTALLING RIM STRIPSAND INSTALLING RIM STRIPS  (page 19-12).

TIRE FIT AND COMPATIBILITYTIRE FIT AND COMPATIBILITYTIRE FIT AND COMPATIBILITYTIRE FIT AND COMPATIBILITYTIRE FIT AND COMPATIBILITY
Nothing is any more confusing on the bicycle than

tire and rim sizes. The basic confusion is that the sizes
consist of numbers that sound as though they might
be measurements of the rim and tire. It would seem to
make sense that these measurements relate to the di-
mensions of the rim and tire where these two parts
attach to each other, but with the exception of the
new and rarely-used ISO designations, the numbers
have nothing to do with the measurements of the tire
and rim where they attach to each other.

Traditional tire sizes were measurements of the
outside diameter of the tread of the tire (size) and the
fatness of the tire when mounted and inflated on the
rim (width). Although these numbers might have been
close to reality when they were created, tires have
changed their shape and proportions without chang-
ing their dimensions at the interface to the rim many
times since this system of categorization was created.
Rims are named by the size of the tire that fits it, and
this is why a 26" MTB rim measures approximately
22.5". To further complicate matters, sometimes there
is more than one name for a size. The 700C size was
developed in France, and is a metric size. Canadian
companies copied the size, but gave it their own name,
28"×1-1/2". To further confuse matters, this is a smaller
size than the familiar 27" (British in origin).

To solve this problem, there are now ISO (Interna-
tional Standards Organization) sizes, which are based
on measurements of the tire and rim that relate to how
these two parts fit together. These measurements are
metric. Traditional tire sizes have always listed size fol-
lowed by width, such as 27" (size) × 1-1/4" (width) or
700C (size) × 25 (width). So that ISO sizes will not be
confused with traditional sizes, they list width, then
size. The ISO equivalent of a 700C×25 tire would be
20-622. The ISO equivalent of a 26"×1.75" rim would
be 20-559. In both cases, the second three-digit part of
the number refers to the bead diameter. On the tire,
this number is simply the diameter at the inside perim-
eter. On the rim, this number is the diameter at the
point on the rim where the tire bead sits, in which case
it is called the bead-seat diameter.

The first part of the ISO number refers to the width
of the tire or rim. With regards to the rim, this is sim-
ply a measurement between the rim flanges. For the
tire, the measurement is not so simple. Because tire fat-
ness changes with rim size, inflation pressure, and
whether the tire is installed or not, the ISO started its
tire-width number by measuring the only constant there
is in regard to tire width � its width when flattened.
This flattened width is a very unfamiliar number (the
very narrow 700C×21 tires have flattened widths of
close to 50mm). The ISO chose to divide the flattened
width by an arbitrary constant of 2.5 to convert flat-
tened width to ISO section width so that ISO�s width
number might be a more familiar number.

The advantage of the ISO approach to tire and
rim width is that whether a tire�s width is compatible
with a rim�s width can easily be measured and calcu-
lated. For any given rim, the tire�s section width can
be between 1.4 and 2.0 (road bikes) or 1.4 and 3.0
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(MTBs) times the rim�s inside width. When the tire
width is outside the range created by multiplying these
factors times the rim�s inside width, then handling may
be compromised, tires may be damaged by the brake
pads, the wheel may be difficult to remove, or the rim
may be more vulnerable to damage. If the ISO width
information is not used, and the mechanic relies on
traditional size information alone, then all the prob-
lems listed above are risked.

In the following steps, �size� refers to the overall
diameter of the wheel, and �width� refers to how fat
the tire and rim are.
34. Determine rim size by one or all of following

choices:
[ ] Look up rim size on sticker or engraved on

rim. Enter here: __________
[ ] Convert ISO size marked on rim to conven-

tional size by looking in ISO sizeISO sizeISO sizeISO sizeISO size  column on
the TIRE AND RIM SIZESTIRE AND RIM SIZESTIRE AND RIM SIZESTIRE AND RIM SIZESTIRE AND RIM SIZES  table (page 19-16) and
read across to Nominal sizeNominal sizeNominal sizeNominal sizeNominal size  column.
Enter here: __________

[ ] Determine ISO size of rim and convert to
conventional size by measuring exact rim
diameter and subtracting flange height twice
to determine ISO size, then looking in ISO sizeISO sizeISO sizeISO sizeISO size
column on the TIRE AND RIM SIZESTIRE AND RIM SIZESTIRE AND RIM SIZESTIRE AND RIM SIZESTIRE AND RIM SIZES  table (page
19-16) and read across to Nominal sizeNominal sizeNominal sizeNominal sizeNominal size  col-
umn. Enter here: __________

[ ] Measure outside diameter of rim and look up
size by finding measurement on the TIRE ANDTIRE ANDTIRE ANDTIRE ANDTIRE AND
RIM SIZESRIM SIZESRIM SIZESRIM SIZESRIM SIZES  table (page 19-16) in the Approxi-Approxi-Approxi-Approxi-Approxi-
mate rim O.D.mate rim O.D.mate rim O.D.mate rim O.D.mate rim O.D.  column and reading across to
Nominal sizeNominal sizeNominal sizeNominal sizeNominal size  column. Enter here: __________

Flange heightFlange height

Rim diameter

Bead seats

19.20  Measure the rim�s diameter and subtract the flange height
twice to calculate the ISO bead seat diameter.

35. Determine size of new tire by one or all of
following choices:

[ ] Look on sidewall of tire or molded in edge of
tread for nominal size description. Enter
here: __________

[ ] Look on sidewall of tire or molded in edge of
tread for ISO size description. Enter here:
__________

[ ] Use TIRE AND RIM SIZESTIRE AND RIM SIZESTIRE AND RIM SIZESTIRE AND RIM SIZESTIRE AND RIM SIZES  table (page 19-16) to
convert ISO sizeISO sizeISO sizeISO sizeISO size  to Nominal sizeNominal sizeNominal sizeNominal sizeNominal size , or Nominal sizeNominal sizeNominal sizeNominal sizeNominal size
to ISO sizeISO sizeISO sizeISO sizeISO size  in order to compare tire’s size to
rim’s size, whichever nomenclature is used.
Enter here: __________

36. [ ] Check that tire size and rim size are compat-
ible by comparing steps 34 and 35.

Assuming that the tire is being replaced with one
of the same size category and the old rim will be re-
used, if the new tire is a different width, check if the
tire is compatible with the rim width. In everyone�s
mind, tire selection should simply be a matter of
matching the named width of the rim with the named
width of the tire, and that all 26" MTB tires should be
compatible with all 26" MTB rims. However, for any
size (such as 26" MTB) there are a variety of rim widths
and a variety of tire widths. To complicate matters
further, the actual width for two rims that are named
the same can be quite different. The same is true of
tires. If combining the narrowest of rims with the
widest of tires in a given size group, or vice versa,
then there may be a problem. There are a few simple
measurements that can be taken and calculations to
make to determine whether the tire width is accept-
able to use with the rim.

If the tire is too narrow for the rim, there are sev-
eral consequences. The height profile of the tire will
be too low, which can lead to more rim damage and
more pinch flats. Also, the shape of the tire will be
deformed in a way that reduces cornering performance
(particularly on road bikes). If the tire is too wide for
the rim, there may be different consequences. If the
bike has cantilever brakes, a common occurrence with
a tire that is too wide for the rim is that the brake pads
end up rubbing on the tire, resulting in its premature
demise. When a tire that is too wide is installed on a
road bike, the brake pads may still not clear the tire,
even with the quick release all the way open. Also on
road bikes, when this rim and tire combination is used,
there could be a squirmy feel in the handling, depend-
ing on the tire design and the air pressure.

The following steps determine whether the new
tire is within the range of widths that is acceptable
on the rim.
37. [ ] Use caliper to measure inside width of rim.

Record measurement here: __________

Ins ide-r im width

19.21  Rim width is measured between the flanges.
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38. [ ] Measure width from bead-to-bead (edge-to-
edge) of tire (flattened as best possible) and
record width here: __________

Flattened width between beads

Cross -section of flattened tire

19.22  Flatten the tire and measure bead-to-bead to determine
flattened width.

39. [ ] Divide answer in step 38 by 2.5 to deter-
mine “section width” and record answer
here: __________

40. [ ] Multiply rim inside width from step 37 by 1.4
to determine narrowest acceptable “section
width” and record answer here: __________

41. [ ] Multiply rim inside width from step 37 by
2.0 (road bikes) or 3.0 (MTBs) to determine
widest acceptable “section width” and
record answer here: __________

42. Check one of following choices:
[ ] Step 39 is included in range of steps 40 and

41, so tire width is ideal for rim.
[ ] Step 39 is outside of range of steps 40 and

41, so tire width is potentially unacceptable
for rim. (See preceding text for description
of possible problems.)

INSTALLATIONINSTALLATIONINSTALLATIONINSTALLATIONINSTALLATION

INSTALLING A TIRE LINER INSTALLING A TIRE LINER INSTALLING A TIRE LINER INSTALLING A TIRE LINER INSTALLING A TIRE LINER (OPTIONAL)(OPTIONAL)(OPTIONAL)(OPTIONAL)(OPTIONAL)
43. [ ] Roll tire liner out on inside of tire.
44. [ ] Overlap the liner over itself and tape excess

down, but do not cut off excess (sharp edge
left by cut may cut tube).

45. [ ] Use masking tape to hold tire liner centered
under tread (optional).

INSPECTING AND INSTALLINGINSPECTING AND INSTALLINGINSPECTING AND INSTALLINGINSPECTING AND INSTALLINGINSPECTING AND INSTALLING
RIM STRIPSRIM STRIPSRIM STRIPSRIM STRIPSRIM STRIPS

The rim strip protects the tube from the rim, the
spoke nipples, and the spokes. Problems with the rim
strip are often the cause of �mystery� flats. There is a
common type of rim called a �modular� or �double-
wall� rim. The characteristic of this rim is that the
tube rests on one wall of the rim, and holes are drilled
in this wall for access to the spoke nipples. Sometimes
these holes are filled with re-enforcing sockets called
ferrules. The problem with this rim type is that the
rim strip can appear to cover these holes adequately

when the tire and tube is off, but when the tire and
tube are installed and under pressure the rim strip sinks
down into the nipple access hole, exposing the sharp
edges of the hole to the tube.

Bicycle manufacturers are often ignorant of this and
supply bikes with this rim type and include inexpen-
sive black rubber rim strips that are too elastic. Other
publications often mention using strapping tape as an
alternative. Strapping tape is known to crack easily and
allow the tube to go into the nipple-access holes (caus-
ing flats). Adhesive cloth rim strips and polyurethane
rim strips do the best job. Polyurethane rim strips are
thin and smooth (makes tire installation easier), elastic
enough for easy installation and removal, resistant to
cracking, and stiff enough that they do not deflect down
into the nipple-access hole. In either case, the challenge
is getting the correct-width rim strip. Too narrow and
the slightest shift of the rim strip exposures the spoke
access holes. Too wide and the rim strip overlaps the
rim�s bead seat, interfering with proper mounting of
the tire.Polyurethane rim strips that are too wide can
be cut down to size with scissors.
46. [ ] Inspect that rim strip completely covers all

spoke-nipple heads, or all access holes to
spoke nipples. Adjust or replace as necessary.

47. [ ] Inspect that rim strip has no tears, cuts, or
splits. Replace rim strip if damaged.

48. [ ] Inspect that rim strip is not twisted. Adjust
as necessary.

49. [ ] Inspect that rim strip does not overlap rim
bead seat (part of rim on which tire bead
sits). Adjust or replace as necessary.

50. [ ] If replacing rim strip, insert valve, pencil, or
#2 Phillips screwdriver through rim-strip valve
hole and rim valve hole to keep holes aligned,
then stretch rim strip around rest of rim.
Check that rim strip is correctly positioned.

INSTALLING THE TIRE AND TUBEINSTALLING THE TIRE AND TUBEINSTALLING THE TIRE AND TUBEINSTALLING THE TIRE AND TUBEINSTALLING THE TIRE AND TUBE
51. [ ] Inflate tube so that it has shape but is not

expanded.
52. [ ] Place tube inside tire with valve adjacent to

pressure rating on side of tire.
53. [ ] Stand wheel on table or floor with valve hole

at 12:00, with wheel’s right side facing you.
In the next step, be careful not to jam the rim

strip through the rim hole with the valve. If neces-
sary, lift the rim strip up, insert the valve through the
rim strip, then put the valve (with rim strip already
on it) into the valve hole in the rim (see figure 19-23).
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Rim str ip
1

2

Rim valve hole 3

 

19.23  1) Lift the rim strip out of the rim. 2) Insert the valve
through the rim strip. 3) Insert the valve into the valve hole.

54. [ ] Place valve into valve hole (being careful not
to jam the rim strip through the valve hole).
Tire should have directional arrow (if any)
pointing in the direction of rotation. If un-
sure, put tire’s label on right side.

55. [ ] Starting at valve, work back-bead into rim
with both hands simultaneously, working
down toward 6:00 position.

11

2 2

3 3

19.24  Use your hands to work the back-bead into the rim at the
valve, then at the #1 positions, then at the #2 positions, and then at
the #3 positions.

56. [ ] When bead gets difficult to install, turn
wheel over so that valve is at 6:00 and re-
maining uninstalled portion of back-bead is
near 12:00.

57. [ ] Holding tire bead firmly to rim with one
hand, use a tire lever from one end of the
uninstalled portion to lever bead of tire over
rim until bead is completely installed be-
tween rim flanges.

19.25  Lever the bead onto the rim, using the tire lever in the same
orientation as when bead was removed.

58. [ ] Deflecting tire towards center of rim, inspect
all around wheel for rim strip that has been
pushed out of place, or section of tube
caught under installed bead of tire.

59. [ ] With wheel horizontal, use fingers to work
tube between rim flanges all around wheel.
Deflate tube slightly if necessary to get it
between rim flanges.

60. [ ] Stand wheel up, face wheel’s right and ro-
tate so valve is at 12:00.

61. [ ] Starting at valve, use fingers to work second
bead over rim flange both ways away from
valve until half or more of bead is in place.

11

2 2

3 3

19.26  Use your hands to work the bead into the rim at the valve,
then at the #1 positions, then at the #2 positions, and then at the #3
posit ions.
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62. [ ] Seat valve by pushing it as far as it will go
into tire to prevent valve base from becom-
ing lodged under tire beads.

 

19.27  When the second bead is mostly in the rim, stop to press the
valve into the tire.

63. [ ] Turn wheel over so that valve is at 6:00 po-
sition, and continue to work bead into rim
with fingers until it becomes too difficult.

A common problem when installing tires is to pinch
the tube with the tire lever when installing the second
bead. For this reason, a lot of �authorities� say never to
use a tire lever to install a tire, insisting that a �real�
mechanic can always install a tire with fingers alone.
There is no reason not to try using just fingers, but
when this method doesn�t work, it is important to know
how to use a tire tool without pinching a tube.

There are two tricks to not pinching inner tubes.
When using a tire lever to remove a tire, the tool faces
out, so the hook on the handle end can be attached to
a spoke. To many people, it seems that the tool should
be turned around when installing the tire because the
curve or hook on the business end of the tool catches
nicely on the edge of the rim. Well, this same hook
catches nicely on the tube. So use the tire lever for
tire installation in the same orientation used for re-
moval. The other trick has to do with how far the tire
is levered with the tire lever. Start with the tip of the
tool under the bead and the handle pointing in to-
wards the hub. Lever up only 90°, so that the tool
ends up perpendicular to the rim face, and use fingers
to push the tire over the top of the rim if necessary.
When the lever is moved a full 180° so that the tire
lever points up above the tire, the tip of the tire lever
can catch on the tube and pinch it. To do this cor-
rectly, place a thumb on top of the tire lever while it
is against the tire in that 90° position, and push in on
the tire while pulling out on the lever. If you just pull
out on the lever, the tire will probably come out with
it. An alternate technique is to not remove the tire
lever at all, but let it drop down after levering up,

slide it a few inches over, lever up again, let it drop
again, then slide over again and repeat the process.
(See figure 19.28.)
64. [ ] Holding tire bead firmly to rim at one end of

uninstalled portion, use tire lever (approxi-
mately 2" from other end of uninstalled
portion) to lever tire bead over rim flange.
(Tire lever should be oriented same as it is
for tire removal, with spoke hook facing to-
wards spokes.)

1- hold here

2- lever up halfway

3- push in here

19.28  Holding the tire bead firmly at the end where it enters the
rim,  use a tire lever at the other end to lever the tire halfway to
push it over the rim with fingers.

65. [ ] Remove tire lever and re-insert 2" closer to
the hand holding tire bead firmly to rim, lever-
ing in tire again. Moving 2" at a time, repeat
until all of tire bead is levered over rim flange.

66. [ ] Deflate tube fully as possible.
67. [ ] Squeezing sides of tire together, inspect all

around wheel for rim strip out of place and
tube caught under bead of tire. Correct any
problems detected.

68. [ ] Check that valve is straight, and strike tire
obliquely with hand to force it around rim if
necessary to straighten valve.

69. [ ] Install valve stem retaining nut, if any.

INFLATION AND SEATING OF TIREINFLATION AND SEATING OF TIREINFLATION AND SEATING OF TIREINFLATION AND SEATING OF TIREINFLATION AND SEATING OF TIRE
Different techniques and fittings are needed to

inflate Schrader and Presta valves. To inflate a Schrader
valve, simply remove the valve cap (if any), and place
a standard air chuck or pump with a Schrader head on
the valve. To inflate a Presta valve, first loosen the
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valve nut on the top end of the valve. Presta valves
require a fitting with a smaller aperture than Schrader
valves. The air line or the pump needs to be equipped
with a Presta head or air chuck. There are inexpen-
sive adapters that fit on Presta valves so that a Schrader
chuck or pump head may be used.
70. [ ] Inflate tire to approximately half final pressure.
71. [ ] Find molded rubber line (seating line) in tire

sidewall just above top of rim flange. Do not
confuse color change from sidewall to bead
area with molded rubber seating line.

 

S eating l ineEdge of tire

19.29  The seating line is the line about 1/4"�3/8" above the edge
of the tire.

72. Spin wheel and inspect seating line on both
sides of tire and check one or both of fol-
lowing choices:

[ ] Seating line periodically rises noticeably
above edge of rim in places.

 

S eating l ine high

19.30  Here the seating line rises too high above the edge of the rim
for a few inches.

[ ] Seating line periodically dips below edge of
rim in places.

S eating l ine

19.31  Here the seating line sinks too low below the edge of the
rim for a few inches.

[ ] Seating line maintains a relatively uniform
position just above edge of rim.

If seating l ine periodical ly rises noticeablyIf seating l ine periodical ly rises noticeablyIf seating l ine periodical ly rises noticeablyIf seating l ine periodical ly rises noticeablyIf seating l ine periodical ly rises noticeably
above edge of rim in places:above edge of rim in places:above edge of rim in places:above edge of rim in places:above edge of rim in places:
73. [ ] Deflate tire and inspect in places where

seating line rises for rim strip or inner tube
caught between tire bead and rim. Correct
any problems found.

74. [ ] Re-inflate tire to half pressure and fully in-
spect both seating lines again.

75. [ ] If seating line is too high where there is
nothing caught under tire bead, deflate and
try holding that section of tire firmly down
into rim while re-inflating.

If seating l ine periodical l y dips belowIf seating l ine periodical l y dips belowIf seating l ine periodical l y dips belowIf seating l ine periodical l y dips belowIf seating l ine periodical l y dips below
edge of rim:edge of rim:edge of rim:edge of rim:edge of rim:
76. [ ] Deflate and use a soapy solution or liquid

soap to lubricate section of bead where
seating line is dipping low, then re-inflate.

77. [ ] If seating line remains low after lubricating
with soap, full inflation may be required to
get bead to pop up.

If seating l ine maintains a relativelyIf seating l ine maintains a relativelyIf seating l ine maintains a relativelyIf seating l ine maintains a relativelyIf seating l ine maintains a relatively
uniform position just above edge of rim:uniform position just above edge of rim:uniform position just above edge of rim:uniform position just above edge of rim:uniform position just above edge of rim:
78. [ ] Inflate tire to full pressure and immediately

inspect for sections where seating line is too
high. (Deflate immediately if seating line is
high and repeat steps 73–75.)

79. [ ] Inspect both seating lines for section where
seating line is below rim edge. If bead is al-
ready soaped in these areas, over-inflate 10psi
and check again. Continue over-inflating 10psi
at a time until tire is 50% over maximum, if
necessary. Return tire to desired pressure.

80. [ ] Tighten valve nut (if Presta valve) and install
valve cap (if any).

WHEEL INSTALLATIONWHEEL INSTALLATIONWHEEL INSTALLATIONWHEEL INSTALLATIONWHEEL INSTALLATION
81. [ ] See WHEEL REMOVAL, REPLACEMENT, AND REINSTAL-WHEEL REMOVAL, REPLACEMENT, AND REINSTAL-WHEEL REMOVAL, REPLACEMENT, AND REINSTAL-WHEEL REMOVAL, REPLACEMENT, AND REINSTAL-WHEEL REMOVAL, REPLACEMENT, AND REINSTAL-

LATION LATION LATION LATION LATION procedure: FITTING WHEELS, ORIGINAL ANDFITTING WHEELS, ORIGINAL ANDFITTING WHEELS, ORIGINAL ANDFITTING WHEELS, ORIGINAL ANDFITTING WHEELS, ORIGINAL AND
REPLACEMENTREPLACEMENTREPLACEMENTREPLACEMENTREPLACEMENT (page 18-8) steps 1–10 and IN-IN-IN-IN-IN-
STALLING THE WHEELSTALLING THE WHEELSTALLING THE WHEELSTALLING THE WHEELSTALLING THE WHEEL (page 18-15) steps 1–8
(front wheels) or steps 9–20 (rear wheels).
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TIRE AND RIM SIZESTIRE AND RIM SIZESTIRE AND RIM SIZESTIRE AND RIM SIZESTIRE AND RIM SIZES
The following table is a selection of popular tire

and rim sizes found on adult and juvenile road bikes
and off-road bikes. The common practice is that rims
are named by the tire that they fit.

The Nominal sizeNominal sizeNominal sizeNominal sizeNominal size  column includes the most popu-
lar name for a size. The reason that these numbers are
called nominal sizes is that they are not actual mea-
surements. The diameter (27", 700, 26") is the approxi-
mate diameter of the tire at the tread. Tire profiles
have changed dramatically since the sizes were cre-
ated and it is rare that a tire actually measures the same
as its name size. Rims are named by the tire they fit,
rather than by the dimension where they fit the rim.
Check a 26"×1.75" rim; it measures approximately
22.5" in diameter. The second part of the nominal size
is the tire�s inflated width. This number is based on
the width of the tire when mounted on the rim, and it
changes with the rim width and the tire pressure. Fur-
thermore, tires have historically shrunk without the
widths being renamed. A typical 1-1/4" tire is usually
closer to 1-1/8".

The Alternate namesAlternate namesAlternate namesAlternate namesAlternate names  column covers both vernacu-
lar names, and names used by another country for the
same size tire. An example of a vernacular name would
be to say �MTB tire� instead of 26"×1.75".

The Bead-seat diameter/tire-bead diameterBead-seat diameter/tire-bead diameterBead-seat diameter/tire-bead diameterBead-seat diameter/tire-bead diameterBead-seat diameter/tire-bead diameter  column is
the dimension that is most important in regard to tire
fit. Bead diameter is the diameter of the tire at its inner
perimeter. Bead-seat diameter is the diameter of the rim
at the point the tire bead sits. The procedures in this
chapter describes how to measure and calculate rim-bead-
seat diameter. Tire-bead diameter can only be determined
by looking up the tire�s nominal size on this table and
reading across to the Bead-seat diameter/tire-bead diameterBead-seat diameter/tire-bead diameterBead-seat diameter/tire-bead diameterBead-seat diameter/tire-bead diameterBead-seat diameter/tire-bead diameter
column, unless the tire has an ISO marking.

The ISO sizeISO sizeISO sizeISO sizeISO size  column is an alternate sizing system
based on actual dimensions of tires and rims where
they attach to each other. ISO stands for International
Standards Organization. The two digit number before
the dash is the tire�s section width. Section width is
described fully in the portion of this chapter about
tire fit and compatibility (page 19-10). For each size in
the table, the smallest and largest known section widths
are shown. The three-digit number after the dash is
the tire�s bead diameter and the rim�s bead-seat diam-
eter. The table does not provide ISO rim-width infor-
mation, which can be obtained easily by measuring
the width between the inside faces of the two rim
flanges. This number is expressed in millimeters.

The Approximate rim O.D.Approximate rim O.D.Approximate rim O.D.Approximate rim O.D.Approximate rim O.D.  column is useful for iden-
tifying unmarked rims. It is expressed as a range for
two reasons: one is that two rims of the same size
have to have the same bead seat diameter, but their
outside diameters (O.D.) can vary because their flange
heights can be different without affecting fit; the other
reason is that when measuring a rim with a hub al-
ready built in, the tape measure will have to deflect
somewhat around the hub. Even if the measurement
is slightly outside one of the ranges, it should be safe
to assume the size of the rim. No two common sizes
come closer than 3mm.

The Typical useTypical useTypical useTypical useTypical use  column describes types of bikes where
the size is most likely to be encountered, but other types
occur. The suggestions are not a complete or limiting list
of the types of bikes that use a particular size.

There are literally dozens of sizes that exist but
are not listed. Most of the other sizes are a once-in-a-
lifetime encounter for a shop mechanic and will prob-
ably never be encountered (other than a few juvenile
sizes smaller than 24"). For a comprehensive listing of
tire and rim sizes, see Sutherland�s Handbook for Bi-
cycle Mechanics.

(Continued next page)

TIRE AND RIM SIZES TIRE AND RIM SIZES TIRE AND RIM SIZES TIRE AND RIM SIZES TIRE AND RIM SIZES (table 19-1)

Nominal size,Nominal size,Nominal size,Nominal size,Nominal size, Alternate namesAlternate namesAlternate namesAlternate namesAlternate names Bead-seatBead-seatBead-seatBead-seatBead-seat ISO sizeISO sizeISO sizeISO sizeISO size ApproximateApproximateApproximateApproximateApproximate Typical useTypical useTypical useTypical useTypical use
rim or ti rerim or ti rerim or ti rerim or ti rerim or ti re (country/name) diameter/diameter/diameter/diameter/diameter/ ( tire section rim O.D.rim O.D.rim O.D.rim O.D.rim O.D.
(common name) ti re-beadti re-beadti re-beadti re-beadti re-bead width11111/rim or

diameterdiameterdiameterdiameterdiameter t ire diameter)

27"×1-1/4" British/K2 630mm 20-630 640-644mm Recreational-level road
other widths are through bikes, touring road bikes
1, 1-1/8, 1-3/8 30-630

700C2 French/28×1-5/8 622mm 20-622 632-636mm Performance road bikes,
widths are all Canada/28×1-1/2 through “cross” bikes, “hybrid”
sizes 18mm 47-622 bikes
through 47mm
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TIRE AND RIM SIZES TIRE AND RIM SIZES TIRE AND RIM SIZES TIRE AND RIM SIZES TIRE AND RIM SIZES (table 19-1 continued)

Nominal size,Nominal size,Nominal size,Nominal size,Nominal size, Alternate namesAlternate namesAlternate namesAlternate namesAlternate names Bead-seatBead-seatBead-seatBead-seatBead-seat ISO sizeISO sizeISO sizeISO sizeISO size ApproximateApproximateApproximateApproximateApproximate Typical useTypical useTypical useTypical useTypical use
rim or ti rerim or ti rerim or ti rerim or ti rerim or ti re (country/name) diameter/diameter/diameter/diameter/diameter/ ( tire section rim O.D.rim O.D.rim O.D.rim O.D.rim O.D.
(common name) ti re-beadti re-beadti re-beadti re-beadti re-bead width11111/rim or

diameterdiameterdiameterdiameterdiameter t ire diameter)

26"×1-3/8" British/26×1-1/4 597mm 32-597 607-611mm Older Schwinn 3-
(tire to fit S-5 or to fit EA1 rim through speeds, 5- & 10- speed
S-6) 37-597 “heavy” bikes

26"×1-3/8" French/650A 590mm 28-590 600-604mm American made dept.
(to fit EA3 or E3 through store “12-speeds,”
rims) other 40-590 narrow widths on some
widths are 1 and performance road bikes
1-1/4 with small frames

26"×1-1/2" French/650B 584mm 32-584 597-601mm Schwinn MTB/cross
(to fit S4 rim) through bike size, rare French

47-584 touring bikes

650C USA/26" 571mm 20-571 583-587mm Triathlon bikes with
through compact, high-
47-571 performance wheels

26" ×1-3/4" 3 Schwinn S-7 571mm 583-587mm Beach cruisers, old
balloon-tire Schwinns

26"×1.75" 4 26" MTB 559mm 20-559 571-575mm MTBs, ATBs, “Cross”
other widths are through bikes
all sizes 1"–2.5" 54-559

24"×1-1/4" Schwinn/ 547mm 20-547 557-561mm Narrow sizes on
other width is 24×1-3 /8 through “proportional”
1-1/8 (to fit S5 or S6 37-547 performance road bikes,

rim) 24×1-3/8 on juvenile
Schwinn derailleur bikes

24"×1-3/8" 540mm 32-540 550-554mm Juvenile, department-
(to fit E5 or F3 through store 12-speeds by USA
rim) 37-540 manufacturers

24"×1.75" BMX cruiser 507mm 44-507 521-525mm Juvenile MTBs, BMX
other widths are class through cruiser class
1"–2.125" 54-507

20"×1.75" BMX 406mm 44-406 420-424mm BMX bikes, all qualities,
other widths are through other juvenile 20" wheel
1.5"–2.125" 54-406 bikes
1 ISO rim width is a measurement of the width between the rim flanges. A 20-622 tire might fit

a 14-622 rim.
2 The “C” is sometimes omitted, which is wrong since 700, 700A, 700B, and 700C are completely dif-

ferent sizes. The “C” sometimes appears after the width (example: 700×25C) which is also wrong as
the “C” qualifies the size, not the width.

3 Do not confuse this with 26×1.75 MTB size. They do not interchange.
4 Do not confuse this with beach-cruiser and balloon-tire classic size, 26"×1-3/4". They do not inter-

change.
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TIRE AND TUBE TROUBLESHOOTINGTIRE AND TUBE TROUBLESHOOTINGTIRE AND TUBE TROUBLESHOOTINGTIRE AND TUBE TROUBLESHOOTINGTIRE AND TUBE TROUBLESHOOTING
CauseCauseCauseCauseCause SolutionSolutionSolutionSolutionSolution
SYMPTOM: Bead-seat line is too high at the valve.

Tube around base of valve is caught under rim bead. Deflate tire and push valve into tire and then pull
out again.

Rim strip is too wide for rim. Inspect rim strip and replace it if against bottom
edge of rim-bead lip.

SYMPTOM:  Bead-seat line is too high at points other than the valve.

Tube is caught under bead of tire. Deflate, inspect, and reposition tube.

Rim strip is too wide or out of position so that it is Reposition or replace rim strip as necessary.
against lip of rim bead seat.

Tire fits rim loosely. High-seated areas are probably With tire at a pressure of approximately 10–15
caused by low-seated areas elsewhere on the rim. psi, manipulate the tire by pulling out at low

points while pushing in at high points. Add
pressure once bead is more evenly seated.

SYMPTOM: Bead-seat line will not pop out above the rim bead at one or more points.

Bead is too high at other points due to rim strip or Check and fix high-seating problems.
tube caught under tire bead.

Tire fits the rim loosely and high-seated areas With tire at a pressure of approximately 10–15
elsewhere are probably keeping the tire bead in at psi, manipulate the tire by pulling out at low
this point. points while pushing in at high points. Add

pressure once bead is more evenly seated.

Tire is a tight fit. – Deflate tire, lubricate tire bead with liquid
  soap or lanolin hand cream and re-inflate.
– If bead is lubricated and there are no
   high-seating areas, inflate past recommended
   pressure until bead pops out.

SYMPTOM: Tire seats correctly initially, then blows off of rim.

Tire was over-inflated. Inspect for bead damage, then re-install.

Tire bead is damaged. Inspect for damage and replace.

SYMPTOM: Tire is extremely difficult to install.

Tire is wrong size. Check tire fit.

Tube is over-inflated. Remove air from tube.

Tube is too fat for tire. Check tube fit.

Rim strip is too wide, interfering with bead seat area Inspect and replace rim strip if it is jamming
of rim. against bead lip on either side of rim.

Rim strip is too bulky for tight fitting rim/tire Avoid using thick black rubber and cloth rim
combination. strips.

Tire and rim are an unusually tight combination. Lube complete tire beads with liquid soap or
lanolin hand cream.

SYMPTOM: Tire fabric has numerous ruptures all the way around both sides below the tread, but not
 just above the rim. There are no rub marks.

Tire has been ridden while punctured or virtually flat. Replace tire and avoid riding with extremely low
Tire sidewalls have been rubbing on riding surface. air pressure or no air pressure.

(Continued next page)
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TIRE AND TUBE TROUBLESHOOTING TIRE AND TUBE TROUBLESHOOTING TIRE AND TUBE TROUBLESHOOTING TIRE AND TUBE TROUBLESHOOTING TIRE AND TUBE TROUBLESHOOTING (Continued)

CauseCauseCauseCauseCause SolutionSolutionSolutionSolutionSolution
SYMPTOM: Tire is extremely difficult to remove.

Tube needs additional deflation. Squeezing tire, deflate tube further.

Tire has adhered to rim sidewall. Run tire lever between tire and rim all the way
around both sides to break free adhesion. Smear
as much liquid soap or lanolin hand cream as
possible between tire bead and rim.

Tire and rim are an unusually tight combination. Lube complete tire beads with liquid soap or
lanolin hand cream.

SYMPTOM: Valve was in straight initially, but is now at an angle.

Hard braking has rotated tire around rim, probably Deflate tire, rotate it in a direction that
because bike has been ridden with inadequate air straightens the valve, and maintain correct
pressure. pressure when riding.

SYMPTOM: Rim strip is broken at valve hole.

Incorrect procedure was used when installing tube – Replace rim strip.
valve into rim strip and rim hole. – Avoid reoccurrence by lifting rim strip up at

   valve hole and installing valve through rim strip
   first and then drop rim strip and valve together
   into rim.

SYMPTOM: Tire is flatting repeatedly from simple punctures on the outside perimeter of the tube.

Tire tread has worn thin. Inspect tire tread and replace tire if worn.

Tire is full of cracks from aging. Inspect for cracks and replace tire if needed.

Flat-causing object still stuck in tire. Inspect more thoroughly for cause of flat.

SYMPTOM: Tire has flatted from blowing off the rim.

Tire was over-inflated. Inspect for bead damage and adhere to
manufacturer’s recommendations.

If tire was properly inflated, the tire probably was Inspect for bead damage, and inspect tires for
not mounted correctly. mounting problems before inflating fully.

Tire bead is damaged. Remove and inspect tire, and replace tire if bead
is damaged.

SYMPTOM: Tire has flatted shortly after installation due to parallel slits in the sidewall of the inner tube.

Improper tool use during tire installation has Replace the tube, use only tire levers for tire
damaged the tube. installation, and avoid using the tire levers to

lever the tire up any further than necessary to
push the tire over the top of the rim with fingers.

SYMPTOM: Tire has flatted in mid-ride due to parallel slits in the sidewall of the inner tube.

Tire has bottomed out, and tube was pinched – Avoiding riding with under-inflated tires.
between rim bead and riding surface. – Un-weight when hitting obstacles that cannot

   be avoided.
– Use wider tires.

SYMPTOM: Tire has a slow leak but inspection reveals no holes.

Valve is leaking because valve core is loose or bad. Use bubble test to check for leaking valve with
tire installed and fully inflated. Secure valve and
replace if leaking continues.

(Continued next page)
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TIRE AND TUBE TROUBLESHOOTING TIRE AND TUBE TROUBLESHOOTING TIRE AND TUBE TROUBLESHOOTING TIRE AND TUBE TROUBLESHOOTING TIRE AND TUBE TROUBLESHOOTING (Continued)

CauseCauseCauseCauseCause SolutionSolutionSolutionSolutionSolution
SYMPTOM: Holes found on “rim side” of tube.

Rim strip is out of position, exposing nipple heads or Inspect and reposition rim strip.
nipple access holes.

Elastic rubber rim strip appears to be covering nipple Use polyurethane rim strips on rims with nipple-
access holes when inspected, but is deflecting to access holes.
expose holes when tire is fully inflated.

Spokes are too long and are protruding out of nipple Remove rim strip and use edge of a file to file
heads and poking through the rim strip. down excess spoke length.

Particularly at rim seam, rim has raw unfinished Inspect rim and file off any sharp protrusions.
material that is puncturing or abrading the tube.

SYMPTOM: Tube has leak at edge of the oval mounting base of the valve.

Tube cross section is too narrow for tire and is being Replace with fatter tube.
stretched too far to fill tire.

SYMPTOM: Tube has failed at the seam where two ends of tube were joined during manufacture to
create a circle.

Tube is wrong size for rim (must be stretched to reach Replace with proper-size tube.
around rim) and is pulling on seam too much.

Tube cross section is too narrow for tire and is being Replace with fatter tube.
stretched too far to fill tire.

SYMPTOM: Tire bead is damaged, evidenced by torn fabric wrapped around bead wire or scuffed
rubber coating at bead wire, over a distance of approximately 1/2".

Improper tools or technique when levering tire off Use plastic tire levers and find ways to solve
of rim. problem if tire is difficult to remove or install.

SYMPTOM: Wire bead in tire is broken, or rubber lip molded on at wire bead is scuffed off for several
inches.

Over-inflation caused tire to blow off rim, which Replace tire and avoid over-inflation.
damages the beads.

SYMPTOM: Tire sidewall has wear marks and frayed fabric most of the way around, just above the rim.

Brake pads are rubbing on tire because pads are Replace tire and adjust brake-pad height.
out of position.

Brake pads cannot be adjusted to correct height Replace tire with narrower size. Tire is too fat for
without rubbing on tire. rim width, and either rim or tire should be

changed.

SYMPTOM: Tire sidewall has rub marks and frayed fabric over a short distance just above the rim.

Rim is out of round, causing the brake pads to rub Replace tire and correct out-of-round error.
against tire intermittently. Replace rim/wheel if necessary.

SYMPTOM: Tire tread or sidewall rubber is full of countless little cracks.

Rubber has hardened due to aging. Replace tire and avoid unnecessary exposure to
sunlight and/or water.

SYMPTOM: Tire fabric is ruptured in tread area. Tread may or may not be damaged.

Fabric has rotted due to age. Replace tire and inspect more frequently for
cracks in the rubber.

Tire has been damaged by sharp stone. Replace tire.
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Crank arm

FlushRecessed

Spindle taper
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Park CWP-5

YES YES
NO NO

10mm
domed-end

12mm
flat-end
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Pilot
(threaded to
spindle)

Cutting oil
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21 – COTTERED CRANK ARMS21 – COTTERED CRANK ARMS21 – COTTERED CRANK ARMS21 – COTTERED CRANK ARMS21 – COTTERED CRANK ARMS

ABOUT THIS CHAPTERABOUT THIS CHAPTERABOUT THIS CHAPTERABOUT THIS CHAPTERABOUT THIS CHAPTER
This chapter is about removing and installing

cottered crank arms. There are different chapters for
taper-fit crank arms (20 – TAPER-FIT CRANK ARMS20 – TAPER-FIT CRANK ARMS20 – TAPER-FIT CRANK ARMS20 – TAPER-FIT CRANK ARMS20 – TAPER-FIT CRANK ARMS ) and
for one-piece crank arms (22 – ONE-PIECE CRANKS22 – ONE-PIECE CRANKS22 – ONE-PIECE CRANKS22 – ONE-PIECE CRANKS22 – ONE-PIECE CRANKS ).
There is also a separate chapter (23 – CHAINRINGS23 – CHAINRINGS23 – CHAINRINGS23 – CHAINRINGS23 – CHAINRINGS ),
which should be referred to if the chainrings will be
removed, replaced, or secured. There is also a sepa-
rate chapter (24 – PEDAL REMOVAL, REPLACEMEN24 – PEDAL REMOVAL, REPLACEMEN24 – PEDAL REMOVAL, REPLACEMEN24 – PEDAL REMOVAL, REPLACEMEN24 – PEDAL REMOVAL, REPLACEMENTTTTT, AND, AND, AND, AND, AND
INSTALLATIONINSTALLATIONINSTALLATIONINSTALLATIONINSTALLATION), which includes information about
pedal removal and installation, a job that is often done
as part of crank-arm removal and installation.

GENERAL INFORMGENERAL INFORMGENERAL INFORMGENERAL INFORMGENERAL INFORMAAAAATIONTIONTIONTIONTION

TERMINOLOGYTERMINOLOGYTERMINOLOGYTERMINOLOGYTERMINOLOGY

Cotter pinS pindleCrank arm

Face view Cross -section view

21.1  Face view and cross-section view of the end of a cottered
crank arm at the end joined to the bottom-bracket spindle.

Cottered crank: The term �cottered cranks� ap-
plies to a crank-arm type that once was seen on al-
most all European imports, but is now limited prima-
rily to the sort of inexpensive Asian imports found in

department stores. The crank arms slip onto a round
shaft and are retained by a pin (cotter pin) that goes
through a hole in the arm and a slot in the shaft.

Crank arm: The lever arm that attaches to the
bottom-bracket spindle at one end and the pedal at
the other end. The right crank arm has chainrings
(gears) attached to it, usually by means of chainring-
mounting arms.

Cotter pin: A round shaft with a sloped and tapered
flat along its length and a threaded stud at one end.

S tud T aper Head

21.2  A cotter pin.

Cotter-pin taper (or �taper�): The shaft of the
cotter pin has a section cut off along the length of the
pin that is cut at an angle to the axis of the shaft. This
results in a flat surface that is sloped and tapers to a
point at one end. This is the taper.

Cotter-pin stud (or �stud�): A threaded stud at
one end of cotter pin onto which a retaining nut threads.

Cotter-pin head (or �head�): The end of the
cotter-pin shaft without threads.

Cotter-pin hole (or �pin hole�): The cotter pin
inserts in a small round hole in the crank arm into
which the cotter pin is inserted. This hole is perpen-
dicular to the hole in the crank arm for the bottom-
bracket spindle.

Cotter-pin stud (or �stud�): The threaded stud
at one end of the cotter pin onto which a retaining
nut threads.

Spindle hole: The large round hole in the crank
arm that the bottom-bracket spindle inserts in.

Chainrings: The gears attached to the right crank
arm that drive the chain when pedaling.

Chainring-mounting arms: The arms (usually
three, occasionally five) that go from one end of the
crank arm out to the chainrings. The chainrings are
attached to the end of the chainring-mounting arms.
Chainring-mounting arms are also called spider arms.
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PREREQUISITESPREREQUISITESPREREQUISITESPREREQUISITESPREREQUISITES
See the PREREQUISITESPREREQUISITESPREREQUISITESPREREQUISITESPREREQUISITES section of the preceding

chapter, TTTTTAPER-FIT CRANK ARMS APER-FIT CRANK ARMS APER-FIT CRANK ARMS APER-FIT CRANK ARMS APER-FIT CRANK ARMS (page 20-1). All prereq-
uisites are the same for both types of crank designs.

INDICATIONSINDICATIONSINDICATIONSINDICATIONSINDICATIONS
Maintenance cyclesMaintenance cyclesMaintenance cyclesMaintenance cyclesMaintenance cycles

If properly installed, crank arms should not need
any routine maintenance.

Bottom-bracket serviceBottom-bracket serviceBottom-bracket serviceBottom-bracket serviceBottom-bracket service
Crank arms must be removed to adjust, overhaul,

or replace the bottom bracket. There may be no ap-
parent problems with the crank arms, but this is an
excellent opportunity to check for potential problems.

Symptoms indicating loose crank armsSymptoms indicating loose crank armsSymptoms indicating loose crank armsSymptoms indicating loose crank armsSymptoms indicating loose crank arms
One of the most persistent problems with crank

arms is that they work loose. This can strand the rider
� and it can easily destroy the arm that works loose,
an expensive concern. Knocking or popping noises from
the crank area are a warning sign that the arms may be
loosening. But loose pedal parts and loose chainrings
can cause similar noises, so check all these areas at the
same time. When the arm makes a knocking sound or
feels loose while pedaling, the situation is critical.

With proper installation, most riders do not need
to periodically tighten the crank arms.

Symptoms indicating damaged crank armsSymptoms indicating damaged crank armsSymptoms indicating damaged crank armsSymptoms indicating damaged crank armsSymptoms indicating damaged crank arms
When proper installation technique fails to keep

the arm secure, it means the cotter-pin hole in the
arm is deformed (enlarged or distorted). The crank
arm should be replaced.

Symptoms indicating bent crank armsSymptoms indicating bent crank armsSymptoms indicating bent crank armsSymptoms indicating bent crank armsSymptoms indicating bent crank arms
Crank arms bend sometimes when the bike is

crashed, and they can bend from abusive jumping. The
symptom of a bent crank arm is an oscillating sensa-
tion felt in the ankle while pedaling. This oscillation
may feel like a twisting back and forth on the ball of
the foot; it may feel like the outer edge of the foot is
rocking up and down; or it may feel like both at once.
The identical symptoms are caused by bent pedal
shafts, which can easily be damaged by the same forces
that damage crank arms. The first step is to remove
the pedal and look at the end of the pedal shaft as it
rotates. If the end does not oscillate, then it is the crank
arm that is bent. If it does oscillate, new pedals are
needed. If the symptom is still felt when riding with
new pedals, then the arm is also bent.

Symptoms indicating damaged pedal-Symptoms indicating damaged pedal-Symptoms indicating damaged pedal-Symptoms indicating damaged pedal-Symptoms indicating damaged pedal-
mounting threadsmounting threadsmounting threadsmounting threadsmounting threads

Pedal-mounting threads can be damaged from im-
proper pedal installation. The only symptom is diffi-
culty threading in the pedal. Sometimes it is repair-
able, which is described in the chapter PEDALPEDALPEDALPEDALPEDAL REMOVAL,REMOVAL,REMOVAL,REMOVAL,REMOVAL,
REPLACEMENT, AND INSTALLATION REPLACEMENT, AND INSTALLATION REPLACEMENT, AND INSTALLATION REPLACEMENT, AND INSTALLATION REPLACEMENT, AND INSTALLATION (page 24-6), but
sometimes it is necessary to replace the crank arm.

TOOL CHOICESTOOL CHOICESTOOL CHOICESTOOL CHOICESTOOL CHOICES
For many mechanics, the tool of choice to remove

cotter pins is a hammer. This is a sure way to damage
cotter pins, achieve inadequate security, and dramati-
cally increase the time it takes to complete the job.
Special cotter-pin presses are made by VAR and Park,
but the Park CR-2 is clearly superior to use and less
than one-third the price of the VAR. Some of this price
savings is lost because it is a good idea to have two
Park CR-2 tools.

One of the tools should be left in its original form
and be used exclusively for pin installation. The sec-
ond CR-2 should be permanently modified to make it
more suitable for cotter-pin removal (and unsuitable
for installation).

Modifying a Park CR-2 for pin removalModifying a Park CR-2 for pin removalModifying a Park CR-2 for pin removalModifying a Park CR-2 for pin removalModifying a Park CR-2 for pin removal
The tip of the pressing shaft of the tool is a smooth

shaft approximately 9mm long with an 11mm O.D. It
needs to be modified on a grinder or with a file to be
approximately 13�15mm long and less than 8.5mm
O.D. This modification does not have to be very pre-
cise. It can be done on a grinding wheel in 1�2 minutes.

8.5mm12mm

9mm 13-15mm

Un-modified Park CR-2 Modified Park CR-2

21.3  Modifying the end of a Park CR-2

This modification allows the tip of the tool to go
inside the pin hole in the arm, which is particularly
useful when the pin jams or when the stud bends and
must be broken off (common).

TIME AND DIFFICULTY RATINGTIME AND DIFFICULTY RATINGTIME AND DIFFICULTY RATINGTIME AND DIFFICULTY RATINGTIME AND DIFFICULTY RATING
Crank-arm removal and re-installation is a 1�2

minute-per-arm job of little difficulty. Fitting a new
replacement crank arm, which can include chainring
and pedal removal and installation as well as front
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derailleur adjustment, is a 10�45 minute job of little
difficulty (unless derailleur adjustment is included, in
which case difficulty may be high).

COMPLICCOMPLICCOMPLICCOMPLICCOMPLICAAAAATIONSTIONSTIONSTIONSTIONS
Exact replacement cotter pinsExact replacement cotter pinsExact replacement cotter pinsExact replacement cotter pinsExact replacement cotter pins
not avai lablenot avai lablenot avai lablenot avai lablenot avai lable

It is very unusual to be able to find exact replace-
ment cotter pins. Included in this chapter are guide-
lines for determining suitability of a nonidentical re-
placement and how to accommodate for a pin that is
not suitable (page 21-5).

Replacement arm does not fit spindleReplacement arm does not fit spindleReplacement arm does not fit spindleReplacement arm does not fit spindleReplacement arm does not fit spindle
Depending on the country of origin, there is some

variation in spindle and spindle-hole diameters. En-
glish and Japanese are interchangeable. French and
Italian are interchangeable.

Replacement arm changesReplacement arm changesReplacement arm changesReplacement arm changesReplacement arm changes
chainring clearancechainring clearancechainring clearancechainring clearancechainring clearance

There is usually a 1�2mm range of position of the
arm on the spindle. First, try sliding the arm in or out
to improve the situation.

A nonidentical right-side replacement arm may
be suitable fit to a spindle, but not necessarily put the
chainrings in the same position relative to the frame.
This could be a problem if the chainrings end up closer
to the frame. The following procedures have steps for
checking the original clearance and the clearance after
installing a new right arm.

Replacement arm changes chainlineReplacement arm changes chainlineReplacement arm changes chainlineReplacement arm changes chainlineReplacement arm changes chainline
There is usually a 1�2mm range of position of the

arm on the spindle. First, try sliding the arm in or out
to improve the situation.

Because a replacement right-side arm can change
the chainring positions, it can change the alignment
of the chainrings to the rear cogs (chainline). The fol-
lowing procedures have steps for checking chainline
before and after, but the separate CHAINLINE CHAINLINE CHAINLINE CHAINLINE CHAINLINE chapter
should be referred to for help in how to measure
chainline (page 27-5) and how to identify whether an
error is significant (page 27-3).

New chainring-size/position changesNew chainring-size/position changesNew chainring-size/position changesNew chainring-size/position changesNew chainring-size/position changes
front-derai l leur adjustmentfront-derai l leur adjustmentfront-derai l leur adjustmentfront-derai l leur adjustmentfront-derai l leur adjustment

There is usually a 1�2mm range of position of the
arm on the spindle. First, try sliding the arm in or out
to improve the situation.

If installing a replacement right-side crank arm,
the chainrings may move in or out. This would neces-
sitate changing both limit screws and the cable setting
on the front derailleur. If the replacement crank arm
has a large chainring of a different size, then derailleur
height and rotation would need to be reset (which leads
to limit screw and cable adjustment, as well).

ABOUT THE RESTABOUT THE RESTABOUT THE RESTABOUT THE RESTABOUT THE REST
OF THIS CHAPTEROF THIS CHAPTEROF THIS CHAPTEROF THIS CHAPTEROF THIS CHAPTER

The rest of this chapter is the procedure for crank-
arm removal and installation. There are double check-
boxes next to all the steps that would be done twice,
once for each crank arm. It includes all the necessary
steps for crank-arm replacement except that it refers
to other chapters for pedal and chainring removal
and installation.

CRANCRANCRANCRANCRANKKKKK-ARM REMOVAL-ARM REMOVAL-ARM REMOVAL-ARM REMOVAL-ARM REMOVAL
AND INSTALLAND INSTALLAND INSTALLAND INSTALLAND INSTALLAAAAATIONTIONTIONTIONTION

IF REPLACING ARM(S)IF REPLACING ARM(S)IF REPLACING ARM(S)IF REPLACING ARM(S)IF REPLACING ARM(S)
OR TO OR TO OR TO OR TO OR TO FFFFFACILIACILIACILIACILIACILI TATATATATATE CLEANINGTE CLEANINGTE CLEANINGTE CLEANINGTE CLEANING
1 . [ ] [ ] Remove pedal(s) (optional). See PEDALPEDALPEDALPEDALPEDAL

REMOVAL, REPLACEMENT, AND INSTALLATIONREMOVAL, REPLACEMENT, AND INSTALLATIONREMOVAL, REPLACEMENT, AND INSTALLATIONREMOVAL, REPLACEMENT, AND INSTALLATIONREMOVAL, REPLACEMENT, AND INSTALLATION pro-
cedure (page 24-3).

PREPREPREPREPREPPPPPARARARARARAAAAATION ANDTION ANDTION ANDTION ANDTION AND
PRE-REMOPRE-REMOPRE-REMOPRE-REMOPRE-REMOVVVVVAL INSPECTIONSAL INSPECTIONSAL INSPECTIONSAL INSPECTIONSAL INSPECTIONS

In the next step, measure the clearance between
the right-crank assembly and the chain stay. The chain
stay is the frame tube that runs from the bottom
bracket to the rear dropout. If the bike has raised chain
stays (they connect to the seat tube above the front
derailleur), measure to the side of the seat tube instead.
The measurement is useful even if just re-installing
the same crank arm, for two reasons.

Due to frame flex and chainring flex, there must
be at least 2mm clearance between any part of the
right-crank assembly and the chain stay. Otherwise,
rubbing that can damage the frame may occur while
the bike is being ridden. Measuring before removal
can reveal a problem, or borderline problem, before
going to the trouble of re-installation the arm. If clear-
ance is poor before removal, it will be necessary to
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check and replace the arm if it is found to be worn
out, or put in a longer bottom-bracket spindle if the
arm is fine. If the clearance is marginal before removal,
measuring it is a warning to check carefully when the
arm is re-installed.

After re-installing the original arm or installing a
replacement arm, measuring the change in the clear-
ance reveals whether it will be necessary to readjust
the front derailleur.

Measure clearance

21.4  Use a stack of feeler gauges to measure the clearance between
the chain stay and the part of the crank assembly that comes closest
to rubbing the chain stay.

2 . [ ] Measure clearance between chain stay and
part of right crank that comes closest to
chain stay (usually inner chainring or bolt
heads holding on inner chainring, but occa-
sionally another chainring). Record measure-
ment here: _______mm. If bike has raised
chain stays, measure to side of seat tube.

In the next step, measure the chainline error (de-
tailed procedure on page 27-5). Chainline is covered
in its own chapter. Chainline is the alignment of the
front gears to the rear gears. It affects drive-train noise
and shift performance. Measure chainline now and
then again after re-installing the original right arm or
a new right arm. This measurement allows you to
know whether chainline has improved, stayed the
same, or gotten worse, in which case it would be nec-
essary to check for symptoms in order to determine
whether the error was significant. (See page 27-3.)
3 . [ ] Measure chainline error: Chainrings   out (+)

or   in (–)    (circle one)? Amount: __________
In the next step, the position of the right crank-

arm face relative to the right end of the spindle is mea-
sured, using the depth gauge of a caliper. There is usu-
ally a range of position in which the arm can be in-
stalled. Taking this measurement and reestablishing it
during re-installation avoids messing up the front-de-
railleur adjustment.

4 . [ ] Measure position of face of right crank arm
relative to right end of spindle.
Spindle protrusion/recess: _______mm.

CRANK-ARM REMOVALCRANK-ARM REMOVALCRANK-ARM REMOVALCRANK-ARM REMOVALCRANK-ARM REMOVAL
From this point on, steps that need to be repeated

for both arms (if servicing both arms) have two check-
boxes. One is to use for the first arm, and one for the
second arm. If only servicing one arm, use one check-
box only and do not repeat the step for the second arm.
5 . [ ] [ ] Remove nut and washer from cotter pin.

Cotter pins can be difficult to remove; when they
are, the stud will almost always bend. Prevent this as
much as possible by using penetrating oil, as indicated
in the next step.
6. [ ] [ ] Flood both ends of pin with penetrating oil.

In the next step, cotter-pin removal is attempted.
It is not unusual for the stud to bend before removal
is accomplished. If this occurs, don�t waste time
straightening the stud and trying removal again. Bend
the stud back and forth until it snaps off and continue
the removal process without the stud. The modified
CR-2 is required for this purpose.

If you have only the non-modified Park CR-2, the
best approach is to break off the stud (bend it back
and forth), then insert a 8�10mm length piece cut from
the head-end of a used cotter pin between the CR-2
shaft and the remainder of the stud. This insert needs
to be smaller or equal to the diameter of the cotter pin
being removed. The insert will have a tendency to
cock to the side and jam. The modified CR-2 is a much
better solution to this common problem.

Crank arm

Cotter-pin s tud

Park CR-2
with 
modified shaft

Park CR-2 shaft

21.5  Correct set up of Park CR-2 for cotter-pin removal.
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7 . [ ] [ ] Install modified CR-2 so end of shaft is
against stud and turn handle clockwise to
drive cotter pin fully out.

8 . [ ] [ ] Pull arm off end of spindle.

INSPECTIONINSPECTIONINSPECTIONINSPECTIONINSPECTION
9 . Inspect pin holes in arms for enlargement

and for being ovalized:
[ ] Right arm    OK?     not OK?    (circle one).

If not OK, arm should be replaced .
[ ] Left arm    OK?     not OK?    (circle one).

If not OK, arm should be replaced .

Burr

Notch

21.6  Top cotter pin has burr, but can be reused. Bottom one is
notched and must be replaced.

10. Inspect pin tapers on pins for notches or de-
formation (burrs may be filed off):

[ ] Right pin    OK?     not OK?    (circle one).
If not OK, pin should be replaced .

[ ] Left pin    OK?     not OK?    (circle one).
If not OK, pin should be replaced .

11. Thread nuts back onto studs to check for
damaged studs:

[ ] Right pin    OK?     not OK?    (circle one).
If not OK, pin should be repaired or replaced .

[ ] Left pin    OK?     not OK?    (circle one).
If not OK, pin should be repaired or replaced .

IF REPLACING RIGHT ARM,IF REPLACING RIGHT ARM,IF REPLACING RIGHT ARM,IF REPLACING RIGHT ARM,IF REPLACING RIGHT ARM,
OR TO OR TO OR TO OR TO OR TO FFFFFACILIACILIACILIACILIACILI TATATATATATE CLEANINGTE CLEANINGTE CLEANINGTE CLEANINGTE CLEANING
12. [ ] Remove chainrings (optional). See CHAINRINGCHAINRINGCHAINRINGCHAINRINGCHAINRING

REMOVAL, REPLACEMENT, AND INSTALLATIONREMOVAL, REPLACEMENT, AND INSTALLATIONREMOVAL, REPLACEMENT, AND INSTALLATIONREMOVAL, REPLACEMENT, AND INSTALLATIONREMOVAL, REPLACEMENT, AND INSTALLATION pro-
cedure (page 23-9) if removing or replacing
chainrings.

CRANK-ARM CLEANINGCRANK-ARM CLEANINGCRANK-ARM CLEANINGCRANK-ARM CLEANINGCRANK-ARM CLEANING
13. [ ] Clean crank arms and chainrings (if any).

DETERMINE REPLACEMENT-DETERMINE REPLACEMENT-DETERMINE REPLACEMENT-DETERMINE REPLACEMENT-DETERMINE REPLACEMENT-
COTTER-PIN SUICOTTER-PIN SUICOTTER-PIN SUICOTTER-PIN SUICOTTER-PIN SUITTTTTABILITYABILITYABILITYABILITYABILITY

Exact replacement cotter pins are almost impos-
sible to find. Use the following guidelines to deter-
mine suitability of a replacement cotter pin.

1. Pin diameter must match. (Common sizes
are 9.0mm and 9.5mm, but 8.0mm and 8.5mm
sizes also exist.)

2. Pressed-in pin must have head protruding
from arm. If not, different pin must be used.
See example 1 (figure 27.7).

3. Pressed-in pin must have enough stud pro-
truding to engage washer and nut. Pin can
be filed to improve this condition. See ex-
ample 2 (figure 27.8).

4. Pressed-in pin should not have full stud ex-
posed. Washers with I.D. larger than pin can
be used over pin shaft to improve this condi-
tion. See example 3 (figure 27.9, page 21-6).

5. Pin-taper angles must match or arms will not
be 180° apart. Both pins should be replaced to
avoid this problem. See example 4 (figure 27.10,
page 21-6).

Head does not protrude

21.7  Example 1: The cotter pin in this picture does not have
enough head protruding to allow further pressing after break-in.

Not enough stud to engage nut 

21.8  Example 2: The cotter pin in this picture does not have
enough stud protruding. The taper can be filed deeper to improve
this condition.
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T aper protrus ion unacceptable

Add 10mm I.D. axle washers ,
unti l taper is  covered

21.9  Example 3: The cotter pin in this picture has too much of the
stud end protruding. Add washers to improve this condition.

21.10  Example 4: The arms are not 180° apart because the cotter
pins do not have the same taper angle. Both pins should be replaced
with identical replacements to solve this problem.

Fi l ing cotter pins to improve fi tFi l ing cotter pins to improve fi tFi l ing cotter pins to improve fi tFi l ing cotter pins to improve fi tFi l ing cotter pins to improve fi t
A flat file can be used to file the taper deeper so

that a pin will insert further. Do not try to change the
angle of the taper, just its depth. A VAR 371 is a tool
designed to hold the cotter pin for filing. Although
not required, it makes an awkward job effortless.

CRANK-ARM INSTALLATIONCRANK-ARM INSTALLATIONCRANK-ARM INSTALLATIONCRANK-ARM INSTALLATIONCRANK-ARM INSTALLATION
14. [ ] Install chainrings if removed. See CHAINRINGCHAINRINGCHAINRINGCHAINRINGCHAINRING

REMOVAL. REPLACEMENT, AND INSTALLATIONREMOVAL. REPLACEMENT, AND INSTALLATIONREMOVAL. REPLACEMENT, AND INSTALLATIONREMOVAL. REPLACEMENT, AND INSTALLATIONREMOVAL. REPLACEMENT, AND INSTALLATION pro-
cedure (page 23-10).

15. [ ] [ ] Clean cotter pin, pin hole, and spindle flat
with acetone or alcohol.

16. [ ] [ ] Slide crank arm onto spindle.

21.11  When the cotter pin in the left arm is �head-up,� the pin in
the right arm should be �head-down.�

17. [ ] [ ] Slide cotter pin into pin hole. (When install-
ing second arm, be sure pin heads point oppo-
site directions when viewed simultaneously.)

18. [ ] Position right arm (if re-installing original) to
restore measurement from step 4.

Crank arm

Cotter-pin head

Park CR-2
(un-modified)

Park CR-2 s haft

21.12  Setup for using the CR-2 to press in the cotter pin.

19. [ ] [ ] Use CR-2 to press in pin fully. With
handle extended fully to one end, minimum
of 55 pounds of force is required at 4".

20. [ ] [ ] Grease stud threads.
21. [ ] [ ] Thread on retention nut and secure to

60in-lbs (20lbs@3").
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CHECKING FITCHECKING FITCHECKING FITCHECKING FITCHECKING FIT
OF REPLACEMENT CRANK ARMOF REPLACEMENT CRANK ARMOF REPLACEMENT CRANK ARMOF REPLACEMENT CRANK ARMOF REPLACEMENT CRANK ARM
NOTE: Skip to step 25 if arms installed are same

ones removed, not replacements.

Checking chainring fi tChecking chainring fi tChecking chainring fi tChecking chainring fi tChecking chainring fi t
if replacement arm is a right armif replacement arm is a right armif replacement arm is a right armif replacement arm is a right armif replacement arm is a right arm

If using old chainrings with a new crank arm,
check the CHAINRINGSCHAINRINGSCHAINRINGSCHAINRINGSCHAINRINGS chapter (page 23-5) to deter-
mine whether the new arm is compatible with the
chainrings before installing the chainrings. Chainring
compatibility is not just a matter of whether the
mounting holes in the chainrings and the crank arm
match up. With some chainrings, spacing between
them is critical and not universal.

In the next step, measure the right chainring clear-
ance with the new arm installed to check if the
chainring position has changed. Be concerned with
discovering whether a clearance problem to the chain
stays has been created or solved, and whether the
chainrings have moved enough to require readjusting
the front derailleur .
22. Measure chainring-to-chainstay clearance

and check one of following choices:
[ ] Clearance is ³³³³³ 2mm, but is more than .2mm

different than number in step 2. Front-
derailleur limit screws and cable will need
adjustment . (Measure to seat tube if raised-
chain-stay bike, ignore minimum clearance.)

[ ] Clearance is <2mm, replacement arm is un-
acceptable to use with existing spindle .
(Skip this step for raised-chain-stay bikes.)

[ ] Clearance is different by £££££.2mm from num-
ber in step 2, front-derailleur adjustment is
not needed . Arm is a good fit.

In the next two steps, measure the chainline after
installing a new right crank arm to determine whether
it has been changed enough to create or solve a prob-
lem. Consider not only whether there is a measurable
error, but whether the error has changed enough to
introduce or eliminate chainline-error symptoms. See the
CHAINLINECHAINLINECHAINLINECHAINLINECHAINLINE chapter for information about how to mea-
sure chainline error (page 27-5) and symptoms of
chainline error (page 27-3).
23. Measure chainline error, record here:

Chainrings  out (+)    or  in (–)    (circle one)?
Amount: __________

24. Compare step 23 to number and direction in
step 3, and choose one of following
choices:

[ ] Error is equal to step 3, arm is acceptable if
no chainline-error symptoms were experi-
enced with original arm.

[ ] Error is in same direction but less than step
3, arm is acceptable unless previous chainline
error was unacceptable and change is not
enough to eliminate symptoms. Bike should
be evaluated for chainline-error symptoms.

[ ] Error is in new direction. Bike should be
evaluated for chainline-error symptoms.

[ ] Error is in same direction but greater. In-
spect bike for chainline-error symptoms.

INSTALL PEDALSINSTALL PEDALSINSTALL PEDALSINSTALL PEDALSINSTALL PEDALS
25. [ ] Install pedal(s) if removed. See PEDALPEDALPEDALPEDALPEDAL

REMOVAL, REPLACEMENT, AND INSTALLATIONREMOVAL, REPLACEMENT, AND INSTALLATIONREMOVAL, REPLACEMENT, AND INSTALLATIONREMOVAL, REPLACEMENT, AND INSTALLATIONREMOVAL, REPLACEMENT, AND INSTALLATION pro-
cedure (page 24-4).



21 – COTTERED CRANK ARMS21 – COTTERED CRANK ARMS21 – COTTERED CRANK ARMS21 – COTTERED CRANK ARMS21 – COTTERED CRANK ARMS

21 – 821 – 821 – 821 – 821 – 8

COTTERED-CRANK-ARM TROUBLESHOOTINGCOTTERED-CRANK-ARM TROUBLESHOOTINGCOTTERED-CRANK-ARM TROUBLESHOOTINGCOTTERED-CRANK-ARM TROUBLESHOOTINGCOTTERED-CRANK-ARM TROUBLESHOOTING
CauseCauseCauseCauseCause SolutionSolutionSolutionSolutionSolution
NOTE: Symptoms not unique to cotter-pin crank arms are found in the troubleshooting chart in the
previous chapter TAPER-FIT CRANK ARMSTAPER-FIT CRANK ARMSTAPER-FIT CRANK ARMSTAPER-FIT CRANK ARMSTAPER-FIT CRANK ARMS (page 20-14).

SYMPTOM: Cotter pin becomes loose quickly after installation.

Was not installed with enough force. Use minimum of 55 lbs. force at 4" on Park CR-2.

Lubrication present on pin, pin hole, or spindle flat. Clean all mating surfaces with acetone or alcohol.

Under-sized pin has been used. Cotter-pin diameter must match pin-hole diameter
closely.

Pin hole in arm was enlarged by being ridden with Replace arm.
loose pin too long.

Pin is poor fit (too much stud protruding), and Replace pin, or use washers with an I.D. larger than
retaining-nut washer stopped against shaft of pin pin shaft between arm and retaining-nut washer.
instead of arm surface.

Head swells when hammer is used for installation. Replace pin and use press tool for installation.

SYMPTOM: Stud folds over during pin-removal attempt.

Failure to use penetrating oil before removal. Break stud off and perform removal without stud.

Use of hammer for pin removal. Break stud off and perform removal without stud,
using modified Park CR-2.

SYMPTOM: Cotter pin is extremely difficult to remove, in some cases even though arm is loose on spindle.

Bike has been ridden while pin was loose, bending No tricks available. Use modified Park CR-2,
pin in arc around spindle. penetrating oil, and cheater bar on tool handle.

SYMPTOM: Taper has deep notch in its surface.

Bike has been ridden while pin was loose, pin has Replace pin and tighten adequately.
been bearing against edge of spindle flat.

SYMPTOM: Arms are not 180° apart.

Matching pins are not installed with heads facing Reverse direction of one pin.
opposite directions, when viewed simultaneously.

Non-matching pin has been installed. Remaining original pin should be replaced with
replacement pin that matches other side.

SYMPTOM: Retaining-nut threads or stud threads stripped out.

Retaining nut over-tightened. Replace nut, tighten nut to 60in-lbs (20lbs@3").

Retaining nut was used to install cotter pin. Replace nut. Retaining nut cannot be used for
installing pin.

SYMPTOM: Cotter-pin head is flush with arm surface and cannot be pressed in further to secure arm.

Pin worn out or wrong-size pin. Install better-fitting cotter pin.

SYMPTOM: Washer and retaining nut do not bear against crank arm when tightened fully.

Poor fitting pin has been used. Replace pin, or use washers with I.D. larger than
pin shaft between arm and retaining-nut washer.

SYMPTOM: Not enough stud protrudes to engage washer and retaining nut.

Poor-fitting cotter pin. Remove pin and file taper deeper, or use different pin.
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22 – ONE-PIECE CRANKS22 – ONE-PIECE CRANKS22 – ONE-PIECE CRANKS22 – ONE-PIECE CRANKS22 – ONE-PIECE CRANKS

ABOUT THIS CHAPTERABOUT THIS CHAPTERABOUT THIS CHAPTERABOUT THIS CHAPTERABOUT THIS CHAPTER
This chapter is about a type of crankset called a

one-piece crank. The name comes from the fact that
the crank arms and the bottom-bracket spindle are all
integrated into one piece. Consequently, crank-arm
removal and bottom-bracket-bearing service are all one
operation.

These cranksets are found on many types of bikes
with one common characteristic: low cost. Most de-
partment store models, including derailleur and non-
derailleur types, have this crank style. Almost all BMX
bikes of any quality do, also. Older Schwinns of all
types and virtually all single-speed coaster brake bikes
have this crank style.

One of the few virtues of this crank style is that it
uses a universal bottom-bracket shell. No matter what
the brand, bike type, or vintage, a new complete
crankset can always be installed.

GENERAL INFORMATIONGENERAL INFORMATIONGENERAL INFORMATIONGENERAL INFORMATIONGENERAL INFORMATION

TERMINOLOGYTERMINOLOGYTERMINOLOGYTERMINOLOGYTERMINOLOGY
One-piece crank(set): A crankset that has one

continuous piece of metal that forms both the left and
right crank arms and the bottom-bracket spindle.

Pressed cups: Bearing cups that press into the
bottom-bracket shell.

Crank arm: The arm to which the pedal attaches.
Arm set: The piece that includes both crank arms

and the bottom-bracket spindle.
Bottom bracket: The bearing assembly about

which the crank arms rotate, installed in the bottom-
bracket shell.

Bottom-bracket shell: The cylindrical shell at the
bottom of the frame into which the crankset bearings
are installed.

Fixed cone: A bearing cone that is fixed in posi-
tion. The fixed cone is threaded onto the left end of
the spindle-portion of the crank-arm set.

Adjustable cone: A bearing cone that has an ad-
justable position. The adjustable cone is threaded onto
the left end of the spindle-portion of the crank-arm set.

Locknut: A nut that is threaded against the ad-
justable cone to secure its position.

Lock washer: A keyed washer that goes between
the locknut and the adjustable cone so that one can be
turned without affecting the position of the other.

Bearing retainer: A circular clip filled with ball
bearings. Also called simply a �retainer.�

Spider: A structure that mounts to the crank arm
behind the fixed cone to which the chainring attaches.
It originally consisted of five arms, hence the name
�spider.� These days, the spider is often a disc.

Chainring: A disc or ring with teeth at the outer
perimeter that mounts to the spider or directly to the
crank arm behind the fixed cone.

Keyed lock washer

Locknut (left-hand thread)

Bottom-bracket shel l

Pressed cup

Adjustable cone (left-hand thread)

Fixed cone (r ight-hand thread)

Chainring (or spider and r ing)

One-piece crank arm

22.1  Parts on a one-piece crankset.
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PREREQUISITESPREREQUISITESPREREQUISITESPREREQUISITESPREREQUISITES
The only prerequisites for servicing one-piece

cranks are the ability to remove and install pedals and
the rear wheel.

INDICATIONSINDICATIONSINDICATIONSINDICATIONSINDICATIONS
Maintenance cyclesMaintenance cyclesMaintenance cyclesMaintenance cyclesMaintenance cycles

Due to the soft metal that is used in all brands and
models of these cranks and the exposed nature of the
bearings, adjustment and overhaul of these bearings is
required much more frequently than with adjustable-
cup bottom brackets. Its likely that anytime a bike
with this type of equipment comes into the shop, the
bearings will be in need of some sort of service. It is
unlikely that the typical owner of a bike with this
equipment is going to be willing to have a shop ser-
vice the bearings as often as the bearings need it. Con-
sequently, the shop is often forced to leave problem-
atic one-piece-crank bearings alone, or is left with no
choice but to make less-than-satisfactory adjustments
to worn-out and dirty equipment.

Symptoms indicatingSymptoms indicatingSymptoms indicatingSymptoms indicatingSymptoms indicating
bearings need adjustmentbearings need adjustmentbearings need adjustmentbearings need adjustmentbearings need adjustment

If play is felt at the ends of the crank arms, adjust-
ment is needed. Since the bearings lack precision and
the arms cannot be removed from the spindle, over-
tight adjustments are harder to detect. With the chain
removed from the chainring, a good shove should spin
the crankset around several revolutions. If it stops
quickly, the bearings should be adjusted.

Symptoms indicatingSymptoms indicatingSymptoms indicatingSymptoms indicatingSymptoms indicating
bearings need  overhaulbearings need  overhaulbearings need  overhaulbearings need  overhaulbearings need  overhaul

When play has been eliminated, if the crank does
not spin for several revolutions after a good shove
with the chain off the rings, then the bearings are
due for overhaul.

Symptoms indicatingSymptoms indicatingSymptoms indicatingSymptoms indicatingSymptoms indicating
need of arm-set replacement or repairneed of arm-set replacement or repairneed of arm-set replacement or repairneed of arm-set replacement or repairneed of arm-set replacement or repair

Crank arms bend frequently on these cranks.
If they are bent from abusive jumping, either of

the two following symptoms might be immediately
apparent: 1) crank arms that are no longer 180° apart,
2) chainrings that appear to oscillate as they rotate. If
the crank-arm set is bent in the spindle portion, upon
further inspection it is likely to be found that the bear-
ing adjustment becomes too tight at the point free-
play is eliminated, or that the faces of the cones will
appear to oscillate as the crank turns (certain proof of
a bent spindle-portion). If further inspection shows
that the cones and cups are not worn out, then the
tight-adjustment problem is caused by the spindle
portion of the crank-arm set being bent. In all cases
the crank-arm set must be replaced.

When the bike falls over, a crank arm may bend in
on one side. Oscillating will be felt in the ankle on that
side when the bike is ridden. It could also be a bent
pedal shaft. A bent crank arm can sometimes be re-
paired. It is repaired on the bike using the Park HSC-1.

Stripped pedal-mounting threads cannot be repaired
by using a thread-bushing (as is the case with other
cranks, see page 24-6) due to the thin amount of mate-
rial around the hole. The arm set must be replaced.

Symptoms indicatingSymptoms indicatingSymptoms indicatingSymptoms indicatingSymptoms indicating
need of chainring replacementneed of chainring replacementneed of chainring replacementneed of chainring replacementneed of chainring replacement

Single chainrings rarely need to be replaced be-
cause, if bent, they can be bent back with great suc-
cess. They do not need to be very straight to work,
since there is no shifting or front derailleur.

Multiple chainrings usually need to be replaced
when they wobble. Precision repair is difficult, but
true chainrings are critical to derailleur performance.

ONE-PIECE-CRANKSET TOOLSONE-PIECE-CRANKSET TOOLSONE-PIECE-CRANKSET TOOLSONE-PIECE-CRANKSET TOOLSONE-PIECE-CRANKSET TOOLS (table 22-1)

ToolToolToolToolTool Fits and considerationsFits and considerationsFits and considerationsFits and considerationsFits and considerations

LOCKNUT, ADJUSTABLE-CONE, and FIXED-CONE WRENCHES
Diamond C79 Old-fashioned monkey wrench fits odd-size fixed cones not fit by fixed-cone

spanners and all sizes of locknuts (special order from Ace hardware stores)
Park HCW-1 26mm open end for locknut, some adjustable cones, and 43mm for fixed cone
Park SPA-4 Fits slots in face of some adjustable cones
Hozan C205 Hook spanner fits some fixed cones
CUP PRESS
Bicycle Research CP1 Fits bottom-bracket pressed cups and BMX headset cups
Park HHP-1 Expensive, fits bottom-bracket pressed cups and BMX headset cups
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TOOL CHOICESTOOL CHOICESTOOL CHOICESTOOL CHOICESTOOL CHOICES
The design or brand of bottom bracket will deter-

mine the tools needed. Table 22-1 (page 22-2) covers tools
for one-piece bottom brackets only. This list covers all
the tools for the job. The preferred choices are in bold.
A tool is preferred because of a balance among: ease of
use, quality, versatility, and economy. When more than
one tool for one function is in bold, it means that several
tools are required for different configurations of parts.

TIME AND DIFFICULTYTIME AND DIFFICULTYTIME AND DIFFICULTYTIME AND DIFFICULTYTIME AND DIFFICULTY
Adjustment of a one-piece-crank bearing is a 2�5

minute job of little difficulty.
Overhaul of the bearings, replacement of the arm

set, or replacement of the spider/chainring is a 30�35
minute job of little difficulty.

COMPLICATIONSCOMPLICATIONSCOMPLICATIONSCOMPLICATIONSCOMPLICATIONS
Left-hand threadsLeft-hand threadsLeft-hand threadsLeft-hand threadsLeft-hand threads

The locknut and adjustable cone on the left side of
the bike are left-hand threaded. This is the opposite of
the thread direction on the left side of a adjustable-cup
bottom bracket. A mechanic�s first few encounters with
a one-piece crank are confused by this need to turn all
the left-side parts the opposite direction of normal.

Stripped key on lock washerStripped key on lock washerStripped key on lock washerStripped key on lock washerStripped key on lock washer
Many bottom brackets do not allow simultaneous

use of a tool on the locknut and adjustable cone. The
design relies on the lock washer to keep the adjustable
cone from rotating when the locknut is being broken
loose or secured. When the washer fails during lock-
nut removal, the cone and locknut rotate together and
never break loose from each other. Persistent high force
is required to turn the locknut until it is all the way
off the threads.

If the lock washer fails while securing the lock-
nut, the adjustable cone will turn and tighten up the
bearings until the crank will not rotate. If this is de-
tected early, the locknut is usually not very tight against
the cone, and can easily be threaded off so that the
lock washer can be replaced.

Non-compatible retainersNon-compatible retainersNon-compatible retainersNon-compatible retainersNon-compatible retainers
There are two sizes of retainers used in this type

of crank. They are called #64 and #66, and are not
easily distinguished by sight. They fit inside cups that
are slightly different in size inside, but are not marked
differently in any way. The #66 retainer snaps into a
cup made for a #64 retainer.

The problem that results from using a #66 retainer
in the wrong cup will be experienced only while disas-
sembling. Since there is no good way to grasp a re-
tainer and pull it out of a cup, it is essential that the
retainer be a loose fit in the cup, so that it can fall out
on its own once the cone is out of the way. The #66
retainer in a wrong-size cup is too tight a fit to fall
out. In this case, the retainer must be mangled and
pried out before the arm set can be removed.

Two thread typesTwo thread typesTwo thread typesTwo thread typesTwo thread types
The arm set and cones are either threaded 24tpi or

28tpi. There are no simple guidelines about when a spe-
cific pitch might be encountered. The simplest approach
is to always replace complete bearing sets, and to select
one that matches the pitch of the arm set.

Difficul t pressed-cup instal lationDi fficul t pressed-cup instal lationDi fficul t pressed-cup instal lationDi fficul t pressed-cup instal lationDi fficul t pressed-cup instal lation
There is officially only one dimension for the fit

of the pressed cups to the bottom-bracket shell, but
sometimes it will seem as though the cups must be the
wrong size because they are so difficult to install. This
is usually in chromed frames and is due to thick layers
of chrome. The best solution is to grease the cups (not
normally done), use a press tool made specifically for
these cups (see table 22-1, page 22-2), and just use what-
ever force is necessary.

Loose pressed cupsLoose pressed cupsLoose pressed cupsLoose pressed cupsLoose pressed cups
Extremely loose cups cause mysterious knocking

sounds while riding the bike. Marginally loose cups will
creak. There are not different sizes available to improve
fit to the shell. Use Loctite RC680 to improve fit.

Primitive adjustmentPrimitive adjustmentPrimitive adjustmentPrimitive adjustmentPrimitive adjustment
The adjustment of these bearings is primitive be-

cause the precision of the parts is poor and because
the control over the adjustable cone while securing
the locknut is sometimes limited. Do not apply con-
ventional standards to what a �good� adjustment is.
Of course, there should be no free play in the finished
adjustment. If the crank spins a few times once play
has been eliminated, consider the adjustment good.

ABOUT THE RESTABOUT THE RESTABOUT THE RESTABOUT THE RESTABOUT THE REST
OF THIS CHAPTEROF THIS CHAPTEROF THIS CHAPTEROF THIS CHAPTEROF THIS CHAPTER

The rest of this chapter is divided into two sec-
tions, OVERHAUL AND REPLACEMENTOVERHAUL AND REPLACEMENTOVERHAUL AND REPLACEMENTOVERHAUL AND REPLACEMENTOVERHAUL AND REPLACEMENT and ONE-PIECE-ONE-PIECE-ONE-PIECE-ONE-PIECE-ONE-PIECE-
CRANKSET TROUBLESHOOTINGCRANKSET TROUBLESHOOTINGCRANKSET TROUBLESHOOTINGCRANKSET TROUBLESHOOTINGCRANKSET TROUBLESHOOTING.

If you are just adjusting the bearings, go to the
section of OVERHAUL AND REPLACEMENTOVERHAUL AND REPLACEMENTOVERHAUL AND REPLACEMENTOVERHAUL AND REPLACEMENTOVERHAUL AND REPLACEMENT titled BEARINGBEARINGBEARINGBEARINGBEARING
ADJUSTMENTADJUSTMENTADJUSTMENTADJUSTMENTADJUSTMENT (page 22-6).
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OVERHAUL ANDOVERHAUL ANDOVERHAUL ANDOVERHAUL ANDOVERHAUL AND
REPLACEMENTREPLACEMENTREPLACEMENTREPLACEMENTREPLACEMENT

PREPARATIONSPREPARATIONSPREPARATIONSPREPARATIONSPREPARATIONS
1 . [ ] Remove left pedal.
2 . [ ] Only if replacing arm set, remove right pedal.
3 . [ ] Move rear wheel to create chain slack, and

drop chain off of chainring.
4 . [ ] Inspect for arms not 180° apart.
5 . Spin crank and look for (check all that apply):

[ ] bent chainring
[ ] oscillating chainrings/spider
[ ] oscillating cone faces

DISASSEMBLYDISASSEMBLYDISASSEMBLYDISASSEMBLYDISASSEMBLY
Arm-set removalArm-set removalArm-set removalArm-set removalArm-set removal
6 . [ ] Turn locknut clockwise to break loose and

thread fully off.

22.2  Turn locknut clockwise to remove.

7 . [ ] Remove lock washer.
8 . [ ] Turn adjustable cone clockwise to

unthread fully.
9 . [ ] Pull retainer out of left cup.
10. [ ] Shift crankset to right and drop retainer out

of right cup and onto spindle.
11. [ ] Snake crankset out right side of bottom-

bracket shell.

InspectionInspectionInspectionInspectionInspection
As in all other bottom brackets, cones and cups wear

by pitting. In addition, the cups may have cracks at the
inner edge, indicating over-tight bearing adjustment (all
the way around), or jumping abuse (bottom half only).

The lock washer has a key on the inner perim-
eter. This key is critical to adjusting the bearings, so
the lock washer should be replaced if the key is de-
formed in any way.
12. [ ] Inspect cones, cups, and lock washer to de-

termine wear and failure.

Bearing-set removalBearing-set removalBearing-set removalBearing-set removalBearing-set removal
NOTE: Skip step 13 if cups and cones were fine in

inspection (step 12).
13. [ ] Use punch to drive both pressed cups out

of shell.
NOTE: Skip step 14 if cups and cones were fine in

inspection (step 12), and chainring/spider will
not be replaced.

14. [ ] Secure right arm in soft jaws in vise with
spindle portion of arm set facing up, and
turn fixed cone counterclockwise to remove.

Vise

Park HCW-1

22.3  Removing the fixed cone.

Chainring/spider removalChainring/spider removalChainring/spider removalChainring/spider removalChainring/spider removal
NOTE: Skip step 15 if chainring/spider will not be

replaced.
15. [ ] Noting direction it faces, lift chainring/spider

off arm set.
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CLEANINGCLEANINGCLEANINGCLEANINGCLEANING
16. [ ] Clean all parts thoroughly, including inside of

shell (except retainers, which should always
be replaced).

PARTS REPLACEMENTPARTS REPLACEMENTPARTS REPLACEMENTPARTS REPLACEMENTPARTS REPLACEMENT
Retainer replacementRetainer replacementRetainer replacementRetainer replacementRetainer replacement

Bearing retainers are usually marked �64� or �66.�
If not marked, #64 retainers have nine balls and #66
retainers have 10 or more. If unsure which size is
needed for existing cup, try pressing a #66 retainer
into the cup. If it snaps in, the cup fits a #64. If it goes
in effortlessly, the cup fits a #66 retainer.
17. [ ] Determine if existing retainers are #64 or

#66 and find matching replacement.

Bottom-bracket replacementBottom-bracket replacementBottom-bracket replacementBottom-bracket replacementBottom-bracket replacement
It is not recommended to replace individual cups

and cones due to limited parts availability and com-
patibility issues, as well as economy issues. Since the
fit to the bottom-bracket shell is universal, the only
critical thing to selecting a suitable replacement bear-
ing set is the arm-set thread pitch, which could be 24tpi
or 28tpi. Measure the pitch with a thread-pitch gauge.
18. [ ] Determine if existing arm set thread pitch is

24tpi or 28tpi and find matching bottom
bracket.

Arm-set replacementArm-set replacementArm-set replacementArm-set replacementArm-set replacement
Arm sets vary in thread pitch and in arm length.

Measure the pitch with a thread-pitch gauge. Arm length
is measured from the center of the spindle axis to the
center of the pedal-mounting hole. Arms come in 1/2"
increments, so precision of measurement is not critical.
19. [ ] Determine if existing arm-set thread pitch is

24tpi or 28tpi and find matching arm set of
same or preferred arm length.

Chainring/spider replacementChainring/spider replacementChainring/spider replacementChainring/spider replacementChainring/spider replacement
Chainrings and spiders can have different mount-

ing-bolt patterns. Although almost all spiders and
chainrings have five-bolt patterns, the hole-to-hole di-
mension of the chainring and mounting arms may vary
(see page 23-6). If the number of bolt holes in the chainring
and spider match, and hole-to-hole dimensions match,
then two parts have the same bolt pattern.

All multiple chainring sets have a uniform tooth
thickness, which fits only a 1/2" × 3/32" derailleur
chain. Single chainrings could have a tooth thickness
of approximately 2.2mm or approximately 2.7mm.
The thinner teeth fit all chains, but the 2.7mm teeth
fit 1/2" × 1/8" chains only.

If the number of teeth change when installing a
new chainring, the chain length will need to be
changed.
20. [ ] Determine chainring-bolt pattern and find

matching chainring or spider (select one-
piece chainring/spider) of suitable tooth
number and tooth thickness.

ASSEMBLYASSEMBLYASSEMBLYASSEMBLYASSEMBLY
The pressed cups are kept in by friction. The

mating surfaces should be cleaned with alcohol or ac-
etone. If the cups are an extremely tight fit, or loose,
there are exceptions. Extremely difficult to install cups
should be greased. Loose cups should be installed with
Loctite RC680.
21. [ ] Clean cups and shell with alcohol/acetone

and use press to install cups fully in bottom-
bracket shell.

Bottom-bracket shell
Pressed cups

Bicycle Research CP-1

22.4  Setup for using the Bicycle Research CP1 to install the cups.

22. [ ] Secure right arm in soft jaws of vise with
spindle portion of arm set pointing up.

Instal l  chainring/spiderInstal l  chainring/spiderInstal l  chainring/spiderInstal l  chainring/spiderInstal l  chainring/spider
23. [ ] Place chainring/spider over left end of arm

set and rotate to engage arm-set peg into
chainring/spider hole.

24. [ ] Grease fixed cone threads.
25. [ ] Thread fixed cone on clockwise and secure

to 300–350in-lbs (30–35lbs@8").
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Arm-set instal lationArm-set instal lationArm-set instal lationArm-set instal lationArm-set instal lation
26. [ ] Put heavy coat of grease on fixed cone.
27. [ ] Place retainer (exposed-bearings-side up) on

fixed cone and cover heavily with grease.

Bearing retainer

Fixed cone

22.5  Place retainer on fixed cone.

28. [ ] Put heavy coat of grease on adjustable cone.
29. [ ] Place retainer (exposed-bearings-side up) on

adjustable cone and cover heavily with grease.
30. [ ] Grease left-side threads on arm set.
31. [ ] Snake left end of arm set into right side of

bottom-bracket shell until right-side retainer
is inside of right cup.

32. [ ] Thread adjustable-cone/retainer assembly
counterclockwise onto left threads of arm set.

22.6  Thread adjustable cone on counterclockwise.

33. [ ] Slide lock washer onto left end of arm set.
34. [ ] Thread locknut counterclockwise onto left-

side threads.

BEARING ADJUSTMENTBEARING ADJUSTMENTBEARING ADJUSTMENTBEARING ADJUSTMENTBEARING ADJUSTMENT
NOTE: If bearings were not just overhauled or in-

stalled, turn locknut clockwise to break loose
and loosen adjustable cone before doing step 35.

35. [ ] Thread adjustable cone counterclockwise
towards bearings until contact is just felt,
then back off clockwise 90°.

36. [ ] Holding adjustable cone stationary if pos-
sible, secure locknut counterclockwise to
approximately 300in-lbs (30lbs@10").

37. Jerk on ends of crank arms to feel for free play:
[ ] If none felt, redo step 35 even looser.
[ ] If play felt, proceed to next step.

38. [ ] Use marker to put matching marks at edge
of cone and lip of cup.

39. [ ] Break loose locknut.
40. [ ] Rotate cone counterclockwise to put cone

mark 5mm past cup mark and put new
matching mark on cup lip.

5mm

22.7  Cone moved to 5mm counterclockwise of original cup mark,
and new mark added to cup.

When securing the locknut, the cone mark may
shift counterclockwise from the new cup mark. If this
happens once, it should happen the same every time. If
this is the case, deliberately set the cone mark short of
the new cup mark so that when the locknut is secured,
the cone mark will shift to line up with the cup mark.
41. [ ] Holding adjustable cone stationary if pos-

sible, secure locknut counterclockwise to
approximately 300in-lbs (30lbs@10").

42. Jerk on ends of crank arms to feel for free play:
[ ] If no play felt, adjustment is complete.
[ ] If play felt, repeat steps 39–42.

COMPLETIONCOMPLETIONCOMPLETIONCOMPLETIONCOMPLETION
43. [ ] Install pedal(s), if removed.
44. [ ] Mount chain on chainring.
45. [ ] Tension chain and secure rear wheel.
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ABOUT THIS CHAPTERABOUT THIS CHAPTERABOUT THIS CHAPTERABOUT THIS CHAPTERABOUT THIS CHAPTER
This chapter is about removing and re-installing

chainrings from the right crank arm. There are sepa-
rate chapters about crank arms (20 – TAPER-FIT CRANK20 – TAPER-FIT CRANK20 – TAPER-FIT CRANK20 – TAPER-FIT CRANK20 – TAPER-FIT CRANK
ARMSARMSARMSARMSARMS, and 21 – COTTERED CRANK ARMS21 – COTTERED CRANK ARMS21 – COTTERED CRANK ARMS21 – COTTERED CRANK ARMS21 – COTTERED CRANK ARMS) which should
be referred to if the crank arms will be removed, re-
placed, or secured.

Chainrings might be removed for cleaning or re-
placement. It is possible to clean chainrings adequately
without removing them from the crank arm and with-
out removing the crank arm from the bike. Replace-
ment of worn and damaged chainrings is possible on
most cranks, but some cranks may have permanent
chainrings, or the chainrings may be in an unusual
configuration for which no replacements are available.
There are several critical issues of compatibility be-
tween crank arms and chainrings, so before beginning
to replace chainrings with non-identical parts, become
familiar with the section of this chapter on chainring/
crank-arm compatibility (page 23-5).

GENERAL INFORMATIONGENERAL INFORMATIONGENERAL INFORMATIONGENERAL INFORMATIONGENERAL INFORMATION

TERMINOLOGYTERMINOLOGYTERMINOLOGYTERMINOLOGYTERMINOLOGY
Chainring: A toothed ring that is part of the

crankset. Other words used are �chainwheel� and
�sprocket.�

Chainring bolt: There are several chainring bolts
that attach the chainring to the crank arm. These bolts
may thread directly into the crank arm or directly
into another chainring, but most likely thread into a
sleeve nut. Usually the bolt has a broad flange for a
head and is fit by an Allen wrench. It may at times
just be called an �Allen bolt.�

Sleeve nut: The thin-walled cylinder that the
chainring bolt threads into.

Chainring-bolt set: A set comprised of the
chainring bolt, the sleeve nut, and any spacers that fit
between the bolt, nut, and chainrings.

Chainring-mounting arms: The arms (usually
five), that go from the end of the crank arm out to the
chainrings. The chainrings are attached to the end of
the chainring-mounting arms. Chainring-mounting
arms are also called �spider arms.�

Chainring s leeve nuts

Chainring-mounting arm
(spider arm)

Chainring bolts

23.1  Parts of the chainring set.

Double-chainring set T r iple-chainring set

23.2  Chainring sets.

Double-chainring set: A set of two chainrings
on a crank arm. Usually found on road bikes, particu-
larly for racing bikes.

Triple-chainring set: A set of three chainrings
attached to a crank arm. Usually found on off-road
bikes and on road-touring bikes.

Bolt-circle diameter: A measurement used to de-
scribe the fit of a chainring to a crank arm. It is the
diameter of the imaginary circle that goes through the
centers of all the holes in the chainrings where the
chainring bolts are inserted (see figure 23.5, page 23-6).
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Hole-to-hole dimension: A measurement used to
identify the bolt-circle diameter of the chainring. The
hole-to-hole dimension is measured from the edge of
one chainring-bolt hole to the opposite edge of the ad-
jacent chainring-bolt hole (see figure 23.5, page 23-6).
The hole-hole-dimension is located in a table (page
23-6) to be converted into the bolt-circle diameter.

Bolt pattern: The chainring-bolt pattern is the
combination of the number of bolts that hold on the
chainring and the bolt-circle diameter, such as �The
bolt pattern is 5-hole, 130mm.�

BioPace: A quasi-elliptical chainring designed by
Shimano. Essentially, the shape is that of a generously
rounded parallelogram, not a true ellipse. Other brands
of non-round chainrings are simple ovals (ellipses).

SG/SGX/HyperDrive: Loosely interchangeable
terms used by Shimano to describe a chainring design
that features specially-shaped teeth and other features
that allow a chain to simultaneously engage two
chainrings while in the process of being shifted. With
regular chainrings, the chain must disengage one
chainring fully before it can engage another.

Chain stay: A frame tube that goes from the bot-
tom bracket to the rear dropout, and comes close to
the chainrings and crank arms. It is mentioned here
because clearance between the chainrings and the chain
stay is often a concern.

PREREQUISITESPREREQUISITESPREREQUISITESPREREQUISITESPREREQUISITES
Crank-arm removal and installationCrank-arm removal and installationCrank-arm removal and installationCrank-arm removal and installationCrank-arm removal and installation

Before removing chainrings, the right crank arm
may need removal, particularly if the chainrings are
a triple-ring set. See the TAPER-FIT CRANK ARMS TAPER-FIT CRANK ARMS TAPER-FIT CRANK ARMS TAPER-FIT CRANK ARMS TAPER-FIT CRANK ARMS chap-
ter (page 20-6), or the COTTERED CRANK ARMSCOTTERED CRANK ARMSCOTTERED CRANK ARMSCOTTERED CRANK ARMSCOTTERED CRANK ARMS chap-
ter (page 21-4) for crank-arm removal.

Chain sizingChain sizingChain sizingChain sizingChain sizing
If replacing the chainrings with ones of different

size, then it may be necessary to re-size or replace the
chain. See the CHAINSCHAINSCHAINSCHAINSCHAINS chapter (page 26-11).

Front-derai l l eur adjustmentFront-derai l l eur adjustmentFront-derai l l eur adjustmentFront-derai l l eur adjustmentFront-derai l l eur adjustment
and replacementand replacementand replacementand replacementand replacement

If replacing chainrings with ones of a different size
(particularly the outer ring), it will be necessary to
adjust the front derailleur. See the FRONT-DERAILLEURSFRONT-DERAILLEURSFRONT-DERAILLEURSFRONT-DERAILLEURSFRONT-DERAILLEURS
chapter (page 33-10).

Front-derailleur replacement is only required in
two cases. First, if installing new chainrings, crankset,
or right crank arm with chainrings that have less than
an eight-tooth difference between the largest ring and

the next smaller one, but the original front derailleur
was designed to use triple-chainring sets with differ-
ences of 10 teeth or more, a new front derailleur may
be needed. See the FRONT-DERAILLEURS FRONT-DERAILLEURS FRONT-DERAILLEURS FRONT-DERAILLEURS FRONT-DERAILLEURS chapter (page
33-4) to tell how front-derailleur capacity has been
exceeded. Second, if installing a �micro-drive� or other
crankset with reduced-size chainrings, there could be
other problems with front-derailleur capacity.

Rear-derailleur replacementRear-derailleur replacementRear-derailleur replacementRear-derailleur replacementRear-derailleur replacement
When installing new chainrings of a different size,

or a new crankset or a new right arm with different size
chainrings than the original ones, it is possible to exceed
the capacity of the rear derailleur to wrap up the slack
chain when in the smallest-size-chainring and smallest-
rear-cog combination. It is the difference in number of
teeth between the smallest and largest ring that is impor-
tant, not the absolute size of either chainring. See the
REAR DERAILLEURS REAR DERAILLEURS REAR DERAILLEURS REAR DERAILLEURS REAR DERAILLEURS chapter (page 32-6) to determine if the
capacity matches the new chainring set.

INDICATIONSINDICATIONSINDICATIONSINDICATIONSINDICATIONS
Maintenance cyclesMaintenance cyclesMaintenance cyclesMaintenance cyclesMaintenance cycles

Chainrings need periodic cleaning (whenever the
chain is being cleaned), and the mounting bolts should
be periodically checked for tightness.

Chainrings wear out, affecting front-derailleur
shifting and the tendency for the chain to remain at-
tached to the inner ring and jam against the chain stay.
These problems should be dealt with on a symptom-
atic basis, rather than as part of routine maintenance.

Chainrings can be damaged by striking objects in
the trail (off-road riding) and by catastrophic shifting
errors (derailing and jamming the chain). The
chainrings should be inspected for damage after any
such occurrences.

Symptoms indicating shift-worn chainringsSymptoms indicating shift-worn chainringsSymptoms indicating shift-worn chainringsSymptoms indicating shift-worn chainringsSymptoms indicating shift-worn chainrings
Shifting from a smaller ring to a larger ring slowly

wears out the teeth on the larger chainring. When the
teeth become significantly worn, they lose their shift-
ing performance. This can also be caused by derailleur
problems and chain wear. Check chain wear and check
all derailleur adjustments. If the shifting cannot be
restored to previous good performance levels, when
the chain is not worn out and the derailleur adjust-
ment is good, then the teeth are worn out and the
chainring should be replaced.

With an experienced eye, visual inspection can de-
termine whether this wear is getting significant. Worn
teeth (from shifting) get shorter and thinner. If all teeth
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had a uniform shape when new, this would be simple,
but they do not. Visual determination of wear is best
done by comparing the used chainring to a fresh one of
the same brand. In some cases, it is possible to compare
teeth on one part of the ring to teeth on another part of
the ring. This can work because most riders have a ten-
dency to shift in the same part of the pedaling stroke
every time, causing some teeth to wear out before oth-
ers. The limitation to this is that not all chainrings start
out with uniform teeth all the way around the ring.
Specifically, Shimano BioPace and SG/SGX/
HyperDrive chainrings do not have uniform teeth.

23.3  These chainring teeth are worn from shifting. The dashed
line represents the original tooth profile.

Symptoms indicating load-worn chainringsSymptoms indicating load-worn chainringsSymptoms indicating load-worn chainringsSymptoms indicating load-worn chainringsSymptoms indicating load-worn chainrings
Chainrings can wear from the load of driving the

chain. The symptom is sometimes called �chain suck.�
The worn teeth develop a hook that causes the chain
to remain attached to the chainring at the six o�clock
position, where the chain is supposed to be released to
go back to the rear derailleur. When the chain is carried
up far enough, it jams into the chain stay. This damages
the stay and chainrings, and could lock up the crankset.
This symptom can be caused by a dirty chain or
chainrings, as well. Before concluding the chainrings
are worn out, clean the chain and chainrings.

The visual indicator that this condition exists is a
pronounced hook to the leading edge of each chainring
tooth. Although it is easy to think of the force ap-
plied to the chain by the chainring to be a pulling
force, what actually happens is that the leading edge
of each tooth pushes against the backside of each chain
roller. This is why the wear is on the leading edge of
each tooth. Most chainring teeth have symmetrical
leading and trailing edges, so detecting this wear visu-
ally is often just a matter of comparing the two edges.

Rotation

23.4  This chainring is worn from load. The dashed line shows the
original tooth profile.

Symptoms indicating bent chainring(s)Symptoms indicating bent chainring(s)Symptoms indicating bent chainring(s)Symptoms indicating bent chainring(s)Symptoms indicating bent chainring(s)
Bent chainrings wobble side-to-side when spun,

but not all wobbling chainrings are bent. They can
also wobble because the mounting arms are mis-aligned
(see page 23-12) or because the crank arm needs to be
mounted in a different position (steps #22 through #32
in the CRANK-ARM INSTALLATIONCRANK-ARM INSTALLATIONCRANK-ARM INSTALLATIONCRANK-ARM INSTALLATIONCRANK-ARM INSTALLATION procedure, page 20-10).

If the chainring is bent, it will wobble side-to-side
independently of the other ring(s). If the mounting arms
need alignment, or the arm needs to be mounted in a
different position, all the rings will wobble in unison.

Although minor chainring bends are repairable,
it is generally best to replace the damaged ring. When
metal bends, its molecular structure elongates (the
space between the molecules increases). Bending it back
does not eliminate this elongation. What this means
with a thin piece of metal like a chainring, is that the
best that can be done when trying to repair a bend is
to change a single large wobble into a series of smaller,
less obvious wobbles. There are tools available that
are for the purpose of bending chainrings, but they
are little more than clamps with levers attached that
grip the chainring. What really gets the job done is
the finesse of the person using the tool. For the shop
mechanic, there is no substitute for practice.

Symptoms indicating bent chainring teethSymptoms indicating bent chainring teethSymptoms indicating bent chainring teethSymptoms indicating bent chainring teethSymptoms indicating bent chainring teeth
Chainring teeth can be bent from impact, usually

with a stone, curb, or log. The symptom that might
be experienced will be a click or snap sound or feeling
coming from the crank once per-revolution when the
chain is on the affected chainring (usually the outer
one). To find the bent tooth, close one eye, line the
other eye up with the chainring so that only the teeth
and neither face of the chainring can be seen, spin the
crank slowly, and look for a tooth that jumps out of
line from the others. Shimano SG/SGX/HyperDrive
chainrings come from the factory with teeth that de-
liberately stagger back and forth to facilitate shifting.

If a bent tooth is found, simply grasp it with an
adjustable wrench or pliers and bend it back into line
with the other teeth.

Symptoms indicatingSymptoms indicatingSymptoms indicatingSymptoms indicatingSymptoms indicating
misaligned chainring-mounting armsmisaligned chainring-mounting armsmisaligned chainring-mounting armsmisaligned chainring-mounting armsmisaligned chainring-mounting arms

When the mounting arms of the chainrings are
misaligned, all the chainrings will wobble side-to-side
in unison. This could also be because the crank arm is
not mounted in the best of the four possible positions
(steps #22 through #32 in the CRANK-ARM INSTALLATIONCRANK-ARM INSTALLATIONCRANK-ARM INSTALLATIONCRANK-ARM INSTALLATIONCRANK-ARM INSTALLATION
procedure, page 20-10). The only way to isolate the
source of the problem is to test-mount the crank in all
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four positions to see if it reduces or eliminates the
wobble. Once this has been done and the wobble re-
mains unacceptable, then it should be clear that the
problem is with the chainring-mounting arms.

Wobbles of less than .5mm are insignificant. Wobbles
larger than this but less than 1mm are tolerable under
most conditions, but not with certain narrow-cage front
derailleurs. Wobbles larger than these limits will always
cause problems with the front derailleur.

There are steps for aligning chainring-mounting arms
at the end of the CHAINRING REMOVAL, INSTALLATION,CHAINRING REMOVAL, INSTALLATION,CHAINRING REMOVAL, INSTALLATION,CHAINRING REMOVAL, INSTALLATION,CHAINRING REMOVAL, INSTALLATION,
ANDANDANDANDAND ALIGNMENT  ALIGNMENT  ALIGNMENT  ALIGNMENT  ALIGNMENT procedure (see page 23-8).

Symptoms indicating loose chainring boltsSymptoms indicating loose chainring boltsSymptoms indicating loose chainring boltsSymptoms indicating loose chainring boltsSymptoms indicating loose chainring bolts
When chainring bolts are slightly loose, there may

be a creaking or snapping sound that comes from the
crankset once per crank-revolution. With a triple
crankset that has two rings held on by one bolt set
and the third ring held on by another bolt set, the
noise will follow the bolt set involved. In other words,
if the noise occurs when using either of the rings held
on by the first bolt set but not when using the third
ring held on by its own bolt set, then the noise is likely
to be the bolts.

In all cases, diagnosis by analysis is unnecessarily
complicated. The simplest thing is just to check all
the bolts for security whenever this symptom occurs.

Left unattended, a loose bolt can be catastrophic.
Without the support of all the bolts, a chainring might
collapse under pedaling load. At least, the chainring
will be destroyed. It is quite likely the collapsed ring
will interfere with the rotation of the crank and the

rider will end up pushing the bike home. It is even
possible the collapsed ring could jam into and damage
the chain stay or front derailleur.

Similar symptoms can be caused by crank-arm-
mounting problems, pedal-mounting problems, loose
pedal parts, pedal/cleat-interface problems, and bot-
tom-bracket problems (loose cups or retaining rings).
If securing the chainring bolts does not eliminate the
symptom, be sure to check all these areas until the
cause of the problem is found.

TOOL CHOICESTOOL CHOICESTOOL CHOICESTOOL CHOICESTOOL CHOICES
Table 23-1 (below) covers all the tools for the job.

The preferred choices are in bold. A tool is preferred
because of a balance among: ease of use, quality, versa-
tility, and economy. When more than one tool for one
function is in bold, it means that several tools are re-
quired for different configurations of parts.

TIME AND DIFFICULTYTIME AND DIFFICULTYTIME AND DIFFICULTYTIME AND DIFFICULTYTIME AND DIFFICULTY
Chainring removal and re-installation is a 5�10

minute job of little difficulty, as long as the replace-
ment rings are compatible and the same size. If differ-
ent-size rings require front-derailleur adjustment or
replacement, the job has a moderately-high difficulty
rating and could take 25�45 minutes more. If the chain
must be shortened or replaced due to a change in
chainring size, add 5�10 minutes. If the rear derailleur
must be replaced because of capacity problems, this is
also a moderately-high difficulty job and another 25�
45 minutes should be added.

CHAINRING TOOLS CHAINRING TOOLS CHAINRING TOOLS CHAINRING TOOLS CHAINRING TOOLS (table 23-1)

ToolToolToolToolTool Fits and considerationsFits and considerationsFits and considerationsFits and considerationsFits and considerations

CHAINRING-BOLT TOOLS

Campagnolo 768 Fits 12mm sleeve nuts

Shimano TL-FC20 Fits 12mm sleeve nuts, but preferred for use on Shimano crank dustcaps

Sugino 207 Fits rare 10mm sleeve nuts

Sugino 208 Fits 12mm sleeve nuts

VAR 352 Fits 12mm sleeve nuts, simultaneously secures sleeve nut while built-in Allen
is used to tighten or loosen bolt.

CHAINRING-SIZING TOOLS

Park CDG-1 Caliper-like tool easily measures chainring bolt-circle diameter

CHAINRING-ALIGNMENT TOOLS

Bicycle Research LC1 Narrow engagement more likely to crease chainring

VAR 940 Wide engagement prevents damage, use two at a time for control
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COMPLICATIONSCOMPLICATIONSCOMPLICATIONSCOMPLICATIONSCOMPLICATIONS
Stripped Al len fi ttingsStripped Al len fi ttingsStripped Al len fi ttingsStripped Al len fi ttingsStripped Al len fi ttings

Over-tightened chainring bolts often have rounded
Allen fittings. The only solutions are to try to turn
the sleeve nut instead, and if that fails, to drill out the
bolt with an 8mm bit.

Spinning sleeve nutsSpinning sleeve nutsSpinning sleeve nutsSpinning sleeve nutsSpinning sleeve nuts
The sleeve nut may have a tendency to spin as the

bolt is loosened or tightened. A sleeve-nut spanner or
the VAR 352 (preferred) should solve the problem.

Missing spacersMissing spacersMissing spacersMissing spacersMissing spacers
If a chainring bolt falls out, a spacer between the

chainrings is often missing. If an identical spacer can-
not be found, then the whole set should be replaced
with the closest-thickness spacers available.

Unique spacersUnique spacersUnique spacersUnique spacersUnique spacers
Some chainrings require spacers of unique thick-

ness or configuration. Keep track of spacers at all times!

Bol t typesBol t typesBol t typesBol t typesBol t types
There are several types of chainring bolts, and sev-

eral lengths of bolts of the same type. Sometimes a
triple crankset will have two sets of bolts that are the
same type but different lengths. The shorter bolts are
used to hold on a pair of chainrings and the longer
bolts are used to hold the single chainring. This runs
contrary to what logic would dictate. If the longer
bolts are put where the shorter bolts should be, they
will usually extend through the back of the sleeve nut
and interfere with the chain on the inner chainring.

Some triple-chainring-set inner bolts are a 6mm
diameter thread. Some of these have a 1mm pitch and
some have a .75mm pitch. Failure to note this differ-
ence could destroy the crank arm by stripping the
threads in the chainring-mounting arms.

Reversing chainringsReversing chainringsReversing chainringsReversing chainringsReversing chainrings
Chainrings need to face a specific way in most

cases. There are no universal rules of thumb about
how to tell which way they should face. It�s best to
mark them or make clear notes before removal to
prevent reversing them on installation.

Rotational  posi tionRotational  posi tionRotational  posi tionRotational  posi tionRotational  posi tion
Many chainrings are meant to be used at one spe-

cific rotational position. With others, it does not mat-
ter. Always assume that rotational position matters
unless it is known for certain that it does not.

Chainring-to-arm compatibi l i tyChainring-to-arm compatibi l i tyChainring-to-arm compatibi l i tyChainring-to-arm compatibi l i tyChainring-to-arm compatibi l i ty
As many as four different things influence whether

a chainring will fit a crank arm. These are number of
bolt holes, diameter of holes, diameter of the bolt
circle, and whether the arm will create the proper spac-
ing between the chainrings. Chainrings can meet the
first three factors (but not the fourth) and still be
mounted on the crank arm. If the fourth is not dealt
with, the results could be mysterious shifting prob-
lems and chain noise.

ABOUT THE RESTABOUT THE RESTABOUT THE RESTABOUT THE RESTABOUT THE REST
OF THIS CHAPTEROF THIS CHAPTEROF THIS CHAPTEROF THIS CHAPTEROF THIS CHAPTER

The rest of this chapter has two sections. The first
is COMPATIBILITY AND FITCOMPATIBILITY AND FITCOMPATIBILITY AND FITCOMPATIBILITY AND FITCOMPATIBILITY AND FIT  and the second is CHAINRINGCHAINRINGCHAINRINGCHAINRINGCHAINRING
REMOVAL, INSTALLATION, AND ALIGNMENTREMOVAL, INSTALLATION, AND ALIGNMENTREMOVAL, INSTALLATION, AND ALIGNMENTREMOVAL, INSTALLATION, AND ALIGNMENTREMOVAL, INSTALLATION, AND ALIGNMENT.

COMPATIBILITY AND FITCOMPATIBILITY AND FITCOMPATIBILITY AND FITCOMPATIBILITY AND FITCOMPATIBILITY AND FIT  is about the fit of the
chainrings to the crank-arm-bolt pattern, the offset
(or spacing) between the chainrings, chainring size and
derailleur capacities, and chainring compatibility with
special shifting systems.

CHAINRING REMOVAL, INSTALLATION, AND ALIGNMENTCHAINRING REMOVAL, INSTALLATION, AND ALIGNMENTCHAINRING REMOVAL, INSTALLATION, AND ALIGNMENTCHAINRING REMOVAL, INSTALLATION, AND ALIGNMENTCHAINRING REMOVAL, INSTALLATION, AND ALIGNMENT
is about removing the chainrings, installing them, and
aligning them if necessary. It includes sections on check-
ing compatibility if changing the size of the rings or
brand. If these checks indicate a need to adjust and/or
replace the front or rear derailleur, then it refers to the
appropriate chapters to perform those procedures (page
numbers are provided at these points). When checking
chainring alignment, there will be a reference to check-
ing the four mounting positions for the right crank arm.
If this needs to be done, the appropriate page number
is provided at that point.

COMPATIBILITY AND FITCOMPATIBILITY AND FITCOMPATIBILITY AND FITCOMPATIBILITY AND FITCOMPATIBILITY AND FIT
Compatibility and fit of chainrings is a complex

and often ignored subject. As shifting systems become
more sophisticated, the issue becomes more impor-
tant. The issues of compatibility and fit can be bro-
ken down into six general areas:

1.  Bolt pattern
2.  Bolt-hole size
3.  Offset (spacing) between chainrings
4.  Derailleur capacity
5.  Non-round chainrings
6.  Special shift systems
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BOLT PATTERNBOLT PATTERNBOLT PATTERNBOLT PATTERNBOLT PATTERN
Chainrings and crank arms must have the same

bolt pattern for the chainrings to fit. The bolt pattern
is a function of how many bolts are used (almost al-
ways five), and the diameter of the circle that goes
through the center of all the bolts (see figure 23.5).

Converting hole-to-hole dimensionConverting hole-to-hole dimensionConverting hole-to-hole dimensionConverting hole-to-hole dimensionConverting hole-to-hole dimension
to bolt-circle diameter by using Table 23-2to bolt-circle diameter by using Table 23-2to bolt-circle diameter by using Table 23-2to bolt-circle diameter by using Table 23-2to bolt-circle diameter by using Table 23-2

Since the number of bolts is almost always odd, it
is difficult to directly measure the bolt-circle diam-
eter. Instead, the recommended method is to measure
the distance from one bolt to the next and then look
up the corresponding bolt-circle diameter on table 23-2
(below, right). This measurement is called the �hole-to-
hole� dimension. If the measurement is not on the table,
then use the formula method (top of column to right)
to calculate the approximate bolt-circle diameter.

Even if using a caliper, it can be difficult to mea-
sure from the center of one hole (or bolt) to the cen-
ter of the adjacent hole (or bolt) because the center is
somewhere in the middle of a big hole. The same thing
can be achieved by measuring from the edge of one
hole (or bolt) to the opposite edge of the adjacent hole
(or bolt) . If the chainring is not mounted, measure
from the edge of one bolt hole to the opposite edge of
the adjacent bolt hole (see figure 23.5). Whichever
measurement method is used, look it up in the Hole-Hole-Hole-Hole-Hole-
To-HoleTo-HoleTo-HoleTo-HoleTo-Hole  column and then read across to the adjacent
Bolt-Circle DiameterBolt-Circle DiameterBolt-Circle DiameterBolt-Circle DiameterBolt-Circle Diameter  column on table 23-2.

Bolt-circle diameter

Hole-to-hole
dimens ion

23.5  Chainring dimensions.

Formula method for determining chainringFormula method for determining chainringFormula method for determining chainringFormula method for determining chainringFormula method for determining chainring
bol t-ci rcle diameter for fi ve-hole chainringsbol t-ci rcle diameter for fi ve-hole chainringsbol t-ci rcle diameter for fi ve-hole chainringsbol t-ci rcle diameter for fi ve-hole chainringsbol t-ci rcle diameter for fi ve-hole chainrings

If the measurement of the hole-to-hole dimension
was in millimeters, multiply the measurement by 1.699
and round the answer to the nearest whole millimeter
(bolt-circle diameters are always in whole millimeters).
For example, if the measurement was 71.6mm, calculate
71.6 × 1.699 = 121.65, then round 121.65 to 122mm.

Tool method for determining chainring-boltTool method for determining chainring-boltTool method for determining chainring-boltTool method for determining chainring-boltTool method for determining chainring-bolt
pattern for fi ve hole chainringspattern for fi ve hole chainringspattern for fi ve hole chainringspattern for fi ve hole chainringspattern for fi ve hole chainrings

Park makes a tool (CDG-1) that measures bolt-circle
diameter. The two tips of the tool are placed in adja-
cent chainring-bolt holes, or chainring holes, and the
corresponding bolt-circle diameter is read off a scale.

BOLT-HOLE SIZEBOLT-HOLE SIZEBOLT-HOLE SIZEBOLT-HOLE SIZEBOLT-HOLE SIZE
Perhaps the simplest issue of fit is bolt-hole size.

The mounting arms on the crank arm have holes for
the bolts to go through. The chainrings do also. The
holes in both must be the same diameter. It is extremely

FIVE-HOLE-CHAINRINGFIVE-HOLE-CHAINRINGFIVE-HOLE-CHAINRINGFIVE-HOLE-CHAINRINGFIVE-HOLE-CHAINRING
BOLT-CIRCLE DIAMETERSBOLT-CIRCLE DIAMETERSBOLT-CIRCLE DIAMETERSBOLT-CIRCLE DIAMETERSBOLT-CIRCLE DIAMETERS (table 23-2)

ApproximateApproximateApproximateApproximateApproximate Bolt-Bolt-Bolt-Bolt-Bolt- Typical uses or common brandsTypical uses or common brandsTypical uses or common brandsTypical uses or common brandsTypical uses or common brands
Hole-To-HoleHole-To-HoleHole-To-HoleHole-To-HoleHole-To-Hole CircleCircleCircleCircleCircle
DimensionDimensionDimensionDimensionDimension DiameterDiameterDiameterDiameterDiameter

32.9mm 56mm SunTour Micro (inner ring)

34.1mm 58mm Shimano SG/SGX/HyperDrive-
C (inner two rings)

43.6mm 74mm Smallest chainring of most
triple cranksets

55.3mm 94mm SunTour Microdrive (outer
two) and Shimano SG/SGX/
HyperDrive-C (outer ring)

55.9mm 95mm Shimano SG/SGX/HyperDrive-
C, (if stamped steel, less
expensive models only)

64.7mm 110mm Outer pair of chainrings on
most triple cranksets

69.4mm 118mm SR (Sakae) road (less
expensive)

76.5mm 130mm Double-ring cranks: Shimano,
Sachs, Sugino, Mavic,
SunTour

79.5mm 135mm Current Campagnolo (1985
to present)

84.8mm 144mm Double-ring cranks: Older
Campagnolo, Mavic, SR,
Sugino
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rare that chainrings would share a common bolt-circle
diameter and not share a common hole diameter. The
only likely occurrence is on some older 10-speeds that
had Sakae cranks with a 118mm bolt-circle diameter.

OFFSET BETWEEN CHAINRINGSOFFSET BETWEEN CHAINRINGSOFFSET BETWEEN CHAINRINGSOFFSET BETWEEN CHAINRINGSOFFSET BETWEEN CHAINRINGS
Offset between chainrings can be an issue for two

reasons. The first reason is that not all chainrings are
the same thickness, so manufacturers use a different
spacer to achieve the correct positioning. The second
reason is that some manufacturers have special or
unique offset to suit special design considerations.

Measuring offsetMeasuring offsetMeasuring offsetMeasuring offsetMeasuring offset
The simplest approach is to use a stack of feeler gauges

to measure the gap between chainrings, record it, and
restore that dimension if installing non-identical
chainrings. The problem develops when the new
chainrings require different spacers. These are not broadly
available in a full range of thickness. The most common
offset between chainrings is approxiamtely 6.4mm.

Another problem develops when the chainring is
not a simple flat piece of metal. Anytime the chainring
has bulges or offsets, the issue is the distance from the
teeth of one chainring to the teeth of another, and
there is no simple way to measure this. The best way
would be to put the crankset on a flat surface, face up;
measure the distance from the teeth on one ring to
the surface; measure the distance from the teeth on
another ring to the surface; and subtract the differ-
ence to determine the ring-to-ring offset.

Common offset problemsCommon offset problemsCommon offset problemsCommon offset problemsCommon offset problems
There are two relatively common chainring off-

set problems to watch out for. The first can present
itself if the ring being replaced is approximately 2mm
thick and flat, and has a thin washer (1.5mm) between
it and the mounting arm. Do not use the 1.5mm
washer if the replacement ring is a more normal 3.5mm
thick. If switching from the thick ring to the thinner,
then a washer will need to be added. (Some thin rings
have a 1.5mm offset just out from the mounting hole,
in which case they do not need the thin washer.)

The second problem is specific to Shimano SG/
SGX/HyperDrive chainrings. These chainrings re-
quire special offset that is built into the Shimano crank
arms. Although the bolt-circle diameter of Shimano
SG/SGX/HyperDrive chainrings is the same as many
non-Shimano cranks and older non-SG/SGX/
HyperDrive Shimano cranks, these chainrings can
only be used on Shimano SG/SGX/HyperDrive style
cranks. This problem usually is encountered when

upgrading to some exotic, lightweight, high-tech crank
arms. To further compound the problem, the derailleur
and shift lever are designed to work specifically with
the SG/SGX/HyperDrive chainrings. If the crank
arms are upgraded, and non-SG/SGX/HyperDrive
chainrings are put on, the front derailleur will not shift
correctly. Normal offset for these chainrings is approxi-
mately 6.4mm from the outer to the middle chainring
and 7.2mm from the middle to the inner chainring.

DERAILLEUR CAPACITYDERAILLEUR CAPACITYDERAILLEUR CAPACITYDERAILLEUR CAPACITYDERAILLEUR CAPACITY
Front derailleurs have both a minimum and maxi-

mum capacity. If changing the size of the chainrings,
consider whether there will be a problem with capacity.

Maximum front-derailleur capacity is a rating of
the largest difference between the smallest and largest
chainrings that the derailleur can handle. If it is exceeded,
the chain will drag on the tail end of the front-derailleur
cage when the chain is in the small-front/small-rear
combination. This symptom is only significant if it
shows up when there is tension on the chain. If a slack
chain dangles and rubs, it is not a serious problem.

Minimum front-derailleur capacity is a rating of
the smallest difference between the largest and next-
to-largest chainrings. It is generally only relevant on
triple cranks, and then only if the gearing is a very
unusual design called half-step. With half-step gearing,
the difference between the chainrings will be as little
as four to six teeth. If the derailleur is not compatible
with half-step, the symptom will be that the bottom
edge of the inner plate of the front-derailleur cage will
rub against the middle chainring when the derailleur
is in a position to put the chain on the outer chainring.

NON-ROUND CHAINRINGSNON-ROUND CHAINRINGSNON-ROUND CHAINRINGSNON-ROUND CHAINRINGSNON-ROUND CHAINRINGS
Although they are out of favor now, for a num-

ber of years in the late 1980s and early �90s, non-round
chainrings such as Shimano BioPace were popular.
Mechanically, there is little concern with compatibil-
ity when mixing round and non-round rings on one
crank. However, biomechanical concerns do exist. The
muscular coordination required to pedal each type of
chainring is different, and in each case it is a learned
skill. When mixing types, the rider will be physically
unable to take advantage of either (according to
Shimano), so it is not recommended. If the bike has
non-round chainrings and the customer is consider-
ing replacing some of them with round chainrings,
replacing the whole set is recommended.
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SPECIAL SHIFT SYSTEMSSPECIAL SHIFT SYSTEMSSPECIAL SHIFT SYSTEMSSPECIAL SHIFT SYSTEMSSPECIAL SHIFT SYSTEMS
Front indexed-shifting systems rely on compat-

ible components to function correctly. The shift le-
ver, cable housing, inner wire, front derailleur,
chainring type, and chainring offset must all be cor-
rect for the indexing to work to its full potential. If
the bike has front indexed shifting and the rider is
considering replacing the chainrings, sticking with
exact replacements (except, perhaps, number of teeth)
is strongly recommended. If installing a front indexed-
shifting system, it should include the correct crank
arm and chainrings.

Shimano SG/SGX/HyperDrive chainrings have
one other factor to consider: the chainrings are de-
signed to work as matched sets. For example, if a bike
has a SG/SGX/HyperDrive crank with original
chainrings of 26, 36, and 46 teeth, and the rider would
like to replace the 46 with a 48 SG/SGX/HyperDrive
ring, it will not be compatible! The reason for this is
that these rings have special teeth at specific locations
for releasing and picking up the chain. The release
teeth and the pickup teeth have to be the correct dis-
tance apart. When Shimano makes a 48, the pickup
teeth have been designed to be the correct distance
from the release teeth on a 38, not on a 36. Shimano
makes chainrings available individually, so that worn
ones can be replaced with identical ones, not for cus-
tomizing gear combinations.

CHAINRING REMOVAL,CHAINRING REMOVAL,CHAINRING REMOVAL,CHAINRING REMOVAL,CHAINRING REMOVAL,
INSTALLATION,INSTALLATION,INSTALLATION,INSTALLATION,INSTALLATION,
AND ALIGNMENTAND ALIGNMENTAND ALIGNMENTAND ALIGNMENTAND ALIGNMENT

PREPARATIONPREPARATIONPREPARATIONPREPARATIONPREPARATION
AND PRE-REMOVAL INSPECTIONSAND PRE-REMOVAL INSPECTIONSAND PRE-REMOVAL INSPECTIONSAND PRE-REMOVAL INSPECTIONSAND PRE-REMOVAL INSPECTIONS

In step #1, inspect the chainrings for side-to-side
wobble. Too much wobble interferes with making a
proper front-derailleur adjustment. If the chainrings
wobble independently of each other, it indicates bent
chainrings. If they wobble in unison, it means that the
mounting arms need alignment, or that the right arm
should be tried in all four possible mounting positions
to find the one that creates the least chainring wobble.

A spindle-to-crank-arm mating is basically a square
shaft that fits in a square hole. This mean that there
are four possible ways that the crank arm can be

mounted. In some of these ways, there will be more
chainring wobble, and in other ways less. If starting
with little or no wobble, then it would be nice to not
have to go through a trial and error process to find
the best of four positions. This is not a problem if not
removing the left arm, because with it already installed
there is only one possible position for the right arm.
If removing both arms and starting off with accept-
able chainring wobble, mark the spindle (paint-pen,
piece of tape, scratch mark) so that the trial-and-error
process of finding the best mounting position for the
right arm can be avoided.
1 . [ ] Rotate crank and check whether chainrings

wobble side-to-side ³³³³³ .5mm.
Yes? No? (circle one)

2 . If yes to step 1, do they wobble in unison or
separately?
[ ] Unison: Arm should be check for best-of-
four mounting positions and/or mounting
arms need alignment.
[ ] Separately: Wobbling chainring(s) should
be replaced.

3 . [ ] If left arm will also be removed, and if outer
ring or all rings are rotating with <.5mm
wobble, mark spindle so that arm can be re-
installed in same position.

In step #4, check the distance between the chainrings
and the frame. Later, when everything is back together,
there will be an opportunity to check if this distance
remained the same. This is important because it tells
whether the front derailleur might need to be readjusted.
A change here is only likely if the arm was on too tight
or too loose, if changing the brand of chainrings, or if
changing the position of some chainring spacers.
4 . [ ] Use stack of feeler gauges to measure clear-

ance between innermost chainring and chain
stay (measure with calipers to seat tube if
bike has raised chain stays). Record mea-
surement here: __________mm

5. [ ] Remove pedal (optional). See PEDAL REMOVAL,PEDAL REMOVAL,PEDAL REMOVAL,PEDAL REMOVAL,PEDAL REMOVAL,
REPLACEMENT AND INSTALLATIONREPLACEMENT AND INSTALLATIONREPLACEMENT AND INSTALLATIONREPLACEMENT AND INSTALLATIONREPLACEMENT AND INSTALLATION procedure
(page 24-3).

6 . [ ] Remove crank arm. See TAPER-FIT CRANK-ARMTAPER-FIT CRANK-ARMTAPER-FIT CRANK-ARMTAPER-FIT CRANK-ARMTAPER-FIT CRANK-ARM
REMOVAL AND INSTALLATIONREMOVAL AND INSTALLATIONREMOVAL AND INSTALLATIONREMOVAL AND INSTALLATIONREMOVAL AND INSTALLATION procedure, steps
4–10 (page 20-6).

In step #7, mark the chainrings so that when they
are re-installed, it will be easy to install them facing
and rotated the same way. It is always mandatory that
they face the same way. An �×� mark is suggested
because it cannot be confused with a scratch.

In the case of non-round chainrings, outer
chainrings with an over-shift peg, or chainrings that
have special teeth at certain points to facilitate shifting,
it is mandatory to maintain the rotational alignment.
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(An over-shift peg is a protrusion built into the outer
face of the outer chainring that is located behind the
crank arm that prevents an over-shifted chain from
dropping down between the chainring and the crank
arm.) If the chainrings have none of these features, it
may prolong chainring life to deliberately rotate the
chainrings to a new position when re-installing them.
7. [ ] If re-installing any or all chainrings, put an “×”

mark with scribe or indelible marker on back
face of each ring, in line with crank arm.

Steps #8 through #13 are a method to measure and
calculate the offset between the chainrings. By using
the same procedure for re-installing the old chainrings
(or identical replacements), it is possible to check that
all the spacers are in correctly. By using the same proce-
dure after installing non-identical chainrings, it is pos-
sible to check whether the offset has been altered in a
way that will cause problems with shifting.

Caliper

Depth gauge

23.6  Measure first one chainring, then another, in this fashion.
Subtracting the smaller number from the larger calculates the
chainring offset.

8 . [ ] Place crank assembly face up on flat surface
and stabilize the crank so that chainrings are
parallel to surface.

9 . [ ] Using depth gauge of caliper, measure dis-
tance from front face of inner-ring teeth to
surface and record here: ________mm

10. [ ] Using depth gauge of caliper, measure dis-
tance from front face of teeth of second ring
to surface and record here: _________mm

11. [ ]Subtract measurement in step 9 from mea-
surement in step 10 to determine offset
from inner chainring to next chainring and
record calculation here: _________mm

NOTE: Skip steps 12 and 13 if crankset has two
chainrings.

12. [ ] If crank has three rings, use depth gauge of
caliper to measure from front face of outer-
ring teeth to surface and record here:
_________mm

13. [ ] If crank has three rings, subtract measure-
ment in step 10 from measurement in step
12 to determine offset from middle
chainring to outer chainring and record cal-
culation here: _________mm

REMOVING CHAINRINGSREMOVING CHAINRINGSREMOVING CHAINRINGSREMOVING CHAINRINGSREMOVING CHAINRINGS
When disassembling the chainring set, it is very im-

portant to keep track of the sequence of parts, differ-
ences between spacers, and differences between similar,
but not identical, bolt sets. The following steps suggest
loosening and removing bolt sets so that each chainring
remains held on by only one bolt. Then, while remov-
ing the last bolt from each chainring, pay close attention
to the sequence of parts and record the sequence.
NOTE: Skip steps 14–17 if crankset has a double-

chainring set.
14. [ ] If triple-chainring set, loosen but do not re-

move 5 bolts retaining innermost chainring.
15. [ ] If triple-chainring set, remove 4 of 5 bolts

retaining innermost chainring and remove 4
of 5 spacers/spacer sets (if any).

In the next step, measure the length of the bolt
that comes out. On many triple-chainring sets, there
are two bolt sets that are similar in every way except
length. It is critical that they not get mixed up, and
there have been countless times a mechanic � relying
on logic or intuition, rather than measurement � has
gotten it exactly backwards.
16. [ ] If triple-chainring set, measure and record

length of one removed bolt here: _______mm
17. [ ] If triple-chainring set, measure and record

thickness of spacer/spacer-set here: ____mm
18. [ ] Double and triple-chainring sets, loosen but

do not remove 5 bolts of remaining bolt set
that retains outer ring(s).

19. [ ] Remove 4 of 5 bolts retaining outer ring(s) and
remove 4 of 5 spacers/spacer sets (if any).

20. [ ] Measure length of one of bolts just removed
and record measurement here: _________mm

21. [ ] Measure and record thickness of spacer/
spacer-set just removed here: ____mm

Step #22 is only for cranks with a triple-chainring
set. Now that the inner chainring is retained by one
bolt, it is time to remove it and carefully note the
sequence of bolts, spacers, and ring in step #22. An
example step #22 is included here to make what needs
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23. [ ] Doubles and triples, remove remaining bolt
that retains outer two rings and note se-
quence of parts as removed here:
___________________ , ___________________ ,
___________________ , mounting arms,
___________________ , ___________________ ,
___________________ , ___________________ .

CLEANING AND INSPECTIONCLEANING AND INSPECTIONCLEANING AND INSPECTIONCLEANING AND INSPECTIONCLEANING AND INSPECTION
For description and pictures of the visual nature

of different types of chainring wear, see under the
heading INDICATIONSINDICATIONSINDICATIONSINDICATIONSINDICATIONS  (page 23-2).
24. [ ] Clean all chainrings thoroughly (if being re-

used), particularly faces and edges of teeth.
25. [ ] Inspect outer ring for visible evidence of

shift wear.
26. [ ] Inspect middle ring, if any, for visible evi-

dence of shift and load wear.
27. [ ] Inspect innermost ring for visible evidence of

load wear.
28. [ ] Inspect all rings for non-round design or

special teeth that indicate rotational align-
ment of chainring must be maintained
when re-installing.

29. [ ] Inspect outer ring for presence of over-shift
peg on outer face that indicates that rota-
tional alignment of chainring must be main-
tained when re-installing.

30. [ ] (Optional), clean and inspect crank arm for
cracks and damage. See TAPER-FIT CRANK-ARMTAPER-FIT CRANK-ARMTAPER-FIT CRANK-ARMTAPER-FIT CRANK-ARMTAPER-FIT CRANK-ARM
REMOVAL AND REINSTALLATIONREMOVAL AND REINSTALLATIONREMOVAL AND REINSTALLATIONREMOVAL AND REINSTALLATIONREMOVAL AND REINSTALLATION procedure, steps
13–17 (page 20-9).

31. [ ] (Optional), inspect spindle flats for marks
that indicate whether crank arm is worn out
or bad fit to spindle. See TAPER-FIT CRANK-ARMTAPER-FIT CRANK-ARMTAPER-FIT CRANK-ARMTAPER-FIT CRANK-ARMTAPER-FIT CRANK-ARM
REMOVAL AND REINSTALLATIONREMOVAL AND REINSTALLATIONREMOVAL AND REINSTALLATIONREMOVAL AND REINSTALLATIONREMOVAL AND REINSTALLATION procedure, step
11 (page 20-9).

ASSEMBLY OF CHAINRINGSASSEMBLY OF CHAINRINGSASSEMBLY OF CHAINRINGSASSEMBLY OF CHAINRINGSASSEMBLY OF CHAINRINGS
TO CRANK ARMTO CRANK ARMTO CRANK ARMTO CRANK ARMTO CRANK ARM

In steps #32 and #33, new marks are put on the
chainrings at the same location, but on the opposite
face from, the �×� marks. Use an �O� for these new
marks to stand for �outer face.� These marks are
needed because it is the outer face that will be seen
when installing the outer chainrings of a triple or both
chainrings of a double.

Obviously, if installing replacement chainrings,
there will not be any �×� mark to place the �O� mark
opposite of. If the chainrings have special rotational-
position requirements, the manufacturer has probably
marked them in some way. Sometimes there will be a
triangular engraving or stamp mark that is supposed to

to be filled in the blanks clear. The notations that you
would be add to the worksheet if your crank were
identical to the example are written in script .

Example:
22. [ ]       12mm Allen bolt  , 26 tooth ring           ,

          4mm spacer  ,         .5mm spacer .

12mm Allen bolt

26 tooth chainring

.5mm spacer
4mm spacer

Chainring-mounting arm

23.7  Possible sequence for inner chainring of a triple.

22. [ ] If triple-chainring set, remove remaining bolt
that retains inner ring and note sequence of
parts as removed here:
____________________ , ___________________ ,
____________________ , ___________________ .

Step #23 notes the sequence of parts as the outer
two chainrings (double or triple-chainring set) are re-
moved. An example step #23 is written as the parts are
removed from the outside to the inside. There are some
parts that are outward of the chainring-mounting arms,
and there are some parts that are inward of the chainring-
mounting arms. In the example below, the notes that
you would add to the worksheet if your crank were
identical to the example are written in script .

Example:

23. [ ] Doubles and triples, remove remaining bolt
that retains outer two rings and note se-
quence of parts as removed here:
      10mm Allen bolt , 46 tooth ring        ,

, mounting arms      ,
        1.5mm spacer , 36 tooth ring       ,
          sleeve nut , .

10mm Allen bolt

46 tooth chainring

36 tooth chainring

S leeve nut

1.5mm spacer
Chainring-mounting arm

23.8  Possible sequence for outer two chainrings.
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be in line with the crank arm. Other times there will
be a small tab at the inner perimeter of the ring that
serves the same function. Sometimes, both these
manufacturer�s marks will be found on one chainring,
in which case both will always be in the same location.

Determining which way a chainring should face is
another matter. If there is a triangular mark, there is no
consistency as to whether it faces in or out. There may
be no marks on the face of the chainring other than
brand, model, and tooth number, and these can face
either way. The best clue is if there are recesses in a
chainring face at each bolt hole. These recesses are for
the bolt flange or the sleeve-nut flange. If they are there,
they should face out on the outer chainring, and in on
any inner chainring(s). Some thin inner rings (doubles),
and middle rings (triples) have an offset to the mount-
ing-tab portion of the ring where the bolt hole is (see
figure 23.9). If this is the case, the ring should face in
the direction that positions the chainring teeth the fur-
thest away from the surface the ring mounts against.
When there are not offsets or recesses around bolt holes,
there is no choice but to guess. The best guess is that
any brand markings on an outer ring will face out, and
that any tooth markings on inner rings will face in.

Offset mounting tabs

T his  s ide toward chainr ing mounting arms

23.9  Cross-section of a chainring with offset mounting tabs.

32. [ ] If re-installing inner ring of double or middle
ring of triple, put an “O” mark on outer face of
ring at same location as “×” on inner face. If
installing new inner ring of double or middle
ring of triple, put an “O” mark on outer face of
same ring in line with any manufacturer’s rota-
tional orientation mark (if any).

33. [ ] If re-installing outer ring of double or triple,
put an “O” mark on outer face of ring at
same location as “×” on inner face. If in-
stalling new outer ring of double or triple,
put an “O” mark on outer face of same ring
in line with any manufacturer’s rotational
orientation mark (if any).

34. [ ] Double- and triple-chainring sets, place sleeve
nuts flange-side down on flat surface at spac-
ing that approximates holes in chainrings.

In step #35, replace the spacers between the flange
of the sleeve nut and the next-to-largest chainring, if
there were any there originally. There is no reason for
spacers to be in this position, so if they were here
before it is likely that they were moved from between
the chainring and the chainring-mounting arms, rather

than between the chainring and the sleeve-nut flanges.
Typical offset between the outer chainrings is about
6.5mm. If there was a spacer in this position and the
existing offset between the rings was below this range,
then it is likely the spacer was misplaced.
35. [ ] Put spacers, if any originally , over sleeve

nuts (see step 23 to check spacer position).
Lining the �O� mark up with the crank arm in

steps #36 and #40 ensures that the original rotational
position of the chainring is restored. This is often de-
sirable, but not always. If the chainrings are round,
do not have special teeth at certain points only to fa-
cilitate shifting, and do not have an over-shift peg,
then it may be desirable to deliberately rotate the
chainring(s) two to three positions either direction,
so that the shift wear would continue on fresher parts
of the chainring(s).
36. [ ] Place inner ring of double (or middle ring of

triple) over sleeve nuts, with “O” mark up,
then align sleeve nuts so they all fit through
holes in ring.

37. [ ] Put spacers, if any originally , over sleeve
nuts and on top of chainring (see step 23 to
check spacer position).

38. [ ] Place crank arm (outer-face up), with arm
over “O” mark, on top of sleeve-nut/
chainring assembly.

39. [ ] Put spacers, if any originally , over sleeve
nuts and on top of chainring-mounting arms
(see step 23 to check spacer position).

40. [ ] With “O” mark facing up (or any over-shift
peg facing up), slip outer ring over end of
crank arm and rotate so “O” mark and/or
over-shift peg is hidden behind crank arm and
align chainring-bolt holes with sleeve nuts.

In step #41 and #46, oiling the chainring-bolt
threads is recommended. This applies to steel chainring
bolts. Treat aluminum-bolt threads with Loctite #242.
41. [ ] Oil chainring-bolt threads and thread all

chainring bolts of correct length (see step
20) into sleeve nuts.

In step #42 and #46, the recommended torque mini-
mum is 50in-lbs. This only applies to steel chainring
bolts. Bolts of lightweight material should be torqued
to a maximum of 35in-lbs (11lbs@3" or 9lbs@4").
42. [ ] Using Var 352 (substitute Shimano TL-FC20)

to hold sleeve nuts from turning, snug all
chainring bolts, then torque to minimum
50in-lbs (16lbs@3" or 12lbs@4").

NOTE: Skip steps 43–46 if crank has a double-
chainring set.

43. [ ] If triple-chainring set, turn crank over on sur-
face so outer face is down.
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44. [ ] If triple-chainring set, put spacers, if any
originally , over holes on inner face of
chainring-mounting arms (see step 22 to
check spacer position).

45. [ ] Place inner ring so “×” mark (if reinstalling
original ring) is facing up and in line with
crank arm. If installing new ring with manu-
facturer’s rotational orientation mark, install
so that mark is in line with crank arm. (Rely
on manufacturer’s information to determine
whether marked face should be up or down.)

46. [ ] Oil chainring-bolt threads and thread all
chainring bolts of correct length (see step
16) into crank arm. Torque to minimum
50in-lbs (16lbs@3" or 12lbs@4").

CHECKING OFFSETCHECKING OFFSETCHECKING OFFSETCHECKING OFFSETCHECKING OFFSET
BETWEEN CHAINRINGSBETWEEN CHAINRINGSBETWEEN CHAINRINGSBETWEEN CHAINRINGSBETWEEN CHAINRINGS

In steps #47 through #54, re-measure the offset
between the chainrings in order to compare the final
result with the original conditions. Changes of .5mm
or greater indicate that original equipment has been
re-assembled wrong, or that changes need to be made
to make replacement equipment work.
47. [ ] Place crank assembly face up on flat surface

and stabilize so that chainrings are parallel
to surface.

48. [ ] Using depth gauge of caliper, measure dis-
tance from front face of inner-ring teeth to
surface and record here: _________mm

49. [ ] Using depth gauge of caliper, measure dis-
tance from front face of teeth of second ring
to surface and record here: _________mm

50. [ ]Subtract measurement in step 48 from mea-
surement in step 49 to determine offset
from inner chainring to next chainring and
record calculation here: _________mm

51. Compare calculation in step 50 to calcula-
tion in step 11 and check one of two fol-
lowing choices.
[ ] There is <.5mm difference, there is no
significant offset change.
[ ] There is ³³³³³ .5mm difference, spacer is posi-
tioned wrong or one of different thickness
must be substituted.

NOTE: Skip steps 52–54 if crankset does not have
three chainrings.

52. [ ] If crank has three rings, use depth gauge of
caliper to measure from front face of outer-
ring teeth to surface
and record here: _________mm

53. [ ] If crank has three rings, subtract measure-
ment in step 50 from measurement in step
52 to determine offset from middle chainring
to outer chainring and record calculation
here: _________mm

54. Compare calculation in step 53 to calculation
in step 13 and check one of two following
choices.
[ ] There is <.5mm difference, there is no
significant offset change.
[ ] There is ³³³³³ .5mm difference, spacer is posi-
tioned wrong or one of different thickness
must be substituted.

INSTALLING CRANK ARMINSTALLING CRANK ARMINSTALLING CRANK ARMINSTALLING CRANK ARMINSTALLING CRANK ARM
55. [ ] If chainrings had no significant wobble (see

step 1), then position crank arm in same po-
sition marked in step 3, then install crank
arm by steps 33, 34, and 38–43 of NORMALNORMALNORMALNORMALNORMAL
CRANK-ARM REMOVAL AND  INSTALLATIONCRANK-ARM REMOVAL AND  INSTALLATIONCRANK-ARM REMOVAL AND  INSTALLATIONCRANK-ARM REMOVAL AND  INSTALLATIONCRANK-ARM REMOVAL AND  INSTALLATION proce-
dure (page 20-11).

56. [ ] If chainrings had significant wobble (see step
10), or new chainrings are installed, then
remove left arm also (if not removed alre ady)
and install crank arm by steps 19–43 of
NORMAL CRANK-ARM REMOVAL AND  INSTALLATIONNORMAL CRANK-ARM REMOVAL AND  INSTALLATIONNORMAL CRANK-ARM REMOVAL AND  INSTALLATIONNORMAL CRANK-ARM REMOVAL AND  INSTALLATIONNORMAL CRANK-ARM REMOVAL AND  INSTALLATION
procedure (page 20-10).

CHECKING AND CORRECTINGCHECKING AND CORRECTINGCHECKING AND CORRECTINGCHECKING AND CORRECTINGCHECKING AND CORRECTING
CHAINRING WOBBLECHAINRING WOBBLECHAINRING WOBBLECHAINRING WOBBLECHAINRING WOBBLE

Excess chainring wobble can cause problems with
the front derailleur. At this point, bent chainrings and
needing to mount the right crank arm in a better po-
sition should have been eliminated as causes of the
problem. The only thing that can be causing chainring
wobble is mis-aligned chainring-mounting arms. The
condition has probably existed from the point the
crank arm was manufactured. The following steps
enable correction of this condition. The chainring-
mounting arms should remain true unless they receive
a direct blow from the side.
57. [ ] Position front derailleur so that nose of outer

cage plate is directly over outer chainring
teeth.

58. [ ] Rotate crank backwards rapidly and watch
for wobbles, paying attention to whether
they seem to deviate out or in from straight
portion of chainring.

59. [ ] After finding wobbles and determining direc-
tion of error, slow down crank rotation to
identify point wobble begins and ends.

60. [ ] Find chainring-mounting arm closest to cen-
ter of wobble.
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In step #61, it is recommended to use a specific
wrench for leverage. If using an adjustable wrench, it
must have smooth jaws at right angles to the handle.
An adjustable wrench of this type is superior to any
tool made specifically for chainring-mounting-arm
alignment, because it can be adjusted to fit snugly on
the chainring bolts rather than directly on the mount-
ing arm (which inevitably scars the arm).

There are times when no tool will fit to apply
leverage. Control is lost, but in this case there is no
alternative but to use a plastic or rubber mallet di-
rectly on the chainring bolt or end of mounting arm.
61. [ ] Secure Diamond C79 (Headset-tool set) ad-

justable wrench to front and back end of
chainring-bolt set on mounting arm at center
of wobble, then lever up to correct outward
wobble or down to correct inward wobble.

62. [ ] Remove wrench, spin crank again to check
for under- or over-correction, or other
wobbles that still need correction.

FRONT-DERAILLEUR ADJUSTMENTFRONT-DERAILLEUR ADJUSTMENTFRONT-DERAILLEUR ADJUSTMENTFRONT-DERAILLEUR ADJUSTMENTFRONT-DERAILLEUR ADJUSTMENT
If the number of teeth on the outer chainring has

changed by any amount, the front derailleur needs to
be moved up or down. This usually requires complete
re-adjustment. If chainring offset has changed slightly
(but acceptably), the limit screws and perhaps the cable
tension for the front derailleur will need to be reset. If
the offset between the chainrings is the same, but the
whole set has moved in or out from the frame, then it
is necessary to reset the limit screws and perhaps the
cable tension for the front derailleur.
63. [ ] Adjust front derailleur if outer chainring size

has changed, chainring offset has changed
(steps 51 and 54), or chainring clearance
has changed (compared to step 4).

CHECK FOR CHAIN-LENGTHCHECK FOR CHAIN-LENGTHCHECK FOR CHAIN-LENGTHCHECK FOR CHAIN-LENGTHCHECK FOR CHAIN-LENGTH
PROBLEMS AND DERAILLEUR-PROBLEMS AND DERAILLEUR-PROBLEMS AND DERAILLEUR-PROBLEMS AND DERAILLEUR-PROBLEMS AND DERAILLEUR-
CAPACITY PROBLEMSCAPACITY PROBLEMSCAPACITY PROBLEMSCAPACITY PROBLEMSCAPACITY PROBLEMS

Changing the size of the largest and/or the smallest
chainring affects the capacity requirements for both the
front and rear derailleurs. Operating derailleurs outside
their capacities can damage them or cause poor shifting.
Do not skip these steps if chainring sizes have changed.
64. [ ] If replacement outer ring of different size

than original has been installed, position
chain on outermost chainring and outermost
rear cog to check chain length and correct as
necessary. (See CHAINS CHAINS CHAINS CHAINS CHAINS chapter, page 26-11.)

65. [ ] If size of innermost or outermost chainring
has changed, adjust chain length. Then, put
chain in innermost-chainring/outermost-rear-
cog combination to check that rear-derailleur
capacity has not been exceeded. (See REARREARREARREARREAR
DERAILLEURS DERAILLEURS DERAILLEURS DERAILLEURS DERAILLEURS chapter, page 32-7.)

66. [ ] If size of innermost or outermost chainring
has changed, adjust chain length. Then, put
chain in outermost chainring/innermost rear
cog combination to check that rear-derailleur
capacity has not been exceeded. (See REARREARREARREARREAR
DERAILLEURS DERAILLEURS DERAILLEURS DERAILLEURS DERAILLEURS chapter, page 32-7.)

67. [ ] If size of innermost or outermost chainring
has changed, reposition height of front de-
railleur (if outermost chainring size changed).
Then, put chain in innermost-chainring/out-
ermost-rear-cog combination to check that
front-derailleur maximum capacity has not
been exceeded. (See FRONTFRONTFRONTFRONTFRONT DERAILLEURS DERAILLEURS DERAILLEURS DERAILLEURS DERAILLEURS
chapter, page 33-4.)

68. [ ] If size of middle chainring or outermost
chainring of triple has changed, reposition
height of front derailleur if outermost chainring
size changed. Then, put chain on outermost
chainring and check that front-derailleur mini-
mum capacity has not been exceeded. (See
FRONT DERAILLEURS FRONT DERAILLEURS FRONT DERAILLEURS FRONT DERAILLEURS FRONT DERAILLEURS chapter, page 33-5.)

CHAINRING TROUBLESHOOTINGCHAINRING TROUBLESHOOTINGCHAINRING TROUBLESHOOTINGCHAINRING TROUBLESHOOTINGCHAINRING TROUBLESHOOTING
CauseCauseCauseCauseCause SolutionSolutionSolutionSolutionSolution
SYMPTOM: A popping sound or sensation is experienced once per crank-revolution, often on the
down stroke of the right pedal.
Loose chainring bolt(s). Check and secure chainring-mounting bolt(s).
Loose crank arm. Check and secure crank arm.
Loose pedal-cage piece(s). Check and secure pedal-cage piece(s).
Loose pedal mounting. Check and secure pedal mounting.
Loose B.B. cups, lockrings, or retaining rings. Check and secure B.B. cups, lockrings, or

retaining rings.
SYMPTOM: A popping sound or sensation is experienced once per crank-revolution, on one chainring.
Bent chainring tooth. Inspect and bend back.

(Continued next page)
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CHAINRING TROUBLESHOOTING CHAINRING TROUBLESHOOTING CHAINRING TROUBLESHOOTING CHAINRING TROUBLESHOOTING CHAINRING TROUBLESHOOTING (continued)

CauseCauseCauseCauseCause SolutionSolutionSolutionSolutionSolution
SYMPTOM: A ticking or scraping sound is heard once per crank-revolution.
Chainring wobble is causing chain to intermittently Check whether mounting arm in any of the other
rub inside of front-derailleur cage.   three positions reduces wobble.

Check whether outer two rings wobble in
  unison and if so, align chainring-mounting arms.
Replace bent ring if one ring is wobbling
  independently of all others.

Loose crank arm or bottom bracket is causing Check and secure crank arm.
chainring wobble.
Crank arm is hitting front-derailleur cage. Re-adjust front-derailleur limit screws and/or

rotational alignment.
SYMPTOM: Chainrings, chainring-mounting bolts, or some other part of the crank-arm assembly is
rubbing the chain stay continuously or intermittently when the crank is being spun when not under load.
Crank arms are worn out or a bad fit to the spindle. Perform removal process, including fit inspections.
Bottom-bracket spindle is too short. Replace spindle or cartridge bottom bracket

with one that will position crank arm further out.
SYMPTOM: Wear marks are found on the chain stay where they might be left by the chainrings,
chainring-mounting bolts, or some other part of the crank-arm assembly, but no rubbing is evident
upon visual inspection.
Clearance that is adequate without load is not Check for worn-out or misfit crank arm.
adequate when crank assembly and/or chain stays Replace spindle or cartridge bottom bracket
flex under load.   with one that will position crank arm further out.
SYMPTOM: Chain shifts poorly from smaller ring to larger ring after checking chain for wear and
checking that derailleur is properly adjusted.
Chainrings have excessive shift wear. Replace ring(s) if substantial wear is evident.
SYMPTOM: Chain suck occurs. Chain remains attached to chainring where it is supposed to release
and return to the rear derailleur and jams into the chain stay.
Chain or chainrings are fouled with dirt. Clean chain and chainrings.
Chainring is worn out from load. Replace ring if substantial wear is evident.
SYMPTOM: Chain is rubbing against sleeve-nut flanges of outer bolt set when chain is on innermost
chainring of triple-chainring set.
Middle chainring is installed facing wrong way so Check for recesses in chainring face and reverse
that flanges are not fitting into recesses in direction chainring is facing if recesses are not
chainring face. on side of chainring facing sleeve-nut flanges.
SYMPTOM: Chain is rubbing against adjacent chainring.
Chainline is bad, with chainrings too far in relative Check chainline error. (See CHAINLINE CHAINLINE CHAINLINE CHAINLINE CHAINLINE chapter,
to rear cogs. page 27-5.)
Offset between chainrings is inadequate due to Re-check offset measurements and add,
misplacement of spacers, chainrings facing wrong   remove, or move spacers to correct problem.
way, or replacement with non-compatible Use compatible chainrings or crank arm, or
chainrings or crank arm.   modify with different spacers to eliminate

  compatibility problems.
SYMPTOM: Chain is dropping completely in-between two chainrings when shifting.
Incorrect use of chainring spacers causing too much Check and change location or use of spacers.
chainring offset.
Non-SG/SGX/HyperDrive chainring used on Replace with compatible chainring(s).
SG/SGX/HyperDrive-type crank arm.
SYMPTOM: Chain is rubbing against inner end of bolts of outer bolt set when chain is on innermost
chainring of triple-chainring set.
Long bolts for inner ring have been used in location Switch bolts back if problem has been caused
where short bolts for outer bolt set are required.   by reversing locations of the two bolt sets.

Install new bolts if problem is caused by
  installation of wrong bolts.
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ABOUT THIS CHAPTERABOUT THIS CHAPTERABOUT THIS CHAPTERABOUT THIS CHAPTERABOUT THIS CHAPTER
This chapter is about removing and re-installing

pedals, as well as installing replacement pedals. There
are separate chapters about pedal-bearing service. Af-
ter PEDAL REMOVAL, REPLACEMENT AND INSTALLATIONPEDAL REMOVAL, REPLACEMENT AND INSTALLATIONPEDAL REMOVAL, REPLACEMENT AND INSTALLATIONPEDAL REMOVAL, REPLACEMENT AND INSTALLATIONPEDAL REMOVAL, REPLACEMENT AND INSTALLATION
is a section called REPAIRINGREPAIRINGREPAIRINGREPAIRINGREPAIRING PEDAL-MOUNTING THREADPEDAL-MOUNTING THREADPEDAL-MOUNTING THREADPEDAL-MOUNTING THREADPEDAL-MOUNTING THREADSSSSS.
The mounting threads in the crank arm can be dam-
aged, and this section enables repair of those threads.
After REPAIRINGREPAIRINGREPAIRINGREPAIRINGREPAIRING PEDAL-MOUNTING THREADS PEDAL-MOUNTING THREADS PEDAL-MOUNTING THREADS PEDAL-MOUNTING THREADS PEDAL-MOUNTING THREADS is a
troubleshooting chart.

GENERAL INFORMGENERAL INFORMGENERAL INFORMGENERAL INFORMGENERAL INFORMAAAAATIONTIONTIONTIONTION

TERMINOLOGYTERMINOLOGYTERMINOLOGYTERMINOLOGYTERMINOLOGY
Pedal cage: The plate or plates that support the

foot on the pedal.
Shoe cleat: A device attached to the bottom of

the shoe that helps fix the shoe to the pedal. There are
two types. The traditional type is a block of metal or
plastic that is slotted. The slot in the cleat engages the
edge of the pedal-cage plate. A toe-clip and strap is
used with this system to help retain the foot. The
modern cleat snaps into a cleat-retention mechanism
that is integrated into the pedal. No toe-clip or strap
is used with this type.

Cleat-retention mechanism: The integral portion
of the pedal that clips to a cleat on a shoe.

Toe clip (and strap): A cage attached to the front
of the pedal that encloses the toe of the shoe. A strap
goes through the pedal, over the arch of the foot, and
through an eyelet in the top-end of the toe clip. This
strap (called �toe strap�) secures the foot to the pedal.

PREREQUISITESPREREQUISITESPREREQUISITESPREREQUISITESPREREQUISITES
There are no prerequisites to being able to remove

and install pedals.

INDICATIONSINDICATIONSINDICATIONSINDICATIONSINDICATIONS
Maintenance cyclesMaintenance cyclesMaintenance cyclesMaintenance cyclesMaintenance cycles

The only maintenance needed in regard to pedals
is to periodically check that they are secure.

New pedals often have problems with loose bolts
that retain the cage or cleat-retention pieces. These
should be checked and secured when pedals are new.

Crank-arm serviceCrank-arm serviceCrank-arm serviceCrank-arm serviceCrank-arm service
Pedals must be removed when replacing crank arms.

It is optional to remove pedals for crank-arm cleaning.

Chainring serviceChainring serviceChainring serviceChainring serviceChainring service
It is optional to remove the right pedal if remov-

ing the chainrings.

Symptoms indicatingSymptoms indicatingSymptoms indicatingSymptoms indicatingSymptoms indicating
loose pedals or pedal partsloose pedals or pedal partsloose pedals or pedal partsloose pedals or pedal partsloose pedals or pedal parts

When poor installation technique fails to keep the
pedal secure, the loose pedal may manifest itself by a
once-per-crank-revolution click or clunk sound. The
same symptom can be caused by a loose pedal-cage
bolt a or loose cleat-retention mechanism. This symp-
tom can also be caused by bottom-bracket, crank-arm,
and chainring problems. If securing the pedal and the
pedal-cage-retention bolts does not solve the problem,
be sure to consult the appropriate chapters regarding
these other possible causes.

Symptoms indicating bent pedal shaftsSymptoms indicating bent pedal shaftsSymptoms indicating bent pedal shaftsSymptoms indicating bent pedal shaftsSymptoms indicating bent pedal shafts
A pedal shaft can be bent in a crash, or from abu-

sive jumping. The symptom of a bent pedal shaft is an
oscillating sensation in the ankle while pedaling. This
oscillation may feel like the ball of your foot is twist-
ing back and forth; or the outer edge of the foot is
rocking up and down; or like both at once. The iden-
tical symptoms are caused by bent crank arms, which
can easily be damaged by the same forces that damage
the pedal. The first step is to remove the pedal and
look at the end of the shaft as it rotates. If the end
does not oscillate, then it is the crank arm that is bent.
If the pedal shaft oscillates, install new pedals. If the
symptom is still felt when riding with new pedals, then
the arm is also bent.
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Symptoms indicatingSymptoms indicatingSymptoms indicatingSymptoms indicatingSymptoms indicating
damaged pedal-mounting threadsdamaged pedal-mounting threadsdamaged pedal-mounting threadsdamaged pedal-mounting threadsdamaged pedal-mounting threads

Pedal-mounting threads can be damaged by im-
proper pedal installation. The only symptom that
will be encountered is difficulty threading in the
pedal. It may be repairable, or it may be necessary to
replace the crank arm.

TOOL CHOICESTOOL CHOICESTOOL CHOICESTOOL CHOICESTOOL CHOICES
In the accompanying table of tool choices, the

tools shown in bold are the preferred choices. A tool
is preferred because of a balance among: ease of use,
quality, versatility, and economy. When multiple tools
of the same size are shown in bold, it means that each
is the best under different circumstances.

TIME AND DIFFICULTYTIME AND DIFFICULTYTIME AND DIFFICULTYTIME AND DIFFICULTYTIME AND DIFFICULTY
Pedal removal and re-installation is a 1�2 minute-

per-pedal job of little difficulty. In some cases, the pedal
may be over-tightened and require patience and forti-
tude to break it loose.

If the pedal threads are damaged, it could take an
additional 1�2 minutes to chase the threads.

If threads are stripped, it may take 10�30 minutes
to install a thread bushing.

COMPLICATIONSCOMPLICATIONSCOMPLICATIONSCOMPLICATIONSCOMPLICATIONS
Di ffi cul t to break pedal  looseDi ffi cul t to break pedal  looseDi ffi cul t to break pedal  looseDi ffi cul t to break pedal  looseDi ffi cul t to break pedal  loose

Pedals can be difficult to break loose because of
over-tightening, corrosion, or from turning them the
wrong direction. Penetrating oil, a good wrench, and
good technique are the only solutions when the prob-
lem is over-tightness or corrosion.

The left-side pedal removes with a clockwise rotation!

Di ffi cul t to unthread pedalDi ffi cul t to unthread pedalDi ffi cul t to unthread pedalDi ffi cul t to unthread pedalDi ffi cul t to unthread pedal
after breaking looseafter breaking looseafter breaking looseafter breaking looseafter breaking loose

When a pedal is difficult to unthread after it has
been broken loose, it often indicates that the threads
are stripped or cross-threaded. Use penetrating oil and
frequent breaks to allow cooling. Inspect for damaged
threads after removal.

PEDAL-REMOPEDAL-REMOPEDAL-REMOPEDAL-REMOPEDAL-REMOVVVVVAL/INSAL/INSAL/INSAL/INSAL/INS TTTTTALLALLALLALLALLAAAAATION TOOLSTION TOOLSTION TOOLSTION TOOLSTION TOOLS     (table 24-1)

ToolToolToolToolTool Fits and considerationsFits and considerationsFits and considerationsFits and considerationsFits and considerations

PEDAL WRENCHES

Campagnolo 1101 Fits 15, 16, and 17mm, durable, poor hand protection and poor mechanical
advantage

Cyclo 1329 Fits 15mm only, poor hand protection, poor durability

Eldi 61 Fits 15mm and 9/16", poor durability and hand protection

Hozan C200 Fits 15mm only, durable, good hand protection and good mechanical advantage

Park HCW-6 Fits 15mm only, poor hand protection, poor durability

Park PW-3 Fits 15mm and 9/16", acceptable durability and excellent hand protection

Zog’s Pedal Wrench Fits 15mm only, poor hand protection, good durability

THREAD-REPAIR TOOLS

Eldi 2299 Oversize tap and thread-bushing set for repairing stripped mounting threads
in crank

Park TAP-3 1/2"×20tpi left and right tap set

Park TAP-6 9/16"×20tpi left and right tap set

VAR 41A 1/2"×20tpi left and right tap set

VAR 41E 9/16"×20tpi left and right tap set

VAR 41F 14×1.25mm left and right tap set (virtually extinct French thread)
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Di ffi cul t to start pedal  threading inDi ffi cul t to start pedal  threading inDi ffi cul t to start pedal  threading inDi ffi cul t to start pedal  threading inDi ffi cul t to start pedal  threading in
When a pedal is difficult to start in, do not force

it! Check whether the pedal is on the correct side,
whether it is cross-threading, or whether the crank-
arm threads should be cleaned with a tap.

Pedals previously cross-threadedPedals previously cross-threadedPedals previously cross-threadedPedals previously cross-threadedPedals previously cross-threaded
After removing pedals that were cross-threaded, run

a tap in from the back side of the crank arm for a fully-
effective repair.

Pedals previously installed on wrong sidePedals previously installed on wrong sidePedals previously installed on wrong sidePedals previously installed on wrong sidePedals previously installed on wrong side
After removing pedals that were installed on the

wrong side, run a tap in from the back side of the
crank arm for a fully-effective repair.

ABOUT THE RESTABOUT THE RESTABOUT THE RESTABOUT THE RESTABOUT THE REST
OF THIS CHAPTEROF THIS CHAPTEROF THIS CHAPTEROF THIS CHAPTEROF THIS CHAPTER

The rest of this chapter is divided into three parts:
PEDAL REMOVAL, REPLACEMENT, AND INSTALLATIONPEDAL REMOVAL, REPLACEMENT, AND INSTALLATIONPEDAL REMOVAL, REPLACEMENT, AND INSTALLATIONPEDAL REMOVAL, REPLACEMENT, AND INSTALLATIONPEDAL REMOVAL, REPLACEMENT, AND INSTALLATION,
REPAIRINGREPAIRINGREPAIRINGREPAIRINGREPAIRING PEDAL-MOUNTING THREADSPEDAL-MOUNTING THREADSPEDAL-MOUNTING THREADSPEDAL-MOUNTING THREADSPEDAL-MOUNTING THREADS, and PEDAL-PEDAL-PEDAL-PEDAL-PEDAL-
MOUNTING TROUBLESHOOTINGMOUNTING TROUBLESHOOTINGMOUNTING TROUBLESHOOTINGMOUNTING TROUBLESHOOTINGMOUNTING TROUBLESHOOTING.

PEDAL REMOVAL,PEDAL REMOVAL,PEDAL REMOVAL,PEDAL REMOVAL,PEDAL REMOVAL,
REPLACEMENT,REPLACEMENT,REPLACEMENT,REPLACEMENT,REPLACEMENT,
AND INSTALLATIONAND INSTALLATIONAND INSTALLATIONAND INSTALLATIONAND INSTALLATION

PEDAL REMOVALPEDAL REMOVALPEDAL REMOVALPEDAL REMOVALPEDAL REMOVAL
Right-side pedals remove with a counterclockwise

rotation. Left-side pedals remove with a clockwise ro-
tation. This can get confusing, particularly if standing
on the opposite side of the bike from the pedal being
removed. To reduce this confusion, the following pro-
cedure specifies where to stand, the position of the crank
arms, and which direction to move the wrench.

Another problem with pedal removal is that a great
deal of force may be required to break a pedal loose.
If the leverage of the opposite crank arm and other
principles of mechanical advantage are not used, then
it will be unnecessarily difficult. The following steps,
if followed faithfully, provide the greatest mechanical
advantage, so that it is as easy as possible to break
loose a pedal. This is not to say that it is always easy.
Pedals can be very difficult to break loose. Other than
using the following technique and using penetrating
oil, nothing helps more with difficult pedal removal.

24.1  This is the correct orientation of crank arm and wrench, and
the correct directions to apply force, to make a pedal as easy as pos-
sible to break loose.

1 . [ ] With bike elevated in bike stand and horizon-
tal, stand on side of bike where pedal is to
be removed, facing rear of bike.

2 . [ ] Position crank arm with pedal being removed
pointing to rear axle.

3 . [ ] Reaching through or over frame with hand
closest to bike, grasp end of crank arm on
side that pedal is not  being removed.

4 . [ ] Put wrench on pedal flats so that that it is
as close as possible to horizontal and point-
ing straight forward.

5 . [ ] Push down on crank arm not having pedal
removed and pull up simultaneously on end
of pedal wrench until pedal breaks free.

Once the pedal is broken loose, it will be awk-
ward to unthread it the rest of the way by rotating the
wrench around the pedal. It is easier just to use the
wrench and pedal together to turn the cranks in the
direction they turn when riding. The pedal will
unthread automatically. Grasp the pedal wrench close
to the pedal to make it easier to keep the wrench on
the pedal while turning the crank.
6 . [ ] Stand facing pedal being removed. Grasp

pedal in one hand and grasp wrench with
other hand and use both hands to turn
crank in same direction that crank rotates
when pedaling bike.

7 . [ ] Repeat steps 1–6 on other side of bike to
remove second pedal.
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PEDAL REPLACEMENTPEDAL REPLACEMENTPEDAL REPLACEMENTPEDAL REPLACEMENTPEDAL REPLACEMENT
Determining thread compatibilityDetermining thread compatibilityDetermining thread compatibilityDetermining thread compatibilityDetermining thread compatibility
of new pedalsof new pedalsof new pedalsof new pedalsof new pedals

There are three thread types (see table 24-2). Of these
three, the BSC thread is almost universal. The American
thread is found exclusively on inexpensive bikes with
one-piece cranks and BMX bikes with one-piece cranks.
Both have such a different diameter that there is no pos-
sibility of mismatching BSC and American threads. The
French thread is close enough to BSC to confuse them
without measurement, but it is so rare these days that it
should not be a concern unless replacing pedals on a bi-
cycle made in France before the late 1970s.
8 . [ ] Measure thread pitch of old pedals with

thread-pitch gauge. Record pitch here:
__________ tpi/mm.

9 . [ ] Measure O.D. of old pedal-mounting threads
with caliper and record here: _________ mm.

10. [ ] Measure pitch of new pedal threads and
compare to step 8. Pitch must be identical.

11. [ ] Measure O.D. of new pedal thread and com-
pare to step 9. Difference must be <.3mm.

Checking cage-retention boltsChecking cage-retention boltsChecking cage-retention boltsChecking cage-retention boltsChecking cage-retention bolts
or cleat-mechanism boltsor cleat-mechanism boltsor cleat-mechanism boltsor cleat-mechanism boltsor cleat-mechanism bolts

A common source of mysterious noises coming
from the crank/pedal region is loose hardware on the
pedal. Factories are notorious for not getting bolts
tight. Once they are properly tightened, they should
stay tight. If allowed to loosen up and fall out, they
could cause damaged threads in the pedal body and
damaged pedal cages (holes will not line up). It would
be good insurance to remove the bolts and treat them
with Loctite #222 or #242.
12. [ ] Check and secure all bolts holding pedal cage

to pedal body or cleat-retention mechanism to
pedal body. Torque to 50in-lbs (12lbs@3").

NOTE: Go to step 14 if not transferring toe clips
and straps to new pedals.

13. [ ] Remove straps and toe clips (if any) from
old pedals.

PEDAL INSTALLATIONPEDAL INSTALLATIONPEDAL INSTALLATIONPEDAL INSTALLATIONPEDAL INSTALLATION
Pedals that go in the right crank arm have a right-

hand thread. Pedals that go in the left crank arm have
a left-hand thread. There is usually, but not always,
an �R� or �L� notation on the pedal. If other letters
are there, or it is difficult to read the letters, the thread
direction is easy to determine by observation, as indi-
cated in step #14.

Left-hand
thread

Right-hand
thread

L R

24.2  The threads sloping up to the left on the left example indicate
that it is a left-hand thread. The threads sloping up to the right on
the right example indicate that it is a right-hand thread.

14. [ ] Hold each pedal so that threaded shaft
points up and examine which direction
threads slope. (Threads sloping up to right,
pedal installs on right. Threads sloping up to
left, pedal installs on left.)

15. [ ] Grease pedal threads thoroughly.
It is best to start pedals threading in with fingers.

This way no damage can be caused if they get installed
on the wrong side of the bike, or cross-threaded. Once
engaged at least one full turn, then use a tool to install
them the rest of the way.
16. [ ] Using fingers, start each pedal in on its ap-

propriate side (step 14) and thread in as far
as possible without using pedal wrench.

PEDAL-MOUNTING THREADSPEDAL-MOUNTING THREADSPEDAL-MOUNTING THREADSPEDAL-MOUNTING THREADSPEDAL-MOUNTING THREADS (table 24-2)

Nominal measurementNominal measurementNominal measurementNominal measurementNominal measurement ApproximateApproximateApproximateApproximateApproximate ApproximateApproximateApproximateApproximateApproximate Typical occurrencesTypical occurrencesTypical occurrencesTypical occurrencesTypical occurrences
(thread type)(thread type)(thread type)(thread type)(thread type) axle-thread O.D.axle-thread O.D.axle-thread O.D.axle-thread O.D.axle-thread O.D. mounting-hole I.D.mounting-hole I.D.mounting-hole I.D.mounting-hole I.D.mounting-hole I.D.

9/16" × 20tpi 14.0–14.2mm 12.9–13.1mm Most quality bicycles with conventional three-
(BSC) piece crank sets.

14mm × 1.25mm 13.7–13.9mm 12.6–12.8mm Older French-made bicycles from the late
(French) 1970s or earlier.

1/2" × 20tpi 12.4–12.6mm 11.3–11.5mm Bikes with one-piece crank arms including
(American) American-made department-store derailleur

bikes, BMX bikes, and juvenile non-derailleur
bikes. Also old Schwinns.
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It is awkward to rotate the wrench around the
pedal to thread the pedal the rest of the way in. In-
stead put the wrench on the pedal and rotate the crank
(one hand on wrench and one hand on pedal) back-
wards to thread the pedal the rest of the way in.
17. [ ] Stand facing pedal being installed. Place

wrench on pedal flats. Grasp pedal in one
hand and wrench with other hand and use
both hands to turn crank in opposite direc-
tion than when riding. Stop when pedal be-
gins to feel snug.

If not set up and positioned correctly, it will be
unnecessarily difficult to adequately secure the pedals.
Steps #18�#22 are the easiest way to secure the pedals.

24.3  With the crank arms and wrench in this position, apply force
in the directions indicated to easily secure the pedal.

18. [ ] With bike elevated in bike stand and horizon-
tal, stand on side of bike where pedal is to
be installed, facing rear of bike.

19. [ ] Position crank arm with pedal being secured
pointing to rear axle.

20. [ ] Reaching through or over frame with hand
closest to bike, grasp end of crank arm on
side pedal is not being secured.

21. [ ] Put wrench on pedal flats in way that it is as
close as possible to horizontal and pointing
straight forward.

Many pedals have thin wrench flats that require
the use of a special pedal wrench. Many others have
wider wrench flats that fit any open-end wrench. The
ones that require a special wrench must be torqued by

feel. A 15mm crow�s-foot adapter for a socket wrench
can be used on a torque wrench when the pedal wrench
flats are wide. Using this technique reduces liability,
and also improves development of the proper feel for
tightening pedals that cannot fit a crow�s-foot.
22. [ ] Pull up on crank arm not having pedal se-

cured and push down simultaneously on end
of pedal wrench with force of 300–360in-lbs
(33–40lbs@9"). Reposition wrench if it ro-
tates past 90° from crank arm before
achieving torque.

Tightening the pedal against the crank-arm face
often creates a small sharp aluminum burr. If excess
grease has oozed out, then this burr can be hidden in
the grease. Avoid the painful experience of getting this
burr in a fingertip later, by using a rag to wipe around
the end of the pedal to remove any grease and any
hidden burrs, as indicated in step #23.
23. [ ] Use rag to wipe excess grease away at point

pedal enters crank arm.
24. [ ] Repeat steps 17–23 for other pedal if nec-

essary.

TOE-CLIP AND STRAPTOE-CLIP AND STRAPTOE-CLIP AND STRAPTOE-CLIP AND STRAPTOE-CLIP AND STRAP
INSTALLATIONINSTALLATIONINSTALLATIONINSTALLATIONINSTALLATION
NOTE: Skip remaining steps if not installing toe

clips and straps.
25. [ ] Treat toe-clip-bolt threads with Loctite

222 or 242.
26. [ ] Place toe clip on outside face of front side of

pedal cage and install bolts and nuts (if any).
27. [ ] Align toe clip laterally.
28. [ ] Secure toe clip bolts to 24–36in-lbs

(8–12lbs@3").
29. [ ] Feed end of toe strap into hole on outer end

of pedal cage/body.
30. [ ] Twist toe strap one full twist, then thread

end of strap through hole in inner end of
pedal cage/body.

31. [ ] Feed end of top strap through loop at top of
toe clip and once through buckle.

32. [ ] Repeat steps 25–31 for other side if neces-
sary.
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REPAIRINGREPAIRINGREPAIRINGREPAIRINGREPAIRING
PEDAL-MOUNTING THREADSPEDAL-MOUNTING THREADSPEDAL-MOUNTING THREADSPEDAL-MOUNTING THREADSPEDAL-MOUNTING THREADS

Pedal threads can be damaged in a number of ways,
and the way that they are damaged determines whether
or not the threads are repairable. If the pedal is poorly
aligned and threaded in with a wrench, it will cross-
thread the crank arm, which is repairable. If a wrench
is used to start a pedal installation and it is the wrong
pedal for that side of the bike, the damage will be re-
pairable. If a pedal is improperly secured and
unthreads, at some point it will rip out of the crank
arm. How far it has threaded out and how much pres-
sure there is on the pedal at the moment it rips out,
determines how many threads in the crank arm are
damaged. Depending upon the extent of the damage,
this may or may not be repairable. Step #7 is an integ-
rity test that determines, after attempting repair,
whether the repair will hold, or not.

Thread chasingThread chasingThread chasingThread chasingThread chasing
1 . [ ] Make sure that tap is correct for side of

bike. (Right-hand thread for right side, left-
hand thread for left side.)

2 . [ ] Squirt cutting oil inside damaged threads
and cover tap threads with cutting oil.

3 . [ ] Thread tap into back side  of crank arm that
has damaged threads.

4 . [ ] When encountering cutting resistance, ad-
vance tap no more than 1/4 turn before back-
ing out 1/2 turn to clear cutting edge of frag-
ment build-up. Add cutting oil repeatedly.

5 . [ ] Continue advancing tap (adding cutting oil
repeatedly) in this fashion until tap comes
fully out of front face of crank arm.

6 . [ ] Clean threads in crank arm with toothbrush
and solvent.

If threads were stripped because the pedal came
out while the bike was being ridden, perform the in-
tegrity test in step #7 to determine if the remaining
threads are adequate. If the threads strip further dur-
ing the test, then the crank is no worse off than be-
fore (still unusable). In this case, a thread bushing can
be installed. The labor to install a thread bushing may
be up to half an hour, so it may be cheaper to replace
the damaged arm in some cases.
7 . [ ] Install pedal normally but torque to 50ft.lbs.

(67lbs@9") to test thread integrity.
8 . Select one of two following choices:

[ ] Threads stripped in step 7, replace crank
arm or install thread bushing.
[ ] Threads passed integrity test in step 7,
loosen and torque normally.

Thread-bushing instal l ationThread-bushing instal l ationThread-bushing instal l ationThread-bushing instal l ationThread-bushing instal l ation
Thread bushings can be installed in all aluminum

crank arms that are threaded with a 9/16" × 20tpi
thread. A special tool (Eldi 2299) is required. The tool
reams the old threads out and then taps the arm to a
new oversize-thread description. The thread bushing
matches the new thread on the outside and the old
thread on the inside.

The Eldi tool tends to ream slightly undersize.
Using a 15mm or 19/32" drill bit should work better.
9 . [ ] Use correct Eldi 2299 reamer/tap for side of

bike and clean out all existing threads.
10. [ ] Using cutting oil generously, tap through

crank arm with oversize tap.
11. [ ] Grease pedal-shaft threads and thread bush-

ing by hand onto pedal shaft.
12. [ ] Treat outside threads of bushing with Loc-

tite 242, 272, or RC680.
13. [ ] Thread in pedal (with bushing attached) same

as normal pedal installation, but do not torque.
14. [ ] After Loctite has cured overnight, torque

pedal normally.
15. [ ] File excess bushing material (if any) off back

face of crank arm.
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PEDAL-MOUNTING TROUBLESHOOTINGPEDAL-MOUNTING TROUBLESHOOTINGPEDAL-MOUNTING TROUBLESHOOTINGPEDAL-MOUNTING TROUBLESHOOTINGPEDAL-MOUNTING TROUBLESHOOTING
CauseCauseCauseCauseCause SolutionSolutionSolutionSolutionSolution
SYMPTOM: When riding, one ankle feels as though the end of the pedal is rocking up and down,
and/or it feels as though the surface of the pedal is rotating back and forth.

Pedal shaft is bent from a crash. Remove pedal and inspect end of pedal shaft for oscillation
when rotating. Replace if bad. If symptom persists when
pedal shaft is good, crank arm is bent and should be replaced.

If pedal shaft is not bent, crank arm is Replace crank arm.

bent.

SYMPTOM: A popping sound or sensation is experienced once per crank-revolution, often on the
down-stroke of the right pedal.

Loose pedal-cage piece(s). Check and secure pedal-cage piece(s).

Loose pedal mounting. Check and secure pedal mounting.

Shoe cleat is moving on cage or in Check cleat wear and security.
retention mechanism.

Cleat-retention mechanism is loose. Check and secure cleat-retention mechanism.

Loose crank arm. Check and secure crank arm.

Loose chainring bolt(s). Check and secure chainring-mounting bolt(s).

Loose bottom-bracket cups, lockrings, Check and secure bottom-bracket cups, lockrings, or retaining
or retaining rings. rings.

Bent chainring tooth. Inspect and bend back.

SYMPTOM: The pedal loosens up while riding

Pedal was improperly torqued. Secure pedal to 300–360in-lbs.

SYMPTOM: Looseness is felt in the pedal

Loose pedal mounting. Check and secure pedal.

Loose cage-retention bolts or cleat- Check and secure cage-retention bolts or cleat-retention-
retention-mechanism bolts. mechanism bolts.

Loose bearing adjustment or loose See chapters 14 and 15.
bearing-unit retention.
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Hub bearing

Cup

Hub shell

Freewheel

Freewheel bearing

Freewheel pawl
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Hub bearing

Outer freewheel
mechanism body Inner freewheel-

mechanism body

Freewheel-mechanism bearings

Hub shell

Freewheel pawl

Lockring Cassette cogs

Hub cup/
freewheel cone

Freehub-body-
retaining bolt
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1 – Firm pressure

Rohloff HG-Check

2 – Move last link in and out of teeth
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18.8mm

Shimano TL-FW20
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Park FR-4
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Bicycle Research
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Shimano TL-FW10

20mm
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Park FR-3

20.3mm

�������"�����
�
��
	����
����������	����&'�+  ��
������	������	

�
�����
�	�
�� �������#��"
�
��"���	

��	��	���	���	������
���

20.3mm
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Shimano TL-FW45
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�. /�0 1���28����,��9��4������������5����,��������
�,<�,����8�,����9����2��,���.

�. /�0 ��(,���+��,���9��8,�����9���(�(���5����
��9���((��(���������9�.

�. /�0 ����4��2�5���(������������9�.
	. /�0  �,��5���������'��,�����9�(���5����������,


,�����9�<�+���2���������9���(�(���5�������
4����C�5�.�1������������5�����2�5���5���
����4�9�,��+�,����,�+��2.
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". /�0 �8���5�������8�,�������5����5�,����,�
���9��,����������������9�8�,����9��8��(���
(���5����������
��9�.

>. /�0 ��2�����(���5����.

�
���������$����������!����������$
��"
��"�����*��&������������
���

(�

��

��� 	��	� �
����
� �� 	��������������
�� �
�
�
�
�������
�����
��
�����	�
��
�
�
���������
�
�

	�
���

��

����
�����

�
��)������
��	���
� 
��
���

��������������	
��
����	�	�����

 ����
����������0�6��

�	���������
�
����	��	�
��
�
�
����
�
����
����
��
	�
���
�
�����	����
����
���

��	
��
�	��
���'
����
��	���
�
�
�����	��	�������������
����
�	��	��
�
�
��������	�	�
���
����
��
�
����
��	�
����
��
	�	
��

��
�������	��	������	��
��
�����������
��
��
��
�

�
�
����	����
��
�������������	�������
��
��	�

���
��
����
���

��

���
�
�����
�
�
�	�
����
������

�
�
�
���-��
�	���	
����	�
�
�����
��	�
�����	
�������
���
�	�
���

��

���,��	�������
��%��	�	�
�	�	�
���

��

�
���	�
�����	��
�
�
�
���	�������
���
	��
����������
���
���
�	�
���

��

��	
��
�
�
��	�
�. /�0 !
��������������	���"����	����#����������"

$�	����
���
���������%�����
�����#������

�������%��<�,���(���5�����5������4��,����
9��,����9.�1���2����98���8�9�����"�
��
�"��$$�����"��
����$���&��������
��������!�����"�

�2�+���	
���.
�. /�0 !
�����	������������"������ ��<�8����,�2���>3

�!�(�����,82(��4���1
���.24�
/��.�2��9��,�
82(������0�
1�,2���,������4���:���(�����8�
�2�+����
$�.

�. /�0 1��������������������������!.����9���

�,��<��!
�2������������������������������
��"#�����.$���9����,��<���
�2����������
,������4��(���5���������������5��<��:��2,
5�,��8,�8���+�78���
�����������5�������:��
�8,�,����,��������4��.

�. /�0 !
�����	������������"������ ��<�8����,�2��		3
6��(�����,82(��4���1
���.24�
/��.�2��9��,�
82(������0�
1�,2����2�+����
����,�����,���
�:�����9��9C8�,�������+�.

	. /�0 !
�����	�������	���"����	���� ��<�8����22��2��

�,��2����98���(����2���(�������9��(��8��(���
���2,������,����
���,�����:��.
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�. !
��������������	���	�����������������@
/�0����8��9�5����.
/�0�����4��(���5�������������.

�. !
���%	���������������	
	�	���
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����@
/�0�1����,�2���3��8�9�����"�
����"��$$�����"
�
����$���&��������
��������!�����"�
,��9����

�������(���5������2�+���	
���.
/�0�1���+���9���,��+���9���������(���+���((��(
��������9���(�(���5�����,���:2�����2���
����������8��(���+�.
/�0����8��9�5����.
/�0�1����,�2��	3>�8�9�����"�
����"��$$�����"
�
����$���&��������
��������!�����"�
,�����2��,�
(���5���������4����2�+���	
���.

Partially ground-off
freehub-body cone
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/�0�*,,����(���5���������4���,��(���5����
��9���,��������4���5�,��78���
�������
���5�������:����8,.
/�0�)���2��8��������(���������4���<���8����+
(���+����(����������.
/�0�1������+���9C8�,�����5������,��,8�����

��4�����8�,�������5����,������4��(���

5�����(�����8�.

�
���
13�����1
�
���
/��+���0��1�����+
��,���(�������
�

8
�� �
�
���� �
�� ��

��

��� ���� �
���
������
��

������������������
����
�����
	�����
���
�
��
��
�����
�	
� 	�
� ��

��

�&��

�����
�����	���� �����

�
�������	�
�������	�
�
���
��
	���
�����
�	
���
���
	�
���
���"� 	��	� 	��
���
�	
� 	�
� ��

��

�&��

����
�
����������
�'��
�����
���

����������
�
����
	��

�����
�����
�
�	��
����
�����	�
��
�����	���	���������
�
�
�������	�
������	�
�
�������
�������	��	�	��
������	

	�
���

�����
���	
��
	����	�
��
���

5
�
������
�� 	�
� ��
�������
�
��
�� ��

��

�&
��

�����	�
�
������
���
��
�
�	
��
����
���	��	�	��
��

������	�
��
�����
��������
������
���,��	�
��
�����

�
������	����	������
������	
��

���
	�
��	�
�
�
���
�	
	
��
��
�
�
�����	��
��
��
�������
���#�	
���
�
����
	�
�����	�	��
��
���
���������������
�	��	�	�
��
�	�
�

��������
�������		
��	�	
��
�
�
��	������������
�	�
�
�	��,���	�������
	������
����	�
���	������	��
��
���
��

,	�����
������
�	��	�	
�����	����	�
�
��
�	�	�
��
�
	�
��
���	�����	��
������
��	����
����?
�	��
��������

���	���
���������
�	�
���������	�
����
�
���������
��
�
�	����
�����
�
��
�������
��
������	�
�������
��
	
�
����	
�	�
�
������
��
�
�������	
�	�
��
�	�	
��

�
�	���
�	�
������
�
�

8
�����
��
�
���

��

��������
���
�
����
����
�
�	��
�
����	
������
���
���	����
	�
���,	����
�
�
���
�	��	��
������
�
��
��	�
��
������

��

����
���	
��
�����
���
���	���
��������
	�
���
��	�
��
��	�
����

��

��

���������
����	��	��������������
����
�
�	�
��
���
���
���
�
���������	��
����	���
�����
�
����
���
	�
����
�
����������	�
�����
��
��	

	����
�
������

�����
����
�	
��
�����
���������	��
�
���1
�
���
��
(
��
�����
������
�
������� /�	

	���
�����	�
��
�
��
�
��	�
�������
���������	���	���� =�	

	����	�������
��
	��	�	�
�����
��
�	�����
��	�
��
�
����
��	�
������
���
��

��	
��
������
����
��
�����	������	�
�
���
��
�
�����������	��
����
�
���������
�)����*�
��	�
��
��

��

����5
��
	��		
��	����	
��1������

��

��
��	�
�	�������
������
�


�������-��
�. /�0 1����,�2���3�"��(� .�������
/��+���0��1��

����+���,������(�������
�
2����98��
�����-���

�����������������	���%�,������4��5����
�2�+���6
"�.

�. /�0 
8,�5��������(�������9������5������+����,
��+��5�,��(���5�����(����+��8,.



���������	
����
	������������	�������������	����

�������

�. /�0 
8,�������+
����4���,���������:,
,�
�����

���,�(���5�������+�5�,�����+�(����2������(
������5��22�9���8�,�������5�������8�9���+
��9�����,�(�:�9�2������(�������2�����9���

,5����,�������9�����9���+.

����	��"����


��	���	����

�������	���	�
��
��
� 
����	

���	

�
�����

���	���
�	�
 
�	��
��

�. /�0 ��,�,��5������������������,��2���,������+

����4���,�������,��,��,����2��������,��(�������9
�����(,���9�.

	. /�0 
8,������9���+
����4���,��������8,�����,
��+����,��,����9�����9��82�2��������,��(����<
5�,�����+�(����2������(�������5��22�9������

5�������8�9���+���9�����,�(�:�9�2������(
������2�����9���,5����,�������9�����9���+.
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6. /�0 ������(����2��������(�����(���������+��8,��


���,���+���9�����4���2�������(�����.�
8,
�2���������8�(�������,��,��,���8,����8�(������
(����+�82.

$. /�0  �,��(��+���<�28����8,5��9������������+��8,

�����,���+�,��������5��,�����,���������2
��
��+������,����9
�����+.�;(���+����2���((<
�������(���:,���+��������������2
���,�2�.
������(����2��������,5�����������+�2���.

8,�������+����9��2����������8�(���������9��<
5�,���8,���(�����(������(����+�82.

�!. /�0 ��2��,���,�2��	3$�(����������������+
,����9
���,�2����+<��(����.
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5�,���,����2�������,���+<�����+��8���,��28,
��2�������,���+���������2���,������9�5�,�
�������9��(����+�82.

��. /�0 �8��,�,8,��������2�����,�������2����9�������

�8,�5�,���,����2�������,��2����<�����+��8��
,��28,���2�������,��2�������������2���,���
��9�5�,���������9��(����+�82.
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(������9��82�(����+��8,�������������.

��. /�0 �8�����,��,����9�����,����9
�����+�.
�	. /�0 ;��,���<������9��<���������+��2��������9

,����9
�����+�<������+��8���822���(����
��9�82�(����+��8,.

�". /�0 
8,�5��������(�������9������5������+����,
��+��5�,��(���5�����(����+��8,.
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Sprocket remover

1 – Place lockring remover in vise, 
then wheel on lockring remover  

2 – Place sprocket remover 
on lowermost cog in this fashion  

3 – Turn sprocket 
remover counterclockwise  
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Chain goes here for 
rivet removal/installation

Chain goes here to
eliminate tight link
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Rivet protrudes inside last plate
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Sag

Extra contact
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Hole does not line up
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Chain goes here for 
rivet installation

Do not put chain here
to install rivet

����
����
��
�������
���

���
�����
����
����������������������
��
�
�����������
��
�����������	��	��
����
�	����
�������
����

��� ��� C������$"���� �������#��������$�(!�� ����

�������� �����"�������������"������!��+�$�,����

 ��$�����$��!��������"��������!����������(����"

<!"����! ���#�(����!$��#���$���� �������3���

��� ������������(����"� ������$������3���

�1� ��� 2�"(� �������"�$�
(����"��((����������(��(


���+�����$�!(�

.�
����
���������	�
����
	���

��	
��

���
��	

�	
��	�������	�
�	

�������
����
�
�"
�	��
����	
�
��
�����	��
/������
��	��
�����
	���
	�������
�	����	

����
�	
�����
����	
��$��	�
����
	��������
��	

�������
�
�
�
�	�
�������	

���������	����	�	
�	�
�
	�
�����
�
�4� ��� �!�����������$���!�����"�������!��������3��

�"�"��,��#��!�"�$���� ���!����"�$�
(����)���


��#� ����!������������ ����3���,����"�$�


(����"���������(��(���+�����$�!(�

�	� ��� ���"�����������$�����$�����3�����������

 �����

D�
������	�
����
	�	��
���������
������
����	
���	

��
�����
��	�
����
����	
��	
��
���
���������	�
���

	�
������������
��	�
��
��
�������������
��	�
������	

�
�	���	������
������
�����	
��H:+����
����	�
����
�
���	
������	������
*����	�
���������	
������%�
��
������
����	
�	�
����
�	�
��	�
����������
	&��(��������
��
��
�	�
�����
��
��
	��
��������	
���
*�	�
����������
�
�����

$��	�
���
*����	
����/�
��

���
	��
�����������
	

������

�
��	��	�������	���	�������
�
�����
�	��
�
�����������������	

��	��	�����	�
������
��
��������	

�
��	�	�
����������
�
�
��
��	���	�������
�
������
�������	�
������
�	��	������
�
�	�	
�	�
��
	�	���������


��	�
�	

���.�
��	�
����������
��	���������
��
���
	�
�����	�	�
����	
��%��
�
�	�	
�	�
�	

�����&���
�����
�
�	
�����	�
�	

���.�
��	�
����
	������
��
�����	�
��
�	�����
�
�����	�
��
����	��
����	�
�����	�	�
����
�
���	
�������
�	�
����
	�����
�����	��
����
�
�
�	
�
���	
����������
�����������
�
�����	�
�
	�
��
�	
�
���
����	
��	�
����	���
��
	�

��	�
�	�
�
�	
�����
�



��������	
�

�������

���	
���������
��
��������
������	
��	�
������
��	�

�
��
���'��
�����		�
���
��	�
���������
�
�	�
��	�

���
	�����
/���
��	
�����
�
�	����
�5� ��� 
�3��� ����������3���<!"����"�����$���$������"�

"��,�+����"������ ��������$"����$�

�9� 2�� ��������$"����$����(��3��!"�"��(����#��������)

(����������"���,��"��("��"� ��$��������+���

�� �""��+�-

�������"(� ����������+���������"�$�"������#��

�������$����?� �����3�#���!"�+�"�$�
��
"�$�����

��#�����#��"����$��� ����� ������"���������

(�3������$���"��������#���������#����

����2��"�$�����?��#�$�$�����������������#�������)

(!�� �������� ���� �� ��$��������#��
��3��
��


��3�������)��!�����������"�����<!"��!���������

(����"������+��#���"����3��)��!���������=����

�=���!��)���$� �� ���#����������#��������

Do not put chain here 
to loosen tight link

Put chain here to
loosen tight link
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Original rivet

Hyperglide replacement rivet

Replacement-rivet pilot
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Butt end of caliper against
face of straight edge

Adjust tip of depth
gauge to inside 
face of chainring
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Quick-grip clamp

Straight edge

Place this end of straight
edge on top of rear cogs

Clamp this end of straight
edge flat to face of chainring
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Align jaw with inner face
of innermost chainring
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Butt caliper against
face of straight edge

Adjust tip of depth gauge
to inside face of cog
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Align caliper butt to
face of outer cog

Align tip of depth gauge
with inside face of cog
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Contact
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Gap?

Contact

Gap?
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FAG-2

Dropout

Feeler gauges
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3– lift
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Thread

Stem shaft

Threads

Slope of wedge

Wedge
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Dial protractor
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Clamp nutUpper plate

Seat rail
Lower plate

Clamp bolt– A

B– Angle bolt

Seat post
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Pod-mounting bolt

Exposed plate
Pod

Brake lever

Front of bike
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Shifter pod

Pod-mounting bolt

Brake lever

Plastic cover Gear indicator

Front of bike

Brake-lever body
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1– loosen set screw

2– remove lever pivot

3– pull 
lever out
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Retaining nut

Shimano TL-ST01

Chrome adapter

Plastic cover

Cable-anchor pivot
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2– deflect 
lever

3– loosen 
Phillips
screw

Release lever

1– remove
fixing bolt

Cover
Spring
Bushing
Brake/shift lever
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Vise

1– Install 4mm Allen wrench,
then secure wrench in vise

2– remove cover
(plastic-body levers, only)

3– remove 
bolt
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Release lever

Spring

Toothed ring
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Spring ring
(plastic-body levers only)

Indexing springs
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3 – Trim here
2 – Pull tight1 – Rotate to limit

     (180° max.)
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3 – Trim here

2 – Pull tight

1 – Rotate to limit
     (180° max.)
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3 – Trim here

2 – Pull tight

1 – Rotate to limit
     (180° max.)
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L

B-screw
Guide pulley

Tension pulley

Cage
(outer plate)

Cage
(inner plate)

Pinch 
mechanism

Mounting bolt

Parallelogram

H-screw
L-screw
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H Stop tab attached to parallelogram arm
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Stop tab attached to parallelogram arm
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A

B

Cage

Guide pulley

Tension pulley

Derailleur body

Cage pivot
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Fresh Worn
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Vertical play
(exaggerated)
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Cage-pivot bolt

Cage-pivot housing

Cage-stop pin
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Cage-stop pinPhillips screw
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3
Cage-pivot housing
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Allen cage-retaining bolt

Cage-stop pin
(fixed)
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4
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Cage-pivot housing

�����

���� ��
�

�
�������
0��	���
����������
����
�
���� ������ 

���
����
��������

��	
���
�����	
����
�

���
���� �����
��������

(�����
%��������
����
�"�'��
��
���
�
���
������
��	��	�	�
����
����	
����
��
���

��	
������	�
�����
����

�����
��
�
�
�������������
��

�
��
����
�����	��������	
��$���
�%&�&&'�
�� ���� �������!����+���0���������"�0����������&!


������"��<�������������"�����&�
"��#�"���$���
�����������������!������&��#��������� �����+
� 1���������������&�
#�0�����!"��&%�������
��&��"��#��"�����/� �#�������� ��"�����!�

"���$�
����*����&�
"��#�"���$��"������+���
�����#"
"���$ ��0��%�$�� � �������!����&��"��&���+
��!���������$�"���� �!�"���$�
�����#"
"���$�
����*��������$�"����
�����#"�"���$�����������
�!������&��#����%����������	���������"��
"���$�����""� �����������"� �������&�
#�0��
��!"��&��� �����0��"���$����#�����+�

	� ��&���� � �������!���� +�$����"�#���������������
������$�+"4
����*���������"������������������ �����������
�!�$�� ��� ������&�
#�0�����!"��&%��!�������
��!���������$�"���������0�����
����*����&�
"��#�#���$�"�!������ � �����
���������!������&��#����%��!���������"��������
����!�$�� ��� ������&��#�0�����!"��&%�����
�������"� �������&��#�0�����!"��&�����"����

�����#"�"���$�����""�����1!"��#�"��� &����
��&��#�����
����*����&�
"��#�#��� � ���������� ��!����
��&��#����%����������	���������"���$���
����� ��!������������"� �������&�
#�0��
��!"��&��D�������"��"�����0� %���&��������
#!��� ��$�+�����������"� �������!"��&%���
$�������������$����!�$�� �
����*����&�
"��#�#����"���������0������� 
�������"����
�����#"�"���$�����""���������
����%������������ �����""���������������
����������&��#�0�����!"��&%�������	��������
"���$�����""�����������������"� �������&�
#�0�����!"��&%��������&��#�0����""����+
����������"��0��� �

��
�
���
���������	�
��
�
�����	�
����
����	
�	��	
	�
����
����
	������������
����
�����:

�
���	���
�
	�
�
�	
�����
�
��	�
����
����	
��	�
��
�
���
�����

�
�
����	�
��
������
��	�
��	��	���
�	
��	�
��
�
��������
	
���
�����
��
�
��
��	
���
�����
��
�
���
�	
����

�	�
���������	
���
���
		����
�� ��� 3���0����&������� �������!���� ���"��0�

$�����������������&�����!���"#���&���&�&� 
����!����#������D���������F�IIIIIIIIIIIIIIII

'� ��� 3���0����+�"���"��������&�
#�0�����!"��&
�������������&��#�����

(� ��� 3���0��"#���&��������&�
#�0�����!"��&%����

��&�$������� ����"#���&���"���"��������!"��&�



����������	���
�����


������)

(�����
%��������
�%�!������"�'��
��
�;����
��������
	����	�
�����
����������	���

	�
��
��	�������	
���
���
����
�������	�
��
��	���
���
	���	���
�����
��
�
�
���
�����	��
����
������	����
���������
�	�
��
		���������
��
�	�������
�����
��
�
�	
�
���6�
����
�	������
�	
��
����
���
��
�	�
��
���
�
	�
����
��	
�	�
����
�
��	�
�	����	����	��
��
����	
�
)� ��� 5��"!������&�������
"���$�#����! ��&�����

#������������������!����&�#�0����� ������ 
�����"��������
"���$������������0� ��� 
��"����� �$����!����0��&������� 1!"��
�
"���$�#����!"���4�IIIII��

,� ��� 3���0���
"���$������#���������������
��!����&�#�0��%��� �#!���������+�#��"������0���

����	
��H2�	��
����H5>��	�
������	��	��
����	�
����
	
���
�����	
�
	�
������
�
�
�����
����
���������������
�
��
��������
�
�	
���
���������	�
��
�	�
����������
�
�
�
�����
�������	�
��������
�
�	
�����������
������	���

��
���	�����
�
�
����
���
�
�	�	�����	�
��
�
��������
�

��	������������
��
�
��	�
��
�����
�������	

�����
�	��	

�
��	�����������
�	����
�����	�
����	��	���	
�����
-� ��� J�� ����#��������&�&�"�&���0�������!����&�����

��������"� �������!����&�#�0��%��� ���"������#
���"�����"���$ ��0������$�������#��� ���!��

��&���������#��#�������#�+����#��!�����&���0��

.� ��� D����"���$ ��0������#������� ���� +����#�+
�!�����#%� ��#����&��0������ ��� � �������!�
"�������#���"�$����������##� ���"� ����&�$���
���#��"�#��� ��!��

�2� ��� 
�+��!�����#�
��� ��� *��#������� �"#���&� � �����#�#�����$�������#

$�"�����0� %�#!����!�����#������� �����$���
!�$�� ������$�"��

(�����
��
��	�������
	�����������
��
	�����
	���
�����.�
�
�����	�����	�
��
����������	�
�
	�
��
�����	�
���	�
��
��	�������	
����
�����
�
��
�����
	�
���
���
��	�	�
������	��	�
����
�
����
�������
��	���
������


���	��	�����	�
���������
���
	������
��	�
����������
	
�

��	�
���������
�
���

����	
������
	��
������

Into pivot housing Out of pivot housing

Full diameter Reduced diameter
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Mounting-pivot spring

Seal

Mounting plate

�����

����	�����
���
	�������
������



����������	���
�����


������*

		� ��� ="��&�#����"������� ���!����&�#������+����
����������
"���$������ "�����%�#��""���!��

��&�#����� �$��!���������"��&���"��!##����� 
�����!����&
#�0�����!"��&�

	�� ��� A�� ��&���!����&�#����� �$�%�������� �

������!�������$�"��!��������������!����&�#����
"��#"��&���"����������!�"� �������!����&
#�0��
��!"��&�

	'� ��� �����!��+�#!���!#���!����&�#�����$����#����"�"�
�������������!�"� �������!����&
#�0�����!"��&
����������������$�"��#�"�����������!����&
#����%������#!"����!����&�#�������������

�����

%������
���
	�������
�����
�������

	(� ��� *�"�������#����&���0�������!����&������
���	�
��
-	��	
���	�
�;����
���
��	�
������
�	
�
�����

�	������
	��
�
��
��
���
��
�	�	
��	��	���	���	��
���	�

;����
��������	�
�
����	
�
����
�	�
�	��
������	�������

�����	
����
��	�
��
�����
���������	���
�����������	
��
	)� ��� 
!����+�#��"������0����0�����!����&�#����

�� ������ �����
"���$�!�����#����!"�����E!��"
���"!����������"��#�)�

���
%��������
����
�"�'��
	,� ��� *�"����"#���&��������&�
#�0�����!"��&��� ���


&�&���� ����"#���&����������5����"!�������
�� ����"#���&�$������ !�� 
 ��������������"
�����&��!�������&�
#�0�����!"��&�

	-� ��� 
!��"�������#���������!�������������!����#����%
��������$�� ��� ������&�
#�0�����!"��&�

	.� ��� 
������!������&��#�0������������������&�
#�0��
��!"��&�

 ��������
��
�
�	�
��������
����
����
�������

�

���
�
��
������	
��H%��#������	�
�
�	
�����
�
��	�


�	
�����
����	
��	�
��
�	���
�����
��
�
����	�
��
��
�����
��	�
��	��	���
���
���
���	
���
���
��	�
����
�
�
	��������������
��
�	��
��	
���
�����
��
�
���
�
���
���������	
���
���
		�����
��	�
��
	�����������	��	
�
��
���	
���
����
���������
��
	��������
���	������
�
�����
�������
���
������

�2� ��� 3��������&��#�����������&�� �"��� ������$���
�� ����"#���&��� ���&�&��#��������"#���&�

��� ��� 
!"���!������&��#����������+������ ������&�
#�0�����!"��&�

�	� ��� </��#���� ��"�$���������0������	��������
����� �"��&�&� ���&������� �������!���� +%
��"����"�����
�����#"�"���$����������%���
��&�
#�0������������������%�������������&����
 �������!���� +�

��� ��� A�� ��&� �������!���
������
�����	�
�����$���
��%�%���������!������&��#�������!���������

$�"��!�������&�
"��#�#��������!����&���������
��&�
"��#�"���$������"���������!�"� ����
��&�
#�0�����!"��&��*����&�
"��#�#����"�"����
��/� ������&��#����%���&��#�����$������� ���
���#!��� ��$�+��������&�
#�0�����!"��&�1!"�
���!&���������$���&�
"��#�#���������������
�����&�
#�0�����!"��&�

Hold stationary
Rotate

counterclockwise

�����

*������
��
���
����
�������
�������

�'� ��� ����� ������&��"��#�#��%����	���������"���$
�������������������������&�
#�0�����!"��&�



����������	���
�����


������+

(�������/�*+�����
��1���

�����	����

��
9
�����
�������
��	��
���������
��
��
����	���
��

	������	���
����
���	��
��
����
������	
���������	����	���
��	�
��
��	�
��
�����
����
��	�����
�	���
��
��
�
�	�
��
��
���	���
��	�
��
��
�	���/
�$��������5>���A�5��'
��
�� 	�
� ����� ���
� 
�� 	�
� ����
�� 	
� ��
��� 
�	� 	�

	��
����

�����	������������
��
�
� ��
� �
�
���� ������� 
�� 	��
����
����
�
�	

�
�������
�
��
������
���������	�
��
�
��	�������	�

�
�
�	
����
�
����/
�	��
����
�����	�
�������	�
�������
��	

��	��	��
�
����	��	�
��
�����	�	
����
�	������
��
��
	��	���	��
��	�
��
��	��
����
�����	�
��
��	�
�
�	�
���
�������
�	
�����
���
	�
��
��������	��
����
��	�

�����
����
����	���	�
���	��	��
�
���	��	�
���	���
���
�
���
���	
��������
��������
���
�
������
��	�
������

��	��
����
�������	��
������
�����
��
��
������	
��
��
��
�
��������������
	�
-��	�����	���	�
�������
�
��	��
������
��
�� ��� �������������������������&��������B�	@� ���


�����
	� ��� ��#������$�����0��"�C����#�#��0� � �$��������
�� ��� ���������������� "�$�������0��"��&�� ����

;��������0��������
'� ��� ="����������������"���������������� ��������

������!������������ ��#�!�%�!������� ��������
�"���!"��$�����!���������������&���

(� ��� 3���0������
��"������������
)� ��� ="�� ��&�����"� ���!�����������#������/��""

��������&�����������"� ��������&���
,� ��� ����$�;�����������!������������"������&��� 

"��!���&� �������!��


���0��
�
���

(�

�
����
�	��	
��
����������
������
��	��
������


��

�
���	��	��	��
���	
����
�����
������
���
�
��+	
	�
�	��
�
��	�������	�����	�
�����������
���	���������

���	�
� �

���?������	������9�
�
�	�(��
��$9(�5����
9(�&'�� �
������

�
����
�	������
���	�
�����
����������
�������
������������
���
	�

������	�
��	�
������

���
�
��	�
�����
������	�
��
�����
���
��	�
�
�	���

���
����
���

�
����
�	����
�
��
�	��
����
��
��	���
��
�
����	��	�
������� 	
��
�����
��	�
��	
�������
��
��
���
�

�
��������������	��	�
��
������
�
�
��	�

�
�����
����	�����	
��	��
���
��
��
���	�
��
������	�


���	��
������
�����
������
��
���
��
��
�	�	
�51*%&I
����
	
�����
���

�
���	���
�����
����	���
����
��	�

�������
��:
�	�	
�8)32>������
���
��	
��
���
�	�
����
�
���

��
��	�
���

�
���	���������
�	���
��	�
��
�����
��
����
	��
��	
�����	�	��������
�������	

�
��
���	���
�����
��
�����	�����
�
���
��������


	�
��
�����
����
��	�����
�	�����
�����
���
��
���

��

�
��

������������������
+�����
��
���������
�����
����	�������������
��


�	���
�����
��
����
���
�����
������
�
���
�
�	��
��
��������
��������������
	��
���
��
����������
�
-�
�
�	�	�
�
��������
�
�	��	�	�
���
�
��
����
���
�����

��
����������
����������
�������������
���
���
�	�����

	��
������
�����
���
���
����	��:
�	�	
�&&&�
��&B&�



����������	���
�����


������.

����*(�������/����
/#���+

����
��!�
 ���!����

>H5
�754������������	�����
��	������
	��

�����!��$���������������1 ��������!��$��<����.�%�$�$
��#����$���������%

�����!��$������������"$����%������$�����1

	%������!��$����������������������������������$!��$� �"$�����
��
#:"�������
$$����$�������$������$

���������
��������������1 ��$����$�"�����������������
����<��)����

����
������$���������%�����$!��$�����������
�

������"$����%������$�����1

	%�������%�
����������6!��$����
����������������$ ����.�6!��$���
#:"�������
�#���
���������1

������
����
������������$����
"����������"�#���"���� �$������������
���
�������������������
����$.�

����������%
$����������������1 ���
����������������
����������1

	%�������%�����
�����������
������������
���
�� ����.�%�$����$��
����$�"��������"�����#
�
���

�����"���%$������1 ����$!��$��#
�
��������$!��$��$"����#�$����

����$���$�����$��
�.��%��"�$��
����1

	%�������%�����
�����������"�#���"������
�������$���"�1 ����.��"�#�!�"�����������
�#��"������%�$���
$1

	%�������%�����
������������
����
�������$���"�1 ����.���
�����
$1

	%�������%�����
������#�$���
�����%�"����������
�� &��
������������
���
�#��"�$��
�������#�$
����"$1


�#=�$���"�����������������$��"$����$������$����

�
$
������$
��������<��
"����������"�#���"�������

�$
�.���������������������������$������
$
������$
�

�����������
������$��"$����������"��$�������������1

	%�������%�����
����������#�$
����"$��
���
������ �$������
������
���$�������$���������$���$�

�������$��"$�!��$����%�$�������"�����������$���$� ������������$�
$!#�$
����"$�
#:"�������
$$���
�#

��$�"���������"��������#�1����������������.�����%���� ��������������
����1�4���
�����$������

#�$
����"$�
�#����%��$�
$�������$
�#�
�#���#�� ��$����'1>8?������������
�+=@?�#�
����$��
�#

�
����#1 1(+8���$���
"���5�$��
$��$71

3�#!�������
��
�������"��������������������!�$�%��� ��
�����"�������������������
�������1

������
$��������"��#������
����!���������!�$�%���

��
�����
��#���������
�����#����
�����)���#���


���������$����$�1

>H5
�754���������������������	����������������������	������
��	��

	%������"�#���"���������%%�������
$#��%�����
����� ����.��"�#�!�"����������������������������!��$��

������!��$����$�����$!��$����������������������1 
�#=�$�����$!��$���������1

	%������"�#���"���������%%�����"��
$#��%�����
����� ����.��"�#�!�"�����������������������������!��$��

������!��$������������1

	%������"�#���"����������������������$�#�"�#�$�����
 ����.���
�������
�#���
��=�����������
��������

���������.��%�������
������$"������
�
��������������

���$�������������������%���
��������%�$�
$#�������

��
��$����1�	%��������������
���������������
���������

�%%��$�������
������
���#����
���������"��#����


�
$$��!��
��#�������1

>H5
�754���������������������������
��	������������������	���������	��

�����!��$���������������1 �������������!��$���"����������������������
�
�1

	%�����������������!��$����$�
������������������
� 6!��$���
#:"�����������������������
���������

�����!��$������������������%�$�������$����
��������� ���$����$�������"������
�#��
����������
$�

�����
�
��������"�#���"������������%
$��������������1 %�"��#������#�$�1

5������"�#���)���
��7



����������	���
�����


������/

����*(�������/����
/#���+

������������!� �

��!�
 ���!����

>H5
�754������������	��������	������
	��

�����!��$���������������1 ������������!��$���'=A��"$��
��
�����1��
��#

���$�����������"�#��
������������$��������


#:"������1

	%�#�$
����"$������#�)����
�#���������������������"$� ������������$!��$�������������������
#:"�����

�����"������������%�!����$�������
����������$!��$� �
$$��1

��������������������1

������
�����������������
��$���1 �������%��������
��������"�#����
���#�#1

>H5
�754���������������������	����������������������	���������	��

	%������"�#���"�����
���
$���%%�������
$#��%�����B����� �������������!��$��1

�����!��$���������������1

	%������"�#���"�����
���
$���%%�����"��
$#��%�����B����� ������������!��$��1

�����!��$���������������1

	%������"�#���"�����
���
$��������
�������$�# ������������6!��$��1

"�#�$�����B���������������6!��$����
��������������1

	%�����6!��$����
����������������#����"����� ����.��%�������
����
��������$����#������"�

������
����������������������
����
�������������1 �$�
�����
����!���$�����#�����1

	%�����6!��$����
����������������#����"������� ����.�#�$
����"$��
�
����1

��
����
�����������$����#��
�#�
#:"�����������!��$��

�����������������
)��"�������� ���
�
������%����

#�$
����"$��
���
���������)���#�#1

>H5
�754������������������������������	������������������	���������	�

�����!��$���������������1 �������������!��$��1

	%������"�#���"�����
���
$��%
$�����������B������
�# �����������6!��$��1

����������������!��$����$�
����
���������%������

6!��$���������������1

	%���������������6!��$���#������������������"�#� 4����������������
$��$���������
����#�$
����"$�

�"�����$�
���
�������������������������������#�$
����"$ �$��$����
������������$��������������������
��

���������"��#����
����������
���$���
���
�������#�#1 �����1

>H5
�754��	���	���

����������������
	�������������

��������������� �

	���$!��$��������������������1 �"$��
#:"�������
$$����"�1

�"�#���"����������$���"�1 ����.��"�#�!�"�����������
�#��"������%�$���
$1

��
��������$���"�1 ����.���
���%�$���
$�
�#�$���
����%�������
$�1

>H5
�754��	���	���

�	���������������
	�������������

��������������� �

	���$!��$���������������������1 �"$��
#:"�������
$$�����1

�"�#���"����������$���"�1 ����.��"�#�!�"�����������
�#��"������%�$���
$1

��
��������$���"�1 ����.���
���%�$���
$�
�#�$���
����%�������
$�1

�)������
���!�������%$������1 ����.�%�$����$��
����$�"��������"�����#
�
���

����$!��$��#
�
��������$!��$��$"����#�$����

����$���$�����$��
�.��%��"�$��
����1

	%�������������$��$�����������$���
��������
����� ����.�%�$�����������
�6!��$�����������$��


���%��#�%"$���$�
�#�%"$���$��"��������"�#���"������
� ��
�����$�#�$����������
���
�#���"������������1

�������%
$���������������1 ��$$����
����$������%�"�#1



����������	���
�����


�������

��!�
 ���!����

>H5
�754������������	����	�����	��	����	�������������������	���	
���������������	����	����	����	��

	���$!��$��������������������1 �"$��
#:"�������
$$���%"$���$��"����$��"�����$�

����$���$����$�"�����������������
������%����


#:"�������
$$������$"�������"���%���$�
#�1

���%�!����$�������
����������������
���������� ����.���������������
���������
�#���������%�

#�$
����"$�
�#=�$�������1 
�
���
%��$�$���
�����
����"����������������1

�������%�!����$�������
������
#�
�$�
#������ ������.��������%�1

$���
��#���������������������
����
��/���������

�������
#�
��"
�������������#��������������1

>H5
�754������������	���������	��	����	�������������������	���	
���������������	����	����	����	��

	���$!��$���������������������1 �"$��
#:"�������
$$���%"$���$������$�$���
�����$�

����$���$����$�"�����������������
������%����


#:"�������
$$������$"�������"���%���$�
#�1

���%�!����$�������
����������������
���������� ����.���������������
���������
�#���������%�

#�$
����"$�
�#=�$�������1 
�
���
%��$�$���
�����
����"����������������1

�������%�!����$�������
������
#�
�$�
#������ ������.��������%�1

����#�������������������������
����
�������������

�������
#�
��"
�������������#��������������1

>H5
�754�������������

��	���	�����������	�������������������������������	���	
�������������

�	����	����	����	�!�	�������������	���	
����������������"���	������	��	����	����	����������������	

�	����������	����	����	��

	���$!��$��������������������1 �"$��
#:"�������
$$���%"$���$��"����$��"�����$�

����$���$����$�"�����������������
������%����


#:"�������
$$������$"�������"���%���$�
#�1

���%�!����$�������
����������������
���������� ����.���������������
���������
�#���������%�

#�$
����"$�
�#=�$�������1 
�
���
%��$�$���
�����
����"����������������1

��
�������
#�����$���"�1 ����.���
�����
$1

��
���
�#������
$����������
�����1 ����.��
�"%
��"$�$/����
���$�������#
�����1

>H5
�754�#��������������������������

���!�������������$����	����������������������	��������������

�������������	�������������	�!�"����	����������$�������	����������	�����������	��

�)������
���!�������%$������1 ����.�%�$����$��
����$�"��������"�����#
�
���

����$!��$��#
�
��������$!��$��$"����#�$����

����$���$�����$��
�.��%��"�$��
����1

�)�����%$�����������������%�!����$�������
���� �������������$
$��������
������
�#�%%�$�������%�!

�
"��#������
$��#�$����$��
�.��%��"�$��
����1 ����$�������
����1���$������������%��$��%����

�����������
���������������1

5������"�#���)���
��7



����������	���
�����


�������

����*(�������/����
/#���+

������������!� �

��!�
 ���!����

>H5
�754�
��	�����"
�������	����%�������!������������������������	����������"
������		��������	�

�	���������!�"�������������	����������"
������		�
		����	��	������������

�)������
���!�������%$������1 ����.�%�$����$��
����$�"��������"�����#
�
���

����$!��$��#
�
��������$!��$��$"����#�$����

����$���$�����$��
�.��%��"�$��
����1

	���$$��������$���$��%�$����%�!����$�������
����1 ����.�����$!��$������
��������1

&���
����%$���%
����%�#�$
����"$��
���$����%
����% ��#"���
)�����
�������������%�$�������
�������

%�$���������������$�
�1 
������������������#$���"�������"����
��!��!

%$
�������$%�$����1

����$
��������������������%$���#�$�1 ���
����������
��������#��
�#��"���#���%�1

#�$
����"$��
�#�����#�����%�!����$�������
����1

����$
������������������
��������1 ����.���
�����%�!����$�������
������#�$
����"$�


�#��������
$��
�������
�����1

����$
�����������
$1 ����.���
�����
$���"�#�!�"�������
$��
�#

#�$
����"$!��������
$1

>H5
�754������������������	���	����	����	��	������	�������������������	���	
���������������	�

"�����	��������

	%�#�$
����"$������#�)���������$!��$��������������������1 ����.�
�#�
#:"�������$!��$��������������"$����


#:"�������
$$����"�1

	%�#�$
����"$����%$������!���������%�!����$�%$�������������������1 �#:"������%�!����$�%$������1

>H5
�754�#����������������&'
!������������"
��������������(�����	��

-
$���
$��#�$��1 ���
��#$�����$
����#�$
����"$��
�#����%�!����$��

����
����1

-
$���
$����$���"�1 ����.���
�����
$���"�#�!�"�������
$���$

#�$
����"$!��������
$1

�)������
���!�������%$������1 ����.�%�$����$��
����$�"��������"�����#
�
���

����$!��$��#
�
��������$!��$��$"����#�$����

����$���$�����$��
�.��%��"�$��
����1

���!����
��������
������������"��#1 ����.���
�������
��������1

���!����
�������"�#���"��������������"��#1 4���������
�"%
��"$�$/���$����
���"����1

���!����
�������
��������������������"��#1 4������������!C"
�������#�)��������$���$����%����

��$$����#�
����$��
�#�����$�������������"����1

���%�!����$�������
����������������
���������� ����.��
�"%
��"$�$/�������%��
������%�$

#�$
����"$��$�������1 ����
����������������1



����������	���
�����


�������

�+����
���1�(*����
(�������/��

�0��0
�,
(�����
�8�����8��
��
����
�����
��������
����
�


	�
������	��	�	�
���
�
�
�	�������
��	�
�����
���
����
��������
�
������������
����
��	�
�������
�
�
��������������
��	�
�����
�	
���
������
�
��
�����
��
�
	�
�����	�
�
��
��	
�
���
��
�	�
�����
�����
����
#
�����������
�
���	�
�
��
�����
������
��
�����
��


�	�	
����	����������	��
���
����
�	�����
�������
�����
����
��	��
�
�
��	�
��
��
��
�����������	��������
��
�

�

��	
��
������
��	
����
�	�
���
�
���
��
���
�����

�
��
�������
�
���
�����
����
�
����/
���
��	�
�����
�
�
�
�������	��	����	�
��
��
�	��
��
��
�	
��
�	��
���
�
�����
����
	������������	�
�	����
�������	�
��
�
	������
�
���
����	��	��
����
����
���������������	�����
	�
��
	�����
����
�
���
	������������	�
�	����	�
����

�
�
�
���
��
�	�
�����
�����
����

���
	��

�������	���


(
�����
!�4�����
4�����������������������
�� ��� ���&�����&��%��!�������� �������!���� ���"�����
	� ��� D���� �������!�������"��!� ���0���&%�#!��

 �$����� �������!����&���������$�!##���#!�

��+������������&%������#��"���;�"���$�"��#!�

��+��"�������� �!� �����&�

�� ��� 
!����!�$�� ���� �������!�������0��!##��
#!���+�!� ��� ���&%���������������#!���+
"��#"�������� �!� �����&��� �#��"���A
"���$��"�����""��+�

'� ��� D����!##���#!���+�#!��� ��!����� ���&��� 
#��������&����#�"������ �#����������������
"��+%�"�C����!"��&����#��������� �������!��

(� ��� D���� �������!�������"��#�"������!� ���0���&
�#!��� �$�������&�����!##���#!���+�������"
�&���"���!��������������&�%���"�����������"+"

���%�#!���"������!�����������$�������&��"%
�����"��!���#������������"��

)� ��� ="��&�"������������"�%���0�� �������!��"�
!##���#!���+��"�!� ��� ���&%��������"������� 
"�C���������������+�

��%������
���������
,������&!��%
���
,� ��� ���"���A�"���$%�!"��"������"����#!����������

024������%������#!�������/#�"� �$������
"����������������5���� ���&��� 1!"�����������

����+%��!��#!���������������������"�������� 
��"��� ���������"��&�������

-� ��� ���"���;�"���$%�!"��"������"����#!����������
026��������023���� �!������������&�%������#!��
����/#�"� �$�������"����������������0����7
��&��� 1!"���������������+%��!�������"�������
���������"��������0���"��� ����#!����&�������

(
		����	�
�����
�	
���
�����������	����	�
����
�
-������
���
�
�	�
��
�	�����������	�����
�
��
���
�
	�

��8�����8��
������
��
�	�
�����
�����
������

�
�����D�
��	��������
������	�
�����
����
-��	����
�
�
��
����	��8�����8��
��)
��
��
�	����	�
���������
�
�
�
����
��	�
����������
��	�
�"��
�����	
���
�
	�
��� �
���:
���
���
��� ��� 	�
� ���	� 	��	���
��	�

���
-������������	
���	�
������	��������
����
�������
������
�	���
��	�
�
��
��	
�������
���
�����	

�
��
�	���������	
��
.� ��� ="��"����������#!�����������0���&%������#!��

����/#�"� �������$����$�����#� ����&�!����
������������"� ���&%������"��#�#� ����&��� 
"���""�������"+"����

�2� ��� 
� ���!��������������!��"����0���&%��������

���"��#������������"�%�"���� 1!"���&����

���"%�#!���"����������������$���%��� �"��!��
#������������"��

+����������	�
��
�	����
-���������	�
�	����	�
�	���	�

�	��

���
		����� �	��8�����8��
���
�
�
���	�
�	���	�

�	��

�������	�
�	����
�
����	���
�	�
��	�
��
��	���
�

	�
�������	
����	
�����	�
�	�����
�
��
�����	�
�����
���
	���	
�
�����	�
��$
��
��	
�
���
����'�
��� ��� � 1!"���� �/��&������&���"��&�� �"�����&%��!��


��&�� 1!"���&���������!�������������#��0��"����"
�!�$�� ��� ��������������#��0��"����"���$�� 
��##�"�������� 1!"���&����0��������� �������!���

���+�*���(�����*�1��(
�
�1���#����3
;
����
����
���

���
�����
�������
�	�
����
����

	��	�
����	�
�$	�
���
��	�	�
��
�����
����
�
���
���
��
��������
��	�
�����
�����
�	���
�'�����
�����
���
	��	���
��
	����
���

���	�
����
�	
�������������
�	�
���
�	
���-���
�
�
���(�����
����
�
	�
�������
�
�
�����
�	�����	�� ��	�
����������
���

�� ���	
��
	��	����
����
�	���	
������
�����	�����
����������
��
�
������	�
��
�����
���������	���?
�	�(�����
����
�
��

��?�;��
�����
�����
�����	�����	
���%B���
��
�
���?
�	���
����
���

���
�����
�������
� ����-��
����������	��
��%&���)
��
��
�	�������	�
����
����
�����
���

���
���
	���	����%B���
��������
���

�
�
�����
������	��
���
���.	�
����
��	�
�
���
��
��
�
�����
����
���	�����	������
��



����������	���
�����


�������

 �
���
������������
����

�����	�������
�	��	�	

�
�����
�	��	�	�
�
���
����
���

����
����������
������

����������	�����
�
��
�����
	�	�
�	�����
���
��	�
�����
�
�����	�	�
�����
��
��	

	���6�����������
����

�
��	��	�
���
�������
��
��	

	���������
��
������
�	
	�
�������	�
��
��	�
��
�����
�������	�
�	

	������
��
��	����	�
�����
�����
��
�
�������
���	���
�



�������

���������	�
���
������

����	�	�
������	��

���������	
�������
�	����	�������������	����������
��
���������
�	��
�����
�������
���
�
���
���
�����	�����
	�
�����������	�
�	����
��
�
�
��
��	
����	�������	�

�����������	
�����������
����
�
��	
�����
��
�
�
����
	�
� ����
���� ��
�	����	����������
����� ����
��
��
���������������	��������	
���
��
���
�	��
�����
�����
�
���
������
��	��	�	�
��
��

�
�����
���������
�������	���
�����
��
����
�����
����

�
�
	��
���
���
��������	
�����	����	��
����
�	
��
�
�	�

������	
�	�
����
��
�	�����
�	
��
�	��
�����	������

�
���
����

����
��	
����	�������������	�	�
��
����
�����
��
����	���
����
�
��	������
�
�
���	�
��
����
�����
�����
�
�
���
��
����
��	��	�	�
���
�	��
�����
����
����
�	
�����	
	�
�������	
�	�
����
��
�	�����
�	
��
�	��
��	�
������
�
���� ����
�
������
�
�����	��	
��
���
	
�
�
��
�����
��
�����	�
�	��	�����
�
������	
��
��	��
��	��
�
���
�����
������
���
��	�
�
	�
���
�����
���
��
�
�����
�
��
�������������
�	�����	
���	
����

�
�
�����
���
���������
�����
������
��
����
�	
��
��
�
	�
�	
����
�
����
�	�
��	
��
�
�
���
���
��	�
�	
���
��
�����������

��

����������	
�����
�

	���
������

���������!�"����
�	��
�����
�����������
����
�
���	

	�
��������������	�
�	���
��	�
�����
���	��������
������
�
����
����
��������	��
���	�����	�
�����
�	�����
����
�
�������	���� �
��� ��	�
��� �
	� �
����
� 	�
� 	
�� 
�� 	���
�����������������
��	����	�
�
	�
�������������#�������
��
�
���������
�$����
�
�	�
�
%�����	�
���
��	�
�	
��
��
��
����	
�	���	��
����
	�
�����	����	�������
����	
����
��
����	���
����
�����	������
��
���������&
��	�����
��
�
���	�����

����������������
�	�
��
�
��
������	
����
	��
�������	���
����
��
���
�����
		
���
�
�	��	�����
�����
�
������
����������
����������
��	
����#���
�''�($�

	
����
����������������
�
�
�	��	�����	�
��
�	
	

	������������	�
�	���
��	�
�����
�

�
��������)��
��������
�����
�
��������"����
�	��
�����
������
���
����
�
���	


	�
�������������
�
�	�	
�	�
�����
���	��������
���
���
��
�
����
��������	��
���	�����	�
��
�
�	�����
����
������

����	�����
�����	�
����
	��
����
�	�
�	
��
��	�������������
����
�
��	����	�
�
	�
�������������#�������
��
�������
���
�$����
�
�	�
�
%�����	�
���
��	�
�	
�����
��
�����
	
�	���	��
����
	�
�����	����	�������
����	
�������
�
��	���
����
�����	������
��
���������&
��	�����
��
��	���
�

����������������
�	�
��
�
��
������	
���	��
���

���
	���
����
��
���
�����
		
���
�
�	��	�����
�����
���������


����������
����������
��	
����#���
�''�($�
�
��
��������)��
�������
�����
������
����������������
�
�
�	��	�����	�
��
��	

	

	�����������
�
�	�	
�	�
�����
�
��������������*����	���
��	
���	��	���
���
��	
��	
�

	�
������������
�	������
	�
��
��	�
��
�����
����	
�
��	��	��	�
����
�	�
�������	
�����	�	
�	�
����
��
�	
����
�	
��
�	��������������	�
�	��
����	

�����

��������� *� ����	� ���
�� �
�� �	
������ 	�
� �
�
�����
�����
������	����	�
�������
�	����	�	�
�
�	
��
�
�	�����������

���������*�����	����
���
���	
������	�
��
�����
��
��
������	����	�
�������������	�	�
����
��
�	�����������

��������
����������
����
�����	��	�����
��������
�
�
��	�
�������

	
�������������
����	
����	�
��
�����
������
�	��	
���
��	�
�
�	��������
�
��	�
�������

���������������
����	
����	�
��
�����
������
�	��	
���
��	�
�����������
�
��	�
�������

�����
����������������
��
���
���
��	�
��
�����
��
���
�
��
��
�
�
��	�
����
����	
��

�����
���������
������
���
�	�
���
��	�
��
�����
��
���
�
��
��
�
�
��	�
����
����	
��

��������
����������
�����	
�	�
���
�	��
�����
���
	�������	�
����	�
��	�
��
���#�
����	����
��	�
������
�
�
������
	����
	�

��	�
��
��	��������������	�
����
$
	��	��
�
��	�
��
�����
������
������������
�	�����

�� 
������!�������*��
��
�����
�����	�
�����	��
��
	�
���
��������#�������
�������	�
��
�����
��$�	��	�	�

���
�����
�����
��	��
��������	�
��
�������	
���������	�
*���	�������
�
���������
�	��	�
��
��	��
��
��	��
��	
��
��
��
��	�
�����
����	
����������
��

���������������������� ��� 	�
��
�������� 	��	
�		���
�� 	�
� ���
�����
� 	
�	�
��
�����
������
� ���
�
���
�������������
�	
��	��
��������

�
���������	
�
�
	�
��
�����
�����������
�	�
����	���
��
��������
��
�
���	
�
��	
��
��	�
����
�����
�	
�	���������
���
����	
���	�
���

�
����
���

�
����	�
����	
����
�	
������
�
���	�
���
����
�����
�+���	
�



���������	�
���
������

������

����"�������
�	��
�
������	�������������	�
�����	
�
���������
�
��������	���	�����
�
�	�����
�
�����
�
�
�	����
��
����
��	
���
���
����
�
�	�
���������
�

�
�����������	
�	�
��
%	�����
%�����������	�������
�
����
������	�
������	������������	�
������	�����	�
��
�
�
�
�
����

	����
�
���	�����������
�
���
	�
����	�
�	
��������
�
�	
���	
�����	�������	
�	�
�
�
��	
��	
��
�
���
����	�	�
��
��
�	���
��	�
���
�
���
	�
�����	
��
	
��
��
�
�����������	
�	�
��
%	�

#

������!
��������� ��� 	�
��
�	� 	��
���� 	�
��
�
�����
���������	��	��		���
��	�
��
�����
���	
�	�
��
�	�	��
�

$��
�����������*�������������
�	�
�������
�
����
	��	�����
��	�
��
�����
���	
��
�
��������������	�
����
�
������	����
����������
�����
��	�
�	
���
��
��	�

���
�����
�����
�
��
��

	%������&��� �
��	�
��������
�
��	

�����	
�����	
	
��������������	���	�
���	
��
������������

'��������&��� �
��	�
��������

���
	��
�
����

�
���� 	
� ����	� 	
�� ���� ��������	��� 	�
� ��	
��
�
����������

������&���*�����	�	
�������������	��	�������	�
�����
�����	����	�
�
�
�	��	�	�
��������������
�	���
��

	
�����&���*�����	�	
�������������	��	�������	�
�

�	�����	����	�
�
�
�	��	�	�
��������������
�	���
��

'�����&�������������	
���	��	������
����
���
����
�
����
��	�����������
���
������
�

�
������&�������������	
���	��	������
����
���
��
�
����
��	�	

��������
���
�

Pinch mechanism

Parallelogram 
arms

Outer cage plate
Inner cage plate

Limit screws

Nose

����

����

�
�
����
�����
��
�
���
�
�����������

���
����������
�����

����
��	
���

�
��
��
����
�	���������	�
�	���	�
��������

���	

�
�����
�	�����
����
�����	�
����,���
�����	�
��
���
	
���
�	����	�
���

���
	��
�����
����
��
����
���
	�
���
��
	�

��-�����.��
����#�
�	�
����
��
�	��
�����

����
��-��/��0��
��.$������������
	�����
��
	�

��1�����'
�����������#�
�	�
����
��
�	�����	��
�����
��1��(��
��'$�
�
���
����
�����
����
����������
�������
���
�
����

��
�����������
��''�(�����''�'�#�
�
�$�

A
B

Y
Z

����

���
��
������
���
�����	���
����
���
��
������
���

�������
�����	���
����
���
��
������
���

��������

��	���
����
���
��
���
����
���
�

��	���
����

H
M

L

����

���
��
������
���
�����	���
����
��
��
� �
��
������
���

	�����
����
��
�
��
�
���!���
�"�
��
������
���
�

��	���
����
��
��

2�����	�
���
�
������������	���
�����
�
����	
��
��
����
�	��	���		����	�
�������������
����
�����	�
��
�
�# 
�
��������
�	�
����������	�
�
�	
��
�	��
��	�
�
���	�
��
��������	�
������
��
��	�
��
����	����
���������#
"��
�����
���	�
��������������	�
��
%	�	
����
��
�	
�
��	�
�����	�
��
�������	�
����
��
�	����	�
���
�	�

�������
�
	��


�����������������������������
���
��
��	

������	�	�
���
�	��
�����
����	�
�����	�

�
�	�
���
����������������
����	
�����	��
����	���
��


�

��	
���

�����������
3��	������
����
	�����
�	��
�����
����
��
�����
�
3��	� ��� 	�
�������
�
������������
�	� ����	�������

�����
���
��
��������
������	�
����������
���
���
�
�����
�������
��
�	���������������������
�
�
�	�
����	�
 
����������
��
������
�	�	�
�������
�
���������


	��� �
��	�
����
	����
��
���
�	��	�
��
�����
������	
�
��
����
��



���������	�
���
������

������

����������������������������������� �
�������� ��������
*���	��
��������������	�
�����	������������
���

�
		
�������
	���������
����	�����
�
������	
���
���	�

��
�	��
�����
��������	�
�	�

��������������
 �
�
�
��������������
����
�������	��
��
�����


������
�	
���&�
�������������
��
�����	
������
%�����	��	���
�
�����������3���
�
�	�����������
�����
�
�	��
��
��
����
�������	
���	�����*�	
���
�����������������	�
��
�
�����
�����
�����
���
��
�������
�����	
������
�
������


! "�� ���������������#$�� �������������
��
�
���
�������
��
������	
���������	��������
��

���
��

���
���
�����
��������	�
�	�
���	�
��
�����
������
���
��
�
������	����
������	�
����	
�	�
��������������
��	�
����
������	�

����������
�
��	�
�������������� 	�
� ��
�	�
�
�����
��������
�������

�������	�
�	��
�
	�
� �
�����
��� �
���	� ���� �
	�	�
������ �

��
���

���	�
��
�����
������
���
��
�
������	����
������	�
����	
�	�
�"������������
��	�
����
������	�

����������
�
��	�
�"
�����������	�
���
�	��
�
�����
���4����
�������

�������	�
�	��
��	�

�
�����
����
���	������
	�	�
�������
���
���

�����������	��

����
��	��	�
���
���	�����	�
����

��������	�
���������	
��	�
�����	�����
���
	
��
	�
����
%�����

��������	�
�	�


! "�� ������������
��������$�����%�������������
���	�
��
�����
���������	������	�
����������	�
����

����������	�
��
�����
�����
�����
��
�
�
��������
��
��
	�
�����	���
�����������	
��


! "�� ������������
��������$����"���� �������������
��
� ���
�����	
�
�� 	�
����
������
	��
��
�����

�
���
�	���
��	������	
�����	���
��	�
��
�����
�����
�
	���
�
���������	
������	�
����
�����
����	
�����
��
�

�������
��������������	�
��
�����
�����
�����
��
����
��
��
��
�����
������
������
	��
�	���
��������
�����	�

����������
���
��������
�	
��
���
�	�
��
�����
����5��
�
�
���������
��
�����
�����	��
�
	��
��	�
��
�����
��
�

���	
��
��
����
��
6�����
�
��������
	���
���
�	���
���	�������
%�
��

��������	�
��
�����
���������
%�
���������
������
����
������������	�
�	����
��	�
����
��������
�	�

	�������
���

����
�''�1�#�
�
�$���
����
�	�
��	�
�	

���������
���
��
����
�	��
�����
��������	�
�	��5
�	�
��	�
����

	�
� ���
� 	

��� ��
�� �
�� �
��� �
�����
����� 6�
�
��
�
��
��
����
���
������!
���	��
����
�
���������	
��	

��
��
��
�
��
��
���
����
�
����������
���
��!�
��
�
�
��
���
���	���	�����������	�������
�
�
���

	
�����
�

��
���	�

&�
�	��
�����
��� �����	�
�	�� ���������� ����
�
������
�	���������
����	
���
	���������1(71/�����	

�
��
���
�
��	
����������������	���&�
�	��
�����
����
�
�
�������
����������	����	�
������������	�
�	������(-7
'8�����	
��
��
���
�
��	
����������������	��

�����
��	
���

&������������������
 
���������������������
� �	���������	� 	
� ������

����	����
���
		����	��	�
����
��	�
�����	����	�
�	�
���
���������	��	�
���������������
��	�
��
�����
������
�

����	�
���
������	��������������	
�

	��� ����� !"�#�!��"$% ���!�

����������	��


��
����	� ���
������������������������������������������������������������������������� ���

���������! �������
������"

#$%&
'!'��(�)��*���
��+�$�,�
$$�+�)
�����������������������������
�� ���������� �������
����� 

������",

(��!������--. 
�� ��������������������/����������

'�0����1-. 
�� ��������������������/����������

���
�2322 ����
��������

��
����	� ��������� �����������������������/����������

4�&�511 
�� ��������������������/����������



���������	�
���
������

�����&

9����������
���
������
�����
�����������
��
�
	��������	��
�����
����

�
��
		
�������
	�������
��	
�
�������������������
�������������
��	����������
�
�
�	�������������:
�
�
������	����	�
�����	����
����	�

�����������
���
����	��
���
��
���������	
�
��	�

��
��
��#������$����	��
���%
��

�� "�������� "��������!�"����� �
)

���������	������	
�
�
	��#�
�
�$���
��	�
����

�
�
����
������	�
����
������	�
��
��	
��

'� �������������$�
:
�	��
�����
������
����
���������
��
�����	��
	

�������
���
�����	�����
	���������	
���
���	��
������	�
����	�
��
�����
����
����	
������	��	��	�������
�
���
��
�
�����
�	
����
������
�

&������ "��������������������������$�
 
���������������������������
�����������	��
�	�
��

�����������
�	��
�����
��������	�
�	���	�������������
	
��	���	�
��		
��	�	
������	�	�
��
�����
����������	��	�	�
�


	�
�����	
���������
	��
����
�
����
���	���������������
	�
��
��
��
�	�	
������	�	�
��
�����
�������
�	�����	����

	�
���
��
�������������	

	���
�����
�����
���
��
��

'�������$��(���
3
�����
����
��������
���������	�	
��
	
�	����
�����

���
�
��������
	���
�
�
���
����������
�������
	��

����	���
��
���

���
%�
�	�����
����������

�������	
	�
�	����
��	�
��
�����
���	
����
��
�
�
��	�
����
��
�
��

'���!����%�������
3��	� ��� 	�
� ������� ����
� ���	
��� ����	��
�	�
�

�
��������� ���� ����������� ���� ���
�	� ����	� �
��
��
����
��*����	�������
�����
���#���	���������������
%�
����
�
$����	�
�	���
������	�
��
��	
���
��
�
�	�����
�����	
�
��	��
�

��������	������	
�
�
	�

�	������������
�	�	
��
��
���������	��
�;���
�
��
�
���	�
�����
���
�
�	�����
��
�
�	��� �
���
��
�
���	���
��
��
�
�	����
���
��	
�
	�
����	�������
��
	
���
��������������	������
��
���,
	������������
��
�
��� ��
� ���
���	
��� 
���
���� ��� ������ ����	��
�
�
��
�
�	����
��
	������
�	��	�	�
�
���
��
��
���	�
�����	����
��
�����	���	�
����
%���������

����
��
��
��
�
�������
�	�
�����	��������	
��	��	�
%��������
��	

	
�	����
%�����
��
�����
�

'�������$�������������
 �	�����
%�������	
�����
���	�����	���
	�

��	�


����	
�������
�����
���������	���������������
����
�������
�
%��������	
���������������
�����
��������
��	�
������

�
��
�������������
��
�����
������	��
�
����
�����
�

������ ���	���
� ��� 
��
�� 	
� ���
� �����	�� 	�
� �
%	
��������������	�
���
��	�
������
��
�
�������
����	�

�
�����
���������
�
�	�
���
������	���
�
��
� ����	
�� ���� �
�����
��� ��
���� �
� ������

��	��
�����
�
�
���
�����
����
�
���
���
�
�
�����
�
����	
������
	�����	
���
�	�
���	��	���
����
���
�����
�������
��������
�
�	�������
���
�����
����<����)���	��
��
	�
������
��
��)�����
��
�����
������
�	�
��
�	��
��
�
��
%����
�
=�
����	����	�
����
��������	�
�
������
���
��

�
����&
��
%����
��)�����
�3����*�
�����	��
�	�
��
�����
�����
������
��
	��
���	���
���	��
	�
���
�
��

��)�����
�
�����
�	�

������(���������������
��
� ���
�����
����	� �
� �
���	���
���	�� 	�


����	
���
����
��	����	�
��
�����	�
��
��	�
�����	
��
���������
	
���
��	�
����
�����
�	�����
���	��	��
�
	
����
���
�����������
�����
�
���
�������
����
��	

�� �
�
���
	�
��� )

�
)�	�*�
���
�����)���
�

#���
�'8�($��
���
�
����
���	�
��
������	
���������
��
���
��
���	�����	��

'�������$����������*�$�����+�
3
�����
�����
�
���	��������
	��
����������>
��	


��	�������
	��
���
�	�	��
���>
���)
�
��
�	�	��
�����
��
��		��������	���	
�	�
����
�
��	�
��
�	�	��
�	��	�	�
��
�
�����
����		���
��	
�������?���>
�
�@���		����������	�����
����
��������	��
����
������
��������
����
���
�����
���
��
��
��
���
�	�	��
���>
����
�1A�#(-�B��$��1�1(-A

#(.�/��$��1�(-A�#'1�.��$������1�'0-A�#'B�C��$����

	�
������
���>
����
��
�	��
��
�����
�1�1(-A���>
���
�
����
���
�	��	

������
����
���
%�
�	�5�:����	��
�
��
��>
�	���������
�1�(-A���>
�����
����
���
�	�5�:;�����
����
�����
�
����	
������
	�
��	�����	

�����
����
��1A
��>
�����
����
����
%�
����
����
���
�������
���	�
�	
�	
�
������
��
���)�����������
�1�'0-A���>
�����
����
�
���	����
�����
����	��
%	�
�
���
�
���>
��	������

��,� $ ����������*��+������������
=�
����
�����
��������	
���
��	�
�����
�	���>
�����
��


��
��
	�

�������������	��	������
�	
�
��	
����������
����
��	�
��
�����
��;��	���	�	
��!���������
���%��
����������	���
��
�
�	��	�
���
�	
�	�����
�
�	����	��	
����
%��	��
	�

��	�
�����
��
��	

	��
��	�
������
�	
��������������	�
�����
�	������������
������
��� �
�
	���� ������	�� ��� 
%�

�
��� 	�
� ����������������
�� 	�

�
		
��
��	�
��
�����
������
����
��	�
�������������	�

�+"��
��	�
�����
���	
��������	�������
�
	��
���


%�

�
�������	�
�
���
�	��
����
��	�
��������	
�����
����	������
	��
���
�����
���	���� ������
��
��������
����	�
��
��	�
�����
��
	�

��	�
��
�	�	��
�����	�

���
���
��	�
��
�	
��
��	�
��
		
�������
	�	
�	�
��
��



���������	�
���
������

�����'

	
��
��	�
��
�����

������	��������
�����
���	����	�
����
����	�
�� #�����
�� �
�	�	��
� ����
� 
�� �
�� �
		
�
�����
	$��	�
��	�
�������	�������
�
%�

�
������	��������

����
�
�	����	�
�������	�
��#�	

���
�	�	��
�����
�
�
������
		
�������
	$��	�
��	�
��������	
��������	������	
�
	��
���������
�	
���
�
D�	������
���
�����
���������
��
	
����
������
��


���������
#��
&���
���(���������
��!���
�
����
�	
��������
�	���	�
�� ��

	� 	��	� �
�
����	�� �� �
���
�
�����
��������� ���	���	�
����

	��
������� ���
����
�� 	�
� ��	����� �
�� 	�
� �
�����
���� )
�

�������	��
�����������������	
��	��
�
���
��
�	�

�
��������(������!

)�&
�����*����#������
���!�������

��������
����	������
�������
����
��
	��
���
�����
����
�
������	�������	
���	

�
��
���������
��	��
���	
���������	�
����	���
���	�����������
�������	������	
������
�
�	�	�

������	��
�����
��
���
�
���
�����
���

��)�(��
�!�������
���	
��>
���
���
��
�
�
��

�
��������
����	������������	�����
���	�
���
�
���������
�	�����������
��
�
���
���
�����
����

���������
�!��
�	
�	�������
�����
��;����%����
������	������
����
%�

�
����
��
��	������
�
�
���
�� ���	���� 	�
� �
�����
��� �	� 	�
� �
��
�	
�
���	��������	���������	��
����	�
����
���
�
	�
�	
��
��	�
����
��
�	�����������	
�	�
�	
�

��	�
�
�	
��
�	��
����
���6����	�
�������	���	�
��� 	�
�������������
��	�
���
�����
�
��	� 	�

	����
��	�
��
�����
������
��	�
��	�
���%����
������	�������

��
%�

�
����	�����
	��
���
�����������������������������
������	
���
��	�

��
�����
�
�	��	��
��
�	��	�
����
����	
��	
�
�
	�
���	�	�
�	����
��	�
��
�����
������
�

Rub

Under tension

To A cog
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Front derailleur positioned
over outer chainring

Interference between
cage plate and teeth
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Derailleur parallelogram

Derailleur cage

Cable pinch

Fixed
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L-screw

Stop tab attached
to parallelogram
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Stop tab attached
to parallelogram
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Pull-up strap

Pull-up bolt
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Gum cover (rolled up)

Lever body

Pull-up strap

Lever
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Strap clamp

Hinge/hook
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End view Round-wound with sheath cut away

End view Flat-wound with sheath cut away
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3 – Trim here
2 – Pull tight

1 – Rotate to limit
     (180° max.)
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Good height
(sidepull, cantilever,
dual-pivot right)

Good height
(centerpull, U-brake,
dual-pivot left)

Too high

Too low
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ft rr

ft rr

ft rr

Good tangent
(A=B)

Poor tangent

Poor tangent

A B
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Good vertical-angle
alignment

Poor vertical-angle alignment

���
�� �
��
�����	����	
������
��������
�����	���	��
	����������

�
�����	����	
������
����!��
�������������
�

;+ ,�- ������%������"�>*
 �����(��������#����0���
��(���������������� ������0��������"����+

>+ ,�- '?.��9�����%�� ���%����(�0��#��#���
#��������+
@+ ,�- �������0#���������(��������#���������

"���#��#��. #����������%�.�����1���������� ��
�"�����"����(���#�%��� ����"���(�"���+

80-grit emery cloth
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ro ta tion

.5–1.5mm <.5mm

>1.5mm

ro ta tion

rotation rotation

Good Too little

Too much Reversed
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Park  BT-3 Park  BT-3

Rim
rotation

1–1.5mm 1–1.5mm

Caliper arm Caliper arm
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Rim rotation

Convex washer moved to creat toe
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Rim rotation

Toe tack moved forward
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Good vertical-angle
alignment

Poor vertical-angle alignment
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ft rr

ft rr

ft rr

Good tangent
(A=B)

Poor tangent

Poor tangent

A B
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Good height
(sidepull, cantilever,
dual-pivot right)

Good height
(centerpull, U-brake,
dual-pivot left)

Too high

Too low
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Cross-section of caliper arm

Shoe-anchor
bolt

Shoe-anchor bolt 
rotates inward

Washer
moves 
outward

Toe-tack
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Front brake Rear brakePlastic housing

Front of bike
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Good vertical-angle
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Poor vertical-angle alignment
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Good tangent
(A=B)

Poor tangent

Poor tangent
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Good vertical-angle
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Poor vertical-angle alignment
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Good tangent
(A=B)

Poor tangent

Poor tangent

A B
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Too low
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Link-wire head
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wire

Link unit

Link-unit head
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Loose

ProSet tool A

Contact

Pull

Pads below rim
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Link unit

Link-unit head
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2 – Slide wire over ramp
1 – Insert

BACK VIEW

3 – Pull

Contact

4 – Tighten
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Maintain contact

Alignment line
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Alignment line

A

L R

Adjust clockwise to increase R,
counterclockwise to increase L
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39mm or more

Contacting
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Concave washer
Convex washer

Concave washer

Convex-faced nut
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Convex washer Concave washer

Shoe-anchor
bolt

Shoe stud

Shoe-anchor nut

��������������������9����
������
�������	����
����
�����

Sloped washer

Shoe-anchor
bolt

Shoe stud

Concave/convex
washers
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Good Too lowGood

Top of brake
surface is clear

Top of brake
surface unclear
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Back of brake

Front of brake

Notch
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Concave washer
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surface is clear

Top of brake
surface unclear
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Right
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Set screw

Centering screw
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Hold
(in vise)

Tighten

Secure

Release

Insert and secure
(after adjustment)

Tighten

Loosen
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Tighten
Loosen

Release

Secure

Secure in vise
or bike
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Centering screw

Half-bridgeCenter pivot

Square nut

Set screws

Right pivot
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Secure in vise

Turn clockwise to
tighten adjustment

Turn clockwise to 
secure adjustment
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Concave washer
Convex washer

Concave washer

Convex-faced nut
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Concave washer
Convex washer

Concave washer
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Tension plate
Dust cover

����	��'	�����������,���������
���
�

�+ ,�- ��(�1�����%�����.%��������M%#���H%�����#+N
�+ ,�- �.�����A�����0����#��"�������������%�9����

%���� 
���%���������+
�+ ,�- !�����������(���������#������5��.���A����

0����#�%(�����(�.��������0�%��0#�������%%

�� ���+��#����.����.��0��#�0����#��������
���%����������.�0�������.���������0�%��+
���%����������%#�.����.����.���"����%���� 
���%�����%������%��+

�+ ,�- !����.������(��0��#�����#������5��.���A����
0����#�%(�����(�.�����.���������0�%�
0#�������%%�� ���+��#����.����.��0��#�0����#
�����������%����������.�0����������0�%��+
���%����������%#�.����.����.���"����%���� 
���%�����%������%��+

3+ ,�- �.���%���� �%���.��������%��1��0#��#������"
���#�%���� �0�%��������������(5�����0#��#
������%���� �0�%�������#���(+



��������	
��

���
����������
���	�

��

��� �� �0

�)!�!!�$ �"�,0��)���,$-�����4456447�#"-�

Dust cover

Spring-adjuster nut
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Concave washer
Convex washer

Concave washer

Convex-faced nut
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Convex washer Concave washer

Shoe-anchor
bolt

Shoe stud

Shoe-anchor nut
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Comp slot

Pro slot

Keeper plate 
(Comp/Pro only)

Black elastomer

Orange elastomer (SX only)

Plastic cup washer (SX only)

Black shaft
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Main seal

Bushing carrier

Bushing

Valve 
washers

Piston with
glide ring

Air cap

Air valve

Body

Shaft eyelet

Spring        
stopper plate

Shaft

Bumper

Seal cover

Shaft wiper

Seal cover
washer

Internal 
snap-ring

Seal washer
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Shaft clamps

Shaft
Piston

Glide-ring expander
Glide ring

Glide-ring pusher
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2 – Air-valve guide
(insert in body)

1 – Air valve
(insert in air-valve guide)

3 – Air-valve installer
(push through air-valve guide
to seat air valve)
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Spring stopper plate
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Red adjuster ring
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Reservoir can

Threaded body
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