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ission Overhaul 

Procedures-Bench Service

How to Assemble the Gear Shift Lever        

Special Instructions

Inspect Tension Spring and washer for wear.        

Apply Eaton rust preventative lubricant #71212 or equivalent to the Shift Lever Pivot Ball. A rust preventative lubricant film should 
cover all surfaces between and including the Pivot Ball.        

Seat the Tension Spring one coil at a time.        

Special Tools

• Vise with brass jaws or wood blocks   

• Large Screwdriver or Prybar   

1. Pin
2. Bushing
3. Upper Lever
4. Snap Ring
5. Rubber Boot
6. Spade Pin
7. Housing

8. Capscrew
9. Gasket
10. O-Ring
11. Washer
12. Lower Lever
13. Stepped Washer
14. Tension Spring
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Procedure - 

1. With housing bottom facing up, secure the assembly in 
a Vise.

2. If the Spade Pin is damaged, replace and install the Spade 
Pin, in Housing Tower bore.       

3. In models so equipped, install the nut and washer in the 
Housing bore.     

4. If the O-ring is damaged, replace; lubricate the O-ring 
with Eaton/Fuller lubricant #71206 or equivalent. Install 
the O-ring in the Housing Tower inside groove.       

5. Align the Lever Ball slot with the Spade Pin and position the 
Gear Shift Lever in the Housing Tower.        

6. With dished-side up, install the washer over the ball.    

7. Use a large screwdriver or prybar to install the Tension 
Spring under the Housing Lugs.     

8. Remove the Assembly from the Vise.        

9. Install a rubber boot over the Gear Shift Lever and against 
the Housing.        
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How to Remove the Shift Bar Housing

Special Instructions

The Air Module does not have to be removed in order to remove the Shift Bar Housing.

Special Tools

• Typical service tools

Procedure - 

1. From the Shift Bar Housing rim, remove the 16 retaining 
capscrews.

2. Insert a screwdriver into the pry slots near the dowel pins 
and pry the Housing off the dowel pins.

TIP: Light upward hammering on the three tabs may help 
loosen the Shift Bar Housing. Do not hammer 
excessively as the Housing may crack.

3. Lift the Shift Bar Housing straight off the Transmission Case 
and set it on a bench.

4. Remove the gasket, and clean all mounting surfaces of 
gasket material.

12

Pry Slot
Dowel
Pin

Pry SlotDowel
Pin
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How to Install the Shift Bar Housing

Special Instructions

None

Special Tools

• Torque Wrench, 100 lb. ft. capacity

Procedure - 

1. Clean the gasket mounting surface of the Main Case and 
Shift Bar Housing, and place a new gasket on the Main Case.

2. Place the Shift Bar Housing Shift Shaft in the Neutral 
position so the Yokes will be positioned to fit over the 
Mainshaft Sliding Clutches.

3. In the Main Case of the Transmission, place the Mainshaft 
Sliding Clutches in their neutral positions.

4. If the Auxiliary Section is in place, slide the Range Piston Bar 
forward or rearward to align the notch in the Piston Bar with 
the notch in the Range Yoke Bar.

5. With all parts properly aligned, lower the Shift Bar Housing 
straight down into position. Position can be verified thru 
Shift Tower opening.

6. Apply Eaton® Fuller® thread sealant #71205 or equivalent 
to the retaining capscrews.

7. Install the 16 retaining capscrews. Tighten the screws in 
sequence per numbers on Shift Bar Housing to 53–58 lb. ft. 
(72–78 N•m) of torque.

4

5

7
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Procedures-Bench Service

How to Disassemble the Shift Bar Housing

Special Instructions

During disassembly, lay all parts on a clean bench in order of removal to facilitate assembly.

Special Tools

• Typical service tools

Allen Head Plug
Spring(s)

Plunger

Breather
Neutral Switch

Reverse 
Switch

Capscrew

Roll Pin

O-ring

Neutral Pin

O-ring
Reverse Pin

Oil Trough

Oil Trough 
Retaining 
Capscrew

Detent Plunger
Detent Spring(s) Shift Block 

Capscrew

Shift Block

Gasket

Direct/Overdrive
Shift Yoke

Shift Yoke Bar

Shift Key 
(Old Design)

Snap Ring

Bias Plate
Actuator Shift Block

Shift Yoke

Shift Shaft

Detent Key

Reverse Shift Yoke

Actuator
Snap Ring

Housing

Actuator Pin

New Style 
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Procedure - 

1. If present, remove the Air Module according to the “Air 
Module Removal” instructions in this section.

2. If present, remove the Reverse and Neutral Switches 
according to the instructions in In-Vehicle Service 
Procedures.

3. If present, remove the Breather.

4. Remove the socket head capscrew holding the Shift Block to 
the Shift Shaft using an 8 mm or 5/16” hex driver.

5. Lightly pry upward on the Shift Block, and remove it.

Note: The Detent Plunger and Spring may fall out of the Shift 
Block when it is removed. Also, the Shift Block may 
contain two springs.

6. Lay the Shift Bar Housing on a bench with the bottom facing 
upward.

7. If necessary, remove the two Oil Trough retaining 
capscrews, and remove the Oil Trough.

8. Remove the Allen head plug from the Boss at the front of the 
Shift Bar Housing.

Note: The front of the Shift Bar Housing is indicated by the 
word FRONT cast into the Housing itself.

9. Remove the spring(s) and plunger located behind the Allen 
head plug removed in step 8. Tip the housing to its side so 
the plunger and spring(s) slide out. Note the color and 
position of the spring(s).

10. At the front of the Shift Bar Housing, remove the snap ring 
from the Support Boss.

11. From the front of the Shift Shaft, remove the Bias Plate.

4

5

8
9

10

11
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12. Push or pull the Shift Shaft through the Boss at the front of 
the Shift Bar Housing to remove it from the Shift Bar 
Housing.

13. Remove the Shift Key, Detent Key, and Shift Yokes.

Note: The new style Shift Bar Housing has the Shift Key built 
into the Shift Bar.

Note: Steps 14 through 16 are for overdrive models only.

14. Use a pin punch and hammer to drive out the Roll Pin 
securing the direct/overdrive Shift Yoke.

15. Remove the Yoke Bar and direct/overdrive Shift Yoke.

Note: Transmissions built after 8/2008 have an updated 
Yoke Bar that is held in place by an O-ring during 
assembly. One the Shift Bar Housing is placed on the 
Transmission, the bar is held in place by the Main 
Case Front Wall and the Front Rail Boss.

IMPORTANT: Yoke bar 4302155 cannot be used with 
updated Shift Bar Housings that do not have a 
Roll Pin hole in the rearward Rail Boss.

16. From the Yoke Actuator Pin, remove the Snap Ring and 
Actuator.

12

14

15

16
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How to Disassemble the Range Cylinder 

Special Instructions

Do not overstretch the Snap Ring in Step 4. If it is overstretched, it must be replaced.

Special Tools

• Typical service tools

Procedure - 

1. If not previously removed, remove the Shift Bar Housing.

2. Remove the two (2) capscrews on the Range Cylinder Cover.

3. Using a soft bar, tap the Piston Bar rearward to remove the 
Range Cylinder Cover and Piston Assembly from the 
cylinder.

4. Remove the Range Piston Snap Ring and Range Piston from 
the Piston Bar.

5. Remove the three (3) O-rings on the Cylinder Cover and the 
single O-ring inside the Range Cylinder.

CAUTION

O-ring 
(Inside Range Cylinder)

Range 
Piston
Bar

Piston

Snap Ring

O-ring
(Outer 
Cover)

O-ring
(Inner 
Cover)

O-ring

Cover

Capscrew

1

5
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How Assemble the Range Cylinder 

Special Instructions

 If the Snap Ring fits loosely in its groove, it is overstretched and must be replaced.

Special Tools

• Torque Wrench, 50 lb. ft. capacity

Procedure - 

1. To prevent rusting, lightly lubricate the cylinder bores and 
Piston Bar with a light oil.

2. Place the Range Cylinder Piston on the Piston Bar with 
the rubber coated side facing the shoulder on the bar. 
The Piston is properly installed when the Snap Ring 
groove is exposed.

3. Install the Snap Ring on the Piston Bar, using care to avoid 
overstretching the Snap Ring.

4. Apply Eaton®Fuller® silicone lubricant #71206 or 
equivalent to the Range Piston lip surface and to the four (4) 
O-rings.

5. Install the proper O-ring in the groove in the Range Cylinder.

6. Install the Range Piston Assembly in the Range Cylinder.

O-ring 
(Inside Range Cylinder)

Range 
Piston
Bar

Piston

Snap Ring

O-ring
(Outer 
Cover)

O-ring
(Inner 
Cover)

O-ring

Cover

Capscrew
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7. Install the proper O-ring in the groove on the inside of the 
Range Cylinder Cover, and install the largest O-ring in the 
groove on the outside of the Range Cylinder Cover.

8. Place the smallest O-ring in the recess in the Cover, and 
install the Cover.

9. Apply Eaton®Fuller® thread sealant #71205 or equivalent to 
the retaining capscrews, and install the two (2) capscrews 
on the Range Cover. Tighten the capscrews to 20–23 lb. ft. 
(27–31 N•m) of torque.

7

8
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How to Assemble the Shift Bar Housing

Special Instructions

Step 1 for Overdrive Models only.

Special Tools

• Torque Wrench, 50 lb. ft. capacity

Procedure - 

1. Install the Actuator Arm over the Pivot Pin, and secure it with 
the Snap Ring.

Note: On overdrive models, if the Direct/Overdrive Yoke was 
not previously removed, install the Oil Trough and 
temporarily tie the Yoke to the Trough to prevent the 
Yoke from falling toward the Shift Shaft and 
interfering with Assembly.

2. Position the housing with the bottom facing upward and the 
front of the housing (marked FRONT) toward you.

3. To aid assembly, lightly oil the inside of the Shift Yokes, 
Overdrive Shift Block, Shift Key, Detent Key, and the inside 
of the Shift Shaft bores on the Shift Bar Housing.

Note: The Shift Key is part of the Shift Bar on newer models. 
The two housings have different parts, which requires 
a complete Shift Bar Housing, Shift Bar and Shift Key 
if anything.

4. Position the Shift Yokes (and Actuator Shift Block for 
overdrive models) in the approximate position in the Shift 
Bar Housing that they will be in when the Shift Shaft is 
installed. Make sure the Yokes are installed with the word 
FRONT facing the front of the Shift Bar Housing.

1
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5. Install the Detent Key (it has rounded, protruding notches) 
from the front of the Shift Bar Housing. Install the Key with 
the word FRONT facing the front of the Shift Bar Housing. To 
install the key, slide it down the left side of the Shift Shaft 
bore and through each Shift Yoke (and Actuator Shift Block). 
One of the rectangular notches should fit in each yoke (and 
the Shift Block). The key fits between the front and rear 
bores of the Shift Bar Housing. The three notches face away 
from the centerline of the bore.

Do not hammer or force the Shift Shaft into position. The 
Shift Bar Housing components will be damaged. When all 
the components are in the proper positions, the Shift Shaft 
will slide in easily.Try to keep the Shift Yokes in the 
neutral position when installing the Detent Key.

6. Starting at the front of the Shift Bar Housing, slide the 
Shift Shaft into position, making sure the capscrew hole 
in the Shift Shaft faces downward. Use one hand to hold 
and position the Detent Key and Yokes and the other to 
insert the Shift Shaft. The Detent Key fits in the groove on 
the Shift Shaft.

7. Newer models have the Shift Key built into the Shift Bar. 
Installation procedures are the same, with the exception of 
installing a separate Shift Key. 

A new Shift Bar Housing and Shift Bar are required if either 
part is being replaced with the new updated version.

Note:  Do not allow the Detent Key to slide rearward into 
the Shift Bar Housing bore. It should butt against 
the Boss.

8. If necessary, reposition the Shift Shaft Yokes (and Actuator 
Shift Block) in the Neutral position by aligning the Detent 
Key notches with the Yokes (and Actuator Shift Block).

5

CAUTION

6

CAUTION
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9. On the Shift Bar front, install the Bias Plate and Snap Ring. 
To properly install the Bias Plate and Snap Ring, the Shift 
Shaft or Shift Key (depending on housing type) may need 
to be pushed rearward. Install with letters facing out.

10. Apply Eaton®Fuller® thread sealant #71205 or equivalent 
to the Allen head plug threads, and install the Bias Plunger, 
Bias Spring(s), and Allen head plug. Torque the Allen head 
plug to 84–120 lb. in. (9.5–13.6 N•m).

11. If previously removed, position the Direct/Overdrive 
Shift Yoke and Yoke Bar in the Shift Bar Housing.

12. Install the Yoke Bar Roll Pin, and drive it into place.

Note: Transmissions built after 8/2008 have an updated 
Yoke Bar that is held in place by an O-ring during 
assembly. One the Shift Bar Housing is placed on 
the Transmission, the bar is held in place by the 
Main Case Front Wall and the Front Rail Boss.

IMPORTANT: Yoke bar 4302155 cannot be used with 
updated Shift Bar Housings that do not have 
a Roll Pin hole in the rearward Rail Boss.

13. If previously removed, position the Oil Trough, and install 
the Oil Trough retaining capscrews. Torque the capscrews 
to 20–23 lb. ft. (27–31 N•m).

14. Turn the Shift Bar Housing over so the Shift Block can 
be installed.

15. Place the Detent Spring(s) and Detent Plunger in the 
Shift Block.

9

10

11
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16. Place the Shift Block on the Shift Shaft using the following 
procedure:

a. Tilt the Shift Block so the plunger faces slightly upward.

b. Place the plunger in the center of the detent notch, and 
press the plunger in to compress the spring(s).

c. While the spring(s) are compressed, roll the Shift Block 
into place on the Shift Shaft.

Note: The Shift Shaft and Shift Key may (depending on 
housing type) require repositioning to allow the Shift 
Block to fit into place.

17. Apply Eaton Fuller thread sealant #71205 or equivalent to the 
capscrew. Install the Shift Block capscrew. Torque the screw 
to 40–45 lb. ft. (54–61 N•m).

18. Install the following components: Reverse Pin and Switch, 
Neutral Pin and Switch, Breather, and Air Module.

16

Optional
Spring
Design

17
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How to Remove the Input Shaft Assembly (without Main Case disassembly)      

Special Instructions

None

Special Tools

• RR1023TR Input Shaft Bearing Puller

• RR1019TR Hand Maul

Procedure - 

1. From the Front Bearing Cover, remove the six (6) retaining 
capscrews and Cover. Remove any remaining gasket 
material from the Case and Cover. 

2. If present, remove and discard the rubber seal ring on the 
Input Shaft. The ring is used only to seal the Transmission 
during shipment.

3. From the Input Shaft groove, remove the bearing retaining 
snap ring.
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4. Use a RR1019TR Hand Maul to drive the Input Shaft toward 
the case rear as far as possible. Pull the Input Shaft forward.

5. Install the RR1023TR Input Shaft Bearing Puller and remove 
the Input Bearing.

6. Remove the Drive Gear Internal Snap Ring.

7. Pull the Input Shaft forward and out of the Drive Gear.

8. Inspect the bushing in the Input Shaft pocket, replace if 
damaged. 
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How to Install the Input Shaft Assembly (without Main Case disassembly)     

Special Instructions

None

Special Tools

• RR1005TR Input Bearing Driver

• RR1019TR Hand Maul

Procedure - 

1. If necessary, install the bushing in the back of the 
Input Shaft. 

2. From the front, engage the Input Shaft spline teeth into 
the Main Drive Gear. 

3. Install the Snap Ring in the Main Drive Gear inside groove.     

4. With the bearing external snap ring to the outside, position 
the bearing on the Input Shaft.
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5. Use RR1005TR Input Shaft Bearing Driver and RR1019RR 
Hand Maul to install bearing on Input Shaft. The bearing will 
be fully seated when the Retaining Snap Ring can be 
installed on the Input Shaft.

6.  Install the Input Shaft Retaining Snap Ring.

7. Install the Front Bearing Cover and torque the six capscrews 
to specifications.
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How to Remove the Auxiliary Section 

Special Instructions

None

Special Tools

• RR1006TR Auxiliary Section Lifting Bracket

• RR1002TR Auxiliary Countershaft Support Straps

• Output Yoke Puller

Procedure - 

1. If not previously removed, remove the Shift Bar Housing 
according to the “Shift Bar Housing Removal” instructions 
in this section.

2. If not previously removed, remove the Output Yoke 
according to the following instructions:.

a. Remove the Output Nut using a 70 mm or 2-3/4” 
socket.

Note: To prevent the Output Shaft and Yoke from 
rotating while removing the nut, shift the 
Transmission into two gears or use a Yoke 
holding tool.

b. Remove the Output Yoke. Use Yoke Puller if needed. 

If the Shift Bar Housing is still installed, the following two 
Steps must be performed before removing the Auxiliary 
Section. 

This only applies to units with the Lock Cover. New units 
do not contain the Cover and require removal of the Shift 
Bar Housing to remove the Auxiliary Section.

3. Remove the two capscrews from the Range Bar Lock Cover 
(only applies if it’s the old style cover).

Note: Left is old style and right is the new style.

2

IMPORTANT
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4. Rotate the Lock Cover counterclockwise until the indication 
notch lines up with the unlock symbol, and secure the cover 
in position by inserting one of the capscrews into the right-
side hole.

Note: The dowel pins may have to be driven forward and 
removed to assist in the removal of the Auxiliary 
Section.

5. Remove Auxiliary Countershaft Bearing Covers, shims 
and gaskets. Install RR1002TR Auxiliary Countershaft 
Support Straps. 

6. Remove the 19 capscrews securing the Auxiliary Section to 
the Main Case.

7. Run a M10x1.5 tap into the three threaded pusher holes in 
the Auxiliary Section Flange to clean paint, rust, and other 
debris from the holes. Oil the holes.

8. Thread three (3) capscrews evenly into the three pusher 
holes on the Auxiliary Section Flange to break the gasket 
seal.

9. Continue threading the capscrews in until the housing is 
moved rearward 1/4,” and then remove the pusher screws.

10. Install RR1006TR Auxiliary Section Lifting Bracket and 
attach chain.

11. Using the chain to support the weight of the Auxiliary 
Section, move the Auxiliary Section rearward until it is free 
of the Main Case.

4

5
5

7

7

7

6

10

11
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How to Disassemble the Auxiliary Section 

Special Instructions

None

Special Tools

• Typical service tools

1. Speedometer Rotor Assembly
2. O-Ring
3. Oil Seal Kit
4. Capscrew
5. Rear Bearing Cover Assembly
6. Gasket
7. Capscrew
8. Capscrew
9. Cover
10 Gasket

11. Shim Kit
12. Lifting Eye Kit
13. Rear Housing Assembly
14. Gasket
15. Capscrew
16. O-Ring
17. Range Bar Cover Assembly
18. Screw
19. Speedometer Drive Gear
20. Speedometer Spacer Assembly

21. Oil Seal with Slinger
22. Screw
23. Speedometer Sensor Kit
24. Slinger
25. O-Ring
26. Rear Bearing Cover Assembly
27. Plug Retaining Kit
28. Lifting Kit
29. Capscrew

15

16

6

8

9

10

11

13

14

18

OEM supplied 
non-adjustable 
speedometer 
sensor
(Non-Threaded)

OEM supplied 
adjustable 

speedometer 
sensor

(Threaded)

17

26

22

21

2

20

19

27

5

4

7

3

2

1
24

23

25

12

29

28

12 29
28

Old Design

Old Design

Mechanical

Magnetic

Old Design
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Procedure - 

1. Mount the Auxiliary Section in a vise with brass jaw 
protectors. (The jaw protectors will prevent damage to the 
Auxiliary Section Flange.)

Note: If the Auxiliary Countershafts, Countershaft Bearings, 
Bearing Races, Bearing Shims, Auxiliary Section 
Housing, and Main Case will be reused, remove one of 
the Countershaft Bearing Covers and mark the parts 
as Upper Shaft or Lower Shaft. Then if the 
Countershafts are reassembled with all parts in their 
original positions, the original shims can be reused, 
and re-shimming will not be required.

2. If not previously removed, remove the Output Yoke Nut and 
Output Yoke. To remove the nut, use a large air impact 
wrench or a breaker bar and a 70 mm or 2 3/4” socket. To 
prevent the Output Shaft from turning, place a shop rag in 
the gear mesh or use a yoke holding tool.

3. Mark the Output Bearing Cover and the rear of the housing 
in such a way that you will know what position to install the 
Bearing Cover later. The cover can be installed in two 
opposite positions.

4. Remove the Speedometer Rotor/Seal Sleeve.

5. Remove the O-ring from the Output Shaft.

As you move the Output Shaft forward, the Auxiliary 
Counter shafts may fall out of the Auxiliary Section 
Housing causing personal injury or damage to the 
Countershafts.

6. Using a maul, move the Output Shaft forward far enough to 
remove the Auxiliary Countershafts.

7. Remove the Range Synchronizer Assembly and Range Yoke 
Assembly from the Output Shaft.

8. Continue moving the Output Shaft Assembly forward until it 
is free of the Auxiliary Section Housing.

9. Remove the four (4) capscrews from each of the Auxiliary 
Housing Countershaft Rear Bearing Covers.

10. From each Auxiliary Countershaft, remove the Auxiliary 
Countershaft Rear Bearing Cover, gasket, and shim.

11. Remove the Auxiliary Countershaft Bearing Races.

3Tip

4

WARNING

6
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12. From the Auxiliary Housing back, remove the capscrews 
securing the Lock Cover.

13. Remove the Lock Cover and remove the O-ring from the 
Cover.

14. From the Auxiliary Housing rear, remove the Output Bearing 
retaining capscrews and cover.

15. To remove the Output Seal, drive the seal out the rear of the 
Output Bearing Cover with a hammer and drift.

16. Remove the Output Bearing and Bearing Cup.



Transmission Overhaul Procedures - Bench Service

120

How to Disassemble the Range Yoke 

Special Instructions

None

Special Tools

• Typical service tools

Procedure - 

1. Remove the Range Bar O-ring.

2. Remove the Range Bar Pin.

3. Remove one of the Range Yoke Snap Rings, using care to 
avoid overstretching the Snap Ring.

4. Remove the Range Yoke from the Range Yoke Bar.

1. Yoke Bar
2. Snap Ring
3. Range Yoke

1 2

2

3
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How to Disassemble the Output Shaft 

Special Instructions

None

Special Tools

• Press

Procedure - 

1. From the Output Shaft, remove the Output Bearing Inner 
Spacer.

2. Using the Output Shaft Assembly Gear front face as a base, 
press the Output Shaft through the Bearing and Gear.

Output Shaft
Flat Washer

Auxiliary Mainshaft 
Reduction Gear

Stepped Washer

Bearing

Bearing Inner Spacer

2
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How to Disassemble the Synchronizer Assembly     

Special Instructions

Place the Synchronizer Assembly on a clean, flat surface. Cover the Synchronizer Assembly with a shop rag to prevent losing the 
three (3) springs under pressure from the HI Range Synchronizer Pin locations.      

Special Tools

• Typical service tools

Procedure - 

1. Place the larger LO Range Synchronizer Ring on the bench.      

2. Cover the Synchronizer with a shop rag to contain the 
springs.       

3. Grab both sides of the HI Range Synchronizer and pull.   

4. From the Synchronizer Ring LO Range Pins, remove the 
Sliding Clutch.      

 

Spring

Sliding Clutch

Synchronizer LO

Synchronizer HI
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How to Assemble the Synchronizer Assembly      

Special Instructions

Assembly should be done on a clean, flat surface slightly lower than your waist.      

Pins on the LO Range Synchronizer must line up with the chamfered holes on the Sliding Clutch bottom.      

When compressing the HI Range Synchronizer Springs Cover with a shop rag. In the event compression is not achieved the first 
time, this prevents the springs from leaving the bench area.      

Special Tools

• Typical service tools

Procedure - 

1. On the bench place the larger LO Range Synchronizer Ring 
face down with Pins up.   

2. With the Sliding Clutch recessed side up, place the Sliding 
Clutch on the LO Range Synchronizer Pins.      

 

Spring

Sliding Clutch

Synchronizer LO

Synchronizer HI
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3. In the HI Range Synchronizer bores, install the three (3) 
springs.     

4. Place the HI Range Synchronizer Ring over the LO Range 
Synchronizer Ring. Rotate the HI Range Synchronizer until 
the springs are seated against the Pins.   

5. Cover the assembly with a shop rag. 

6. Apply downward pressure to the HI Range Synchronizer 
Ring while twisting counterclockwise. This compresses the 
springs to fully seat HI Range on the LO Range 
Synchronizer. This should be done with a rapid twist and 
push motion.      

Note: Make sure there are three springs and they are fully 
compressed.

Note: Make sure you can move the Sliding Clutch from HI 
Range to LO Range and back.      



Transmission Overhaul Procedures - Bench Service

125

Transm
ission Overhaul 

Procedures-Bench Service

How to Remove the Clutch Housing 

Special Instructions

None

Special Tools

• Typical service tools

Procedure - 

1. From inside the Clutch Housing, remove the six (6) nuts and 
washers.

2. From inside the Clutch Housing, remove the four (4) 
capscrews.

3. Jar the Clutch Housing with a soft mallet to break the gasket 
seal.

4. Pull the Clutch Housing from the studs and Transmission 
Case.

5. Remove the gasket and clean the gasket mounting surfaces 
on the Clutch Housing and Main Case.

Main Case

Gasket

Clutch
Housing

Cap Screw
(x4)

Washer (x6)

Nut (x6 )

Stud
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How to Assemble the Output Shaft 

Special Instructions

The Output Shaft is the same as the Auxiliary Main Shaft. For the purpose of this manual, it will always be referred to as the 
Output Shaft.

Special Tools

• Bearing Heater

• RR1024TR Output Bearing Driver

Procedure - 
1. Use Toolmaker’s Dye and mark one tooth on the Auxiliary 

Mainshaft Reduction Gear. Repeat the procedure for the 
tooth directly opposite the first one marked.

2. Stand the Output Shaft on a flat surface with the threaded 
end up.

3. Slide the Flat Washer onto the Output Shaft.

4. With the Auxiliary Mainshaft Reduction Gear Clutching Teeth 
down, slide the Gear onto the Output Shaft.

5. With the smooth side up, slide the Stepped Washer onto the 
Output Shaft and against the Reduction Gear.

Output Bearing Assemblies are matched sets. DO NOT mix 
bearing parts from one Assembly with a different Bearing 
Assembly or the bearings will be damaged.

If using heat to install the bearings, do not heat bearings 
above 275 °F (136 °C) or they will be damaged.

6. With tapered side up, use heat or an appropriate driver to 
install the Output Shaft Bearing Cone (with the long rollers) 
tightly against the Stepped Washer.

7. Place the Bearing Inner Spacer on the Output Shaft.

Output Shaft
Flat Washer

Auxiliary Mainshaft 
Reduction Gear

Stepped Washer

Bearing

Bearing Inner Spacer

Flat Washer

Stepped Washer

Inner Bearing
Spacer
Bearing

Auxiliary Mainshaft
Reduction Gear

CAUTION
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How to Assemble the Range Yoke 

Special Instructions

None

Special Tools

• Typical service tools

Procedure - 

1. Install the Range Yoke on the Range Yoke Bar. The flat side 
of the Range Yoke should be toward the notched end of the 
Range Yoke Bar.

2. Install the Range Yoke Snap Rings in the grooves on each 
side of the Range Yoke. Make sure the Snap Rings fit tightly 
and are not overstretched. If they are loose, replace them.

3. Install the Round Pin in the Range Yoke Bar.

4. Install the Range Yoke Bar O-ring in its groove to hold the 
Pin in place.

1. Yoke Bar
2. Snap Ring
3. Range Yoke

1 2

2

3

1
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How to Disassemble the Auxiliary Countershaft 

Special Instructions

Do not use a Puller against the Flat Washer on the rear of the Countershaft when removing the Bearing. The washer will break.

Bearing removal will likely damage the bearings. If the bearings are damaged in any way upon removal, do not reuse them.

Special Tools

• Bearing Splitter

• Bearing Puller

Procedure - 

1. Use a Bearing Puller to remove the Bearings. It may be 
necessary to cut and remove the Steel Cage and Rollers 
from the Bearings to allow a Bearing Puller to fit correctly.

CAUTION

Bearing

Bearing Race

Auxiliary
Countershaft

Flat Washer

Bearing

Bearing Race
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How to Remove the Auxiliary Countershaft Bearing Races

Special Instructions

None

Special Tools

• RR1010TR Slide Hammer

• RR1011TR-3 Slide Hammer Attachment

Procedure - 

1. Use Slide Hammer RR101TR and Attachment RR1011TR-3 
to pull Bearing Races from Transmission Main Case.

1
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How to Install the Auxiliary Countershaft Bearing Races

Special Instructions

None

Special Tools

• Typical service tools

• Bearing Race Driver

Procedure - 

1. Using a Bearing Race Driver, install the Auxiliary 
Countershaft Bearing Races into their respective bores 
from the rear of the Main Case.
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How to Assemble the Auxiliary Countershaft 

Special Instructions

None

Special Tools

• RR1012TR-5 Bearing Driver

• RR1019TR Hand Maul

Procedure - 

1. Install a Washer on the rear of the Countershaft.

2. Using a RR1012TR-5 Bearing Driver and RR1019TR Hand 
Maul, drive a new Bearing onto the rear of the Countershaft. 
Make sure the Driver contacts the Inner Race only.

3. Using a RR1012TR-5 Bearing Driver and RR1019TR Hand 
Maul, drive a new Bearing onto the front of the Countershaft.

Bearing

Bearing Race

Auxiliary
Countershaft

Flat Washer

Bearing

Bearing Race
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How to Remove the Auxiliary Drive Gear Assembly 

Special Instructions

None

Special Tools

• Typical service tools

Procedure - 

1. Remove the Snap Ring at the rear of the Mainshaft.

2. Slide the Auxiliary Drive Gear off the Mainshaft.

3. Remove the six (6) Auxiliary Bearing Retainer Ring 
Capscrews and Bearing Retainer Ring.

Bearing Spacer

Bearing

Bearing Retainer

Capscrew
(x6)

Auxiliary
Drive Gear

Snap Ring

1

2

3
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4. Insert a large screwdriver into the front section gearing. Use 
the screwdriver to slide the Mainshaft and Mainshaft Rear 
Bearing rearward.

5. Use a rolling head prybar to work the Mainshaft Rear 
Bearing out of the bore.

6. If the Bearing must be replaced, press the Inner Spacer from 
the Auxiliary Bearing.

5
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How to Disassemble the Upper and Lower Reverse Idler Gear Assembly

Special Instructions

The new Reverse Idler Shaft uses a Snap Ring on the front in place of the capscrew.

Lower Reverse Idler Gear removal is the same, but the Mainshaft and Countershafts must be removed.

Special Tools

• RR1010TR Slide Hammer 

• RR1011TR-4 Slide Hammer Attachment 

• RR1019TR Hand Maul 

• RR1020TR Soft Bar 

Bearing
Reverse
Idler Gear

Nut
Washer

Reverse Idler
Shaft

Previous Design

Slotted Thrust 
Washer

Inner
Race

Notched Thrust
Washer

Old Design Old Design

Bearing
Reverse
Idler Gear

Capscrew
Washer

Reverse Idler
Shaft

Previous Design

Slotted Thrust 
Washer

Inner
Race

Notched Thrust
Washer

Snap Ring

Bearing
Reverse
Idler Gear

Snap Ring

Current Design

Slotted Thrust 
Washer

Inner
Race

Notched Thrust
Washer

Snap Ring

Reverse Idler
Shaft
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Procedure - 

1. Remove the capscrew (or nut) on the front of the Reverse 
Idler Shaft. 

Note: If Idler Shaft spins, place a large screwdriver between 
Reverse Idler Boss to keep shaft from spinning.

2. Remove Retaining Ring on later design Idler Shafts.

3. Use RR1010TR Slide Hammer and RR1011TR-4 Attachment 
to remove Reverse Idler Shafts with threaded center holes. 
The threads are M12x1.75.

4. If the Reverse Idler does not have internal threads use a 
RR1019TR Hand Maul and RR1020TR Soft Bar to drive out 
the Idler. 3

Tip
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How to Remove the Countershaft Bearings and Countershaft Assemblies    

Special Instructions

The following instructions are used to remove the Upper and Lower Countershaft Bearings. To remove the Mainshaft Assembly, 
only the Upper Countershaft Bearings need to be removed.    

Performing the following instructions will damage the bearings and should be not be done unless bearing replacement is planned.    

The Bearing Inner Race remains pressed on the Countershaft after removal of the Front Bearings.    

Special Tools

• RR1017TR Countershaft Pusher    

• RR1014TR Bearing Puller

• RR1019TR Hand Maul

• RR1020TR Soft Bar

• RR1022TR Countershaft Support Tool 

Procedure - 

1. To keep the Mainshaft Pilot from falling out of the Input 
Shaft pocket, temporarily install the Auxiliary Drive Gear on 
the Mainshaft.    

2. Remove Snap Ring from rear of Countershaft.   

3. Remove the Bearing Retainer Bolts on the Front 
Countershaft and install the RR1017TR Countershaft Pusher 
and push Countershaft back until it stops.
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4. Use RR1019TR Hand Maul and RR1020TR Soft Bar to
remove Rear Countershaft Bearing.

Damage will likely occur to this bearing during removal. It 
is strongly recommended that this bearing is discarded.   

5. Remove RR1017TR Pusher Tool.

6. Use RR1019TR Hand Maul to drive Countershaft forward to
expose External Snap Ring on Front Bearing.

7. Install RR1014TR Bearing Puller and remove Front 
Countershaft Bearing.

8. Install RR1022TR Countershaft Support Tool to hold
the Upper Countershaft in place during Mainshaft
Assembly removal.

9. With Mainshaft Assembly removed, both the Upper and
Lower Countershafts can be removed from the Main Case.

CAUTION
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How to Remove the Mainshaft Assembly 

Special Instructions

If transmission service will be limited to removal of the mainshaft, the input shaft does not need to be removed, but it must be 
moved forward to provide enough clearance to remove the mainshaft.

The Upper Countershaft Bearings must be removed and the Countershaft Assembly supported before the Mainshaft can be 
removed. Reference previous section before proceeding with Mainshaft removal.

Special Tools

• RR1004TR Mainshaft Hook

• RR1022TR Countershaft Support Tool

Procedure - 

1. Remove the six (6) capscrews from the Input Shaft Cover, 
then remove the Input Bearing Cover and Gasket.

2. Pull the Input Shaft forward until the Main Drive Gear 
contacts the Main Case front wall.

3. Remove Snap Ring and Spacer from the Reverse Gear.

2

3
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4. Rotate the Mainshaft Reverse Gear to engage the Sliding 
Clutch, and then move the gear forward over the Sliding 
Clutch to a position flush with the next gear on the 
Mainshaft.

5. Lift out and remove the Upper Reverse Idler Gear.

6. Use RR1022TR Countershaft Support Tool or a large 
screwdriver inserted between the Main Drive Gear and 
Upper Drive Gear to hold Countershaft out of the way.

7. Make sure the Mainshaft Reverse Gear is moved forward 
and held against the next gear (1st Speed Gear).

8. Position RR1004TR Mainshaft Hook around the Mainshaft 
Assembly at the Center Sliding Clutch.

Note: Keep the Upper Countershaft forward against the 
Case front wall.

9. Pull the Mainshaft to the rear to free the Pilot from the 
Input Shaft pocket.

Be careful when removing the Mainshaft Assembly. 
The Sliding Clutch on the Front and the Reverse Gear 
on the back can slip off the shaft.

10. Tilt the Mainshaft front up and lift the Assembly from 
the Case.

4

6

8

WARNING
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How to Disassemble the Countershaft Assemblies

Special Instructions

As you disassemble the Countershafts, mark each part as belonging to the Upper or Lower Countershafts, making sure the shaft 
position is marked correctly. Due to available options, some shafts may be position specific.

Special Tools

• Press

1. Snap Ring
2. Oil Pump Drive Gear
3. Rear Bearing
4. Countershaft
5. Key
6. Second Gear

7. Third Gear
8. Overdrive/or 4th Gear
9. PTO Gear
10. Drive Gear
11. Snap Ring
12. Front Bearing

1

2

3

4

5

6

7

891011

12
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Procedure - 

1. Remove the Snap Ring from the front of the Countershaft.

Never use the PTO Gear as a pressing base. Due to its 
narrow width, it may break.

2.  Place the Countershaft Assembly in a Press as shown. With 
the rear face of 4th or Overdrive Gear from the front as a 
base, press this gear, the Drive Gear, and the PTO Gear from 
the Countershaft.

3. Reposition the Countershaft in the Press as shown. Using 
the rear face of 2nd Speed Gear as a base, press 3rd Speed 
Gear and 2nd Speed Gear from each Countershaft. 

4.  Inspect the Key. Remove and replace it if it is damaged.

CAUTION

1

2

3
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How to Remove the Input Shaft and Main Drive Gear

Special Instructions

If you only need to remove the Mainshaft, you do not need to remove the Input Shaft.

Special Tools

• Typical service tools

• RR1024TR Input Bearing Puller

Procedure - 

1. If not previously removed, remove the six (6) Retaining 
Capscrews from the Input Bearing Cover, and remove 
the Cover.

2. Remove the Input Bearing Cover Gasket and clean the gasket 
mounting surfaces on the Cover and the Main Case.

3. If present, remove and discard the Rubber Seal Ring on the 
Input Shaft. The ring is used only to seal the Transmission 
during shipment.

4. From the Input Shaft groove, remove the Input Bearing 
Retaining Snap Ring.

5. With a soft mallet, move the Input Shaft slightly rearward 
(approximately 1/16”) until resistance is felt.

Main Drive Gear

Bushing

Input Shaft

Main Drive Gear
Snap Ring

Bearing
Retaining
Snap Ring

Seal*

*(Used for Shipping Only. Do Not Replace.)

Capscrew
(x6)

Input Bearing
Cover

Gasket

Main Case
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6. Grasp the Input Shaft and wiggle it. Pull it forward to move 
the Input Bearing forward to expose the Snap Ring on the 
outside of the Input Bearing.

Note: The Input Shaft can be removed from the front of the 
case. Removal of the Mainshaft is not required.

7. Install RR1024TR Puller and remove Bearing from the 
Input Shaft.

8. Remove the Snap Ring on the inside of the Main Drive Gear.

9. Pull the Input Shaft forward and out of the Main Drive Gear.

10. From inside the case, remove the Main Drive Gear.

6

7

8

10

9
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How to Prepare the Main Case for Reassembly

Verify that the three Magnetic Discs are firmly attached to the bottom of the Main Case. If they are not firmly attached, apply 
3M Scotch Grip or equivalent adhesive to the bottom of the Discs and attach them to the Main Case.

If necessary, replace any damaged or worn Clutch Housing or Rear Support Studs. Apply Eaton®Fuller® Thread Sealant #71205 
or equivalent to any replacement studs before installing them.

Confirm that the Rear Support Stud or Capscrew does not protrude past the Case Housing into the Transmission. If it 
protrudes, it could contact the Range Yoke and disrupt shifting between Low Range and High Range.

CAUTION
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How to Disassemble the Mainshaft Assembly

Special Instructions

Lay all parts on a clean bench in order of removal to facilitate assembly.

Special Tools

• Typical service tools

Procedure - 

1. Lay the Mainshaft on its side, and from the front, remove the 
4th (or Overdrive) and 5th Sliding Clutch.

2. Place the Mainshaft in a vertical position, Pilot end down.

3. Remove Snap Ring (if applicable).

4. Remove Key, Washer, and Reverse Gear. Mark keyway 
location.

Note: When removing Washer and Reverse Gear, note their 
orientation. Keep the Washer with the Reverse Gear.

5. Remove the 1st/Reverse Sliding Clutch.
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6. Remove the Washer and 1st Gear.

7. Remove the Washer and 2nd Gear.

8. Remove the Washer and Sliding Clutch.

9. Remove the Washer and 3rd Gear.

10. Remove the Washer.

11. Remove the 4th or Overdrive Gear.

12. Remove the Washer.
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How to Assemble the Mainshaft Assembly

Special Instructions

The proper Mainshaft Key must always be used with the proper design Mainshaft Washers. If necessary, refer to the Parts Manual 
for your specific Model to confirm the proper parts.

Previous design levels can be updated to the current design.

Note: Any keyway on Mainshaft may be used for Mainshaft Key location.

Special Tools

• A piece of 5/32" Plastic Air Line, 1 foot long

• Vise with brass jaws

Procedure - 

1. With Mainshaft Pilot-end (front) down, secure the Mainshaft 
in a Vise equipped with brass jaws or wood blocks. Mark one 
keyway for reference to aid in assembly.

Note: There are seven (7) identical grooves cut around the 
Mainshaft. Each of these grooves is used to locate the 
Non-Selective Washers and retain the gearing on the 
Mainshaft. The last or upper groove position is for the 
Reverse Gear Washer.

2. Slide the first Non-Selective Washer down the Mainshaft 
until it is aligned with the lowest groove. Rotate the 
Washer in the groove until the splines are aligned and 
support the Washer.

3. After rotating the Washer there will be space for the plastic 
tubing to be inserted from below the Washer in between the 
splines. Insert the tubing just far enough to prevent the 
Washer from turning. After each Step, continue to push the 
tubing upward just far enough to prevent unintentional 
rotation of the Washers. During assembly, this tubing will 
serve as a “Temporary Key” and will be removed as the 
Mainshaft Key is inserted in Step 17.

4. With Clutching Teeth down, position the Direct/Overdrive 
Gear on the Mainshaft. Refer to the Illustrated Parts List for 
correct Gear.

5. Install a Washer. Rotate the Washer until the Washer Splines 
and Mainshaft Splines align. Push the Plastic Air Line up to 
lock the Washer on the Mainshaft.
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6. With Clutching Teeth up, position 3rd Gear on the Mainshaft.

7. Position the Washer against the Gear. Rotate the Washer 
until the Washer Splines and Mainshaft Splines align. Push 
up the Plastic Air Line to lock the Washer in place.

8. With the missing Internal Splines aligned with the Plastic Air 
Line, install the proper Sliding Clutch.

9. Position the next Washer in the next available groove. 
Rotate the Washer until the Washer Splines and Mainshaft 
Splines align.

10. With Clutching Teeth down, position the 2nd Gear on the 
Mainshaft.

11. Position the Washer against the Gear. Rotate the Washer 
until the Washer Splines and Mainshaft Splines align. Push 
the Plastic Air Line up to lock the Washer on the Mainshaft.

12. With Clutching Teeth up, install 1st Gear on the Shaft against 
previously installed Gear.
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13. Position the Washer against the Gear. Rotate the Washer 
until the Washer Splines and Mainshaft Splines align. Push 
the Plastic Air Line up to lock the Washer on the Mainshaft.

14. With the missing Internal Splines aligned with the Plastic Air 
Line, install the 1st/Reverse Sliding Clutch.

15. From the rear, install the Reverse Gear over the Sliding 
Clutch teeth with Snap Ring groove facing up.

16. Install the Reverse Gear Washer in the last groove.

17. From the Mainshaft rear, install the Mainshaft Key with 
raised end pointed up and facing out into the Spline with the 
Plastic Air Line. Pull the Plastic Air Line from the Spline 
while installing the Key.

18. Remove the Mainshaft from the Vise and lay on its side.

19. Install the Front Sliding Clutch into position.
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How to Install the Mainshaft Assembly

Special Instructions

None

Special Tools

• RR1004TR Mainshaft Lifting Hook

Procedure - 

1. Move the Countershaft forward as far as possible and block 
it to the side by inserting a large screwdriver or prybar 
between the Main Drive Gear and the Countershaft.

Note:  Make sure the Input Shaft is pulled forward before 
positioning the Mainshaft.

2. Hold the Reverse Gear against the next gear, and lower the 
Mainshaft Assembly into position while guiding the shaft 
rear through the case bore. Place the RR1004TR Mainshaft 
Hook at the Center Sliding Clutch to help lower the Mainshaft 
Assembly into the Transmission Case.

3. Move the Mainshaft forward to position the Mainshaft Pilot 
end into the rear of the Input Shaft.

4. Install the Reverse Idler Bearing and Inner Race into the 
Reverse Idler Gear, and place the gear in its approximate 
location. Rest it against the case wall, but do not install the 
Reverse Idler Shaft yet.

5. Slide the Mainshaft Reverse Gear rearward.

1

2

2

5
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6. Install the Tanged Washer into the Reverse Gear.

7. Install the Snap Ring into the Reverse Gear.

8. If previously removed, press the Inner Spacer into the 
Mainshaft Rear Bearing.

9. Slide the Mainshaft Rear Bearing and Splined Spacer over 
the Mainshaft, and seat the Bearing with a Soft Hammer or 
Maul. You may need to lift the rear of the Mainshaft slightly 
to be able to fit the Bearing into the Case bore. 6

7
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How to Assemble the Countershaft Assemblies

Special Instructions

Determine if the Countershaft is the Upper or Lower Countershaft, and mark it if necessary. The Lower Countershaft has a 
larger 47 tooth PTO Gear, and if the Transmission has an Oil Pump, the rear of the shaft will be extended to support the Oil 
Pump Drive Gear.

Special Tools

• Press

Procedure - 

1. If previously removed, install the key in the Countershaft 
Keyway.

2. To ease assembly, lightly lubricate the shaft and inside 
diameter of each gear.

Note: Refer to the Countershaft cross section while 
reassembling the Countershaft and Gears. If 
assembled correctly, the Countershaft will have the 
same shape as that shown in the cross section.

3. Install the 2nd Speed Gear (smallest gear). To install it, align 
the Gear Keyway with the Countershaft Key as shown, and 
press the Gear on the Countershaft as shown.

4. Install the 3rd Speed Gear (next smallest gear). To install it, 
align the Gear Keyway with the Countershaft Key, and press 
the Gear on the Countershaft.

Overdrive Model
Configuration

3
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5. Perform one of the two following steps:

a. For Overdrive Transmissions, select the largest 
diameter gear, place it over the shaft, and press it into 
place.

b. For Direct Drive Transmissions, Install the 4th Speed 
Gear (next smallest gear). To install it, align the Gear 
Keyway with the Countershaft Key, long hub to 
Countershaft front, and press the Gear on the 
Countershaft.

6. Install the PTO Gear. This gear is identified by the rounded 
teeth on one side. To install the PTO Gear, align the Gear 
Keyway with the Countershaft Key, rounded teeth facing up 
(shaft rear), and press the Gear on the Countershaft.

7. Install the Countershaft Drive Gear. This gear is identified by 
the tooth marked with an '0.' To install the Drive Gear, align 
the Gear Keyway with the Countershaft Key, '0' to the front, 
and press the Gear on the Countershaft.

DO NOT try to install the Countershaft in the Transmission 
if you cannot install the Snap Ring.

8. Install the Countershaft Drive Gear Retaining Snap Ring in 
the groove on the shaft front. If the Snap Ring groove is not 
fully exposed, either the gears are not oriented properly or 
not seated properly. The Countershaft may have to be 
disassembled partly or fully to correct the problem.

9. For timing purposes, use a highly visible Toolmaker’s Dye to 
mark the tooth with an '0' or the tooth lined up with the 
Keyway.

CAUTION

8

9



Transmission Overhaul Procedures - Bench Service

154

How to Assemble the Lower Reverse Idler Gear Assembly

Special Instructions

The FR-series Transmission has three different versions of Reverse Idler Retainers, reference the next page for specific 
installation instructions. 

Special Tools

• RR1019TR Hand Maul

• RR1020TR Soft Bar

• Torque Wrench, 100 lb. ft. capacity
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Procedure - 

1. Position the Reverse Idler Bearing and Inner Race into the 
Reverse Idler Gear.

2. Hold the Reverse Idler Gear and flat Thrust Washer in place 
in the Main Case, and insert the Idler Shaft, threaded end to 
the front, through the rear case bore and into the gear. Do 
not insert the Reverse Idler Shaft into the Main Case Support 
Boss yet.

3. Position the slotted Thrust Washer in front of the gear with 
a slot facing up. Note the word FRONT on the slotted washer, 
and make sure it faces the front of the Transmission. 
Continue to feed the Idler Shaft forward through this washer 
and into the hole in the Case Boss.

4. Slide the Reverse Idler Shaft into the Support Boss bore. 
Use RR1019TR Hand Maul and RR1020TR Soft Bar to drive 
the Reverse Idler until it is fully seated.

5. Secure the shaft in position according to one of the 
procedures below:

Note: For Nut Fastener Design: Inspect the nylon locking 
insert in the nut, and replace the nut if it is excessively 
worn. After inspecting and/or replacing the nut, install 
the nut and washer on shaft front. Tighten the nut to 
67–75 lb. ft. (90–101 N•m) of torque.

Note: For Capscrew Fastener Design: Apply Eaton®Fuller® 
Thread Sealant #71205 or equivalent to the capscrew 
threads, and install the capscrew and washer. Tighten 
the capscrew to 67–75  lb. ft. (90–101 N•m) of torque.

Note: For Retainer Ring design: Install the Washer and Snap 
Ring on Idler Shaft using socket. Place Retainer Ring 
over front of Reverse Idler Shaft Seal, snapping into 
place by using a large socket. Tap lightly into place.

4
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How to Install Countershaft Assemblies

Special Instructions

Make sure the Countershaft Assemblies have been marked for proper position, 47- tooth PTO Gear in the lower position.

Prior to installing the Countershafts, the Lower Reverse Idler Gear Assembly should be installed. In addition, if the Transmission 
is equipped with an Internal Oil Pump, this should also be installed.

Special Tools

• Toolmaker’s Dye

Procedure - 

1. On the Drive Gear of each Countershaft Assembly, mark the 
tooth aligned with the Gear Keyway and stamped with an '0' 
for easy identification. A highly visible color of Toolmaker’s 
Dye is recommended for making timing marks.

Note: Prior to installing the Countershafts, the Lower 
Reverse Idler Gear Assembly should be installed. In 
addition, if the tTansmission is equipped with an 
Internal Oil Pump, this should also be installed.

2. Place the lower, 47-tooth PTO Gear Countershaft, into the 
Main Case with the shaft seated in the Lower Countershaft 
Case bores.

Note: Use a large hook or piece of rope to support the 
countershaft if necessary.

3. Place the Upper Countershaft (with the 45-tooth PTO Gear) 
into the Main Case with the shaft seated in the Upper 
Countershaft Case bores. 
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How to Install the Lower Countershaft Bearings

Special Instructions

The proper Driver, RR1015TR, must be used or the Countershaft Bearings will be damaged during installation.

Special Tools

• RR1025TR Timing Block

• RR1015TR Bearing Driver

• RR1019TR Hand Maul

Procedure - 

1. Place RR1025TR Timing Block under the Lower 
Countershaft at the front of the Transmission Main Case.

CAUTION

Front Countershaft
Bearing

Rear Countershaft
Bearing Oil Pump

Drive Gear
(For Models with 
Internal Pump)

Snap
Ring

1
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2. Place a large screwdriver or prybar at the front of the 
Countershaft between the Case wall and Countershaft to 
space the Countershaft rearward approximately 1/4” 
(6 mm).

3. Place the Bearing over the rear of the Countershaft.

4. Place a RR1015TR Bearing Driver over the Bearing, and 
drive the Bearing over the Countershaft with the RR1019TR 
Hand Maul. When the Bearing is fully seated, no gap should 
be visible between the Bearing and the Shaft. If the Bearing 
is not fully seated, the Snap Ring to be installed at Step 6 will 
not fit.

5. If used, install the Oil Pump Drive Gear.

6. In the Countershaft rear groove, install the rear Snap Ring.

7. Remove the screwdriver or prybar.

8. If necessary, tap the Countershaft forward to seat the Rear 
Bearing Snap Ring in its bore.

9. Temporarily install the Mainshaft Rear Bearing Retainer 
using two or more Capscrews. The Cover prevents the 
Countershaft from moving rearward when the Front Bearing 
is installed.

10. Remove the RR1025TR Timing Block and place the Front 
Bearing on the front of the Countershaft.

11. Place a RR1015TR Bearing Driver over the Bearing, and 
drive the Bearing with RR1019TR Hand Maul until the Inner 
Race is flush with the front of the Countershaft.

12. Remove the Mainshaft Rear Bearing Retainer.

2

4

4
Bearing Fully
Seated.
No Gap.

4
Bearing Not
Fully Seated.
Gap is Visible.
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How to Install the Input Shaft and Main Drive Gear 

Special Instructions

None

Special Tools

• RR1005TR Input Bearing Driver

• RR1019TR Hand Maul

• RR1020TR Soft Bar

Procedure - 

1. Use a highly visible Toolmaker’s Dye and mark the Main 
Drive Gear for timing purposes. To mark the gear, paint the 
Toolmaker’s Dye on any two adjacent teeth, and then paint 
the two adjacent teeth directly opposite the first two teeth.

2. If necessary, install the Bushing in the back of the Input 
Shaft.

3. From inside the Case, position and hold the Main Drive Gear. 
in its approximate position.

Main Drive Gear

Bushing

Input Shaft

Main Drive Gear
Snap Ring

Bearing
Retaining
Snap Ring

1
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4. From the front, slide the Input Shaft into the Main Drive 
Gear, and install the Snap Ring to trap the shaft in the gear.

Note: You may notice backlash between the external spline 
teeth of the input shaft and the internal spline teeth of 
the main drive gear. The backlash is normal.

5. Inside the case, mesh the marked tooth on the Lower 
Countershaft Drive Gear with either set of marked teeth on 
the Main Drive Gear.

6. While holding the Main Drive Gear in the proper position and 
in time with the Lower Countershaft, slide the Input Bearing 
over the Input Shaft and start it into its bore. Use RR1005TR 
Bearing Driver and RR1019TR Hand Maul to drive it into 
position until the Snap Ring bottoms on the Case.

Note: The Input Bearing is not fully installed at this point.

7. Temporarily install the Input Bearing Cover with two or more 
capscrews.

8. From inside the Main Case, drive the Input Shaft forward 
with RR1020TR Soft Bar and RR1019TR Hand Maul until it 
is fully seated.

9. Remove the Input Bearing Cover, and install the Input 
Bearing Retaining Snap Ring.

10. Do not reinstall the Input Bearing Cover at this time. Instead, 
pull the Input Shaft and Bearing forward to allow for 
Mainshaft installation.

4

5

6
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How to Install the Input Bearing Cover 

Special Instructions

None

Special Tools

• Torque Wrench, 50 lb. ft. capacity

Procedure - 

1. Tap the Input Shaft and Bearing rearward to seat the Bearing 
Snap Ring against the Main Case.

2. Slide a new gasket and the Input Bearing Cover over the 
Input Shaft. Make sure the oil return hole in the cover and 
gasket is aligned with the hole in the front of the Case.

3. Apply Eaton®Fuller® Thread Sealant #71205 or equivalent 
to the capscrew threads, and install the six (6) Capscrews. 
Torque the Capscrews to 40–45 lb. ft. (54–61 N•m).

Capscrew
(x6)

Input Bearing
Cover

Gasket

Main Case
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How to Install the Upper Countershaft Bearings

Special Instructions

The proper Driver, RR1015TR, must be used or the Countershaft Bearings will be damaged during installation.

Special Tools

• RR1015TR Bearing Driver

• RR1019TR Hand Maul

• RR1025TR Timing Block

Procedure - 

1. Make sure the Lower Countershaft and Main Drive Gear 
timing marks are aligned.

2. Mesh the marked tooth of the Upper Countershaft with the 
two remaining marked teeth of the Main Drive Gear.

3. Support and center the front of the Countershaft by placing 
a RR1025TR Timing Block in the front bore as shown.

4. Place a large screwdriver or prybar at the front of the 
Countershaft between the Case wall and Countershaft to 
space the Countershaft rearward approximately 1/4” 
(6 mm).

5. Place a bearing over the rear of the Countershaft.

3

4
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6. Place the RR1015TR Bearing Driver over the Countershaft 
Rear Bearing, and drive the bearing into the Case bore. 
The Countershaft may need to be lifted slightly to start the 
bearing into the bore. When the bearing is fully seated, 
no gap should be visible between the bearing and the shaft. 
If the bearing is not fully seated, the Snap Ring to be 
installed at Step 7 will not fit.

7. In the Countershaft rear groove, install the Rear Snap Ring.

8. Remove the screwdriver or prybar.

9. If necessary, tap the Countershaft forward to seat the Rear 
Bearing in its bore.

10. Install the Mainshaft Rear Bearing Retainer. To install the 
Bearing Retainer, apply Eaton®Fuller® Thread Sealant 
#71205 or equivalent to the capscrews, and install them in 
the Bearing Retainer. Torque the screws to 40–45 lb-ft 
(54–61 N•m)

11. Remove the Timing Block and place the remaining bearing 
on the front of the Countershaft.

12. Place the RR1015TR Bearing Driver over the bearing, and 
drive the bearing over the Countershaft until the Inner Race 
is flush with the end of the Countershaft.

6
Bearing Fully
Seated.
No Gap.

6
Bearing Not
Fully Seated.
Gap is Visible.

10

12
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How to Install the Upper Reverse Idler Gear Assembly

Special Instructions

The FR-series Transmission has three different versions of Reverse Idler Retainers, reference the next page for specific 
installation instructions. 

The new Reverse Idler Shaft uses a Snap Ring in place of the capscrew. 

Special Tools

• RR1019TR Hand Maul

• RR1020TR Soft Bar

• Torque Wrench, 100 lb. ft. capacity

Bearing
Reverse
Idler Gear

Nut
Washer

Reverse Idler
Shaft

Previous Design

Slotted Thrust 
Washer

Inner
Race

Notched Thrust
Washer

Old Design Old Design

Bearing
Reverse
Idler Gear

Capscrew
Washer

Reverse Idler
Shaft

Previous Design

Slotted Thrust 
Washer

Inner
Race

Notched Thrust
Washer

Snap Ring

Bearing
Reverse
Idler Gear

Snap Ring

Current Design

Slotted Thrust 
Washer

Inner
Race

Notched Thrust
Washer

Snap Ring

Reverse Idler
Shaft
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Procedure - 

1. Lift the Mainshaft Reverse Gear to allow the Reverse Idler 
Gear to drop into mesh and into the proper position.

2. Place and hold the Idler Flat Thrust Washer at the back of 
the Gear.

3. While holding the Gear and Washer in position, feed 
the Reverse Idler Shaft through the Flat Thrust Washer 
and Gear.

4. Position the Slotted Thrust Washer in front of the Reverse 
Idler Gear with one of the slots facing up, and continue to 
feed the Idler Shaft forward. Make sure the word FRONT 
faces the front of the Main Case. 

5. Use RR1019TR Hand Maul and RR1020TR Soft Bar to drive 
the Reverse Idler until it is fully seated.

6. Secure the shaft in position according to one of the 
procedures below:

Note: For Nut Fastener Design: Inspect the nylon locking 
insert in the nut, and replace the nut if it is excessively 
worn. After inspecting and/or replacing the nut, install 
the nut and washer on shaft front. Tighten the nut to 
67–75 lb. ft. (90–101 N•m) of torque.

Note: For Capscrew Fastener Design: Apply Eaton®Fuller® 
Thread Sealant #71205 or equivalent to the capscrew 
threads, and install the capscrew and washer. Torque 
the capscrews to 67–75 lb. ft. (90–101 N•m).

Note: For Retainer Ring design: Install the washer and Snap 
Ring on Idler Shaft using socket. Place Retainer Ring 
over front of Reverse Idler Shaft seal, snapping into 
place by using a large socket. Tap lightly into place.
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How to Install the Auxiliary Drive Gear Assembly

Special Instructions

None

Special Tools

• Typical service tools

Procedure - 

1.  Install the Auxiliary Drive Gear over the Mainshaft splines.

2. Install the Auxiliary Drive Gear Retaining Snap Ring in the 
Mainshaft Snap Ring groove. If necessary, slide the 
Mainshaft rearward to fully expose the groove.

Bearing Spacer

Bearing

Bearing Retainer

Capscrew
(x6)

Auxiliary
Drive Gear

Snap Ring

1

2
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How to Install the Clutch Housing 

Special Instructions

The procedure is the same for aluminum or cast iron housings.

Special Tools

• Typical service tools

Procedure - 
1. Position a new gasket on the housing mounting surface.

Note: The Input Bearing Cover must be installed before you 
install the Clutch Housing.

2. Install the Clutch Housing on the six (6) studs on the Main 
Case, piloting it on the Front Input Bearing Cover.
Note:  Cast iron Clutch Housings use split-type 

lockwashers. Aluminum Clutch Housings use a flat 
washer with the nut and star-type lockwashers with 
the capscrews.

3. Install the nuts with washers or lockwashers on the studs, 
tighten to 180–200 lb. ft. (244–271 N•m) of torque. The 
torque value is the same for the aluminum and cast iron 
clutch housings.

4. Apply Eaton®Fuller® Thread Sealant #71205 to the 
capscrews and install them with lockwashers. Tighten the 
capscrews to 72–80 lb. ft. (97–108 N•m) of torque.

Main Case

Gasket

Clutch
Housing

Cap Screw
(x4)

Washer (x6)

Nut (x6)

Stud
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How to Remove the Oil Pump

Special Instructions

None

Special Tools

• Typical service tools

Procedure - 

1. Use a 6 mm Allen Socket Driver to remove the single socket 
head Shoulder Bolt.

2. Remove the Oil Pump.

3. If necessary, remove the Pump Drive Gear by removing the 
Countershaft Rear Snap Ring.

1

2
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How to Install the Oil Pump 

Special Instructions

Overtightening the attaching bolt could bind up the Pump.

Special Tools

• Torque Wrench, 25 lb. ft. capacity

Procedure - 

1. From the rear of the Transmission, position the Oil Pump 
into place.

2. Install the socket head Shoulder Bolt to secure the Pump 
in place.

Overtightening the bolt could bind up the Pump.

3. With a 6 mm Socket Head Driver, torque the bolt to 
20–23 lb. ft. (27–31 N•m).

2
1

2

3

CAUTION
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How to Install the Oil Seal 

Special Instructions

None

Special Tools

• RR1001TR-2 Seal Driver

• RR1001TR-8 Seal Driver Insert

• RR1001TR-1 Slinger Driver

Procedure - 

1. Install the Oil Seal into the Rear Bearing Cover using Seal 
Driver RR1001TR-2 and Seal Driver Insert RR1001TR-8. 
The Oil Seal is fully installed when the flange on the Seal is 
flush with the shoulder in the bore.

2. Install a new Slinger on the Seal Sleeve using Slinger Driver 
RR1001TR-1.

1

2
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How to Assemble the Auxiliary Section 

Special Instructions

To aid in reassembling the auxiliary section, use a fixture that will hold the countershafts in the proper positions. The dimensions 
of the fixture are shown in the illustration. The fixture is constructed from a 2”x12”x24” piece of wood.

Special Tools

• RR1002TR Auxiliary Countershaft Support Straps

Procedure - 

1. For timing purposes, identify and mark with Toolmaker’s 
Dye the two teeth on each Countershaft that are identified 
with an '0'.

2. Place the Countershafts in the fixture (or on a clean, flat 
surface if you don’t have a fixture) with the marked teeth 
turned to the middle of the fixture.

3. Position a 2” high spacer, such as a socket, between the 
Countershafts. (If a fixture is not used, a 3” spacer is 
required.)

24"

12"

2"

11.67"

3"

1

2

3
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4. Install the Synchronizer Assembly on the Output Shaft. 
The Low Range Synchronizer Ring (side with external 
friction material) must be facing the Auxiliary Mainshaft 
Reduction Gear.

5. Match the timing marks on the Auxiliary Mainshaft 
Reduction Gear with the timing marks on the Countershafts. 
The Output Shaft will rest on the spacer.

6. With the round hole in the Range Yoke Bar facing up, slide 
the Range Yoke Assembly into the groove on the Range 
Synchronizer.

7. Lightly oil the bearing bores on the Auxiliary Housing, and 
place the Auxiliary Housing over the Countershaft 
Assemblies and the Output Shaft Assembly.

8. Install the Output Shaft Bearing Race in the Housing bore.

9. Make sure the Output Shaft Bearing Inner Spacer is on the 
Output Shaft. (The Spacer should have been installed when 
the Output Shaft components were assembled.)

10. Heat the Rear Output Bearing and install tapered side down 
on the Output Shaft.

4

6

5

8

7

10



Transmission Overhaul Procedures - Bench Service

173

Transm
ission Overhaul 

Procedures-Bench Service

11. Install a new gasket.

12. Using the marks made during disassembly as a guide, install 
the Rear Bearing Cover in the same position as when 
removed.

Note: The Rear Bearing Cover can be installed in two 
positions opposite each other. If the Rear Bearing 
Cover is not installed in the same position in which it 
was removed, the Speedometer Cable may not reach 
the Speedometer after the Transmission is installed in 
the vehicle. If the Speedometer cannot be connected, 
the Auxiliary Bearing Cover must be removed and 
reassembled properly.

13. Apply Eaton®Fuller® Sealant #71205 or equivalent to the 
six (6) Rear Bearing Cover Retaining Capscrews and install 
them. Tighten the Capscrews to 40–45 lb. ft. (54–61 N•m) 
of torque.

14. Insert the Countershaft Bearing Races in their bores.

Note:  If the original parts are being reused and installed in 
their original locations, the shims can also be installed 
at this time.

15. Install RR1002TR Support Straps to keep the Auxiliary 
Countershaft and Bearing Race in alignment. Final 
installation and shimming of the Countershafts will be done 
after the Auxiliary Section is installed on the Front Section.

12

14

15

15
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16. On the Auxiliary Housing back, install the Range Alignment 
Lock Cover and O-ring. Rotate the Cover to the unlock 
position, and secure the Cover in place with a capscrew.

New units don’t contain the Lock Cover, so the Shift Bar 
Housing must remain off until the Auxiliary Section and 
Range Cylinder are assembled.

17. Install the O-ring over the Output Shaft, and insert it against
the Output Bearing.

18. Install the Speedometer Rotor/Seal Sleeve.

19. Install the Output Yoke over the Output Shaft. The Yoke 
should slide on and stop before contacting the Speedometer 
Rotor. As the Output Shaft Nut is installed, the Output Yoke 
will contact the Speedometer Rotor.

20. Torque the Nut to 650–700 lb. ft. (881.28–949.07 N•m).

16

CAUTION

17

18
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How to Install the Auxiliary Section 

Special Instructions

Use crocus cloth to clean the Dowel Pins and Dowel Pin holes of all paint and corrosion. Apply a light coating of grease to the 
Dowel Pin holes.

Special Tools

• Lifting Device

• RR1006TR Auxiliary Section Lifting Bracket

• Torque Wrench, 50 lb. ft. capacity

• Torque Wrench, 700 lb. ft. capacity

• RR1002TR - Auxiliary Countershaft Support Straps

Procedure - 

1. If not previously installed, install the Output Yoke (or flange) 
and the Output Nut. The Yoke should slide on and stop 
before contacting the Speedometer Rotor. As the Output 
Shaft Nut is installed, the Output Yoke will contact the 
Speedometer Rotor. Torque the Output Nut to 650–700 
lb. ft. (881.27–949.07 N•m).

2. Install the Dowel Pins to the proper depth. (3/8' to 1/2' of the 
shoulder on the Pins must be visible.)

3. Make sure the Auxiliary Section is in low gear. If it is not, use 
one or two large screwdrivers or prybars to apply even 
rearward pressure to move the Range Sliding Clutch back 
into the low gear position.

4. Make sure the RR1002TR Support Straps are installed.

5. If the Shift Bar Housing is installed, make sure the Range Bar 
Lock Cover is rotated counterclockwise into the unlock 
position.

New units have removed the Lock Cover, so the Shiftbar 
Housing must remain off until the Range Cylinder and 
Auxiliary Sections are assembled.

Shoulder

2
3/8"-1/2"

3

5CAUTION



Transmission Overhaul Procedures - Bench Service

176

6. Position the gasket on the Main Case mounting surface.

7. Attach the RR1006TR Lifting Bracket to the top of the 
Auxiliary Section, and attach the chain of the Lifting Device 
to the Bracket.

8. Allow the Lifting Device to support the weight of the 
Auxiliary Section, and position the Auxiliary Section on the 
two Dowel Pins. Slide the Auxiliary Section forward.

Note: The Range Yoke Bar must slide into the bore in the 
Main Case.

Note: To help the Auxiliary Countershafts mesh with the 
Auxiliary Drive Gear, rotate the Output Yoke to turn 
the gearing.

Note: The Auxiliary Section can be assembled to the 
Transmission with the Transmission in the vertical 
position.

9. Remove the Auxiliary Section Lifting Bracket.

Do not force or pull the Auxiliary Section into position with 
capscrews when sliding it into place. It should slide into 
place fairly easily. If excessive force is necessary, the 
Countershafts are drooping or the gearing is not in proper 
mesh, remove the Auxiliary Section and try again.

10. Slide the Auxiliary Section fully into position.

11. Apply Eaton®Fuller® Thread Sealant #71205 to the 
capscrew threads, and install the 19 capscrews. Torque 
them to 40–45 lb. ft. (54–61 N•m)

12. Remove the capscrew securing the Range Bar Lock Cover in 
the unlock position and rotate the Cover to the lock position. 
Insert the two capscrews to secure the Lock Cover in 
position. Torque them to 20–23 lb. ft. (27–31 N•m). 

Note: To properly align the Lock Cover, the Auxiliary Section 
must be in Low Range when the capscrews are 
tightened.

13. Remove the Auxiliary Countershaft Rear Bearing Covers, 
and shim the Countershafts using the procedure on the 
following page.

6

CAUTION
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Shim Procedure without a Shim Tool for Tapered Bearings      

Special Instructions

The shim procedure can be done in the horizontal or vertical position. The procedure is done the same.      

Use genuine Eaton® replacement gaskets for the Auxiliary Housing and Countershaft Bearing Cover. Do not omit the gaskets. 
Bearing endplay is influenced by the compressed thickness of the gasket (0.011–0.012" or 0.28–0.30 mm).

The bearing endplay must be checked and adjusted any time a Countershaft, Bearing, or Housing is replaced. If, during 
reassembly, the same Countershaft, Bearings, Housing, and Shims are reused and kept in the same location, it is not necessary 
to reset bearing endplay.    

The following procedure is used to adjust the endplay for the Auxiliary Countershaft Tapered Bearings. By correctly following this 
procedure, each Countershaft will have 0.001–0.005" (0.03–0.12 mm) endplay.    

Shims must be aligned properly or else the Rear Bearing Cover may be damaged when final torque is applied.    

Procedure - 

1. The Auxiliary Countershaft Bearing Covers or Countershaft 
Straps and Shims should be removed. Make sure all old 
gasket material is cleaned from the gasket mounting 
surfaces on the Countershaft Bearing Covers and the 
Auxiliary Housing.      

2. Verify that the Auxiliary Section is in gear. When the Output 
Shaft is rotated, the Countershafts must also rotate. If not, 
shift the Auxiliary into gear by applying shop air to the High 
Range Air Port on Range Cylinder to shift into gear.      

3. Make sure a 0.100 Countershaft Rear Bearing Shim is 
installed. Be sure the Countershaft Rear Bearing Races are 
seated in the Bearing bores.    

4. Install two (2) clean 3/8" x 1" Capscrews without washers 
directly across from each other in each Bearing Cover. 
Tapped holes in Auxiliary Case must be free of thread 
adhesive.

5. Evenly tighten the capscrews to 7 lb. in. of torque. Do not 
install the Countershaft Rear Bearing Cover Gasket. The gap 
between the Bearing Cover and the Housing surface should 
be even from side to side.    

Note: 7 lb. in. is slightly more than finger tight. Do not 
overtighten the capscrews. If the capscrews are too 
tight, the Bearing Cover will become distorted.      

CAUTION
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6. Rotate the Output Shaft 4 times clockwise and 4 times 
counterclockwise. The rotation will seat and align the rollers 
in each tapered bearing. Re-torque the capscrews to 7 lb. in. 
If the Countershafts do not rotate, the Range Sliding Clutch 
or Deep Reduction Sliding Clutch is in neutral. Apply shop 
compressed air to Shift Cylinders to shift the Sliding 
Clutches into gear. 

7. Use a Feeler Gauge, as close to each capscrew location as 
possible, and measure the gap between the Countershaft 
Rear Bearing Cover and the Auxiliary Housing Gasket 
surface. Measure and record the gap at two capscrew 
locations.       

8. Average the two Feeler Gauge measurements by adding the 
measurements together and dividing by 2 as shown in the 
following example:     

9. Locate the Feeler Gauge average measurement in the "Shim 
Table" to determine the required Shim and Color Code.      

Note: The Oil Pump Shim is used when an Auxiliary Oil 
Pump or PTO is mounted on the Countershaft. The Oil 
Pump Shims have a smaller outside diameter.        

10. Remove the Countershaft Rear Bearing Cover and Gauging 
Shim.     

11. Place the selected Shim on the Rear Countershaft Bearing 
Race.    

12. Position a new gasket on Countershaft Rear Bearing Cover 
mounting surface.

13. Position the Countershaft Rear Bearing Cover over the new 
gasket.   

14. Apply Eaton® Fuller® Thread Sealant #71205 or equivalent 
to the Auxiliary Countershaft Rear Bearing Cover Capscrews 
and Auxiliary Countershaft Rear Bearing Cover.      

Shim Selection Example

Gap 1 = 0.060; Gap 2 = 0.050

Total Gap = 0.060 + 0.050 = 0.110

Average = 110/2 = 0.055

Select Yellow Shim as indicated in the "Shim Table" at
the end of this section.
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15. Install the Auxiliary Countershaft Rear Bearing Cover and 
secure it with the capscrews. Make sure the shim is in the 
proper location and is not pinched between the cover and 
the housing. Tighten the capscrews to 40–45 lb. ft. 
(54–61 Nm).      

Note: Use a thick grease to hold the shim in position when 
installing the Cover. 

16. Repeat this procedure for the remaining Countershaft.      

Note: Make sure capscrews are properly torqued.      

Note: Make sure the Input Shaft rotates.      

Shim Table      

Feeler Gauge 
Average Gap      Shim Thickness      Standard Shim 

Part Number      
Oil Pump Shim 
Part Number      Color Code      

0.072–0.075      0.033–0.034      4302345      4302346      Gold      

0.69–0.0715      0.036–0.037      21452      21472      Red      

0.066–0.0685      0.039–0.040      21453      21473      Pink      

0.063–0.0655      0.042–0.043      21454      21474      Brown      

0.060–0.0625      0.045–0.046      21455      21475      Tan      

0.057–0.0595      0.048–0.049      21456      21476      Orange      

0.054–0.0565      0.051–0.052      21457      21477      Yellow      

0.051–0.0535      0.054–0.055      21458      21478      Green      

0.048–0.0505      0.057–0.058      21459      21479      Light Blue      

0.045–0.0475      0.060–0.061      21460      21480      Lavender      

0.042–0.0445      0.063–0.064      21461      21481      White      

0.039–0.0415      0.066–0.067      21684      21686      Black      

0.036–0.0385      0.069–0.070      21685      21687      Silver      
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