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SERVICE INSTRUCTION No: 10
REVISION: 14 Sept. 2005
SUBJECT: Upper Tail Rotor Gearbox Assembly, Installation, Maintenance.

MODELS AFFECTED: Models B-2, B-2A, B-2B
FAA APPROVAL: This section of the maintenance manual is not subject to FAA

approval.
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Note/Caution/Warning: Some of the information in this document has been highlighted in a box as
either a “note”, “caution” or “warning” . A “warning” is criti cal for safety. A “caution” is meant
primarily to avoid damage to the helicopter but does not exclude the possibilit y of a safety problem. A
“note” is meant to facilit ate the work or inform the mechanic.

1) Applicability

This service instruction supercedes information in maintenance manuals dated prior to the date listed
above. This service instruction will eventually be integrated into a future revision of the maintenance
manual. At that time, this service instruction will be cancelled. Always make sure that you are working
with the latest edition of the maintenance manual, service bulletins, service instructions, and service
letters. Contact the factory for a li st of current maintenance documentation revisions. The part numbers
in this service instruction are for reference purposes only. Consult the parts manual for the most accurate
and up to date information.

2) Purpose

The purpose of this service instruction is to describe in suff icient detail all the steps needed to remove,
disassemble and then reassemble and install the upper tail rotor gearbox. This service instruction also
clarifies which parts can be replaced without having to change a higher assembly. Also, it describes how
to perform any special operations involved in replacing parts. Any related requirements from the parts
manual are still applicable.
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3) Feedback

Please don’ t hesitate to contact the Brantly service department if you have any questions. Also, we need
your comments and suggestions in order to make improvements to this document. We would appreciate
your help.

Service Department
Brantly International Inc.
12399 Airport Drive, Vernon, TX  76384
Tel. 940-552-5451, Fax. 940-552-2703

4) Referenced Documents

- Brantly Maintenance Manual
- Brantly Parts Manual (BPM)
- Service Bulletin 105

N
O

T
E

All through this Service Instruction, some references will be made to figures available in the
Brantly Parts Manual (BPM). Ex. fig. BPM-15-8 where 15 is the figure number and 8 is the item
number within the figure. These figure numbers do not correspond to part or assembly numbers.
When reading these instructions, we recommend you keep the Parts Manual open at the relevant
figure for reference purposes.

5) Materials and Special Tools

- ªTITESEAL - Medium Weightº, Gasket & joint sealing compound, made by Radiator Specialty
Company, Charlotte, NC, (704) 377-6555, www.gunk.com.

NOTE When applying TITESEAL, follow the manufacturer’s instructions provided with the
product.

- AT-15-100, Bearing removal tool.
- AT-108-64, Bronze bearing installation tool.

NOTE

Lubrication: Whenever lubrication before assembly is called for in this Service
Instruction, use the same oil as that used to fill t he finished tail rotor drive system. The
same oil approved for use in the engine is also approved for this purpose. See the Lycoming
operator’s manual for a li st of approved oils.
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6) Upper Gearbox - Removal and Disassembly

The upper tail rotor gearbox may be removed and disassembled in the following manner (See figures
BPM-14, and BPM-15):

1. Remove the T/R Blades, Hub and controls per the maintenance manual. (Fig. BPM-17)

2. Drain the oil from the intermediate tail rotor gearbox housing (Fig. BPM-14-22) by removing
the drain plug on the left side.

3. Remove the two upper mounting bolts (BPM-15-1), nuts, and washers from the upper pylon
and gearbox mounting flange (P/N 252-2, fig BPM-15-22).

4. Loosen the clamp bolt, washer and nut in the intermediate gearbox housing cover (P/N 249-4,
fig. BPM-14-1).

5. With the bolt loose, remove the upper gearbox and vertical housing (P/N 278-200, fig
BPM-15-10, and 249-3, fig BPM-15-7) straight up and out of the intermediate gearbox
housing cover (P/N 249-4, fig BPM-14-1).

N
O

T
E

If the upper gearbox system cannot be easily separated from the intermediate gearbox, it is possible
that the two shafts are practically welded together. This is caused by improperly mating at
assembly the lower key in the vertical drive shaft coupling to the output gear of the intermediate
gearbox. In this case, remove the intermediate gearbox cover screws and remove the lower output
shaft with the upper drive assembly. Then, cut in two the vertical drive shaft housing and vertical
drive shaft. This will free the intermediate gearbox output shaft and male coupling. Replace all
damaged parts. See section ªReplacing Componentsº of this service instruction on the subject of
replacing the vertical shaft (P/N 249-10, fig. BPM-15-9).

NOTE Do not remove the dowel pins in the gearbox housing.

6. There is a key in the keyway of the male coupling (P/N 249-9, fig. BPM-15-8) on the vertical
drive shaft (P/N 249-10, fig. BPM-15-8). If you need to remove it, for example to replace it,
you can do it at this time. Otherwise, it is best not to remove it needlessly.

7. Unsafety and remove the screws from the flare retainer (P/N 15-17, fig. BPM-15-20), thereby
freeing the vertical drive shaft with gear and bearing, the housing, mounting flange, and
gasket/shim, from the upper gearbox housing. This also frees the tail rotor guard mounting
plate (P/N 2935, fig. BPM-18-7).

NOTE

The bearing clamp (P/N 108-63, fig. BPM-15-28) and bronze bearing (P/N 108-64, fig.
BPM-15-29) mentioned in some of the following steps are not present on Brantly model
B-2 helicopters serial numbers up to 102. In that case, disregard all steps referring to this
bearing and clamp.
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8. Unsafety and remove the bearing clamp bolts with washers from the bearing clamp (P/N 108-
63, fig. BPM-15-28), freeing the clamp from the housing.

9. Remove the bearing screw from the bronze bearing (P/N 108-64, fig. BPM-15-29).

10. Using the vertical drive shaft assembly (P/N 249-10, fig. BPM-15-9) gently pull the bronze
bearing (P/N 108-64) out the top of the housing (P/N 249-3, fig. BPM-15-28).

11. Remove the cotter pin, nut, washer, and bolt from the male coupling (P/N 249-9, BPM-15-8)
and vertical shaft.

12. Remove the male coupling (P/N 249-9, fig. BPM-15-8) from the vertical shaft. See caution
below.

CAUTION

The male coupling (P/N 249-9) bore and shaft (P/N 249-10) outer diameter are made to
close tolerances and may have been press fitted depending on where the parts fall within
tolerances. Avoid any damage (scratches, dents) to the parts when trying to separate
them. If present, we suggest the use of the bronze bearing (P/N 108-64) and a non-
marring mallet to knock off the male coupling from the shaft. Slide the bearing up
against the coupling then tap it evenly on all sides. See SB-105 for information on shaft
inspection and repair. Consult the factory for any damage to the male coupling.

13. Remove the bronze bearing and mounting flange (P/N 252-2, fig. BPM-15-22) from the
vertical drive shaft.

14. Before disassembly, if the shaft (P/N 249-10, fig. BPM-15-9) and gear (P/N 15-8, fig.
BPM-15-25) may get reassembled again then they must be marked so that they line-up in the
same way as they were assembled, without them being clocked 180°. Place a temporary mark
on both the gear and the shaft so that the marks can be lined up again. Do not etch or scratch
the metal in any way. We suggest the use of self-adhesive tape (clean the area as needed for
the tape to stick).

15. Remove the bolt and nut from the flanged bushing (P/N 15-6, fig. BPM-15-24) on the upper
end of the vertical shaft and gear (P/N 249-10 and 15-8, fig. BPM-15-25).

16. Remove the gear (P/N 15-8, fig. BPM-15-25) and flange mounting (P/N 252-2, fig. BPM-15-
22) from the vertical shaft. See caution below.

CAUTION

The gear (P/N 15-8) bore and shaft (P/N 249-10) outer diameter are made to close
tolerances and may have been press fitted depending on where the parts fall within
tolerances. Avoid any damage (scratches, dents) to the parts when trying to separate
them. We suggest the use of a wooden dowel and mallet to knock out the shaft from the
gear. See SB-105 for information on shaft inspection and repair. Consult the factory for
any damage to the gear.

17. Remove the main input bearing (P/N 206K) from the gear (P/N 15-8).
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18. Unsafety and remove the screws on the upper gearbox output cover (P/N 284-2, fig. BPM-15-
11).

19. Remove the cover from the upper gearbox housing (P/N 250-1, fig. BPM-15-27).

NOTE Retain the laminated shim (P/N 251-1, fig. BPM-15-14) for use on reassembly.

20. Remove the output shaft (P/N 15-100, fig. BPM-15-16) and bearing from the gearbox housing.

21. Remove the bearing from the housing and keep the spring (P/N 401, fig. BPM-15-18) and
spring retainer (P/N 400, fig. BPM-15-19).

22. If needed, remove the seal (P/N 63-139, fig. BPM-15-13) from the output cover. Do not
remove this part unnecessarily.

23. Remove the bearing from the output shaft (P/N 15-100, fig. BPM-15-16) using the bearing
removal tool (AT-15-100).

NOTE
Aqssembly P/N 15-100, BPM-15-16, gear and shaft assembly, must not be disassembled.
The gear and shaft cannot be purchased separately. They can be purchased only as a unit.

24. Clean, check, and replace all parts per the periodic inspection guides (ex. 100hr, 300hr, etc…)
and any applicable service documents (ex. SB-105). Make sure to clean off all the residual
TITESEAL gasket compound.



BRANTLY INTERNATIONAL INC. SERVICE INSTRUCTION No: 10
REVISION: 14 Sept. 2005;     PAGE: 6/16

                                                                                                                                                                        

(File: SI-10_~_20050914_final.doc)

7) Upper Gearbox - Assembly and Installation

7.1) General procedure

The upper tail rotor gearbox may be assembled and installed in the following manner (See fig.
BPM-15):

NOTE Before replacing any component, see section 8 to see if any special instructions apply.

NOTE If removed, do not install the oil seal into the output cover (P/N 284-2, fig. BPM-15-11)
until called for later on.

1. Install the main bearing (P/N 206K, fig. BPM-15-15) onto the output shaft assembly (P/N 15-100,
fig. BPM-15-16). Check for proper mating using a .001 feeler gauge. The gauge must not be able
to slide in between the inner race of the bearing and the gear.

2. Install the end bearing (P/N 9103K, fig. BPM-15-17) onto the output shaft assembly (P/N 15-
100). Check for proper mating using a .001 feeler gauge. The gauge must not be able to slide in
between the inner race of the bearing and the shoulder on the shaft.

3. Shimming for output shaft in-out movement: Use shim P/N 251-1 (fig. BPM-15-14) at the
output end of the upper tail rotor gearbox. Place thrust spring retainer (P/N 401, fig. BPM 15-18)
into end of output shaft (P/N 15-100, fig. BPM 15-16). Omit spring (P/N 400, fig. BPM 15-19) at
this time. Insert the output shaft into the gearbox with the original shims (P/N 251-1, fig. BPM
15-14), if available. Install the cover (P/N 284-2, fig. BPM-15-11) such that the linkage posts are
at approximately 1 O'clock and 7 O'clock. Install at least 5 equally spaced screws in the cover.
Use one or more washers (AN960-10L) to prevent screws from bottoming out. Where there is no
room for a washer and one or more is required, use a bolt one size shorter. Cross-torque to 20-25
in-lbs. Do not safety. Using a dial indicator, measure the distance the shaft moves in and out.
Change the thickness of shimming as needed to obtain a movement of .008 inches of in and out
movement. Record shim thickness.

4. Remove the spring retainer, output shaft, and cover from the gearbox.

5. Reinstall i nto the gearbox the spring retainer, output shaft, and cover (P/N 248-2, fig.
BPM-15-11) but including the spring and the amount of shims previously calculated. Cross-
torque (20-25 in-lbs) at least 4 screws on the cover. Do not safety. (This will be completed at the
end)

6. Inspect the shaft (P/N 249-10, fig. BPM-15-9) according to SB-105. Repair or replace as
necessary per SB-105.

7. Install the gear (P/N 15-8, fig. BPM-15-25) onto the shaft. See sect. 7.2.
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8. Lightly lubricate the mating surfaces of the bearing (206K) and gear (P/N 15-8). Install the
bearing and flanged bushing (P/N 15-6, fig. BPM-15-24) onto the shaft. Check that the bearing is
pressed in all the way up against the gear by checking the gap with a .001 max feeler gauge. (The
gap between the bearing’s inner race and the gear must be less than .001.) Install into the gear the
bolt (P/N 15-201, fig. BPM-15-30) and nut (P/N AN364-1032, fig. BPM-15-31) then torque 7 to
12 in-lbs above run-down torque (aka drag torque).

9. Slip the flange mounting (P/N 252-2, fig. BPM-15-22) onto the previous assembly.

10. Check that all 5 pins (BPM-15-26) are present and that they protrude .25±.03 inches. Replace any
missing pins.

11. Shimming for Backlash: If available, install into the input end of the gearbox all the original
shims (P/N 251-32). The amount of these shims controls backlash. Install the shaft/gear/bearing
assembly onto the gearbox using at least 5 equally spaced screws (P/N AN4-10A, fig. BPM-15-
1), with one washer (P/N AN960-10L) each, through the flange mounting (P/N 252-2,
BPM-15-22) into the gearbox. Add one washer each as required to prevent the screws from
bottoming out. Cross-torque 20 to 25 in-lbs. Using a dial indicator, measure the backlash between
the gears. When measuring backlash, apply a small force inline with the shaft (towards the gear)
to take-up any play in the bearing. Adjust shim (P/N 251-32) thickness as required to achieve
.002-.006 backlash. When proper backlash is obtained, use a feeler gage to measure the gap
between the flange mounting and the gear box housing. Record gap thickness. Record shim
thickness.

12. Remove the screws installed in the previous step and separate the flange mounting from the
gearbox. Make note of any extra washers installed.

13. Shimming for pre-load: This step is important in order to prevent the outer race of the bearing
from rotating relative to the gearbox. Subtract .001 to .002 (pre-load) to the gap thickness
measured in the above step “Shimming for Backlash”. Record required shim thickness. Install
shims (P/N 251-2) that total the calculated thickness in between the flange mounting (P/N 252-2,
BPM-15-22) and the gearbox.

NOTE

The bearing clamp (P/N 108-63, fig. BPM-15-28) and bronze bearing (P/N 108-64, fig.
BPM-15-29) mentioned in some of the following steps are not present on Brantly model B-2
helicopters serial numbers up to 102. In that case, disregard all steps referring to this bearing
and clamp.
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14. Lightly lubricate the mating surfaces of the male coupling (P/N 249-9) and the shaft (P/N
249-10). Install the male coupling onto the shaft. See sect. 7.2.

- If the bronze bearing is not part of the helicopter©s configuration: Install the bolt (P/N 249-11),
washer (P/N AN960-10), and nut (P/N AN320-3). Torque only to the minimum required in order
to insert the cotter pin (P/N AN380-2-2).

- If the bronze bearing (P/N 108-64) is part of the helicopter©s configuration: Do not install the
bronze bearing but do install the bolt (P/N 249-11), washer (P/N AN960-10), and nut (P/N
AN320-3) and tighten only enough to eliminate gaps between them and the shaft. Do not install
the cotter pin. (The bronze bearing will be installed for good later in this procedure.)

15. Install onto the gearbox the previous assembly along with the retainer flange (P/N 15-17, fig.
BPM-15-20), the shaft housing (P/N 249-3, fig. BPM-15-7), and shims. Install 5 equally spaced
screws (P/N AN502-10-12), one washer (P/N AN960-10L) each, into the retainer flange. Install
an extra washer each as needed to prevent the screws from bottoming out. Cross-torque 20 to 25
in-lbs.

16. Check the internal alignment: Measure the alignment of the male coupling within the tube per
SB-105 and correct if necessary. See fig. SI-10-1.

Fig. SI-10-1, Internal Alignment.

17. Remove the screws in the retainer flange (P/N 15-17). If the bronze bearing is part of the
helicopter's configuration skip to the next step. Otherwise, go to step 27.

18. Separate the components without uninstalli ng any more fasteners at this point.

19. Uninstall the male coupling (P/N 249-9) from the shaft.

20. Lightly lubricate the mating surfaces of the bronze bearing (P/N 108-64) and the shaft (P/N 249-
10). Slip the bronze bearing onto the shaft.
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21. Inspect the male coupling and the shaft according to SB-105. The previous installation and
removal could have damaged them. Repair or replace them if necessary per SB-105. Lightly
lubricate the mating surfaces of the male coupling (P/N 249-9) and the shaft (P/N 249-10). Install
the male coupling onto the shaft. See section 7.2.

22. Lightly lubricate the mating surfaces of the bronze bearing (P/N 108-64) and the shaft housing
(P/N 249-3).

23. Align the two holes in the bronze bearing with the holes in the shaft housing. Insert the pins of
tool AT-108-64 into the holes in the bronze bearing. Carefully push the bearing in through the
flare end of the housing until the holes in the bronze bearing line up with the holes in the tube.
Rotate the bearing as needed.

24. Insert the set screw (P/N AN503-6-4, fig. BPM-15-29) into the bronze bearing with a small
amount of TITESEAL compound on the threads. Tighten the screw until snug but without
deforming the tube. Install the bearing clamp (P/N 108-63, fig. BPM-15-28), with the vent hole
facing down, around the shaft housing. Torque screws 20-25 in-lbs and safety with .032 lockwire.

25. Apply a light coat of TITESEAL to the outside surface of the flare on the shaft housing (P/N
249-3, fig. BPM-15-7). Do not apply TITESEAL gasketing material to shims. This could skew
the shimming thickness.

26. Bring together the gasket/shim, mounting flange (P/N 252-2), shaft housing (P/N 249-3), and
retainer flange (P/N 15-17) over the dowel pins and onto the upper gearbox housing.

NOTE
In the final installation, the fasteners in the retainer flange (P/N 15-17) are not all the same.
The information in this Service Instruction is correct. The Brantly Parts Manual will be
corrected in its next revision.

27. Attach the tail rotor guard fitting (P/N 2935, fig. BPM-18-7). Install into the guard fitting’s (P/N
2935) 4 holes 1 (one) bolt (P/N AN3H-7A) each. Install into the remaining gearbox’s 6 holes one
screw (P/N AN502-10-12) and one washer (P/N AN960-10L) each. Use one additional washer
per fastener as needed to prevent them from bottoming out. Cross-torque all 10 fasteners to 20-25
in-lbs. Turn the output shaft by hand to check for binding or roughness. If you find any,
disassemble the gearbox and correct the problem. If there are no problems, secure fasteners with
0.032” safety wire.

28. Clean the lower end of the shaft housing (P/N 249-3) in the area where it will contact the o-ring
in the intermediate gearbox retaining cover (P/N 249-4, fig. BPM-14-1). This will ensure the best
seal possible at the o-ring.

29. If the key is absent from the keyway of the male coupling (P/N 249-9), it can be installed at this
time. Place the key firmly into place. It should be straight to slightly inclined downward toward
the end of the male coupling, which will facilitate easier installation into the intermediate
gearbox.
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30. Place the lower gearbox output gear and shaft assembly (P/N 249-100, fig. BPM-14-7) with its
keyway aligned with the clamping area on the cover (P/N 249-4, fig. BPM-14-1).

31. Turn the vertical drive shaft (P/N 249-10, fig. BPM-15-9) so that the male coupling (P/N 249-9,
fig. BPM-15-8) and key are aligned opposite the upper gearbox mounting flange (P/N 252-2, fig.
BPM-15-22) area and inline with the intermediate gearbox output shaft and clamping area on the
intermediate gearbox cover (P/N 249-100 gear, fig. BPM-14-7, and 249-4 cover, fig. BPM-14-1).

32. Carefully mate the male coupling with key into the keyway of the intermediate gearbox output
gear. Using a non-marring mallet, lightly tap onto the gearbox to ensure proper seating of the
male coupling into the intermediate gearbox.

WARNING Ensure that the key has not fallen out of the keyway into the intermediate
gearbox dur ing mating and installation.

CAUTION Do not start the helicopter without doing the following check.

33. Check for proper engagement at the keyway: Set the rotor brake (locking the rotor system,
transmission and tail rotor drive systems in position) and attempt to turn the tail rotor system. Use
a force of NO MORE THAN 10 POUNDS and 10 INCHES FROM THE HUB CENTER. If the
tail rotor system turns in either direction, the key is not engaged properly in the intermediate
gearbox and the vertical drive assembly must be removed and reinstalled.

CAUTION
If left improperly installed the vertical drive shaft male coupling will become, over time,
welded to the intermediate gearbox output shaft. If this occurs the two cannot be
separated without destroying the parts. See sect. 6, disassembly instructions, for details.

34. Check the parallel offset:  This check is described in SB-105, Sect. 2.7, item 1. If this check is
required at this time by SB-105, then we recommend you perform it at this point in the procedure.

CAUTION Check the axial clearance and lateral angular alignment at every installation.

35. Check the axial clearance and lateral angular alignment:  These checks are required by
SB-105, Sect. 2.7, items 2 and 3. To check for axial clearance, rotate the tail rotor gearbox so that
the lugs on the flange mounting (P/N 252-2, fig. BPM-15-22) are next to but not over the
corresponding mounts on the tail pylon (See fig. SI-10-2). Make sure that the assembly is
bottomed out, that the shaft seats fully down into the intermediate gearbox. You may try tapping
gently on top of the gearbox with a non-marring mallet. Measure the axial distance from the
bottom of the flange to the top of the pylon mounts (See fig. SI-10-2). If the gap in each of the
two locations is not equal then this is referred to as lateral angular misalignment. See the table
below for the action to take depending on the measurement.
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Gap/Overlap Action

Gap over .063
Make sure the male coupling is fully seated into the intermediate gearbox by
tapping gently on top of the tail rotor gearbox with a non-marring mallet. If the gap
persists then consult the factory.

Up to a gap of .063

No gap or overlap.

Install one or more washers (P/N AN960-416 or AN960-416L) to fill t he gap. Do
not exceed one AN960-416 or two AN960-416L washers (.063 inch nominal) in
either of the gaps. Proceed to next step.

Overlap up to .063 Proceed to next step. (No shimming washers required)
Overlap over .063 Consult the factory.

Fig. SI-10-2 - Gearbox position for axial clearance check

36. Install the upper mounting bolts (fig. BPM-15-1), nuts, and washers through the upper pylon
bulkhead and into the gearbox mounting flange. Torque to 50-70 in-lbs.

37. Check the intermediate angle: This is the angle in between the long shaft housing (from the
engine compartment to the intermediate tail rotor gearbox) and the upper (vertical) shaft housing.
This check is described in SB-105, Sect. 2.7, item 4. If this check is required at this time by
SB-105, then we recommend you perform it at this point in the procedure.

38. Once the mating of the upper gearbox assembly and the intermediate gearbox has been checked
and accomplished, secure the bolt, washer, and nut in the clamp of the intermediate gearbox
cover (P/N 249-4, fig. BPM-14-1).
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39. Make sure the cover (P/N 284-2, fig. BPM-15-11) of the output side of the gearbox is positioned
with the linkage posts at approximately 1 O'clock and 7 O'clock. Correct if necessary. Install any
missing screws in the cover. Use one or more washers (AN960-10L) to prevent screws from
bottoming out. Where there is no room for a washer and one or more is required, use a bolt one
size shorter. Cross-torque to 20-25 in-lbs and safety with .032 wire.

40. Reassemble the rest of the tail rotor system and controls per the maintenance manual. Check the
tail rotor control rigging before flight. Check the system for operation and for adequate
lubrication on a post-flight inspection.
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7.2) Fitting the gear (P/N 15-8), shaft (P/N 249-10) and male coupling (P/N 249-9)

The gear’s (P/N 15-8, fig. BPM-15-25) bore, the shaft’s (P/N 249-10, fig. BPM-15-9) outer diameter,
and the male coupling’s (P/N 249-9, fig. BPM-15-8) bore are made to close tolerances. In some cases,
there may be an interference fit between them. Avoid damaging (scratches, dents) the parts when trying
to mate them.

WARNING
The shaft (P/N 249-10) is subject to fatigue type loading. Surface damage such as nicks,
dents and scratches can severely reduce the expected life of the shaft. See SB-105 for
more information on inspecting the shaft and repair procedures.

Before mating these parts:

θ  Make sure that there are no burrs or other foreign objects on the mating surfaces. These can be
dragged along and create scratches. This is especially important in the area of the bolt hole after any
material removal in that hole.

θ  If there is any interference in the fit, heat the gear and cool the shaft to ease assembly. You can heat
the gear by placing it in hot oil, 250°F max. You can cool the shaft by placing it in an ordinary
freezer. Keep the mating surfaces well lubricated at assembly.

CAUTION

If the gear was heated and/or the shaft was cooled to ease assembly then, once
assembled, you must very quickly move the shaft to its proper location in the gear. The
gear and shaft immediately start going back to their normal temperature. As they do so,
the fit between them becomes tighter and it is more difficult to move them.

You can use a tapered punch through the bolt hole to line up the parts in the assembly. Do not hammer
the tapered punch. Only use moderate hand force. If the holes do not line up under those conditions then
you can redo the assembly (including heating and cooling). If the assembly is taken apart then the
mating surfaces must be inspected for damage (ex. scratches) and repaired if necessary. See SB-105 in
particular. Also, assuming there are no alignment markers, you may need to rotate the shaft 180° relative
to the gear so that the holes line up better.

If the bolt holes do not line up at assembly, it is better not to try and line-ream them together. Reaming
the assembly can result in an oval shaped and out of tolerance hole in either part. See sect. 8.1 for
dimensions and tolerances. If you are mating 2 parts (shaft, gear, male coupling) that were not
previously assembled to one another then see section 8 of this SI. Otherwise, use the instructions from
this section.
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8) Replacing Components

The replacement of certain components in the drive system requires special procedures. These special
cases and procedures are described below and must be followed in addition to the assembly and
installation procedures above.

8.1) Mating the shaft (P/N 249-10), gear (P/N 15-8), and male coupling (P/N 249-9)

When replacing the shaft, gear or male coupling special care must be taken to make sure that the bolt
holes are not over-sized, elongated, or that imperfections (ex. nicks, scratches) in those bolt holes cause
stress risers. Also, care must be taken to insure the proper fit of the shaft to the gear in order to insure
that the shaft will l ast to its intended li fe limit .

WARNING
After any machining operation on the shaft or after disassembling the shaft, always
inspect it per SB-105 before assembly. The same applies to the male coupling and the
gear.

WARNING
Do not remove a shaft P/N 249-10 from one assembly P/N 278-200 to mate it to another
(different serial numbers) assembly P/N 278-200. Shaft p/n 249-10 is sensitive to
fatigue and assembly p/n 278-200 is li fe limited.

Proper drilli ng and reaming of the bolt hole to connect the shaft to the gear and the shaft to the male
coupling is criti cal. At the factory, this hole is reamed at assembly to close tolerances. In some cases, it
is possible to re-use existing parts. Whatever combination of new and existing parts you are considering,
consult the 2 tables below to see whether it is recommended and what instructions to follow.

Mating a gear to a shaft:
Gear Shaft Operation

New
Shaft

This operation is possible as long as you follow the instructions in sect. 8.1.1.
For best results, let the factory or factory approved personnel do this work.

New
Gear Existing

Shaft

This operation is not recommended. We recommend that you instead
purchase a new shaft (or higher assembly) and refer back to this section as
necessary.

Existing
Gear

New
Shaft

This operation is possible as long as you follow the instructions in sect. 8.1.1.
For best results, let the factory or factory approved personnel do this work.
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Mating a male coupling to a shaft:
Male
Coupling

Shaft Operation

New
Shaft

This operation must be done at the factory or by factory approved personnel
using factory approved tooling. We recommend that you purchase the male
coupling and shaft assembly (P/N 249-2, or higher assembly) instead of the
individual parts.New Male

Coupling
Existing
Shaft

This operation is not recommended. We recommend that you purchase the
male coupling and shaft assembly (P/N 249-2, or higher assembly) instead of
a new male coupling on its own.

Existing
Male
Coupling

New
Shaft

This operation must be done at the factory or by factory approved personnel
using factory approved tooling. We recommend that you purchase the male
coupling and shaft assembly (P/N 249-2, or higher assembly) instead of a
new shaft on its own.

8.1.1) Mating an upper shaft (P/N 249-10) to a gear (P/N 15-8)

A factory-new shaft, never before part of an assembly, will have an undersized (Æ.182) bolt hole at the
gear-end of it (1.445 inches from the end). A factory new gear, never before part of an assembly, will
have an undersized (Æ.182) bolt hole. Use the following procedure to open up this hole. A similar
procedure can be used if the hole of either the shaft or the gear is already full sized. Refer to the tables in
sect 8.1 to determine if this procedure is recommended.

1. Clean and remove any burrs in the gear and shaft.

2. Insert the shaft into the gear (See sect. 7.2) and line up the bolt holes as well as possible.

3. Place a temporary marker on both the gear and shaft so that they can be lined up again in the same
way. We suggest using self-adhesive tape (clean surface before application).

4. Ream out as littl e as possible either or both sides of the hole until the bolt fits. If both holes are
above Æ.1894 to begin with (parts from different assemblies) then we recommend not line reaming
both sides simultaneously since this can likely result in elongated or oversized holes. If the hole in
either or both the gear and shaft is closer to Æ.182 to begin with then we recommend that you line-
ream both sides simultaneously (up to Æ.1899 max) using reamers in small i ncrements (such as .001
inches diameter) until the bolt fits.

CAUTION

Depending on the size of the gear's bore and the outer diameter of the shaft, there may be
an interference fit. A tight fit will i ncrease the likelihood that the shaft can be scratched
(beyond repair) by removing the gear. Therefore, we recommend that you avoid as much
as possible removing the gear from the shaft. The gear and shaft must still be apart at
some point in order to perform all the inspections per SB-105.
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5. Measure the bolt holes. If any hole measures more than ∅.1899 then that part must be scrapped.
Deburr and clean both parts. Inspect the shaft per SB-105. Repair or replace per SB-105. Continue
with the assembly procedure in sect. 7.

NOTE
Remember to remove the alignment markers once the shaft and gear are assembled for
good.


