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PERFORMANCE DATA (Typical)

Flow capacity.................................................................................See Specification Chart (page 7)
System pressure..........................................................................................................0 - 2000 psi
Brake line pressure.........................................................................See Specification Chart (page 7)
Master cylinder, capacity......................................................................................................3.1 in.3

Push rod travel with power...........................................................................................0.2” (approx.)
Push rod force with power.................................................... .340 lbs. at 1500 psi brake line pressure
                                                         225 lbs. at 250 psi brake line pressure (Model 06-460-652 only)
Push rod travel without power...................................................................................1.844” (approx.)
Push rod force without power..............................................................................1500 lbs. at 725 psi

   518 lbs. at 250 psi (Model 06-460-652 only)

     NOTE: Brake system rubber parts (Buna-N) must be compatible with mineral based hydraulic oil.

SYSTEM SCHEMATIC (TYPICAL)

FIGURE 1
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DESCRIPTION AND OPERATION OF THE MICO OPEN
CENTER HYDRAULIC POWER BRAKE VALVE

   The MICO Open Center Brake
Valve will provide hydraulic power
braking when installed in an open
center hydraulic circuit.  It can be
used in conjunction with other
hydraulic devices such as power
steering, also installed in the same
circuit.  Using a single pump to
provide flow and pressure, the brake
valve should be installed in the
system circuitry, in series, between
the pump relief valve and the other
hydraulic devices.  The entire pump
flow is directed thru the brake valve
and is available to actuate the
downstream devices.  The brake
valve requires a very small volume
of oil for its operation; therefore, it
does not interfere with the rest of the
circuit, nor does usual actuation of
the downstream hydraulic devices
affect operation of the brake valve .

Full system pressure is always
available for operating the rest of the
system.

    The MICO Brake Valve provides
a single-fluid system using the
systems hydraulic oil to operate the
brakes.  Synthetic rubber wheel-
cylinder cups must be used to
prevent swelling.

    This valve reduces the braking
effor t to any required degree
depending on pedal ratio.  Brake
pedal force is directly proportional to
brake line pressure, thus giving a
sense of feel in the operation of the
brakes.  Manual braking is always
available whenever the hydraulic
power system is not functioning.
This is accomplished by a
mechanical follow through within the

brake valve. A longer pedal stroke,
usually with increased pedal effort,
will be expected when braking in this
condition.
     The manner in which the hydraulic
power brake valve funtions will be
discussed in the following
paragraphs.
    Oil from the pump flows through
the brake valve and on to the
downstream hydraulic unit as
indicated (Figure 3).  Sections of the
valve which are communicated to the
return port and the tank when the
valve is not operating are shown
(Figure 2).  The compensating port
(Figure 2) provides for thermal
expansion of the oil in the brake lines
and the master cylinder.
    The residual valve (Fig. 2), if used,
maintains pressure of 12-20 PSI in
the brake lines when the pedal

(3)

Schematic of Brake Valve in Neutral

Brake Valve Actuated -- Power Steering in Neutral

FIGURE 2
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is released. In drum brake systems,
this low pressure aids in preventing
air from entering the brakes when
the vehicle is at rest.  The residual
valve is removed from models
designed for disc brake systems
because of the drag which would
develop in this type of brake, even
at these relatively low pressures.
     When force is applied to the
brake pedal, this force acts through
the PRESSURE REGULATING
SPRING to shift the PRESSURE
REGULATING SPOOL restricting
the flow of oil at LAND “C” to build
up pressure when there is no
requirement for pressure to the
power steering or other hydraulic
device (Figure 3).  As the pressure
builds up, a small amount of oil flows
through the ORIFICE and down
through the passage inside the
spool to the REACTION CHAMBER

(Figure 3).  At the same time, oil
flows along a groove in the outside
diameter of the MANUAL BRAKE
ACTUATING SLEEVE into the
chamber ahead of the MANUAL
BRAKE ACTUATING SLEEVE
(Figure 2).  Flow to the area ahead
of the MANUAL BRAKE
ACTUATING SLEEVE moves the
MASTER CYLINDER PISTON,
building up pressure in the MASTER
CYLINDER which, in turn, builds
pressure in the brake lines.  Pressure
in the REACTION CHAMBER
moves the SPOOL back a small
amount against the PRESSURE
REGULATING SPRING, and when
the hydraulic pressure balances
against the PRESSURE
REGULATING SPRING the
pressure is controlled to the
MASTER CYLINDER.  The
ORIFICE controls the rate of flow to

the REACTION CHAMBER; hence,
the rate of pressure increases and
stability of the pressure regulating
spool is controlled.  Therefore,
system efficiency is maintained
since the power brake valve does
not momentarily take all of the fluid
from the pump.  When the pedal effort
is released, the spring in the
REACTION CHAMBER returns the
pressure regulating spool to neutral.
This closes LAND “B” to pressure
and opens LAND “A” which allows
the oil ahead of the spool in the
REACTION CHAMBER to flow to the
return port as well as the oil ahead
of the MANUAL BRAKE
ACTUATING SLEEVE.  The spring
in the MASTER CYLINDER returns
the MASTER CYLINDER PISTON.
     In case the downstream power
hydraulic system requires a pressure
that is equal to or greater than

(4)
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one-half the brake line pressure, the
PRESSURE REGULATING SPOOL
shifts a minute amount and the
pressure is regulated across LAND
“A” and LAND “B” (Figure 4).
     If the pressure required by the
brake valve is lower than that
required by the power steering, the
power steering will not normally
interfere with the operation of the
brake (Figure 4).
  NOTE:

is equal to one-half of the brake line
pressure.  To accomplish this, the
area of the MASTER CYLINDER
PISTON is twice the area of the
MASTER CYLINDER.  Therefore,
any pressure that is applied to the
MASTER CYLINDER PISTON will
be multiplied by two to determine the
master cylinder pressure.  The
pressure regulating spring can be
factory set to normally limit brake
line pressure regardless of system
pressure.
     This valve will act as a manual
brake master cylinder, in the event
of failure in the hydraulic circuit
supplying power to it.  The
PRESSURE REGULATING
SLEEVE contacts the MANUAL
BRAKE ACTUATING SLEEVE
which, in turn, pushes directly on the
master cylinder piston, thereby
building pressure in the MASTER
CYLINDER (Figure 5). This requires

a longer stroke in the pedal.  This
amount of pressure that can be
generated in the brake lines in
manual operation is proportional to
the pedal ratio and the effort which
the operator is able to exert on the
pedal.  In most cases, the operator
is not able to build as much pressure
in the brake line as can be done in
power operations.  The ports from
the pump are restricted when the
valve is actuated manually; however,
as soon as the engine is started,
hydraulic pressure will push the
MANUAL BRAKE ACTUATING
SLEEVE back against the retaining
ring which contains it and the valve
again functions with power.  This is
rather an abrupt action when the
engine is started, causing the brake
pedal to return to its power mode
position, and it is suggested that the
brakes not be applied manually when
starting the engine.

INSTALLATION INSTRUCTIONS

Mount MICO Open Center Power
Brake Valve on vehicle and
complete push rod and pedal hook-
up.  NOTE:  It is important that the
system reservoir be mounted above
the brake valve, or that the return
line have a vertical section of one
foot directly above the valve.
The pedal assembly must have its
own return spring.  DO NOT rely on

the internal spring in the valve for
this function.
Pedal should be adjusted to allow
1/32” clearance between pressure
regulating rod and actuator.
Bleed system (see bleeding
instruction on page 14).
Be sure all hydraulic fittings are tight
and visually check system for leaks
with power applied.

1.

2.

3.

4.

5.

Brake line pressure can
exceed preset specifica-
tions in the unusual condi-
tion of a simultaneous
brake application and sud-
den elevation of the steer-
ing pressure above the
value.

    In the standard MICO Open
Center Valve, the pressure in the
REACTION CHAMBER and ahead
of the MASTER CYLINDER PISTON

(5)



THREE OPEN CENTER HYDRAULIC POWER BRAKE VALVE DESIGNS

PRIMARY CUP DESIGN

     The Primary Cup Design uses a
residual valve.  This valve will maintain a
pressure of 12 - 20 PSI in the brake lines
when the pedal is released.  When used in
drum brake systems this low pressure aids
in preventing air from entering the brakes
when the vehicle is at rest.

RING SEAL DESIGN

     The Ring Seal Design is used mainly
in disc brake systems.  The residual valve
is removed from models designed for disc
brake systems because of the pressure
they maintain in the brake lines when the
pedal is released.  Even these relatively
low pressures (12 - 20 PSI) would develop
drag in this type of brake.

SLIDING PISTON DESIGN

     The Sliding Piston Design was created
with a specific function in mind.  A
specially designed piston slides inside the
primary piston when the brake pedal is
actuated.  If primary piston strokes too far,
the brake pedal will be pulled down with a
short abrupt stroke.  This indicates to the
operator that maintenance is required.

(6)

Residual Valve

Primary Cup

Ring Seal & O-Ring

Check Valve

Sliding Piston

FIGURE 7

FIGURE 8

FIGURE 9



SPECIFICATIONS CHART
Part

Number
Brake
Port

Pressure
Port

Flow Thru
Port

Return
Port

Brake
Line Pressure
(with power)

Flow
Capacity

* 06-460-520 1/2-20 UNF SAE No. 10 SAE No. 10 1/2-14 NPTF 1850 psi ± 50 psi 3-24 gpm
Complete unit replaced by 06-460-658

  06-460-522 9/16-18 UNF SAE No. 10 SAE No. 10 SAE No. 10 1850 psi ± 50 psi 3-24 gpm

* 06-460-550 1/2-20 UNF SAE No. 10 SAE No. 10 1/2-14 NPTF 1500 psi ± 50 psi 3-24 gpm
Complete unit replaced by 06-460-656

* 06-460-560 1/2-20 UNF SAE No. 8 SAE No. 8 SAE No. 10 1550 psi ± 50 psi 3-24 gpm
Complete unit replaced by 06-460-656

* 06-460-570 9/16-18 UNF SAE No. 8 SAE No. 8 SAE No. 10 1550 psi ± 50 psi 3-24 gpm
Complete unit replaced by 06-460-662

* 06-460-580 1/2-20 UNF SAE No. 10 SAE No. 10 SAE No. 10 1500 psi ± 50 psi 3-24 gpm
Complete unit replaced by 06-460-656

* 06-460-588 1/2-20 UNF SAE No. 10 SAE No. 10 SAE No. 10 1550 psi ± 50 psi 3-24 gpm
Complete unit replaced by 06-460-664

* 06-460-610 9/16-18 UNF SAE No. 10 SAE No. 10 1/2-14 NPTF  950 psi ± 50 psi 3-24 gpm
Complete unit replaced by 06-460-666

* 06-460-620 1/2-20 UNF SAE No. 10 SAE No. 10 SAE No. 10 1500 psi ± 50 psi 3-24 gpm
Complete unit replaced by 06-460-656

  06-460-642 1/2-20 UNF SAE No. 10 SAE No. 10 SAE No. 10 1550 psi ± 50 psi 3-24 gpm
* 06-460-650 1/2-20 UNF SAE No. 10 SAE No. 10 1/2-14 NPTF 1500 psi ± 50 psi 3-24 gpm

Complete unit replaced by 06-460-656
* 06-460-654 9/16-18 UNF SAE No. 8 SAE No. 8 SAE No. 10 1500 psi ± 50 psi 3-12 gpm

Complete unit replaced by 06-460-676
 * 06-460-656 1/2-20 UNF SAE No. 10 SAE No. 10 SAE No. 10 1500 psi ± 50 psi 3-24 gpm
 * 06-460-658 1/2-20 UNF SAE No. 10 SAE No. 10 SAE No. 10 1850 psi ± 50 psi 3-24 gpm
 * 06-460-660 1/2-20 UNF SAE No. 10 SAE No. 10 SAE No. 10 1150 psi ± 50 psi 3-24 gpm
 * 06-460-662 9/16-18 UNF SAE No. 10 SAE No. 10 SAE No. 10 1550 psi ± 50 psi 3-24 gpm
 * 06-460-664 1/2-20 UNF SAE No. 10 SAE No. 10 SAE No. 10 1500 psi ± 50 psi 3-12 gpm
* 06-460-666 9/16-18 UNF SAE No. 10 SAE No. 10 SAE No. 10  950 psi ± 50 psi 3-24 gpm
  06-460-668 1/2-20 UNF SAE No. 10 SAE No. 10 SAE No. 10 1000 psi ± 50 psi 3-12 gpm
* 06-460-670 SAE No. 10 SAE No. 10 SAE No. 10  1550 psi ± 50 psi 3-8 gpm
  06-460-672 1/2-20 UNF SAE No. 10 SAE No. 10 SAE No. 10   750 psi ± 50 psi 3-24 gpm
* 06-460-674 1/2-20 UNF SAE No. 10 SAE No. 10 SAE No. 10 1500 psi ± 50 psi 3-12 gpm
  06-460-676 9/16-18 UNF SAE No. 10 SAE No. 10 SAE No. 10 1500 psi ± 50 psi 3-12 gpm
  06-460-678 1/2-20 UNF SAE No. 10 SAE No. 10 SAE No. 10 1700 psi ± 50 psi 3-24 gpm
* 06-460-680 1/2-20 UNF SAE No. 8 SAE No. 8 SAE No. 10 1550 psi ± 50 psi 3-8 gpm

Complete unit replaced by 06-460-670
   06-460-682 1/2-20 UNF SAE No. 8 SAE No. 8 SAE No. 10  750 psi ± 50 psi 3-24 gpm

Complete unit replaced by 06-460-672
   06-460-684 1/2-20 UNF SAE No. 10 SAE No. 10 SAE No. 10 1100 psi ± 50 psi 3-12 gpm
* 06-460-686 1/2-20 UNF SAE No. 10 SAE No. 10 1/2-14 NPTF 1500 psi ± 50 psi 3-12 gpm

Complete unit replaced by 06-460-674
  06-461-520 1/2-20 UNF SAE No. 10 SAE No. 10 1/2-14 NPTF 1850 psi ± 50 psi 3-24 gpm

Complete unit replaced by 06-461-658
  06-461-550 1/2-20 UNF SAE No. 10 SAE No. 10 1/2-14 NPTF 1500 psi ± 50 psi 3-24 gpm

Complete unit replaced by 06-461-656
  06-461-610 9/16-18 UNF SAE No. 10 SAE No. 10 1/2-14 NPTF 950 psi ± 50 psi 3-24 gpm

Complete unit replaced by 06-461-666
  06-461-656 1/2-20 UNF SAE No. 10 SAE No. 10 SAE No. 10 1500 psi ± 50 psi 3-24 gpm
  06-461-658 1/2-20 UNF SAE No. 10 SAE No. 10 SAE No. 10 1850 psi ± 50 psi 3-24 gpm
  06-461-660 1/2-20 UNF SAE No. 10 SAE No. 10 SAE No. 10 1150 psi ± 50 psi 3-24 gpm
  06-461-666 9/16-18 UNF SAE No. 10 SAE No. 10 SAE No. 10  950 psi ± 50 psi 3-24 gpm
  06-461-674 1/2-20 UNF SAE No. 10 SAE No. 10 SAE No. 10 1500 psi ± 50 psi 3-12 gpm

• For use with drum brakes (has residual check valve)

NOTE: The valves should be used within the flow capacities indicated above for optimum performance.  Valves are functional
         at lower flows but response is reduced.  At the higher flow operation higher pressure drops are seen.

(7)
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OPEN CENTER HYDRAULIC BRAKE VALVE
PRIMARY CUP DESIGN
(Refer to Figure 10)

Remove boot (item 1) and
pressure regulating spring
assembly (item 2).

CAUTION: Pressure regulating
spring assembly has
been set at the fac-
tory and should
never be disas-
sembled, re-adjusted
or interchanged with
another valve.

Separate end cap (item 21) from
housing (item 11).

CAUTION: Care must be taken
as end cap is under
tension of spring
(item 19).

Remove gasket (item 14).
Remove primary cup (item 17),
retainer (item 18), spring (item 19)
and residual valve (item 20) from
end cap (item 21).
Remove cap screw (item 13)
from under side of housing (item
11).  Remove o-ring (item 12)
from cap screw.
Remove retaining ring (item 8)
from housing (item 11).
Remove sleeve (item 10) by
pulling on push rod (item 4).
Remove cup (item 9) from
sleeve.
Remove piston (item 16) from
housing (item 11).  Remove piston
ring (item 15) from piston.
Remove retaining ring (item 3)
carefully with a small flat tool.  Do
not scratch bore of sleeve (item
10).
Remove push rod (item 4), spool
(item 6) and spring (item 7) from
sleeve (item 10).  Remove cup
(item 5) from spool (item 6).

Inspection

Clean and inspect all component
parts for scratches, cracks or wear.
Replace any par ts that are
excessively worn or damaged.

CAUTION:  If spool (item 6), sleeve

Disassembly

1.

2.

3.

4.

5.

6.

7.

8.

9.

(item 10) or bore of
housing (item 11)
are in any way dam-
aged, scratched or
broken, the entire
assembly must be
replaced.  These
parts are select-fitted
and are not inter-
changeable or re-
placeable with ser-
vice items.

Install new cup (item 9) on sleeve
(item 10) and new cup (item 5) on
spool (item 6).

CAUTION:

Assembly

Lips on cups (items
5 & 9) should be
away from ends of
spool (item 6) and
sleeve (item 10).

Place spring (item 7) in sleeve
(item 10).
Install spool (item 6) in sleeve
(item 10).  Note direction of spool.
Install push rod (item 4) in sleeve
(item 10) and secure it with new
retaining ring (item 3).
Install new o-ring (item 12) on cap
screw (item 13) and install in
housing (item 11).
Carefully install sleeve (item 10)
into housing (item 11).

CAUTION: Make sure that
groove on sleeve
will engage cap
screw (item 13).

Install retaining ring (item 8).
Install new piston ring (item 15)
on piston (item 16) and install in
housing (item 11).
Place new residual valve (item
20), spring (item 19) and retainer
(item 18) in end cap (item 21).

CAUTION: Residual valve must
be checked for
proper seating in
end cap.

Place new gasket (item 14) on
mounting face of end cap (item
21) and new primary cup (item 17)

on end of spring (item 19).
Assemble end cap (item 21) with
its components to housing (item
11) making sure lip on primary
cup (item 17) has properly
engaged bore of housing.
Install lock washer (items 22) and
bolts (items 23). Torque 16 to 18
ft. lbs.
Install pressure regulating spring
assembly (item 2) on push rod
(item 4). Install new boot (item 1).

SEE BLEEDING SECTION FOR
COMPLETE BLEEDING
INSTRUCTIONS

PARTS LIST

 ITEM        DESCRIPTION

1
2

3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23

BOOT
PRESSURE REGULATING
SPRING ASSEMBLY
RETAINING RING
PUSH ROD
CUP
SPOOL
SPRING
RETAINING RING
CUP
SLEEVE
HOUSING
O-RING
CAP SCREW
GASKET
PISTON RING
PISTON
PRIMARY CUP
RETAINER
SPRING
RESIDUAL VALVE
END CAP
LOCKWASHERS
BOLTS

•

•

•

•

•

•
•

•

•

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

(8)



Model
Number

Repair
Kit

06-460-520
06-460-522
06-460-550
06-460-560
06-460-570
06-460-580
06-460-588
06-460-610
06-460-620
06-460-650
06-460-680
06-460-686

06-459-002
06-459-002
06-459-002
06-459-002
06-459-002
06-459-002
06-459-002
06-459-002
06-459-002
06-459-002
06-459-002
06-459-002

(9)

FIGURE 10

Items included in Repair
Kit 06-459-002



OPEN CENTER HYDRAULIC BRAKE VALVE
RING SEAL DESIGN
(Refer to Figure 11)

Remove boot (item 1) and
pressure regulating spring
assembly (item 2).

CAUTION: Pressure regulating
spring assembly has
been set at the fac-
tory and should
never be disas-
sembled.

Separate end cap (item 21) from
housing (item 11).

CAUTION: Care must be taken
as end cap is under
tension of spring
(item 20).

Remove gasket (item 14).
Remove piston & poppet
assembly (item 17) and spring
(item 20) from end cap (item 22).

CAUTION:

Inspection

Clean and inspect all component
parts for scratches, cracks or wear.
Replace any par ts that are
excessively worn or damaged.

Disassembly
1.

2.

3.

4.

5.

6.

7.

8.

9.

(item 10) or bore of
housing (item 11) are in
any way damaged,
scratched or broken,
the entire assembly
must be replaced.
These parts are select-
fitted and are not
interchangeable or
replaceable with
service items.

Install new cup (item 9) on sleeve
(item 10) and new cup (item 5) on
spool (item 6).

CAUTION:

Assembly

Lips on cups (items
5 & 9) should be
away from ends of
spool (item 6) and
sleeve (item 10).

Place spring (item 7) in sleeve
(item 10).
Install spool (item 6) in sleeve
(item 10).  Note direction of spool.
Install push rod (item 4) in sleeve
(item 10) and secure it with
retaining ring (item 3).
Install new o-ring (item 12) on cap
screw (item 13) and install in
housing (item 11).
Carefully install sleeve (item 10)
into housing (item 11).

CAUTION: Make sure that
groove on sleeve
will engage cap
screw (item 13)

Install retaining ring (item 8).
Install piston ring (item 15) on
piston (item 16) and install in
housing (item 11).
Install new o-ring (item 18) and
new ring seal (item 19) on new
piston & poppet assembly (item
17).
Install spring (item 20) and piston
& poppet assembly (item 17) in
end cap (item 22).
NOTE:  If you have model 06-460-

Install lock washers (item 23) and
bolts (item 24). Torque 16 to 18
ft. lbs.
Install pressure regulating spring
assembly (item 2) on push rod
(item 4). Install new boot (item 1).

SEE BLEEDING SECTION FOR
COMPLETE BLEEDING
INSTRUCTIONS

PARTS LIST

 ITEM        DESCRIPTION

1
2

3
4
5
6
7
8
9

10
11
12
13
14
15
16
17

18
19
20
21
22
23
24

BOOT
PRESSURE REGULATING
SPRING ASSEMBLY
RETAINING RING
PUSH ROD
CUP
SPOOL
SPRING
RETAINING RING
CUP
SLEEVE
HOUSING
O-RING
CAP SCREW
GASKET
PISTON RING
PISTON
PISTON & POPPET
ASSEMBLY
O-RING
RING SEAL
SPRING
RESIDUAL VALVE
END CAP
LOCKWASHERS
BOLTS

•

•

•

•

•

•

•
•

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

If you have model
06-460-566, you will
also have to remove
residual valve (item
21).

Remove cap screw (item 13) from
under side of housing (item 11).
Remove o-ring (item 12) from cap
screw.
Remove retaining ring (item 8)
from housing (item 11).
Remove sleeve (item 10) by pulling
on push rod (item 4).  Remove cup
(item 9) from sleeve.
Remove piston (item 16) from
housing (item 11).  Remove piston
ring (item 15) from piston.
Remove retaining ring (item 3)
carefully with a small flat tool.  Do
not scratch bore of sleeve (item
10).
Remove push rod (item 4), spool
(item 6) and spring (item 7) from
sleeve (item 10).  Remove cup
(item 5) from spool (item 6).

CAUTION:  If spool (item 6), sleeve

Place new gasket (item 14) on
mounting face of end cap (item
22) and assemble, with its
components, to housing (item 11).

*

*

*

*

*
*

*

*
*

*

Extreme care must be
taken so as not to
scratch teflon seal
(item 19) when
installing piston &
poppet assembly (item
17) in end cap (item 22).

CAUTION:

residual valve for proper
seating in end cap.

(10)

566, you will have to install
new residual valve (item
21). You must also check



Model
Number

Repair
Kit

06-460-654
06-460-656
06-460-658
06-460-660
06-460-662
06-460-664
06-460-666
06-460-668
06-460-670
06-460-672
06-460-674
06-460-676
06-460-678
06-460-682

06-459-010
06-459-020
06-459-020
06-459-020
06-459-020
06-459-020
06-459-020
06-459-010
06-459-020
06-459-010
06-459-020
06-459-010
06-459-020
06-459-010

(11)

FIGURE 11

NOTE:  Residual Valve (item 21) is only found in
             Model 06-460-566.

Items included in Repair
Kit 06-459-010

Items included in Repair
Kit 06-459-020



OPEN CENTER HYDRAULIC BRAKE VALVE
SLIDING PISTON DESIGN
(Refer to Figure 12)

Remove boot (item 1) and
pressure regulating spring
assembly (item 2).

CAUTION: Pressure regulating
spring assembly has
been set at the fac-
tory and should
never be disas-
sembled.

Separate end cap (item 20) from
housing (item 3).

CAUTION: Care must be taken
as end cap is under
tension of spring
(item 18).

Remove gasket (item 6).
Remove piston & poppet
assembly (item 15), spring (item
18) and residual valve (item 19)
from end cap (item 20).

Inspection

Clean and inspect all component
parts for scratches, cracks or wear.
Replace any par ts that are
excessively worn or damaged.

CAUTION:

Disassembly
1.

2.

3.

4.

5.

6.

7.

or broken, the entire
assembly must be
replaced.  These parts
are select-fitted and are
not interchangeable or
replaceable with
service items.

Install new cup (item 12) and new
piston ring (item 13) on sleeve &
piston assembly (item 14).

CAUTION:

Assembly

Lips on cup (item
12) should be away
from end of sleeve
(item 14).

Insert spool (item 10) and push
rod (item 8) into sleeve & piston
assembly (item 14).  Secure with
retaining ring (item 7).
Carefully install sleeve & piston
assembly (item 14) into housing
(item 3).

Install lock washers (items 21)
and bolts (items 22). Torque 16
to 18 ft. lbs.
Install pressure regulating spring
assembly (item 2) on push rod
(item 8). Install new boot (item 1).

SEE BLEEDING SECTION FOR
COMPLETE BLEEDING
INSTRUCTIONS

PARTS LIST

 ITEM        DESCRIPTION

1
2

3
4
5
6
7
8
9

10
11
12
13
14

15

16
17
18
19
20
21
22

BOOT
PRESSURE REGULATING
SPRING ASSEMBLY
HOUSING
O-RING
CAP SCREW
GASKET
RETAINING RING
PUSH ROD
CUP
SPOOL
SPRING
CUP
PISTON RING
SLEEVE & PISTON
ASSEMBLY
PISTON & POPPET
ASSEMBLY
O-RING
RING SEAL
SPRING
RESIDUAL VALVE
END CAP
LOCKWASHERS
BOLTS

•

•

•

•

•
•

•

•
•

•

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

Remove cap screw (item 5) from
under side of housing (item 3).
Remove o-ring (item 4) from cap
screw.
Remove sleeve & piston
assembly (item 14) from housing
(item 3).  Remove cup (item 12)
and piston ring (item 13) from
sleeve & piston assembly (item
14).
Remove retaining ring (item 7)
carefully with a small flat tool.  Do
not scratch bore of sleeve & piston
assembly (item 14).
Remove push rod (item 8), spool
(item 10) and spring (item 11) from
sleeve & piston assembly (item
14).  Remove cup (item 9) from
spool (item 10).

Place new gasket (item 6) on
mounting face of end cap (item
20) and assembly, with its
components, to housing (item 3).

Extreme care must be
taken so as not to
scratch ring seal (item
17) when installing
piston & poppet
assembly (item 15) in
end cap (item 20).

CAUTION:

If spool (item 10),
sleeve (item 14) or
bore of housing (item
3) are in any way
damaged, scratched

Install new cup (item 9) on spool
(item 10).

Lips on cup (item 9)
should be away from
end of spool (item
10).

CAUTION:

Install new o-ring (item 4) on cap
screw (item 5) and install in
housing (item 3).
Install new o-ring (item 16) and
new ring seal (item 17) on new
piston & poppet assembly (item
15).
Place residual valve (item 19),
spring (item 18) and piston &
poppet assembly (item 15) in end
cap (item 20).

NOTE:  Residual valve must be
checked for proper
seating in end cap.

Make sure that
groove on sleeve
will engage screw
(item 5).

CAUTION:

(12)



Model
Number

Repair
Kit

06-460-642
06-460-684

06-459-020
06-459-020

(13)

FIGURE 12

Items included in Repair
Kit 06-459-020



GENERAL SERVICE DIAGNOSIS

Make sure the
machine is in a safe
and controlled state
before attempting
any servicing
including bleeding
the brake system.

With Engine Off --
PEDAL GOES TO FLOOR

SPONGY PEDAL

Air in system
Bleed brakes

PEDAL IS FIRM BUT STOPS TOO
NEAR FLOOR

Brakes out of adjustment
Adjust brakes

Inoperative brakes
Check for wear

Displacement problem
Wheel cylinders too large for
valve to handle properly.
Consider alternate braking
valve.

PEDAL IS FIRM BUT BRAKING IS
INADEQUATE TO STOP VEHICLE
IN EVENT OF ENGINE FAILURE

Pedal ratio too small
Increase pedal ratio

Brakes inoperative
Check brakes for wear or oily
brakes

With Engine Running --

PEDAL GOES DOWN PART WAY
THEN BOUNCES BACK

Insufficient flow from pump
Check and fill reservoir

Small volume from pump at idle
Crack throttle and recheck

Brake not adjusted
Check adjustment

Air in system
Bleed brakes

Inoperative brakes
Check brakes

Blown hydraulic line
Check brake line

Worn out primary cup
Check by making sure brakes
are properly adjusted, in good
operating condition, and
system well bled.  If pedal
continues to go to the floor,
service brake valve.

Brakes not adjusted
Check adjustment

Air in system
Bleed system

NO POWER STEERING OR OTHER
DOWNSTREAM HYDRAULIC
ACTION AT ANY TIME

Hydraulic lines crossed
Recheck circuit

No hydraulic action at any time
Check and fill reservoir. Check
relief valve setting on pump.
Check for proper rotation at
pump, vee belt, sheared keys,
etc.

NO OR SLOW POWER STEERING
WITH BRAKES APPLIED

Recheck relief valve on pump for
proper setting
Check and fill reservoir
Check and tighten pump belt if
necessary

1.
1.

2.
2.

3.
3.

4.
4.

5.
5.

1.
1.

2.
2.

3.
3.

1.
1.

2.
2.

1.
1.

1.
1.

2.
2.

1.
1.

2.
2.

3.
3.

4.
4.

1.

2.
3.

BLEEDING

The MICO Open Center Power Brake
Valve and remaining brake system
are sometimes difficult to bleed.  The
difficulty arises when the hydraulic
oil used does not flow easily through
lines and small holes by means of
gravity.  Generally, to effectively
remove air, oil must be forced into
the brake valve master cylinder
cavity and the rest of the system.

CAUTION:

Manual and pressure bleeding are
two methods of bleeding a brake
system.  MICO recommends using

one of these two methods of
bleeding the Open Center Power
Brake Valve and the rest of the brake
system.

Be sure brake valve
is installed properly
and brakes adjusted
correctly before
beginning bleeding
procedures.

CAUTION:

Start engine and allow enough
time to pass for the system to
become filled and thoroughly
flushed with oil.
With engine still running, one
person can stroke the brake pedal
while another person opens and
closes the brake bleeder screws.
Only on the down stroke of the
brake pedal, open bleeder screw

on the brake closest to brake
valve first.  When all flow stops
from bleeder, close it and allow
pedal to return to rest.
Wait at least 30 seconds and
repeat the process until all air has
been expelled from that brake.
Then go on to the next closest
brake bleeder and repeat process
until all brakes have been bled.

Stop engine and depress brake
pedal.  Pedal should be hard, not
spongy, and fairly high.  If pedal
is too spongy and/or travels too
far, repeat bleeding process.
It is a characteristic of the brake
valve to kick the pedal back when
actuated if system is not bled with
engine running.

MANUAL BLEEDING
PROCEDURES

4.

1.

2.

3.

5.

6.

(14)



Refer to Figure 13.  Install a small
BLEEDER BY-PASS LINE as
shown.  A 1/4” size line or hose is
sufficient.
Start engine and allow enough
time to pass for the system to
become filled and thoroughly
flushed with oil.
It is necessary to develop between
50-200 PSI at the inlet to brake
valve.  A method to throttle the oil
will be needed if the system does
not already have a secondary
hydraulic device downstream from
the brake valve.  THIS
PRESSURE SHOULD BE HELD
THROUGHOUT THE BLEEDING
PROCESS AND SHOULD NOT
EXCEED 250 PSI.

PRESSURE BLEEDING
PROCEDURE

1.

2.

3.

DO NOT STEP ON THE BRAKE
PEDAL DURING THIS
BLEEDING PROCESS.
Oil will now be forced directly into
the brake line by the pump and fill
the brake valve master cylinder
cavity.  This may take a minute or
two.
Continue to hold the bleed
pressure while bleeding each brake
starting with the line and brake
closest to the brake valve.
Allow a sufficient amount of fluid
to pass at brake bleeder screw to
insure all air is removed from each
bleeder point.
Continue this method until all
brakes and lines are bled.
When all brakes are bled and

fittings tight, release the 50-200
PSI pressure and SHUT OFF
ENGINE.
Remove the bleeder by-pass line
and plug the connections.  Be sure
not to lose fluid or ingest air at the
brake line connection when
removing bleeder by-pass line.
With engine off, step on brake
pedal.  It should be fairly high and
hard.  If a spongy pedal is felt, the
system still contains air.  If pedal
strokes downward too far, check
and readjust brakes and repeat
bleeding process.
When the pedal is satisfactory,
restart engine and actuate brake
pedal several times.  Now check
for leaks.

4.

5.

6.

7.

8.

9.

10.

11.

12.

(15)

FIGURE 13

BLEEDING SCHEMATIC

DOWNSTREAM SECONDARY
HYDRAULIC DEVICE SUCH
AS POWER STEERING

PRESSURE

BRAKES

BLEEDER
BY-PASS LINE
(Remove after Bleeding)
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MICO has made every attempt to present accurate information in catalogs, brochures and
other printed material.  MICO can accept no responsibility for errors from unitentional oversights
that may exist.  Due to a continuous program of product improvement, both materials and
specifications are subject to change without notice or obligation.













WARNING

A WARNING indicates a procedure that you
must follow exactly to avoid serious personal
injury.

CAUTION

A CAUTION indicates a procedure that you 
must follow exactly to avoid damaging equip-
ment or components. Serious personal injury
can also occur.

NOTE: A NOTE indicates an operation, procedure
or instruction that is important for proper ser-
vice. A NOTE can also supply information that
can help to make service quicker and easier.

This symbol indicates that fasteners must be
tightened to a specific torque value.

This publication provides maintenance and service procedures for Meritor PRA 352 series planetary axles.
The information contained in this publication was current at the time of printing and is subject to revision
without notice or liability.

1.  You must understand all procedures and instructions before you begin maintenance and service
procedures.

2.  You must follow your company’s maintenance and service guidelines.

3.  You must use special tools, when required, to avoid serious personal injury and damage to components.

Meritor uses the following notations to alert the user of possible safety issues and to provide information
that will help to prevent damage to equipment and components.

Service Notes

Visit Our Web Site

Visit the Technical Library section of 
www.meritorauto.com for additional product and
service information on Meritor’s Heavy Vehicle
Systems component lineup.

Drivetrain Plus™ Technical
Electronic Library (TEL) on CD

The CD includes product and service information
on Meritor’s Drivetrain Plus™ component lineup.
$20. Order TP-9853.

How to Order

Call Meritor’s Customer Service Center at 
800-535-5560.

!

! T
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PRA 352 – Trumpet Variation No. 1
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II

PRA 352 – Trumpet Variation No. 1
Item Description

1 Central Housing

2 Level Plug

3 Drain Plug

4 Vent Plug

5 Hydraulic Line Bleeder

6 Cover

7 Capscrew

8 Differential Case Assembly

9 Washer

10 Capscrew

11 Spacer

12 Thrust Washer

13 Side Gear

14 Thrust Washer

15 Pinion Gear

16 Spider

17 Spiral Gear & Pinion

18 Washer

19 Capscrew

20 Bearing Cone

21 Bearing Cup

22 Brake Housing

23 Capscrew

24 Adjuster Ring

25 Adjuster Ring Lock

26 Capscrew

27 Pinion Cage Shim

28 Pinion Cage Assembly

29 Bearing Cup

30 Bearing Cup

31 Bearing Cone

32 Bearing Cone

33 Drive Pinion Shim

34 Washer

35 Capscrew

36 Pinion Nut

37 Driven Sleeve

38 Drive Sleeve

39 Snap Ring

40 Motor Adapter Flange

41 Washer

42 Capscrew

Item Description
43 Outer Piston

44 Piston O-ring

45 Piston O-ring

46 Piston Brake Shim

47 Inner Piston

48 O-ring Piston

49 Spring

50 Washer

51 Bolt–Return Spring

52 Spring

53 Brake Actuating Plate

54 Capscrew

55 Friction Disc

56 Stationary Disc

57 Brake Reaction Plate

58 Brake Disc Lock Pin

59 Sun Gear

60 Ring Gear

61 Capscrew

62 Planetary Pinion Spider

63 Planetary Pinion Shaft

64 Capscrew

65 Housing

66 Bearing Cone

67 Bearing Cone

68 Bearing Cup

69 Bearing Cup

70 Output Axle Shaft

71 Wheel Bolt

72 Axle Shaft Oil Seal

73 Adjusting Nut

74 Adjusting Nut Lock Capscrew

75 Thrust Washer

76 Kit Rollers

77 Roller Spacer

78 Planetary Pinion

79 Washer

80 Snap Ring

81 Stud

82 Capscrew

83 Washer

84 Nut



III

35

11 10

12

2

9
8 4

3
7

3
4

2

10

1113

14

15
1

67

66
69

68
71

70

71

69

32

31
30

33 34
38

39

41

38

39

65

73

73

72

64
63

62 60

59
58

61

59

57

56

55
48

49

46

50

52 51

47

53

54 44

45
43

42

40

38 39

41
38

21

20

19

26

16

17
18

24

23

22

25

27
28

40

42
45

44 47

50 49

46

54

53 52

51

48

55

56
57

59

59

60

62
63

64

65

37

36

39 34

33 30

31
32

2961A

58A

43A

6

PRA 352 – Trumpet Variation No. 2



IV

Item Description
1 Center Housing

2 Differential Case Assembly

3 Side Gear

4 Side Gear Thrust Washer

5 Pinion Gear

6 Pinion Gear Thrust Washer

7 Spider Differential

8 Spiral Gear Capscrew Plain Washer

9 Spiral Gear Capscrew

10 Bearing Cone

11 Bearing Cup

12 Spiral Gear & Pinion Assembly

13 Differential Case Plain Washer

14 Differential Case Capscrew

15 Shim Differential Case

16 Pinion Cage

17 Bearing Cup

18 Bearing Cone

19 Pinion Bearing Spacer

20 Bearing Cup

21 Bearing Cone

22 Universal Joint Yoke

23 Oil Slinger

24 Oil Seal

25 Pinion Nut

26 Shim Pinion Cage

27 Pinion Cage Washer

28 Pinion Cage Capscrew

29 Brake Housing

30 Brake Piston

31 Oil Seal Piston

32 Oil Seal Piston

33 Piston Return Spring

34 Return Spring Bolt

35 Adjuster Ring

36 Adjuster Ring Lock

37 Adjuster Ring Lock Capscrew

38 Stationary Disc

Item Description
39 Friction Disc

40 Brake Reaction Plate 

41 Brake Disc Lock Pin

42 Ring Gear

43 Sun Gear, Short

43A Sun Gear, Long

44 Adjusting Nut

45 Adjusting Nut Lock Capscrew

46 Planetary Pinion Flange

47 Shaft Planetary Pinion

48 Planetary Pinion Axle Capscrew

49 Planetary Pinion Thrust Washer

50 Planetary Pinion

51 Rollers

52 Spacer Rollers

53 Planetary Pinion Plain Washer

54 Snap Ring

55 Bearing Cone

56 Bearing Cup

57 Housing

58 Center Housing Stud

58A Center Housing Stud

59 Washer

60 Center Housing Stud Nut

61 Center Housing Capscrew

61A Center Housing Capscrew

62 Bearing Cup

63 Bearing Cone

64 Axle Shaft Oil Seal

65 Axle Shaft

66 Center Housing Cover

67 Center Housing Cover Capscrew

68 Drain Plug

69 Level Plug

70 Vent Plug

71 Hydraulic Bleeder

72 Capscrew

73 Wheel Bolt

PRA 352 – Trumpet Variation No. 2



V

PRA 353/383
68

67

65
66

64
62

82

81
80

83
81

60
63
61

69

71
72

73

70
75

74 77

78

58

79
59

57

37
39

53
52

51

50
55

89 54

56
48

47
45

44
49

43 42
41

40

37
38

36

36 85

84
86

87
88

89

20

13

14

19
18

26

15
16

17

27

28

23
22

21

25

30

29

4

3

6
5

8

7

2
9

10

11

11

12

12

31

33
32

34

35

59

36

37

36
38

37

39

37

57

40
49

44
4547

4856

51
52

53

50

89 54
46

43
42

41

68

67
65

66
64

62

83
81

82

80
60

63
61
69

78

79

58

77
76
70
74

75 73
72

71

81

55

24

37

46



VI

PRA 353/383
Item Description

1 Center Housing

2 Differential Case

3 Side Gear

4 Thrust Washer

5 Pinion Gear

6 Thrust Washer

7 Differential Pinion Shaft

8 Pinion Shaft Lock Pin

9 Washer

10 Capscrew

11 Bearing Cone

12 Bearing Cup

13 Spiral Gear and Pinion

14 Differential Case Shim

15 Pinion Cage

16 Bearing Cup

17 Bearing Cone

18 Drive Pinion Shim

19 Bearing Cup

20 Bearing Cone

21 Motor Adapter Flange

22 Driven Sleeve

23 Drive Sleeve

24 Snap Ring

25 Pinion Nut

26 Pinion Cage Shim

27 Washer

28 Capscrew

29 Washer

30 Capscrew

31 Brake Housing

32 Capscrew

33 Adjuster Ring

34 Adjuster Ring Lock

35 Capscrew

36 Stationary Disc

37 Friction Disc

38 Brake Disc Lock Pin

39 Brake Assembly

40 Pin

41 Circlip

42 Brake Control Rod

43 Brake Cylinder Support

44 Spring

45 Brake Piston

Item Description
46 O-ring

47 O-ring

48 Brake Cylinder

49 Capscrew

50 Adjusting Nut

51 Nut

52 Brake Cylinder Cover

53 Capscrew

54 Washer

55 Capscrew

56 Capscrew

57 Reaction Brake Plate

58 Ring Gear

59 Sun Gear

60 Housing

61 Bearing Cone

62 Bearing Cup

63 Bearing Cup

64 Bearing Cone

65 Axle Shaft

66 Axle Shaft Oil Seal

67 Wheel Bolt

68 Wheel Nut

69 Planetary Pinion Spider

70 Planetary Pinion Shaft

71 Capscrew

72 Thrust Washer

73 Planetary Pinion

74 Spacer

75 Kit Rollers

76 Washer

77 Snap Ring

78 Adjusting Nut

79 Adjusting Nut Lock Capscrew

80 Stud M14

81 Washer

82 Nut

83 Capscrew

84 Cover

85 Capscrew

86 Level Plug

87 Drain Plug

88 Vent Plug

89 Hydraulic Line Bleeder



VII

PROA 352/382 (With Mechanical Drive Option)
17

47

67

72

68

69

64 87

88

89

92

91

90

100

70

71

48

73

1

99

97

95

96

6
5

10
4

12
11

8
9

7

29

30

33

40 39
38

37

34 35

36

28

58

85
77

84

86

65

66

60

61

62
63

83
82

57

56

55
54

53

32

76

80
81

74

79

78

21

23

22

15

14 13

43

19

1820

46

24
26 27

16

49

50

52

51

93 99

41

43
44

45

59

42

94

4

2
3

31

98

64A



VIII

PROA 352/382 (With Mechanical Drive Option)
Item Description

1 Main Housing

2 Bushing

3 Trunnion Oil Seal

4 Differential Case Assembly

5 Differential Case Capscrew

6 Differential Case Washer

7 Side Gear

8 Friction Discs Shim Pack

9 Friction Drive Disc

10 Friction Driven Discs

11 Compression Discs

12 Thrust Washer

13 Pinion Gear

14 Pinion Gear Thrust Washer

15 Spider

16 Gear Capscrew Washer

17 Gear Capscrew

18 Differential Case Cone Bearing

19 Differential Case Cup Bearing

20 Gear and Pinion Assembly

21 Pinion Bearing Case

22 Shaft Side Cone Bearing

23 Shaft Side Cup Bearing

24 Pinion Bearing Spacer

25 Not Shown

26 Head Side Cup Bearing

27 Head Side Cone Bearing

28 Adapter Flange

29 Universal Joint Yoke

30 Deflector

31 Pinion Oil Seal

32 Driven Sleeve

33 Drive Sleeve

34 Snap Ring

35 Pinion Nut

36 Pinion Bearing Cage Shim

37 Bearing Cage Capscrew Washer

38 Bearing Cage Capscrew

39 Flange Capscrew Washer

40 Flange Capscrew

41 Brake Housing

42 Brake Housing Capscrew

43 Adjusting Ring

44 Adjusting Ring Lock

45 Lock Capscrew

46 Stationary Disc

47 Friction Disc

48 Brake Disc Lock Pin

49 Action Plate

50 Bolt

51 Medium Oil Seal

Item Description
52 Spring

53 Return Spring Capscrew

54 Return Spring

55 Inner Piston

56 Shim Pack

57 Small Oil Seal

58 Outer Piston

59 Oil Seal

60 Reaction Plate

61 Ring Gear

62 Short Sun Gear

63 Long Sun Gear

64 Axle Shaft Housing

64A Bushing

65 Bearing Cone

66 Bearing Cup

67 Bearing Cup

68 Bearing Cone

69 Axle Shaft

70 Wheel Flange

71 Flange Capscrew

72 Axle Shaft Oil Seal

73 Wheel Capscrew

74 Wheel Nut

75 Not Shown

76 Planetary Gear Pin

77 Pin Capscrew

78 Flange Side Thrust Washer

79 Planetary Gear

80 Rollers Spacer

81 Rollers Kit

82 Thrust Washer

83 Snap Ring

84 Adjusting Nut

85 Adjusting Nut Lock Capscrew

86 Planetary Spider

87 Short Stud

88 Long Stud

89 Washer

90 Nut

91 Bolt

92 Brake Release Bolt

93 Main Housing Cap

94 Cap Capscrew

95 Level Plug

96 Drain Plug

97 Grease Plug

98 Vent Plug

99 Bleeder

100 Spacer



IX

PROA 352/382



X

PROA 352/382
Item Description

1 Center Housing

2 Bushing

3 Trunnion Oil Seal

4 Lubrication Fitting

5 Level Plug

6 Drain Plug

7 Vent Plug

8 Hydraulic Line Bleeder

9 Cover

10 Capscrew M8x1,25x16,0

11 Differential Case Assembly

12 Washer

13 Capscrew M10x1,5x80,0

14 Drive Disc

15 Driven Friction Disc

16 Clutch Disc Shim

17 Compression Disc

18 Thrust Washer

19 Side Gear

20 Thrust Washer

21 Pinion Gear

22 Spider

23 Spiral Gear & Pinion

24 Washer

25 Capscrew

26 Bearing Cone

27 Bearing Cup

28 Brake Housing

29 Capscrew

30 Adjuster Ring

31 Adjuster Ring Lock

32 Capscrew

33 Pinion Cage Shim

34 Pinion Cage

35 Bearing Cup

36 Bearing Cup

37 Bearing Cone

38 Bearing Cone

39 Drive Pinion Shim

40 Washer

41 Capscrew

42 Pinion Nut

43 Driven Sleeve

44 Drive Sleeve

45 Snap Ring

46 Motor Adapter Flange

47 Washer

48 Capscrew

Item Description
49 Brake Piston Assembly

50 O-ring Piston

51 O-ring Piston

52 Piston Brake Shim

53 Brake Piston

54 O-ring Piston

55 Spring

56 Washer

57 Bolt–Return Spring

58 Spring

59 Brake Actuating Plate

60 Capscrew

61 Stationary Disc

62 Friction Disc

63 Brake Reaction Plate

64 Brake Disc Lock Pin

65 Sun Gear

66 Ring Gear

67 Capscrew

68 Planetary Pinion Spider

69 Planetary Pinion Shaft

70 Capscrew

71 Housing

71A Bushing

72 Bearing Cone

73 Bearing Cone

74 Bearing Cup

75 Bearing Cup

76 Output Axle Shaft

77 Wheel Flange

78 Wheel Bolt

79 Capscrew

80 Axle Shaft Oil Seal

81 Adjusting Nut

82 Adjusting Nut Lock Capscrew

83 Thrust Washer

84 Kit Rollers

85 Spacer

86 Planetary Pinion

87 Washer

88 Snap Ring

89 Stud

90 Capscrew

91 Washer

92 Nut

93 Spacer

94 Brake Release Capscrew
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Section 1
Introduction

Description
The Meritor PRA 352 Series Planetary Axle is a
double reduction single speed unit that has:

•  A hypoid or spiral pinion and ring gear set

•  Bevel gears in the differential assembly with 2 or
4 differential pinion gears

•  A differential case assembly mounted on two
tapered roller bearings

•  A planetary system with 3 or 4 planetary pinion
gears

•  A trunnion mounting option

•  An oil bath disc brake system in three different
designs:

1. Ball and Ramp
2. Hydraulic Apply Wet Disc
3. Three Function Brake

Identification
A tag on the main housing correctly identifies basic
axle specifications.

When ordering parts, be sure to specify information
stamped on the name plate. This information will
allow easy identification of correct parts.

P R O A   3 5 2   G 2 M

P - PLANETARY R - RIGID IF APPLICABLE:

O - OSCILLATING OR PIN
MOUNTING

HOUSING TYPE DESIGNATION:

A - POT OR SPLIT CARRIER

WET DISC BRAKE DESIGNATION:

W2H - 3 FUNCTION/HYDRAULIC APPLY

G2H - HYDRAULIC BALL AND RAMP

G2M - MECHANICAL BALL AND RAMP

NOTE: ALL BRAKES ARE 9 INCH
DIAMETER (229 mm)

DIFFERENTIAL:

2 - SPIRAL

3 - HYPOID

WHEEL END NUMBER OF
PLANETARY GEARS:

35 - 3 PLANETARY GEARS

38 - 4 PLANETARY GEARS
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Section 2
Removal and Disassembly

Remove Axle

WARNING
To prevent serious eye injury, always wear safe
eye protection when you perform vehicle
maintenance or service.

WARNING
Support vehicle with safety stands. Do not work
under a vehicle only supported by jacks. Jacks
can slip or fall over and cause serious personal
injury.

NOTE
While the housing configuration of the axle you
service may differ from the figures shown,
service instructions remain the same for all axle
models addressed in this manual.

1. Make sure vehicle is on level surface.

2. Place blocks under wheels not being serviced to
keep vehicle from moving.

3. Raise vehicle so that wheels to be serviced are
off the ground. Support vehicle with safety
stands.

4. Remove axle from vehicle.

5. Plug fluid lines that were connected to axle.

6. Place axle in appropriate repair stand. Center
main housing on stand. Figure 2.1.

7. Remove drain plugs from brake housing and
main housing with 12 mm Allen wrench. Drain
axle oil.

!

!

Disassemble Ball and Ramp
Brake

NOTE
• Identify all parts before disassembly to ensure

proper reassembly.

• To disassemble hydraulic apply wet disc
brake, go to page 5.

• To disassemble three function brake, go to
page 5.

Figure 2.2.

1. Remove brake cylinder cover.

2. Remove nut and nut lock.

3. Loosen brake cylinder capscrews.

4. Remove brake cylinder assembly from main
housing.

Figure 2.2

Figure 2.1

CAP

LOCK NUT

O-RING

WITHOUT
HYDRAULIC
PRESSURE

BRAKE
CYLINDER

ADJUSTING
NUT

SPRING
PISTON

O-RING

BRAKE
CYLINDER
SUPPORT

The PROA 352 axle is shown to illustrate
procedures in this maintenance manual
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Removal and Disassembly

CAUTION
Loosen and remove brake cylinder capscrews
alternately to avoid spring load damage to parts.

5. Disassemble brake cylinder assembly. Remove
brake release capscrew. Loosen and remove
brake cylinder capscrews alternately to avoid
spring load to be supported by only one capscrew.

6. Remove spring, piston and O-ring seals. Do not
cut or scratch them.

7. Clean cylinder and brake support surfaces. Do
not damage ground surfaces.

8. Put parts of each brake cylinder assembly in
separate plastic bags to avoid mixing them.

Disassemble Trumpet
Assembly

WARNING
To avoid serious personal injury and possible
damage to components, be very careful when
using lifting devices during removal and
disassembly procedures.

• Inspect to make sure that neither lifting strap is
damaged.

• Do not subject lifting straps to any shock or
drop loading.

1. Support trumpet to be serviced with lifting device.
Figure 2.3.

2. Loosen and remove trumpet nuts and bolts.

!

!

3

NOTE
For three function brake design: If bleeder and
pressure ports of brake piston are open, the
trumpet assemblies and ring gear will come off
the center section easily without using puller
holes. Cover pressure ports with rags to avoid
contact with escaping oil.

3. Use two puller holes in trumpet flange to remove
trumpet assembly from main housing.

NOTE
Use steps 1 through 3 to remove second trumpet
assembly.

4. Remove ring gears from both sides through the
two threaded puller holes.
(Thread: M14 x 1.5 x 6 g).

WARNING
Do not hit steel parts with a steel hammer during
removal and disassembly procedures. Parts can
break and cause serious personal injury.

5. From main housing, remove sun axle shaft,
spacers (if used), compression plates, stationary
discs, friction discs, lock pins and expansive
plate assemblies. To make lock pin removal
easier, hit main housing with brass hammer.
Figure 2.4.

!

Figure 2.3

Figure 2.4
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Section 2
Removal and Disassembly

4. Remove pinion gear flange. Lift it through
planetary gear pins.

5. Remove axle shaft assembly and cone bearing.
If necessary, use press. Figure 2.7.

6. If necessary to change bearing cups, remove
them with correct puller.

7. If necessary to replace DUO-CONE oil seal or axle
shaft roller bearing cone, use correct puller. 
Figure 2.8.

Disassemble Planetary System
and Axle Shaft
NOTE
Before removing planetary gears, place housing
in horizontal position or place cloth between
pinion gear flange and housing flange to keep
rollers from falling down into housing. To avoid
mixing them, be sure to put rollers and spacers
of each planetary gear in separate plastic bags.

1. With pliers, remove snap rings. Disassemble
planetary gears and rollers.
Figure 2.5.

2. Remove axle shaft adjusting nut lock.

3. Remove axle shaft adjusting nut lock with special
tool, illustrated in Section 6. Figure 2.6.

Figure 2.5

Figure 2.7

Figure 2.8

Figure 2.6

DUO-CONE
OIL SEAL
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Removal and Disassembly

Disassemble Hydraulic Apply
Wet Disc Brake
1. Remove piston return spring capscrews.

2. Remove return springs.

3. Remove brake piston assembly. Figure 2.9.

CAUTION
Ground oil seal surfaces must be properly
protected to avoid damage. Whenever necessary,
use No. 600 sandpaper to correct any damage.

4. If necessary, replace brake piston oil seals.
Figure 2.10.

5. Follow steps 1 through 4 to disassemble the
second brake piston.

!

Disassemble Three Function
Wet Disc Brake
NOTE
Do not disassemble brake piston unless
necessary.

1. Remove return spring capscrews with 4 mm
Allen wrench. Remove return springs and
washers. Figure 2.11.

2. Remove brake piston assembly from brake
housing as shown in Figure 2.12  or place brake
housing on a bench with the opening turned
down. Inject 80 psi (5.5 bar) compressed air
through inlet of service brake to eject brake
piston.

3. Remove shims.

Figure 2.9

Figure 2.11

Figure 2.12

Figure 2.10
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Removal and Disassembly

WARNING
•  Use a special tool or press to compress the

brake assembly to avoid serious personal
injury from the spring pressure.

•  Observe all WARNINGS and CAUTIONS
provided by the press manufacturer
concerning press operation to avoid serious
personal injury and damage to components.

4. Compress brake piston assembly as shown in
Figure 2.13; or place assembly in press and
apply 1000 lbs. (450 kg) pressure.

5. Remove action plate capscrews. Figures 2.13
and 2.14.

! CAUTION
Before removing action plate and other parts,
mark the original assembly positions of all brake
piston assembly parts. This procedure will make
reassembly easier.

6. Remove action plate and springs. Figure 2.15.

7. Remove internal piston by placing brake piston
assembly on bench with action plate support
surface turned down. Tap internal piston with
rubber mallet. Figure 2.16.

!

Figure 2.13

Figure 2.14

Figure 2.15

Figure 2.16

PRESS
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Section 2
Removal and Disassembly

8. Use sand paper on piston surfaces if they have
nicks or hits. Figure 2.17.

Disassemble Main Housing
1. Remove adjusting nut capscrew lock.

2. Remove adjusting nut capscrew and 
adjusting nut.

3. Remove brake housing capscrews that are set
deep in brake housing flange. Use long 6mm
Allen wrench.

4. Remove brake housing from main housing. Hit
brake housing with brass hammer or use two
slots to remove it from main housing. Be careful
not to hit ring gear. Figure 2.18.

5. Depending on ring gear position, remove pinion
bearing cage capscrews.

6. Remove pinion bearing cage assembly from
main housing. Figure 2.19.

7. Remove drive sleeve and snap ring. Figure 2.19.

8. Remove differential case assembly. Figure 2.20.

9. Remove main housing cover. 

Figure 2.17

Figure 2.18

Figure 2.19

Figure 2.20

DRIVE SLEEVE & SNAP RING
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Removal and Disassembly

Disassemble Differential Case
1. Before disassembling differential case, mark

position of both halves and spider cross for
easier reassembly. Figure 2.21.

2. Remove differential case capscrews.

3. Separate differential case halves. If necessary
use a brass or rubber hammer to separate
halves.

4. Remove spider cross, differential pinions, side
gears and washers. If differential case is
“Limited Slip,” remove friction disc pack. 
Figure 2.22.

5. If differential case is “integral,” remove
differential pinion axle lock capscrew and
differential pinion axle. Then turn side gears and
remove differential pinions, side gears and
washers. Figures 2.23, 2.24 and 2.25.

Figure 2.22

Figure 2.21 Figure 2.23

Figure 2.24

Figure 2.25
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Removal and Disassembly

6. If necessary, separate ring gear from differential
case. Remove capscrews and washers that
fasten ring gear. With brass hammer, tap ring
gear to separate it from differential case.
Figures 2.26 and 2.27.

WARNING
Observe all WARNINGS and CAUTIONS provided
by the press manufacturer concerning press
operation to avoid serious personal injury and
possible damage to components during removal
and disassembly procedures.

!

7. If differential case has two halves, remove ring
gear with a press after capscrews have been
removed (Figure 2.26). Use appropriate metal
or wood supports. Figure 2.28.

8. If necessary, remove cone bearings from
differential case. Use appropriate puller or
press. Figures 2.29, 2.30 and 2.31.

9

Figure 2.26

Figure 2.27

Figure 2.28

SUPPORTS

Figure 2.29

Figure 2.30

Figure 2.31
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Disassemble Pinion Bearing
Cage
1. If pinion bearing cage was not removed, hold

yoke, flange or splined sleeve with appropriate
holder to remove pinion nut. Figure 2.32

If pinion bearing cage was already removed,
place it on main housing and fasten with two
capscrews.

CAUTION
Do not use a hammer or mallet to loosen or
remove yoke, flange or splined sleeve. The
hammer or mallet can damage the parts or cause
alignment problems. Do not damage the oil seal
surface area.

2. Remove yoke, flange or splined sleeve from drive
pinion with appropriate puller tool. Figure 2.33.

!

CAUTION
To avoid oil leaks, be careful not to damage the
mounting surface of the bearing cage.

3. Remove pinion oil seal. Pry at several points
around circumference between seal, flange and
bearing cage. Figure 2.34.

4. Remove capscrews and washers that fasten pinion
bearing cage on main housing. Figure 2.35.

!

Figure 2.32

Figure 2.34

Figure 2.35

Figure 2.33

OIL SEAL
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CAUTION
Do not use pry bar to remove bearing cage from
carrier. A pry bar can damage bearing cage,
shims and main housing.

5. Remove pinion bearing cage and shims from
main housing. If bearing cage is tight within the
main housing, hit bearing cage at several points
around flange area with leather, plastic or rubber
mallet. Figure 2.36.

6. If shims are in good condition, keep them
together for use later when main housing is
reassembled.

7. Before damaged shims are discarded, measure
and record total thickness of the pack. The
dimension will be needed to calculate depth of
drive pinion in main housing when gear set is
installed.

8. Place drive pinion and bearing cage in press with
pinion shaft toward top assembly. Support
bearing cage under flange area with metal or
wood blocks. Press drive pinion through bearing
cage. Figure 2.37.

!

NOTE
The inner bearing cone and bearing spacer will
remain on the pinion shaft.

9. If pinion bearing needs to be replaced, remove
inner and outer bearing cups from inside of
cage. Use a press and sleeve, bearing puller or
small drift and hammer. Figures 2.38 and 2.39.

Figure 2.36

Figure 2.37

Figure 2.38

Figure 2.39
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Removal and Disassembly

10. If pinion bearings need to be replaced, remove
inner bearing cone from drive pinion with press
or bearing puller. Puller must fit under inner face
of cone to remove cone correctly without
damage. Figure 2.40.

NOTE
If bearing cup is changed, the bearing cone must
also be replaced. The cup and cone must come
from the same manufacturer.

Figure 2.40
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Prepare Parts for Assembly

Clean Axle Assemblies
• A complete axle assembly can be steam cleaned

on the outside to remove dirt.

• Before the axle is steam cleaned, close or put a
cover over all openings in the axle assembly.
Examples of openings are breathers and
hydraulic inlets.

Dry Cleaned Parts
• Dry the parts immediately after cleaning and

washing.

• Dry the parts with soft clean paper or rags.

CAUTION
Damage to bearings can be caused if dried by
rotating with compressed air.

• Except for bearings, parts can be dried with
compressed air.

Prevent Corrosion
• Apply axle lubricant to cleaned and dried parts

that are not damaged and are to be assembled.

• Apply a special material that prevents corrosion to
all surfaces. If parts are to be stored, wrap the
parts in special paper that prevents rust
and corrosion.

Inspect Parts
It is very important to inspect all parts carefully and
completely before the axle or carrier is assembled.
Check all parts for wear and replace damaged parts.
Replacement of damaged or worn parts will prevent
breakdown of assembly later.

!

Clean Ground and Polished
Parts

WARNING
To prevent serious eye injury, always wear safe
eye protection when you perform vehicle
maintenance or service.

WARNING
If you use cleaning solvents, hot solution tanks or
alkaline solutions incorrectly, serious personal
injury can occur. To prevent serious personal
injury, follow the instructions supplied by the
manufacturer of these products. Do not use
gasoline to clean parts. Gasoline can explode and
cause serious personal injury.

•  Use a cleaning solvent to clean ground or polished
parts or surfaces. Kerosene or diesel fuel oil can be
used for this purpose. NEVER USE GASOLINE.

• Remove gasket material from parts. Be careful not
to damage ground surfaces.

• DO NOT clean ground or polished parts in a hot
solution tank, water, steam or alkaline solution.

Clean Parts With Rough Finish
• Parts with a rough finish can be cleaned with

cleaning solvent or in a hot solution tank with a
weak alkaline solution.

• Parts must remain in hot solution tanks until
completely cleaned and heated.

• Parts must be washed with water until the alkaline
solution is removed.

!

!
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Prepare Parts for Assembly

Inspect Tapered Roller
Bearings

Inspect the cup, cone, rollers and cage of all tapered
roller bearings in the assembly. If any of the
following conditions exist, the bearing must be
replaced:

•  The center of the large diameter end of the rollers
are worn level with, or below the surface.

•  The center of the large diameter end of the rollers
are worn to a sharp edge. Figure 3.1.

•  A visible roller groove in the cup or cone inner
race surfaces. The groove can be seen at the
small or large diameter end of both parts.
Figure 3.2.

14

•  Deep cracks or breaks in the cup, cone inner race
or roller surfaces.

•  Bright wear marks on the outer surface of the roller
cage. Figure 3.3.

•  Damage on rollers and on surfaces of the cup and
cone inner race that touch the rollers. Figure 3.4.

Figure 3.3

Figure 3.2

Figure 3.1

Figure 3.4

WORN RADIUS

WORN SURFACE

CRACK                                      WEAR GROOVES

WEAR MARKS

ETCHING & PITTING
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•  Damage on the cup and cone inner race surfaces
that touch the rollers.Figure 3.5.

Inspect Hypoid Pinion and 
Ring Gear Sets

CAUTION
• Hypoid drive pinions and ring gears are

machined in matched sets. When a drive
pinion or ring gear of a hypoid set needs to be
replaced, both drive gear and pinion must be
replaced at the same time.

• Inspect hypoid pinions and gears for wear and
damage. Gears that are worn or damaged
must be replaced. Also verify the cone bearing
seats and spline in the pinion shaft.

!
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Inspect Main Differential
Assembly

Parts that are damaged must be replaced. Inspect
the following parts for wear or stress. Figure 3.6.

•  Inside surfaces of both case halves

•  Both surfaces of all thrust washers

•  Four trunnion ends of spider cross

•  Teeth and splines of both side gears

•  Teeth and bore of all differential pinions

•  Friction disc packs if used

CAUTION
Always replace old or worn thrust washers,
differential side gears and pinion gears in sets to
avoid higher stress and early damage to parts.

Inspect Axle Shafts
• For wear and cracks at flange, shaft and splines.

Replace axle shaft if required.

!

Figure 3.6

Figure 3.5
SPALLING & FLAKING
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Inspect Main Housing
• For fractures and burrs in machined areas.

Inspect Yoke
•  For wear at seal journal area. Replace yoke,

flange or sleeve if either shows too much wear at
seal journal area.

Inspect Planetary System
Parts
•  For existence of cracks, pitting, breaks or sharp

edges on planetary gear teeth, planetary gear
axles and rollers.

Inspect Brakes
•  For condition of friction discs, brake piston springs

and internal brake housing surfaces.

Repair or Replace Parts
General Information
Replace worn or damaged parts of an axle assembly.
The following are some examples to check for repair
and possible replacement:

• Replace any fastener if corners of the head are
worn.

• Replace washers if damaged.

• Replace gaskets, oil seals or grease seals at the
time of axle repair.

• Clean parts and apply new liquid gasket material
where required when axle is assembled.

• Remove nicks, marks and burrs from parts having
machined or ground surfaces. Use a fine file, India
stone, emery cloth or crocus cloth for this purpose.

• Clean and repair threads of fasteners and holes.
Use a die or tap of the correct size or a fine file for
this purpose.

CAUTION
Threads must be without damage and clean so
that accurate adjustment and correct torque
values can be applied to fasteners and parts.

• Tighten all fasteners to correct torque values. See
chart in Section 6 for fastener torque values.

WARNING
Do not repair axle housings by bending or
straightening. Repair of axle housings by
bending or straightening can cause poor
performance and possible unsafe operation of
the axle. This can cause serious personal injury.

Repair Welding
In the interest of safety and preserving the service
life of drive axle assemblies, Meritor recommends
that assemblies are not repair welded. Repair
welding can detract from the structural integrity of a
component, particularly to heat treated parts where
the benefit of heat treatment may be nullified by
welding.

Since it can be extremely hazardous and detrimental
to repair weld components of any kind, repair welding
can be approved only where stringent controls are
imposed and equipment, customarily located at
manufacturing facilities, is employed, so as to
minimize the potentially detrimental effects of repair
welding.

!

!

T
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Liquid Adhesive
Meritor uses the following liquid adhesives to retain
threaded fasteners:

Product Type Color Cure Time

Loctite 271 High Red 2 hours
241 Medium Blue 6 hours
221 Low Violet 6 hours

Three Bond
1305 High Red 5 hours
1334 Medium Green 5 hours
1341 Low Blue 10 hours

Disassemble Locked Sets

CAUTION
Do not use impact wrenches or strike components
with a hammer.

To disassemble sets originally locked with liquid
adhesive, use the regular mechanical disassembly
procedure.

If the removal of a capscrew, for example, becomes
difficult due to a worn head or unusually high
breakaway torque, the locking strength can be
reduced by heating the threaded area to
approximately 300°F (150°C). Heat slowly to avoid
thermal stresses on the differential case and gears.

Cleaning

WARNING
To avoid serious personal injury, trichloroethylene
must not come in contact with your skin. Do not
smoke and avoid breathing vapors in closed
rooms without ventilation. Do not use
trichloroethylene near flames, welding operations
or hot surfaces exceeding 900°F (482°C).

Clean capscrew, nut or bolt tapped hole and fastener
thread carefully. Use a cleaning solvent such as
trichloroethylene or equivalent to remove dirt, oil,
grease or moisture.

!

!

Reassembly
• Check the type of liquid adhesive to be used and

where the adhesive is to be applied.

• In threaded holes where fasteners did not require
removal, check each one for tightness by applying
the minimum amount of specified torque.

• If fasteners do not rotate, they are tightened
properly.

• If fasteners rotate to any degree, they must be
removed and liquid adhesive must be applied.

Application
1. Apply liquid adhesive to:

• Bolt threads when component has open hole.
Before installing bolts, visually check to make
sure that liquid adhesive has filled gap
between threads.

• Threaded hole when component has blind
hole. Allow 4 to 6 drops to run down side of
each hole. If liquid adhesive is applied to bolt,
trapped air in hole will create back pressure
and “blow out” liquid adhesive as bolt
advances. Figure 3.7.

2. Tighten fasteners with recommended torque.

Figure 3.7

T
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Apply Silicone Gasket Material 
Liquid gasket material used by Meritor:

• Loctite FAG 3

• Neutral Silicon, Dow Corning 768 or Rhodia
567/666

• Three Bond 1134

• Loctite 515

WARNING
Small amounts of acid vapor are present when
applying some gasket materials. To prevent
possible serious personal injury, make sure
there is good ventilation in the work area. If
liquid gasket material gets in your eyes, flush
eyes with water for 15 minutes. Have eyes
checked by doctor.

CAUTION
The amount of liquid gasket material applied must
not exceed 0.125 in. (3.18 mm) diameter bead. Too
much gasket material can block lubrication
passages and result in damage to component.

1.  Remove all old gasket material from both surfaces.

2.  Clean the surfaces where liquid gasket material will
be applied. Remove all oil, grease, dirt and moisture.

3.  Thoroughly dry both surfaces.

4.  Apply according to the following procedures:

• Three Bond 1134 or Loctite 515: Apply
approximately a 0.125 inch (3.18 mm) diameter
continuous bead of liquid gasket material around one
surface.

• Loctite FAG 3: Apply to one surface with a paint
brush.

Also apply all gasket material around edge of all
fastener holes on that surface. Figure 3.8.

!

!

5.  Assemble components quickly to permit gasket
material to compress evenly between parts.

6.  Tighten fasteners with required torque. See Torque
Chart, Section 6. 

DUO-CONE Oil Seal:
Mount and Install
NOTE
• Always follow correct procedures when

mounting and installing DUO-CONE oil seals.
Many DUO-CONE oil seal leaks result from
errors made during mounting or installation of
oil seal components.

• Never let oil touch Toric ring or lodging ramps
before both oil seal rings are installed in their
mounting position.

Figure 3.8
0.125" (3.18 MM)
DIAMETER
SILICONE GASKET
MATERIAL BEAD

T
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WARNING
To avoid serious personal injury, trichloroethylene
must not come in contact with your skin. Do not
smoke and avoid breathing vapors in closed
rooms without ventilation. Do not use
trichloroethylene near flames, welding operations
or hot surfaces exceeding 900°F (482°C).

1.  Remove any dust, oil or foreign material from
Toric ring (2), lodging ramps (4, 7), ring retention
lips (3, 8), oil seal ring (1) and ring bore (5). Clean
components with trichloroethylene and a clean
cotton cloth or a paper towel. Figures 3.9 
and 3.10.

! CAUTION
Make sure that Toric ring (2) is seated in oil seal
ring (1). Be careful when you work with Toric
ring. Cuts and scratches in Toric ring may cause
leaks. Figure 3.11.

2.  Place Toric ring (2) in oil seal ring (1) in button of
ring ramps (7) and against ring retention lip (8).
Figure 3.12.

!

Figure 3.9

Figure 3.10

Figure 3.11

Figure 3.12

1 – OIL SEAL RING
2 – “TORIC” RING
3 – BORE RETENTION LIP
4 – BORE RAMP
5 – RING BORE

6 – RING FACE
7 – BORE RAMP
8 – RING RETENTION LIP
9 – INSTALLATION TOOL

1

1

1
6

7

7

9

8

8

2

2

2

3

4

5
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NOTE
Do not use any liquid that leaves a film of oil or
does not evaporate quickly.

3.  Place installation tool (9) under oil seal ring with
Toric ring (2). Submerge ring in receptacle filled
with trichloroethylene until entire surface of Toric
ring is wet. Figure 3.13.

4.  With Toric ring surface wet (2), use installation
tool (9) to install oil seal ring and Toric ring
perpendicular to ring bore. Use a rapid and
uniform pressure to push Toric ring under ring
retention lip. Figure 3.14.

5.  Verify mounting distance (A) in at least four
places spaced 90 degrees apart. The difference
in the mounting distance (A) around ring cannot
be more than 0.04 inches (1 mm). Figure 3.15.

6.  If adjustments are necessary, use installation tool
(9) to push ring. Do not use your hands. 
Figure 3.16.

7.  Toric ring may become distorted if not entirely wet
or if there is a sharp edge on the retention lip and
bore.

Figure 3.13

Figure 3.16

Figure 3.15

Figure 3.14

1

1

1

9

9

9

2

2

(A) 0.04 in (1 mm)



10.  Make sure both bores are correctly aligned and
concentric. Move slowly and carefully. 
Figure 3.19.

CAUTION
Do not force rings abruptly against each other. A
strong impact may break the oil seal
components. When seal is installed properly,
fasten all components well.

If DUO-CONE oil seal is installed incorrectly, these
conditions can result:

• Toric ring can warp. Figure 3.20.

!

CAUTION
• Misalignment or a twisted Toric ring may cause

leakage in the DUO-CONE oil seal. If installation
was not correct, remove oil seal from bore and
repeat steps 3-6.

• A Toric ring must never slide on any ramp of oil
seal ring or bore. To prevent sliding, wait at
least two minutes for trichloroethylene to
evaporate before continuing with installation.
When in the correct position, Toric ring must
roll only on ramps.

• A small piece of lint can separate the oil seal
surfaces and cause leaks. Figure 3.17.

8.  Clean oil seal surfaces with lint-free cloth or paper. 

9.  Apply a thin, uniform film of clean oil on oil seal
surfaces with cloth or clean finger. Do not get oil
on Toric ring. Figure 3.18.

!
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Figure 3.17

Figure 3.19

Figure 3.20

Figure 3.18

1

1

2

5
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• Warped ring can cause irregular pressure on ring
surface resulting in oscillating movements of oil
seal.

• Different pressures on oil seal surfaces can cause
seepage, wear and leaks.

• Oscillating oil seals allow dirt to enter.

Figure 3.21 shows an incorrect installation of an oil
seal in its mounting position. The upper bore is
stopped and the lower lodge is rotating.

Figure 3.22 shows the same lower bore after
rotation of 180 degrees. In this position, high
pressure occurs on points “A” and “Y”. This high
pressure variation may damage rings. Points “B” and
“X” will develop low pressure and possible leakage.

Figure 3.21

Figure 3.22

B

B

X

X

A

A

Y

Y

CL

CL

X

X
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Assemble Differential Case

WARNING
To prevent serious eye injury, always wear safe
eye protection when you perform vehicle
maintenance or service.

1.  Apply specified lubricant on all parts of differential
case assembly before installation.

CAUTION
Never attempt to press a cold ring gear on the
flanged half of the differential case. A cold ring
gear will damage the case because of the tight fit.
The tight fit can cause misalignment or excessive
runout and will make final backlash and teeth
contact adjustments very difficult.

WARNING
Wear safe clothing and gloves to protect yourself
from serious personal injury when you touch the
hot ring gear.

2.  Expand ring gear bore by heating ring gear in tank
of water heated 160°F to 180°F (71°C to 82°C) for
10 to 15 minutes. DO NOT USE AN OPEN
FLAME SUCH AS A TORCH FOR THIS
PROCEDURE.

3.  Install ring gear on case half or in the integral
differential case.

WARNING
To avoid serious personal injury be careful when
using Loctite or Three Bond adhesive during
assembly and installation procedures. Follow the
manufacturer’s instructions for safe use to
prevent irritation to eyes and skin. Wash after
skin contact. If the Loctite or Three Bond
adhesive gets in the eyes, flush the eyes with
water for 15 minutes. Have eyes checked
by doctor.

!

!

!

!

4.  Apply Loctite 271 or Three Bond 1305 adhesive
to ring gear fasteners. See Section 3, “Liquid
Adhesive.” Install ring gear fasteners and fasten
with the specified torque, 66-75 lb-ft 
(90-100 N•m). Figure 4.1.

5.  Assemble new cone bearings in both halves of
differential case or in both sides if it is an integral
differential case. Figure 4.2.

6.  Install side gear in flanged case half.

Figure 4.1

Figure 4.2 PRESS

T
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NOTE
For limited slip differential, go to step 12.

7.  Install spider cross, differential pinions and
washers on original assembly position. Figure 4.3.

a.  If you have an integral differential case, install
side gears and washers in each original
assembly side.

b.  Install differential pinions in the correct position
by turning side gears until pinion holes are
aligned with differential pinion axle holes. 
Figure 4.4.

c.  Install differential pinion washers.

d.  Install differential pinion axle and lock
capscrew. Fasten capscrew to specified torque
17-23 lb-ft (23-31 N•m).

8.  Install other side gear over spider and differential
pinions. Figure 4.5.

9.  Place plain half of differential over flanged half.
Rotate plain half as needed to align match marks.
Figure 4.6.

Figure 4.3 Figure 4.5

Figure 4.6

Figure 4.4

SPIDER

MARKS

T



d.  Place disc pack stack in vise. Use micrometer
to determine “D”, the height (thickness) of
limited slip disc stack (includes thrust washer
and compression disc). Take four readings,
one at each of four points. Average readings
to determine “D”. Figures 4.8 and 4.9.
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10.  Apply Loctite 271 or Three Bond 1305 liquid
adhesive to capscrews. Install four capscrews
into case halves equally spaced and tighten to
48-64 lb-ft (64-87 N•m).

11.  Install other capscrews into case halves. Tighten
the capscrews to 48-64 lb-ft (64-87 N•m).

12.  Assemble Limited Slip Differential Case.

a.  Follow steps 1 to 5.

b.  Place flanged case half on bench.

c.  Begin stacking of the disc pack with a drive disc
followed by driven friction discs. Make sure
lubrication grooves are aligned. Figure 4.7.

Maintain the following sequence:

1)  Drive disc

2)  Driven friction disc

3)  Drive disc

4)  Driven friction disc

5)  Drive disc

6)  Driven friction disc

7)  Drive disc

8)  Shims (Do not stack until measurements are
complete.)

9)  Compression disc

10)  Thrust washer (on side gear side)  

Figure 4.8

Figure 4.7

Figure 4.9

LUBRICATION GROOVES

TOP PLAIN HALF
SIDE GEAR

PLAIN HALF
SIDE GEARLIMITED

SLIP PACK

PLAIN HALF
DIFF GEAR

PLAIN HALF SIDE
GEAR MOVED TO
DETERMINE “A”

D

A

BC

SPIDER

DIFF CASE
FACE 
(DATUM)

A: Differential case half flange to back of 
differential side gear distance.

B: Differential case face to side gear seat.

C: Differential case half depth.

D: Stack height (thickness).

e.  Use depth gauge to determine “C”, depth of
differential case half. Take four readings.
Average readings for result. Figure 4.9.

T

T
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f.  Place removed plain half side gear on top as
shown in Figure 4.10. Use depth gauge to
determine “A”, distance from differential case
half flange to backside of differential side gear.
Take four readings. Average readings for
result. Figure 4.10.

g.  Determine clearance dimension: B-A=(C-D)-A.
Clearance dimension must be greater than
0.05 mm and less than 0.15 mm.

h.  Use proper shim thickness to achieve
clearance specified in step G.

i.  Assemble friction discs in differential case
using sequence in step C including shims.
Make sure discs are lubricated.

j.   Drop side gear spline through disc pack.

k.  Repeat steps “A” through “I” for the plain
differential case half.

l.  Follow steps 9 through 11 to assemble
differential case.

Check Rotating Resistance 
of Differential Gears 
(Not Limited Slip)

NOTE
Make tool to check rotating resistance of the
differential gears, 50 lb-ft (68 N•m). The tool can
be made from a sun gear that matches the spline
of the differential side gear. Figure 4.11.

1.  Place differential case assembly in a vise with soft
metal covers on the vise jaws. Install the tool into
differential until splines of tool and one side gear
are engaged. Figure 4.12.

Figure 4.12

Figure 4.11
APPROXIMATELY

12 INCHES (304.6 mm)

Figure 4.10 TOP PLAIN HALF
SIDE GEAR

PLAIN HALF
SIDE GEARLIMITED

SLIP PACK

PLAIN HALF
DIFF GEAR

PLAIN HALF SIDE
GEAR MOVED TO
DETERMINE “A”

C

A

B

D

SPIDER

DIFF CASE
FACE 
(DATUM)
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2.  Attach torque wrench to the tool nut and rotate
differential gears. As differential rotates, read
torque value indicated on dial. Figure 4.13.

3.  If torque value exceeds specification of 50 lb-ft 
(68 N•m), disassemble gears from  differential 
case.

4.  Check differential case halves, spider, gears and
thrust washers for problem that causes excessive
torque value. Repair or replace parts.

5.  After parts are repaired or replaced, assemble
parts and repeat steps 1 to 4.

Assemble Drive Pinion
and Bearing Cage

WARNING
Observe all WARNINGS and CAUTIONS provided
by the press manufacturer concerning press
operation to avoid serious personal injury and
possible damage to components during
assembly and installation procedures.

1. Place bearing cage in press. Figure 4.14.

!

2.  Support bearing cage with metal or wood blocks.

3.  Press the bearing cup into bore of bearing cage
until cup is flat against bottom of bore. Use correct
size sleeve to install bearing cup.

NOTE
Use same procedure for both bearing cups.

4.  Put drive pinion in press. The gear head (teeth)
must face toward the bottom.

5.  Press inner bearing cone on shaft of drive pinion
until cone is flat against gear head. Use a sleeve
of the correct size against bearing inner race. 
Figure 4.15.

6.  Apply axle lubricant on bearing cups in cage and
bearing cones.

7.  Install drive pinion into bearing cage.

8.  Install bearing spacer(s) in pinion shaft against
inner bearing cone. Figure 4.16.

NOTE
Spacer(s) controls preload adjustment of drive
pinion bearings.

Figure 4.14.

Figure 4.15

Figure 4.16

SLEEVE

BEARING CUP

OUTER
CONE
BEARING

BEARING
SPACER

DRIVE PINION INNER
BEARING
CONE

BEARING CAGE

SLEEVE

Figure 4.13

T

T
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9.  Install outer bearing cone on pinion shaft against
spacer. Figure 4.16.

NOTE
Do not install pinion oil seal in bearing cage
before bearing preload adjustment. Continue
adjusting preload of pinion bearings.

10.  Press outer cone bearing with 10 ton force and
check preload of bearings. Figure 4.16.

Adjust Pinion Bearing Preload
(Without Press)
NOTE
• If the preload value is below the specified

range, install a thinner bearing spacer.

• If the preload value is over the specified range,
install a thicker bearing spacer.

Calculation Example:

Data:
Radius: 9.3 cm (3.65 in)
Load: 2.3 Kg (5.0 lbs)

Calculation Procedure:
2.3 Kg x 9.3 cm = 21.4 Kg-cm
5.0 lb x 3.65 in = 18.25 lb-in.

Conversion to N•m:
21.4   x 0.098 = 2.1 N•m
18.25 x 0.113 = 2.1 N•m

NOTE
• To convert lb-in to N•m: 

multiply by 0.113

• Kg-cm to N•m:
multiply by 0.098

1.  Lubricate bearing cups and cones with
specified oil.

2.  Install yoke or flange without pinion oil seal.

3.  Install pinion bearing cage assembly on main
housing without bearing cage shims.

4.  Fasten bearing cage assembly on main housing
with two capscrews. Apply minimum specified
torque of 67 lb-ft (90 N•m).

5.  Use appropriate tool to fasten pinion through
yoke, flange or splined sleeve. Figure 4.17.

6.  Tighten pinion nut with minimum torque value of 
465 lb-ft (630 N•m).

7.  Rotate pinion bearing cage several times so
bearings make normal contact.

8.  Attach torque wrench on drive pinion nut. Rotate
pinion and check if preload is in specified range.
Make the reading during the rotation, not the
starting value. Figure 4.18.

9.  If the pinion bearing preload torque value is under
or above the specified preload torque of 5-20 lb-in
(0.55-2.2 N•m), change shims to thick or thinner
size as necessary. Repeat pinion bearing 
preload check.

Figure 4.17

Figure 4.18

T T

T
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10.  After getting specified preload, remove bearing
cage from main housing and disassemble yoke or
input flange.

CAUTION
Make sure oil seal lips are clean and free from
dirt. Dirt can cause leakage between seal and
yoke or flange.

11.  Install pinion oil seal with the appropriate tool:

a.  Apply extreme pressure lithium soap grease to
oil seal lips. Figure 4.19.

b.  Apply 3M Industrial Adhesive or equivalent to
oil seal outer surfaces. Figure 4.19.

c.  Press oil seal into bearing until seal flange is
flat against top of bearing cage. Use the
correct size sleeve or seal driver that fits
against metal flange of seal. The diameter of
the sleeve must be larger than diameter of
flange. Figure 4.20.

!

d.  Install yoke or flange and pinion nut 
into pinion.

e.  Tighten pinion nut to specified torque after
installing pinion bearing cage into main
housing of 465-570 lb-ft (630-775 N•m).

Adjust Thickness of Pinion
Bearing Cage Shim Pack
(Depth of Pinion)
NOTE
Use this procedure if a new drive pinion and ring
gear set is installed or if the depth of the drive
pinion has to be adjusted. Figure 4.21.

1.  Use a micrometer to measure the thickness of the
old shim pack that was removed from under the
pinion cage. Record the measurement for later
use. Figure 4.22.

Figure 4.19

Figure 4.21

Figure 4.22Figure 4.20

SHIM PACK

BEARING CAGE

MAIN
HOUSING

INDUSTRIAL
ADHESIVE

Section 4
Assembly and Installation
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2.  Record the pinion cone (PC) variation number on
the old drive pinion that is being replaced. If the
PC variation number cannot be located, assemble
the gear set with the shim pack found in step 1.
Figure 4.23.

NOTE
The pinion cone number (PC) can be either
1,000ths of an inch (0.000 inch) or 100ths of a
millimeter (0.00 mm). Examples:

PC+3, PC–3, +3 OR -3 = .003 inch (.076 mm)
PC+.03, PC–.03MM , + .03 OR –.03 = .03 mm

• To change inches to millimeters, multiply
inches by 25.40

• To change millimeters to inches, multiply
millimeters by 0.039.

3.  If the old pinion cone number is a plus (+),
subtract the number from the old shim pack
thickness that was measured in step 2.

4.  If the old pinion cone number is a minus (–), add
the number to the old shim pack thickness that
was measured in step 2.

NOTE
The value calculated in step 3 or 4 is the thick-
ness of the standard shim pack without a
variation.

5.  Look at the pinion cone (PC) variation number on
the new drive pinion that will be installed. Record
the number for later use.

6.  If the new pinion cone number is a plus (+), add
the number to the standard shim pack thickness
that was calculated in step 3 or 4.

Figure 4.23

7.  If the new pinion cone number is a minus (–),
subtract the number from the standard shim pack
thickness that was calculated in step 3 or 4.

NOTE
The value calculated in step 6 or 7 is the thick-
ness of a new shim pack that will be installed.

EXAMPLES Inches mm

1.

Old shim pack thickness 0.030 0.76
Old PC number, PC+2 (+0.05mm) –0.002 –0.05

Standard shim pack thickness 0.028 0.71
New PC number, PC+5 (+0.13mm) +0.005 +0.13

New shim pack thickness 0.033 0.84

2.

Old shim pack thickness 0.030 0.76
Old PC number, PC–2 (–0.05mm) +0.002 +0.05

Standard shim pack thickness 0.032 0.81
New PC number, PC+5 (+0.13mm) +0.005 +0.13

New shim pack thickness 0.037 0.94

3.

Old shim pack thickness 0.030 0.76
Old PC number, PC+2 (+0.05mm) –0.002 –0.05

Standard shim pack thickness 0.028 0.71
New PC number, PC–5 (–0.13mm) –0.005 –0.13

New shim thickness 0.023 0.58

4.

Old shim pack thickness 0.030 0.76
Old PC number, PC–2 (–0.05mm) +0.002 +0.05

Standard shim pack thickness 0.032 0.81
New PC number, PC–5 (–0.13mm) –0.005 –0.13

New shim pack thickness 0.027 0.68
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Install Pinion Bearing Cage
Assembly on Main Housing
NOTE
Use minimum of three shims in pack. If pack is
made from different thickness shims, install
thinnest shims on both sides of pack for
maximum sealing.

1.  Install correct shim pack between bearing cage
and main housing. Figure 4.24.

WARNING
Do not hit steel parts with a steel hammer during
assembly and installation procedures. Parts can
break and cause serious personal injury.

2.  Install drive pinion and bearing cage into carrier. If
necessary, use rubber, plastic or leather mallet to
tap assembly into position. Figure 4.25.

!

3.  Install two capscrews and washers that fasten
bearing cage. Tighten to minimum torque of 
67 lb-ft (90 N•m). Figure 4.26.

4.  Install yoke or flange and pinion nut. Fasten yoke
or flange with appropriate tool. Tighten pinion nut
to minimum specified torque of 465-570 lb-ft
(630-775 N•m). Figure 4.27.

CAUTION
The fit between input yoke or flange splines and
drive pinion is tight. To install yoke or flange into
pinion, use pinion nut and appropriate tool to
fasten it. Never use hammer or mallet. A hammer
or mallet will damage yoke or flange.

!

Figure 4.25

Figure 4.27

Figure 4.26

Figure 4.24

CAPSCREW

SHIM PACK

T
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5.  If ring gear is mounted on opposite brake housing
side, loosen two capscrews that fasten pinion
bearing cage. Remove cage and mount it after
differential case is assembled. 

If ring gear is mounted on brake housing side,
install other capscrews that fasten pinion bearing
cage. Tighten the capscrews to a torque of 
67-91 lb-ft (91-120 N•m). 

Install Differential Housing
Assembly into Main Housing
(With Shims)
1.  The preload of differential bearings is adjusted by

selecting proper shim pack to obtain a torque of
15-35 lb-in (1.7-4.0 N•m).

2.  Install shims. Combine two shims to obtain
desired thickness. Figure 4.28.

NOTE
Usually a 0.102-0.104 inch (2.60-2.65 mm) shim
pack thickness is enough to obtain specified
backlash and differential bearing preload.

3.  Install differential case bearing cup, axle shaft
housing and brake housing studs into main
housing until the thread is completely attached.
Apply Three Bond 1134 liquid gasket material on
stud threads. Figure 4.28.

4.  Install differential case assembly. Figure 4.29.

5.  Install brake housing and other differential case
bearing cup. Figure 4.30.

6.  Install three bolts to adjust differential on brake
housing. Tighten to a torque of 19-26 lb-ft 
(26-36 N•m). Figure 4.31.

Figure 4.28

Figure 4.29

Figure 4.30

Figure 4.31

NUT

COUNTER NUT

T

T

T
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7.  Install differential case bearing adjusting nut on
brake housing. Figure 4.31.

8.  Install pinion bearing cage assembly and 
shim pack.

9.  Check backlash, differential preload and teeth
contact. See Section 5, “Adjustments.”

WARNING
Small amounts of acid vapor are present when
applying some liquid gasket materials during
assembly and installation procedures. To prevent
possible serious personal injury, make sure there
is good ventilation in the work area. If the liquid
gasket material gets in eyes, flush eyes with
water for 15 minutes. Have eyes checked 
by doctor.

10.  If all adjustments are within specifications,
remove brake housing. Apply liquid gasket
material to main housing surface.

11.  Install three bolts into the brake housing to adjust
differential. Tighten them to 19-26 lb-ft
(26-36 N•m).

12.  Apply medium torque liquid adhesive, Loctite
241 or Three Bond 1334, to lock capscrews.
Install adjusting nut lock and capscrews. Tighten
capscrews to 80-115 lb-in (9-13 N•m). 
Figure 4.32.

!

Figure 4.32

T

T

Install Differential Housing
Assembly into Main Housing
(With Adjusting Ring 2 Sides)
1.  Install adjusting ring into main housing.

2.  Install bearing cup.

3.  Install differential case assembly into main
housing. Figure 4.33.

4.  Install brake housing and other differential case
bearing cup. Figure 4.30.

5.  Install three bolts to adjust the differential on
brake housing. Tighten to 19-26 lb-ft (26-36 N•m).
Figure 4.31.

6.  Install differential case bearings adjusting nut into
brake housing. Figure 4.31.

Figure 4.33

T
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9.  Check backlash, differential preload and teeth
contact. See Section 5, “Adjustments.”

10.  If all adjustments are within specifications,
remove brake housing. Apply liquid gasket
material to main housing surface.

WARNING
To avoid serious personal injury, be careful when
using Loctite. Follow the manufacturer’s
instructions for safe use to prevent irritation to
eyes and skin. Wash after skin contact. If the
Loctite gets in eyes, flush with water for 15
minutes. Have eyes checked by a doctor.

11.  Apply high torque liquid adhesive, Loctite 271 or
Three Bond 1334, on stud threads.

12.  Install studs that fasten brake housing and axle
shaft housing to main housing. Tighten studs
until resistance is met.

13.  Install bearing cup and brake housing into main
housing. Align holes at mark made during
disassembly.

14.  Install 3 bolts into the brake housing to adjust
differential. Tighten them to 19-26 lb-ft 
(26-36 N•m). Figure 4.31.

15.  Apply medium torque liquid adhesive, Loctite
241 or Three Bond 1334, to lock capscrews.
Install adjusting nut lock and capscrews. Tighten
capscrews to 80-115 lb-in (9-13 N•m).

Assemble Axle Shaft
1.  Use correct size sleeves to install cups into

bores in axle shaft housing until cups are flat
against bottom of bores. Figure 4.36.

!

Figure 4.36

7.  Install pinion bearing cage assembly and shim
pack. Figure 4.34. See “Install Pinion Bearing
Cage Assembly on Main Housing,” page 31.

8.  Adjust adjusting rings with the following
procedure. Figure 4.35.

a.  Tighten ring gear side adjusting ring to
eliminate backlash between ring gear 
and pinion.

b.  Unfasten same adjusting ring from four to 
five slots.

c.  Tighten opposite side adjusting ring to obtain a
preload of 15-35 lb-ft (1.7-4.0 N•m). Discount
pinion bearing preload measured before.

Figure 4.34

Figure 4.35

T
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2.  Install Duo-Cone oil seal into axle shaft and into
axle shaft housing bore as specified on page 18.
Figure 4.37.

3.  With a correct size sleeve, use a press to install
flange side cone bearing. Install axle shaft into
axle shaft housing. Figure 4.37.

Assemble Trumpet Assembly

WARNING
Observe all WARNINGS and CAUTIONS provided
by the press manufacturer concerning press
operation to avoid serious personal injury and
possible damage to components during
assembly and installation procedures.

1.  Use press to install new planetary pin into spider.
Make sure proper dimensions are used and holes
are aligned. Figures 4.38 and 4.39.

!

Figure 4.37

DUO-CONE
OIL SEAL

WARNING
To avoid serious personal injury, be careful when
using Loctite. Follow the manufacturer’s
instructions for safe use to prevent irritation to
eyes and skin. Wash after skin contact. If the
Loctite gets in eyes, flush with water for 15
minutes. Have eyes checked by a doctor.

2.  Apply Medium Torque liquid adhesive, Loctite 241
or Three Bond 1334, to threads of planetary gear
axle lock capscrews. Install and tighten to 
17-23 lb-ft (23-31 N•m).

!

Figure 4.38

Figure 4.39

ALIGNED
HOLES

44.60
44.80
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5.  Install planetary spider and axle shaft bearing
adjusting nut.

6.  Measure trumpet flange radius. With a spring
scale, check the trumpet assembly preload before
tightening adjusting nut.

The value will be obtained by multiplying the
number read on the spring scale dial by the flange
radius. Make note of the value. Figure 4.42.

7.  Tighten adjusting nut with special tool shown on
page 60. At the same time, manually rotate the
trumpet to assure a correct fit between bearing
cups and cones and get desired preload. 
Figure 4.43.

Figure 4.42

Figure 4.43

CAUTION
Rollers must come from the same manufacturer
and have the same tolerance range. Replace
spacers and washers when a new roller is used.

3.  Apply grease, Shell-71032 Alvania EP-2 or
Texaco - 995 Multifak EP-2, on each gear hole.
Install rollers and spacers into planetary gears. 
Figure 4.40.

4.  Install bearing cone. Figure 4.41.

!

Figure 4.41

Figure 4.40
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8.  Check trumpet assembly preload and subtract
value obtained before tightening adjusting nut.
Value must be 15-35 lb-in (1.7-4 N•m). 

9.  Apply Medium Torque liquid adhesive, Loctite
241 or Three Bond 1334, on adjusting nut lock
capscrew threads. Install adjusting nut lock
capscrew. Tighten to 17-23 lb-ft (23.0-30.5 N•m).

10.  Install inner washer, planetary gears and rollers
into flange. Figure 4.44.

11.  Install outer washers.

12.  With correct pliers, install snap rings. 
Figure 4.45.

Figure 4.44

Figure 4.45

T

T

13.  Apply liquid gasket material on contact surfaces
of trumpet and ring. Figure 4.46.

14.  Install ring gear into trumpet. Use reference
marks made during disassembly to align holes
and contact surface. Figure 4.47.

Figure 4.46

Figure 4.47

GASKET
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6.  Apply high torque liquid adhesive, Loctite 271 or
Three Bond 1305, to capscrew threads. Install
return springs and return spring capscrews.
Tighten to 80-115 lb-in (9.0-13.0 N•m).
Figure 4.49.

Hydraulic Apply Brake
Housing Functional Test
NOTE
• This test procedure is only for the hydraulic

apply brake system.

• To perform this test, it is necessary to use a
device which permits the observation of
possible leaks through oil seals and if the
piston return system is working. For an
accurate evaluation, the device must allow
piston displacement of 0.157 to 0.197 inch 
(4-5 mm).

1.  Connect brake housing assembly into hydraulic
system equipped with 1000 psi (69 bar)
manometer.

2.  Activate the cylinder at least five times with 600
psi (41.4 bar). Check for leaks.

• If there are no leaks, proceed to Step 3.

• If there are leaks, disassemble brake housing
assembly, find and correct the problem.

3.  Wait five minutes, then apply 600 psi (41.4 bar) to
the cylinder again.

Figure 4.49

Assemble Hydraulic Apply
Brake Housing Assembly
NOTE
• To assemble three function brake, see 

page 39.

• To assemble ball and ramp brake, see page 43.

1.  Check to see if the piston lodging surfaces on
brake housing is free of sharp edges, nicks and
burrs. Repair any damage if possible or replace
the part.

2.  Repeat Step 1 on outer surfaces of brake piston.

3.  Apply a thin film of oil, SAE W140 or SAE 90, to
piston and bore. Apply a dense layer of oil to
brake housing chamfer.

4.  Carefully install piston oil seals.

NOTE
Before pressing piston into brake housing, rotate
piston 15 to 20 degrees. If piston does not turn
easily, disassemble the piston and find the cause
of the interference.

5.  With a manual press, carefully install piston into
brake housing. Do not damage oil seals. If there
is resistance in installing the piston, do not
proceed. Figure 4.48.

Figure 4.48
BRAKE
HOUSING

RETURN
SPRING

SPRING
CAPSCREW

BRAKE
PISTON OIL

SEAL

T
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• If there are no leaks, proceed to Step 4.

• If there are leaks, disassemble brake housing
assembly, find and correct the problem. Repeat
Steps 1 to 3.

4.  Wait five minutes, then apply 75 to 110 psi 
(5.1 to 7.6 bar) to the cylinder again.

• If there are no leaks, the assembly is
assembled correctly.

• If there are leaks, find and correct the problem.
Repeat the test again.

Assemble Three Function
Brake Housing Assembly
NOTE
Before assembling brake housing assembly,
make sure that all surfaces and bores of brake
housing and piston are free of dirt, burrs 
and nicks.

1.  Select piston shim pack with the following
procedure:

a.  Position parts of piston assembly in a press.
Measure the dimension “A” under 441 lb 
(200 Kg) pressure. Figure 4.50.

b.  Measure the dimension “B”. Figure 4.51.

Figure 4.50

“A”

441 lb (200 Kg)

PISTON

WITHOUT
SPRINGS

ACTION PLATE

BRAKE DISCS

REACTION
PLATE

c.  The shim pack thickness is the difference
between dimension “B” and dimension “A”
minus 0.06 in. (1.5 mm):

B-A-0.06 in. (1.5 mm) = shim pack thickness

d.  If brake piston is assembled, the shim pack
thickness, under press pressure of 441 lbs 
(200 Kg), is the difference between dimension
“B” minus the sum of dimensions “C” and “D”
minus 0.06 in. (1.5 mm):

B-(C+D) -0.06 (0.15) = shim pack thickness.
Figure 4.52.

Figure 4.51

Figure 4.52

“B”

“C”

600 lb (300 Kg)

250 lb (113 Kg)

BRAKE 
DISCS

PLATE

“D”
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5.  Install springs into bores in inner piston. 
Figure 4.55. For brake with 12 springs, jump one
bore each three. Figure 4.55.

6.  Install compression plate on piston. Correctly
align the fastener holes. Use marks on piston and
lock pin slot. Figure 4.56.

7.  Apply pressure to the compression plate until it is
flat against the piston.

Figure 4.55

Figure 4.56
COMPRESSION
PLATEPISTON

MARKS

2.  Lubricate internal brake housing surfaces, inner
and outer piston surfaces and oil seal bores with
SAE 90 oil. Figure 4.53.

NOTE
Each piston assembly has three different sizes of
oil seals: three large, one medium, one small.

3.  Install medium oil seal into inner piston bore and
install the small oil seal into the outer piston bore.
Figure 4.53.

4.  ONLY use a manual press to install inner piston
into outer piston. Be careful not to damage oil
seals. Do not force the inner piston assembly.
Figure 4.54.

NOTE
Rotate pistons until marks are aligned. If inner
piston does not rotate easily, disassemble it and
find the cause. Figure 4.54.

Figure 4.53

Figure 4.54

PRESS
MARKS

INNER
PISTON

OUTER
PISTON

LARGE
OIL

SEAL

OIL
SAE 90

MEDIUM
OIL SEAL

SMALL
OIL SEAL
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WARNING
To avoid serious personal injury, be careful when
using Loctite. Follow the manufacturer’s
instructions for safe use to prevent irritation to
eyes and skin. Wash after skin contact. If the
Loctite gets in eyes, flush with water for 15
minutes. Have eyes checked by a doctor.

8.  Apply medium torque liquid adhesive, Loctite 241
or Three Bond 1334 in threaded external piston
bolt holes. Install action plate bolts as shown in
Figure 4.57 and apply a pretorque of 30 lb-in 
(3.3 N•m). Tighten to specified torque of 
120-140 lb-in (13.5-16 N•m).

9. Install three larger oil seals into outer piston. Make
sure the oil seals fit in the bores. Figure 4.58.

!

Figure 4.57

Figure 4.58

LARGER OIL SEALS

3

2

4

1

T

10.  Install shim pack into brake housing. Use bolts
to align holes. Figure 4.59.

11.  Remove guide bolts and manually install brake
piston assembly into brake housing. Rotate
piston assembly 15 to 20 degrees. The rotation
must be easy and without resistance. If there is
any resistance, disassemble the brake piston
assembly and find the cause.

12.  Use bolts as guide and align piston and holes.
Use marks made during disassembly as
reference. Figure 4.60.

13.  With a manual press on brake housing, apply
pressure to brake piston until the springs
compress. Make sure oil seals fit in bores.
Figure 4.60.

Figure 4.59

Figure 4.60

GUIDE BOLTS

SHIMS
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Assemble Ball and Ramp
Brakes, Brake Discs, Reaction
Plate and Pins 
1.  Install sun gear. Figure 4.63.

NOTE
After assembly, friction disc lubrication holes
must be perfectly aligned.

2.  Install friction and stationary discs alternately.
Make sure friction disc is against brake piston.

3.  For ball and ramp brakes, discs must be installed
alternately and a friction disc must be on each
side of the expansive plate. Figure 4.64.

Figure 4.63

Figure 4.64

STATIONARY DISC

FRICTION DISC

REACTION PLATE

FRICTION DISC

SPACER

EXPANSIVE PLATE

PIN

14.  With piston still compressed, apply 350 psi 
(24 bar) into parking brake to make sure oil
seals fit in bores. Figure 4.61.

15.  Keep the parking brake under 350 psi (24 bar)
pressure and remove the manual press and
guide pins.

16.  Apply medium torque liquid adhesive, Loctite
241 or Three Bond 1334, to return spring holes
and bolt threads. Install return springs, washers
and return spring bolts into brake housing.
Tighten bolts to 80-115 lb-in (9-13 N•m). 
Figure 4.62.

NOTE
Use same procedure to install other brake piston
assemblies into main housing.

Figure 4.61

Figure 4.62

350 PSI (24 BAR)

350 PSI
(24 BAR)

BOLT WASHER

SPRING

T
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4.  Install stationary disc lock pins.

5.  Install reaction plate with lubrication hole on down
side of axle. 

6.  If there is an outer spacer, install it on brake
housing surface. Use liquid gasket material.

Assemble Three Function
Brakes, Brake Discs, Reaction
Plate and Pins 
1.  Lubricate all brake components with same oil

specified for axle. See page 53.

2.  Install sun gear. Figure 4.63.

3.  Apply 350 psi (24 bar) into parking brake.

4.  Install friction and stationary discs, guide pins and
reaction plate. Figure 4.65.

Figure 4.65

REACTION PLATE

BRAKE HOUSING

PIN

FRICTION DISCS

STATIONARY DISCS

Install Housing Assembly into
Main Housing

NOTE
If axle is equipped with three function brake,
keep parking brake pressurized.

1.  Install housing assembly. Make sure that the
mark made during disassembly is correctly
positioned to ensure alignment of the fastener
holes. Figure 4.66.

2.  Install capscrews and nuts that fasten housing to
main housing.

• Tighten grade 12.9 capscrew 170-200 lb-ft
(230-271 N•m).

• Tighten grade 10.9 capscrew 135-170 lb-ft 
(183-230 N•m).

• Tighten stud nuts 120-150 lb-ft 
(160-205 N•m).

3.  Release pressure from parking brake.

4.  Apply liquid gasket material, Loctite 515 or Three
Bond 1134, on surface of cover that fastens to
main housing and on capscrew threads. Install
cover and capscrews on main housing. Tighten
capscrews to 20-27 lb-ft (27-36 N•m).

Figure 4.66

T

T

T

T
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Assemble Ball and Ramp
Brake Cylinder Assembly and
Install on Main Housing
1.  Apply liquid gasket material FAG-3 on brake

cylinder surface that fastens to brake cylinder
support. Assemble brake cylinder, oil seals, piston
and brake cylinder support. Tighten capscrews
that fasten brake cylinder support 19-26 lb-ft 
(26-36 N•m). Figure 4.69.

Figure 4.69

LIQUID
GASKET
MATERIAL
NOT
ALLOWED

Assemble Three Function
Brake Release Bolts and
Sleeves
1.  Apply Loctite 516 on bolt threads. Figure 4.67.

2. Apply liquid gasket material, Silastic 780 RTV Dow
Corning, on non-threaded bolt shaft. Figure 4.67.

3.  Install bolts and sleeves. Tighten to 25-34 lb-ft
minimum (34-46 N•m). Figure 4.68.

• Assemble 2 larger bolts, 3.346 in. (85 mm) 
with larger sleeves, 1 in. (26 mm)

• Assemble shorter bolt, 3.070 in. (78 mm) with
shorter sleeve, 0.750 in. (19 mm).

Figure 4.67

Figure 4.68

LOCTITE 516 SILASTIC 780 RTV

BRAKE HOUSING
RING 
GEAR SLEEVE

SHORT BOLT AND
SLEEVE INTO THIS
POSITION

BOLT

PIN

T

T
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2.  While out of the axle, connect cylinder assembly
to hydraulic system. Apply 400 psi (27.6 bar)
pressure to compress spring until piston is against
brake cylinder. Repeat this operation four to five
times to make sure there is no leakage. 
Figure 4.70.

CAUTION
Do not use brake fluid in the hydraulic system.
Use Shell Donax TD or Shell Tellus 32 or
equivalent.

3.  Install brake cylinder assembly onto main
housing. Figure 4.71.

!

Figure 4.70

HYDRAULIC
PRESSURE

4.  While the cylinder is pressurized with 400 psi
(27.6 bar), apply liquid adhesive, Loctite 221 or
Three Bond 1341, on threads of brake shaft.
Install adjusting nut until it rests against piston.
DO NOT TIGHTEN ADJUSTING NUT. Loosen
the adjusting nut one full turn. Figure 4.72.

5.  Release cylinder pressure to ZERO so piston
returns back against adjusting nut. Check
dimension “X” as shown in Figure 4.73.

If dimension “X” is smaller than 1.47 inch (37.0
mm), tighten adjusting nut until the dimension is
reached. If dimension gets larger, unfasten the
nut. This adjustment must be made with piston
activated.

Figure 4.71

Figure 4.72

CYLINDER
CAPSCREW

SUPPORT
CAPSCREW

BRAKE SHAFT

ADJUSTING NUT
RETURN 1 LAP

HYDRAULIC
PRESSURE

Figure 4.73 BRAKE SHAFT

ADJUSTING NUT

WITHOUT
PRESSURE

“X”=
1.47 inch 
(37.0 mm)
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8.  Install cover. Figure 4.75.

9.  The dimension “Y” must be equal with ± 0.02 inch
(0.5 mm) on each side. If dimension is larger on
one of the sides after adjustment, disassemble
and find the cause.

NOTE
Do not check the brake torque before the wheel
has turned at least two times with the brake
activated.

Figure 4.74

Figure 4.75

LOCK NUT

ADJUSTING
NUT

WITHOUT
PRESSURE

“X”=
1.47 inch
(37.0 mm)

DIM. “Y”

ADJUSTING NUT

SPRING

PISTON

O-RING

CYLINDER
SUPPORT

CYLINDER

WITHOUT
PRESSURE

O-RING

LOCK NUT

COVER

6.  After 1.47 inch (37.0 mm) dimension is obtained,
apply specified pressure to brake and check the
brake torque on pinion as shown in chart.

Torque Disc Pressure Torque
Reduction No.

PRA-382 06 275 psi min 950-1200 lb-ft
17.08:1 (19 bar min) (1288.0-

1559.0 N•m)

PRA-353 06 275 psi min 350-500
46.00:1 (19 bar min) (474.5-

678.0 N•m)

NOTE
To obtain the desired brake torque, fasten or
unfasten the adjusting nut. For each 0.04 inch 
(1 mm) turned on dimension “X”, the variation in
torque is 4%.

7.  After obtaining the desired brake torque, install nut
lock as shown in Figure 4.74. Tighten to 60-90 
lb-in (80-120 N•m). T
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Check Ring Gear Runout
Specification: 0.008 inch
(0.20 mm)

WARNING
To prevent serious eye injury, always wear safe
eye protection when you perform vehicle
maintenance or service.

1. Attach magnetic base dial indicator to mounting
flange of main housing. Figure 5.1.

2. Set dial indicator so plunger or pointer is against
back surface or ring gear. Figure 5.1.

3. Set dial indicator to ZERO.

4. Rotate differential and ring gear assembly while
you read dial indicator. Ring gear runout must not
exceed 0.008 inch (0.20 mm). If runout exceeds
specifications, remove differential and ring gear
assembly from main housing.

5. Check differential parts including carrier for 
problem that caused ring gear runout to exceed
specifications. Repair or replace parts if necessary.

CAUTION
Shock load failure will distort the differential case
flange and transfer damage to ring gear. In this
case, differential carrier must be discarded.

6. After parts are repaired or replaced, install main
differential case and ring gear assembly into
carrier. Repeat steps 1 to 5.

!

!

Adjust Pinion and Ring Gear
Backlash Specification: 
0.005-0.015 inch 
(0.13-0.38 mm)
1. Attach dial indicator on mounting flange of

carrier.

2. Set dial indicator so plunger is against a tooth
surface. Figure 5.2.

3. Set dial indicator to ZERO.

NOTE
• When you adjust backlash, only move ring

gear. Do not move drive pinion.

• If you are using old ring gear and pinion, it is
recommended that you maintain original
backlash.

4. Hold drive pinion in position.

5. While you read dial indicator, rotate differential
and ring gear a small amount in both directions
against teeth of the drive pinion. If backlash
reading is within specified range of 
0.005-0.015 inch (0.13-0.38 mm), continue by
checking tooth contact patterns. If backlash
reading is not within specifications, adjust
backlash as needed.

Figure 5.1 Figure 5.2
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6. Loosen one bearing adjusting ring one notch,
then tighten opposite ring the same amount to
keep differential roller bearing preload.
Figure 5.3.

NOTE
When you adjust backlash, only move ring gear.
Do not move drive pinion.

• Backlash is increased by moving ring gear
away from drive pinion.

• Backlash is decreased by moving ring gear
toward drive pinion.

7. Repeat steps two to six until backlash is within
specifications. Record setting for use when you
adjust pinion bearing preload.

Teeth Contact Patterns
In the following procedures, movement of the contact
pattern along length of tooth is indicated as toward
the “heel” or “toe” of the ring gear. 
Figure 5.4.

Verification Procedure
1. Apply a marking compound to approximately 12

teeth of ring gear. Rotate ring gear so that the 12
gear teeth are next to drive pinion. Figure 5.5.

2. Apply load on ring gear with wood pry bar.
Rotate gear forward and backward so 12 gear
teeth go past the drive pinion six times to get
contact patterns. Repeat if needed to get a more
clear pattern. Figure 5.6.

Figure 5.3

Figure 5.4

Figure 5.5

Figure 5.6

INCREASE
BACKLASH

DECREASE
BACKLASH

TOE

HEEL

CONCAVE SIDE

CONVEX SIDE

TOP

BOTTOM
HEEL

TOE
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3. Compare contact patterns on ring gear teeth to
good contact patterns in Figure 5.7. If contact
patterns are not satisfactory, go to Incorrect
Contact Patterns on this page.

Correct Contact Patterns
The location of a good hand-rolled contact pattern for
a new gear set is toward toe of gear tooth and in
center, between top and bottom of tooth. 
Figure 5.7.

When carrier is being operated under load, pattern
will extend approximately the full length of tooth. The
top of pattern will be near top of gear tooth.
Figure 5.8.

Figure 5.7

Figure 5.8

The location of a good hand-rolled pattern for a used
gears set must match wear pattern in ring gear. The
contact pattern will be smaller in area than the wear
pattern.

Incorrect Contact Patterns

High Contact Pattern:
A high contact pattern indicated that drive pinion was
not installed deep enough into carrier. Figure 5.9.

•  To correct a high-contact pattern, decrease 
thickness of shim pack under bearing cage. This
will move drive pinion toward ring gear. 
Figure 5.10.

Figure 5.9

Figure 5.10

DECREASE SHIM
PACK THICKNESS
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Deep Contact Pattern
A deep contact pattern indicates that the drive pinion
was installed too far in the carrier. 
Figure 5.11.

•  To correct a deep contact pattern, increase
thickness of shim pack under bearing cage. This
will move the drive pinion away from the ring gear.
Figure 5.12.

Variations Along Length of
Gear Teeth
Adjust backlash of ring gear within specification
range to move contact patterns to correct location
along length of gear teeth.When toe contact pattern
indicates that backlash is very low and gear is too
close to drive pinion: Figure 5.13.

•  Withdraw ring gear by decreasing shim pack
thickness or loosening the gear side adjusting ring
and tightening opposite side adjusting ring.

When heel contact pattern indicates that backlash
is very high and gear is too far away from drive
pinion: Figure 5.14.

•  Approach ring gear by increasing shim pack
thickness or loosening gear opposite side
adjusting ring and tightening gear side 
adjusting ring.

Figure 5.11

Figure 5.12

Figure 5.13

Figure 5.14

INCREASE SHIM
PACK THICKNESS
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Replace Lubricant

1. Install and tighten drain plug in central housing and
brake housing.

2. Clean area around fill/level plug. Remove fill/level
plug from carrier inspection cover.

WARNING
•  Use only the type of fluid specified by the

equipment manufacturer. Do not use or mix
different types of fluid. The wrong fluid will
damage the rubber parts of the assemblies
which could cause loss of braking and serious
personal injury.

•  Do not reuse fluid. Used fluid can be
contaminated and can cause incorrect
operation which could result in serious
personal injury.

3.  Add specified oil until oil level is even with bottom
of fill/level hole. See Section 6, “Specifications.”

4.  Install and tighten fill/level plugs.

5.  Road test vehicle in an unloaded condition for
one-two miles (1.6-3.2 km) at speeds not more
than 25 mph (40 kph). Check the lubricant levels
and the torque of all fasteners.

!

An acceptable contact pattern is centralized between
toe and heel along the length of gear teeth. 
Figure 5.15.

In cases where it is not possible to get a good
contact pattern, the contact pattern shown in 
Figure 5.15 is acceptable. If the acceptable contact
pattern is not achieved, change the ring gear and
pinion set.

Figure 5.16 indicates a good contact pattern. It is
toward the toe and centralized between the top and
bottom of the gear teeth.

Figure 5.15

Figure 5.16

T

T
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CAUTION
• The operating temperature of the coolant must

never reach or exceed 250°F (120°C). If the
operating temperature of the coolant reaches
or exceeds 250°F (120°C), the internal
components of the brake will be damaged. A
forced cooling system may be required to
assure the coolant temperature remains below
250°F (120°C).

• Use only the brake hydraulic fluid specified by
the manufacturer of the vehicle. Do not use
different hydraulic fluids. The wrong fluid will
damage the seals on the piston.

PRA 352 Series Planetary Drive Axle
Oil Change Intervals and Specifications
Off-Highway

Operation Intervals ①
Initial Check Petroleum Synthetic

Oil Oil Oil Oil Meritor Military Oil
Change Level Change Change Specification Specification Description

100 250 1,500 — 0-84 — Petroleum Base
operating operating operating SAE 10W, 20W

hours hours hours or 10W/30 ②
① ① or twice a
or year (which-

1240-3100 ever comes
miles first)

(2000-5000
km)

(whichever
comes first)

NOTES:
① The checking interval depends on the individual operating conditions, speeds and loads. Severe operating conditions may require more

frequent intervals.

② Tractor oil universal fluid, ‘TOU’ types formulated for wet disc brakes, is recommended for use in the wet disc brake housing. Make sure
that the specifications of the tractor fluid are the same as the recommended specifications of the vehicle manufacturer.

!
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Ø 3.86 in.
(Ø 98.0 mm)

Ø 0.709 in.
(Ø 18.0 mm)

30°±10'

0.079 in.
(2.0 mm)

Ø 0.547 in.

(Ø 13.9 mm)

13.8 

15.55 in.
(395.0 mm)

THREAD: Ø 5/8" II UNC

13.78 in.
(350.0 mm)

0.079 in.
(20.0 mm)

0.197 in.
(5.0 mm 

x 45°)

1.77 in.
(45.0 mm)

0.57 in.
(14.5mm)0.078 in.

R 2.0

0.984 in.
R 5.0 

Ø 3.15 in.
(Ø 80.0 mm)

Ø 0.79 in.
(Ø 20.0 mm)

Ø 1.97 in.
(Ø 50.0 mm)

0.39 in.
(10.0 mm x 45°)

4.53 in.
(115.0 mm)

2.44 in.
(62.0 mm)

1.77 in.
(45.0 mm)

Nut Lock
Special Tool

Section 6
Specifications
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PROA 352/382 (With Mechanical Drive Option)
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Torque Chart - PROA 352/382
ITEM DESCRIPTION/THREAD TORQUE

1 Pinion Nut  - M24 x 1.5-6H 465-570 lb-ft (630-775 N•m)

2 Nut (Stud - Center Housing) M14 x 1.5-6H 120-150 lb-ft (160-205 N•m)

3 Capscrew (Differential Case) M10 x 1.5-8G 48-64 lb-ft (64-87 N•m)

4 Capscrew (Spiral Gear) M10 x 1.0-6G 66-75 lb-ft (90-100 N•m)

5 Capscrew (Pinion Cage) M12 x 1.75-8G 67-91 lb-ft (91-120 N•m)

6 Capscrew (Lock Adjuster Ring) M6 6G 80-115 lb-in (9.0-13.0 N•m)

7 Capscrew (Adjusting Nut Lock) M8 x 1.25-6G 17-23 lb-ft (23-30 N•m)

8 Capscrew (Brake Housing) M8 x 1.25-6G 19-26 lb-ft (26-36 N•m)

9 Capscrew (Brake Releaser) M12 x 1.75-6G 25-34 lb-ft  (34-46 N•m)

10 Capscrew (Flange Adapter) .3750” x 16UNC2A 39.0-53.0 lb-ft (53-72 N•m)

11 Capscrew (Center Housing Cover) M8 x 1.25-6G 20-27 lb-ft (27-36 N•m)

12 Capscrew (Axle Shaft Flange) M20 x 1.5-6G 470-575 lb-ft (635-780 N•m)

13 Drain Plug 35 lb-ft (47 N•m)

14 Grease Fitting 31-40 lb-in (3.5-4.5 N•m)

15 Vent Plug 15 lb-ft (20 N•m)

16 Level Plug 35 lb-ft (47 N•m)

17 Capscrew (Planetary Pinion Axle) M10 x 1.5-6G 17-23 lb-ft (23-31 N•m)

18 Bolt (Action Plate) M6 x 1.5-6G 120-140 lb-in (13.5-16.0 N•m)

19 Capscrew (Return Spring) M6 x 1.0-6G 80-115 lb-in (9.0-13.0 N•m)
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Torque Chart - PRA 352
ITEM DESCRIPTION/THREAD TORQUE

1 Pinion Nut  - M24 x 1.5-6H 465-570 lb-ft (630-775 N•m)

2 Capscrew (Center Housing) - M14 x 1.5-6G 150-185 lb-ft (205-250 N•m)

3 Nut (Stud - Center Housing) - M14 x 1.5-6H 120-150 lb-ft (160-205 N•m)

4 Capscrew (Differential Case) - M10 x 1.5-6G 48-64 lb-ft (64-87 N•m)

5 Capscrew (Spiral Gear) - M10 x 1.0-6G 66-75 lb-ft (90-100 N•m)

6 Capscrew (Pinion Cage) - M12 x 1.75-6G 67-91 lb-ft (90-125 N•m)

7 Capscrew (Lock - Adjuster Ring) - M6-6G 80-115 lb-in (9-13 N•m)

8 Capscrew - Adjusting Nut Lock - M8 x 1.25-6G 17-23 lb-ft (23-31 N•m)

9 Bolt - Return Spring - M6 x 1.0-6G 80-115 lb-in (9.0-13.0 N•m)

10 Capscrew (Planetary Pinion Axle) - M10 x 1.5-6G 17-23 lb-ft (23-31 N•m)

11 Plug - Level - M24 x 1.5 35 lb-ft min. (47 N•m min.)

12 Plug - Drain - M24 x 1.5 35 lb-ft min. (47 N•m min.)

13 Plug - Vent - M12 x 1.5 15 lb-ft min. (20 N•m min.)
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Torque Chart - PROA 352, G2H, G2M
ITEM DESCRIPTION/THREAD TORQUE

1 Pinion Nut  - M24 x 1.5-6H 465.0-570 lb-ft (630-775 N•m)

2 Capscrew (Center Housing) M14 x 1.5-6G 180.0-215.0 lb-ft (245-290 N•m)

3 Nut (Stud - Center Housing) M14 x 1.5-6H 120-150 lb-ft (160-205 N•m)

4 Capscrew (Differential Case) M10 x 1.5-6G 48-64 lb-ft (64-87 N•m)

5 Capscrew (Spiral Gear) M10 x 1.0-6G 66-75 lb-ft (90-100 N•m)

6 Capscrew (Pinion Cage) M12 x 1.75-6G 67.0-91.0 lb-ft (91-120 N•m)

7 Capscrew (Lock Adjuster Ring) M6 6G 80.0-115.0 lb-in (9-13 N•m)

8 Capscrew (Adjusting Nut Lock) M8 x 1.25-6G 17-23 lb-ft (23-31 N•m)

9 Capscrew (Brake Housing) M8 x 1.25-6G 19-26 lb-ft (26-36 N•m)

10 Capscrew (Brake Cylinder Support) M8 x 1.25-6G 19-26 lb-ft (26-36 N•m)

11 Capscrew (Brake Cylinder) M10 x 1.5-6G 48-64 lb-ft (64-87 N•m)

12 Cover (Brake Cylinder) M80 x 1.5-6G 60-90 lb-ft (80-120 N•m)

13 Capscrew (Brake Cylinder Cover) M12 x 1.75-6G 22-30 lb-ft (30-41 N•m)

14 Capscrew (Brake Releaser) M12 x 1.75-6G 22-30 lb-ft (30-41 N•m)

15 Capscrew (Flange Adapter) .3750" x 16UNC2A 39.0-53.0 lb-ft (53-72 N•m)

16 Capscrew (Center Housing Cover) M8 x 1.25-6G 19-26 lb-ft (26-36 N•m)

17 Capscrew (Axle Shaft Flange) M20 x 1.5-6G 470-575 lb-ft (635-780 N•m)

18 Drain Plug 35.0 lb-ft (47 N•m)

19 Grease Fitting 10.0 lb-ft (14 N•m)

20 Vent Plug 15.0 lb-ft min. (20 N•m min.)

21 Level Plug 35.0 lb-ft min. (47 N•m min.)

22 Capscrew (Planetary Pinion Axle) M10 x 1.5-6G 17.0-23.0 lb-ft (23-31 N•m)
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REVISIONS
This page is provided so you may determine that this Manual is complete and current with respect to Gradall
Engineering Specifications.

Page Date Revision

N/A Jan/01 Updated original manual to include all C and D-Series Implement Functions.
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This Manual details Implement Circuit Performance Checks and Adjustments for all
Gradall C & D Series Material Handlers. Use the Manual in conjunction with the
appropriate Owner/Operator Manual and the appropriate Hydrostatic Drive
Performance Checks Manual. Make sure you read the entire Manual before testing,
adjusting, or troubleshooting on any Gradall Material Handler. Make sure you
understand and comply with all procedures as outlined in the Manual. Make sure you
understand and comply with all safety precautions noted in this Manual, the Owner/
Operator Manual and the Gradall Material Handler Safety Manual.

ORIENTATION

The directions �front�, �rear�, �left�, and �right� indicate the point of view of a person
sitting in the seat in the operator�s cab.

PREPARING THE MATERIAL HANDLER FOR SERVICE

1. Before performing any maintenance or service, position the material
handler in a safe, open, level area, well away from traffic lanes, buildings,
other equipment or personnel.

2. Set the park brake and shift the transmission to �Neutral�.
3. Lower the forks to the ground.
4. Place the controls in �Neutral�, idle the engine 3 minutes for gradual

cooling then shut the engine off.
5. Cycle the hydraulic controls, remove the ignition key and fasten a �Do Not

Operate� tag to the steering wheel.
6. Dismount from the material handler facing the machine using the proper

hand rails, grab irons and/or ladders provided. Always maintain 3-point
contact with the handler while dismounting or mounting.

7. If you must park on a slope or incline, position the material handler at right
angles to the slope and chock the wheels.

ADDITIONAL MAINTENANCE/SERVICE PRECAUTIONS

� If you are working with someone else, make sure they understand the
procedure. Make sure each of you knows what to expect and when to
expect it. Make sure each of you knows where the other is at all times.

� Make sure you wear all the protective clothing and personal safety gear
necessary to perform the service safely.

� Make sure there is adequate light and ventilation in the work area.
� Remove oil, grease, mud, snow, water or any other substance that might

cause slippery surfaces from all climbing, walking, and working areas.
� Clean around the area to be serviced to minimize any possibility of

contamination.
� Use only the correct tools to perform any check, service or repair.
� Make sure any lifting and supporting devices you use are stable and strong

enough to handle the weight of the material handler or component.
� Remove only the guards/covers on the area being serviced. Replace all

guards/covers immediately upon completion of the task.
� If the Material Handler has special optional equipment, make sure that the

appropriate maintenance and operational requirements are understood by
everyone who operates and services the machine.

NOTE!
Steps  4  and  5 clearly   relate
to maintenance and service
procedures performed with the
machine shut down. Although
ideal, this may not be possible.
Some procedures can only be
performed with the machine
running. Therefore, this list of
precautions headed
�Preparing the Material Handler
for Service� should be modified
according to the specific
circumstances of a particular
service/maintenance proce-
dure.

INTRODUCTION

Since you will occasionally have
to perform service/mainte-
nance procedures with the ma-
terial handler running, you must
take extra precautions to avoid
being injured, perhaps fatally.
At a minimum this means:

� Set the park brake.
� Chock the wheels
� Avoid all exposed moving

parts.
� Post a warning in the

operator�s cab that you
are working on the
machine.

� Work with an assistant.

��������
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HYDRAULIC SYSTEM PRECAUTIONS

Always relieve trapped pressure
before opening or disconnecting
any portion of a hydraulic circuit.
Oil at operating temperature can
cause serious burns. Oil released
under pressure can cause
serious injury or death.

NOTE!
You do not have to relieve
trapped pressure in order to
install the mini-check/hose/gauge
combination. Always make sure
the gauge and adapter are
securely tightened on the hose.
Also make sure the seating
surfaces and threads of the
mini-check and adapter are
clean and undamaged.

��������

� Make sure the hydraulic fluid level in the reservoir is maintained at the
proper level. If the fluid level drops unduly, the pumps will be starved and
will be destroyed almost immediately.

� Hydraulic fluid must be completely free of contamination at all times.
Contaminated hydraulic fluid can severely damage hydraulic components. It
may even destroy the entire hydraulic system. Contaminants include dust,
sand, water, and minute particles of packing or metal from worn/damaged
system components. CHECK THE HYDRAULIC FLUID INDICATOR DAILY, with
the fluid at the correct operating temperature. Replace filters as soon as the
Indicator warns you. Always clean the reservoir cap and the surrounding
area thoroughly before removing the cap. Any fluid you add to the system
must conform with the specification outlined in the �Recommended Lubricants
and Capacities� Chart posted on the machine and in the relevant Owner/
Operator Manual. Add only clean fluid using a clean funnel or hose.

� If you have a reason to suspect hydraulic fluid contamination, send a sample
for analysis IMMEDIATELY! If the system is contaminated, all related
components must be drained, flushed and cleaned before the system is
refilled.

� Watch for leaks or seepage of hydraulic fluid, especially between the reser-
voir and the pump. Any leakage point may draw air into the system and
trapped air can do just as much damage to a hydraulic system as sand!

� Use a piece of cardboard or paper to search for leaks. DO NOT use your bare
hands! When tightening hydraulic hoses, always use two wrenches: one to
tighten the hose, the other to hold the hose and prevent it from twisting. All
hydraulic hoses must lie and roll free of stress.

� If you have to open or disconnect a hydraulic circuit, be very careful!

REQUIRED TOOLS FOR TESTING/ADJUSTING

� Hydraulic Pressure Testing Gauge Kit (7,500 PSI/10,000 PSI Gauge and
1,000 PSI Gauge)

� SAE Combination Wrench Set (up to 1¼�)
� Metric Combination Wrench Set (up to 19 mm)
� SAE Allen Key Set
� Metric Allen Key Set
� Large Blue Plastic Caps (Gradall P/N 8093-4460)
� Small Blue Plastic Caps (Gradall P/N 8093-4459)



SAFETY
THE FOLLOWING SYMBOLS CALL YOUR ATTENTION TO IMPORTANT
SAFETY NOTICES:

This symbol indicates a hazard which could result in
death or serious injury if proper precautions are
not taken.

��������

This symbol indicates an extreme hazard which
will result in high probability of death or serious
injury if proper precautions are not taken.

�������

This symbol indicates a hazard which may result
in injury or damage to equipment or property if
proper precautions are not taken.

	�
�����

DANGER, WARNING, and CAUTION notes in this Manual will help you avoid
injury and damage to the equipment.

Any procedure not specifically recommended by Gradall must be thoroughly
evaluated from the standpoint of safety before it is placed in practice. If you
are not sure, contact your Authorized Gradall Distributor.

Do not modify this machine without written permission from Gradall.
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NOTE ON USING THE MANUAL
This Manual contains a series of tests designed to assess the performance of
various implement circuits on the Material Handler. In every instance, there
are certain basic precautions and steps you should take before conducting
the test. These precautions are outlined in the �Introduction� under the
heading, �Preparing the Material Handler for Service�. You must read,
understand and comply with these instructions in every instance before
attempting any check or adjustment on the machine. You must also
observe the general warnings listed under the heading, �Additional
Maintenance Service Precautions�.



� CHECK
1. The hydraulic oil level gauge is on the outside of the reservoir.
2. Proper level is to �Full� mark in the sight gauge.
3. Do not operate the machine if below �Add� line.
4. Check level with boom fully retracted and forks on the ground.

� ADJUST
1. Refer to the �Lubrication Chart� in the appropriate Owner/

Operator Manual for oil specifications.

NOTE!
The system contains
approximately 45 gallons of
hydraulic oil.

NOTE!
Oil should be changed every
1000 hours, unless you are
analyzing oil on a regular
basis.

HYDRAULIC OIL LEVEL SIGHT GAUGE

SAMPLE LUBRICATION CHART

1.0

HYDRAULIC OIL RESERVOIR



FORM NO. 29813 • IMPLEMENT CIRCUIT PERFORMANCE CHECKS (C & D Series Material Handlers)

HYDRAULIC FILTER CONDITION

NOTE!
If the hydraulic filters have
more than 1000 hours on them,
change them.

NOTE!
The long filter for suction
(Gradall P/N 9114-3144) also
fits in place of the short return
filter (Gradall P/N 9108-4021).

Only Gradall Hydraulic
Filters meet or exceed the
filtration requirements of
the Gradall Material
Handler Hydrostatic Drive
and Hydraulic Implement
Systems. If any other type
of filter is installed on the
machine, change it
immediately and sample
the oil. Have the sample
analyzed by a reputable
test lab.
Remember! Failure to
use Gradall Filters may
void warranty!

��������

2.0

FILTER RESTRICTION INDICATOR

� SET UP
1. With the park brake engaged and the transmission in �Neutral�,

start the material handler.
2. Warm the hydraulic oil to 100°F by stalling the �Crowd-In�

function at full engine speed.

� CHECK
1. After the hydraulic oil reaches operating temperature (minimum

100°F), check the condition of the hydraulic filter. You will need an
assistant.

2. While one of you sits in the cab running the engine at full throttle
(2500 RPM), the other one must check the Filter Restriction Indicator.
The indicator is located on the right side of the machine, on the
Filter Manifold.

3. Make sure the indicator does not show �Bypass� with the engine
running at full throttle.

� ADJUST
1. If the Indicator shows filter bypass, replace the suction and

return filters.



ENGINE SPEED

NOTE!
Please note the initial
adjustment on current
accelerator pedals.

3.0

� SET UP
1. With the park brake engaged and the transmission in �Neutral�,

start the material handler.
2. Raise the boom high enough to gain access to the engine

compartment.

� CHECK
1. Install an adequate tachometer and check the engine speed

(RPM).
2. At low idle, engine speed should be 800-900 RPM.
3. At full throttle, engine speed should be 2500 +150/-0 RPM.

� ADJUST
1. Adjust low idle engine speed using the screw on the injection

pump.
2. When testing engine speed, make sure the injection pump lever is

contacting the stop.
3. The full-throttle adjustment screw is pre-set at the factory to

prevent �Overspeed�. The screw is not adjustable in the field.

RAISE THE BOOM HIGH ENOUGH TO GAIN
ACCESS TO THE ENGINE COMPARTMENT

LOW IDLE ADJUSTMENT SCREW
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� SET UP
1. Install a 1,000 PSI pressure gauge, hose and adapter on the

charge pump test port.
2. Make sure the gauge can be observed in the operator�s cab.

� CHECK
1. With the park brake engaged and the transmission in �Neutral�,

start the engine and run at low idle (800-900 RPM). The gauge
should read no less than 320 PSI.

2. At full throttle (2500 +150/-0 RPM), the gauge should read a
maximum of 480 PSI and never less than 320 PSI.

� ADJUST
1. Before attempting any adjustment, you must switch the engine

off! Also, make sure the park brake is still engaged.

2. To adjust the charge pump relief valve, remove the cap and
loosen the locknut.

3. Turn the adjusting screw clockwise to increase charge pressure.
4. Turn the adjusting screw counter-clockwise to reduce charge

pressure.
5. Be sure to note the amount that the relief turns in either direction.
6. When finished, tighten the locknut and install a blue plastic cap.
7. To locate the loss of charge pressure, refer to the appropriate

Hydrostatic Drive Performance Checks Manual under the �Charge
Pressure� section.

NOTE!
For more details, see page 73
of the Material Handler
Hydraulic System Manual
(Form No. 29101).

4.0

CHARGE PRESSURE (Also used as Pilot Pressure on Joystick Machines)

D SERIES: CHARGE PUMP TEST PORT
(HOSE ATTACHED)

C SERIES: CHARGE PUMP TEST PORT

522, 524, 532C-6, 534C-6 and 534C-6T
CHARGE PUMP RELIEF VALVE

ALL OTHER MODELS
CHARGE PUMP RELIEF VALVE

NOTE!
The location of the charge
pump test port varies by
machine vintage.

NOTE!
The location of the charge
pump relief valve varies by
machine vintage.



STEERING CIRCUIT

Do not hold the steering fully
turned any longer than
necessary.

5.0

STEERING FLOW DIVIDER VALVE

� SET UP
1. Install a 10,000 PSI gauge, hose and adapter to the test port in

the outlet tube of the main implement pump. Make sure you can
see the gauge from the operator�s cab.

2. With the park brake engaged and the transmission in �Neutral�,
start the material handler. Retract all cylinders and bring the boom
level.

3. Make sure there is no one behind the machine and turn the
steering wheel fully in one direction until the steering bottoms.

� CHECK
1. With the engine running at low idle (800-900 RPM), observe the

pressure gauge while holding the steering fully turned.
2. The gauge should read 2500 ± 100 PSI for all Models except the

544C-10 and 544D-10 which should read 3000 ± 100PSI.

� ADJUST
1. If adjustment is necessary, turn the steering slightly in the

opposite direction, make sure the park brake is still engaged
and the transmission in �Neutral� and stop the engine.

2. Locate the steering flow divider valve.
3. Remove the hose and the straight adapter fitting from the

reservoir port of the valve to allow access to the relief valve
socket head adjusting screw.

4. Turn the screw clockwise to increase pressure; counter-clockwise
to reduce pressure.

5. Re-connect the hose and adapter fitting to the flow divider valve
and re-test.

522, 524, 532C-6, 534C-6 and 534C-6T
MAIN IMPLEMENT TEST PORT

ALL OTHER MODELS
MAIN IMPLEMENT TEST PORT

	�
�����

NOTE!
The location of the main
implement test port varies by
machine vintage.
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MAIN CONTROL VALVE PUMP RELIEF

6.0

� SET UP
1. Install a 10,000 PSI gauge, hose and adapter to the test port in

the outlet tube of the main implement pump. Make sure you can
see the gauge from the operator�s cab.

2. With the park brake engaged and the transmission in �Neutral�,
start the material handler. Move the Boom In/Out lever fully right
to extend the boom to the end of its stroke.

� CHECK
1. With the engine running at full throttle (2500 RPM), observe

the pressure gauge.
2. The gauge should read:

522, 524, 532C-6, 534C-6, 522D, 524D, 534D-6 ................. 3000 ± 100 PSI
534C-9, 534C-10, 534D-9, 534D-10 ................................. 3200 ± 100 PSI
544C-10, 544D-10....................................................... 3600 ± 100 PSI

� ADJUST
1. Before attempting any adjustment, you must switch the engine

off! Also, make sure the park brake is still engaged.
2. The main pump relief is located in the inlet side of the main

control valve, located under the operator�s seat.
3. If necessary, loosen the pump relief valve locknut.
4. Turn the adjusting screw clockwise to increase pressure; counter-

clockwise to reduce pressure.
5. Tighten the locknut and re-test for proper pressure.

522, 524, 532C-6, 534C-6 and 534C-6T
MAIN IMPLEMENT TEST PORT

ALL OTHER MODELS
MAIN IMPLEMENT TEST PORT

MAIN PUMP RELIEF VALVE

NOTE!
The location of the main
implement test port varies by
machine vintage.



TILT CIRCUIT RELIEF VALVES

7.0

� SET UP
1. Install a 10,000 PSI gauge, hose and adapter to the test port on

the outlet tube of the main implement pump. Make sure you can
see the gauge from the operator�s cab.

2. With the park brake engaged and the transmission in �Neutral�,
start the material handler.

� CHECK
1. With the engine running at low idle (800-900 RPM) and holding

the Attachment Tilt Lever fully forward, observe the gauge.
2. The gauge should read 2800 ± 100 PSI for all Models except the

544C-10 and 544D-10 which should read 3000 ± 100 PSI.
3. Raise the forks (or other attachment) until the cylinder bottoms.
4. Observe the gauge while holding the Attachment Tilt Lever fully

backward.
Again, the gauge should read 2800 ± 100 PSI for all Models except
the 544C-10 and 544D-10 which should read 3000 ± 100 PSI.

� ADJUST
1. Before attempting any adjustment, you must switch the engine

off! Also, make sure the park brake is still engaged.
2. If necessary, loosen the locknut and turn the adjusting screw

clockwise to increase pressure; counter-clockwise to reduce
pressure.

522, 524, 532C-6, 534C-6 and 534C-6T
MAIN IMPLEMENT TEST PORT

ALL OTHER MODELS
 MAIN IMPLEMENT TEST PORT

TILT CIRCUIT RELIEF VALVE

NOTE!
The location of the main
implement test port varies by
machine vintage.
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CROWD CIRCUIT EXTEND RELIEF VALVE

8.0

� SET UP
1. Install a 10,000 PSI gauge, hose and adapter to the test port

on the outlet tube of the main implement pump. Make sure you
can see the gauge from the operator�s cab.

2. With the park brake engaged and the transmission in �Neutral�,
start the material handler.

� CHECK
1. With the engine running at low idle (800-900 RPM), extend the

boom fully and hold over relief.
2. The gauge should read 2700 ± 100 PSI.

� ADJUST
1. Before attempting any adjustment, you must switch the engine

off! Also, make sure the park brake is still engaged.
2. If necessary, loosen the locknut and turn the adjusting screw

clockwise to increase pressure; counter-clockwise to reduce
pressure.

MAIN IMPLEMENT TEST PORT

CROWD CIRCUIT EXTEND RELIEF VALVE

NOTE!
The 534C-9, 534C-10, 534D-9
and 534D-10 are the only C or
D Series Material Handlers
with a Crowd Circuit Extend
Relief Valve.



9.0

AUXILIARY CIRCUIT RELIEF VALVES
� CHECK # 1

1. Inspect the quick-disconnect fittings at the boom head for signs
of leakage.

2. Replace any leaking fittings.

� CHECK # 2
1. Install a 10,000 PSI gauge, hose and adapter to the test port on

the outlet tube of the main implement pump. Make sure you can
see the gauge from the operator�s cab.

2. With the park brake engaged and the transmission in �Neutral�,
start the material handler.

3. With the engine running at low idle (800-900 RPM) and holding
the Auxiliary Control Lever fully forward to pressurize Work Port
A, observe the gauge. The gauge should read 2000 ± 100 PSI.

4. Release the lever.
5. Observe the gauge while holding the Auxiliary Control Lever

fully backward to pressurize Work Port B. The gauge should read
2000 ± 100 PSI.

6. Release the lever.

� ADJUST
1. Before attempting any adjustment, you must switch the engine

off! Also, make sure the park brake is still engaged.
2. If necessary, loosen the locknut on the given circuit�s relief valve.
3. Turn the adjusting screw clockwise to increase pressure;

counter-clockwise to reduce pressure.

522, 524, 532C-6, 534C-6 and 534C-6T
MAIN IMPLEMENT TEST PORT

ALL OTHER MODELS
MAIN IMPLEMENT TEST PORT

BOOM-HEAD QUICK-DISCONNECT
FITTINGS

AUXILIARY RELIEF

NOTE!
The location of the main
implement test port varies by
machine vintage.
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SERVICE BRAKE VALVE
� SET UP

1. Install a 10,000 PSI gauge, hose and adapter to the test port on
the service brake system. Make sure you can see the gauge
from the operator�s cab.

2. With the park brake engaged and the transmission in �Neutral�,
start the material handler.

� CHECK
1. With the engine running at low idle (800-900 RPM) and while

depressing the service brake pedal fully, observe the gauge.
2. The gauge should read:

522, 524, 532C-6, 534C-6, 522D, 524D, 534D-6 .................. 1250 ± 150 PSI
534C-9, 534C-10 ......................................................... 1400 ± 100 PSI
534D-9, 534D-10 ........................................................ 1650 ± 150 PSI
544C-10, 544D-10 ....................................................... 1675 ± 75 PSI

3. If the gauge does not read correctly, check the following
components:

522, 524, 532C-6, 534C-6, 544C-10 and all D-Series Material Handlers
1. Brake pedal is misadjusted or bent.
2. Brake Valve is not functioning correctly.
3. Brake Flow Divider Valve is not adjusted properly or is

malfunctioning.
4. Air is trapped in the hydraulic lines.
5. Leaking hydraulic fittings, tubes and hoses.
6. Leaking or bypassing Axle Pistons or Calipers.

534C-9 and 534C-10 Material Handlers
1. Brake pedal is misadjusted or bent.
2. Brake Valve is not functioning correctly.
3. Service Brake Relief Valve is malfunctioning.
4. Service Brake Pump is faulty.
5. Air is trapped in the hydraulic lines.
6. Leaking hydraulic fittings, tubes and hoses.
7. Leaking or bypassing Axle Pistons or Calipers.

� ADJUSTMENT OF THE BRAKE FLOW DIVIDER VALVE
1. The Relief Valve is located below the return line elbow. If

adjustment is required, the elbow must be removed to gain
access to the relief valve.

2. Loosen and remove the top hex-head nut to gain access to
the shims (available in .021� and .005� thickness - install
thinner shims against the spring).

3. If adjustment is required, stop the engine and remove the
elbow from the relief valve.

4. Open the valve between the hex-head nuts to gain access to
the shims.

5. Add or remove shims as required and assemble.

D-SERIES SERVICE BRAKE TEST PORT

BRAKE FLOW DIVIDER VALVE

NOTE!
The Service Brake Test Port
may be in one of three
different locations:

1. Under the cab by the
Brake Valve.

2. Along the left-hand frame
rail in the Battery
Compartment.

3. In the Battery
Compartment behind the
differential (see picture).

NOTE!
Only the 522, 524, 532C-6,
534C-6, 522D, 524D and
534D-6 Brake Flow Divider
Valves are adjustable. The
544C-10, 534D-9, 534D-10
and 544D-10 Brake Flow
Divider is not adjustable and
is mounted on the frame rail
along the left-hand side of the
engine. The 534C-9 and
 534C-10 do not have a Brake
Flow Divider Valve.

NOTE!
Make sure you install the
elbow before testing.

10.0



APPENDIX A:  CYCLE TIMES FOR FUNCTIONS

1. Position the handler safely, in a level, open area, well away from traffic lanes, buildings, other
equipment or personnel.

2. Position the handler so that all cylinders may bottom out in both directions.
3. Run the engine at full throttle (2500 RPM) during testing.

C-Series Cycle Times

D-Series Cycle Times

NOTE!
Use these charts to help determine the condition of the Main Implement Pump.

FUNCTION
522 & 524 532C-6 & 534C-6 534C-9 & 53

Boom Up (fully retracted) 10.00 14.00 12.00
Boom Down (fully retracted) 7.00 10.25 10.00
Boom Extend (level) 7.00 10.75 12.50
Boom Retract (level) 10.00 14.00 13.50
Attachment Tilt Up 3.00 3.25 3.00
Attachment Tilt Down 3.50 3.75 3.50

TIME (seconds)

FUNCTION
522D & 524D 534D-6 534D9-42 534D-9 & 534D-10 534D

Boom Up (fully retracted) 10.00 14.00 14.00 12.00
Boom Down (fully retracted) 7.00 10.25 11.50 10.00
Boom Extend (level) 7.00 10.75 13.50 12.50
Boom Retract (level) 10.00 14.00 15.00 13.50
Attachment Tilt Up 3.00 3.25 3.25 3.00
Attachment Tilt Down 3.50 3.75 3.75 3.50

TIME (seconds)





  Additional copies of
     this Manual are
     available from
      Gradall Product
      Support. Call
       330-684-2604,
       Ext. 4146. Ask for
        the complete list of
         available Technical
         Manuals for
         Gradall Material
          Handlers.

406 Mill Ave. SW, New Philadelphia, Ohio  USA  44663
Phone (330) 339-2211 Fax (330) 339-8468

http://www.gradall.com

The information contained in this
Manual is protected by copyright.
Unauthorized reproduction of this

Manual, in whole or in part, in
any form whatsoever, is strictly
prohibited. Specifications are
correct at time of publication.
However, Gradall reserves the
right to make any necessary
changes without prior notice.

Gradall® is a registered trademark
for Hydraulic Excavators, Material
Handlers, Industrial Maintenance
Machines, Attachments and other
Components manufactured and
marketed by The Gradall Company.
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Problem

1. Slow steering, hard steering, or
loss of power assist.

2. Wander-Vehicle will not stay
in a straight line.

3. Drift-Vehicle veers slowly in
one direction.

4. Slip-A slow movement of
steering wheel fails to cause any
movement of steered wheels.

5. Temporary hard steering or
hang-up.

6. Erratic steering.

7. “Spongy” or soft steering.

8. Free Wheeling-Steering wheel
turns freely with no feeling of
of pressure and no action on
steered wheels.

Steering Control Units, Char-Lynn

Most steering problems can be corrected if the problem is properly defined. The entire steering system should
be evaluated before removing any components. The steering control unit is generally not the cause of most
steering problems. The following is a list of steering problems along with possible causes and suggested
corrections.

Possible Cause

Worn or malfunctioning pump.
Stuck flow divider piston.
Malfunctioning relief valve
allowing the system pressure
to be less than specified.
Overloaded steer axle.

Air in the system due to low lev-
el of oil, cavitating pump, leaky
fitting, pinched hose, etc.
Worn mechanical linkage.
Bending of linkage or cylinder
rod.
Loose cylinder piston.
Severe wear in steering control
unit.

Worn or damaged steering linkage.

Leakage of cylinder piston seals.
Worn steering control unit meter.

Thermal Shock*

Air in system due to low level
of oil, cavitating pump, leaky
fitting, pinched hose, etc.
Loose cylinder piston.
*Thermal shock damage.
Sticking flow control spool.

Air in hydraulic system. Most
likely air trapped in cylinders or
lines.

Low fluid level
Steering column upper shaft is
loose or damaged.
Lower splines of column may be
disengaged or broken.

Correction

Replace pump.
Replace flow divider.
Adjust or replace relief valve.

Reduce load,

Correct

Repair or replace.
Repair or replace.

Repair or replace.
Replace the steering control unit.

Replace linkage and align front
end.

Replace seals.
Replace steering control unit.

Check unit for proper operation
and cause of thermal shock.

Correct condition and add fluid.

Replace cylinder.
Replace steering control unit.
Replace flow control valve.

Bleed air out of system. Placing
ports on top of the cylinder will
help prevent air trapping.
Add fluid and check for leaks.

Tighten steering wheel nut.

Repair or replace column.

continued . . .
Form No. 28902*Thermal shock definition bottom of back page.



Problem

9. Free Wheeling-Steering wheel
turns with slight resistance but re-
sults in little or no steered wheel
action.

10. Excessive free play at steering
wheel.

11. Excessive free play at steered
wheels.

12. Binding or poor centering of
steering wheel.

13. Steering unit locks up.

14. Steering wheel oscillates or
turns by itself.

15. Steered wheels turn in wrong
direction when operator activates
steering wheel

16.Steering wheel kicks at start
of steering.

Possible Cause

Steering control unit meter has a
lack of oil. This can happen on problem.
start-up, after repair, or long per-
iods of non use.
No flow to steering unit can be
caused by:
1. Low fluid level.
2. Ruptured hose.
3. Internal steering control unit
damage due to thermal shock*.

Piston seal blown out.

Loose steering wheel nut. Steering
column shaft worn or damaged.
There should be very little free play
in the unit itself.

Broken or worn linkage between
cylinder and steered wheels.

Leaky cylinder seals.
Binding or misalignment in steer-
ing column or splined input con-
nection.
High back pressure in tank line can
cause slow return to center. Should
not exceed 300 psi.

Large particles can cause binding
between the spool and sleeve (in
Orbitrol).

Large particles in meter section.
Severe wear and/or broken pin.
*Thermal shock.

Parts assembled wrong. Steering
unit improperly timed.
Lines connected to wrong ports.

Lines connected to wrong cylin-
der ports.

Sticking check valve on steering
control unit.

Correction

Usually starting engine will cure
problem.

Add fluid and check for leaks.
Replace hose.
Replace the unit.

Determine cause. Correct and re-
place seal.

Repair or replace steering wheel con-
nection or column.

Check for loose fitting bearings and
anchor points in steering linkage be-
tween cylinder and steered wheels.
Replace cylinder seals.
Align column pilot and spline to
steering control unit.

Check for restriction.

Clean the unit and filter the oil. If
another component has failed gen-
erating contaminents, flush the sys-
tem while bypassing the steering
control unit.

Clean the unit.
Replace the unit.
Replace the unit.

Correct timing.

Reconnect lines correctly.

Reconnect lines correctly.

Clean or replace check valve.

*Thermal shock-A condition caused when the hydraulic system is operated for some time without turning
the steering wheel so that fluid in the reservoir and system is hot and the steering control unit is relatively
cool (more than 50°F temperature differential). When the steering wheel is turned quickly the result is temp
orary seizure and possible damage to internal parts of the steering control unit. The temperary seizure may
be followed by total free wheeling.
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Proper air cleaner servicing results in maximum
engine protection against the ravages of dust.
Proper servicing can also save time and money
by maximizing filter life and dust cleaning
efficiency.

Two of the most common problems:

A) Over Servicing. New filter elements increase
in dust cleaning efficiency as dust builds up on the

Measure
Restriction
Measure the restriction
of the air cleaner with a
Donaldson restriction
indicator, such as The
Informer, a service
gauge, or water mano-
meter at the restriction
tap provided in the air
cleaner, the transfer
pipe, or the blower intake.

One of two conditions will exist
(1) If the reading indicates the maximum
restriction (per engine manufacturer’s
recommendations), change out the filter.
(2) If the reading shows below the maximum, the
filter still has life left and should not be touched.

Empty the Dust Cup
Dust should not be allowed to build up closer than
one inch from the baffle. On models equipped
with a Donaldson Vacuator valve, dust cup
service is cut to a minimum; all that is necessary
is a quick check to see that the Vacuator valve
is not inverted, damaged, or plugged.

Cyclopac  Service Procedures®

media. Don’t be fooled by filter appearance....
the filter should look dirty. By using proper filter
measurement tools you will use the full life of the
filter at maximum efficiency.
B) Improper Servicing. Your engine is vulnerable
to abrasive dust contaminants during servicing.
The most common cause of engine damage is
careless servicing procedures. By following the
steps shown, you can avoid unnecessary risk to
the engine.

Filter Servicing
When restriction indicates that filter servicing is
required, loosen the wingnut and remove the
primary filter. Before installing new filter, inspect
the filter and gasket for shipping or storage
damage. (See service
tips on reverse side of
this document.) Carefully
install new element and
wingnut.

Always use authentic
replacement Donaldson
filters, which have been
engineered to fit the air
cleaner and engine intake
system exactly.

Cover the Inlet
Don’t leave the air inlet
exposed! If the new filter won’t be installed
immediately, cover the opening to prevent stray
contaminant from entering the induction system.

Safety Element Service
For Maximum engine
protection and air
cleaner service life,
replace the safety
filter every third
primary filter change
or cleaning, or as
indicated by the
Donaldson Safety
Signal service
indicator. Note that
the safety element is not intended to be cleaned.

Reinstall the Dust Cup
Be sure the dust cup is sealed 360° around the air
cleaner body. Reset the restriction indicator to
green.

Check Connections
Ensure that all connections between the air
cleaner and the engine are tight and leak-free.

®



(1) Remove the old element
gently to prevent knocking
dust off of it.

2) Always clean
the inside of the
housing carefully

3) Always clean the gasket
sealing surfaces of the
housing

4) Check for uneven dirt
patterns in your old filter
that indicate gasket leakage

5) Press your fresh gasket
to see that it springs back

6) Make sure the gasket seats
evenly

7) Ensure an
airtight fit on all
connections
and ducts

T

Air Filter Service Tips
7 Important Steps to Follow The Important “Don’t”

Don’t remove filter for inspection.

Never rap a filter to
clean it. Rapping only
damages the filter.

Never judge the
filter’s life by looking at it.
Measure how restricted its
airflow is.

Never leave an
air cleaner open

longer than necessary.

Don’t ignore a worn or
damaged gasket in the
housing....replace it!

Don’t use a damaged or
bunched filter.

Never use a
warped cover
on a housing.

Never substitute an
incorrect filter model
number.

Donaldson
I
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