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Figure 4-28.  Locations for JLG Threadlocker Application - Sheet 2 of 5

* JLG Threadlocker PN 0100011
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MAE38470

Figure 4-29.  Locations for JLG Threadlocker Application - Sheet 3 of 5

* JLG Threadlocker PN 0100011
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*

*

*

MAE38480

Figure 4-30.  Locations for JLG Threadlocker Application - Sheet 4 of 5

* JLG Threadlocker PN 0100019
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MAE38490

Figure 4-31.  Locations for JLG Threadlocker Application - Sheet 5 of 5

* JLG Threadlocker PN 0100019
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MAE37840F
0273360-F

A

C

A

B

C

D

E

F

G

H

I

J

K

M

L

4.0 ± 1.0 in (100 ± 25 mm)
6.0 ± 0.5 in (152 ± 12 mm)

5.0 ± 1.0 in (127 ± 25 mm)

4.0 ± 0.5 in (100 ± 12 mm)

Figure 4-32.  Tower Boom Powertrack Installation - Sheet 1 of 3

Table 4-1. Hose/Cable Pull Chart

Letter Description
Dim. X

In. Cm.

A Platform Supply Hose 60 152

B Platform Return Hose 7 18

C Main Tele Extend Hose 7 18

D Main Tele Retract Hose 7 18

E Main Lift Extend Hose 60 152

F Main Lift Retract Hose 60 152

G Main Lift Pilot Hose 60 152

H Tower Boom Control Cable 8 20

I Tower Boom Sensor Harness 8 20

J AC Cable 62 157

K Weld Lead 62 157

L 7500W Generator (Optional) 62 157

M Air Line (Optional) 62 157

NOTE: All X Dimensions are ± 1 in. (2.5 cm)

DIA "X"

SEE DETAIL A

SEE DETAIL B

DETAIL A

DETAIL B

MAINTAIN HOSE/CABLE LOOP
AT THIS DIMENSION

MAINTAIN HOSE/CABLE LOOP
AT THIS DIMENSION
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MAE37850F
0273360-F

Figure 4-33.  Tower Boom Powertrack Installation - Sheet 2 of 3

USING CINCH STRAPS, MAKE
THREE SEPERATE BUNDLES AS FOLLOWS:

1. MAIN TELESCOPE EXTEND, RETRACT & PLATFORM RETURN
HOSES.

2. PLATFORM SUPPLY & (3) MAIN LIFT CYLINDER HOSES.
3. ALL OTHER CABLES & AIRLINE THAT ARE ROUTED THROUGH

MAIN BOOM BAR CLAMP.
STRAPS ARE TO BE LOCATED AT 6.0 ± 1.0 in (152 ± 25 mm) AND
16.0 ± 1.0 in (406 ± 25 mm) FROM TOWER FLY BOOM HOSE LOOP

ROUTE HOSE/CABLE BUNDLE THROUGH HOSE
LOOP ON TOWER FLY BOOM AS SHOWN

PLATFORM
CONTROL
CABLE

BOOM
SENSOR
CABLE

MAIN TELE CYL

MAIN TELE CYL
DETAIL E

MAIN LIFT CYL

PLATFORM
RETURN

MAIN LIFT CYL

PLATFORM
SUPPLY

AIRLINE

MAIN LIFT CYL

GENERATOR CABLE
OR WELD LEAD

PLATFORM RETURN

MAIN TELESCOPE CYL

MAIN LIFT CYL

PLATFORM SUPPLY

MAIN TELE CYL
MAIN LIFT CYL

MAIN LIFT CYL

AIRLINE

GENERATOR CABLE
OR WELD LEAD

ELECTRICAL CABLES

DETAIL C

ROUTE HOSES THROUGH POWER TRACK
SEPERATOR BARS AS SHOWN BELOW

ROUTE HOSES THROUGH PUSHTUBE
TUBES AS SHOWN ABOVE

DETAIL C

DETAIL E

ADJUST PUSHTUBE POSITION SO THAT THERE IS
0.25 ± 0.12 (6 ± 3 mm) CLEARANCE BETWEEN
PUSHTUBE AND POWERTRACK ROLLER AT THIS
LOCATION
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MAE37860F
0273360-F

Figure 4-34.  Tower Boom Powertrack Installation - Sheet 3 of 3

SEE DETAIL D

ROUTE HOSES THROUGH CARRIER
TUBES AS SHOWN ABOVE

PLATFORM SUPPLY

AIRLINE

GENERATOR CABLE
OR WELD LEAD

ELECTRICAL CABLES

MAIN LIFT CYL

DETAIL D

CABLE

MAIN TELE CYL

MAIN LIFT CYL

PLATFORM RETURN

MAIN TELE CYL

MAIN LIFT CYL
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1. Tower Lift Cylinder Angle Sensor (1)
2. Load Pin(1)
3. Tower Angle Sensors (2)
4. Tower Length Sensors (2)
5. Tower Transport Length Switch (1)
6. Main Boom Angle Sensor (2)

7. Main Boom Transport Length Switch (2)
8. Dual Capacity Length Switch (2)
9. Main Boom Transport Angle Switch (1)
10.  Jib Stow Switch (1)
11.  Dual Capacity Jib Position Switch (1)

Figure 4-35.  Boom Sensor Locations Overall View - Sheet 1 of 2
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Figure 4-36.  Boom Sensor Locations Overall View - Sheet 2 of 2

SEE DUAL CAPACITY LENGTH SWITCH &
MAIN BOOM TRANSPORT LENGTH SWITCH DETAILS
Figure 4-38.

SEE LEVEL SENSOR &
JIB SWITCH DETAILS
Figure 4-40.

SEE TOWER BOOM LENGTH SENSOR &
TOWER BOOM ANGLE SENSOR DETAILS
Figure 4-41.

SEE TOWER LIFT CYLINDER
ANGLE SENSOR DETAIL
Figure 4-37.

SEE TOWER BOOM TRANSPORT
LENGTH SWITCH DETAIL
Figure 4-38.

SEE ROTARY ANGLE SENSOR DETAILS
& ANGLE SWITCH DETAIL
Figure 4-43.

IMPORTANT: THE CONTROL SYSTEM MUST BE RECALIBRATED AT THE CON-
CLUSION OF ASSEMBLY OR REPLACEMENT OF ANY SENSOR.

0273121-P
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Figure 4-37.  Boom Sensor Locations - Tower Lift Cylinder Angle Sensor

TOWER LIFT CYLINDER
ANGLE SENSOR DETAIL

SENSOR COVER REMOVED
FOR CLARITY

SECTION A-A

SEE TOWER LIFT CYLINDER
ANGLE SENSOR DETAIL

1. Sensor Cover
2. Washer
3. Ring
4. Bolt
5. Sensor Arm
6. Sensor Switch
7. Lift Cylinder

0273121-P
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Figure 4-38.  Boom Sensor Locations - Dual Capacity, Length, & Main Boom Transport

DUAL CAPACITY
LENGTH SWITCH DETAIL

MAIN BOOM TRANSPORT
LENGTH SWITCH DETAIL

ENSURE THAT MAIN BOOM TRANSPORT
LENGTH SWITCH LEVERS AND HEADS

ARE ORIENTED AS SHOWN

ENSURE THAT DUAL CAPACITY
LENGTH SWITCH LEVERS AND HEADS

ARE ORIENTED AS SHOWN 2X 90°

2X 90°

TO AVOID DAMAGE: SWITCH LEVER TRAVEL LIMIT MUST BE 
EQUAL IN BOTH DIRECTIONS. ORIENT SWITCH LEVER AT 
SPLINE INDEX LOCATION CLOSEST TO 90°

TO AVOID DAMAGE: SWITCH LEVER TRAVEL LIMIT MUST BE 
EQUAL IN BOTH DIRECTIONS. ORIENT SWITCH LEVER AT 
SPLINE INDEX LOCATION CLOSEST TO 90°

ROUTE SWITCH HARNESS AROUND COVER MOUNT 
AS SHOWN

0273121-P
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Figure 4-39.  Boom Sensor Locations - Tower Boom Transport Length

TOWER BOOM TRANSPORT
LENGTH SWITCH DETAIL

90°

LEVER FULLY
EXTENDED

TO AVOID DAMAGE: SWITCH LEVER TRAVEL LIMIT MUST BE 
EQUAL IN BOTH DIRECTIONS. ORIENT SWITCH LEVER AT 
SPLINE INDEX LOCATION CLOSEST TO 90°

0273121-P
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Figure 4-40.  Boom Sensor Locations - Level & Jib Position Switches

POSITION THE JIB SWITCH MOUNT TO ACHIEVE
0.000" - 0.030" (0.00mm - 0.79mm)

CLEARANCE BETWEEN SWITCH ROLLERS
AND ROTATOR CAM

JIB CENTER SWITCH TO ACTIVATE
WHEN JIB IS ROTATED 10° ± 1° BOTH

DIRECTIONS FROM CENTER

JIB STOW SWITCH TO ACTIVATE WHEN JIB ROTATES 70° 
TOWARDS RIGHT SIDE OF MACHINE FROM CENTER

TYPICAL ON LEFT & RIGHT
SIDE OF BOOM

JIB SWITCH DETAIL

LEVEL SENSOR DETAIL
SENSOR COVER

PUSH NUT DETAILPUSH NUT

SENSOR 
MOUNT

MOUNTING
BOLT

SEE PUSH NUT DETAIL

0273121-P
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Figure 4-41.  Boom Sensor Locations - Upper Length, Lower Length, & Tower Boom Angle - Sheet 1 of 2

SEE LOWER SENSOR DETAIL

TOWER BOOM ANGLE
SENSOR DETAIL

TOWER BOOM LENGTH
SENSOR DETAIL

ATTACH LATCH HOOK TO RING
ON FLY BOOM AS SHOWN

TYPICAL ON UPPER & LOWER SENSORS

SEE UPPER SENSOR DETAIL

UPPER SENSOR DETAIL

LOWER SENSOR DETAIL

NOTE: LENGTH SENSOR COVER NOT SHOWN FOR 
CLARITY

0273121-P
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Figure 4-42.  Boom Sensor Locations - Upper Length, Lower Length, & Tower Boom Angle - Sheet 2 of 2

HOSE LOOP

NOTE: ROUTE 3/4" TELE CYL EXTEND HOSE
THROUGH HOSE LOOP

ROUTE ALL SENSOR HARNESSES WITH
3/4" TELE CYL EXTEND HOSE BUT DO NOT
ROUTE THE SENSOR HARNESSES
THROUGH THE HOSE LOOP

ROUTE REMAINING TELE CYL HOSES WITH
3/4" TELE CYL EXTEND HOSE, BUT DO
NOT ROUTE THE REMAING HOSES
THROUGH THE HOSE LOOP.

USE TIE STRAPS TO FASTEN HARNESSES TO
TELE CYL HOSES AT LOCATIONS SHOWN

ATTACH SENSOR HARNESS
TERMINAL HERE

TYPICAL ON LEFT & RIGHT
SIDES OF BOOM

MAINTAIN 58" (147 cm) OF HARNESS
LENGTH FROM TURNTABLE HOSE LOOP
TO ALLOW FOR BOOM MOVEMENT

TYPICAL ON LEFT & RIGHT
SIDES OF BOOM

TURNTABLE HOSE LOOP

(ALL STRAP LOCATION
MEASUREMENTS ARE
TAKEN FROM THIS LOOP)

22" (56 cm)
STRAP LOCATION

27" (69 cm)
STRAP LOCATION

32" (81 cm)
STRAP LOCATION

36" (91 cm)
STRAP LOCATION
NOTE: DO NOT STRAP LEFT & RIGHT
TOWER BOOM ANGLE SENSOR HARNESSES
IN THIS TIE STRAP

0273121-P
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Figure 4-43.  Boom Sensor Locations - Rotary Angle & Proximity Sensor - Sheet 1 of 2

LEVER IN-LINE
WITH SWITCH BODY

REPOSITION SWITCH HEAD AND
LEVER AS SHOWN ON LIMIT SWITCH

ALIGN TIMING MARKS ON SHAFT WITH LABELED
LETTERS (L or R)

EACH SENSOR MUST CORRESPOND WITH
SIDE OF BOOM ON WHICH IT IS MOUNTED

ROTARY SENSOR DETAIL
TYPICAL

LEFT & RIGHT SIDES OF BOOM
(LEFT SIDE OF BOOM SHOWN)

TYPICAL
LEFT & RIGHT SIDES OF BOOM

SEE ROTARY SENSOR DETAIL
0273121-P
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INITIAL ADJUSTMENT: USE TRUNNION KEEPER SHIMS TO ADJUST SEN-
SOR MOUNT BAR TO BE FLUSH

±0.060 (1.52mm) WITH MAIN BOOM
PIVOT PIN AS SHOWN BELOW

SLIDE COUPLING ONTO SWITCH
UNTIL IT BOTTOMS OUT
TORQUE CLAMP SCREW

TO 8 in.lbs. (0.9 Nm)

SECTION B-B
FROM Figure 4-36.

SLIDE COUPLING ONTO COUPLING
MOUNT UNTIL IT BOTTOMS OUT

TORQUE CLAMP SCREW
TO 8 in.lbs. (0.9 Nm)

ADJUST PROXIMITY SENSOR TO BE FLUSH ±0.015 (0.396 mm) 
WITH BOTTOM OF COUNTERBORE IN SENSOR MOUNT

Figure 4-44.  Boom Sensor Locations - Rotary Angle & Proximity Sensor - Sheet 2 of 2

SEE DETAIL C

 PROXIMITY SENSOR

 PROXIMITY SENSOR MOUNT

ADJUST SENSOR MOUNT TO HAVE 0.138 ± 0.030 (3.5 ± 0.76 mm) 
CLEARANCE TO PIVOT DOUBLER WHEN BOOMS ARE IN STOWED POSITION

 PROXIMITY SENSOR

 PROXIMITY SENSOR MOUNT

0.138 (3.5mm)

MAIN BASE BOOM 
PIVOT DOUBLER

DETAIL C

MEASUREMENT SURFACE

NOTE: BOOM OPERATION CAN CAUSE BOOM TO MOVE SIDE-TO-SIDE ON 
ITS PIVOT PIN. PROPER ADJUSTMENT OF MOUNTING BLOCK CAN BE VAR-
IED FROM THE FLUSH CONDITION IF THE MEASUREMENT SURFACE ON 
ONE SIDE OF THE BOOM IS UNDER HEIGHT BY AN EQUAL VALUE AS TEH 
OPPOSITE SIDE IS OVER HEIGHT.

0273121-P
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4.21 MAIN BOOM TRANSPORT ANGLE SWITCH
See Figure 4-38., Boom Sensor Locations - Dual Capacity, Length,
& Main Boom Transport and Figure 4-45., Main Boom Transport
Angle Switch Wiring

The Main Boom Transport Angle Switch is located on the left
side of the tower fly boom underneath the cover. This switch is
used as a backup for the rotary angle sensors and trips (acti-
vates) when the main boom is approximately 15° above the
tower boom. It is used to find the transport position in the
event of a rotary angle sensor failure and also used during
Electrical Retrieval (see Section 4.9, Electrical Retrieval System)
to assist in determining the angle of the main boom when a
fault is detected to any sensor in the Envelope Control System
(see Section 4.6, Envelope Control System).

While conducting boom sensor calibration (see Section 6.15,
Boom Sensor Calibration), “position 2” states to lift up the
main boom to stop. The control system will stop the main
boom lift up function at the main boom angle limit switch trip
point (approx 15°).

Analyzer Readings
The analyzer reading for these switches can be found in the
Diagnostics menu under Transport Data.

In the Transport position, the screen should read:

and 

In the OUT of transport position, the screen should read
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and

Possible Faults
1. Stuck Switch

• 8/4 Fault Code

• MAIN BOOM TRN AGL SW/SENSOR DISAGREEMENT
Analyzer message.

2. Wire Broken/Disconnected

• 8/4 Code Fault Code

• MAIN BOOM TRN AGL SW FAILED Analyzer message

4.22 TOWER TRANSPORT LENGTH SWITCH
See Figure 4-38., Boom Sensor Locations - Dual Capacity, Length,
& Main Boom Transport and Figure 4-46., Tower Transport Length
Switch Wiring

The Tower Transport Length Switch is located on the left side
of the tower base boom underneath the cover. This switch is
used as a backup for the tower boom string pot length sensors
and trips (activates) when the tower boom is extended
approximately 7” (18 cm). It is used to find the transport posi-
tion in the event of a tower length sensor failure and during
Electrical Retrieval (see Section 4.9, Electrical Retrieval System)
to assist in determining the length of the tower boom when a
fault is detected to any sensor in the Envelope Control System
(see Section 4.6, Envelope Control System).

Analyzer Readings
The analyzer reading for these switches can be found in the
Diagnostics menu under Transport Data.

In the Transport position, the screen should read:

Go t
o D

isc
ou

nt-
Eq

uip
men

t.c
om

 to
 or

de
r y

ou
r p

art
s



SECTION 4 - BOOM & PLATFORM

4-62 3121171

and 

and 

In the OUT of Transport position, the screen should read:

and 
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Possible Faults
1. Stuck Switch

• 8/4 Fault Code

• TWR LEN SW/SENSOR DISAGREEMENT Analyzer
message.

2. Wire Broken/Disconnected

• 8/4 Code Fault Code

• TWR LEN SW DISAGREEMENT Analyzer message

4.23 MAIN BOOM TRANSPORT LENGTH SWITCHES
See Figure 4-38., Boom Sensor Locations - Dual Capacity, Length,
& Main Boom Transport and Figure 4-47., Main Boom Transport
Length Switch Wiring

The Transport Length Switches are located on the right side of
the Main Base boom underneath the cover. These switches run
on cams mounted to the upper fly boom to determine if the
main boom is telescoped within or beyond the transport posi-
tion. They also work with the Dual Capacity Switches to deter-
mine the length of the main boom to restrict the main boom
length between the main boom angles of +55° and -45° for the
1000 lb (450 kg) envelope. 

Analyzer Readings
The analyzer reading for these switches can be found in the
Diagnostics menu under Transport Data.

In Transport - Switch #1 off cam:

In Transport - Switch #2 on cam:

Out of Transport - Switch #1 on cam:

Go t
o Disc

ou
nt-

Eq
uip

men
t.c

om
 to

ord
er 

yo
ur 

pa
rts



SECTION 4 - BOOM & PLATFORM

4-64 3121171

Out of Transport - Switch #2 off cam:

Possible Faults
1. Stuck Switch

• 8/4 Fault Code

• TRANS SW SW DISAGREEMENT* Analyzer message
*This fault will not show up until telescope is activated.

2. Wire Broken/Disconnected

• 8/4 Code Fault Code

• TRANS SW SW DISAGREEMENT Analyzer message

4.24 DUAL CAPACITY SWITCHES
See Figure 4-38., Boom Sensor Locations - Dual Capacity, Length,
& Main Boom Transport and Figure 4-48., Dual Capacity Switch
Wiring

The Dual Capacity Switches are located on the left side of the
Main Base boom underneath the cover. The Dual Capacity
Switches along with the Main Boom Transport Length
Switches run on a series of cams mounted on the fly boom to
determine the length of the main boom. These switches
restricts the main boom length between the main boom
angles of +55° and -45° for the 1000 lb (450 kg) envelope.

Analyzer Readings
The analyzer reading for these switches can be found in the
Diagnostics menu under Transport Data.

Switch #1 off cam:
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Switch #2 on cam:

Switch #1 on cam:

Switch #2 off cam:

Possible Faults
1. Stuck Switch

• 8/4 Fault Code

• CAP LEN SW DISAGREEMENT* Analyzer message
*This fault will not show up until telescope is activated.

2. Wire Broken/Disconnected

• 8/4 Code Fault Code

• CAP LEN SW DISAGREEMENT Analyzer message
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Figure 4-45.  Main Boom Transport Angle Switch Wiring

IN TRANSPORT:
 12 volts on red (2-70-6)

12 volts on white (49-122)
 9 volts on black (49-123)

OUT OF TRANSPORT:
12 volts on red (2-70-6)

 9 volts on white (49-122)
 12 volts on black (49-123)

Figure 4-46.  Tower Transport Length Switch Wiring

IN TRANSPORT:
 9 volts on red

12 volts on white
 12 volts on black

OUT OF TRANSPORT:
12 volts on red

 12 volts on white
 9 volts on black
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Figure 4-47.  Main Boom Transport Length Switch Wiring

#1 MAIN BOOM TRANSPORT LIMIT SWITCH, MOUNTED ON THE RIGHT
SIDE OF THE MAIN BOOM (TOP SWITCH). THIS SWITCH IS IN THE N.C.
POSITION WHEN THE MAIN BOOM IS FULLY RETRACTED.

IN TRANSPORT:
When Switch #1 (top switch) is off cam:

12 volts on white
12 volts on black

When Switch #2 (bottom switch) is on cam:
9 volts on white
12 volts on black

OUT OF TRANSPORT:
When Switch #1 (top switch) is on cam:

12 volts on white
9 volts on black

When Switch #2 (bottom switch) is off cam:
12 volts on white
12 volts on black

#2 MAIN BOOM TRANSPORT LIMIT SWITCH, MOUNTED ON THE RIGHT
SIDE OF MAIN BOOM (BOTTOM SWITCH). THIS SWITCH IS OPEN
WHEN THE MAIN BOOM IS FULLY RETRACTED.

Figure 4-48.  Dual Capacity Switch Wiring

#1 DUAL CAPACITY LIMIT SWITCH, MOUNTED ON LEFT SIDE OF
BOOM (TOP SWITCH). THIS SWITCH IS IN THE N.C. POSITION
WHEN THE MAIN BOOM IS FULLY RETRACTED.

When Switch #1 (top switch) is off cam:
12 volts on white
12 volts on black

When Switch #2 (bottom switch) is on cam:
9 volts on white
12 volts on black

When Switch #1 (top switch) is on cam:
12 volts on white
9 volts on black

When Switch #2 (bottom switch) is off cam:
12 volts on white
12 volts on black

#2 DUAL CAPACITY LIMIT SWITCH, MOUNTED ON LEFT SIDE OF
BOOM (BOTTOM SWITCH). THIS SWITCH IS OPEN
WHEN THE MAIN BOOM IS FULLY RETRACTED.
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4.25 TOWER TELESCOPE CYLINDER

Removal 
1. Place the machine on a firm, level surface with the axles

fully extended or the turntable centered between the
rear wheels.

2. Select lift up and raise the tower boom until it is in a hor-
izontal position. 

NOTE: The main boom must be elevated approximately 12 inches
(30 cm) above the boom rest but no more than 15° above
the tower to prevent damage to the machine. Refer to Fig-
ure 4-49., Tower Telescope Only Restrictions.

3. Support the main boom and tower boom in position
using boom props or an adequate lifting device.

4. Chain the tower mid section to the tower base section
to ensure that only the tower fly section will extend.

5. Position the Platform/Ground select switch to the
Ground position.

Figure 4-49.  Tower Telescope Only Restrictions
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6. Plug the analyzer into the connector inside the Ground
control box.

7. Pull out the Emergency Stop switch and start the
engine.

8. The analyzer screen should read: 

9. Use the arrow button to reach ACCESS LEVEL 2. Press the
ENTER key.

10. Enter the Access Code, 33271 to get into Access Level 1
mode.

NOTE: The service mode will only be displayed on the analyzer
when in access level 1 in the ground mode and be hidden
while in access level 2.

THE SERVICE MODE MENU WILL BE SELECTABLE AT THE TOP LEVEL OF THE
ANALYZER MENU STRUCTURE. “SERVICE MODE” WILL BE DISPLAYED ON THE
TOP LINE OF THE ANALYZER WITH THE CURRENT SUB-MENU SELECTION ON
THE BOTTOM LINE. THE SUB-MENUS WILL SCROLL WITH THE LEFT AND RIGHT
ARROW KEYS.

11. Scroll through the analyzer menu until "SERVICE MODE"
is displayed. Press the ENTER key.

12. Scroll through the menu until "TWR TELE ONLY?” is dis-
played as shown below.

Go t
o Disc

ou
nt-

Eq
uip

men
t.c

om
 to

ord
er 

yo
ur 

pa
rts



SECTION 4 - BOOM & PLATFORM

4-70 3121171

13. Press ENTER. The analyzer will read:

NOTE: The main boom must be elevated approximately 12 inches
(30 cm) above the boom rest but no more than 15° above
the tower to prevent damage to the machine. Refer to Fig-
ure 4-49., Tower Telescope Only Restrictions.

14. Press the ENTER key, the control system will perform the
following checks:

The axles must be extended or the DOS (Direction of
Steering) switch must indicate the turntable is between
the rear tires, otherwise the analyzer will read:

If the main boom angle sensors are calibrated and
working properly the control system will verify the
main boom angle readings are between +0.0 and
+15.0 (ref tower boom). If they are calibrated and
working properly and outside the angle limits, the
analyzer will read:

15. After the successful completion of the checks, the ana-
lyzer will read: 
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16. Enter code 95268. The analyzer will read:

WHEN THE STABILITY CONTROL IS OFF THE MACHINE WILL TIP IF USED
INCORRECTLY.

17. Press the ENTER key to acknowledge the stability control
is turned off. The analyzer should read:

18. The control system will now allow only tower telescope
using the tower lift switch on the ground console.

BEFORE CONTINUING WITH THIS PROCEDURE, DOUBLE CHECK ALL SUPPORT-
ING DEVICES AND MID BOOM RESTRAINING CHAIN. 

19. Extend the tower fly section no more than necessary to
gain access to the telescope cylinder retaining pin
(about 5.5 ft. [1.7 m]). When access is gained to the tele-
scope cylinder retaining pin, remove the four shoulder
bolts and two snap rings that hold it in place and
remove the telescope cylinder retaining pin.

20. At the rear of the tower boom, tag and disconnect the
wires going to the angle sensors. Remove the bolts and
washers that fasten the angle sensors to the boom sec-
tion and remove the angle sensors.
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21. Disconnect the length sensor cables from the tower
boom fly section.

22. Tag and disconnect the electrical lines going to the
upper and lower tower boom length sensors.

23. Remove the bolts and washers securing the length sen-
sor mounting brackets and remove the sensors and
brackets as an assembly.

24. Tag and disconnect all the hydraulic hoses running to
the tower telescope cylinder. Cap or plug all openings.

25. Remove the bolts securing the trunnion keeper blocks
and shims and remove the blocks and shims.

26. Place blocking under the tower telescope cylinder to
prevent it from dropping suddenly and begin pulling
the cylinder out of the boom using an adequate lifting
device. Reposition the blocks and lifting straps as
needed to prevent the cylinder from dropping suddenly
and to keep it balanced.

NOTE: The tower telescope cylinder weighs approximately 915
lbs. (415 kg).

Installation
1. Place blocking for support under the tower telescope

cylinder and begin pushing the cylinder into the boom
using an adequate lifting device. Reposition the blocks
and lifting straps as needed to prevent the cylinder from
dropping and to keep it balanced.

NOTE: The tower telescope cylinder weighs approximately 915
lbs. (415 kg).

2. Position the telescope cylinder trunnions into place and
install the shims and trunnion keeper blocks. Apply JLG
Threadlocker PN 0100011 to the retaining bolts and
torque to 35 ft.lbs. (47.5 Nm). 

3. Connect all the hydraulic hoses running to the tower
telescope cylinder as tagged during removal.
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4. Connect the length sensor cables to the tower boom fly
section.

5. Install the length sensors and mounting brackets.
Secure them in place with the retaining bolts and wash-
ers.

6. Connect the electrical lines going to the upper and
lower tower boom length sensors as tagged during
removal.

7. Secure the angle sensors to the boom section with the
retaining bolts and washers. At the rear of the tower
boom, connect the wires going to the angle sensors as
tagged during removal. 

8. If necessary, refer to Removal and use the analyzer Ser-
vice Mode to cycle the cylinder in and out several times
to purge air from the cylinder.

9. Install the telescope cylinder retaining pin. It may be
necessary to use the analyzer Service Mode procedure
to align the pin. Secure it in place with the four shoulder
bolts and two snap rings.

10. If necessary, use the analyzer Service Mode procedure to
telescope the boom in.

11. Place the machine in the stowed position.Go t
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4.26 TOWER LIFT CYLINDER

Removal 
1. Place the machine on a firm, level surface with the axles

fully extended or the turntable centered between the
rear wheels.

2. Select lift up and raise the tower boom until it is in a hor-
izontal position. 

NOTE: The main boom must be elevated approximately 12 inches
(30 cm) above the boom rest but no more than 15° above
the tower to prevent damage to the machine. Refer to Fig-
ure 4-50., Tower Lift Only Restrictions.

3. Position the Platform/Ground select switch to the
Ground position.

4. If the Boom Control System allows tower telescope, skip
to step 18. If not, continue with step 6.

5. Plug the analyzer into the connector inside the Ground
control box.

6. Pull out the Emergency Stop switch and start the
engine.

Figure 4-50.  Tower Lift Only Restrictions
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7. The analyzer screen should read: 

8. Use the arrow button to reach ACCESS LEVEL 2. Press the
ENTER key.

9. Enter Code 33271 to get into Access Level 1 mode.

NOTE: The service mode will only be displayed on the analyzer
when in access level 1 in the ground mode and be hidden
while in access level 2.

THE SERVICE MODE MENU WILL BE SELECTABLE AT THE TOP LEVEL OF THE
ANALYZER MENU STRUCTURE. “SERVICE MODE” WILL BE DISPLAYED ON THE
TOP LINE OF THE ANALYZER WITH THE CURRENT SUB-MENU SELECTION ON
THE BOTTOM LINE. THE SUB-MENUS WILL SCROLL WITH THE LEFT AND RIGHT
ARROW KEYS.

10. Scroll through the analyzer menu until "SERVICE MODE"
is displayed. Press the ENTER key.

11. Scroll through the menu until "TWR LIFT ONLY?" is dis-
played as shown below.

12. Press ENTER. The analyzer will read:

NOTE: The main boom must be elevated approximately 12 inches
(30 cm) above the boom rest but no more than 15° above
the tower to prevent damage to the machine. Refer to Fig-
ure 4-50., Tower Lift Only Restrictions.
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13. Press the ENTER key. The control system will perform the
following checks:

The axles must be extended or the DOS (Direction of
Steering) switch must indicate the turntable is between
the rear tires, otherwise the analyzer will read: 

14. If the main boom angle sensors are calibrated and work-
ing properly the control system will verify the main
boom angle readings are between +0.0 and +15.0 (ref
tower boom). If they are calibrated and working prop-
erly and outside the angle limits, the analyzer will read: 

15. After the successful completion of the checks, the ana-
lyzer will read: 

16. Enter code 74466. The analyzer will read:

WHEN THE STABILITY CONTROL IS OFF THE MACHINE WILL TIP IF USED
INCORRECTLY.
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17. Press the ENTER key to acknowledge the stability control
is turned off. The analyzer should read:

18. The control system will allow only tower lift (without
auto tower telescope) using the tower lift switch on the
ground console.

19. Activate tower lift enough to gain access to the tower lift
cylinder. 

20. Use a crane or other suitable supporting device to sup-
port the weight of the tower and main boom assem-
blies.

NOTE: The tower and main boom assemblies weigh approxi-
mately 14000 lbs. (6350 kg).

21. Put a nylon strap capable of supporting the weight of
the lift cylinder around the cylinder.

NOTE: The tower lift cylinder weighs approximately 644 lbs. (292
kg).

22. At the rod end of the cylinder, remove the retaining bolt
and pivot pin that secures that end of the cylinder to the
tower boom.

23. At the barrel end of the cylinder, remove the sensor
cover to gain access to the sensor. Remove the angle
sensor, sensor arm, and sensor pin.

24. Loosen and remove the bolt that secures the retaining
pin and remove the retaining pin.
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25. Disconnect the wiring harness from the strain relief con-
nector at the opposite side of the load sensing pin.

26. Use the Load Pin Removal Tool (JLG PN 4846765) to pre-
vent the pin from being damaged, and use a hammer to
remove the pin. To make the tool refer to Figure 4-52.,
Load Pin Removal Tool, JLG PN 4846765. If the Load Pin
Removal Tool is not available, use an arbor of the proper
size (as shown below). If excessive force is necessary to
move the pin, it may be necessary to carefully activate
lift using the auxiliary power switch to relieve lift cylin-
der weight from the load sensing pin. 

27. After both retaining pins have been removed, carefully
remove the lift cylinder, repositioning the lifting strap as
necessary.

Installation

NOTE: The tower lift cylinder weighs approximately 644 lbs. (292
kg).

1. Put a nylon strap capable of supporting the weight of
the lift cylinder around the cylinder. Carefully position
the lift cylinder in place, repositioning the lifting strap as
necessary.

2. When installing a new load sensing pin, make sure all of
the holes in the turntable and lift cylinder are aligned. If
the new load sensing pin does not push 1/2 to 3/4 of the
way in by hand, remove the pin and align the holes bet-
ter. Also make sure the pin is installed with the strain
relief connector opposing the pin orientation bar as
shown. 

3. Using a wooden block, carefully tap the pin until it is
fully installed. Secure the pin in place with the retaining
pin and retaining pin bolt.

DO NOT TAP ON THE CENTER OF THE PIVOT PIN.

4. Connect the wiring harness to the strain relief connector
as shown in Figure 4-51., Load Sensing Pin Harness
Installation and re-calibrate the boom sensors.
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Figure 4-51.  Load Sensing Pin Harness Installation

Pin Harness
PN 4922826

Cross harness ends
and cable tie to filter

box as shown

Orient harness with
Deutsch connector

routed over filter box

Position harness with filter
box supported by turntable

access hole as shown
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5. Secure the pin in place with the retaining pin and retain-
ing pin bolt on the other end. Torque the bolt to 285
ft.lbs. (386 Nm).

6. Install the sensor pin, sensor arm, and angle sensor. Con-
nect the wiring harness to the sensor and install the sen-
sor cover.

7. Cycle the cylinder in and out several times to purge air
from the cylinder. If necessary, refer to Removal and use
the analyzer Service Mode.

8. At the rod end of the cylinder, install the retaining bolt
and pivot pin that secures that end of the cylinder to the
tower boom. It may be necessary to use the analyzer
Service Mode to align the pin. Torque the bolt to 285
ft.lbs. (386 Nm).

9. If necessary, use the analyzer Service Mode procedure to
lower the tower boom.

10. Re-calibrate the boom sensors. Refer to Section 6.15,
Boom Sensor Calibration.
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Figure 4-52.  Load Pin Removal Tool, JLG PN 4846765
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4.27 MAIN LIFT CYLINDER

Removal
1. Place the machine on a firm, level surface with the axles

fully extended or the turntable centered between the
rear wheels. The tower boom must also be fully lowered
and retracted.

2. Connect the JLG Control System Analyzer to the connec-
tor at the ground control box.

3. Start the engine.

4. Position the Platform/Ground select switch to the
Ground position.

5. Plug the analyzer into the connector inside the Ground
control box.

6. Pull out the Emergency Stop switch and start the
engine.

7. The analyzer screen should read: 

8. Use the arrow button to reach ACCESS LEVEL 2. Press the
ENTER key.

9. Enter the Access Code, 33271 to get into Access Level 1
mode.

NOTE: The service mode will only be displayed on the analyzer
when in access level 1 in the ground mode and be hidden
while in access level 2.

THE SERVICE MODE MENU WILL BE SELECTABLE AT THE TOP LEVEL OF THE
ANALYZER MENU STRUCTURE. “SERVICE MODE” WILL BE DISPLAYED ON THE
TOP LINE OF THE ANALYZER WITH THE CURRENT SUB-MENU SELECTION ON
THE BOTTOM LINE. THE SUB-MENUS WILL SCROLL WITH THE LEFT AND RIGHT
ARROW KEYS.
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10. Scroll through the analyzer menu until SERVICE MODE is
displayed. Press the ENTER key.

11. Scroll through the menu until the "MAIN LIFT?" is dis-
played as shown below.

12. Press the ENTER key. The control system will perform
several tests to make sure the machine is in the proper
position. If the axles are not extended or the turntable is
not centered between the rear wheels, the screen will
read: 

If the tower boom angle sensors are calibrated and
operating properly, the control system will verify the
tower boom angle readings are less than +5°. If the
tower boom angle is outside the limit, the screen will
read: 

Go t
o D

isc
ou

nt-
Eq

uip
men

t.c
om

 to
 or

de
r y

ou
r p

art
s



SECTION 4 - BOOM & PLATFORM

4-84 3121171

If the tower boom length sensors are calibrated and
operating properly, the control system will verify the
tower boom length readings are less than 6 in. (15.2 cm).
If the tower boom length is not within the limits, the
screen will read: 

13. When the machine passes all the configuration checks,
the screen will read: 

14. Enter code 55050. The analyzer will read: 

WHEN THE STABILITY CONTROL IS OFF THE MACHINE WILL TIP IF USED
INCORRECTLY.

15. Press the ENTER key to acknowledge the stability control
is turned off. The analyzer should read: 
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16. If the main boom angle sensors are calibrated and oper-
ating properly, the control system will now allow main
lift up/down below main boom angles of +65°. 

17. Activate main lift and elevate the boom enough to gain
access to remove the main lift cylinder.

18. Use a crane or other suitable supporting device to sup-
port the weight of the main boom assembly.

NOTE: The main boom assembly weighs approximately 6500 lbs.
(2950 kg).

19. Put a nylon strap capable of supporting the weight of
the lift cylinder around the cylinder.

NOTE: The main lift cylinder weighs approximately 785 lbs. (356
kg).

20. At the barrel end of the cylinder, place blocking under
the lower link and between the upper and lower links so
they do not drop when the pivot pin is removed.

21. Remove the retaining bolt, keeper pin, and pivot pin
securing the barrel end of the lift cylinder to the lower
link.

22. At the rod end of the cylinder, remove the retaining bolt,
keeper pin, and pivot pin securing the rod end of the lift
cylinder to the boom.

23. Remove the cylinder from the machine.

Installation
1. Using an adequate lifting device, position the main lift

cylinder in place on the machine.

NOTE: The main lift cylinder weighs approximately 785 lbs. (356
kg).

2. Install the retaining bolt, keeper pin, and pivot pin
securing the barrel end of the lift cylinder to the lower
link.

3. If necessary, refer to Removal and use the analyzer Ser-
vice Mode to cycle the cylinder in and out several times
to purge air from the cylinder.

4. At the rod end of the cylinder, install the retaining bolt,
keeper pin, and pivot pin securing the rod end of the lift
cylinder to the boom. It may be necessary to use the
analyzer Service Mode to align the pin.

5. Remove the blocking placed under the lower link and
between the upper and lower links during removal.

6. Refer to Removal, and use the analyzer Service Mode
procedure to lower the boom.
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4.28 MAIN BOOM TELESCOPE CYLINDER

Removal
1. Place the machine on a firm, level surface with the axles

fully extended or the turntable centered between the
rear wheels. The tower boom must also be fully lowered
and retracted.

2. Connect the JLG Control System Analyzer to the connec-
tor at the ground control box.

3. Start the engine.

4. Position the Platform/Ground select switch to the
Ground position.

5. If the Boom Control System allows tower telescope, skip
to step 18. If not, continue with step 6.

6. Plug the analyzer into the connector inside the Ground
control box.

7. Pull out the Emergency Stop switch and start the
engine.

8. The analyzer screen should read: 

9. Use the arrow button to reach ACCESS LEVEL 2. Press the
ENTER key.

10. Enter the Access Code, 33271 to get into Access Level 1
mode.

NOTE: The service mode will only be displayed on the analyzer
when in access level 1 in the ground mode and be hidden
while in access level 2.

THE SERVICE MODE MENU WILL BE SELECTABLE AT THE TOP LEVEL OF THE
ANALYZER MENU STRUCTURE. “SERVICE MODE” WILL BE DISPLAYED ON THE
TOP LINE OF THE ANALYZER WITH THE CURRENT SUB-MENU SELECTION ON
THE BOTTOM LINE. THE SUB-MENUS WILL SCROLL WITH THE LEFT AND RIGHT
ARROW KEYS.
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11. Scroll through the analyzer menu until SERVICE MODE is
displayed. Press the ENTER key.

12. Scroll through the menu until the screen reads:

13. Press ENTER. The control system will perform several
tests to make sure the machine is in the proper position.
If the axles are not extended or the turntable is not cen-
tered between the rear wheels, the screen will read: 

If the tower boom angle sensors are calibrated and
working properly, the control system will verify the
tower boom angle is less than +5°. If the tower boom is
outside the limit, the analyzer screen will read:
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If the tower boom length sensors are calibrated and
operating properly, the control system will verify the
tower boom length is less than 6 in. (15.2 cm). If the
tower boom is outside the length limit, the screen will
read: 

14. When the machine passes all the configuration checks,
the screen will read: 

15. Enter code 69286. The analyzer will read: 

WHEN THE STABILITY CONTROL IS OFF THE MACHINE WILL TIP IF USED
INCORRECTLY.

16. Press the ENTER key to acknowledge the stability control
is turned off. The analyzer should read: 

17. The control system will now allow main telescope using
the telescope control switch on the ground console.
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18. Telescope the main boom out until the retaining pin at
the end of the telescope cylinder rod can be accessed.

19. Place blocking or boom supports under the main boom
to support it.

20. Place blocking under the main lift cylinder to support it.

21. Place blocking under the lower link to support it.

22. Remove the shoulder screws, retaining rings, and pin
securing the end of the telescope cylinder.

23. Remove the bolts securing the rear boom cover and
remove the cover.

24. Place blocking under the telescope cylinder to prevent it
from falling when the retaining pin is removed.

25. Remove the bolt and keeper pin securing the retaining
pin in place. Remove the retaining pin. 

26. Tag and disconnect the hydraulic lines running to the
telescope cylinder. Cap or plug all openings.
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27. Support the upper link using a nylon strap or blocking.
Remove the bolt, keeper, and pin securing the upper
link to the base boom. Carefully lower the upper link
enough to allow the telescope cylinder to be removed.

NOTE: The telescope cylinder weighs approximately 663 lbs. (300
kg).

28. Carefully remove the telescope cylinder from the rear of
the main boom, repositioning the blocking and lifting
straps to prevent the cylinder from falling.

Installation

NOTE: The telescope cylinder weighs approximately 663 lbs. (300
kg).

1. Carefully install the telescope cylinder into the rear of
the main boom. Place blocking under the cylinder to
support it inside the boom and reposition the lifting
straps balance the load.

2. Connect the hydraulic lines running to the telescope cyl-
inder as tagged during removal.

3. Install the bolt and keeper pin securing the cylinder
retaining pin in place. Remove the retaining pin. 

4. If necessary, refer to Removal and use the analyzer Ser-
vice Mode to cycle the cylinder in and out several times
to purge air from the cylinder.
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5. Install the shoulder screws, retaining rings, and pin
securing the end of the telescope cylinder. It may be
necessary to use the analyzer Service Mode to align the
pin.

6. Carefully raise the upper link into position. Install the
bolt, keeper, and pin securing the upper link to the base
boom. 

7. Install the rear boom cover and secure it in place with
the retaining bolts.

8. Remove all blocking used during the Removal proce-
dure.

9. If necessary, refer to Removal, and use the analyzer Ser-
vice Mode procedure to retract the boom.
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4.29 POWERTRACK MAINTENANCE

One Piece Bracket Maintenance
1. Place the powertrack on a workbench.

2. Remove the screws from the bars on one side of the
powertrack on the first link. 

3. Remove the screws from the flat bar on the other side of
the powertrack.

4. Pull up on the loose side of the round bar to allow the
poly roller to slide off.
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5. Slide the poly roller off of the round bar.

6. Hold the round bar to remove the other screw.

7. Slide the flat bar out.

8. Remove the snap ring from one side of the bracket.

9. Remove the snap ring from the other side of the bracket.
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10. Push down with slight pressure on the link and slide the
bracket side up and over the extrusion on the link. 

11. Repeat the previous step on the other side.

12. Slide the bracket off of the powertrack.

Two Piece Bracket Maintenance
1. Loosen the screw.

2. Slide the roller off the bar.

3. Hold the bar tightly and remove the other screw.
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4. Hold the flat bar and remove the screws.

5. Remove the snap rings and pins.

6. Remove the screws from the bar. Remove the snap ring
and pin.

7. Slide the link out.

Snap Rings and Screws

WHEN PERFORMING MAINTENANCE ON THE POWERTRACK, MAKE SURE TO
DISCARD AND REPLACE ALL OLD SCREWS.

Make sure screws are tight and installed properly. 

   LOOSE SCREW    TIGHT SCREW
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Make sure that all snap rings are closed and seated. 

An open snap ring is shown below.

A snap ring that is not seated is shown below.

A seated and closed snap ring is shown below.

10-24 x 0.812 button torx socket head with blue locking patch:

• Tighten to 45-50 in.lbs. (5-5.6 Nm).

• Use T-25 torx bit.

• Do not reuse this screw. After removing replace with a new
one.

  CLOSED

  OPEN
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Switch States / Boom Length Regions
Dual Cap. Switch #1 Off Cam Off Cam Off Cam Disagree On Cam On Cam On Cam Disagree Disagree

Dual Cap. Switch #2 On Cam On Cam On Cam Disagree Off Cam Off Cam Off Cam Disagree Disagree

Control System Conclusion of Dual Cap. Switches B/A B/A B/A Disagree C/D C/D C/D Disagree Disagree

Main Transport Switch #1 Off Cam Disagree On Cam On Cam On Cam Disagree Off Cam Off Cam Disagree

Main Transport Switch #2 On Cam Disagree Off Cam Off Cam Off Cam Disagree On Cam On Cam Disagree

Control System Conclusion of Main Transport Switches A/D Disagree B/C B/C B/C Disagree A/D A/D Disagree

Control System Conclusion of Main Boom Length A A/B B B/C C C/D D Switch Fault Switch Fault

Table 4-2.  Boom Switch Logic
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4.30 HOSE ROUTING PROCEDURE
For proper hose routing and cable wrap placement and
clamping, refer to Figure 4-32., Figure 4-33., Figure 4-34., Fig-
ure 4-53., Figure 4-54., and Figure 4-55. It is important to peri-
odically inspect hoses, wraps and clamps for proper slack
adjustments and clamping integrity (pull check).   Any
changes as a result of inspection should be verified by per-
forming full strokes of boom functions especially lift, tele-
scope, jib, and platform rotate.

4.31 ELECTRONIC PLATFORM LEVELING

NOTE: For more detailed information concerning system adjust-
ment and operation, refer to Section 6 - JLG Control Sys-
tem.

Description
Electronic platform leveling replaces the conventional hydrau-
lic method of platform leveling.

To control electronic platform leveling the platform is
equipped with a pair of tilt sensors, one primary and one sec-
ondary, mounted to the non-rotating portion of the platform
rotator. The tilt sensors are monitored regularly and the plat-
form level up and down valves are automatically controlled to
maintain set point as the machine is operated.

PRIMARY AND SECONDARY TILT SENSOR INTERACTION

The secondary tilt sensor is used as a backup to the primary tilt
sensor. Any time a tilt set point is reset, a value from each sen-
sor shall be set. 

If a fault occurs with the primary sensor, control will revert to
the secondary sensor. (This is discussed in more detail in the
error response section.) 

Because of the mounting orientation of the tilt sensors, the
primary tilt sensor will output ascending voltage values with
increases in positive platform tilt angle. The backup or second-
ary tilt sensor will output descending voltage values with
increases in positive platform angle.

PLATFORM VALVES

The platform specific valves are located in a manifold at the
platform. 

There are individual proportional control valves that control
each of the four platform functions; Platform Level, Platform
Rotate, Jib Lift, and Jib Swing.

There is also a Platform Dump Valve, located in the platform
valve manifold, which is used to hydraulically isolate the con-
trol valves and to improve hydraulic response. 

The Ground Module controls this valve to provide manual
platform leveling in the event that the Platform Module is
inoperable. 

In ground mode, the platform dump valve is turned on when-
ever any platform or jib valve output is turned on. Whenever
all platform and jib valves are turned off, the platform dump
valve is turned off. 

In platform mode, the platform dump valve is turned on
whenever the footswitch is depressed.

Normal Operation
AUTOMATIC LEVELING

Two tilt sensors, mounted on either side of the platform sup-
port, are used to measure the incline of the platform with
respect to gravity and control the automatic leveling function,
one is used as the primary sensor and one as a secondary
backup sensor. 

The level system shall assume a new fixed set point (fixed
incline of the platform with respect to gravity) each time the
control system is powered up (cycling of the EMS).

Automatic platform leveling only functions while operating
drive, telescope, lift or swing. It does not operate while operat-
ing any other function (e.g. rotate, jib, or steer). 

The proportional control for these valves varies. This is depen-
dant on the tilt variance from target as well as on the impact
coil temperature is having on the current to the valves.

If a command from the Platform Level Up and Down toggle
switch on either the platform or the ground is received, auto-
matic platform leveling will cease and the appropriate output
will be commanded to turn on. 

When the toggle switch is released, after ¼ second, the current
filtered value of tilt angle will be taken as the new set point.
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In order to obtain acceptable performance while performing
all hydraulic functions, five sets of parameters are used. These
“zones” allow compensation for differences in how the basket
level changes when doing different functions. These zones are
as follows:

1. Lift up

2. Lift down

3. Other boom functions

4. Drive

5. Auxiliary

The other boom functions zone includes Swing, Telescope, Jib
swing (It is not necessary to level with jib lift, since the
mechanical linkage keeps the basket level).

These zones are prioritized when multiple functions are active.
The priorities are as follows.

1. Auxiliary power and any other function, zone = auxiliary
power

2. Drive and any other function, zone = Drive

3. Lift up and any other function, zone = Lift up

4. Lift down and any other function, zone = Lift down

5. Other boom functions, zone = Other boom functions 

During the power-up procedure, function enable, in both Plat-
form and Ground Mode, is delayed during the 1.5 second
startup lamp test. During this 1.5 second startup period, the
basket level up valve will be energized at 100% duty cycle for
0.5 second, and then the basket level down valve energized at
100% duty cycle for 0.5 second. This will help to keep the
valves from sticking.

PLATFORM LEVEL MANUAL OVERRIDE

In addition to automatic leveling the operator is able to manu-
ally adjust the platform level position by means of the level
override switches located at the platform and ground control
positions (similar to a Master/Slave hydraulic system).

The level system assumes a new set point after a level over-
ride switch is operated. In other words the operator can chose
a platform level incline other than level with gravity and the
system will maintain this set point during automatic leveling. 
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4.32 TOWER BOOM DRIFT TEST

NEVER DIAGNOSE A SUSPECTED TOWER BOOM LIFT CYLINDER DRIFT BY FULLY
ELEVATING THE BOOMS. MACHINE TIPOVER COULD OCCUR.

DO NOT LEAVE THE MACHINE UNATTENDED AT ANY TIME DURING THE TEST.

1. Place the machine on a firm, level surface with an empty
platform, axles completely extended, tires to be ori-
ented straight and both upper and tower booms
retracted and in the transport position. The booms are
to be parallel to the wheels. 

NOTE: The machine’s hydraulic oil must be at ambient tempera-
ture prior to starting step 2.

2. Connect the hand held analyzer inside the ground box.
Place the key switch to the ground position. Pull out the
emergency stop switch and start the engine. Using the

analyzer, right arrow  to DIAGNOSTICS and press

ENTER . Press the right arrow  to get to

BOOM SENSORS and press ENTER . Press the right

arrow  until TOWER CYLINDER ANGLE is visible.

3. Using the control operations position the upper and jib
booms at the maximum angle. The telescope cylinder
must be completely retracted. Refer to Figure 4-55.,
Tower Boom Drift Test. 

4. Using the ground controls and analyzer display, position
the tower lift cylinder to an angle position between
17.0° and 18.0°. Record tower lift cylinder angle as dis-
played on the analyzer.

5. While still in the DIAGNOSTICS/BOOM SENSORS menu

using the left arrow  record the displayed value of
the TOWER ANGLE 1 and TOWER ANGLE 2. Press the

escape  button one time, press the left arrow

 to SYSTEM and press enter . Record the
CHASSIS TILT angle. NOTE: The displayed value for Tower
Angle #1 and Tower Angle #2 should be between 10.0°
and 12.5° (see Figure 4-55., Tower Boom Drift Test).

6. Visually monitor the tower boom and analyzer display
for drift.

a. After residual boom movement has stopped and all
angle readings listed above have been recorded,
recheck each of the angles on the analyzer to ensure
the values are not currently changing. If immediate
tower boom drift is evident, return the upper boom
to the transport position and then return the tower
boom to the transport position. Discontinue use,
tag the unit out of service and remove key. Contact
JLG service or JLG service provider for diagnosis and
repair information.

b. If tower boom drift is not immediately evident,
record the time at the start of test. Turn key switch
to the off position and depress the emergency stop
switch. Tag unit out of service and remove key.

7. After the unit has remained in this position for 60 min-
utes, pull out the emergency stop switch. Using the ana-

lyzer, right arrow  to DIAGNOSTICS and press enter

. Press the right arrow  to get to BOOM SEN-

SORS and press enter . Record the TOWER ANGLE1,
TOWER ANGLE 2 and TOWER CYLINDER ANGLE readings.

8. If the angular drift of any of the recorded values exceeds
0.3°, discontinue use, tag the machine out of service and
remove the key. Contact JLG service for diagnosis and
repair information. If the boom drift is less than 0.3°, the
tower lift cylinder is fit for continued service.Go t
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10.0°

NOTE: UPPER BOOM AND JIB BOOM ARE FULLY 

JIB BOOM

ELEVATED,  UPPER TELESCOPE BOOM IS FULLY RETRACTED.
LOWER BOOM IS ELEVATED TO 10°.

UPPER (MAIN) BOOM

TOWER BOOM

Figure 4-55.  Tower Boom Drift Test
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4.33 ROTARY ACTUATOR

Theory of Operation
The L20 Series rotary actuator is a simple mechanism that uses
the sliding spline operating concept to convert linear piston
motion into powerful shaft rotation. Each actuator is com-
posed of a housing with integrated gear teeth (01) and only
two moving parts: the central shaft with integrated bearing
tube and mounting flange (02), and the annular piston sleeve
(03). Helical spline teeth machined on the shaft engage
matching splines on the in- side diameter of the piston. The
outside diameter of the piston carries a second set of splines,
of opposite hand, which engage with matching splines in the
housing. As hydraulic pressure is applied, the piston is dis-
placed axially within the housing - similar to the operation of a
hydraulic cylinder - while the splines cause the shaft to rotate.
When the control valve is closed, oil is trapped inside the actu-
ator, preventing piston movement and locking the shaft in
position. 

The shaft is supported radially by the large upper radial bear-
ing and the lower radial bearing. Axially, the shaft is separated
from the housing by the upper and lower thrust washers. The
end cap is adjusted for axial clearance and locked in position
by set screws or pins. 

Required Tools
Upon assembly and disassembly of the actuator there are
basic tools required. The tools and their intended functions are
as follows: 

1. Flashlight - helps examine timing marks, component
failure and overall condition. 

2. Felt Marker - match mark the timing marks and outline
troubled areas. 

3. Allen wrench - removal of port plugs and set screws.

4. Box knife - removal of seals.

5. Seal tool - assembly and disassembly of seals and wear
guides. 

6. Pry bar - removal of end cap and manual rotation of
shaft. 

7. Rubber mallet- removal and installation of shaft and pis-
ton sleeve assembly. 

8. Nylon drift - installation of piston sleeve 

9. End cap dowel pins - removal and installation of end cap
(sold with Helac seal kit). 

The seal tool is merely a customized standard flat head screw-
driver. To make this tool you will need to heat the flat end with
a torch. Secure the heated end of the screwdriver in a vice and
physically bend the heated end to a slight radius. Once the
radius is achieved round off all sharp edges of the heated end
by using a grinder. There may be some slight modifications for
your own personal preference. 

Bars indicate starting positions
of piston and shaft. Arrows indi-
cate direction they will rotate.
The housing with integral ring
gear remains stationary. 

As fluid pressure is applied, the
piston is displaced axially while
the helical gearing causes the
piston and shaft to rotate simul-
taneously.  The double helix
design compounds rotation:
shaft rotation is about twice that
of the piston.
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PARTS
1. Housing 
2. Shaft 
3. Piston Sleeve
4. End Cap

HARDWARE
103.1.   Screw
103.2 .  Washer
106.1.   Port Plug
106.2.   Port Plug
109 .       Lock Pin
113. Capscrew

SEALS
200. T-Seal
202. T-Seal
204. O-ring
205. Cup Seal
207. Backup Ring
304.1.   Wiper Seal

BEARINGS
302. Wear Guide
304. Thrust Washer

ACCESSORIES
400. Stop Tube
420.1   Bushing
420.2   Bushing
421.1   Bushing

Figure 4-56.  Rotary Actuator - Exploded View
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PARTS
1.     Housing 
2.     Shaft 
3.     Piston Sleeve
4.     End Cap

HARDWARE
103.1.   Screw
103.2 .  Washer
106.1.   Port Plug
106.2.   Port Plug
109 .       Lock Pin
113.         Capscrew

SEALS
200.       T-Seal
202.       T-Seal
204.       O-ring
205.       Cup Seal
207.       Backup Ring
304.1.   Wiper Seal

BEARINGS
302.   Wear Guide
304.   Thrust Washer

ACCESSORIES
400.   Stop Tube
420.1   Bushing
420.2   Bushing
421.1   Bushing

Figure 4-57.  Rotary Actuator - Assembly Drawing
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Disassembly
1. Remove the capscrews (113) over end cap lock pins

(109). 

2. Using a 1/8” (3.18mm) drill bit, drill a hole in the center
of each lock pin to a depth of approximately 3/16”
(4.76mm). 

3. Remove the lock pins using an “Easy Out” (a size #2 is
shown). 

If the pin will not come out with the “Easy Out”, use 5/1

6” drill bit to a depth of 1/2” (12.7mm) to drill out the
entire pin. 

4. Install the end cap (4) removal tools provided with the
Helac seal kit. 

5. Using a metal bar, or something similar, unscrew the end
cap (4) by turning it counter clockwise. 
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6. Remove the end cap (4) and set aside for later inspec-
tion. 

7. Remove the stop tube if included. The stop tube is an
available option to limit the rotation of the actuator. 

8. Every actuator has timing marks for proper engage-
ment. 

9. Prior to removing the shaft, (2), use a felt marker to
clearly indicate the timing marks between shaft and pis-
ton. This will greatly simplify timing during assembly. 
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10. Remove the shaft (2). It may be necessary to strike the
threaded end of the shaft with a rubber mallet. 

11. Before removing the piston (3), mark the housing (1)
ring gear in relation to the piston O.D. gear. There should
now be timing marks on the housing (1) ring gear, the
piston (3) and the shaft (2). 

12. To remove the piston (3) use a rubber mallet and a plas-
tic mandrel so the piston is not damaged. 

13. At the point when the piston gear teeth come out of
engagement with the housing gear teeth, mark the pis-
ton and housing with a marker as shown. 

14. Remove the o-ring (204) and backup ring (207) from end
cap (4) and set aside for inspection. 

15. Remove the wear guides (302) from the end cap (4) and
shaft (2). 
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16. To remove the main pressure seals (205), it is easiest to
cut them using a sharp razor blade being careful not to
damage the seal groove. 

17. Remove the thrust washers (304), from the end cap (4)
and shaft (2). 

18. Remove the wiper seal (304.1) from its groove in the end
cap (4) and shaft (2). 

19. Remove the piston O.D. seal (202). 

20. Remove the piston I.D. seal (200). You may now proceed
to the inspection process. 
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Inspection
1. Clean all parts in a solvent tank and dry with com-

pressed air prior to inspecting. Carefully inspect all criti-
cal areas for any surface finish abnormalities: Seal
grooves, bearing grooves, thrust surfaces, rod surface,
housing bore and gear teeth. 

2. Inspect the thrust washers (304) for rough or worn
edges and surfaces. Measure it’s thickness to make sure
it is within specifications (Not less than 0.092” or 2.34
mm). 

3. Inspect the wear guide condition and measure thick-
ness (not less than 0.123” or 3.12 mm). 

Assembly
1. Gather all the components and tools into one location

prior to re-assembly. Use the cut away drawing to refer-
ence the seal orientations. 
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2. Install the thrust washer (304) onto shaft (2) and end cap
(4). 

3. Install the wiper seal (304.1/green 0-ring) into it’s groove
on the shaft (2) and end cap (4) around the outside edge
of the thrust washer (304). 

4. Using a seal tool install the main pressure seal (205) onto
shaft (2) and end cap (4). Use the seal tool in a circular
motion. 

5. Install the wear guide (302) on the end cap (4) and shaft
(2). 

6. Install the inner T-seal (200) into the piston (3) using a
circular motion. 

Install the outer T-seal (202) by stretching it around the
groove in a circular motion. 
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Each T-seal has 2 backup rings (see drawing for orienta-
tion). 

Beginning with the inner seal (200) insert one end of b/u
ring in the lower groove and feed the rest in using a cir-
cular motion. Make sure the wedged ends overlap cor-
rectly. 

Repeat this step for the outer seal (202). 

7. Insert the piston (3) into the housing (1) as shown, until
the outer piston seal (202) is touching inside the hous-
ing bore. 

8. Looking from the angle shown, rotate the piston (3) until
the marks you put on the piston and the housing (1)
during disassembly line up as shown. Using a rubber
mallet, tap the piston into the housing up to the point
where the gear teeth meet. 
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9. Looking from the opposite end of the housing (1) you
can see if your timing marks are lining up. When they do,
tap the piston (3) in until the gear teeth mesh together.
Tap the piston into the housing the rest of the way until
it bottoms out. 

10. Install the shaft (2) into the piston (3). Be careful not to
damage the seals. Do not engage the piston gear teeth
yet. 

11. Looking from the view shown, use the existing timing
marks to line up the gear teeth on the shaft (2) with the
gear teeth on the inside of the piston (3). Now tap the
flange end of the shaft with a rubber mallet until the
gear teeth engage. 

12. Install 2 bolts in the threaded holes in the flange. Using a
bar, rotate the shaft in a clockwise direction until the
wear guides are seated inside the housing bore. 

13. Install the stop tube onto the shaft end. Stop tube is an
available option to limit the rotation of an actuator. Go t
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14. Coat the threads on the end of the shaft with anti-seize
grease to prevent galling. 

15. Install the 0-ring (204) and backup ring (207) into the
inner seal groove on the end cap (4). 

16.  Thread the end cap (4) onto the shaft (2) end. Make sure
the wear guide stays in place on the end cap as it is
threaded into the housing (1). 

17. Tighten the end cap (4). In most cases the original holes
for the lock pins will line up. 

18. Place the lock pins (109) provided in the Helac seal kit in
the holes with the dimple side up. Then, using a punch,
tap the lock pins to the bottom of the hole. 

19. Insert the set screws (113) over the lock pins. Tighten
them to 25 in. lbs. (2.825 Nm). 
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Greasing Thrust Washers
1. After the actuator is assembled but before it is put into

service, the thrust washer area must be packed with
Lithium grease.

There are two grease ports located on both the shaft
flange and the end cap. They are plugged with cap-
screws (113) or set screws. Remove the grease port
screws from the shaft flange and end cap. (See exploded
view)

IF A HYDRAULIC TEST BENCH IS NOT AVAILABLE, THE ACTUATOR CAN BE
ROTATED BY HAND, OPEN THE PRESSURE PORTS AND USE A PRY BAR WITH
CAPSCREWS INSERTED INTO THE SHAFT FLANGE TO TURN THE SHAFT IN THE
DESIRED DIRECTION.

Insert the tip of a grease gun into one port and apply
grease to the shaft flange. Continue applying until
grease flows from the opposite port. Cycle the actuator
five times and apply grease again. Repeat this process
on the end cap. Insert the capscrews into the grease
ports and tighten to 25 in-lbs. (2.8 Nm).

Installing Counterbalance Valve
Refer to Figure 4-58., Rotator Counterbalance Valve.

1. Make sure the surface of the actuator is clean, free of any
contamination and foreign debris including old JLG
Threadlocker.

2. Make sure the new valve has the O-rings in the counter-
bores of the valve to seal it to the actuator housing.

3. The bolts that come with the valve are grade 8 bolts.
New bolts should be installed with a new valve. JLG
Threadlocker PN 0100011 should be applied to the
shank of the three bolts at the time of installation.

4. Torque the 1/4-inch bolts 110 to 120 inch pounds (12.4
to 13.5 Nm). Do not torque over 125 inch pounds (14.1
Nm). Torque the 5/16-inch bolts 140 inch pounds (15.8
Nm). Do not torque over 145 inch pounds (16.3 Nm).

Testing the Actuator
If the equipment is available, the actuator should be tested on
a hydraulic test bench. The breakaway pressure — the pres-
sure at which the shaft begins to rotate — should be approxi-
mately 400 psi (28 bar). Cycle the actuator at least 25 times at
3000 psi (210 bar) pressure. After the 25 rotations, increase the
pressure to 4500 psi (315 bar) to check for leaks and cracks.
Perform the test again at the end of the rotation in the oppo-
site direction.

TESTING THE ACTUATOR FOR INTERNAL LEAKAGE
If the actuator is equipped with a counterbalance valve, plug
the valve ports. Connect the hydraulic lines to the housing
ports. Bleed all air from the actuator (see Installation and
Bleeding) Rotate the shaft to the end of rotation at 3000 psi
(210 bar) and maintain pressure. Remove the hydraulic line
from the non-pressurized side.

Continuous oil flow from the open housing port indicates
internal leakage across the piston. Replace the line and rotate
the shaft to the end of rotation in the opposite direction.
Repeat the test procedure outlined above for the other port. If
there is an internal leak, disassemble, inspect and repair.
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Figure 4-58.  Rotator Counterbalance Valve
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Bleeding After Installation

NOTE: Bleeding will be necessary if excessive backlash is displayed
after the actuator is installed. To do this, bleeder valves
must be installed in the actuator at the locations shown
below. The following steps are recommended when a mini-
mum of two gallons (8 liters) is purged. 

1. Connect a 5 foot (1.5 m) long 3/16" inside diameter, 5/
16" outside diameter clear vinyl drain tube to each of
the two bleeder valves. Secure the tubes in place with
hose clamps. 

2. Place the end of the tubes in a clean 5 gallon (19 L) con-
tainer to collect the purged oil. The oil can be returned
to the reservoir when the procedure is complete.

3. Open both bleeder valves 1/4 turn. Using the hydraulic
system, rotate the platform to the end of rotation and
maintain hydraulic pressure. Oil with small air bubbles
should be seen flowing through the tubes. Allow 1/2
gallon (2 L) of oil to be purged from the actuator.

4. Keep the bleeder valves open and rotate the platform in
the opposite direction to the end of rotation. Maintain
hydraulic pressure until an additional 1/2 gallon (2 L) of
oil is pumped out.

5. Repeat steps 3 and 4. After the last 1/2 gallon (2 L) of oil
is purged, close both bleed nipples before rotating away
from the end of rotation.

Figure 4-59.  Jib Alignment Timing Marks

ALIGN TIMING MARKS IN ROTATOR WITH
TIMING MARKS IN PIVOT AS SHOWN

JIB WILL BE 35 DEGREES OUT OF LINE
WITH THE BOOM WITH ROTATOR CENTERED

REALIGN THE JIB WITH THE BOOM AFTER
ALL HARDWARE IS ASSEMBLED
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4.34 BOLT-ON EXTERNAL FALL ARREST
The bolt-on external fall arrest system is designed to provide a
lanyard attach point while allowing the operator to access
areas outside the platform. Exit/Enter the platform through
the gate area only. The system is designed for use by one per-
son.

Personnel must use fall protection at all times. A full body har-
ness is required with lanyard not to exceed 6 ft. (1.8 M) in
length, that limits the maximum arrest force to 900 lbs. (408
kg).

Bolt-on external fall arrest system capacity is 310 lb (140 kg) -
one (1) person maximum.

Do not move the platform during use of the bolt-on external
fall arrest system.

DO NOT OPERATE ANY MACHINE FUNCTIONS WHILE OUTSIDE OF PLATFORM.
BE CAREFUL WHEN ENTERING/EXITING THE PLATFORM AT ELEVATION.

IF THE BOLT-ON EXTERNAL FALL ARREST SYSTEM IS USED TO ARREST A FALL
OR IS OTHERWISE DAMAGED, THE ENTIRE SYSTEM MUST BE REPLACED AND
THE PLATFORM FULLY INSPECTED BEFORE RETURNING TO SERVICE. REFER TO
THE SERVICE MANUAL FOR REMOVAL AND INSTALLATION PROCEDURES.

THE BOLT-ON EXTERNAL FALL ARREST SYSTEM REQUIRES AN ANNUAL INSPEC-
TION AND CERTIFICATION. THE ANNUAL INSPECTION AND CERTIFICATION
MUST BE PERFORMED BY A QUALIFIED PERSON OTHER THAN THE USER. 

Inspection Before Use
The bolt-on external fall arrest system must be inspected
before each use of the aerial work platform. Replace compo-
nents if there are any signs of wear or damage.

Before each use, perform a visual inspection of the following
components:

• Cable: Inspect cable for proper tension, broken strands,
kinks, or any signs of corrosion.

• Fittings & Brackets: Ensure all fittings are tight and there are
no signs of fractures. Inspect brackets for any damage. 

• Attachment Ring: No cracks or signs of wear are accept-
able. Any signs of corrosion requires replacement. 

• Attaching Hardware: Inspect all attaching hardware to
ensure there are no missing components and hardware is
properly tightened. 

• Platform Rails: No visible damage is acceptable.

NO GAP: CORRECT

GAP SHOWING: 
INCORRECT

Figure 4-60. Bolt-On External Fall Arrest Cable Tension

GAP SHOWING:
INCORRECT

NO GAP:
CORRECT
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Installation
1. Install the retaining hardware (bolts, nuts, and washers)

and secure the brackets to the platform rail. Tighten the
nuts but do not torque them yet. 

2. Attach the fall arrest cable to the right hand bracket
Using the attaching bolt and nut. Orient the bolt as
shown below. Do not tighten the nut so cable can still
rotate. 

3. Install the Attachment Ring onto the cable. 

4. Without twisting the fall arrest cable, pull it thru the left
hand bracket and mark the top of the swaged cable end.
Install the fall arrest cable through the left hand bracket
and secure it using the belleville washers, washer, retain-
ing nut, and jam nuts. Orient the hardware as shown
below and with the belleville washers so the gap is pres-
ent at the outside diameter of the washers. install the

nuts onto the cable finger tight so the mark on the cable
does not move. 

5. Use the two jam nuts to prevent the cable from rotating
while the nut is tightened. Tighten the nut until the bel-
leville washers are fully compressed and no gap is pres-
ent at the outside diameter of the washers. Ensure the
cable has not rotated during tightening. 

6. Tighten the first jam nut against the retaining nut to
keep the nut from loosening. Tighten the remaining jam
nut against the first jam nut.

7. Torque the nuts and bolts securing the brackets to 15
ft.lbs. (20 Nm). 

I

BOLT

WASHER

WASHER

NUT

BOLT
NUT

NUT

WASHER
BELLEVILLE
WASHER

JAM NUT
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8

7

1,2,3,4

6

9

5

MAE38500

Figure 4-61. Bolt-On External Fall Arrest System

1. Belleville Washer
2. Washer
3. Hex Nut
4. Jam Nut
5. LH Bracket
6. Attachment Ring
7. Cable
8. RH Bracket
9. Decal
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4.35 SKYGUARD

Operation
SkyGuard provides enhanced control panel protection.
When the SkyGuard sensor is activated, functions in use at
the time of actuation will reverse or cutout. The SkyGuard
Function Table provides more details on these functions.

Consult the following illustrations to determine which type
of SkyGuard the machine is equipped with. Regardless of
the type, SkyGuard function according to the SkyGuard
Function Table does not change.

SkyGuard

SkyGuard SkyLine™

SkyGuard SkyEye™

THE MACHINE OPERATOR IS REQUIRED TO PERFORM A DAILY FUNCTION TEST
TO ENSURE PROPER OPERATION OF THE SKYGUARD SYSTEM.

Function Test

SKYGUARD ONLY
Perform this function test if SkyGuard only is selected in
machine setup (refer to Table 6-2).

From the Platform Control Console in an area free from obstruc-
tions:

1. Operate the telescope out function, then activate Sky-
Guard sensor.

2. Once sensor has been activated, ensure telescope out
function stops then telescope in function operates for a
short duration. Additionally, verify Soft Touch/SkyGuard
indicator light flashes and horn sounds. If machine is
equipped with SkyGuard beacon, ensure it flashes when
sensor activates.

3. With SkyGuard sensor still engaged, press and hold yel-
low Soft Touch/SkyGuard override button. Operate a
function to verify operation can be resumed.

4. Disengage SkyGuard sensor, release controls, and recy-
cle footswitch. Ensure normal operation available.

In Ground Mode:

1. Operation is allowed regardless of SkyGuard activation.

BOTH SKYGUARD AND SOFT TOUCH
Perform this procedure if both SkyGuard and Soft Touch are
selected in machine setup (refer to Table 6-2).

From the Platform Control Console in an area free from
obstructions:

NOTE: Machine will treat Soft Touch/SkyGuard override switch as
if it is a Soft Touch and SkyGuard switch.

1. Operate the telescope out function, then activate Sky-
Guard sensor.

2. Once sensor has been activated, ensure telescope out
function stops. Additionally, verify Soft Touch/SkyGuard
indicator light flashes and horn sounds. If machine is
equipped with SkyGuard beacon, ensure it flashes when
sensor activates.

3. With SkyGuard sensor still engaged, press and hold yel-
low Soft Touch/SkyGuard override button. Operate a
function to verify operation can be resumed.

4. Disengage SkyGuard sensor, release controls, and recy-
cle footswitch. Ensure sure normal operation is available.

In Ground Mode:

1. Operation is allowed regardless of SkyGuard activation.
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SOFT TOUCH ONLY
If Soft Touch only is selected in machine setup
(refer to Table 6-2), machine will treat the Soft Touch/SkyGuard
override switch as if it is a Soft Touch switch.

SKYGUARD NOT SELECTED IN MACHINE SETUP
If the SkyGuard system is installed on the machine, but no
option is selected in the machine setup (refer to Table 6-2),
SkyGuard sensor status will be ignored. No function cutout or
reversal will be implemented.

Diagnostics & Troubleshooting
If SkyGuard does not function when the sensor is engaged,
first verify the configuration under the 
MACHINE SETUP: SKYGUARD OPTION menu using the hand-
held Analyzer. Ensure the selected configuration matches the
actual system installed on the machine. If not, select the cor-
rect configuration, then verify operation.

Additionally, use the handheld analyzer to navigate to the
DIAGNOSTICS: FEATURES  SKYGUARD INPUTS menu to
determine additional SkyGuard fault information. 

Engage the SkyGuard sensor and observe the Analyzer to
determine if the switch/relay closes. 

If the status of the switch/relay remains OPEN while the Sky-
Guard sensor is actively engaged, it is possible the sensor has
failed and should be replaced immediately.

If the status of the switch/relay remains CLOSED while the Sky-
Guard sensor is actively engaged, a power or ground wire may
not be making good contact or may be loose or broken. Addi-
tionally, there is a low probability that both relays may have
failed.

If the switch/relay status is in disagreement, then one may
have failed or is not installed correctly. In this case, the
machine will be inoperable.

FAULT CODES
Refer to Table 6-11 for more fault code information

• 0039 - SkyGuard switch activation fault

• 2563 - switch disagreement fault

Table 4-3. SkyGuard Function Table

Drive 
Forward

Drive 
Reverse

Steer Swing
Tower 

Lift 
Up

Tower 
Tele 
Out

Tower 
Lift 

Down

Tower 
Tele In

Boom 
Lift Up

Boom 
Lift 

Down

Boom 
Tele Out

Boom 
Tele In

Jib Lift
Jib 

Swing
Basket 
Level

Basket 
Rotate

R * / C * * R C R C C C C R R R C C C C C

R = Indicates Reversal is Activated

C = Indicates Cutout is Activated

* DOS (Drive Orientation System) Enabled

* *   DOS Not Enabled, machine is driving straight without steering, and any other hydraulic function is active

Note: If SkyGuard is enabled with the Soft Touch system, functions will cut out instead of reversing
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Discount-Equipment.com is your online resource for  quality parts & equipment. 
Florida: 561-964-4949 Outside Florida TOLL FREE: 877-690-3101

Need parts?  
Click on this link: http://www.discount-equipment.com/category/5443-parts/ and 
choose one of the options to help get the right parts and equipment you are looking 
for. Please have the machine model and serial number available in order to help us 
get you the correct parts. If you don’t find the part on the website or on once of the 
online manuals, please fill out the request form and one of our experienced staff 
members will get back to you with a quote for the right part that your machine needs. 

We sell worldwide for the brands: Genie, Terex, JLG, MultiQuip, Mikasa, Essick, Whiteman, 
Mayco, Toro Stone, Diamond Products, Generac Magnum, Airman, Haulotte, Barreto, 

Power Blanket, Nifty Lift, Atlas Copco, Chicago Pneumatic, Allmand, Miller Curber, Skyjack, 
Lull, Skytrak, Tsurumi, Husquvarna Target, , Stow, Wacker, Sakai, Mi-T- M, Sullair,  Basic, 

Dynapac, MBW, Weber, Bartell, Bennar Newman, Haulotte, Ditch Runner, Menegotti, 
Morrison, Contec, Buddy, Crown, Edco, Wyco, Bomag, Laymor, Barreto, EZ Trench,  Bil-

Jax, F.S. Curtis, Gehl Pavers, Heli, Honda, ICS/PowerGrit, IHI, Partner, Imer, Clipper, MMD, 
Koshin, Rice, CH&E, General Equipment, ,AMida, Coleman, NAC, Gradall, Square Shooter, 
Kent, Stanley, Tamco, Toku, Hatz, Kohler, Robin, Wisconsin, Northrock, Oztec, Toker TK, 

Rol-Air, Small Line, Wanco, Yanmar 

http://www.discount-equipment.com/category/5443-parts/
http://www.discount-equipment.com/category/5443-parts/
http://www.discount-equipment.com/page/1517-search-manuals/
http://discount-equipment.com/parts/
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SECTION 5.  HYDRAULICS AND HYDRAULIC SCHEMATICS

5.1 LUBRICATING O-RINGS IN THE HYDRAULIC 
SYSTEM

When assembling connectors in the hydraulic that use o-ring
fittings, it is necessary to lubricate all fittings with hydraulic oil
prior to assembly. To lubricate the fittings, use one of the fol-
lowing procedures.

NOTE: All O-ring fittings must be pre-lubricated with hydraulic oil
prior to assembly.

Cup and Brush
The following is needed to correctly oil the o-ring in this man-
ner:

• A small container for hydraulic oil

• Small paint brush

1. Hold the fitting in one hand while using the brush with
the other hand to dip into the container. Remove excess
hydraulic oil from the brush so an even film of oil is
applied on the o-ring.

2. Holding the fitting over the hydraulic oil container,
brush an even film of oil around the entire o-ring in the
fitting, making sure the entire o-ring is completely satu-
rated.

3. Turn the o-ring on the other side of the fitting and
repeat the previous step, ensuring the entire o-ring is
coated with hydraulic oil.
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Dip Method

NOTE: This method works best with Face Seal o-rings, but will
work for all o-ring fitting types.

The following is needed to correctly oil the o-ring in this man-
ner:

• A small leak proof container

• Sponge cut to fit inside the container

• A small amount of hydraulic oil to saturate the sponge.

1. Place the sponge inside the container and add hydraulic
oil to the sponge until it is fully saturated.

2. Dip the fitting into the sponge using firm pressure.
Upon lifting the fitting, a small droplet will form and drip
from the bottom of the fitting. This should signify an
even coating of oil on the fitting.

3. O-ring Boss type fittings will require more pressure in
able to immerse more of the fitting into the saturated
sponge. This will also cause more oil to be dispersed
from the sponge.

Spray Method
This method requires a pump or trigger spray bottle. 

1. Fill the spray bottle with hydraulic oil. 

2. Hold the fitting over a suitable catch can. 

3. Spray the entire o-ring surface with a medium coat of
oil.

Brush-on Method
This method requires a sealed bottle brush. 

1. Fill the bottle with hydraulic oil. 

2. Using slight pressure to the body of the spray bottle,
invert the bottle so the brush end is in the downward
position. 

3. Brush hydraulic oil on the entire o-ring, applying an
even coat of oil.
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5.2 HYDRAULIC CONNECTION ASSEMBLY AND 
TORQUE SPECIFICATION

Tapered Thread Types 
NPTF = national tapered fuel (Dry Seal) per SAE J476/J512

BSPT = British standard pipe tapered per ISO7-1

Straight Thread Types, Tube and Hose Connections
JIC = 37° flare per SAE J514

SAE = 45° flare per SAE J512

ORFS = o-ring face seal per SAE J1453

MBTL = metric flareless bite type fitting, pressure rating L
(medium) per ISO 8434, DIN 2353

MBTS = metric flareless bite type fitting, pressure rating S
(high) per ISO 8434, DIN 2353

BH = bulkhead connection – JIC, ORFS, MBTL, or MBTS types

60°

30°

Figure 5-1.  NPTF Thread

55°

Thread
O.D.

Figure 5-2.  BSPT Thread

Figure 5-3.  JIC Thread

Figure 5-4.  SAE Thread

Figure 5-5.  ORFS Thread

Figure 5-6.  MTBL-MBTS Thread

Figure 5-7.  Bulkhead Thread
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Straight Thread Types, Port Connections
ORB = o-ring boss per SAE J1926, ISO 11926

MPP = metric pipe parallel o-ring boss per SAE J2244, ISO
6149, DIN 3852

MFF = metric flat face port per ISO 9974-1

BSPP = British standard parallel pipe per ISO 1179-1, DIN 3852-
2

Flange Connection Types
FL61 = code 61 flange per SAE J518, ISO 6162

FL62 = code 62 flange per SAE J518, ISO 6162

Tightening Methods
Torque = Application of a twisting force to the applicable con-
nection by use of a precise measurement instrument (i.e.
torque wrench).

Finger Tight = The point where the connector will no longer
thread onto the mating part when tightened by hand or fin-
gers. Finger Tight is relative to user strength and will have
some variance. The average torque applied by this method is 3
ft-lbs [4 N-m] Also referred to as ‘Hand Tight.’

TFFT = Turns From Finger Tight; Application of a preload to a
connection by first tightening the connection by hand (fin-
gers) and applying an additional rotation counted by a
defined number of turns by use of a tool.

FFWR = Flats from Wrench Resistance;  Application of a pre-
load to a connection by tightening to the point of initial
wrench resistance and turning the nut a described number of
‘flats’.   A ‘flat’ is one side of the hexagonal tube nut and
equates to 1/6 of a turn.   Also referred to as the ‘Flats Method.’

Figure 5-8.  ORB-MPP Thread

Figure 5-9.  MFF-BSPP Thread

Figure 5-10.  ORB-MPP Thread
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Assembly And Torque Specifications
Prior to selecting the appropriate torque from the tables
within this section, it is necessary to properly identify the con-
nector being installed. Refer to the Figures and Tables in this
section. 

GENERAL TUBE TYPE FITTING ASSEMBLY 
INSTRUCTIONS

1. Take precautions to ensure that fittings and mating
components are not damaged during storage, handling
or assembly. Nicks and scratches in sealing surfaces can
create a path for leaks which could lead to component
contamination and/or failure. 

2. When making a connection to tubing, compression or
flare, inspect the tube in the area of the fitting attach-
ment to ensure that the tube has not been damaged. 

3. The assembly process is one of the leading causes for
contamination in air and hydraulic systems. Contamina-
tion can prevent proper tightening of fittings and adapt-
ers from occurring.

a. Avoid using dirty or oily rags when handling fittings.

b. If fittings are disassembled, they should be cleaned
and inspected for damage. Replace fittings as nec-
essary before re-installing.

c. Sealing compounds should be applied where speci-
fied; however, care should be taken not to introduce
sealant into the system. 

d. Avoid applying sealant to the area of the threads
where the sealant will be forced into the system.
This is generally the first two threads of a fitting.

e. Sealant should only be applied to the male threads.

f. Straight thread fittings do not require sealants. O-
rings or washers are provided for sealing.

g. When replacing or installing an O-ring, care is to be
taken while transferring the O-ring over the threads
as it may become nicked or torn. When replacing an
O-ring on a fitting, the use of a thread protector is
recommended.

h. When installing fittings with O-rings, lubrication
shall be used to prevent scuffing or tearing of the O-
ring. See O-ring Installation (Replacement) in this
section.

4. Take care to identify the material of parts to apply the
correct torque values.

a. Verify the material designation in the table head-
ings.

b. If specifications are given only for steel fittings and
components, the values for alternate materials shall
be as follows: Aluminum and Brass- reduce steel val-
ues by 35%; Stainless Steel- Use the upper limit for
steel.

5. To achieve the specified torque, the torque wrench is to
be held perpendicular to the axis of rotation.

6. Refer to the appropriate section in this manual for more
specific instructions and procedures for each type of fit-
ting connection

Figure 5-11.  Torque Wrench Angle
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Assembly Instructions for American Standard Pipe 
Thread Tapered (NPTF) Connections.

1. Inspect components to ensure male and female port
threads are free of rust, splits, dirt, foreign matter, or
burrs.

2. Apply a suitable thread sealant, such as Loctite 567, to
the male pipe threads if not already applied.   Ensure the
first 1 to 2 threads are uncovered to prevent system con-
tamination.

3. Assemble connection hand tight.

4. Mark fittings, male and female.

OVER TIGHTENING MAY CAUSE DEFORMATION OF THE PIPE FITTING AND
DAMAGE TO THE JOINING FITTING, FLANGE OR COMPONENT MAY OCCUR.

NEVER BACK OFF (LOOSEN) PIPE THREADED CONNECTORS TO ACHIEVE ALIGN-
MENT. MEET THE MINIMUM REQUIRED TURNS AND USE THE LAST TURN FOR
ALIGNMENT.

5. Rotate male fitting the number of turns per Table 5-1,
NPTF Pipe Thread. See FFWR and TFFT Methods for TFFT
procedure requirements.

NOTE: TFFT values provided in Table 5-1, NPTF Pipe Thread are
applicable for the following material configurations:

• STEEL fittings with STEEL mating components

• STEEL fittings with ALUMINUM or BRASS mating com-
ponents

• ALUMINUM or BRASS fittings with STEEL mating com-
ponents

• ALUMINUM or BRASS fittings with ALUMINUM or
BRASS mating components.

Table 5-1. NPTF Pipe Thread

TYPE/FITTING IDENTIFICATION
Turns From Finger 

Tight (TFFT)**Material Dash Size
Thread Size ØA*

(UNF) (in) (mm)

ST
EE

L,
 AL

UM
IN

UM
, O

R B
RA

SS
 FI

TT
IN

GS
 W

ITH
  ST

EE
L,

 AL
UM

IN
UM

, O
R B

RA
SS

 M
AT

IN
G C

OM
PO

NE
NT

S

2 1/8 - 27 0.40 10.24 2 to 3

4 1/4 - 18 0.54 13.61 2 to 3

6 3/8 - 18 0.67 17.05 2 to 3

8 1/2 - 14 0.84 21.22 2 to 3

12 3/4 - 14 1.05 26.56 2 to 3

16 1  - 11 1/2 1.31 33.22 1.5 to 2.5

20 1 1/4 - 11 1/2 1.65 41.98 1.5 to 2.5

24 1 1/2 - 11 1/2 1.89 48.05 1.5 to 2.5

32 2 - 11 1/2 2.37 60.09 1.5 to 2.5

* ØA thread dimension for reference only.

** See FFWR and TFFT Methods subsection for TFFT procedure requirements.

60°

30°
ØA dimension is measured
on the 4th pitch of the thread
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Assembly Instructions for British Standard Pipe 
Thread Tapered (BSPT) Connections

1. Inspect components to ensure male and female port
threads are free of rust, splits, dirt, foreign matter, or
burrs.

2. Apply a suitable thread sealant, such as Loctite 567, to
the male pipe threads if not already applied.   Ensure the
first 1 to 2 threads are uncovered to prevent system con-
tamination.

3. Assemble connection hand tight.

4. Mark fittings, male and female.

OVER TIGHTENING MAY CAUSE DEFORMATION OF THE PIPE FITTING AND
DAMAGE TO THE JOINING FITTING, FLANGE OR COMPONENT MAY OCCUR.

NEVER BACK OFF (LOOSEN) PIPE THREADED CONNECTORS TO ACHIEVE ALIGN-
MENT. MEET THE MINIMUM REQUIRED TURNS AND USE THE LAST TURN FOR
ALIGNMENT.

5. Rotate male fitting the number of turns per Table 5-2,
BSPT Pipe Thread. See FFWR and TFFT Methods for TFFT
procedure requirements.

NOTE: TFFT values provided in Table 5-2, BSPT Pipe Thread are
applicable for the following material configurations:

• STEEL fittings with STEEL mating components

• STEEL fittings with ALUMINUM or BRASS mating com-
ponents

• ALUMINUM or BRASS fittings with STEEL mating com-
ponents

• ALUMINUM or BRASS fittings with ALUMINUM or
BRASS mating components.

Table 5-2. BSPT Pipe Thread

TYPE/FITTING IDENTIFICATION Turns From 
Finger Tight 

(TFFT)**MATERIAL Dash Size
Thread Size ØA*

(BSPT) (in) (mm)

ST
EE

L,
 AL

UM
IN

UM
, O

R B
RA

SS
 FI

TT
IN

GS
 W

ITH
  ST

EE
L,

 AL
UM

IN
UM

, O
R B

RA
SS

 
MA

TIN
G C

OM
PO

NE
NT

S

2 1/8 - 28 0.38 9.73 2 to 3

4 1/4 - 19 0.52 13.16 2 to 3

6 3/8 - 19 0.66 16.66 2 to 3

8 1/2 - 14 0.83 20.96 2 to 3

12 3/4 - 14 1.04 26.44 2 to 3

16 1  - 11 1.31 33.25 1.5 to 2.5

20 1 1/4 - 11 1.65 41.91 1.5 to 2.5

24 1 1/2 - 11 1.88 47.80 1.5 to 2.5

32 2 - 11 2.35 59.61 1.5 to 2.5

* ØA thread dimension for reference only.

** See Appendix B for TFFT procedure requirements.
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SECTION 5 - HYDRAULICS AND HYDRAULIC SCHEMATICS
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Assembly Instructions for 37° (JIC) Flare Fittings
1. Inspect the flare for obvious visual squareness and con-

centricity issues with the tube OD. Ensure surface is
smooth, free of rust, weld and brazing splatter, splits,
dirt, foreign matter, or burrs. If necessary replace fitting
or adapter.

DO NOT FORCE A MISALIGNED OR SHORT HOSE/TUBE INTO ALIGNMENT. IT
PUTS UNDESIRABLE STRAIN ONTO THE JOINT EVENTUALLY LEADING TO LEAK-
AGE.

2. Align tube to fitting and start threads by hand.

THE TORQUE METHOD SHOULD NOT BE USED ON LUBRICATED OR OILY FIT-
TINGS. NO LUBRICATION OR SEALANT IS REQUIRED. THE LUBRICATION
WOULD CAUSE INCREASED CLAMPING FORCE AND CAUSE FITTING DAMAGE.

3. Torque assembly to value listed in Table Table 5-3, 37°
Flare (JIC)Thread - Steel or Table 5-4, 37° Flare
(JIC)Thread - Aluminum/Brass while using the Double
Wrench Method per Double Wrench Method. Refer to
FFWR and TFFT Methods for procedure requirements if
using the FFWR method.   

NOTE: Torque values provided in Table Table 5-3, 37° Flare
(JIC)Thread - Steel and Table 5-4, 37° Flare (JIC)Thread -
Aluminum/Brass are segregated based on the material
configuration of the connection.

ALUMINUM/BRASS FITTINGS OR ALUMINUM/BRASS MATING
COMPONENTS’ indicate either the following material configu-
rations:

• STEEL fittings with ALUMINUM or BRASS mating com-
ponents

• ALUMINUM or BRASS fittings with STEEL mating com-
ponents

• ALUMINUM or BRASS fittings with ALUMINUM or
BRASS mating components.
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SECTION 5 - HYDRAULICS AND HYDRAULIC SCHEMATICS
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Table 5-3. 37° Flare (JIC)Thread - Steel

Type/Fitting Identification Torque Flats from 
Wrench 

Resistance 
(F.F.W.R)**M

AT
ER

IA
L

Dash Size
Thread 

Size
ØA* ØB* [Ft-Lb] [N-m]

(UNF) (in) (mm) (in) (mm) Min Nom Max Min Nom Max

ST
EE

L F
IT

TI
NG

S W
IT

H 
 ST

EE
L M

AT
IN

G 
CO

M
PO

NE
NT

S;
 

UN
-L

UB
RI

CA
TE

D 
TH

RE
AD

S

2 5/16-24 0.28 7.00 0.31 7.75 6 7 7 8 9 10 --

3 3/8-24 0.34 8.60 0.37 9.50 8 9 10 11 12 14 --

4 7/16-20 0.39 10.00 0.44 11.10 13 14 14 18 19 19 1-1/2 to 1-3/4

5 1/2-20 0.46 11.60 0.50 12.70 14 15 15 19 20 21 1  to 1-1/2

6 9/16-18 0.51 13.00 0.56 14.30 22 23 24 30 31 33 1  to 1-1/2

8 3/4-16 0.69 17.60 0.75 19.10 42 44 46 57 60 63 1-1/2 to 1-3/4

10 7/8-14 0.81 20.50 0.87 22.20 60 63 66 81 85 89 1 to 1-1/2

12 1 1/16-12 0.97 24.60 1.06 27.00 84 88 92 114 120 125 1 to 1-1/2

14 1 3/16-12 1.11 28.30 1.19 30.10 100 105 110 136 142 149 1 to 1-1/2

16 1 5/16-12 1.23 31.30 1.31 33.30 118 124 130 160 168 176 3/4 to 1

20 1 5/8-12 1.54 39.20 1.63 41.30 168 176 185 228 239 251 3/4 to 1

24 1 7/8-12 1.80 45.60 1.87 47.60 195 205 215 264 278 291 3/4 to 1

32 2 1/2-12 2.42 61.50 2.50 63.50 265 278 292 359 377 395 3/4 to 1

* ØA and ØB thread dimensions for reference only.

** See Appendix B for FFWR procedure requirements.

Thread OD

B

A

37°
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SECTION 5 - HYDRAULICS AND HYDRAULIC SCHEMATICS
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Table 5-4. 37° Flare (JIC)Thread - Aluminum/Brass

TYPE/FITTING IDENTIFICATION Torque Flats from 
Wrench 

Resistance 
(F.F.W.R)**M

AT
ER

IA
L

Dash Size
Thread 

Size
ØA* ØB* [Ft-Lb] [N-m]

(UNF) (in) (mm) (in) (mm) Min Nom Max Min Nom Max

AL
UM

IN
UM

/B
RA

SS
 FI

TT
IN

GS
  O

R 
AL

UM
IN

UM
/B

RA
SS

 M
AT

IN
G 

CO
M

PO
NE

NT
S;

 U
N-

LU
BR

IC
AT

ED
 TH

RE
AD

S

2 5/16-24 0.28 7.00 0.31 7.75 4 4 5 5 6 7 --

3 3/8-24 0.34 8.60 0.37 9.50 5 6 7 7 8 9 --

4 7/16-20 0.39 10.00 0.44 11.10 8 9 9 11 12 13 1-1/2 to 1-3/4

5 1/2-20 0.46 11.60 0.50 12.70 9 10 10 12 13 14 1  to 1-1/2

6 9/16-18 0.51 13.00 0.56 14.30 14 15 16 19 20 21 1  to 1-1/2

8 3/4-16 0.69 17.60 0.75 19.10 27 29 30 37 39 41 1-1/2 to 1-3/4

10 7/8-14 0.81 20.50 0.87 22.20 39 41 43 53 56 58 1 to 1-1/2

12 1 1/16-12 0.97 24.60 1.06 27.00 55 57 60 74 78 81 1 to 1-1/2

14 1 3/16-12 1.11 28.30 1.19 30.10 65 68 72 88 93 97 1 to 1-1/2

16 1 5/16-12 1.23 31.30 1.31 33.30 77 81 84 104 109 114 3/4 to 1

20 1 5/8-12 1.54 39.20 1.63 41.30 109 115 120 148 155 163 3/4 to 1

24 1 7/8-12 1.80 45.60 1.87 47.60 127 133 139 172 180 189 3/4 to 1

32 2 1/2-12 2.42 61.50 2.50 63.50 172 181 189 234 245 257 3/4 to 1

* ØA and ØB thread dimensions for reference only.

** See FFWR and TFFT Methodsfor FFWR procedure requirements.

Thread OD

B

A

37°
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SECTION 5 - HYDRAULICS AND HYDRAULIC SCHEMATICS
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Assembly Instructions for 45° SAE Flare Fittings
1. Inspect the flare for obvious visual squareness and con-

centricity issues with the tube OD. Ensure surface is
smooth, free of rust, weld and brazing splatter, splits,
dirt, foreign matter, or burrs. If necessary replace fitting
or adapter.

DO NOT FORCE A MISALIGNED OR SHORT HOSE/TUBE INTO ALIGNMENT. IT
PUTS UNDESIRABLE STRAIN ONTO THE JOINT EVENTUALLY LEADING TO LEAK-
AGE.

2. Align tube to fitting.

3. Tighten fitting by hand until hand tight.

THE TORQUE METHOD SHOULD NOT BE USED ON LUBRICATED OR OILY FIT-
TINGS. NO LUBRICATION OR SEALANT IS REQUIRED. THE LUBRICATION
WOULD CAUSE INCREASED CLAMPING FORCE AND CAUSE FITTING DAMAGE.

Torque fitting to value listed in Table 5-5, 45° Flare (SAE) - Steel
and Table 5-6, 45° Flare (SAE) - Aluminum/Brass while using
the Double Wrench Method outlined in this section.   Refer to
FFWR and TFFT Methods for procedure requirements if using
the TFFT method.   

NOTE: Torque values provided in Table 5-5, 45° Flare (SAE) - Steel
and Table 5-6, 45° Flare (SAE) - Aluminum/Brass are segre-
gated based on the material configuration of the connec-
tion.

ALUMINUM/BRASS FITTINGS OR ALUMINUM/BRASS MATING
COMPONENTS’ indicate either the following material configu-
rations:

• STEEL fittings with ALUMINUM or BRASS mating com-
ponents

• ALUMINUM or BRASS fittings with STEEL mating com-
ponents

• ALUMINUM or BRASS fittings with ALUMINUM or
BRASS

mating components.
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SECTION 5 - HYDRAULICS AND HYDRAULIC SCHEMATICS
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Table 5-5. 45° Flare (SAE) - Steel

TYPE/FITTING IDENTIFICATION Torque

M
AT

ER
IA

L

Dash Size
Thread 

Size
ØA* ØB* [Ft-Lb] [N-m]

(UNF) (in) (mm) (in) (mm) Min Nom Max Min Nom Max

ST
EE

L F
IT

TI
NG

S W
IT

H 
 

ST
EE

L M
AT

IN
G 

CO
M

PO
NE

NT
S;

 
UN

-L
UB

RI
CA

TE
D 

TH
RE

AD
S 4  7/16-20 0.39 9.90 0.44 11.10 13 14 14 18 19 19

6 5/8-18 0.56 14.30 0.63 15.90 22 23 24 30 31 33

8 3/4-16 0.69 17.50 0.75 19.10 42 44 46 57 60 62

10 7/8-14 0.81 20.60 0.87 22.20 60 63 66 81 85 89

12 1 1/16-14 0.98 25.00 1.06 27.00 84 88 92 114 119 125

* ØA and ØB thread dimensions for reference only.

** See FFWR and TFFT Methodsfor FFWR procedure requirements.

Table 5-6. 45° Flare (SAE) - Aluminum/Brass

TYPE/FITTING IDENTIFICATION Torque

M
AT

ER
IA

L

Dash Size
Thread 

Size
ØA* ØB* [Ft-Lb] [N-m]

(UNF) (in) (mm) (in) (mm) Min Nom Max Min Nom Max

AL
UM

IN
UM

/B
RA

SS
 

FI
TT

IN
GS

  
OR

 A
LU

M
IN

UM
/B

RA
SS

 
M

AT
IN

G 
CO

M
PO

NE
NT

S;
 

UN
-L

UB
RI

CA
TE

D 
TH

RE
AD

S 4  7/16-20 0.39 9.90 0.44 11.10 8 9 9 11 12 12

6 5/8-18 0.56 14.30 0.63 15.90 14 15 15 19 20 20

8 3/4-16 0.69 17.50 0.75 19.10 27 29 30 37 39 41

10 7/8-14 0.81 20.60 0.87 22.20 39 41 43 53 56 58

12 1 1/16-14 0.98 25.00 1.06 27.00 55 58 61 75 79 83

* ØA and ØB thread dimensions for reference only.

** See FFWR and TFFT Methods for TFFT procedure requirements.
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SECTION 5 - HYDRAULICS AND HYDRAULIC SCHEMATICS
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Assembly Instructions for O-Ring Face Seal (ORFS) 
Fittings

1. Ensure proper O-ring is installed. If O-ring is missing
install per O-ring Installation (Replacement).

2. Ensure surface is smooth, free of rust, weld and brazing
splatter, splits, dirt, foreign matter, or burrs. If necessary
replace fitting or adapter.

CARE TO BE TAKEN WHEN LUBRICATING O-RING. AVOID ADDING OIL TO THE
THREADED CONNECTION OF THE FITTING. THE LUBRICATION WOULD CAUSE
INCREASED CLAMPING FORCE AND CAUSE FITTING DAMAGE.

3. Pre-lubricate the O-ring with Hydraulic Oil. 

4. Place the tube assembly against the fitting body so that
the flat face comes in contact with the O-ring. Hand
thread the nut onto the fitting body.

5. Torque nut to value listed in Table 5-7, O-ring Face Seal
(ORFS) - Steel or Table 5-8, O-ring Face Seal (ORFS) - Alu-
minum/Brass while using the Double Wrench Method.
Refer to FFWR and TFFT Methods for procedure require-
ments if using the FFWR method.   

NOTE: Torque values provided in Table 5-7, O-ring Face Seal
(ORFS) - Steel and Table 5-8, O-ring Face Seal (ORFS) - Alu-
minum/Brass are segregated based on the material config-
uration of the connection.

ALUMINUM/BRASS FITTINGS OR ALUMINUM/BRASS MATING
COMPONENTS’ indicate either the following material configu-
rations:

• STEEL fittings with ALUMINUM or BRASS mating com-
ponents

• ALUMINUM or BRASS fittings with STEEL mating com-
ponents

• ALUMINUM or BRASS fittings with ALUMINUM or 

BRASS mating components

Table 5-7. O-ring Face Seal (ORFS) - Steel

TYPE/FITTING IDENTIFICATION Torque
Flats from Wrench 

Resistance 
(F.F.W.R)**

M
AT

ER
IA

L

Dash Size
Thread Size ØA* ØB* [Ft-Lb] [N-m]

Tube 
Nuts

Swivel & 
Hose 
Ends(UNF) (in) (mm) (in) (mm) Min Nom Max Min Nom Max

ST
EE

L F
IT

TI
NG

S W
IT

H 
 

ST
EE

L M
AT

IN
G 

CO
M

PO
NE

NT
S;

 
UN

-L
UB

RI
CA

TE
D 

TH
RE

AD
S

4 9/16-18 0.51 13.00 0.56 14.20 18 19 20 25 26 27 1/4 to 1/2 1/2 to 3/4

6 11/16-16 0.63 15.90 0.69 17.50 30 32 33 40 43 45 1/4 to 1/2 1/2 to 3/4

8 13/16-16 0.75 19.10 0.81 20.60 40 42 44 55 57 60 1/4 to 1/2 1/2 to 3/4

10 1-14 0.94 23.80 1.00 25.40 60 63 66 81 85 89 1/4 to 1/2 1/2 to 3/4

12 1 3/16-12 1.11 28.20 1.19 30.10 85 90 94 115 122 127 1/4 to 1/2 1/2 to 3/4

16 1 7/16-12 1.34 34.15 1.44 36.50 110 116 121 149 157 164 1/4 to 1/2 1/2 to 3/4

20 1 11/16-12 1.59 40.50 1.69 42.90 150 158 165 203 214 224 1/4 to 1/2 1/2 to 3/4

24 2-12 1.92 48.80 2.00 50.80 230 242 253 312 328 343 1/4 to 1/2 1/2 to 3/4

32 2 1/2-12 2.43 61.67 2.50 63.50 375 394 413 508 534 560 1/4 to 1/2 1/2 to 3/4

* ØA and ØB thread dimensions for reference only.

** See FFWR and TFFT Methodsfor FFWR procedure requirements.
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SECTION 5 - HYDRAULICS AND HYDRAULIC SCHEMATICS
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Table 5-8. O-ring Face Seal (ORFS) - Aluminum/Brass

TYPE/FITTING IDENTIFICATION Torque
Flats from Wrench 

Resistance 
(F.F.W.R)**

M
AT

ER
IA

L

Dash 
Size

Thread 
Size

ØA* ØB* [Ft-Lb] [N-m] Tube 
Nuts

Swivel & 
Hose 
Ends(UNF) (in) (mm) (in) (mm) Min Nom Max Min Nom Max

AL
UM

IN
UM

/B
RA

SS
 FI

TT
IN

GS
  O

R 
AL

UM
IN

UM
/B

RA
SS

 
M

AT
IN

G 
CO

M
PO

NE
NT

S;
 

UN
-L

UB
RI

CA
TE

D 
TH

RE
AD

S

4 9/16-18 0.51 13.00 0.56 14.20 12 13 13 16 18 18 1/4 to 1/2 1/2 to 3/4

6 11/16-16 0.63 15.90 0.69 17.50 20 21 22 27 28 30 1/4 to 1/2 1/2 to 3/4

8 13/16-16 0.75 19.10 0.81 20.60 26 28 29 35 38 39 1/4 to 1/2 1/2 to 3/4

10 1-14 0.94 23.80 1.00 25.40 39 41 43 53 56 58 1/4 to 1/2 1/2 to 3/4

12 1 3/16-12 1.11 28.20 1.19 30.10 55 58 61 75 79 83 1/4 to 1/2 1/2 to 3/4

16 1 7/16-12 1.34 34.15 1.44 36.50 72 76 79 98 103 107 1/4 to 1/2 1/2 to 3/4

20 1 11/16-12 1.59 40.50 1.69 42.90 98 103 108 133 140 146 1/4 to 1/2 1/2 to 3/4

24 2-12 1.92 48.80 2.00 50.80 12 13 13 16 18 18 1/4 to 1/2 1/2 to 3/4

32 2 1/2-12 2.43 61.67 2.50 63.50 20 21 22 27 28 30 1/4 to 1/2 1/2 to 3/4

* ØA and ØB thread dimensions for reference only.

** See FFWR and TFFT Methods for FFWR procedure requirements.
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SECTION 5 - HYDRAULICS AND HYDRAULIC SCHEMATICS
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Assembly Instructions for DIN 24° Flare Bite Type 
Fittings (MBTL and MBTS)

A NON-SQUARE TUBE END CAN CAUSE IMPROPERLY SEATED FITTINGS AND
LEAKAGE.

1. Inspect the components to ensure free of contamina-
tion, external damage, rust, splits, dirt, foreign matter, or
burrs. Ensure tube end is visibly square. If necessary
replace fitting or tube.

2. Lubricate thread and cone of fitting body or hardened
pre-assembly tool, as well as the progressive ring and
nut threads.

3. Slip nut and progressive ring over tube, assuring that
they are in the proper orientation. 

4. Push the tube end into the coupling body. 

5. Slide collet into position and tighten until finger tight.
Mark nut and tube in the finger-tight position. Tighten
nut to the number of flats listed in Table Table 5-9, DIN
24°Cone (MBTL & MBTS) while using the Double Wrench
Method. The tube must not turn with the nut. 
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Table 5-9. DIN 24°Cone (MBTL & MBTS)

TYPE/FITTING IDENTIFICATION
DIN 24° CONE FLARELESS BITE FITTING

(With or Without O-Ring)

M
AT

ER
IA

L

TY
PE

Tube 
O.D.

Thread M 
Size

ØA* ØB* C* ØD*
Torque Flats from 

Wrench 
Resistance 
(F.F.W.R)**

[Ft-Lb] [N-m]

(mm) (Metric) (mm) (mm) (mm) (mm) Min Nom Max Min Nom Max

ST
EE

L F
IT

TI
NG

S W
IT

H 
 ST

EE
L M

AT
IN

G 
CO

M
PO

NE
NT

S

DI
N 

24
° C

ON
E F

LA
RE

LE
SS

 B
IT

E  
(M

BT
L)

 FI
TT

IN
G 6 M12 x 1.5 10.50 12.00 7.00 6.20

FFWR is the recommended
method of fitting assembly.

Torque values are application
specific due to variability in the 

fitting supplier, coating,
lubrication, and other physical

characteristics of the connection.

Refer to the specific procedure
in the 

1.5 to 1.75

8 M14 x 1.5 12.50 14.00 7.00 8.20 1.5 to 1.75

10 M16 x 1.5 14.50 16.00 7.00 10.20 1.5 to 1.75

12 M18 x 1.5 16.50 18.00 7.00 12.20 1.5 to 1.75

15 M22 x 1.5 20.50 22.00 7.00 15.20 1.5 to 1.75

18 M26 x 1.5 24.50 26.00 7.50 18.20 1.5 to 1.75

22 M30 x 2 27.90 30.00 7.50 22.20 1.5 to 1.75

28 M36 x 2 33.90 36.00 7.50 28.20 1.5 to 1.75

35 M45 x 2 42.90 45.00 10.50 35.30 1.5 to 1.75

42 M52 x 2 49.90 52.00 11.00 42.30 1.5 to 1.75

TY
PE

Tube 
O.D.

Thread M 
Size

ØA* ØB* C* ØD*
Torque Flats from 

Wrench 
Resistance 
(F.F.W.R)**

[Ft-Lb] [N-m]

(mm) (Metric) (mm) (mm) (mm) (mm) Min Nom Max Min Nom Max

DI
N 

24
° C

ON
E F

LA
RE

LE
SS

 B
IT

E (
M

BT
S)

 FI
TT

IN
G 6 M14 x 1.5 12.50 14.00 7.00 6.20

FFWR is the recommended
method of fitting assembly.

Torque values are application
specific due to variability in the 

fitting supplier, coating,
lubrication, and other physical

characteristics of the connection.

Refer to the specific procedure
in the 

1.5 to 1.75

8 M16 x 1.5 14.50 16.00 7.00 8.20 1.5 to 1.75

10 M18 x 1.5 16.50 18.00 7.50 10.20 1.5 to 1.75

12 M20 x 1.5 18.50 20.00 7.50 12.20 1.5 to 1.75

14 M22 x 1.5 20.50 22.00 8.00 14.20 1.5 to 1.75

16 M24 x 1.5 22.50 24.00 8.50 16.20 1.5 to 1.75

20 M30 x 2 27.90 30.00 10.50 20.20 1.5 to 1.75

25 M36 x 2 33.90 36.00 12.00 25.20 1.5 to 1.75

30 M42 x 2 39.90 42.00 13.50 30.20 1.5 to 1.75

38 M52 x 2 49.90 52.00 16.00 38.30 1.5 to 1.75

* ØA, ØB, C, & ØD  thread dimensions for reference only.

** See Appendix B for FFWR procedure requirements.
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Assembly Instructions for Bulkhead (BH) Fittings
1. Ensure threads and surface are free of rust, weld and

brazing splatter, splits, burrs or other foreign material. If
necessary replace fitting or adapter.

2. Remove the locknut from the bulkhead assembly.

3. Insert the bulkhead side of the fitting into the panel or
bulkhead bracket opening.

4. Hand thread the locknut onto the bulkhead end of the
fitting body.

5. Torque nut onto fitting per Table 5-10 and Table 5-11
while using the Double Wrench Method.
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SECTION 5 - HYDRAULICS AND HYDRAULIC SCHEMATICS
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Table 5-10. Bulkhead Fittings (BH) - INCH

TYPE/FITTING IDENTIFICATION
FASTENING JAM NUT 

for Bulkhead Connectors

M
AT

ER
IA

L

TY
PE Dash Size

Thread Size
Torque

[Ft-Lb] [N-m]

(UNF) Min Nom Max Min Nom Max

ST
EE

L F
IT

TI
NG

S

O-
RI

NG
 FA

CE
 SE

AL
 (O

RF
S)

 B
UL

KH
EA

D 
FI

TT
IN

G 4 9/16-18 15 16 17 20 22 23

6 11/16-16 25 27 28 34 37 38

8 13/16-16 55 58 61 75 79 83

10 1-14 85 90 94 115 122 127

12 1 3/16-12 135 142 149 183 193 202

14 1 5/16-12 170 179 187 230 243 254

16 1 7/16-12 200 210 220 271 285 298

20 1 11/16-12 245 258 270 332 350 366

24 2-12 270 284 297 366 385 403

TY
PE Dash Size

Thread Size
Torque

[Ft-Lb] [N-m]

(UNF) Min Nom Max Min Nom Max

37
° F

LA
RE

 (J
IC

) B
UL

KH
EA

D 
FI

TT
IN

G

3 3/8-24 8 9 9 11 12 12

4 7/16-20 13 14 14 18 19 19

5 1/2-20 20 21 22 27 28 30

6 9/16-18 25 27 28 34 37 38

8 3/4-16 50 53 55 68 72 75

10 7/8-14 85 90 94 115 122 127

12 1 1/16-12 135 142 149 183 193 202

14 1 3/16-12 170 179 187 230 243 254

16 1 5/16-12 200 210 220 271 285 298

20 1 5/8-12 245 258 270 332 350 366

24 1 7/8-12 270 284 297 366 385 403

32 2 1/2-12 310 326 341 420 442 462
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Table 5-11. Bulkhead Fittings (BH) - METRIC

TYPE/FITTING IDENTIFICATION
FASTENING JAM NUT 

for Bulkhead Connectors

MATERIAL TYPE
Connecting 

Tube O.D.
Thread M Size

Torque

[Ft-Lb] [N-m]

(mm) (metric) Min Nom Max Min Nom Max

ST
EE

L F
IT

TI
NG

S

DI
N 

24
° C

ON
E F

LA
RE

LE
SS

 B
IT

E  
(M

BT
L)

 B
UL

KH
EA

D 
FI

TT
IN

G

6 M12 x 1.5 14 15 16 19 20 22

8 M14 x 1.5 17 18 19 23 24 26

10 M16 x 1.5 22 23 24 30 31 33

12 M18 x 1.5 35 37 39 47 50 53

15 M22 x 1.5 44 47 50 60 64 68

18 M26 x 1.5 70 75 80 95 102 108

22 M30 x 2 115 120 125 156 163 169

28 M36 x 2 150 157 164 203 213 222

35 M45 x 2 155 162 169 210 220 229

42 M52 x 2 220 230 240 298 312 325

DI
N 

24
° C

ON
E F

LA
RE

LE
SS

 B
IT

E (
M

BT
S)

 B
UL

KH
EA

D 
FI

TT
IN

G Connecting 
Tube O.D.

Thread M Size
Torque

[Ft-Lb] [N-m]

(mm) (metric) Min Nom Max Min Nom Max

6 M14 x 1.5 17 15 16 23 20 22

8 M16 x 1.5 22 18 19 30 24 26

10 M18 x 1.5 35 23 24 47 31 33

12 M20 x 1.5 40 35 37 54 47 50

14 M22 x 1.5 44 47 50 60 64 68

16 M24 x 1.5 70 75 80 95 102 108

20 M30 x 2 115 120 125 156 163 169

25 M36 x 2 150 157 164 203 213 222

30 M42 x 2 155 162 169 210 220 229

38 M52 x 2 220 230 240 298 312 325
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SECTION 5 - HYDRAULICS AND HYDRAULIC SCHEMATICS
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Assembly Instructions for O-Ring Boss (ORB) 
Fittings

1. Inspect components to ensure that male and female
port threads are free of rust, splits, dirt, foreign matter, or
burrs.

2. Ensure proper O-ring is installed. If O-ring is missing
install per O-ring Installation (Replacement).

CARE TO BE TAKEN WHEN LUBRICATING O-RING. AVOID ADDING OIL TO THE
THREADED CONNECTION OF THE FITTING. THE LUBRICATION WOULD CAUSE
INCREASED CLAMPING FORCE AND CAUSE FITTING DAMAGE.

3. Pre-lubricate the O-ring with Hydraulic Oil. 

4. For Non-Adjustable and Plugs, thread the fitting by
hand until contact. 

5. For Adjustable fittings, refer to Adjustable Stud End
Assembly for proper assembly. 

6. Torque the fitting or nut to value listed in Table 5-12 thru
Table 5-17 while using the Double Wrench Method.   

a. The table headings identify the straight thread O-
ring port and the type on the other side of the fit-
ting. The torque will be applied to the straight
thread O-ring port.

b. Torque values provided in Table 5-12 thru Table 5-17
are segregated based on the material configuration
of the connection. ‘ALUMINUM/BRASS FITTINGS OR
ALUMINUM/BRASS MATING COMPONENTS’ indi-
cate either the following material configurations:

• STEEL fittings with ALUMINUM or BRASS mating com-
ponents 

• ALUMINUM or BRASS fittings with STEEL mating com-
ponents

• ALUMINUM or BRASS fittings with ALUMINUM or
BRASS mating components.

7. Inspect to ensure the O-ring is not pinched and the
washer is seated flat on the counter bore of the port.
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SECTION 5 - HYDRAULICS AND HYDRAULIC SCHEMATICS
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Table 5-12. O-ring Boss (ORB) - Table 1 of 6

TYPE/FITTING IDENTIFICATION
HEX TYPE PLUGS & STUD ENDS

with 37° (JIC) or L series DIN (MBTL) opposite end

MATERIAL Dash Size
Thread Size ØA* Torque

(UNF) (in) (mm) Min Nom Max Min Nom Max

ST
EE

L F
IT

TI
NG

S W
IT

H 
 ST

EE
L M

AT
IN

G 
CO

M
PO

NE
NT

S;
 U

N-
LU

BR
IC

AT
ED

 TH
RE

AD
S

2 5/16-24 0.31 7.93 (85) (90) (94) 10 10 11 

3 3/8-24 0.37 9.52 (155) (163) (171) 18 18 19 

4  7/16-20 0.44 11.11 22 23 24 29 31 33

5 1/2-20 0.50 12.70 23 25 26 32 34 35

6 9/16-18 0.56 14.28 29 31 32 40 42 43

8 3/4-16 0.75 19.10 52 55 57 70 75 77

10 7/8-14 0.87 22.22 85 90 94 115 122 127

12 1 1/16-12 1.06 27.00 135 142 149 185 193 202

14 1 3/16-12 1.19 30.10 175 184 193 235 249 262

16 1 5/16-12 1.31 33.30 200 210 220 270 285 298

20 1 5/8-12 1.63 41.30 250 263 275 340 357 373

24 1 7/8-12 1.87 47.60 305 321 336 415 435 456

32 2 1/2-12 2.50 63.50 375 394 413 510 534 560

TYPE/FITTING IDENTIFICATION
HEX TYPE PLUGS & STUD ENDS

with 37° (JIC) or L series DIN (MBTL) opposite end

MATERIAL Dash Size
Thread Size ØA* Torque

(UNF) (in) (mm) Min Nom Max Min Nom Max

AL
UM

IN
UM

/B
RA

SS
 FI

TT
IN

GS
  O

R 
AL

UM
IN

UM
/B

RA
SS

 
M

AT
IN

G 
CO

M
PO

NE
NT

S;
 U

N-
LU

BR
IC

AT
ED

 TH
RE

AD
S

2 5/16-24 0.31 7.93 (55) (58) (61) 6 7 7

3 3/8-24 0.37 9.52 (101) (106) (111) 11 12 13

4  7/16-20 0.44 11.11 14 15 16 19 20 22

5 1/2-20 0.50 12.70 15 16 17 20 22 23

6 9/16-18 0.56 14.28 19 20 21 26 27 28

8 3/4-16 0.75 19.10 34 36 37 46 49 50

10 7/8-14 0.87 22.22 55 58 61 75 79 83

12 1 1/16-12 1.06 27.00 88 93 97 119 126 132

14 1 3/16-12 1.19 30.10 114 120 126 155 163 171

16 1 5/16-12 1.31 33.30 130 137 143 176 186 194

20 1 5/8-12 1.63 41.30 163 171 179 221 232 243

24 1 7/8-12 1.87 47.60 198 208 218 268 282 296

32 2 1/2-12 2.50 63.50 244 256 268 331 347 363

* ØA Thread OD dimension for reference only.

**Removal Torque for Zero Leak Gold® Hollow Hex Plugs is significantly higher than install torque, typically 1.5-3.5X install torque.
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SECTION 5 - HYDRAULICS AND HYDRAULIC SCHEMATICS
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Table 5-13. O-ring Boss (ORB) - Table 2 of 6

TYPE/FITTING IDENTIFICATION
STUD ENDS

with (ORFS) or S series DIN (MBTS) opposite end

MATERIAL Dash Size
Thread Size ØA* Torque

(UNF) (in) (mm) Min Nom Max Min Nom Max

ST
EE

L F
IT

TI
NG

S W
IT

H 
 ST

EE
L M

AT
IN

G 
CO

M
PO

NE
NT

S;
 U

N-
LU

BR
IC

AT
ED

 TH
RE

AD
S

2 5/16-24 0.31 7.93 -- -- -- -- -- --

3 3/8-24 0.37 9.52 -- -- -- -- -- --

4  7/16-20 0.44 11.11 26 27 28 35 37 38

5 1/2-20 0.50 12.70 30 32 33 40 43 45

6 9/16-18 0.56 14.28 35 37 39 46 50 53

8 3/4-16 0.75 19.10 60 63 66 80 85 89

10 7/8-14 0.87 22.22 100 105 110 135 142 149

12 1 1/16-12 1.06 27.00 135 142 149 185 193 202

14 1 3/16-12 1.19 30.10 175 184 193 235 249 262

16 1 5/16-12 1.31 33.30 200 210 220 270 285 298

20 1 5/8-12 1.63 41.30 250 263 275 340 357 373

24 1 7/8-12 1.87 47.60 305 321 336 415 435 456

32 2 1/2-12 2.50 63.50 375 394 413 510 534 560

TYPE/FITTING IDENTIFICATION
STUD ENDS

with (ORFS) or S series DIN (MBTS) opposite end

MATERIAL Dash Size
Thread Size ØA* Torque

(UNF) (in) (mm) Min Nom Max Min Nom Max

AL
UM

IN
UM

/B
RA

SS
 FI

TT
IN

GS
  O

R 
AL

UM
IN

UM
/B

RA
SS

 
M

AT
IN

G 
CO

M
PO

NE
NT

S;
 U

N-
LU

BR
IC

AT
ED

 TH
RE

AD
S

2 5/16-24 0.31 7.93 -- -- -- -- -- --

3 3/8-24 0.37 9.52 -- -- -- -- -- --

4  7/16-20 0.44 11.11 17 18 18 23 24 24

5 1/2-20 0.50 12.70 20 21 21 27 28 28

6 9/16-18 0.56 14.28 23 24 24 31 33 33

8 3/4-16 0.75 19.10 39 41 43 53 56 58

10 7/8-14 0.87 22.22 65 69 72 88 94 98

12 1 1/16-12 1.06 27.00 88 93 97 119 126 132

14 1 3/16-12 1.19 30.10 114 120 126 155 163 171

16 1 5/16-12 1.31 33.30 130 137 143 176 186 194

20 1 5/8-12 1.63 41.30 163 171 179 221 232 243

24 1 7/8-12 1.87 47.60 198 208 218 268 282 296

32 2 1/2-12 2.50 63.50 244 256 268 331 347 363

* ØA Thread OD dimension for reference only.

**Removal Torque for Zero Leak Gold® Hollow Hex Plugs is significantly higher than install torque, typically 1.5-3.5X install torque.
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SECTION 5 - HYDRAULICS AND HYDRAULIC SCHEMATICS
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Table 5-14. O-ring Boss (ORB) - Table 3 of 6

TYPE/FITTING IDENTIFICATION
ADJUSTABLE STUD END

with 37° (JIC) or L series DIN (MBTL) opposite end

MATERIAL Dash Size
Thread Size ØA* Torque

(UNF) (in) (mm) Min Nom Max Min Nom Max

ST
EE

L F
IT

TI
NG

S W
IT

H 
 ST

EE
L M

AT
IN

G 
CO

M
PO

NE
NT

S;
 U

N-
LU

BR
IC

AT
ED

 TH
RE

AD
S

2 5/16-24 0.31 7.93 (60) (63) (66) 7 7 7 

3 3/8-24 0.37 9.52 (100) (105) (110) 11 12 12 

4  7/16-20 0.44 11.11 15 16 17 20 22 23

5 1/2-20 0.50 12.70 21 22 23 28 30 31

6 9/16-18 0.56 14.28 29 31 32 40 42 43

8 3/4-16 0.75 19.10 52 55 57 70 75 77

10 7/8-14 0.87 22.22 85 90 94 115 122 127

12 1 1/16-12 1.06 27.00 135 142 149 185 193 202

14 1 3/16-12 1.19 30.10 175 184 193 235 249 262

16 1 5/16-12 1.31 33.30 200 210 220 270 285 298

20 1 5/8-12 1.63 41.30 250 263 275 340 357 373

24 1 7/8-12 1.87 47.60 305 321 336 415 435 456

32 2 1/2-12 2.50 63.50 375 394 413 510 534 560

TYPE/FITTING IDENTIFICATION
ADJUSTABLE STUD END

with 37° (JIC) or L series DIN (MBTL) opposite end

MATERIAL Dash Size
Thread Size ØA* Torque

(UNF) (in) (mm) Min Nom Max Min Nom Max

AL
UM

IN
UM

/B
RA

SS
 FI

TT
IN

GS
  O

R 
AL

UM
IN

UM
/B

RA
SS

 
M

AT
IN

G 
CO

M
PO

NE
NT

S;
 U

N-
LU

BR
IC

AT
ED

 TH
RE

AD
S

2 5/16-24 0.31 7.93 (39) (41) (43) 4 5 5

3 3/8-24 0.37 9.52 (65) (69) (72) 7 8 8

4  7/16-20 0.44 11.11 10 11 11 14 15 15

5 1/2-20 0.50 12.70 14 15 15 19 20 20

6 9/16-18 0.56 14.28 19 20 21 26 27 28

8 3/4-16 0.75 19.10 34 36 37 46 49 50

10 7/8-14 0.87 22.22 55 58 61 75 79 83

12 1 1/16-12 1.06 27.00 88 93 97 119 126 132

14 1 3/16-12 1.19 30.10 114 120 126 155 163 171

16 1 5/16-12 1.31 33.30 130 137 143 176 186 194

20 1 5/8-12 1.63 41.30 163 171 179 221 232 243

24 1 7/8-12 1.87 47.60 198 208 218 268 282 296

32 2 1/2-12 2.50 63.50 244 256 268 331 347 363

* ØA Thread OD dimension for reference only.

**Removal Torque for Zero Leak Gold® Hollow Hex Plugs is significantly higher than install torque, typically 1.5-3.5X install torque.
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Table 5-15. O-ring Boss (ORB) - Table 4 of 6

TYPE/FITTING IDENTIFICATION
ADJUSTABLE STUD END

with (ORFS) or S series DIN (MBTS) opposite end

MATERIAL Dash Size
Thread Size ØA* Torque

(UNF) (in) (mm) Min Nom Max Min Nom Max

ST
EE

L F
IT

TI
NG

S W
IT

H 
 ST

EE
L M

AT
IN

G 
CO

M
PO

NE
NT

S;
 U

N-
LU

BR
IC

AT
ED

 TH
RE

AD
S

2 5/16-24 0.31 7.93 -- -- -- -- -- --

3 3/8-24 0.37 9.52 -- -- -- -- -- --

4  7/16-20 0.44 11.11 15 16 17 20 22 23

5 1/2-20 0.50 12.70 30 32 33 40 43 45

6 9/16-18 0.56 14.28 35 37 39 46 50 53

8 3/4-16 0.75 19.10 60 63 66 80 85 89

10 7/8-14 0.87 22.22 100 105 110 135 142 149

12 1 1/16-12 1.06 27.00 135 142 149 185 193 202

14 1 3/16-12 1.19 30.10 175 184 193 235 249 262

16 1 5/16-12 1.31 33.30 200 210 220 270 285 298

20 1 5/8-12 1.63 41.30 250 263 275 340 357 373

24 1 7/8-12 1.87 47.60 305 321 336 415 435 456

32 2 1/2-12 2.50 63.50 375 394 413 510 534 560

TYPE/FITTING IDENTIFICATION
ADJUSTABLE STUD END

with (ORFS) or S series DIN (MBTS) opposite end

MATERIAL Dash Size
Thread Size ØA* Torque

(UNF) (in) (mm) Min Nom Max Min Nom Max

AL
UM

IN
UM

/B
RA

SS
 FI

TT
IN

GS
  O

R 
AL

UM
IN

UM
/B

RA
SS

 
M

AT
IN

G 
CO

M
PO

NE
NT

S;
 U

N-
LU

BR
IC

AT
ED

 TH
RE

AD
S

2 5/16-24 0.31 7.93 -- -- -- -- -- --

3 3/8-24 0.37 9.52 -- -- -- -- -- --

4  7/16-20 0.44 11.11 10 11 11 14 15 15

5 1/2-20 0.50 12.70 20 21 21 27 28 28

6 9/16-18 0.56 14.28 23 24 24 31 33 33

8 3/4-16 0.75 19.10 39 41 43 53 56 58

10 7/8-14 0.87 22.22 65 69 72 88 94 98

12 1 1/16-12 1.06 27.00 88 93 97 119 126 132

14 1 3/16-12 1.19 30.10 114 120 126 155 163 171

16 1 5/16-12 1.31 33.30 130 137 143 176 186 194

20 1 5/8-12 1.63 41.30 163 171 179 221 232 243

24 1 7/8-12 1.87 47.60 198 208 218 268 282 296

32 2 1/2-12 2.50 63.50 244 256 268 331 347 363

* ØA Thread OD dimension for reference only.

**Removal Torque for Zero Leak Gold® Hollow Hex Plugs is significantly higher than install torque, typically 1.5-3.5X install torque.
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Table 5-16. O-ring Boss (ORB) - Table 5 of 6

TYPE/FITTING IDENTIFICATION HOLLOW HEX PLUGS

MATERIAL Dash Size
Thread Size ØA* Torque

(UNF) (in) (mm) Min Nom Max Min Nom Max

ST
EE

L F
IT

TI
NG

S W
IT

H 
 ST

EE
L M

AT
IN

G 
CO

M
PO

NE
NT

S;
 U

N-
LU

BR
IC

AT
ED

 TH
RE

AD
S

2 5/16-24 0.31 7.93 (30) (32) (33) 3 4 4 

3 3/8-24 0.37 9.52 (55) (58) (61) 6 7 7

4  7/16-20 0.44 11.11 10 11 11 14 15 15

5 1/2-20 0.50 12.70 14 15 16 19 20 22

6 9/16-18 0.56 14.28 34 36 38 46 49 52

8 3/4-16 0.75 19.10 60 63 66 80 85 89

10 7/8-14 0.87 22.22 100 105 110 135 142 149

12 1 1/16-12 1.06 27.00 135 142 149 185 193 202

14 1 3/16-12 1.19 30.10 175 184 193 235 249 262

16 1 5/16-12 1.31 33.30 200 210 220 270 285 298

20 1 5/8-12 1.63 41.30 250 263 275 340 357 373

24 1 7/8-12 1.87 47.60 305 321 336 415 435 456

32 2 1/2-12 2.50 63.50 375 394 413 510 534 560

TYPE/FITTING IDENTIFICATION HOLLOW HEX PLUGS

MATERIAL Dash Size
Thread Size ØA* Torque

(UNF) (in) (mm) Min Nom Max Min Nom Max

AL
UM

IN
UM

/B
RA

SS
 FI

TT
IN

GS
  O

R 
AL

UM
IN

UM
/B

RA
SS

 
M

AT
IN

G 
CO

M
PO

NE
NT

S;
 U

N-
LU

BR
IC

AT
ED

 TH
RE

AD
S

2 5/16-24 0.31 7.93 (20) (21) (21) 2 2 2

3 3/8-24 0.37 9.52 (36) (38) (40) 4 4 5

4  7/16-20 0.44 11.11 6 7 7 8 9 9

5 1/2-20 0.50 12.70 9 10 10 12 14 14

6 9/16-18 0.56 14.28 22 24 25 30 33 34

8 3/4-16 0.75 19.10 39 41 43 53 56 58

10 7/8-14 0.87 22.22 65 69 72 88 94 98

12 1 1/16-12 1.06 27.00 88 93 97 119 126 132

14 1 3/16-12 1.19 30.10 114 120 126 155 163 171

16 1 5/16-12 1.31 33.30 130 137 143 176 186 194

20 1 5/8-12 1.63 41.30 163 171 179 221 232 243

24 1 7/8-12 1.87 47.60 198 208 218 268 282 296

32 2 1/2-12 2.50 63.50 244 256 268 331 347 363

* ØA Thread OD dimension for reference only.

**Removal Torque for Zero Leak Gold® Hollow Hex Plugs is significantly higher than install torque, typically 1.5-3.5X install torque.
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Table 5-17. O-ring Boss (ORB) - Table 6 of 6

TYPE/FITTING IDENTIFICATION
ZERO LEAK GOLD® 

HOLLOW HEX PLUGS

MATERIAL Dash Size
Thread Size ØA* Torque

(UNF) (in) (mm) Min Nom Max Min Nom Max

ST
EE

L F
IT

TI
NG

S W
IT

H 
 ST

EE
L M

AT
IN

G 
CO

M
PO

NE
NT

S;
 U

N-
LU

BR
IC

AT
ED

 TH
RE

AD
S

2 5/16-24 0.31 7.93 2 3 4 3 4 5 

3 3/8-24 0.37 9.52 3 4 5 4 5 7 

4  7/16-20 0.44 11.11 7 8 9 9 11 12

5 1/2-20 0.50 12.70 9 10 11 12 14 15

6 9/16-18 0.56 14.28 11 12 13 15 16 18

8 3/4-16 0.75 19.10 28 30 32 38 41 43

10 7/8-14 0.87 22.22 46 48 50 62 65 68

12 1 1/16-12 1.06 27.00 51 54 57 69 73 77

14 1 3/16-12 1.19 30.10

Fitting size greater than -12 not typically specified on 
JLG applications.  Consult specific service procedure if encountered.

16 1 5/16-12 1.31 33.30

20 1 5/8-12 1.63 41.30

24 1 7/8-12 1.87 47.60

32 2 1/2-12 2.50 63.50

TYPE/FITTING IDENTIFICATION
ZERO LEAK GOLD® 

HOLLOW HEX PLUGS

MATERIAL Dash Size
Thread Size ØA* Torque

(UNF) (in) (mm) Min Nom Max Min Nom Max

AL
UM

IN
UM

/B
RA

SS
 FI

TT
IN

GS
  O

R 
AL

UM
IN

UM
/B

RA
SS

 
M

AT
IN

G 
CO

M
PO

NE
NT

S;
 U

N-
LU

BR
IC

AT
ED

 TH
RE

AD
S

2 5/16-24 0.31 7.93 2 3 4 3 4 5

3 3/8-24 0.37 9.52 3 4 5 4 5 7

4  7/16-20 0.44 11.11 7 8 9 9 11 12

5 1/2-20 0.50 12.70 9 10 11 12 14 15

6 9/16-18 0.56 14.28 11 12 13 15 16 18

8 3/4-16 0.75 19.10 28 30 32 38 41 43

10 7/8-14 0.87 22.22 46 48 50 62 65 68

12 1 1/16-12 1.06 27.00 51 54 57 69 73 77

14 1 3/16-12 1.19 30.10

Fitting size greater than -12 not typically specified on 
JLG applications.  Consult specific service procedure if encountered.

16 1 5/16-12 1.31 33.30

20 1 5/8-12 1.63 41.30

24 1 7/8-12 1.87 47.60

32 2 1/2-12 2.50 63.50

* ØA Thread OD dimension for reference only.

**Removal Torque for Zero Leak Gold® Hollow Hex Plugs is significantly higher than install torque, typically 1.5-3.5X install torque.
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Assembly Instructions for Adjustable Port End 
Metric (MFF) Fittings

1. Inspect components to ensure that male and female
threads and surfaces are free of rust, splits, dirt, foreign
matter, or burrs.

2. If O-ring is not pre-installed, install proper size, taking
care not to damage it. See O-ring Installation (Replace-
ment) for instructions.

CARE TO BE TAKEN WHEN LUBRICATING O-RING. AVOID ADDING OIL TO THE
THREADED CONNECTION OF THE FITTING. THE LUBRICATION WOULD CAUSE
INCREASED CLAMPING FORCE AND CAUSE FITTING DAMAGE.

3. Pre-lubricate the O-ring with Hydraulic Oil. 

4. For Non-Adjustable Fittings and Plugs, thread the fitting
by hand until contact. 

5. For Adjustable fittings, refer to Adjustable Stud End
Assembly for proper assembly.   

6. Torque the fitting or nut to value listed in Table 5-18,
Table 5-19, Table 5-20, Table 5-21, Table 5-22, or Table 5-
23 while using the Double Wrench Method.   

a. The table headings identify the Metric port and the
type on the other side of the fitting. The torque will
be applied to the Metric port.

b. Torque values provided in Table 5-18, Table 5-19,
Table 5-20, Table 5-21, Table 5-22, and Table 5-23
are segregated based on the material configuration
of the connection. ‘ALUMINUM/BRASS FITTINGS OR
ALUMINUM/BRASS MATING COMPONENTS’ indi-
cate either the following material configurations:

• STEEL fittings with ALUMINUM or BRASS mating com-
ponents

• ALUMINUM or BRASS fittings with STEEL mating com-
ponents

• ALUMINUM or BRASS fittings with ALUMINUM or
BRASS mating components.

7. Inspect to ensure the O-ring is not pinched and the
washer is seated flat on the counter bore of the port.
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Table 5-18. Metric Flat Face Port (MFF) - L Series - Table 1 of 3

TYPE/FITTING IDENTIFICATION
FORM A (SEALING WASHER) 

STUD ENDS
with 37° (JIC) or L series DIN (MBTL) opposite end

FORM B (CUTTING FACE) 
STUD ENDS

with 37° (JIC) or L series DIN (MBTL) opposite end

MATERIAL

Thread M 
Size

Connecting 
Tube O.D.

Torque Torque

[Ft-Lb] [N-m] [Ft-Lb] [N-m]

(metric) (mm) Min Nom Max Min Nom Max Min Nom Max Min Nom Max

ST
EE

L F
IT

TI
NG

S W
IT

H 
 ST

EE
L M

AT
IN

G 
CO

M
PO

NE
NT

S;
  U

N-
LU

BR
IC

AT
ED

 TH
RE

AD
S M10x1 6 7 8 8 9 11 11 13 14 14 18 19 19

M12x1.5 8 15 16 17 20 22 23 22 23 24 30 31 33

M14x1.5 10 26 28 29 35 38 39 33 35 36 45 47 49

M16x1.5 12 33 35 36 45 47 49 48 51 53 65 69 72

M18x1.5 15 41 43 45 55 58 61 59 62 65 80 84 88

M22x1.5 18 48 51 53 65 69 72 103 108 113 140 146 153

M27x2 22 66 70 73 90 95 99 140 147 154 190 199 209

M33x2 28 111 117 122 150 159 165 251 264 276 340 358 374

M42x2 35 177 186 195 240 252 264 369 388 406 500 526 550

M48x2 42 214 225 235 290 305 319 465 489 512 630 663 694

MATERIAL

Thread M 
Size

Connecting 
Tube O.D.

Torque Torque

[Ft-Lb] [N-m] [Ft-Lb] [N-m]

(metric) (mm) Min Nom Max Min Nom Max Min Nom Max Min Nom Max

AL
UM

IN
UM

/B
RA

SS
 FI

TT
IN

GS
  O

R 
AL

UM
IN

UM
/B

RA
SS

 
M

AT
IN

G 
CO

M
PO

NE
NT

S;
 U

N-
LU

BR
IC

AT
ED

 TH
RE

AD
S M10x1 6 4 5 5 5 7 7 8 9 9 11 12 12

M12x1.5 8 10 11 11 14 15 15 14 15 16 19 20 22

M14x1.5 10 17 18 19 23 24 26 21 22 23 28 30 31

M16x1.5 12 21 22 23 28 30 31 31 33 34 42 45 46

M18x1.5 15 27 28 29 37 38 39 38 40 42 52 54 57

M22x1.5 18 31 33 34 42 45 46 67 70 73 91 95 99

M27x2 22 43 45 47 58 61 64 91 96 100 123 130 136

M33x2 28 72 76 79 98 103 107 163 171 179 221 232 243

M42x2 35 115 121 127 156 164 172 240 252 264 325 342 358

M48x2 42 139 146 153 188 198 207 302 318 332 409 431 450
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Table 5-19. Metric Flat Face Port (MFF) - L Series - Table 2 of 3

TYPE/FITTING IDENTIFICATION
FORM A (SEALING WASHER) 

STUD ENDS
with 37° (JIC) or L series DIN (MBTL) opposite end

FORM B (CUTTING FACE) 
STUD ENDS

with 37° (JIC) or L series DIN (MBTL) opposite end

MATERIAL

Thread M 
Size

Connecting 
Tube O.D.

Torque Torque

[Ft-Lb] [N-m] [Ft-Lb] [N-m]

(metric) (mm) Min Nom Max Min Nom Max Min Nom Max Min Nom Max

ST
EE

L F
IT

TI
NG

S W
IT

H 
 ST

EE
L M

AT
IN

G 
CO

M
PO

NE
NT

S;
  U

N-
LU

BR
IC

AT
ED

 TH
RE

AD
S M10x1 6 13 14 14 18 19 19 13 14 15 18 19 20

M12x1.5 8 18 19 20 25 26 27 18 19 20 25 26 28

M14x1.5 10 33 35 36 45 47 49 30 31 32 40 42 44

M16x1.5 12 41 43 45 55 58 61 41 43 45 55 58 61

M18x1.5 15 52 55 57 70 75 77 52 54 57 70 74 77

M22x1.5 18 92 97 101 125 132 137 66 70 73 90 95 99

M27x2 22 133 140 146 180 190 198 133 139 146 180 189 198

M33x2 28 229 241 252 310 327 342 229 240 252 310 326 341

M42x2 35 332 349 365 450 473 495 332 348 365 450 473 495

M48x2 42 398 418 438 540 567 594 398 418 438 540 567 594

MATERIAL

Thread M 
Size

Connecting 
Tube O.D.

Torque Torque

[Ft-Lb] [N-m] [Ft-Lb] [N-m]

(metric) (mm) Min Nom Max Min Nom Max Min Nom Max Min Nom Max

AL
UM

IN
UM

/B
RA

SS
 FI

TT
IN

GS
  O

R 
AL

UM
IN

UM
/B

RA
SS

 
M

AT
IN

G 
CO

M
PO

NE
NT

S;
 U

N-
LU

BR
IC

AT
ED

 TH
RE

AD
S M10x1 6 8 9 9 11 12 12 8 9 9 11 12 12

M12x1.5 8 12 13 13 16 18 18 12 13 13 16 18 18

M14x1.5 10 21 22 23 28 30 31 19 20 21 26 27 29

M16x1.5 12 27 28 29 37 38 39 26 28 29 36 38 39

M18x1.5 15 34 36 37 46 49 50 34 35 37 46 48 50

M22x1.5 18 60 63 66 81 85 89 43 45 47 59 61 64

M27x2 22 86 91 95 117 123 129 86 91 95 117 123 129

M33x2 28 149 157 164 202 213 222 149 157 164 202 213 222

M42x2 35 216 227 237 293 308 321 216 227 237 293 308 321

M48x2 42 259 272 285 351 369 386 259 272 285 351 369 386
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Table 5-20. Metric Flat Face Port (MFF) - L Series - Table 3 of 3

TYPE/FITTING IDENTIFICATION
BANJO FITTINGS

with  L series DIN (MBTL) opposite end
HIGH PRESSURE BANJO FITTINGS

with  L series DIN (MBTL) opposite end
FORM E (EOLASTIC SEALING RING) 

HOLLOW HEX PLUGS

MATERIAL

Thread 
M Size

Connecting
Tube O.D.

Torque Torque Torque

[Ft-Lb] [N-m] [Ft-Lb] [N-m] [Ft-Lb] [N-m]

(metric) (mm) Min Nom Max Min Nom Max Min Nom Max Min Nom Max Min Nom Max Min Nom Max

ST
EE

L F
IT

TI
NG

S W
IT

H 
 ST

EE
L M

AT
IN

G 
CO

M
PO

NE
NT

S;
  U

N-
LU

BR
IC

AT
ED

 TH
RE

AD
S M10x1 6 13 14 14 18 19 19 13 14 14 18 19 19 9 10 10 12 14 14

M12x1.5 8 26 28 29 35 38 39 33 35 36 45 47 49 18 19 20 25 26 27

M14x1.5 10 37 39 41 50 53 56 41 43 45 55 58 61 26 28 29 35 38 39

M16x1.5 12 44 46 48 60 62 65 59 62 65 80 84 88 41 43 45 55 58 61

M18x1.5 15 59 62 65 80 84 88 74 78 81 100 106 110 48 51 53 65 69 72

M22x1.5 18 89 94 98 120 127 133 103 108 113 140 146 153 66 70 73 90 95 99

M27x2 22 96 101 106 130 137 144 236 248 260 320 336 353 100 105 110 135 142 149

M33x2 28 -- -- -- -- -- -- 266 280 293 360 380 397 166 175 183 225 237 248

M42x2 35 -- -- -- -- -- -- 398 418 438 540 567 594 266 280 293 360 380 397

M48x2 42 -- -- -- -- -- -- 516 542 568 700 735 770 266 280 293 360 380 397

MATERIAL

Thread 
M Size

Connecting
Tube O.D.

Torque Torque Torque

[Ft-Lb] [N-m] [Ft-Lb] [N-m] [Ft-Lb] [N-m]

(metric) (mm) Min Nom Max Min Nom Max Min Nom Max Min Nom Max Min Nom Max Min Nom Max

AL
UM

IN
UM

/B
RA

SS
 FI

TT
IN

GS
  O

R 
AL

UM
IN

UM
/B

RA
SS

 
M

AT
IN

G 
CO

M
PO

NE
NT

S;
 U

N-
LU

BR
IC

AT
ED

 TH
RE

AD
S M10x1 6 8 9 9 11 12 12 8 9 9 11 12 12 6 7 7 8 9 9

M12x1.5 8 17 18 19 23 24 26 21 22 23 28 30 31 12 13 13 16 18 18

M14x1.5 10 24 26 27 33 35 37 27 28 29 37 38 39 17 18 19 23 24 26

M16x1.5 12 29 30 31 39 41 42 38 40 42 52 54 57 27 28 29 37 38 39

M18x1.5 15 38 40 42 52 54 57 48 51 53 65 69 72 31 33 34 42 45 46

M22x1.5 18 58 61 64 79 83 87 67 70 73 91 95 99 43 45 47 58 61 64

M27x2 22 62 66 69 84 89 94 153 161 169 207 218 229 65 69 72 88 94 98

M33x2 28 -- -- -- -- -- -- 173 182 190 235 247 258 108 114 119 146 155 161

M42x2 35 -- -- -- -- -- -- 259 272 285 351 369 386 173 182 190 235 247 258

M48x2 42 -- -- -- -- -- -- 335 352 369 454 477 500 173 182 190 235 247 258
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Table 5-21. Metric Flat Face Port (MFF) - S Series - Table 1 of 3

TYPE/FITTING IDENTIFICATION
FORM A (SEALING WASHER) 

STUD ENDS
with (ORFS) or S series DIN (MBTS) opposite end

FORM B (CUTTING FACE) 
STUD ENDS

with (ORFS) or S series DIN (MBTS) opposite end

MATERIAL

Thread M 
Size

Connecting 
Tube O.D.

Torque Torque

[Ft-Lb] [N-m] [Ft-Lb] [N-m]

(metric) (mm) Min Nom Max Min Nom Max Min Nom Max Min Nom Max

ST
EE

L F
IT

TI
NG

S W
IT

H 
 ST

EE
L M

AT
IN

G 
CO

M
PO

NE
NT

S;
  U

N-
LU

BR
IC

AT
ED

 TH
RE

AD
S M12x1.5 6 15 16 17 20 22 23 26 28 29 35 38 39

M14x1.5 8 26 28 29 35 38 39 41 43 45 55 58 61

M16x1.5 10 33 35 36 45 47 49 52 55 57 70 75 77

M18x1.5 12 41 43 45 55 58 61 81 85 89 110 115 121

M20x1.5 14 41 43 45 55 58 61 111 117 122 150 159 165

M22x1.5 16 48 51 53 65 69 72 125 132 138 170 179 187

M27x2 20 66 70 73 89 95 99 199 209 219 270 283 297

M33x2 25 111 117 122 150 159 165 302 317 332 410 430 450

M42x2 30 177 186 195 240 252 264 398 418 438 540 567 594

M48x2 38 214 225 235 290 305 319 516 542 568 700 735 770

MATERIAL

Thread M 
Size

Connecting 
Tube O.D.

Torque Torque

[Ft-Lb] [N-m] [Ft-Lb] [N-m]

(metric) (mm) Min Nom Max Min Nom Max Min Nom Max Min Nom Max

AL
UM

IN
UM

/B
RA

SS
 FI

TT
IN

GS
  O

R 
AL

UM
IN

UM
/B

RA
SS

 
M

AT
IN

G 
CO

M
PO

NE
NT

S;
 U

N-
LU

BR
IC

AT
ED

 TH
RE

AD
S M12x1.5 6 10 11 11 14 15 15 17 18 19 23 24 26

M14x1.5 8 17 18 19 23 24 26 27 28 29 37 38 39

M16x1.5 10 21 22 23 28 30 31 34 36 37 46 49 50

M18x1.5 12 27 28 29 37 38 39 53 56 58 72 76 79

M20x1.5 14 27 28 29 37 38 39 72 76 79 98 103 107

M22x1.5 16 31 33 34 42 45 46 81 86 90 110 117 122

M27x2 20 43 45 47 58 61 64 129 136 142 175 184 193

M33x2 25 72 76 79 98 103 107 196 206 216 266 279 293

M42x2 30 115 121 127 156 164 172 259 272 285 351 369 386

M48x2 38 139 146 153 188 198 207 335 352 369 454 477 500
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Table 5-22. Metric Flat Face Port (MFF) - S Series - Table 2 of 3

TYPE/FITTING IDENTIFICATION
FORM E (EOLASTIC SEALING RING) 
STUD ENDS AND HEX TYPE PLUGS

with (ORFS) or S series DIN (MBTS) opposite end

FORM G/H (O-RING W/ RETAINING RING) STUD ENDS & ADJUSTABLE 
STUD ENDS with (ORFS) or S series DIN (MBTS) opposite end

MATERIAL

Thread M 
Size

Connecting 
Tube O.D.

Torque Torque

[Ft-Lb] [N-m] [Ft-Lb] [N-m]

(metric) (mm) Min Nom Max Min Nom Max Min Nom Max Min Nom Max

ST
EE

L F
IT

TI
NG

S W
IT

H 
 ST

EE
L M

AT
IN

G 
CO

M
PO

NE
NT

S;
  U

N-
LU

BR
IC

AT
ED

 TH
RE

AD
S M10x1 6 26 28 29 35 38 39 26 28 29 35 38 39

M12x1.5 8 33 35 36 45 47 49 41 43 45 55 58 61

M14x1.5 10 52 55 57 70 75 77 52 55 57 70 75 77

M16x1.5 12 66 70 73 90 95 99 66 70 73 90 95 99

M18x1.5 15 92 97 101 125 132 137 92 97 101 125 132 137

M22x1.5 18 100 105 110 135 142 149 100 105 110 135 142 149

M27x2 22 133 140 146 180 190 198 133 140 146 180 190 198

M33x2 28 229 241 252 310 327 342 229 241 252 310 327 342

M42x2 35 332 349 365 450 473 495 332 349 365 450 473 495

M48x2 42 398 418 438 540 567 594 398 418 438 540 567 594

MATERIAL

Thread M 
Size

Connecting 
Tube O.D.

Torque Torque

[Ft-Lb] [N-m] [Ft-Lb] [N-m]

(metric) (mm) Min Nom Max Min Nom Max Min Nom Max Min Nom Max

AL
UM

IN
UM

/B
RA

SS
 FI

TT
IN

GS
  O

R 
AL

UM
IN

UM
/B

RA
SS

 
M

AT
IN

G 
CO

M
PO

NE
NT

S;
 U

N-
LU

BR
IC

AT
ED

 TH
RE

AD
S M10x1 6 17 18 19 23 24 26 17 18 19 23 24 26

M12x1.5 8 21 23 23 29 31 32 27 28 29 37 38 39

M14x1.5 10 34 36 37 46 49 50 34 36 37 46 49 50

M16x1.5 12 43 45 47 58 61 64 43 45 47 58 61 64

M18x1.5 15 60 63 66 81 85 89 60 63 66 81 85 89

M22x1.5 18 65 69 72 88 94 98 65 69 72 88 94 98

M27x2 22 86 91 95 117 123 129 86 91 95 117 123 129

M33x2 28 149 157 164 202 213 222 149 157 164 202 213 222

M42x2 35 216 227 237 293 308 321 216 227 237 293 308 321

M48x2 42 259 272 285 351 369 386 259 272 285 351 369 386
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Table 5-23. Metric Flat Face Port (MFF) - L Series - Table 3 of 3

TYPE/FITTING IDENTIFICATION
BANJO FITTINGS

with  S series DIN (MBTS) opposite end
HIGH PRESSURE BANJO FITTINGS

with  S series DIN (MBTS) opposite end
FORM E (EOLASTIC SEALING RING) 

HOLLOW HEX PLUGS

MATERIAL

Thread 
M Size

Connecting
Tube O.D.

Torque Torque Torque

[Ft-Lb] [N-m] [Ft-Lb] [N-m] [Ft-Lb] [N-m]

(metric) (mm) Min Nom Max Min Nom Max Min Nom Max Min Nom Max Min Nom Max Min Nom Max

ST
EE

L F
IT

TI
NG

S W
IT

H 
 ST

EE
L M

AT
IN

G 
CO

M
PO

NE
NT

S;
  U

N-
LU

BR
IC

AT
ED

 TH
RE

AD
S M10x1 6 26 28 29 35 38 39 33 35 36 45 47 49 -- -- -- -- -- --

M12x1.5 8 37 39 41 50 53 56 41 43 45 55 58 61 -- -- -- -- -- --

M14x1.5 10 44 46 48 60 62 65 59 62 65 80 84 88 -- -- -- -- -- --

M16x1.5 12 59 62 65 80 84 88 74 78 81 100 106 110 -- -- -- -- -- --

M18x1.5 15 81 85 89 110 115 121 92 97 101 125 132 137 59 62 65 80 84 88

M22x1.5 18 89 94 98 120 127 133 100 105 110 135 142 149 -- -- -- -- -- --

M27x2 22 100 105 110 135 142 149 236 248 260 320 336 353 -- -- -- -- -- --

M33x2 28 -- -- -- -- -- -- 266 280 293 360 380 397 -- -- -- -- -- --

M42x2 35 -- -- -- -- -- -- 398 418 438 540 567 594 -- -- -- -- -- --

M48x2 42 -- -- -- -- -- -- 516 542 568 700 735 770 -- -- -- -- -- --

MATERIAL

Thread 
M Size

Connecting
Tube O.D.

Torque Torque Torque

[Ft-Lb] [N-m] [Ft-Lb] [N-m] [Ft-Lb] [N-m]

(metric) (mm) Min Nom Max Min Nom Max Min Nom Max Min Nom Max Min Nom Max Min Nom Max

AL
UM

IN
UM

/B
RA

SS
 FI

TT
IN

GS
  O

R 
AL

UM
IN

UM
/B

RA
SS

 
M

AT
IN

G 
CO

M
PO

NE
NT

S;
 U

N-
LU

BR
IC

AT
ED

 TH
RE

AD
S M10x1 6 17 18 19 23 24 26 21 22 23 28 30 31 -- -- -- -- -- --

M12x1.5 8 24 26 27 33 35 37 27 28 29 37 38 39 -- -- -- -- -- --

M14x1.5 10 29 30 31 39 41 42 38 40 42 52 54 57 -- -- -- -- -- --

M16x1.5 12 38 40 42 52 54 57 48 51 53 65 69 72 -- -- -- -- -- --

M18x1.5 15 53 56 58 72 76 79 60 63 66 81 85 89 38 40 42 52 54 57

M22x1.5 18 58 61 64 79 83 87 65 69 72 88 94 98 -- -- -- -- -- --

M27x2 22 65 69 72 88 94 98 153 161 169 207 218 229 -- -- -- -- -- --

M33x2 28 -- -- -- -- -- -- 173 182 190 235 247 258 -- -- -- -- -- --

M42x2 35 -- -- -- -- -- -- 259 272 285 351 369 386 -- -- -- -- -- --

M48x2 42 -- -- -- -- -- -- 335 352 369 454 477 500 -- -- -- -- -- --
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Assembly Instructions for Metric ISO 6149 (MPP) 
Port Assembly Stud Ends

1. Inspect components to ensure that male and female
threads and surfaces are free of rust, splits, dirt, foreign
matter, or burrs.

2. If O-ring is not preinstalled, install proper size, taking
care not to damage it. See O-ring Installation (Replace-
ment) for instructions.

CARE TO BE TAKEN WHEN LUBRICATING O-RING. AVOID ADDING OIL TO THE
THREADED CONNECTION OF THE FITTING. THE LUBRICATION WOULD CAUSE
INCREASED CLAMPING FORCE AND CAUSE FITTING DAMAGE.

3. Pre-lubricate the O-ring with Hydraulic Oil. 

4. For Non-Adjustable Fittings and Plugs, thread the fitting
by hand until contact. 

5. For Adjustable fittings, refer to Adjustable Stud End
Assembly for proper assembly.   

6. Torque the fitting or nut to value listed in Table 5-24
while using the Double Wrench Method.   

a. The table headings identify the Metric port and the
type on the other side of the fitting. The torque will
be applied to the Metric port.

b. Torque values provided in Table 5-24 are segregated
based on the material configuration of the connec-
tion. ‘ALUMINUM/BRASS FITTINGS OR ALUMINUM/
BRASS MATING COMPONENTS’ indicate either the
following material configurations:

• STEEL fittings with ALUMINUM or BRASS mating com-
ponents

• ALUMINUM or BRASS fittings with STEEL mating com-
ponents

• ALUMINUM or BRASS fittings with ALUMINUM or
BRASS mating components.

7. Inspect to ensure the O-ring is not pinched and the
washer is seated flat on the counter bore of the port.
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Table 5-24. Metric Pipe Parallel O-Ring Boss (MPP)

TYPE/FITTING IDENTIFICATION
STUD ENDS

with 37° (JIC) or L series DIN (MBTL) opposite end
STUD ENDS

with (ORFS) or S series DIN (MBTS) opposite end

M
AT

ER
IA

L Thread 
M Size

Connecting 
Tube O.D.

Torque Torque

[Ft-Lb] [N-m] [Ft-Lb] [N-m]

(metric) (mm) Min Nom Max Min Nom Max Min Nom Max Min Nom Max

ST
EE

L F
IT

TI
NG

S W
IT

H 
 ST

EE
L M

AT
IN

G 
CO

M
PO

NE
NT

S;
 

UN
-L

UB
RI

CA
TE

D 
TH

RE
AD

S

M8 x 1 4 6 7 7 8 9 9 8 9 9 10 12 12

M10 x 1 6 11 12 12 15 16 16 15 16 17 20 22 23

M12 x 1.5 8 18 19 20 25 26 27 26 28 29 35 38 39

M14 x 1.5 10 26 28 29 35 38 39 33 35 36 45 47 49

M16 x 1.5 12 30 32 33 40 43 45 41 43 45 55 58 61

M18 x 1.5 15 33 35 36 45 47 49 52 55 57 70 75 77

M20 x 1.5 -- -- -- -- -- -- -- 59 62 65 80 84 88

M22 x 1.5 18 44 46 48 60 62 65 74 78 81 100 106 110

M27 x 2 22 74 78 81 100 106 110 125 132 138 170 179 187

M30 x 2 -- 95 100 105 130 136 142 175 184 193 237 249 262

M33 x 2 25 120 126 132 160 171 179 230 242 253 310 328 343

M38 x 2 -- 135 142 149 183 193 202 235 247 259 319 335 351

M42 x 2 30 155 163 171 210 221 232 245 258 270 330 350 366

M48 x 2 38 190 200 209 260 271 283 310 326 341 420 442 462

M60 x 2 50 230 242 253 315 328 343 370 389 407 500 527 552

AL
UM

IN
UM

/B
RA

SS
 FI

TT
IN

GS
  O

R 
AL

UM
IN

UM
/B

RA
SS

 M
AT

IN
G 

CO
M

PO
NE

NT
S;

 U
N-

LU
BR

IC
AT

ED
 TH

RE
AD

S

M8 x 1 4 4 5 5 5 7 7 5 6 6 7 8 8

M10 x 1 6 7 8 8 9 11 11 10 11 11 14 15 15

M12 x 1.5 8 12 13 13 16 18 18 17 18 19 23 24 26

M14 x 1.5 10 17 18 19 23 24 26 21 22 23 28 30 31

M16 x 1.5 12 20 21 21 27 28 28 27 28 29 37 38 39

M18 x 1.5 15 21 22 23 28 30 31 34 36 37 46 49 50

M20 x 1.5 -- -- -- -- -- -- -- 30 40 42 41 54 57

M22 x 1.5 18 29 30 31 39 41 42 48 51 53 65 69 72

M27 x 2 22 48 51 53 65 69 72 81 86 90 110 117 122

M30 x 2 -- 62 65 68 84 88 92 114 120 125 155 163 169

M33 x 2 25 78 82 86 106 111 117 150 157 164 203 213 222

M38 x 2 -- 88 93 97 119 126 132 153 161 168 207 218 228

M42 x 2 30 101 106 111 137 144 150 159 168 176 216 228 239

M48 x 2 38 124 130 136 168 176 184 202 212 222 274 287 301

M60 x 2 50 150 157 164 203 213 222 241 253 265 327 343 359

Note: Metric O-ring 
only style (ISO 6149) 
requires o-ring 
chamfer in the port, 
similar to ISO 11926 
(SAE ORB), but is not 
interchangeable.  
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5-40 3121171

Assembly instructions for Adjustable Port End 
(BSPP) Fittings

1. Inspect components to ensure that male and female
threads and surfaces are free of rust, splits, dirt, foreign
matter, or burrs.

2. If O-ring is not preinstalled, install proper size, taking
care not to damage it. See O-ring Installation (Replace-
ment) for instructions.

CARE TO BE TAKEN WHEN LUBRICATING O-RING. AVOID ADDING OIL TO THE
THREADED CONNECTION OF THE FITTING. THE LUBRICATION WOULD CAUSE
INCREASED CLAMPING FORCE AND CAUSE FITTING DAMAGE.

3. Pre-lubricate the O-ring with Hydraulic Oil. 

4. For Non-Adjustable Fittings and Plugs, thread the fitting
by hand until contact. 

5. For Adjustable fittings, refer to Adjustable Stud End
Assembly for proper assembly.   

6. Torque the fitting or nut to value listed in Table 5-25,
Table 5-26, Table 5-27, Table 5-28, Table 5-29, or Table 5-
30 while using the Double Wrench Method.   

a. The table headings identify the BSPP port and the
type on the other side of the fitting. The torque will
be applied to the BSPP port.

b. Torque values provided in Table 5-25, Table 5-26,
Table 5-27, Table 5-28, Table 5-29, and Table 5-30 are
segregated based on the material configuration of
the connection. ‘ALUMINUM/BRASS FITTINGS OR
ALUMINUM/BRASS MATING COMPONENTS’ indi-
cate either the following material configurations:

• STEEL fittings with ALUMINUM or BRASS mating com-
ponents 

• ALUMINUM or BRASS fittings with STEEL mating com-
ponents

• ALUMINUM or BRASS fittings with ALUMINUM or
BRASS mating components.

7. Inspect to ensure the O-ring is not pinched and the
washer is seated flat on the counter bore of the port.
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Table 5-25. British Standard Parallel Pipe Port (BSPP) - L Series - Table 1 of 3

TYPE/FITTING IDENTIFICATION
FORM A**(SEALING WASHER) 

STUD ENDS
with 37° (JIC) or L series DIN (MBTL) opposite end

FORM B** (CUTTING FACE) 
STUD ENDS

with 37° (JIC) or L series DIN (MBTL) opposite end

MATERIAL

BSPP 
Thread G 

Size

Connecting 
Tube O.D.

Torque Torque

[Ft-Lb] [N-m] [Ft-Lb] [N-m]

(metric) (mm) Min Nom Max Min Nom Max Min Nom Max Min Nom Max

ST
EE

L F
IT

TI
NG

S W
IT

H 
 ST

EE
L M

AT
IN

G 
CO

M
PO

NE
NT

S;
 U

N-
LU

BR
IC

AT
ED

 TH
RE

AD
S

G 1/8A 6 7 8 8 9 11 11 13 14 14 18 19 19

G 1/4A 8 26 28 29 35 38 39 26 28 29 35 38 39

G 1/4A 10 26 28 29 35 38 39 26 28 29 35 38 39

G 3/8A 12 33 35 36 45 47 49 52 55 57 70 75 77

G 1/2A 15 48 51 53 65 69 72 103 108 113 140 146 153

G 1/2A 18 48 51 53 65 69 72 74 78 81 100 106 110

G 3/4A 22 66 70 73 90 95 99 133 140 146 180 190 198

G 1A 28 111 117 122 150 159 165 243 255 267 330 346 362

G 1-1/4A 35 177 186 195 240 252 264 398 418 438 540 567 594

G 1-1/2A 42 214 225 235 290 305 319 465 489 512 630 663 694

MATERIAL

BSPP 
Thread G 

Size

Connecting 
Tube O.D.

Torque Torque

[Ft-Lb] [N-m] [Ft-Lb] [N-m]

(metric) (mm) Min Nom Max Min Nom Max Min Nom Max Min Nom Max

AL
UM

IN
UM

/B
RA

SS
 FI

TT
IN

GS
  O

R 
AL

UM
IN

UM
/B

RA
SS

 
M

AT
IN

G 
CO

M
PO

NE
NT

S;
 U

N-
LU

BR
IC

AT
ED

 TH
RE

AD
S G 1/8A 6 4 5 5 5 7 7 8 9 9 11 12 12

G 1/4A 8 17 18 19 23 24 26 17 18 19 23 24 26

G 1/4A 10 17 18 19 23 24 26 17 18 19 23 24 26

G 3/8A 12 21 22 23 28 30 31 34 36 37 46 49 50

G 1/2A 15 31 33 34 42 45 46 67 70 73 91 95 99

G 1/2A 18 31 33 34 42 45 46 48 51 53 65 69 72

G 3/4A 22 42 45 47 57 61 64 86 91 95 117 123 129

G 1A 28 72 76 79 98 103 107 158 166 174 214 225 236

G 1-1/4A 35 115 121 127 156 164 172 259 272 285 351 369 386

G 1-1/2A 42 139 146 153 188 198 207 302 318 333 409 431 451

* Typical for JLG Straight Male Stud Fittings

** Non typical for JLG Straight Male Stud Fittings, reference only.

*** Typical for JLG Adjustable Fittings
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Table 5-26. British Standard Parallel Pipe Port (BSPP) - L Series - Table 2 of 3

TYPE/FITTING IDENTIFICATION
FORM E* (EOLASTIC SEALING RING) 

STUD ENDS
with 37° (JIC) or L series DIN (MBTL) opposite end

FORM G/H*** (O-RING W/ RETAINING RING) STUD ENDS & ADJUSTABLE 
STUD ENDS

with 37° (JIC) or L series DIN (MBTL) opposite end

MATERIAL

BSPP 
Thread G 

Size

Connecting 
Tube O.D.

Torque Torque

[Ft-Lb] [N-m] [Ft-Lb] [N-m]

(metric) (mm) Min Nom Max Min Nom Max Min Nom Max Min Nom Max

ST
EE

L F
IT

TI
NG

S W
IT

H 
 ST

EE
L M

AT
IN

G 
CO

M
PO

NE
NT

S;
 U

N-
LU

BR
IC

AT
ED

 TH
RE

AD
S

G 1/8A 6 13 14 14 18 19 19 13 14 14 18 19 19

G 1/4A 8 26 28 29 35 38 39 26 28 29 35 38 39

G 1/4A 10 26 28 29 35 38 39 26 28 29 35 38 39

G 3/8A 12 52 55 57 70 75 77 52 55 57 70 75 77

G 1/2A 15 66 70 73 90 95 99 66 70 73 90 95 99

G 1/2A 18 66 70 73 90 95 99 66 70 73 90 95 99

G 3/4A 22 133 140 146 180 190 198 133 140 146 180 190 198

G 1A 28 229 241 252 310 327 342 229 241 252 310 327 342

G 1-1/4A 35 332 349 365 450 473 495 332 349 365 450 473 495

G 1-1/2A 42 398 418 438 540 567 594 398 418 438 540 567 594

MATERIAL

BSPP 
Thread G 

Size

Connecting 
Tube O.D.

Torque Torque

[Ft-Lb] [N-m] [Ft-Lb] [N-m]

(metric) (mm) Min Nom Max Min Nom Max Min Nom Max Min Nom Max

AL
UM

IN
UM

/B
RA

SS
 FI

TT
IN

GS
  O

R 
AL

UM
IN

UM
/B

RA
SS

 
M

AT
IN

G 
CO

M
PO

NE
NT

S;
 U

N-
LU

BR
IC

AT
ED

 TH
RE

AD
S G 1/8A 6 8 9 9 11 12 12 8 9 9 11 12 12

G 1/4A 8 17 18 19 23 24 26 17 18 19 23 24 26

G 1/4A 10 17 18 19 23 24 26 17 18 19 23 24 26

G 3/8A 12 34 36 37 46 49 50 34 36 37 46 49 50

G 1/2A 15 43 45 47 58 61 64 43 45 47 58 61 64

G 1/2A 18 43 45 47 58 61 64 43 45 47 58 61 64

G 3/4A 22 86 91 95 117 123 129 86 91 95 117 123 129

G 1A 28 149 157 164 202 213 222 149 157 164 202 213 222

G 1-1/4A 35 216 227 237 293 308 321 216 227 237 293 308 321

G 1-1/2A 42 259 272 285 351 369 386 259 272 285 351 369 386

* Typical for JLG Straight Male Stud Fittings

** Non typical for JLG Straight Male Stud Fittings, reference only.

*** Typical for JLG Adjustable Fittings
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Table 5-27. British Standard Parallel Pipe Port (BSPP) - L Series - Table 3 of 3

TYPE/FITTING IDENTIFICATION
BANJO FITTINGS

with  L series DIN (MBTL) opposite end
HIGH PRESSURE BANJO FITTINGS

with  L series DIN (MBTL) opposite end
FORM E (EOLASTIC SEALING RING) 

HOLLOW HEX PLUGS

MATERIAL

BSPP 
Thread G 

Size

Connecting 
Tube O.D.

Torque Torque Torque

[Ft-Lb] [N-m] [Ft-Lb] [N-m] [Ft-Lb] [N-m]

(metric) (mm) Min Nom Max Min Nom Max Min Nom Max Min Nom Max Min Nom Max Min Nom Max

ST
EE

L F
IT

TI
NG

S W
IT

H 
 ST

EE
L M

AT
IN

G 
CO

M
PO

NE
NT

S;
 U

N-
LU

BR
IC

AT
ED

 TH
RE

AD
S

G 1/8A 6 13 14 14 18 19 19 13 14 14 18 19 19 10 11 11 13 15 15

G 1/4A 8 30 32 33 40 43 45 33 35 36 45 47 49 22 23 24 30 31 33

G 1/4A 10 30 32 33 40 43 45 33 35 36 45 47 49 22 23 24 30 31 33

G 3/8A 12 48 51 53 65 69 72 52 55 57 70 75 77 44 46 48 60 62 65

G 1/2A 15 66 70 73 90 95 99 89 94 98 120 127 133 59 62 65 80 84 88

G 1/2A 18 66 70 73 90 95 99 89 94 98 120 127 133 59 62 65 80 84 88

G 3/4A 22 92 97 101 125 132 137 170 179 187 230 243 254 103 108 113 140 146 153

G 1A 28 -- -- -- -- -- -- 236 248 260 320 336 353 148 156 163 200 212 221

G 1-1/4A 35 -- -- -- -- -- -- 398 418 438 540 567 594 295 313.5 332 400 425 450

G 1-1/2A 42 -- -- -- -- -- -- 516 542 568 700 735 770 332 349 365 450 473 495

MATERIAL

BSPP 
Thread G 

Size

Connecting 
Tube O.D.

Torque Torque Torque

[Ft-Lb] [N-m] [Ft-Lb] [N-m] [Ft-Lb] [N-m]

(metric) (mm) Min Nom Max Min Nom Max Min Nom Max Min Nom Max Min Nom Max Min Nom Max

AL
UM

IN
UM

/B
RA

SS
 FI

TT
IN

GS
  O

R 
AL

UM
IN

UM
/B

RA
SS

 
M

AT
IN

G 
CO

M
PO

NE
NT

S;
 U

N-
LU

BR
IC

AT
ED

 TH
RE

AD
S G 1/8A 6 8 9 9 11 12 12 8 9 9 11 12 12 6 7 7 8 9 9

G 1/4A 8 20 21 21 27 28 28 21 22 23 28 30 31 14 15 16 19 20 22

G 1/4A 10 20 21 21 27 28 28 21 22 23 28 30 31 14 15 16 19 20 22

G 3/8A 12 31 33 34 42 45 46 34 36 37 46 49 50 29 30 31 39 41 42

G 1/2A 15 43 45 47 58 61 64 58 61 64 79 83 87 38 40 42 52 54 57

G 1/2A 18 43 45 47 58 61 64 58 61 64 79 83 87 38 40 42 52 54 57

G 3/4A 22 60 63 66 81 85 89 111 117 122 150 159 165 67 70 73 91 95 99

G 1A 28 -- -- -- -- -- -- 153 161 169 207 218 229 96 101 106 130 137 144

G 1-1/4A 35 -- -- -- -- -- -- 259 272 285 351 369 386 216 227 237 293 308 321

G 1-1/2A 42 -- -- -- -- -- -- 335 352 369 454 477 500 216 227 237 293 308 321

* Typical for JLG Straight Male Stud Fittings

** Non typical for JLG Straight Male Stud Fittings, reference only.

*** Typical for JLG Adjustable Fittings
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Table 5-28. British Standard Parallel Pipe Port (BSPP) - S Series - Table 1 of 3

TYPE/FITTING IDENTIFICATION
FORM A** (SEALING WASHER) 

STUD ENDS
with (ORFS) or S series DIN (MBTS) opposite end

FORM B** (CUTTING FACE) 
STUD ENDS

with (ORFS) or S series DIN (MBTS) opposite end

MATERIAL

BSPP 
Thread G 

Size

Connecting 
Tube O.D.

Torque Torque

[Ft-Lb] [N-m] [Ft-Lb] [N-m]

(metric) (mm) Min Nom Max Min Nom Max Min Nom Max Min Nom Max

ST
EE

L F
IT

TI
NG

S W
IT

H 
 ST

EE
L M

AT
IN

G 
CO

M
PO

NE
NT

S;
 U

N-
LU

BR
IC

AT
ED

 TH
RE

AD
S

G 1/4A 6 26 28 29 35 38 39 41 43 45 55 58 61

G 1/4A 8 26 28 29 35 38 39 41 43 45 55 58 61

G 3/8A 10 33 35 36 45 47 49 66 70 73 90 95 99

G 3/8A 12 33 35 36 45 47 49 66 70 73 90 95 99

G 1/2A 14 48 51 53 65 69 72 111 117 122 150 159 165

G 1/2A 16 48 51 53 65 69 72 96 101 106 130 137 144

G 3/4A 20 66 70 73 90 95 99 199 209 219 270 283 297

G 1A 25 111 117 122 150 159 165 251 264 276 340 358 374

G 1-1/4A 30 177 186 195 240 252 264 398 418 438 540 567 594

G 1-1/2A 38 214 225 235 290 305 319 516 542 568 700 735 770

MATERIAL

BSPP 
Thread G 

Size

Connecting 
Tube O.D.

Torque Torque

[Ft-Lb] [N-m] [Ft-Lb] [N-m]

(metric) (mm) Min Nom Max Min Nom Max Min Nom Max Min Nom Max

AL
UM

IN
UM

/B
RA

SS
 FI

TT
IN

GS
  O

R 
AL

UM
IN

UM
/B

RA
SS

 
M

AT
IN

G 
CO

M
PO

NE
NT

S;
 U

N-
LU

BR
IC

AT
ED

 TH
RE

AD
S G 1/4A 6 17 18 19 23 24 26 27 28 29 37 38 39

G 1/4A 8 17 18 19 23 24 26 27 28 29 37 38 39

G 3/8A 10 21 22 23 28 30 31 43 45 47 58 61 64

G 3/8A 12 21 22 23 28 30 31 43 45 47 58 61 64

G 1/2A 14 31 33 34 42 45 46 72 76 79 98 103 107

G 1/2A 16 31 33 34 42 45 46 62 66 69 84 89 94

G 3/4A 20 43 45 47 58 61 64 129 136 142 175 184 193

G 1A 25 72 76 79 98 103 107 163 171 179 221 232 243

G 1-1/4A 30 115 121 127 156 164 172 259 272 285 351 369 386

G 1-1/2A 38 139 146 153 188 198 207 335 352 369 454 477 500

* Typical for JLG Straight Male Stud Fittings

** Non typical for JLG Straight Male Stud Fittings, reference only.

*** Typical for JLG Adjustable Fittings

Bonded Washer
Seal

Bonded Washer
(e.g. Dowty) Seal

Bonded
Washer
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Table 5-29. British Standard Parallel Pipe Port (BSPP) - S Series - Table 2 of 3

TYPE/FITTING IDENTIFICATION
FORM E* (EOLASTIC SEALING RING) 
STUD ENDS AND HEX TYPE PLUGS

with (ORFS) or S series DIN (MBTS) opposite end

FORM G/H*** (O-RING W/ RETAINING RING) STUD ENDS & ADJUSTABLE 
STUD ENDS

with (ORFS) or S series DIN (MBTS) opposite end

MATERIAL

BSPP 
Thread G 

Size

Connecting 
Tube O.D.

Torque Torque

[Ft-Lb] [N-m] [Ft-Lb] [N-m]

(metric) (mm) Min Nom Max Min Nom Max Min Nom Max Min Nom Max

ST
EE

L F
IT

TI
NG

S W
IT

H 
 ST

EE
L M

AT
IN

G 
CO

M
PO

NE
NT

S;
 U

N-
LU

BR
IC

AT
ED

 TH
RE

AD
S

G 1/4A 6 41 43 45 55 58 61 26 28 29 35 38 39

G 1/4A 8 41 43 45 55 58 61 26 28 29 35 38 39

G 3/8A 10 59 62 65 80 84 88 52 55 57 70 75 77

G 3/8A 12 59 62 65 80 84 88 52 55 57 70 75 77

G 1/2A 14 85 90 94 115 122 127 66 70 73 90 95 99

G 1/2A 16 85 90 94 115 122 127 66 70 73 90 95 99

G 3/4A 20 133 140 146 180 190 198 133 140 146 180 190 198

G 1A 25 229 241 252 310 327 342 229 241 252 310 327 342

G 1-1/4A 30 332 349 365 450 473 495 332 349 365 450 473 495

G 1-1/2A 38 398 418 438 540 567 594 398 418 438 540 567 594

MATERIAL

BSPP 
Thread G 

Size

Connecting 
Tube O.D.

Torque Torque

[Ft-Lb] [N-m] [Ft-Lb] [N-m]

(metric) (mm) Min Nom Max Min Nom Max Min Nom Max Min Nom Max

AL
UM

IN
UM

/B
RA

SS
 FI

TT
IN

GS
  O

R 
AL

UM
IN

UM
/B

RA
SS

 
M

AT
IN

G 
CO

M
PO

NE
NT

S;
 U

N-
LU

BR
IC

AT
ED

 TH
RE

AD
S G 1/4A 6 27 28 29 37 38 39 17 18 19 23 24 26

G 1/4A 8 27 28 29 37 38 39 17 18 19 23 24 26

G 3/8A 10 38 40 42 52 54 57 34 36 37 46 49 50

G 3/8A 12 38 40 42 52 54 57 34 36 37 46 49 50

G 1/2A 14 55 58 61 75 79 83 43 45 47 58 61 64

G 1/2A 16 55 58 61 75 79 83 43 45 47 58 61 64

G 3/4A 20 86 91 95 117 123 129 86 91 95 117 123 129

G 1A 25 149 157 164 202 213 222 149 157 164 202 213 222

G 1-1/4A 30 216 227 237 293 308 321 216 227 237 293 308 321

G 1-1/2A 38 259 272 285 351 369 386 259 272 285 351 369 386

* Typical for JLG Straight Male Stud Fittings

** Non typical for JLG Straight Male Stud Fittings, reference only.

*** Typical for JLG Adjustable Fittings
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Table 5-30. British Standard Parallel Pipe Port (BSPP) - S Series - Table 3 of 3

TYPE/FITTING IDENTIFICATION
BANJO FITTINGS

with  S series DIN (MBTS) opposite end
HIGH PRESSURE BANJO FITTINGS

with  S series DIN (MBTS) opposite end
JIS/BSPP O-RING ONLY

MATERIAL

BSPP 
Thread G 

Size

Connecting 
Tube O.D.

Torque Torque Torque

[Ft-Lb] [N-m] [Ft-Lb] [N-m] [Ft-Lb] [N-m]

(metric) (mm) Min Nom Max Min Nom Max Min Nom Max Min Nom Max Min Nom Max Min Nom Max

ST
EE

L F
IT

TI
NG

S W
IT

H 
 ST

EE
L M

AT
IN

G 
CO

M
PO

NE
NT

S;
 U

N-
LU

BR
IC

AT
ED

 TH
RE

AD
S

G 1/4A 6 30 32 33 40 43 45 33 35 36 45 47 49

Fitting type not typically specified on JLG 
applications.  Refer to the specific proce-

dure in this Service Manual.

G 1/4A 8 30 32 33 40 43 45 33 35 36 45 47 49

G 3/8A 10 48 51 53 65 69 72 52 55 57 70 75 77

G 3/8A 12 48 51 53 65 69 72 52 55 57 70 75 77

G 1/2A 14 66 70 73 90 95 99 89 94 98 120 127 133

G 1/2A 16 66 70 73 90 95 99 89 94 98 120 127 133

G 3/4A 20 92 97 101 125 132 137 170 179 187 230 243 254

G 1A 25 -- -- -- -- -- -- 236 248 260 320 336 353

G 1-1/4A 30 -- -- -- -- -- -- 398 418 438 540 567 594

G 1-1/2A 38 -- -- -- -- -- -- 516 542 568 700 735 770

MATERIAL

BSPP 
Thread G 

Size

Connecting 
Tube O.D.

Torque Torque Torque

[Ft-Lb] [N-m] [Ft-Lb] [N-m] [Ft-Lb] [N-m]

(metric) (mm) Min Nom Max Min Nom Max Min Nom Max Min Nom Max Min Nom Max Min Nom Max

AL
UM

IN
UM

/B
RA

SS
 FI

TT
IN

GS
  O

R 
AL

UM
IN

UM
/B

RA
SS

 
M

AT
IN

G 
CO

M
PO

NE
NT

S;
 U

N-
LU

BR
IC

AT
ED

 TH
RE

AD
S G 1/4A 6 20 21 21 27 28 28 22 22 23 30 30 31

Fitting type not typically specified on JLG 
applications.  Refer to the specific proce-

dure in this Service Manual.

G 1/4A 8 20 21 21 27 28 28 22 22 23 30 30 31

G 3/8A 10 31 33 34 42 45 46 34 36 37 46 49 50

G 3/8A 12 31 33 34 42 45 46 34 36 37 46 49 50

G 1/2A 14 43 45 47 58 61 64 58 61 64 79 83 87

G 1/2A 16 43 45 47 58 61 64 58 61 64 79 83 87

G 3/4A 20 60 63 66 81 85 89 111 117 122 150 159 165

G 1A 25 -- -- -- -- -- -- 153 161 169 207 218 229

G 1-1/4A 30 -- -- -- -- -- -- 259 272 285 351 369 386

G 1-1/2A 38 -- -- -- -- -- -- 335 352 368 454 477 499

* Typical for JLG Straight Male Stud Fittings

** Non typical for JLG Straight Male Stud Fittings, reference only.

*** Typical for JLG Adjustable Fittings

Note: BSPP O-ring only 
style (ISO 228-1) requires 
o-ring chamfer in the 
port, similar to ISO 
11926 (SAE ORB), but is 
not interchangeable.
Not typically used on 
JLG machines.
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Assembly Instructions for Flange Connections:  
(FL61 and FL62)

1. Make sure sealing surfaces are free of rust, splits,
scratches, dirt, foreign matter, or burrs.

2. See Figure  for O-ring installation instructions.

3. Pre-lubricate the O-ring with Hydraulic Oil. 

4. Position flange and clamp halves.

5. Place lock washers on bolt and bolt through clamp
halves.

6. Tighten all bolts by hand.

7. Torque bolts in diagonal sequence in two or more incre-
ments to the torque listed on Table Table 5-31and Table
5-32.
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Table 5-31. Flange Code (FL61 & FL62) -Inch Fasteners

TYPE/FITTING IDENTIFICATION
STEEL 4-BOLT FLANGE SAE J518 

(INCH FASTENERS)

TYPE

Inch 
Flange 

SAE Dash 
Size

Flange Size A*
Bolt 

Thread 
Size

Fastener Torque for Flanges Equipped with 
GRADE 5 Screws

Fastener Torque for Flanges Equipped with 
GRADE 8 Screws

[Ft-Lb] [N-m] [Ft-Lb] [N-m]

(in) (mm) (in) (mm) (UNF) Min Nom Max Min Nom Max Min Nom Max Min Nom Max

CO
DE

 61
 SP

LI
T F

LA
NG

E  
 (F

L6
1)

8 0.50 13 1.50 38.10 5/16-18 18 19 19 24 25 26 24 25 26 32 34 35

12 0.75 19 1.88 47.75 3/8-16 32 33 35 43 45 47 44 46 49 60 63 66

16 1.00 25 2.06 52.32 3/8-16 32 33 35 43 45 47 44 46 49 60 63 66

20 1.25 32 2.31 58.67 7/16-14 52 54 57 70 74 77 68 71 75 92 97 101

24 1.50 38 2.75 69.85 1/2-13 77 81 85 105 110 116 111 116 122 150 158 165

32 2.00 51 3.06 77.72 1/2-13 77 81 85 105 110 116 111 116 122 150 158 165

40 2.50 64 3.50 88.90 1/2-13 77 81 85 105 110 116 111 116 122 150 158 165

48 3.00 76 4.19 106.43 5/8-11 155 163 170 210 221 231 218 228 239 295 310 325

56 3.50 89 4.75 120.65 5/8-11 155 163 170 210 221 231 218 228 239 295 310 325

64 4.00 102 5.13 130.30 5/8-11 155 163 170 210 221 231 218 228 239 295 310 325

80 5.00 127 6.00 152.40 5/8-11 155 163 170 210 221 231 218 228 239 295 310 325

TYPE

Inch 
Flange 

SAE Dash 
Size

Flange Size A*
Bolt 

Thread 
Size

Fastener Torque for Flanges Equipped with 
GRADE 5 Screws

Fastener Torque for Flanges Equipped with 
GRADE 8 Screws

[Ft-Lb] [N-m] [Ft-Lb] [N-m]

(in) (mm) (in) (mm) (UNF) Min Nom Max Min Nom Max Min Nom Max Min Nom Max

CO
DE

 62
 SP

LI
T F

LA
NG

E  
 (F

L6
2) 8 0.50 13 1.59 40.39 5/16-18 -- -- -- -- -- -- 24 25 26 32 34 35

12 0.75 19 2.00 50.80 3/8-16 -- -- -- -- -- -- 44 46 49 60 63 66

16 1.00 25 2.25 57.15 7/16-14 -- -- -- -- -- -- 68 71 75 92 97 101

20 1.25 32 2.62 66.55 1/2-13 -- -- -- -- -- -- 111 116 122 150 158 165

20 1.25 32 2.62 66.55 -- -- -- -- -- -- -- -- -- -- -- -- --

24 1.50 38 3.12 79.25 5/8-11 -- -- -- -- -- -- 218 228 239 295 310 325

32 2.00 51 3.81 96.77 3/4-10 -- -- -- -- -- -- 332 348 365 450 473 495

* A dimension for reference only.
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Table 5-32. Flange Code (FL61 & FL62) - Metric Fasteners

TYPE/FITTING IDENTIFICATION
STEEL 4-BOLT FLANGE SAE J518 

(INCH FASTENERS)

TYPE

Inch 
Flange 

SAE Dash 
Size

Flange Size A*
Bolt 

Thread 
Size

Fastener Torque for Flanges Equipped with 
CLASS 8.8 Screws

Fastener Torque for Flanges Equipped with 
CLASS 10.9 Screws

[Ft-Lb] [N-m] [Ft-Lb] [N-m]

(in) (mm) (in) (mm) (Metric) Min Nom Max Min Nom Max Min Nom Max Min Nom Max

CO
DE

 61
 SP

LI
T F

LA
NG

E  
 (F

L6
1)

8 0.50 13 1.50 38.10 (Metric) Min Nom Max Min Nom Max Min Nom Max Min Nom Max

12 0.75 19 1.88 47.75 M8 x 1.25 18 19 19 24 25 26 18 19 19 24 25 26

16 1.00 25 2.06 52.32 M10 x 1.5 37 39 41 50 53 55 37 39 41 50 53 55

20 1.25 32 2.31 58.67 M10 x 1.5 37 39 41 50 53 55 37 39 41 50 53 55

24 1.50 38 2.75 69.85 M10 x 1.5 37 39 41 50 53 55 37 39 41 50 53 55

32 2.00 51 3.06 77.72 M12 x 1.75 68 71 75 92 97 101 68 71 75 92 97 101

40 2.50 64 3.50 88.90 M12 x 1.75 68 71 75 92 97 101 68 71 75 92 97 101

48 3.00 76 4.19 106.43 M12 x 1.75 68 71 75 92 97 101 68 71 75 92 97 101

56 3.50 89 4.75 120.65 M16 x 2 155 163 170 210 221 231 155 163 170 210 221 231

64 4.00 102 5.13 130.30 M16 x 2 155 163 170 210 221 231 155 163 170 210 221 231

80 5.00 127 6.00 152.40 M16 x 2 155 163 170 210 221 231 155 163 170 210 221 231

TYPE

Inch 
Flange 

SAE Dash 
Size

Flange Size A*
Bolt 

Thread 
Size

Fastener Torque for Flanges Equipped with 
CLASS 8.8 Screws

Fastener Torque for Flanges Equipped with 
CLASS 10.9 Screws

[Ft-Lb] [N-m] [Ft-Lb] [N-m]

(in) (mm) (in) (mm) (Metric) Min Nom Max Min Nom Max Min Nom Max Min Nom Max

CO
DE

 62
 SP

LI
T F

LA
NG

E  
 (F

L6
2) 8 0.50 13 1.59 40.39 M8 x 1.25 -- -- -- -- -- -- 24 25 26 32 34 35

12 0.75 19 2.00 50.80 M10 x 1.5 -- -- -- -- -- -- 52 54 57 70 74 77

16 1.00 25 2.25 57.15 M12 x 1.75 -- -- -- -- -- -- 96 101 105 130 137 143

20 1.25 32 2.62 66.55 M12 x 1.75 -- -- -- -- -- -- 96 101 105 130 137 143

20 1.25 32 2.62 66.55 M14 x 2 -- -- -- -- -- -- 133 139 146 180 189 198

24 1.50 38 3.12 79.25 M16 x 2 -- -- -- -- -- -- 218 228 239 295 310 325

32 2.00 51 3.81 96.77 M20 x 2.5 -- -- -- -- -- -- 406 426 446 550 578 605

* A dimension for reference only.
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Double Wrench Method
To prevent undesired hose or connector rotation, two
wrenches must be used; one torque wrench and one back- up
wrench. If two wrenches are not used, inadvertent component
rotation may occur which absorbs torque and causes
improper joint load and leads to leaks. For hose connections,

the ‘layline’ printed on the hose is a good indicator of proper
hose installation. A twisted lay-line usually indicates the hose
is twisted. See Figure 5-12. for double wrench method require-
ments.

Figure 5-12.  Double Wrench Method
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FFWR and TFFT Methods

FFWR (FLATS FROM WRENCH RESISTANCE METHOD)

1. Tighten the swivel nut to the mating fitting until no lat-
eral movement of the swivel nut can be detected; finger
tight condition.

2. Mark a dot on one of the swivel hex nut flats and
another dot in line on the connecting tube adapter. See
Figure B.1. 

3. Use the double wrench method per Appendix A, turn
the swivel nut to tighten as shown in Figure B.1. The nut
is to be rotated clockwise the number of hex flats as
defined by the applicable Table in Section 5.0. 

4. After the connection has been properly tightened, mark
a straight line across the connecting parts, not covering
the dots, to indicate the connection has been properly
tightened.   See Figure 5-13.

TFFT (TURNS FROM FINGER TIGHT METHOD)

1. Tighten the swivel nut to the mating fitting until no lat-
eral movement of the swivel nut can be detected; finger
tight condition.

2. Mark a dot on one of the swivel hex nut flats and
another dot in line on the connecting tube adapter. 

3. Use the double wrench method per Appendix A, turn
the swivel nut to tighten. The nut is to be rotated clock-
wise the number of turns as defined by the applicable
Table in Section 5.0. 

4. After the connection has been properly tightened, mark
a straight line across the connecting parts, not covering
the dots, to indicate the connection has been properly
tightened.   

Adjustable Stud End Assembly
For Adjustable Stud End Connections; the following assembly
steps are to be performed: 

1. Lubricate the o-ring with a light coat of hydraulic oil.

2. Position #1 – The o-ring should be located in the groove
adjacent to the face of the backup washer. The washer
and o-ring should be positioned at the extreme top end
of the groove as shown.

3. Position #2 – Position the locknut to just touch the
backup washer as shown. The locknut in this position
will eliminate potential backup washer damage during
the next step.

4. Position #3 – Install the connector into the straight
thread box port until the metal backup washer contacts
the face of the port as shown.

5. Position #4 – Adjust the connector to the proper posi-
tion by turning out (counterclockwise) up to a maxi-
mum of one turn as shown to provide proper alignment
with the mating connector, tube assembly, or hose
assembly.

6. Position #5 – Using two wrenches, use the backup
wrench to hold the connector in the desired position
and then use the torque wrench to tighten the locknut
to the appropriate torque.

7.  Visually inspect, where possible, the joint to ensure the
o-ring is not pinched or bulging out from under the
washer and that the backup washer is properly seated
flat against the face of the port.Figure 5-13.  FFWR Method
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O-ring Installation (Replacement)
Care must be taken when installing O-rings over threads dur-
ing replacement or installation. O-rings could become nicked
or torn. A damaged O-ring could lead to leakage problems.

1. Inspect O-ring for tears or nicks. If any are found replace
O-ring.

2. Ensure proper O-ring to be installed. Many O-rings look
the same but are of different material, different hard-
ness, or are slightly different diameters or widths.

3. Use a thread protector when replacing O-rings on fit-
tings.

4. In ORB; ensure O-ring is properly seated in groove. On
straight threads, ensure O-ring is seated all the way past
the threads prior to installation.

5. Inspect O-ring for any visible nicks or tears. Replace if
found.

Position #1
Locknut and Washer
backed off with o-ring

in position

into the port
during installation

port face
washer contacts

until back-up
Hand tightened into port

Connector backed
Connector tightenedoff for alignment

to mating connector, to ?nal position

tube assembly or
hose assembly

washer from damage
protect the back-up

Locknut in position to
Position #2

Position #3 Position #4
Position #5

Adjustable Stud End Assembly Positions

Locknut

O-Ring

Back-up Washer

Figure 5-14.  Adjustable Stud End Assembly
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5.3 CYLINDER REPAIR

NOTE: The following are general procedures that apply to all of
the cylinders on this machine. Procedures that apply to a
specific cylinder will be so noted.

Disassembly

DISASSEMBLY OF THE CYLINDER SHOULD BE PERFORMED ON A CLEAN WORK
SURFACE IN A DIRT FREE WORK AREA.

1. Connect a suitable auxiliary hydraulic power source to
the cylinder port block fitting.

DO NOT FULLY EXTEND CYLINDER TO THE END OF STROKE. RETRACT CYLINDER
SLIGHTLY TO AVOID TRAPPING PRESSURE.

2. Operate the hydraulic power source and extend the cyl-
inder. Shut down and disconnect the power source.
Adequately support the cylinder rod, if applicable.

3. If applicable, remove the cartridge-type holding valve
and fittings from the cylinder port block. Discard o-
rings.

4. Place the cylinder barrel into a suitable holding fixture. 

NOTE: Step 5 only applies to the steer cylinder.

5. Using a spanner wrench, unscrew the cylinder head
from the barrel.

6. Mark cylinder head and barrel with a center punch for
easy realignment. Using an allen wrench, loosen the
eight (8) cylinder head retainer capscrews, and remove
capscrews from cylinder barrel.

7. Attach a suitable pulling device to the cylinder rod port
block end or cylinder rod end, as applicable.

Figure 5-15.  Cylinder Barrel Support

Figure 5-16.  Capscrew RemovalGo t
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MAE35980E

1684102-E

19

19

18**

18

8

7

15 14
14

5

13

9

10

12

11

3

2

1

4

16
17*

17

6

1001228020-A

1. Barrel
2. Rod
3. Piston
4. Head
5. Seal

6. Rod Wiper
7. Washer Ring
8. Capscrew
9. O-Ring
10. Backup Ring

11. Wear Ring
12. Backup Ring
13. O-Ring
14. Wear Ring
15. T-Seal

16. Tapered Bushing
17. Capscrew
18. Holding Valves
19. O-Ring Plug

Figure 5-17.  Axle Extension Cylinder

* Torque to 9 ft. lbs. (12 Nm)
** Torque to 50 - 55 ft. lbs. (68 - 75)Go t
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6

1

20*
20*

9

7

7

4

13

13
18

3

14

15

11

16
12

5

19

17

21

10

8

8

8

8

2

1684081-F
MAE35990F

1. Barrel 
2. Rod 
3. Piston
4. Tapered Bushing

5. Head
6. Counterbalance Valve
7. Capscrew
8. Bushing

9. O-Ring Plug
10. Capscrew
11. Wear Ring
12. Backup Ring

13. Lock Ring
14. Backup Ring
15. O-Ring
16. O-Ring

17. Wiper
18. Seal
19. Rod Seal
20. Bleeder Valve
21. Ring Washer

Figure 5-18.  Axle Lockout Cylinder (SN 0300201017 through 0300239155)

* Torque to 12 - 15 ft. lbs. (16 - 20 Nm)Go t
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1001228019-A

11

11

11

11

19 19***

6****

20*

18**
4

14

14
15

17

17

9

10

13

8
7

5

2

16

1

3
12

MAE35830A

1. Barrel
2. Rod
3. Piston
4. Tapered Bushing

5. Head
6. Counterbalance Valve
7. Wiper
8. Rod Seal

9. Backup Ring
10. O-Ring
11. Bushing
12. O-Ring Plug

13. Wear Ring
14. Backup Ring
15. O-Ring
16. Seal 

17. Lock Ring
18. Capscrew
19. Bleeder Valve
20. Capscrew

Figure 5-19.  Axle Lockout Cylinder (SN 0300239156 to Present)

* Torque to 84 ft. lbs. (114 Nm)
** Torque to 9.5 ft. lbs. (13 Nm)
*** Torque to 12.5 - 15 ft. lbs. (17 - 20 Nm)
**** Torque to 30 - 35 ft. lbs. (41 - 47 Nm)Go t
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13 

24
21

9

26
25

23
18

17
17

20
20 22

6
5

19

19

27

27

16

8

15

4

11

10 

7

28

29

12

1684343-D

1. JLG Threadlocker PN 0100011 (Not Shown)
2. JLG Threadlocker PN 0100019 (Not Shown)
3. Locking Primer (Not Shown)
4. Rod Link
5. Capscrew
6. Tapered Bushing

7. Bearing
8. Bushing
9. Head 
10. Barrel
11. Rod
12. O-Ring Plug 

13. O-Ring Plug
14. Not Used
15. Roll Pin
16. Piston
17. Wear Ring
18. Backup Ring

19. Lock Ring
20. Backup Ring
21. Washer Ring
22. O-Ring
23. O-Ring
24. Capscrew

25. Rod Seal
26. Rod Wiper
27. Guide Ring
28. Holding Valve
29. Holding Valve

Figure 5-20.  Platform Level Cylinder (Prior to SN 0300080030)
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30

28

7

24

219

26
25

23

18

17
17

20
20 22

6
5

19

19

27

27

16

29

12

13

11

15

8

4

1684430-B

1. JLG Threadlocker PN 0100011 (Not Shown)
2. JLG Threadlocker PN 0100019 (Not Shown)
3. Primer #7471
4. Rod End Block
5. Capscrew
6. Tapered Bushing

7. Bearing
8. Bushing
9. Head 
10. Barrel
11. Rod
12. O-Ring Plug 

13. O-Ring Plug
14. Not Used
15. Roll Pin
16. Piston
17. Wear Ring
18. Backup Ring

19. Guidelock
20. Backup Ring
21. Washer Ring
22. O-Ring
23. O-Ring
24. Capscrew

25. Polyseal
26. Wiper Seal
27. Hydrolock
28. Counterbalance Valve
29. Orifice
30. Counterbalance Valve

Figure 5-21.  Platform Level Cylinder (SN 0300080030 through SN 0300201017)
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MAE38540E
1684430-E

19**

18*

1

20**

24

23

3

6

8
7

13
13

12

9

1415

21

25

26

2

16

17

4
5

10

10

11

11

22

22

1. Barrel
2. Rod
3. Head
4. Wiper Seal
5. Rod Seal
6. Wear Ring

7. O-ring
8. Backup Ring
9. Piston
10. Hydrolock Seal
11. Guidelock Seal
12. O-ring

13. Backup Ring
14. Tapered Ring
15. Capscrew
16. Capscrew
17. Washer Ring
18. Counterbalance Valve

19. Counterbalance Valve
20. Orifice Valve
21. Bushing
22. Bushing
23. Plug
24. Plug

25. Link
26. Roll Pin

Figure 5-22.  Platform Level Cylinder (SN 0300201017 through 0300238006)

* Torque to 30 - 35 ft. lbs. (41 - 47 Nm)
** Torque to 20 - 25 ft. lbs. (27 - 34 Nm)
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MAE38600C
1001138813-C

26**

24*

7

25**

10

9

6

13

14
19

16

16
18

12

3
2

5

1

11

8

20

17

22
21

23

23

15

15

4

4

1. Rod End Block
2. Capscrew
3. Tapered Bushing
4. Bearing
5. Bushing
6. Head

7. Barrel
8. Rod
9. O-ring Plug
10. O-ring Plug
11. Roll Pin
12. Piston

13. Wear Ring
14. Backup Ring
15. Guide Lock
16. Backup Ring
17. Washer Ring
18. O-ring

19. O-ring
20. Capscrew
21. Rod Seal
22. Wiper Seal
23. Hydro Lock
24. Counterbalance Valve

25. Orifice
26. Counterbalance Valve

Figure 5-23.  Platform Level Cylinder (SN 0300201017 through 0300239155)

* Torque to 30 - 35 ft. lbs. (41 - 47 Nm)
** Torque to 20 - 25 ft. lbs. (27 - 34 Nm)
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MAE33950B

22

24

23

3

6
6

8

7
13

13
12

9

14

21

17

4
5

1001228034-B

10

10

11

11

1

19*

18*
20**

15***

16****

2

26

25

1. Barrel
2. Rod
3. Head
4. Wiper Seal
5. Rod Seal
6. Wear Ring

7. O-ring
8. Backup Ring
9. Piston
10. Hydrolock Seal
11. Guidelock Ring
12. O-ring

13. Backup Ring
14. Tapered Ring
15. Capscrew
16. Capscrew
17. Washer Ring
18. Counterbalance Valve

19. Counterbalance Valve
20. Orifice Valve
21. Bushing
22. Bushing
23. Plug
24. Plug

25. Link Rod
26. Rollpin

Figure 5-24.  Platform Level Cylinder (SN 0300238007 to Present)

* Torque to 30 - 35 ft. lbs. (41 - 47 Nm)
** Torque to 20 - 25 ft. lbs. (28 - 34 Nm)
*** Torque to 10 ft. lbs. (13 Nm)
**** Torque to 85 ft. lbs. (115 Nm)
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6

16*

17*
10

11

11

10

10

10
18** 7

12

4

3

13 102

102
105

104

104
109

109

103
106

101

108

107

9

15

8

5

5

1684292-E

1. JLG Threadlocker PN 0100011 
2. Locking Primer
3. Capscrew
4. Tapered Bushing
5. Bushing
6. Bushing

7. Barrel
8. Rod
9. Head
10. O-ring Plug
11. O-ring Plug
12. O-ring Plug

13. Piston
14. Not Used
15. Capscrew
16. Counterbalance Valve
17. Shuttle Valve
18. Counterbalance Valve

100. Not Used
101. Wear Ring
102. Backup Ring
103. Backup Ring
104. Guidelock Ring

105. O-ring
106. O-ring
107. Wiper Seal
108. Rod Seal
109. Hydrolock

Figure 5-25.  Tower Lift Cylinder (Prior to SN 0300144623)

* Torque 30-35 ft.lbs. (40.5-47.5 Nm) Max
** Torque 45-50 ft.lbs. (61-68 Nm) Max
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MAE37450C
1001165507-C

20

15

14

11

11

10

10

9
13

13 12

8

6

3

5

4

21

21

7

22

17**18** 24

24***

23

23***

23
23 19*

16

1

2

1. Barrel
2. Rod
3. Head
4. Wiper Ring
5. Rod Seal
6. Wear Ring

7. O-ring
8. Backup Ring
9. Piston
10. Hydrolock Ring
11. Lock Ring
12. O-ring

13. Backup Ring
14. Tapered Ring
15. Capscrew
16. Capscrew
17. Counterbalance Valve
18. Counterbalance Valve

19. Counterbalance Valve
20. Bushing
21. Bushing
22. Plug
23. Plug
24. Plug

Figure 5-26.  Tower Lift Cylinder (SN 0300211614 through 0300238464)

* Torque to 45 - 50 ft. lbs. (61 - 67.5 Nm)
** Torque to 30 - 35 ft. lbs. (41 - 47 Nm)
*** Torque to 12 - 14 ft. lbs. (16.5 - 19 Nm)
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MAE37460C
1001228077-C

24

24

23

23
23

23
22

21

21

20

19***

18****
17****

16**

15*

14

13

13
12

11

11

10

10

9

8
7

6
5

4

3

2

1

1. Barrel
2. Rod
3. Head
4. Wiper Ring
5. Rod Seal
6. Wear Ring

7. O-ring
8. Backup Ring
9. Piston
10. Hydrolock Ring
11. Lock Ring
12. O-ring

13. Backup Ring
14. Tapered Ring
15. Capscrew
16. Capscrew
17. Counterbalance Valve
18. Counterbalance Valve

19. Counterbalance Valve
20. Bushing
21. Bushing
22. Plug
23. Plug
24. Plug

Figure 5-27.  Tower Lift Cylinder (SN 0300239465 to Present))

* Torque to 60 ft. lbs. (81 Nm)
** Torque to 302 ft. lbs. (410 Nm)
*** Torque to 45 - 50 ft. lbs. (61 - 68 Nm)
**** Torque to 30 - 35 ft. lbs. (41 - 48 Nm)
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1. JLG Threadlocker PN 0100011 
2. Capscrew
3. Tapered Bushing
4. Barrel
5. Head

6. Rod
6A.      Bushing
7. O-Ring Plug
8. O-Ring Plug

9. Not Used
10. Piston
11. Washer Ring
12. Capscrew

13. Capscrew
14. Valve Block
101. Lock Ring
102. Wear Ring

103. Backup Ring
104. Wear Ring
105. Backup Ring
106. O-Ring

107. O-Ring
108. Hydrolock
109. Wiper Ring
110. Rod Seal

Figure 5-28.  Main Boom Lift Cylinder (SN 0300201017 through SN 0300211613)
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MAE37470D
1001165510-D

11

13

7

8

3

1

1

2

15

21

21

14

14

9
18

18

17

20
16

23

4

22

19

10

12

5

6

6

1. Capscrew
2. Tapered Bushing
3. Barrel
4. Head
5. Rod
6. Bushing

7. O-ring Plug
8. O-ring Plug
9. Piston
10. Washer Ring
11. Capscrew
12. Capscrew

13. Valve Block
14. Lock Ring
15. Wear Ring
16. Backup Ring
17. Wear Ring
18. Backup Ring

19. O-ring
20. O-ring
21. Hydrolock
22. Wiper Ring
23. Rod Seal

Figure 5-29.  Main Boom Lift Cylinder (SN 0300211614 through 0300239976)
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MAE37480D
1001228078-D

22
23

16
20

17

18

18
19

15

21

21

14

14
8

7

7

11

13

12

10

1**

2

9

4

5

3

6

6

*

1. Capscrew
2. Tapered Bushing
3. Barrel
4. Head
5. Rod
6. Bushing

7. O-ring Plug
8. O-ring Plug
9. Piston
10. Washer Ring
11. Capscrew
12. Capscrew

13. Valve Block
14. Lock Ring
15. Wear Ring
16. Backup Ring
17. Wear Ring
18. Backup Ring

19. O-ring
20. O-ring
21. Hydrolock
22. Wiper Ring
23. Rod Seal

Figure 5-30.  Main Boom Lift Cylinder (0300239977 to Present)

* Torque to 302 ft. lbs. (410 Nm)
** Torque to 135 ft. lbs. (183 Nm)
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9

4
4

10

1

13

13

8

16

16
25

5

19

18

20

7

21
24

17
6

22
23

11

12
2

3

3

15

14

14

14

14

9

1001138803-B
1684173-H

MAE38520

1. Barrel
2. Rod
3. Bushing
4. Bushing
5. Piston
6. Head

7. Spacer
8. Tapered Bushing
9. Counterbalance Valve
10. Check Vlave
11. Washer Ring
12. Capscrew

13. Capscrew
14. O-ring Plug
15. O-ring Plug
16. Wear Ring
17. Wear Ring
18. Backup Ring

19. Seal
20. O-ring
21. O-ring
22. Seal
23. Rod Wiper
24. Backup Ring

25. Seal

Figure 5-31.  Jib Cylinder (Prior to 0300239155)
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MAE37490E
1001228025-E

12*

7

18
18

24
21

22
23

4

4

3

3

14***

14***

14***

14

14***

10

1

5

15

6
17

20
20

19

16

16

8

13**

2

25

9****

9****

11

1. Barrel
2. Rod
3. Bushing
4. Bushing
5. Piston
6. Head

7. Spacer
8. Tapered Bushing
9. Counterbalance Valve
10. Check Vlave
11. Washer Ring
12. Capscrew

13. Capscrew
14. O-ring Plug
15. O-ring Plug
16. Wear Ring
17. Wear Ring
18. Backup Ring

19. Seal
20. O-ring
21. O-ring
22. Seal
23. Rod Wiper
24. Backup Ring

25. Seal

Figure 5-32.  Jib Cylinder (SN 0300239156 to Present)

* Torque to 18 ft. lbs. (25 Nm)
** Torque to 5 ft. lbs. (7 Nm)
*** Torque to 18 - 20 ft. lbs. (24 - 27 Nm)
**** Torque to 30 - 35 ft. lbs. (41 - 48 Nm)
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1. Barrel 
2. Rod 
3. Head
4. Piston
5. Nut
6. Loctite #222 (not shown)

7. Not Used
8. Rod End Bushing
9. Barrel End Bushing
10. Not Used
11. Wiper
12. Rod Seal

13. Wear Ring
14. Piston Seal
15. Wear Ring
16. O-ring
17. backup Ring
18. O-ring 

Figure 5-33.  Steer Cylinder (Prior to SN 0300201017)
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MAE38530F
1684314-F

7

7

1

5*

11

12

4

15

13

14

10

10

3

8

9

16

2

6

6

1. Barrel
2. Rod
3. Head
4. Piston
5. Nut
6. Bushing

7. Bushing
8. Wiper
9. Rod Seal
10. Wear Ring
11. Piston Seal
12. Wear Ring

13. O-ring
14. Backup Ring
15. O-ring
16. Cap Cylinder

Figure 5-34.  Steer Cylinder (SN 0300201017 through 0300238558)

* Torque to 400 ft. lbs. (542 Nm)

Go t
o Disc

ou
nt-

Eq
uip

men
t.c

om
 to

ord
er 

yo
ur 

pa
rts



SECTION 5 - HYDRAULICS AND HYDRAULIC SCHEMATICS

3121171 5-73

MAE37510B
1001228031-B

5**

1

2

3

16*

8

9

10

13

14

4

11

12 15

7
7

6

6

17

17

1. Barrel
2. Rod
3. Head
4. Piston
5. Nut
6. Bushing

7. Bushing
8. Wiper
9. Rod Seal
10. Wear Ring
11. Piston Seal
12. Wear Ring

13. O-ring
14. Backup Ring
15. O-ring
16. Cap Cylinder
17. Plug

Figure 5-35.  Steer Cylinder (SN 0300238559 to Present)

* Torque to 579 ft. lbs. (785 Nm)
** Torque to 402 ft. lbs. (545 Nm)Go t
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MAE38610H
1684320-H

9

9

8

8

21

33

33

33

33

34

34

16

16

27
27

27

27

29

29

4

4

17

31

31
7

7

26

26
30

30

28

28

5

5

20

32

32
6

6

12
36

37
23

24

10

25

11

18

22

19

19
14

14 1

1

13

13

2

15

15

15

15

35

35

35

35

3

3
3

1. JLG Threadlocker PN 0100011 
2. Locking Primer
3. Capscrew
4. Screw
5. Screw
6. Tapered Bushing

7. Barrel
8. Rod
9. Head
10. Rod
10A. Bushing
11. Fitting

12. Fitting
13. Fitting
14. Plug
15. Plug
16. Wear Pad
17. Piston

18. Bracket
19. Capscrew
20. Capscrew
21. Spacer
22. Spacer
23.  Valve

23A. Valve
23B. Valve
23C. Valve
101. Backup Ring
102. Backup Ring
103. Wear Ring

104. O-Ring
105. O-Ring
106. Seal
107. Rod Wiper
108. Wear Ring
109.  Seal

* Torque to 30 ft. lbs. (40.6 Nm)

Figure 5-36.  Tower Boom Telescope Cylinder (SN 0300201017 through 0300243458)

Go t
o Disc

ou
nt-

Eq
uip

men
t.c

om
 to

ord
er 

yo
ur 

pa
rts



SECTION 5 - HYDRAULICS AND HYDRAULIC SCHEMATICS

3121171 5-75

MAE37540A
1001228032-A

11

12
18

35
36

2524

23

22

14

14

13

13

9

9

2

3

3
3

15

15

15

15

20

21

17

1

1

4

4

27

27

29

29

33
33

33
33

34

34

16

16

26

26

30

30

28

28

31

31

32

32

7

7

8

8

6

6

5

5

19

19

10

1. Barrel
2. Screw
3. Screw
4. Tapered Bushing
5. Barrel
6. Rod
7. Head

8. Rod
9. Bushing
10. Fitting
11. Fitting
12. Fitting
13. Plug
14. Plug

15. Wear Pad
16. Piston
17. Bracket
18. Capscrew
19. Capscrew
20. Spacer
21. Spacer

22. Valve
23. Valve
24. Valve
25. Valve
26. Backup Ring
27. Backup Ring
28. Wear Ring

29. O-ring
30. O-ring
31. Seal Rod
32. Rod Wiper
33. Wear Ring
34. Seal
35. O-ring

36. O-ring

Figure 5-37.  Tower Boom Telescope Cylinder (SN 0300243459 to Present)
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1. JLG Threadlocker PN 0100011 
2. Capscrew
3. Bolt
4. Bolt
5. Tapered Bushing

6. Head
7. Barrel
7A.      Bushing
8. Rod
8A.     Bushing

9. O-Ring Plug
10. O-Ring Plug
11. Wear Pad
12. Piston
13. Bracket

14. Foot Plate
15. Capscrew
16. Capscrew
17. Spacer
18. Valve

101. Wear Ring
102. Backup Ring
103. Backup Ring
104. Wear Ring
105. O-Ring

106. O-Ring
107. Seal
108. Rod Wiper
109. Seal

* Torque to 50 ft. lbs. (68 Nm)

Figure 5-38.  Main Boom Telescope Cylinder (Prior to SN0300144623)
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MAE37520D
1001175888-D

77

6

6

3

15

23

25
21

5

26

27

12

12

14

2

2

17

1
4

20

20

22

2213

28

24

24
18

24

18

24

8 8

9

9

11

30

29
16

31
3219

33

10

34 34

34

1. Capscrew
2. Bolt
3. Bolt
4. Tapered Bushing
5. Head
6. Barrel

7. Bushing
8. Rod
9. Bushing
10. O-ring Plug
11. O-ring Plug
12. Wear Pad

13. Piston
14. Bracket
15. Foot Plate
16. Capscrew
17. Capscrew
18. Spacer

19. Valve Assembly
20. Wear Ring
21. Backup Ring
22. Backup Ring
23. Wear Ring
24. O-ring

25. O-ring
26. Seal
27. Rod Wiper
28. Seal
29. Fitting
30. Fitting

31. Valve
32. Valve
33. Valve
34. Valve

Figure 5-39.  Main Boom Telescope Cylinder (SN 0300201017 through 0300243463)
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1001228080-B
MAE37530B

33

32
31

30 30

30

29

28****

27****

26

25

24

23*

22

20***

28

19

19

19

18

17

16

15

14

14

13

13
11

11

10
9**

8
7

6

6

5
4

3

2

2

1

1

12

12

12
12

1. Barrel
2. Rod
3. Head
4. Wiper
5. Rod Seal
6. Wear Ring

7. O-ring
8. Backup Ring
9. Piston
10. Seal
11. Wear Ring
12. O-ring

13. Backup Ring
14. Spacer
15. Tapered Bushing
16. Wear Pad Plate
17. Wear Pad
18. Telefoot Plate

19. Bushing
20. Capscrew
21. Bolt
22. Bolt
23. Capscrew
24. O-ring Plug

25. O-ring Plug
26. Valve Assembly
27. Valve
28. Valve
29. Valve
30. Valve

31. Fitting
32. Fitting
33. Capscrew

Figure 5-40.  Main Boom Telescope Cylinder (SN 0300243464 to Present)

* Torque to 55 ft. lbs. (75 Nm)
** Torque to 125 ft. lbs. (170 Nm)
*** Torque to 9.5 ft. lbs. (13 Nm)
**** Torque to 45 - 50 ft. lbs. (61 - 68 Nm)
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AA

9.000 .060

2.020 .010 2.995 .010

2.593 .060

2X
15 2

1.125 .030

8.000 .030

R  MIN.010

R  MIN.010

7X
R.020 .010

2.740 .010

2.905 .010

 HEAD INSTALLATION SLEEVE
JLG P/N 1001107143

32 MAX SURFACE FINISH
(2 SURFACES)

SECTION  A-A

4.500 .060

2.015 .0102.130 .010

2X
R.010 .005

 PISTON INSTALL SLEEVE
JLG P/N 1001107145

2X
.005/.015 X 45

Figure 5-41.  Special Tools for Tower Tele Cylinder - Sheet 1 of 2Go t
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2.250 .125

STK
3.000

2.020 .010

1.755 .010

1.250 .250

 GO (PISTON) GAUGE
JLG P/N 1001107146

R.030 MAX

3X
.030/.100 X 45

3.875 .125

STK
3.000

2.020 .010

3.357 .010

1.250 .250

 GO (PISTON) GAUGE

JLG P/N 1001107147

R.030 MAX

.030/.100 X 45

Figure 5-42.  Special Tools for Tower Tele Cylinder - Sheet 2 of 2
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3.000 .060

4.770 .010

4.965 .010

2X
4.874 .020

2X
15 2

6X R  MIN.020

 HEAD INSTALL SLEEVE
JLG P/N 1001107000

32 MAX SURFACE FINISH
(3 SURFACES)

5.000 .060

4.515 .0104.650 .010

2X
R.010 .005

 PISTON INSTALL SLEEVE
JLG P/N 1001107001

2X
.005/.015 X 45

3.000 .125

STK
5.000

4.520 .010

2.438 .010

1.250 .250

 GO (PISTON) GAUGE
JLG P/N 1001107002

R.030 MAX

.030/.100 X 45

Figure 5-43.  Special Tools for Upper Lift Cylinder
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3.000 .060

3.770 .010

3.965 .010

3.874 .020

2X
15 2

6X R  MIN.020

HEAD INSTALL SLEEVE

JLG P/N 1001106846

32 MAX SURFACE FINISH
(3 SURFACES)

3.500 .060

3.015 .0103.625 .010

2X
R.125 .030

PISTON INSTALL SLEEVE
JLG P/N 1001106847

2X
.060/.100 X 45

2.000 .125

STK
4.500

3.020 .010

1.688 .010

1.250 .250

GO (PISTON) GAUGE

JLG P/N 1001106848

(Tower Lift Cylinder Only)

R.030 MAX

.030/.100 X 45

Figure 5-44.  Special Tools for Main Lift Cylinder and Tower Lift Cylinder
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EXTREME CARE SHOULD BE TAKEN WHEN REMOVING THE C YLINDER ROD,
HEAD, AND PISTON. AVOID PULLING THE ROD OFF-CENTER, WHICH COULD
CAUSE DAMAGE TO THE PISTON AND CYLINDER BARREL SURFACES.

8. With the barrel clamped securely, apply pressure to the
rod pulling device and carefully withdraw the complete
rod assembly from the cylinder barrel.

9. Using suitable protection, clamp the cylinder rod in a
vise or similar holding fixture as close to the piston as
possible.

NOTE: Step 10 applies only to the steer cylinder.

10. Loosen and remove nut which attaches the piston to the
rod, and remove the piston.

11. Loosen and remove the capscrew(s), if applicable, which
attach the tapered bushing to the piston.

12. Insert the capscrew(s) in the threaded holes in the outer
piece of the tapered bushing. Progressively tighten the
capscrew(s) until the bushing is loose on the piston.

13. Remove the bushing from the piston.

14. Screw the piston CCW, by hand, and remove the piston
from cylinder rod.

15. Remove and discard the piston o-rings, seal rings, and
backup rings.

16. Remove piston spacer, if applicable, from the rod.

17. Remove the rod from the holding fixture. Remove the
cylinder head gland and retainer plate, if applicable. Dis-
card the o-rings, backup rings, rod seals, and wiper seals.

Cleaning and Inspection
1. Clean all parts thoroughly in an approved cleaning sol-

vent.

2. Inspect the cylinder rod for scoring, tapering, ovality, or
other damage. If necessary, dress rod with Scotch Brite
or equivalent. Replace rod if necessary.

3. Inspect threaded portion of rod for excessive damage.
Dress threads as necessary.

Figure 5-45.  Cylinder Rod Support

Figure 5-46.  Tapered Bushing Removal
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4. Inspect inner surface of cylinder barrel tube for scoring
or other damage. Check inside diameter for tapering or
ovality. Replace if necessary.

5. Inspect threaded portion of barrel for damage. Dress
threads as necessary.

6. Inspect piston surface for damage and scoring and for
distortion. Dress piston surface or replace piston as nec-
essary.

7. Inspect threaded portion of piston for damage. Dress
threads as necessary.

8. Inspect seal and o-ring grooves in piston for burrs and
sharp edges. Dress applicable surfaces as necessary.

9. Inspect cylinder head inside diameter for scoring or
other damage and for ovality and tapering. Replace as
necessary.

10. Inspect threaded portion of head for damage. Dress
threads as necessary.

11. Inspect seal and o-ring grooves in head for burrs and
sharp edges. Dress applicable surfaces as necessary.

12. Inspect cylinder head outside diameter for scoring or
other damage and ovality and tapering. Replace as nec-
essary.

13. If applicable, inspect rod and barrel bearings for signs of
correct excessive wear or damage. Replace as necessary.

a. Thoroughly clean hole, (steel bushing) of burrs, dirt
etc. to facilitate bearing installation.

b. Inspect steel bushing for wear or other damage. If
steel bushing is worn or damaged, rod/barrel must
be replaced.

c. Lubricate inside of the steel bushing with WD40
prior to bearing installation.

d. Using an arbor of the correct size, carefully press the
bearing into steel bushing.

NOTE: Install pin into the composite bearing dry. Lubrication is
not required with nickel plated pins and bearings.

14. Inspect travel limiting collar or spacer for burrs and
sharp edges. If necessary, dress inside diameter surface
with Scotch Brite or equivalent.

15. If applicable, inspect port block fittings and holding
valve. Replace as necessary.

16. Inspect the oil ports for blockage or the presence of dirt
or other foreign material. Repair as necessary.

17. If applicable, inspect piston rings for cracks or other
damage. Replace as necessary.

Figure 5-47.  Composite Bearing Installation
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Assembly

NOTE: Prior to cylinder assembly, ensure that the proper cylinder
seal kit is used. See your JLG Parts Manual.

Apply a light film of hydraulic oil to all components prior to
assembly.

1. A special tool is used to install a new rod seal into the
applicable cylinder head gland groove.

WHEN INSTALLING ‘POLY-PAK’ PISTON SEALS, ENSURE SEALS ARE INSTALLED
PROPERLY. REFER TO WIPER SEAL INSTALLATION FOR CORRECT SEAL ORIEN-
TATION. IMPROPER SEAL INSTALLATION COULD RESULT IN CYLINDER LEAK-
AGE AND IMPROPER CYLINDER OPERATION.

2. Use a soft mallet to tap a new wiper seal into the appli-
cable cylinder head gland groove. Install a new wear
ring into the applicable cylinder head gland groove.

Figure 5-48.  Rod Seal Installation

Figure 5-49.  Poly-Pak Piston Seal Installation

Figure 5-50.  Wiper Seal Installation
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3. Place a new “o”ring and backup seal in the applicable
outside diameter groove of the cylinder head.

4. Install washer ring onto rod, carefully install the head
gland on the rod, ensuring that the wiper and rod seals
are not damaged or dislodged. Push the head along the
rod to the rod end, as applicable.

5. Carefully slide the piston spacer (if applicable) on the
rod.

NOTE: Main boom telescope cylinder piston has an o-ring
installed inside the spacer.

6. If applicable, correctly place new o-ring in the inner pis-
ton diameter groove. (The backup ring side facing the
O-ring is grooved.)

7. If applicable, correctly place new seals and guide lock
rings in the outer piston diameter groove. (A tube, with
I.D. slightly larger than the O.D.of the piston is recom-
mended to install the solid seal.)

NOTE: The backup rings for the solid seal have a radius on one
side. This side faces the solid seal.(See magnified insert in
Figure 5-52.)The split of seals and backup rings are to be
positioned so as not to be in alignment with each other. 

8. Using suitable protection, clamp the cylinder rod in a
vise or similar holding fixture as close to piston as possi-
ble.

9. Carefully thread the piston on the cylinder rod hand
tight, ensuring that the o-ring and backup rings are not
damaged or dislodged.

Figure 5-51.  Installation of Head Seal Kit

Figure 5-52.  Piston Seal Kit Installation

Go t
o Disc

ou
nt-

Eq
uip

men
t.c

om
 to

ord
er 

yo
ur 

pa
rts



SECTION 5 - HYDRAULICS AND HYDRAULIC SCHEMATICS

3121171 5-87

10. Thread piston onto rod until it abuts the spacer end and
install the tapered bushing.

NOTE: When installing the tapered bushing, piston and mating
end of rod must be free of oil.

WHEN REBUILDING THE TELESCOPE, LIFT, JIB, LEVEL, AXLE LOCKOUT OR AXLE
EXTENSION CYLINDERS, TIGHTEN SECURELY. (SEE TABLE 5-33)

11. Assemble the tapered bushing loosely into the piston
and insert JLG capscrews (not vendor capscrews)
through the drilled holes in the bushing and into the
tapped holes in the piston. 

12. Tighten the capscrews evenly and progressively in rota-
tion to the specified torque value. (See Table 5-33, Cylin-
der Head and Tapered Bushing Torque Specifications).

13. After the screws have been torqued, tap the tapered
bushing with a hammer (16 to 24 oz.) and brass shaft
(approximately 3/4" in diameter) as follows;

a. Place the shaft against the cylinder rod and in con-
tact with the bushing in the spaces between the
capscrews.

b. Tap each space once; this means the tapered bush-
ing is tapped 3 times as there are 3 spaces between
the capscrews.

14. Re-torque capscrews evenly and progressively in rota-
tion to specified torque value. (See Table 5-33, Cylinder
Head and Tapered Bushing Torque Specifications).

15. Remove the cylinder rod from the holding fixture.

16. Place new guide locks and seals in the applicable out-
side diameter grooves of the cylinder piston. (See Figure
5-52., Piston Seal Kit Installation)

17. Position the cylinder barrel in a suitable holding fixture.

EXTREME CARE SHOULD BE TAKEN WHEN INSTALLING THE CYLINDER ROD,
HEAD, AND PISTON. AVOID PULLING THE ROD OFF-CENTER, WHICH COULD
CAUSE DAMAGE TO THE PISTON AND CYLINDER BARREL SURFACES.

18. With barrel clamped securely, and while adequately sup-
porting the rod, insert the piston end into the barrel cyl-
inder. Ensure that the piston loading o-ring and seal ring
are not damaged or dislodged.

19. Continue pushing the rod into the barrel until the cylin-
der head gland can be inserted into the barrel cylinder.

Figure 5-53.  Tapered Bushing Installation

Figure 5-54.  Seating the Tapered Bearing
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20. Secure the cylinder head gland using the washer ring
and socket head bolts. (See Table 5-33, Cylinder Head
and Tapered Bushing Torque Specifications and Table 5-
34, Holding Valve Torque Specifications)

21. After the cylinder has been reassembled, the rod should
be pushed all the way in (fully retracted) prior to the
reinstallation of any holding valve or valves.

22. If applicable, install the cartridge-type holding valve and
fittings in the rod port block, using new o-rings as appli-
cable. (See Table 5-34, Holding Valve Torque Specifica-
tions)

Figure 5-55.  Rod Assembly Installation

Table 5-33. Cylinder Head and Tapered Bushing Torque 
Specifications

Description
Head Torque Value 

(Wet)

Tapered
Bushing Torque 

Value (Wet)

Tower Tele Cylinder 80 ft. lbs.
(108 Nm)

9 ft. lb.s
(12.6 Nm)

Main Boom Tele 
Cylinder

80 ft. lbs.
(108 Nm)

9 ft. lb.s
(12.6 Nm)

Level Cylinder 120 ft. lbs.
(168 Nm)

9 ft. lb.s
(12.6 Nm)

Jib Cylinder 30 ft. lbs.
(41 Nm)

5 ft. lbs.
(9 Nm)

Tower Lift Cylinder 300 ft. lbs.
(410Nm)

60 ft. lbs.
(81 Nm)

Main Boom Lift Cylinder 300 ft. lbs.
(410 Nm)

135 ft. lbs.
(183 Nm)

Axle Oscillation
Cylinder

120 ft. lbs.
(168 Nm)

9 ft. lb.s
(12.6 Nm)

Axle Extend
Cylinder

50 ft. lbs.
(70 Nm)

9 ft. lb.s
(12.6 Nm)

Table 5-34. Holding Valve Torque Specifications

Description Torque Value

SUN - 7/8 HEX M20 X 1.5 THDS.
30-35 ft. lbs.
(41-48 Nm)

SUN - 1 1/8 HEX 1 -14 UNS THDS.
45-50 ft. lbs.
(61-68 Nm)

SUN - 1 1/4 HEX M36 X 2 THDS.
150-160 ft. lbs.
(204-217 Nm)

RACINE - 1 1/8 HEX 1 1/16 - 12 THDS.
50-55 ft. lbs.
(68-75 Nm)

RACINE - 1 3/8 HEX 1 3/16 - 12 THDS.
75-80 ft. lbs.

(102-109 Nm)

RACINE - 1 7/8 HEX 1 5/8 - 12 THDS.
100-110 ft. lbs.
(136-149 Nm)
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5.4 COUNTERBALANCE VALVE CHECK
1. Position the machine on a firm level surface.

2. Ensure the tower boom and main booms are on their
respective boom rests.

3. Swing the turntable to the side about 35-45° to gain
access to the counterbalance valve. 

4. Access the Tower Lift Cylinder Counterbalance Valve
through the access hole in the bottom plate of the turn-
table.

5. Torque the counterbalance valve 45 to 50 foot pounds
(61 to 68 Nm) and take note of how much the counter-
balance valve moves.

6. If the valve moves less than 0.125" (3 mm) radially (see
example below), proceed to the next step. If the valve
moves more than 0.125" (3 mm) radially (see sketch
below), replace the counterbalance valve, proceed to
Step #8.

7. After applying the torque to the valve, examine the
valve for hydraulic oil leaks. If the valve leaks, replace the
counterbalance valve, see Step #10. If the valve does not
leak, proceed to Step #13.

8. To replace the counterbalance valve:

a. Remove the valve cartridge.

b. Examine the removed cartridge for completeness of
the valve, the o-rings and seals.

c. If the valve, seals and o-rings are complete and
accounted for, proceed to the next step.

d. If any portion of the valve, o-rings or seals are miss-
ing, quarantine the machine. Do NOT allow the
tower boom to be raised. Contact a certified service
technician and make sure the missing parts are
accounted for.

IF THE CARTRIDGE REQUIRES REPLACEMENT, THE PORT IN THE VALVE BLOCK
MUST BE FREE OF RESIDUAL HYDRAULIC OIL BEFORE INSTALLING THE NEW
CARTRIDGE OR THE CARTRIDGE SEALS MAY BE DAMAGED DURING INSTALLA-
TION.

9. Inspect the new counterbalance valve for completeness
of the valves, o-rings and seals.

10. Carefully install the new counterbalance valve into the
valve block and torque 45 to 50 foot pounds (61 to 68
Nm).

11. Return the machine to the stowed position.

1/8”
(3 mm)
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5.5 HYDRAULIC TANK
The hydraulic tank has a capacity of 53.3 gallons (201.7 liters)
and includes the hydraulic return filter and two suction strain-
ers. It is normal for the oil level to appear low when the boom
is raised and should only be checked with the machine on
level ground and with the boom fully retracted and lowered.
The hydraulic oil should be maintained at the full level as
shown by the decal and hydraulic oil level gauge located on
the side of the tank as shown in Figure 5-56., Hydraulic Oil
Level Gauge. This decal shows the proper full level for both hot
and cold oil. Do not fill the hydraulic tank past the appropriate
full mark. Overfilling can cause the oil to overflow from the top
of the hydraulic tank during emergency lowering operations.

Figure 5-56.  Hydraulic Oil Level Gauge

FULL LEVEL (HOT OIL)

FULL LEVEL (COLD OIL)
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5.6 HYDRAULIC RETURN FILTER
Check the hydraulic return filter indicator with the hydraulic oil
at normal operating temperature and the engine running.

Replace the filter element before the indicator reaches the red
filter restricted area or every 300 hours, whichever comes first.

A - Red = Filter Restricted; Filter Bypassed
B - Green = Filter Good; Not Restricted

Figure 5-57. Hydraulic Return Filter Condition Indicator - Prior to SN 139396

Red = Filter Restricted; Filter Bypassed
Green = Filter Good; Not Restricted

Figure 5-58. Hydraulic Return Filter Condition Indicator - SN 139396 to Present
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42

Figure 5-59.  Hydraulic Tank

1. Return Filter
2. Vented Fill Cap
3. Sight/Temperature Gauge
4. Filter Mounting Bracket
5. Magnetic Drain Plug
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A.  Front Steer Valve/Axle Extend
B. Traction Valve 
C. Rear Steer Valve/Axle Extend
D. Chassis Module Controller
E. Junction Manifold Valve

Figure 5-60.  Chassis Control Valve Locations
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