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Manual Design

 This manual is designed with the following
objectives in mind:

• provide technical coverage for expected
levels of user expertise

• anticipate your needs and reduce your
decisions regarding maintenance

• reduce page flipping through a “one-stop
shopping” approach

 The two-line running page header at the top of
each page tells you:

• Name of the manual
(Model 5400, 5500, and 5600 Maintenance
Manual)

• Current Section Title
(for example, this page; Section 1. How to
Use This Manual)

• Current topic
(for example, this page; Manual Design)

 This manual consists of the following sections:

• How to Use This Manual explains the
manual format and design as well as
abbreviations and symbols used.

• Safety explains warning and caution
notes, general safety rules, and safety
rules for batteries, static, jacking, and

 welding.

• Systems Overview  includes general lift
truck overview, programming instructions,
and configuration menu.

• Scheduled Maintenance outlines the
recommended schedule of preventive
services to keep your lift truck working
most efficiently.

•  Troubleshooting is designed to take you
from a symptom to a specific sequence of
tests in order to isolate a failing
component.

• Messages, Codes and Tests lists the
electrical fault codes and procedures for
running firmware electrical tests.

• Component Procedures gives
step-by-step procedures for testing,
removal, installation, and adjustment of
individual truck components. Components
are grouped by truck system.

 To find a component procedure, you may
use one of three methods:

• Look up the component name in the
List of Component Procedures.

• Find the component in the Component
Locator Photos.

• Look up the component name in the
maintenance manual Index.

•  Theory of Operation explains signal flow
 within the electrical and hydraulic
systems for various conditions of lift truck
operation. This section also contains a
detailed connection point table (Pin-Out
Matrix) designed to assist in testing and
troubleshooting the truck.

•  Appendix contains reference information
such as torque values, lubricants,
standard/metric conversions, and system
schematics.

• Index lists subjects alphabetically.
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 Abbreviations and Symbols

 The following abbreviations, acronyms and symbols are used in this manual.

 Term/Symbol Definition Term/Symbol Definition

 A Ampere

 AC Alternating Current 

 Agnd analog ground

amp Ampere  or  amplifier  

approx approximately  

 Assy assembly 

aux auxiliary  

 AWG American Wire Gauge

BSOC Battery  State-of-Charge

BWI brush  wear  indicator  

CAN Controller  Area  Network  

CCC Carriage  Control  Card

CCW counterclockwise

CFP Contactor  Fuse  Panel

cm centimeter  

COP Computer  Operating
Program

CW clockwise

CS cold  storage

DC Direct  Current  

Dgnd digital  ground

DMM Digital  Multi  Meter  

DVM Digital  Voltmeter  

EE UL  Electric  Truck  Type
Certification Rating where
electrical equipment is
completely enclosed

EMF ElectroMotive  Force

EOA End-of-Aisle

EPO Emergency  Power  Off  

EPROM Erasable  Programmable  Read
Only Memory 

ESD Electrostatic  Discharge

ESDS Electrostatic  Discharge
Sensitive

FF Forks-first  

fpm feet  per  minute

FRC Fuse/Relay  Card

ft. foot  or  feet  

gal. gallon  or  gallons

GM Guidance  Manager  

gm gram

Gnd ground

HD hours  on  deadman

Ht height  

Hgt/Wgt Height/Weight  

Hz Hertz

in. inch  or  inches

kg kilogram(s)

kHz kilohertz

km/h kilometers  per  hour  

kPa kilo  Pascal

lb. pound  or  pounds

LED Light  Emitting  Diode

L/H Load  Holding

L/L Lift/Lower  

LPA Lift  Power  Amplifier  

LPC Lift  Power  Contactor  

mA milliampere

max maximum

min minute  or  minimum

mm millimeter  

MM Maintenance Minder ™

mph miles  per  hour  
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 Term/Symbol Definition Term/Symbol Definition

mS millisecond  or  milliseconds

mV millivolt  or  millivolts

mVAC millivolts  -  alternating
current 

No. number  

NV non-volatile

NVM Non-Volatile  Memory  

N•m newton  meter  

OACH Overall  Collapsed  Height  

OD Operator  Display  

OI Operator  Interface

OSHA Occupational  Safety  and
Health Association

oz. ounce

prox proximity  

pot potentiometer  

psi pounds  per  square  inch

PWM Pulse  Width  Modulation

P/N Part  Number  

RAM Random  Access  Memory  

rpm Revolutions  per  Minute

SAE Society  of  Automotive
Engineers

sec. second

SG specific  gravity  

SOL Solenoid

spec specification

temp Temperature

 TF Tractor-first 

 TPA Traction Power Amplifier 

 TPC Traction Power Contactor 

 TS Traction Speed

 T/S troubleshoot 

UL Underwriters  Laboratories,
Inc.

 V Volt or Volts

 VDC Volts Direct Current 

 VM Vehicle Manager 

 wrt with respect to

 Wt Weight 

 w/ with

 w/o without 

@ at 

™ trademark  

© copyright  

+ plus  or  positive

 – minus or negative

± plus  or  minus

° degrees

°F degrees  Fahrenheit  

°C degrees  Celsius

< less  than

> greater  than

% percent  

= equals
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Definitions

 Throughout this manual, you will see two kinds
of safety reminders:

 A Warning indicates a potentially
hazardous situation that, if not avoided,
could result in serious bodily injury or
death.

 A Caution indicates a potentially
hazardous situation that, if not avoided,
could result in minor or moderate bodily
injury or damage to the lift truck or
nearby objects. It also can be used to
alert personnel against unsafe practices.
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General Safety 

Do not  operate or work on this truck unless you
are trained, qualified and authorized to do so,
and you have read both the Owner Manual and
the Operator Manual.

Know the truck’s controls and what they do.

Do not operate this truck if it needs repair or if
it is in any way unsafe.

Operate this truck only from the operator
position. When elevated, make sure you wear a
safety belt attached to a secured tether.

Before working on this truck, always turn the
key switch OFF and disconnect the truck’s

 battery connector (unless this manual tells you
otherwise).

 Always use and park this truck indoors.

Do not park a truck in a cold storage area
overnight unless the truck is conditioned for
cold storage.

21864_002.eps

2

21864_019.eps

2

2

2
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Tractor
 The tractor holds the majority of electrical and
hydraulic components of the lift truck,
including the battery, power section, pumps,
and motors. For the location of specific
components, see Component Locator Photos on
page 7-3.

3

Figure 3-2. View Inside Tractor Compartment 
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Lift Truck Specifications

Specification Plate
 This lift truck is rated for performance by load
center and load weight. Review the specification
plate for detailed load capacity and load center
information. See Figure 3-3.

Due to continuous product improvement,
specifications are subject to change without
notice or obligation.

3412-645.wmf 

Figure 3-3. Lift Truck Specification Plate 

412-851

(in./mm)
Greene, New York 13778

VERTICAL

CENTER ALL LOADS ON MAST CENTERLINE

GIVE MODEL AND SERIAL NUMBER IN ALL CORRESPONDENCE.
OF MANUFACTURE FOR TYPE E INDUSTRIAL TRUCKS WHEN EQUIPPED WITH TYPE EO BATTERY.

MANUFACTURED TO COMPLY WITH MANDATORY REQUIREMENTS OF ASME B56.1 PART III EFFECTIVE ON THE DATE

HORIZONTAL MOTION OF BATTERY MUST NOT EXCEED 0.5 INCHES/ 12.7MM.

Without Battery

ATTACH RESTRAINT TO BATTERY COMPARTMENT AS REQUIRED.

Minimum Attachment

With Maximum Battery
(lb./kg) (lb./kg)

Maximum

P.O. Box 130
Raymond Corporation

(A.H.)

Hour Rate

Model Serial  Number Battery Volts Nominal Width

Truck  Weight Battery  Weight Battery  Max.  Rated  Capacity

FWD LOADELEV
HT 'C'

MAXIMUM600 mm23.6 IN.

3450

XXXXXXX

227

XXXX

2750

4000

4000

3800220

203

196

3000

3700

4000A

C

B

'A' CAPACITY

XXX XXXX

XXX XXXXXXXX

ALTERNATE CAPACITY

XXXX

LOAD
CENTER

ALTERNATE CAPACITY

XXX

XXX

XXX

227

220

203

196

XXXXXXXX

XXXX

XXXX

XXXX

XXXX

27503450

3000

3700

3800

4000

40004000

CAPACITY
MAXIMUMFWD LOAD

'A'
ELEV
HT 'C'

W/MIN.
BATTERY
WEIGHT OF

40004000

W/MIN.
BATTERY
WEIGHT OF

4000 4000

B

in. mm

lb. kg in. in. lb. mm mm kg

CAPACITY CAPACITY

Max load capacity of
this lift truck 

Max Battery
Rated Capacity 

*Max battery
 weight for this lift
truck 

*Min battery
 weight for this
lift truck 

*Battery weight must be between the min and max weight.

Serial number

 Approximate weight
of lift truck minus
battery, load, and
operator

Raymond Model #
Nominal battery

 voltage

 Approximate weight
of lift truck with
battery installed,
minus load and
operator
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Installation

Installation procedures must be performed by a
Raymond Certified Dealer Technician to ensure

 warranty coverage.

During installation, a visual and functional
inspection must be performed.

Installation Procedure
NOTE:  Two technicians are required for the

installation/assembly of this truck.

Place the mast, tractor, and pallets in an
open area where it is safe to work.

• The truck components are heavy,
unstable, and difficult to handle.
Use caution when lifting and
assembling this truck.

• Personnel involved in the
installation and assembly of this
truck should wear gloves, safety
glasses, steel toe boots, and a
safety helmet.

• Do NOT remove the banding that
secures the operator platform to the
baselegs until the truck is upright.

Uprighting a Cradled Vehicle

Two Hoist Method

 This procedure requires two chain hoists of
suitable weight capacity.

1. Position the cradled truck directly beneath
and parallel to the chain hoist rail.

2. Attach one hoist to the upper crosstie of
the mast.

NOTE: Place blocks between the crossties to
avoid bending them.

3. Attach the second hoist to the baselegs.

4. Slowly raise each hoist until there is no
slack in the chains.

 While performing step 5, make sure the
hoist attached to the baselegs does not
lift the cradle off the floor. Also, do not
let the chain become slack as this will
allow the truck to drop.

5. Continue to slowly lift the hoist attached
to the mast until the center of gravity
shifts, causing the weight of the truck to
shift to the hoist attached to the baselegs.

6. Lower the truck with the hoist attached to
the baselegs until it is standing upright on
the floor.

7. Remove the chain from the baselegs.

8. Remove the chain from the upper crosstie
of the mast and attach it to the upper
cross-piece of the cradle.

9. Loosen and remove the nuts holding the
 wooden cradle cross-piece to the mast,
then remove the wooden cross-piece.

10. Remove the bolts from the bottom cradle
cross-piece attached to the truck’s front

 bumper.

11. Lift the cradle up and away from the truck
and lower it to the floor.

12. Carefully remove the strapping securing
the operator platform to the baselegs.

13. Remove the shipping cap and screws on
top of the hydraulic fluid reservoir. Install
the breather cap and screen.

14. Check the fluid level of the hydraulic
reservoir.

15. Remove the plug from the drive unit and
install the dipstick.

Hoist and Lift Truck Method

 This procedure requires a lift truck and a chain
hoist of suitable weight capacity.

NOTE: Use this procedure when only one chain
hoist is available.

1. Position the cradled truck directly beneath
and parallel to the chain hoist rail.

2. Position the forks of the lift truck under
the upper cross-piece of the cradle.
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3. Attach the chain hoist to the baselegs of
the truck.

4. Slowly raise the hoist until there is no
slack in the chain.

 While performing this procedure, make
sure the hoist attached to the baselegs
does not lift the cradle off the floor. Also,
do not let the chain become slack as this
 will allow the truck to drop.

5. Raise the upper end of the cradle with the
forks of the lift truck.

6. Continue to slowly lift the cradle until the
center of gravity shifts, causing the weight
of the truck to shift to the hoist.

7. Lower the truck with the hoist until it is
standing upright on the floor.

8. Remove the chain from the baselegs and
attach it to the upper cross-piece of the
cradle.

9. Loosen and remove the nuts holding the
 wooden cradle cross-piece to the mast,
then remove the wooden cross-piece.

10. Remove the bolts from the bottom cradle
cross-piece attached to the truck’s front

 bumper.

11. Lift the cradle up and away from the truck
and lower it to the floor.

12. Carefully remove the strapping securing
the operator platform to the baselegs.

13. Remove the shipping cap and screws on
top of the hydraulic fluid reservoir. Install
the breather cap and screen.

14. Check the fluid level of the hydraulic
reservoir.

15. Remove the plug from the drive unit and
install the dip stick.

Functional Inspection

Before a truck can be put into service, a
Raymond Installation Report must be
completed.

 Vehicle Operation

Refer to the Owner and Operator Manuals for
truck function information.

 Warranty 

 The Installation Report activates the Raymond
 warranty on the truck. Failure to correctly
complete the Installation Report can void the

 warranty on the truck.

Password/Superword Changes

Upon completion of truck installation, change
the Password and Superword to the customer’s
specifications. See Changing Password or
SuperWord on page 3-12.

Cold Storage Conditioning
If the truck is to be used in a Cold Storage (CS)
application, it is equipped with CS option
components when delivered from the factory.
However, the fluid in the hydraulic reservoir
must be changed.

Make sure the truck is in a clean area, away
from any possible contaminating elements that
could enter the hydraulic system.

1. Drain the hydraulic reservoir completely.
 Also drain fluid from the hydraulic lines
and cylinders.

Use of the wrong hydraulic fluid for a
specific application can cause damage to
hydraulic system components. Warranty
claims will not be paid on component
damage resulting from incorrect fluid
use.

2. Fill the hydraulic reservoir with the correct
fluid. See Lubrication Specification Chart
on page A-2.

3. Operate all truck functions and check for
hydraulic leaks.

4. Bleed the entire hydraulic system before
placing the truck into service.

5. Check reservoir fluid level.
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Modes of Operation

 This vehicle can operate in one of two modes of
operation:

• Run  Mode

• Program Mode

Run Mode
Run Mode is the normal operating mode for the

 vehicle. Run Mode is the only mode that normal
 vehicle travel is allowed. In this mode, the
selectable display is shown on the Operator
Display (OD). Run Mode will start automatically

 when Program Mode is exited or after SelfTest
has passed.

 Audible Alarm Description

 Within Run Mode, various truck situations are
identified using different audible tones and
patterns. The following are the tones/patterns
and possible cause for different operating
conditions.

Run Mode Tones

 Tone 1. A single tone that indicates:

• UP/DOWN (▲▼) buttons or ENTER (↵) is
depressed

• Maximum steer request is reached

 Tone 2. Two tones (high/low) that indicate the
 TPC and LPC contactors are disabled (opened).
 Travel, steering, and lift/lower are disabled and
the brake is applied until the problem is
corrected.

 Tone 3. Three tones (high/medium/low) that
indicate:

• A travel performance limitation

 A travel performance limitation will only
allow the truck to travel at a maximum of
1 mph (1.6 km/h). Lift, lower, steering,
and horn functions will operate normally.

• A traction system shutdown

 A traction system shutdown will not allow
the truck to travel. Lift, lower, steering,
and horn functions will operate normally.

• A shutdown in the lift system

If a problem occurs in the lift system, lift is
prevented. Travel, lower, horn, and
steering functions will still be permitted.

 Tone 4. A continuous tone with deadman pedal
pressed and Auto/Manual switch in Manual
indicates the truck is over the guide wire.

 Tone 5. Tone ramps up then repeats indicates
the truck is seeking and aligning over the guide

 wire. The tone will continue until the truck is
locked on the guide wire or the Auto/Manual
switch is changed to Manual.

 Tone 6. Descending tone (bomb drop) that
indicates an incorrect Password or Electronic
Passkey was entered.

 The tones described will not repeat
continuously. A fault code and associated
message will scroll across the Operator's
Display. The message will repeat continuously
until the key switch is turned OFF.

Password Levels
 Two password levels are used with this system:

• Password

• SuperWord

Password

Password allows access to Configure Mode only.
Instructions for using Config are outlined on
page 3-12.

SuperWord

SuperWord allows access to all program levels
available. Only qualified service technicians
should have access to SuperWord.

Instructions for entering or changing Password
or SuperWord are described on page 3-8.

NOTE: It is strongly recommended that the
SuperWord be changed from the factory
default to something else during
installation so access to programming is
limited to qualified personnel. With that
in mind, it is very important to
remember the unique SuperWord code
that was entered and saved. If the code
is lost or forgotten, it is necessary for a
technician to reset the truck to factory
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default settings. This would require the
reconfiguration of all variable settings
(Speed, Acceleration, Password,
SuperWord, and so on).

Program Mode
Program Mode is divided into three categories:

• Configure (Config)

• Learn  (Learn)

• Maintenance (Maint) - Static or Active

Configure Mode

 The Configure Mode (Config) is used to adjust
the vehicle’s performance to specific customer
requirements. To access Config, Password or
SuperWord must be used. For a detailed
description of Configure Mode, refer to
page 3-12.

Learn Mode

 The Learn Mode is used to calibrate:

• Throttle potentiometer (VR1) (Controls)

• Lift/lower potentiometer (VR2) (Controls)

• intellispeed ™ sensor - height (optional)

• Pressure transducer - weight (optional)

• Wire guidance frequency and offset
(optional)

 A discussion of the Learn process for these
items is included in this section.

NOTE:  To access Learn, SuperWord must be
used.

Maintenance Mode

 The Maintenance Mode (Maint) is used to verify
the operation of various circuits of the truck. In
Maintenance Mode, individual circuits can be
energized and cycled to aid in troubleshooting.
Some tests can be performed under both active
and static conditions to further aid in problem
diagnosis.

Static Maintenance Mode

 This mode allows one function at a time to be
tested.

 Active Maintenance Mode

 This mode allows all input and analog tests to
 be active in Run Mode. Navigate through the
OD using the Up/Down (▲▼) buttons, then
enter Analog or Input by pressing the Enter (↵)

 button. You can now scroll through all input
and output tests. There is no need to select
items for Active Maintenance, and you are not
limited to the number of items, they are all
available. To return to the OD, navigate to Quit
and press Enter (↵).

 To access Maint, SuperWord must be used. For
a detailed description of Maintenance Mode,
refer to page 3-24.

Entering Program Mode
Program Mode can be entered by one of the
following two methods.

Method 1

1. With key switch OFF, hold the horn button
in and move the lift/lower control to full
lift.

2. Turn the key switch to the ON position.

3. The OD will show all eight segments with a
solid bar in each segment. See Figure 3-4.

3

Figure 3-4. Operator Keypad and Display 

Down Button Enter  Button

_ _ _ _ _ _ _ __ _ _ _ _ _ _ _
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Method 2

1. With the key switch OFF, press and hold
the Enter (↵) button and Down (▼) button
at the same time. See Figure 3-4.

2. Turn the key switch to the ON position.

3. The OD will show all eight segments with a
solid bar in each segment.

Entering Password or SuperWord

Refer to Figure 3-5.

1. Observe the OD. The flashing bar at the
 bottom of the left-most segment indicates
the segment that is currently active.

2. Hold the Enter (↵) button down and press
the Up (▲) button to move the cursor to
the right. Hold the Enter (↵) button down
and press the Down (▼) button to move
the cursor to the left. Release the Enter (↵)

 button.

3. Once the segment that you want to change
is selected:

• Press the Up (▲) button to advance
through the numbers then letters,
(01234.........XYZ).

• Press the Down (▼) button to select
letters then numbers,
(ZY XWV........43210).

Repeat steps 2 and 3 for all character
positions in the Password or SuperWord.

NOTE: Initial factory set Password is 1.
Initial factory set Superword is 2.

4. When the Password or SuperWord is
displayed, press the Enter (↵) button once.

NOTE: If an invalid Password or SuperWord is
entered, the following message will
appear:

Inva lid pas s wor d...

 To make a correction, repeat steps 2
thru 4.

NOTE:  To reset the SuperWord to factory
default, use FlashWare. See “Reset
Factory Defaults” on page 3-31.

5. What menus can be accessed will depend
on whether SuperWord or Password was
entered. Refer to Table 3-1.

Config is the first selection on the OD. If
Config is the desired selection, press
Enter (↵). If Learn or Maint is desired
(available only if Program Mode is entered

 with SuperWord), use the Up/Down (▲▼)
 buttons to scroll to that menu, then press
Enter (↵).

 To exit Program Mode, use the Up/Down
(▲▼) buttons to scroll to Quit, then press
Enter (↵).

NOTE: If the output tests are selected in Maint,
the OD will remind the service
technician to jack the truck so the drive
tire is off the floor and to open the
emergency lowering valve while in
Maintenance Mode. When Ready?
appears on the OD, press Enter (↵) to
enter Maintenance Mode output tests.
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3

Figure 3-5. Operator Display for Program Mode (Example)

- 0 1 2 3 4 5 6 7 8 9 A B C D E F G H I J K L M N O P Q R S T U V W X Y Z

 With the ENTER button
depressed, press the
UP button to move the
cursor from left to
right.  With the ENTER button

depressed, press the
DOWN button to
move the cursor from
right to left.

Enter the correct letter
or number for each
segment that makes up
the Password or
SuperWord.

Password or SuperWord
may be 1 - 8 characters
in length, using
numbers, letters, spaces
(indicated by an
underscore), or any
combination of each.

Number Space (indicated by
underscore)

Letter

-

3 a 7 t
-

4 9 k

Numbers and letters are displayed in each segment in the order shown below (then repeated)
 when the UP button is pushed repeatedly.

Pushing the DOWN button repeatedly scrolls the information in the opposite direction.

- - - - - - -
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Learn Mode

Learn Mode is used to calibrate the control
circuits to the operator controls and the truck’s
external sensors, [such as throttle (VR1),
lift/lower potentiometer (VR2), and the optional
flow sensor used with the advanced
intellispeed ™ system].

 After entering the SuperWord, Config is
displayed on the OD (see Table 3-1 on
page 3-11). Scroll Up/Down (▲▼) through the
menu until Learn is displayed, then press Enter
(↵). The alarm will beep, indicating that you are
in Learn Mode.

Select the item you want to learn. Follow the
instructions as they appear on the OD. Learn
instructions will vary slightly between vehicles

 with different options. Instructions will repeat
until they have been completed.

 After the system is satisfied that the
instructions on the OD have been followed, the
alarm will beep and the next instruction will
appear. This will continue until all required
components are learned. After all steps have

 been satisfied, Quit Lrn is displayed, allowing
Learn to be exited.

 When to Run Learn

See Table 3-3 on page 3-20.

Learn Controls

Learn Controls is necessary on all trucks.
During Learn Controls, the Vehicle Manager
(VM) calibrates its control circuits to the output

 voltage from the Travel Potentiometer (VR1) and
the Lift Potentiometer (VR2).

 The VM measures and stores the neutral
 voltage value and the maximum forward and
reverse voltage values from VR1. These values
are used by the VM to determine direction and
speed requested by the operator during Run
Mode.

 The VM also measures and stores the neutral
and the maximum lift and lower voltage values
from VR2. These values are used by the VM to
determine if lift or lower is being requested and
the percentage of full speed that is being
requested.

Learn Hgt/Wgt

Learn Hgt/Wgt is only present if the intellispeed 

option is installed on the truck.

 The VM interprets the height and weight inputs
during Run. During Learn, the VM obtains a

 baseline for height and weight from where to
calculate those parameters. The position of the
upper and lower reference switches is part of
the information that is installed into the trucks
primary memory at the factory or as a result of
a change with a Passkey.

 When Learn Hgt/Wgt is performed, the carriage
passes through both lower and upper reference
switches. As hydraulic fluid flows through the
Flow Sensor to move the carriage, the Flow
Module produces two quadrature phased
pulsed outputs to the VM. The VM counts and
stores the number of pulses between the
reference switches. The VM uses this
information to determine the position of the
carriage as the truck is operated during Run
Mode.

 The formula for calculating weight from the
pressure transducer voltage is programmed into
the VM, but it needs to know the reference

 voltage from where to start the calculation. It
monitors and stores the voltage from the
pressure transducer as the carriage is lifted

 between the reference switches during Learn.
 This value is used for the reference voltage for
lifting an empty carriage.

 After the carriage is lifted between the reference
switches, the carriage will elevate about 12 in.
and pause before lowering again. During this
pause, the VM is storing the value that is
produced from the pressure transducer when
an empty carriage is elevated and stationary.
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Before Learning height and weight, the
 vehicle must be placed in an area where
the platform is able to lift beyond the
upper mast reference switch (156 in.
[396 cm] plus the height of the carriage).

 When Hgt/Wgt is selected, the following
message appears:

Car r iage will automatically lift/ lower
between the r efer ence switches

 The operator is prompted as follows:

Step on deadman to star t lear n

 This message will scroll continuously until the
operator steps on the deadman pedal. After the
operator steps on the deadman pedal, the

carriage will immediately begin to lift. The
display will continuously scroll the following
message:

To abor t, step off deadman

If all the parameters measured during Learn are
 within tolerance, the following message will
appear:

Done lear ning

If, at any time during Learn, the operator steps
off the deadman pedal or the measurements fall
outside a tolerance, the following message
appears:

Unable to lear n...lower then pr ess
enter to continue

Table 3-3. When to Run Learn

Component Repaired/Adjusted
Is Learn

Required?
Portion of Learn to run

 Vehicle Manager Yes Controls, Height, Weight, Steer 

Upper  Mast  Switch — No —  

Lower  Mast  Switch — No —  

Carriage  Control  Card  (CCC) Yes — Controls

Carriage  Control  Card  PROM Yes — Controls

Steer  Position  Proximity  Home  Sensor Yes — Learn  Steer  Zero  or  Learn

Deadman  Switch  (S2/S23) — No —  

Lift  Potentiometer  (VR2) Yes — Controls

Guidance  Manager Yes — Frequency  and  Offset  

Pressure  Transducer Yes — Height,  Weight  

Lift/Lower  Solenoid — No —  

Load  Holding  Solenoid — No —  

Brake — No —  

 Throttle Potentiometer (VR1) Yes — Controls

Flow  Sensor  Module Yes — Height,  Weight  

Filter  Card Yes — Frequency  and  Offset  

 Antenna Card Yes — Frequency and Offset 

Home  Proximity  Sensor Yes — Steer  
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If the failure is not the result of stepping off the
deadman, attempt to learn again. If repeated
attempts to learn fail, run tests:

•  Test A13 - Pressure Sensor Voltage
(optional) (Page 6-38)

•  Test I02 - Lower Mast Reference (24 in.)
Switch (Page 6-58)

•  Test I69 - Upper Mast Reference Switch
(Page 6-82)

•  Test I26 - Flow Sensor Count (Page 6-70)
(use active maintenance)

Learning Wire Frequency 

 Trucks equipped with an optional wire
guidance system can be configured as follows.

 Three selections are available under WireFreq in
Config.

If 5.2 kHz or 6.25 kHz is selected, the Guidance
Manager utilizes preset guide wire strength

 values and calculates only the wire guidance
offsets ( Wg Offset must be run).

NOTE:  The 5.2 kHz setting requires a guide wire
output of 100 mA. The 6.25 kHz setting
requires a guide wire output of 225 mA.
Other must be selected for all other
guide wire outputs.

If Other is selected, the Guidance Manager is
calibrated to the frequency and amplitude of the
guide wire in order to correctly calculate wire
guidance offsets. Both scenarios are discussed
in the following paragraphs.

Learn Wirefreq:

 WireFreq is visible in the Learn menu only if
Other is selected under WireFreq in Config.

 WireFreq must be learned before Wg Offset is
attempted. When Other is selected, the
Guidance Manager (GM) must learn the
frequency and strength of the AC current
flowing through the guide wire. This is done as
follows:

1. Verify that the line driver is adjusted to the
correct frequency and amplitude.

2. Center the lift truck over the guide wire to
 within ±0.5 in. (±13 mm).

3. Select WireFreq from the Learn menu and
press Enter (↵). The following message
appears:

Center over wir e, Then pr ess enter

 After Enter (↵) is pressed, the following
message is displayed:

Lear ning wir e fr equency.

NOTE:  This process takes several seconds.

4. When the frequency and amplitude of the
guide wire is learned, the following
message is displayed:

Wir efr eq

5. Select Quit Lrn from the Learn menu and
press Enter (↵) to exit Learn Mode. Cycle
the key switch OFF, then ON. Re-enter
Learn Mode prior to learning Wire
Guidance Offsets.

6. If a valid frequency is not found, or if at
any time during the learning process, the
operator presses the Enter (↵) button, the
following message is displayed:

Unable to lear n. Pr ess ENTER to
continue.

7. If repeated attempts to learn wire
frequency fail, run the following tests:

•  Test A51 - Left Tractor Guidance Coil
 Voltage (Page 6-49)

•  Test A52 - Right Tractor Guidance Coil
 Voltage (Page 6-50)

•  Test A53 - Left Load Guidance Coil
 Voltage (Page 6-51)

•  Test A54 - Right Load Guidance Coil
 Voltage (Page 6-52)

•  Test A55 - Tractor Near Wire Coil
 Voltage (Page 6-53)

•  Test A56 - Load Near Wire Coil Voltage
(Page 6-54)

Learn Wire Guidance Offsets

For wire guidance to function correctly, the GM
must calibrate its internal guidance circuits to
the voltage it receives from each guidance coil
on the Antenna Card. The GM must also know
the straight ahead position of the drive unit.
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 These values are obtained while learning the
 wire guidance offsets as follows:

NOTE:  The Coast value in Config must be set to
Long and the truck driven in the
tractor-first direction.

1. Center the truck over the guide wire as
closely as possible.

2. Set the Auto/Manual switch to Auto to
initiate Learn.

3. Drive the truck tractor-first on the guide
 wire for at least 60 ft. Allow truck to coast
to a stop. This is done to allow the truck to
center correctly to its neutral position. If
the brake or plugging is applied, the drive
unit may shift position.

4. After the truck has coasted to a stop, place
the Auto/Manual switch in the Manual
position. When the Auto/Manual switch
changes state, the GM stores the voltage it
measured from each guidance sensor coil.

 This voltage value is used to determine the
 wire guidance offsets and establish the
scale factors required to determine
Heading Angle (HA) and Distance From

 Wire (DFW) when in Run mode.

5. When the truck powered up, it auto
centered, and reset the pulse counter for
steering position. As the truck was
traveling on the wire in step 3, the
Feedback Encoder was keeping track of
the deviation of the drive unit from the
auto center position. When the

 Auto/Manual switch changed states in
step 4, the GM also stored the number of
Feedback Encoder pulses between the

 Auto Center position and the position that
the drive unit was located when the

 Auto/Manual switch changed state. That
is the value that the GM uses as straight
ahead when determining how to position
the drive unit to keep the truck centered
over the wire (sensor coil voltages at the
learned value) as the truck drives on the

 wire.

If the truck was not centered over the wire
 when the Auto/Manual switch changed
states in step 4, the GM would learn
incorrect values (truck position) from the
sensor coils. The GM would then attempt
to keep the truck in a position other than

centered over the wire. If the drive unit
 was not straight ahead, the GM would
learn an incorrect angle and the truck may

 wander on the wire. Re-learn the wire
guidance offsets as many times as
necessary to make the truck track within
0.5 in. (13 mm) of the guide wire.

6. If the Learn procedure is completed
correctly, the following message is
displayed:

Done lear ning.

 The truck should guide centered over the
guide wire.

If Enter (↵) is pressed during the Learn
process, the session is aborted and the
following message is displayed:

Unable to lear n. Pr ess ENTER to
continue.

7. Run Tests A51 thru A56.

Learn Steer Zero

 This procedure removes the need to manually
adjust the Home Proximity Switch to make the
truck track centered over the wire.

1. Center the truck over the guide wire.

2. Select Learn Steer Zero.

3. Place the Auto/Manual Switch in Auto and
drive the truck in both directions over the
guide wire. Maintain a speed of greater
than 1.2 mph for more than 2 seconds.
Once a change in speed of less than 1 mph
has been seen for 2 seconds the Steer Zero
position for that travel direction is stored
and there will be a Beep.

4. After both travel directions have been
completed select Quit Lrn from the Learn
menu and press Enter (↵) to exit Learn
Mode. Cycle the key switch OFF, then ON.

 Test the truck operation.

Learn Auto Steer Center

Use this procedure on trucks with rail guidance
and auto steer centering option. Adjust the
center position of the drive unit so that the
truck drives straight when in the aisle.

1. Place the truck in an area where there is a
straight line at least 20 ft. in length, with
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 wire guidance grooves, yellow aisle
markers, or rails.

2. Depress the rail switch and secure it to
simulate a rail.

3. Select Learn->Steer. the display will show
“Str XXX” where XXX is a number between
-50 and 50. This is the steer proximity
offset from dead center in 10t hs of degrees.

4. Step on the deadman pedal. Wait for the
truck to self-center the drive unit.

5. Select manual on the auto/manual switch.
 The truck is now in “seeking mode” and
can be driven with manual steering.

6. Position the truck so that it drives parallel
to the reference line. Make small
corrections in the steering wheel position
until the truck can be driven 10 ft. without
deviating from the line more than 1/2 in.

 without steering.

7. Drive back to the original position. Stop
the truck. Select “Auto” on the

 Auto/Manual switch. The steer unit will
center and manual steer is disabled.

8. Drive forward 10 ft. Measure the deviation
of the truck from the reference line. The
deviation should be less than one in. If
more than one in. proceed to the next step.
If it is less than one in. proceed to step 13.

9. Drive the truck back 10 ft. to the original
position.

10. Use the Up/Down (▲▼) button arrows to
adjust the value on the display. More
negative numbers cause the truck to drive
to the right when driven tractor first.
Changing the value by one corresponds to
a deviation of about 0.25 in. over 10 ft.

11. Repeat steps 9-11 until a deviation of one
in. or less over ten ft. is achieved.

12. To save the value, press the enter button.
 The truck’s display will read “Save? N.”
Press the Up/Down (▲▼) button arrows to
display “Save? Y”, then press the Enter (↵)

 button.

13. Learn of steer center is complete.
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Maintenance Mode

Maintenance Mode allows service technicians to
test individual circuits within the system.
Maintenance Mode is accessed through
Program Mode after the SuperWord is entered.
Refer to page 3-8 for information on procedures
for accessing Maintenance Mode.

NOTE: If the test does not appear in the
Maintenance Mode menu for an option

 when you think it should, either that
option is not enabled (through
Flashware) or the truck does not have
the latest software.

General

NOTE: If you need to enter Maint several times
to resolve a problem, it may save time if
Superword is temporarily changed to a
single digit code. Remember to re-enter
the correct Superword when you are
done.

Disconnecting wires or connectors to
integrated circuits with power ON can
result in premature failure of those or
other components. Always disconnect
the battery before making or breaking
any connections.

 When removing a connector, do not pull on the
 wires to separate the connection.

 All circuit cards are conformal coated. When
testing circuit cards, make sure a good
electrical connection is made between the board
test point and the probe. This will eliminate
false results.

During Static Maintenance Output Tests,
always jack the drive tire off the floor
and open the Emergency Lowering
 Valve.

Use extreme care whenever the truck is
jacked up for any reason. Never block
the truck between the telescopic and the
floor. Use a suitable hoist to stabilize the
mast. Keep hands and feet clear from
beneath the vehicle while jacking. Use
jack stands or solid blocks to support
truck - do not rely on jacks. Refer to
page 2-8.

By entering Static Maintenance Mode,
the safety circuits associated with the
system are disabled. Extra precautions
must be exercised in Static Maintenance
Mode. Follow all instructions contained
in this manual for each test. If you are
unsure how to conduct a test while in
Maintenance Mode, do not proceed with
the test. Contact a certified Raymond ®

technician.

Static Maintenance Mode

In Static Maintenance Mode, the truck is
inoperative. This mode allows the technician to
test and operate individual circuits without
operating the truck. All tests are available
during static testing.

If Digital Outputs are selected from Maint, the
OD will display:

War ning jack up the dr ive wheel, pr es s
enter when r eady

Press Enter (↵) to start Maintenance Mode. The
Up/Down (▲▼) buttons are used to turn the
test ON/OFF.

 Active Maintenance Mode

 Active Maintenance Mode (Act Maint) permits
testing of various systems on the lift truck. In

 Active Maintenance, all Analog and Digital tests
can be selected with the results displayed while
operating the truck in Run Mode. To enable a
test for Active Maintenance, proceed as you

https://www.forkliftpdfmanuals.com/



Models  5400/5500/5600  Maintenance  Manual Section  3. Systems  Overview

Entering Program Mode

Publication:  1031794B,  Re-Issued:  7/14/06 3-25

 would for Static Maintenance Mode. When the
 Analog or Digital test you want is displayed,
press Enter (↵). An asterisk (*) will appear next
to the test number indicating that this test is
selected for Active Maintenance.

 All tests can be selected. Individual tests can be
turned OFF by going back to that test in Maint
and pressing Enter (↵). The asterisk will
disappear. The tests selected for Active
Maintenance are stored in memory even if the
key switch is turned OFF.

 To select one of the Active Maintenance tests,
press the deadman pedal and use the Up/Down
(▲▼) buttons to select the test you want
displayed while operating the truck. The test
selected will remain on the display until
another test or display selection is made.

Power Amplifier Reset

Power Amplifier Reset (PA Reset) returns the
power amplifier back to its default baud rate of
125K. This feature is helpful when the power
amplifier is to be returned to stock or installed
on a different model truck.

Event Log

 The Event Log (Evtlog) stores the last twenty
error codes recorded on the lift truck. Entries
are stored in order of occurrence, with the most
recent error first.

 To access the Event Log, use the Up/Down
(▲▼) buttons to scroll to Evtlog and press
Enter (↵).

If no errors are stored, Empty  is displayed.

If errors have been logged, use the Up/Down
(▲▼) buttons to scroll through the list.

 To clear the log, use the Up/Down (▲▼) buttons
to scroll to Clr log. Press Enter (↵). Scroll to
Clr yes and press Enter (↵).
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FlashWare Program

Overview 
 The FlashWare program allows you to update
software and view and configure options on

 your Model 5400, 5500, and 5600 through the
following features:

• Vehicle Manager software

• Clear primary memory 

• Reset factory default settings

• Power Amplifier Software

NOTE: For more detailed information with
FlashWare, click on Help, the Help

 Topics from the menu bar.

Requirements
FlashWare can be installed on an
IBM-compatible PC with Windows 98 or higher
operating system. The PC communicates with
the truck software through a 9-pin serial cable.

 We recommend using the surge
protector (P/N 154-010-801) to protect
 your PC from possible electrostatic
discharge or voltage surge.

Install FlashWare on PC
If you are a customer service technician, obtain
FlashWare from your Raymond dealer.

If you are a Raymond dealer technician, obtain
FlashWare from the iNet software download
site. If you do not have access to the download
page on iNet, contact the Parts Distribution
Center.

 To install FlashWare on the PC, double-click the
installation file and follow the instructions on
the screen. The software package is a
self-extracting executable file. Read the
“Readme” file in the software package for the
latest detailed installation instructions.

PC Connection to Truck 
1. Turn the truck key switch OFF.

2. Connect the surge protector to an
available com port on your computer.

 We recommend using a surge protector
(P/N 154-010-801) to protect your PC
from possible electrostatic discharge or
 voltage surge.

3. Connect a standard 9-pin serial cable to
the surge protector.

4. Connect the cable to JPT-9 at the VM.

5. Turn the key switch ON.

Starting FlashWare

From Windows 98 or Higher

1. Make sure the truck key switch is ON.

2. Double-click the FlashWare icon on the
main desktop screen or navigate via Start
> Programs > FlashWare. The truck
opening screen will appear. See Figure 3-6.

NOTE:  When entering or using FlashWare, it is
normal for the vehicle to display a Code
50.

3. From the menu bar, click Connect to
 Truck. The truck setup screen will appear
on your PC screen. See Figure 3-7.

3

Figure 3-6. Truck Opening Screen
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Every 360 Days or 2000
Deadman Hours (HD)

Perform the following maintenance tasks every 360 days or 2000 HD, whichever comes first.

Component What  to  do Refer  to

Drive  Unit Change  fluid. Page A-2

Hydraulic Reservoir Change fluid and filter. Page A-2

Lift Pump Separate lift  pump and motor. Apply molybdenum anti-seize
compound (P/N 990-638) to the splines.

Page 7-82
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Chain Maintenance

Condition Cause Maintenance  Procedure

Chain  Elongation Wear  

Use a chain gauge or lay the chain on a flat
surface and push it together. Measure and
mark a 12 in. (305 mm) length that has
operated over the pulley sheave. Stretch the
chain; if more than 1/3 in. (8.5 mm) play is
detected, replace the chain.

Rust and corrosion
Steam cleaning or
degreasing new truck
chains.

Oil chain frequently.

Cracked Plates

Infrequent Oiling
Rust 
Corrosion
Chain Fatigue

Replace the chain.

 Tight Joints

Bent pins or  plates Replace the chain.

Rusty joints or peened
plate edges

Replace the chain.

Chain  side  wear Chain  misalignment Replace  the  chain.
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Section 5. Troubleshooting
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Electrical
Troubleshooting

General

Block the lift truck so that the drive tire
is off the floor whenever a
troubleshooting procedure requires
turning the key switch ON. This will
prevent accidents caused by unexpected
lift truck travel. Opening the Emergency
Lowering Valve will prevent unexpected
lifting.

Unless otherwise directed, disconnect
the battery connector when you check
electrical circuits or components with an
ohmmeter. Electrical current can damage
an ohmmeter. Discharge residual charge
in the motor controller by pressing the
PC and P contactors closed
simultaneously.

• Many problems are caused by a faulty or
dirty battery. Make sure the battery is
clean.

• Save time and trouble by looking for
simple causes first.

• For information on electrical connector
location and function, see “Electrical
Connector Locations” on page 5-14.

• Use a Digital Multi Meter (DMM) such as a
Fluke meter for all measurements. Analog
meters can give inaccurate readings and
load down sensitive electronic circuits
enough to cause failure. Make sure meter
cables are connected to the correct meter

 jacks and that the correct function and
scale are selected.

• Printed circuit boards are conformal
coated. Clean test points in order to obtain
accurate readings.

• When measuring voltage, connect the
positive meter lead to the connector or
probe point marked (+) in the test.
Connect the negative meter lead to the
connector or probe point marked (–).

• Whenever measuring resistance, turn the
key switch OFF and disconnect the battery
connector. Battery current can damage an
ohmmeter. Isolate the component from the
circuit.
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Battery State-of-Charge

Battery State-of-Charge (BSOC) is an option
that monitors and remembers the charge level
of the battery connected to the truck and
prevents excessive discharging of that battery.
Operating a truck using a discharged battery
can damage both the battery and the electrical
components in the truck’s electrical system.

 At power-up, BSOC tests the battery to
determine if it is the same battery that was
installed at power-down. If it is the same

 battery, it continues to monitor the battery for
discharge and updates the OD as required.

If a different battery is detected, BSOC tests to
determine the state-of-charge of the new battery
as follows:

1. BSOC computes the difference between
the charge of the battery that was
connected to the truck and the charge of
the new battery. A charge difference of a
least 50% between the two batteries resets
BSOC to show the state-of-charge of the
new battery (for example - the displayed
state-of-charge of the new battery minus
the displayed state-of-charge of the old

 battery must equal or exceed 50%). This
reset can be higher or lower than the old

 battery. Example - A battery in the truck is
at 10% charge; the new battery is at 95%.

 With more than a 50% difference in the
charge levels, BSOC will reset the OD to
show the new battery's charge.

2. BSOC looks at the configured reset point.
BSOC reset is programmable from 55 to
100 of total battery charge and can be
changed by entering Configure Mode using
the Superword. The new battery must be
equal to or greater than the configured
percent of charge before the BSOC will
change. Example - BSOC configured at 95.
Plugging in a battery at anything below
95% charge will not change the OD. Older

 batteries may require a lower configured
 value for BSOC since older batteries may
 be unable to reach a higher percent
charge. Therefore, older batteries may
require BSOC configure to 85 before the

OD will reset to show the charge of the
new battery.

Either Step 1 or 2 will cause BSOC to reset.

 The following examples describe installing a
new battery where the OD does not reset.

 Assume the following:

• Example 1: BSOC is configured at 95, the
 battery connected is at a calculated 45%
charge and the new battery is at a
calculated 92% charge.

Since the new battery charge has not
changed by at least 50% and the state-of
charge of the new battery is not greater
than the BSOC reset configured value, the
OD will continue to show the old battery's
charge of 45% (even though the new

 battery is at 92%). The OD will remain at
45% until the charge of the new battery
declines to 45%. The display will then
resume its normal descent.

• Example 2: BSOC is configured at 95, the
 battery connected is at a calculated 65%
charge and the new battery is at a
calculated 20% charge.

 Again, the change in charge is not at least
50% and the new battery is not above the
configured BSOC level. The OD will
continue to show 65%, but then descends
rapidly as the truck operates until the OD
shows the original charge of 20%. Once
the display shows 20% it resumes a
normal descent.

NOTE: If the displayed BSOC is suspected to be
inaccurate, check for Code FE.
See Code FE: Internal VM Circuit for
BSOC Not Calibrated (Page 6-27).
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See Figure 5-1 for a graphic representation of
the BSOC process.

Lift Cutout Adjustment
1. Run truck until lift cutout is activated.

2. Allow battery to set unused for two hours.
Check SG and compare to manufacturer’s
recommendations.

3. Adjust cutout in Config until correct
discharge is obtained.

NOTE:  Additional BSOC adjustment is available
using FlashWare. See “BSOC
Calibration” on page 3-31.

Electrostatic Discharge

Electrostatic discharge can cause certain fault
codes, such as FP or FT. Over time, electrostatic
discharge can damage circuit cards. Static
tends to be higher in environments with low
relative humidity, such as freezers. See
Electrostatic Discharge Precautions on
page 2-7.

Make sure static straps are installed on the
truck and work correctly.

5

Figure 5-1. Battery State-of-Charge Process

BSOC reads charge level of
new battery and compares
it with the retained charge
level of old battery.

Is charge of new battery
more than 50% greater
than old battery?

Is charge level of
new battery equal
to or greater than
BSOC setting?

OD displays old
battery charge
level.

No

 Yes

OD displays new
battery charge
level.

 Yes

No
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Fuses

 Table 5-1 lists the fuses for a truck with all
available options. Not all trucks will have all of
the fuses listed.

Table  5-1. Fuses

Fuse Function Location Amps

FU1 Power Fuse for Steer Power Amplifier 

Contactor Panel

100

FU2 Power  Fuse  for  Traction  Power  Amplifier 350

FU3
Power  Fuse  for  Lift  Power  Amplifier  -  Model  5500,  5600 500

Power  Fuse  for  Lift  Motor  -  Model  5400 350/Hi-Pro  -  500

FU5 Control Fuse for Vehicle Manager B+

Fuse/Relay Card

15

FU6 Control  Fuse  for  Vehicle  Manager  B– 15

FU7 Control  Fuse  for  Aux  Power  B+ 15/5

FU8 Control  Fuse  for  Aux  Power  B– 15/5

FU9 Control Fuse for RF Terminal B+ Carriage Console
Plate

2

FU10 Control  Fuse  for  RF  Terminal  B– 2

FU21 Control  Fuse  for  Cold  Storage  CCC  Heater CCC  Heater  Plate 10

FUDM
Control Fuse for Cold Storage Deadman Heater Carriage Console

Plate
5
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DC Motor Troubleshooting

Motor Types

Refer to Figure 5-2.

• A series-wound motor has only two
external connections because the
armature and field windings are connected
internally.

• A permanent magnet motor has two
external connections. The field is produced

 by an internal magnet.

NOTE: Field connections may be labeled A or S.
Series wound motor field connections
may be labeled D.

Inspection

 The commutator must be inspected for surface
condition and high mica. Most armatures have
the mica undercut. If the armature on your
motor does not, do not attempt to cut it.

 The commutator must be smooth and clean to
provide maximum brush wear. When
commutators are not correctly maintained,
carbon dust can collect in the grooves between
the segments. This can lead to a short circuit in
the armature.

Good commutation is indicated by a dark
 brown polished commutator and an evenly
polished brush wearing surface. See Table 5-2,
“Commutator Surfaces.”

If the commutator appears rough, pitted, or has
signs of burning or heavy arcing between the
commutator bars, remove the motor for
servicing.

Servicing

If the commutator requires service, you will
need to remove the armature from the motor.

Do not  use a stone to even out high and low
spots on the commutator. Use only a suitable
abrasive rubber polisher.

Servicing a motor for an abnormal commutator
surface condition and high mica or mica
undercutting requires special equipment at a
motor rebuilding facility.

5MOTOR_SERIES.EPS

MOTOR_COMPOUND.EPS

Figure 5-2. Motor Circuits

Series-Wound Motor

S/D

A

MP

Permanent Magnet
Motor

MS

A2

A1

MS+

MS–
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Drive Unit
Troubleshooting

Refer to page 7-23 for standard drive unit repair
procedures and page 7-42 for heavy duty drive
unit repair procedures.

Symptom Probable  Cause Required  Action

Oil  leaks Damaged  sealing  rings Replace  sealing  rings,  bearing  shims,  and
drive shaft bearings.

 Worn or damaged drive shaft Replace sealing rings, bearing shims, drive
shaft bearings, and drive shaft.

Housing/cover  joint Reseal

 Worn or damaged housing Replace drive unit.

Drive wheel
 wobbles

 Worn or damaged drive shaft bearings Replace sealing rings, bearing shims, and
drive shaft bearings.

 Worn or damaged drive shaft Replace sealing rings, bearing shims, drive
shaft bearings, and drive shaft.

Loose wheel mounting hardware Inspect housing and drive shaft for damage;
Re-torque mounting hardware.

Noise Worn or  damaged drive shaft  bearing Replace sealing rings,  bearing shims,  and
drive shaft bearings.

 Worn or damaged pinion bearings Replace pinion bearing and pinion shaft nut.

 Worn or damaged gear set (drive shaft is
in good condition)

Replace sealing rings, bearing shims, drive
shaft bearings, pinion bearings, pinion shaft
nut, and gear set.

 Worn or damaged gear set (drive shaft is
 worn or damaged)

Replace sealing rings, bearing shims, drive
shaft bearings, pinion bearings, pinion shaft
nut, gear set, and drive shaft.

 Worn or damaged helical gear and pinion Replace helical gear and pinion.

Steering
 binds

Inadequate  bearing  lubrication Grease  steering  bearing.

 Worn or damaged steering bearing Replace radial rings and ball bearings.
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Communication Error Code
Troubleshooting

Intermittent Communication Codes

If possible, determine what the operator was
doing when the codes were generated; driving,
plugging, lifting, sounding horn, and so on.

Focus on these circuits for shorts to frame and
external noise being generated that can
interfere with the communication circuits.
Determine where in the SelfTest Cycle the code
is generated (for instance, when the drive motor
is energized or when the horn was sounded).

Intermittent Codes During SelfTest

Make sure the key switch is turned OFF for at
least 5 seconds before turning it back to the ON
position. Test the key switch for high
resistance. If nothing is found in the following
steps, replace the key switch.

 Test for shorts to frame. See Shorts to Frame
 Test on page 5-11.

If equipped with optional light/fan package,
disconnect PC5. If code goes away, troubleshoot
light/fan circuitry.

NOTE:  The condition of the light/fan
suppressor module cannot be checked

 with a DMM. If the suppressor module is
suspected to be bad, replace it.

During Travel and/or Plugging

If truck is equipped with optional travel alarm,
disconnect wires to the relay. If code goes away,
troubleshoot travel alarm circuitry.

NOTE:  The condition of the travel alarm
suppressor module cannot be checked

 with a DMM. If the suppressor module is
suspected to be bad, replace it.

 Test and clean static straps.

 Test for shorts to frame. See Shorts to Frame
 Test on page 5-11.

Communication Code Every Time Key
Is Turned ON

 Troubleshoot per code on display using Test I23
- CAN Bus (Page 6-66).
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Section 5. Troubleshooting

Troubleshooting Procedure
5

GEN1: General Troubleshooting

Gather as much
information as you

can about 
the problem.

Eliminate unlikely 
causes.

 What is the problem?

 Where did it happen?

 When did it happen?

 What functions are affected?

 What conditions trigger the problem?

Select and prioritize
the most likely 

causes.

Check each likely 
cause, using the tests

in this manual.

Check all other truck 
functions before

returning the truck 
to service.

 Talk directly to the
operator or foreman.

Operate the truck 
 yourself.

Use the schematics
if necessary and

identify 
all components which

could cause the
problem.
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5

END1: End of Troubleshooting Procedure

Make sure ALL wires,
hoses, and cables that 

 you removed have been
re-attached correctly.

Make sure all covers are
properly reinstalled.

Make sure any 
component that was

drained has been refilled
 with the correct level of 

fluid.

Create the same
conditions that occurred
 when the problem first 

happened.

Operate the truck as it 
 was being operated when

the problem occurred.
 Verify the problem does

not recur.

Have the driver operate
the truck. Verify the

problem does not recur.

Fill out any required
forms.

If you contacted your 
authorized Raymond
Dealer to discuss the

problem, call them again
to let them know what 

fixed the problem.

End of Troubleshooting

 This is especially
important if the

solution you found
is not in the

troubleshooting
chart.
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Symptom Tables: Hydraulic
Functions
NOTE: If it is determined that a component

failed as a result of hydraulic fluid
contamination, replace the failed
component and flush, fill, and bleed the
hydraulic system.

NOTE: Reference schematics on page A-11.

Intermittent Lift/Lower

Lift Function

No Lift - Carriage: Lift motor does not run

Slow Lift - Carriage: Lift motor runs

Possible  Cause Action

Bad  wiring Check  wiring  harnesses  between  valves  and  VM.

Hydraulic contamination (can cause binding
proportional valve or load holding solenoid)

Replace damaged component and flush, fill, and
 bleed the hydraulic system.

Possible  Cause Action

Bad  battery Adjust  lift  cutout  as  necessary.  Replace  battery
 with fully charged battery.

Bad  optional  lift  limit  switch Run Test I05 - Lift Inhibit Switch (optional)
(Page 6-62) and Test I04 - Lift/Lower Inhibit
Bypass (optional) (Page 6-61).

Possible  Cause Action

Bad  battery Adjust  lift  cutout  as  necessary.  Replace  battery
 with fully-charged battery. Test battery for bad
cells. See Battery Procedures on page 7-62.

Emergency lowering valve not seated correctly Make sure emergency lowering valve is closed.
Check for contamination. If contamination is
present, clean valve, flush, fill, and bleed the
hydraulic system.

Bad  proportional  lift/lower  valve Inspect  for  binding.  Run Test O12 - Proportional
Solenoid PWM Ramp (Page 6-95).

Relief  valve  REL1  stuck  open Test  system pressure.  Check  for  contamination.  If
contamination is present, replace valve, flush, fill,
and bleed the hydraulic system.

Plugged or malfunctioning flow control valve
in lift cylinder 

Check for contamination in hydraulic fluid. If
contamination is present, inspect and clean the
relief valve, replace the flow control valves, flush,
fill, and bleed the hydraulic system.

Bad  lift  pump Test  system  pressure.
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Unable to Pick Up a Load

Lower Function

Slow Lower

Intermittent Lower

Binding  in  the  mast Inspect  the  mast  and  bearings  for  signs  of  binding.

Bad lift motor  DC Lift Trucks: Test lift motor. See DC Motor
 Troubleshooting on page 5-6. Check amp draw.
 AC Lift Trucks: Run Test O28 - Ramp Lift Motor
(AC lift only) (Page 6-100).

Bad  Lift  Motor  Encoder Run Test I20 - Lift Motor RPM (AC lift only)
(Page 6-65)

Possible  Cause Action

Possible  Cause Action

Battery  problems Adjust  lift  cutout  as  necessary.
Replace battery with fully-charged battery.
 Test battery for bad cells. See Battery Procedures
on page 7-62.

Incorrect  lift  pressure adjustment Check and adjust  lift  pressure setting.

Bad  lift  pump Test  system  pressure.

Bad lift motor  DC Lift Trucks: Test lift motor. See DC Motor
 Troubleshooting on page 5-6. Check amp draw.
 AC Lift Trucks: Run Test O28 - Ramp Lift Motor
(AC lift only) (Page 6-100).

Possible  Cause Action

Binding  proportional  valve Check  valve  operation.  Run Test O12 -
Proportional Solenoid PWM Ramp (Page 6-95).

Mechanical binding in bearings or telescopic Adjust or replace bearings. If still slow, check
shimming.

Plugged or malfunctioning flow control valve Open Emergency Lower Valve. If still slow, remove
and inspect flow control valves. Check for
contamination in hydraulic fluid. If contamination
is present, inspect and clean the relief valve, flush,
fill, and bleed the hydraulic system. If no
contamination is found, replace the flow control
 valves in the main lift cylinders.

Possible  Cause Action

Bad  load  hold  solenoid Run Test O11 - Toggle Load Holding Solenoid
(Page 6-94).

Binding  proportional  valve Check  valve  operation.  Run Test O12 -
Proportional Solenoid PWM Ramp (Page 6-95).
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Load Drifting/Settling

Plugged or malfunctioning flow control valve Open Emergency Lower Valve. If still slow, remove
and inspect. Check for contamination in hydraulic
fluid. If contamination is present, inspect and
clean the relief valve, flush, fill, and bleed the
hydraulic system. If no contamination is found,
replace the flow control valves in the main lift
cylinders.

Possible  Cause Action

Possible  Cause Action

Incorrect lift  pressure adjustment Check and adjust lift  pressure setting.

Load  holding  solenoid Run Test O11 - Toggle Load Holding Solenoid
(Page 6-94). Check for contamination in hydraulic
fluid. If contamination is present, inspect and
clean the relief valve, flush, fill, and bleed the
hydraulic system.

Load too large for lift truck capacity Check load weight. Check lift pressure setting.

Emergency  Lower  Valve  leaking Replace  valve.
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Symptom Tables: Travel
Functions

Slow or Sluggish Acceleration

Slow Travel

Possible  Cause Action

Dragging  brake Adjust  brake.

 Worn wheel bearings Replace wheel bearings.

Debris  in  wheel  axle Remove  debris.

Binding  drive  unit Remove  motor  and  check  movement.

Possible  Cause Action

Note: Determine if problem is mechanical or electrical.

Mechanical:

Dragging  brake Adjust  brake.

Debris  in  wheel  axle Remove  debris.

Binding  drive  unit Remove  motor  and  check  movement.

Binding  in  control  handle Run Test A22 - Traction Throttle Request
(Page 6-43) to determine if the controller is still
seeing a 100% request.

Electrical:

Bad mast speed limit switch (S10 or S11) or
associated wiring

Run Test I02 - Lower Mast Reference (24 in.)
Switch (Page 6-58), Test I69 - Upper Mast
Reference Switch (Page 6-82), or Test I03 - 60 in.
Limit Switch (Page 6-59).

Incorrect  configuration Reconfigure  the  lift  truck.

Speed limited due to drive motor or power
amplifier temperature (temperature icon
illuminated)

Run Test A08 - Traction Motor Temperature
(Page 6-34), Test A10 - Traction Power Amplifier
 Temperature (Page 6-36).

Bad encoder pulses from drive motor encoder Run Test I19 - Traction Motor RPM (Page 6-64)
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Message Displayed: CODE 51 Inform serviceMessage Displayed: CODE 51 Inform service

66--1188 PPuubblliiccaattiioonn:  :  11003311779944BB,  ,  RRee--IIssssuueedd:  :  77//1144//0066

Message Displayed:Message Displayed: COCODDE 51E 51 IInfnf oror m m ss erer vicevice

Code 51: No CCC CommunicationsCode 51: No CCC Communications
Received by VMReceived by VM

 The VM has not receive The VM has not received correctd correct
communications from the CCC.communications from the CCC.

 Test I23 - CAN Bus Test I23 - CAN Bus
(Pa(Pagege 6-66-66)6)

 All functions disabled. All functions disabled. SeeSee
Communication Error CodeCommunication Error Code
 Troubleshooting on Troubleshooting on
pagpagee 5-25-22.2. Cycle key switch Cycle key switch
to clear.to clear.

Message Displayed:Message Displayed: COCODDE 59 InfoE 59 Info rr m m ss erer vicevice

Code 59: CAN Transmission BufferCode 59: CAN Transmission Buffer
ErrorError

 The VM has detected a C The VM has detected a CANAN
transmission buffer errotransmission buffer error.r.

 Test I23 - CAN Bus Test I23 - CAN Bus
(Pa(Pagege 6-66-66)6)

 All functions disabled. All functions disabled. SeeSee
Communication Error CodeCommunication Error Code
 Troubleshooting on Troubleshooting on
pagpagee 5-25-22.2. Cycle key switch Cycle key switch
to clear.to clear.

Message Displayed:Message Displayed: COCODDE 5A InfoE 5A Info rr m m ss erer vicevice

Code 5A: CAN BUS Code 5A: CAN BUS Error Overflow Error Overflow 
CAN BUS error overflow detected byCAN BUS error overflow detected by
 VM. VM.

 Test I23 - CAN Bus Test I23 - CAN Bus
(Pa(Pagege 6-66-66)6)

 All functions disabled. All functions disabled. SeeSee
Communication Error CodeCommunication Error Code
 Troubleshooting on Troubleshooting on
pagpagee 5-25-22.2. Cycle key switch Cycle key switch
to clear.to clear.

Message Displayed:Message Displayed: COCODDE 5E InfoE 5E Info rr m m ss erer vicevice

Code 5E: No Guidance Manager CANCode 5E: No Guidance Manager CAN
Communications Received by theCommunications Received by the

 VM VM

 Test I23 - CAN Bus Test I23 - CAN Bus
(Pa(Pagege 6-66-66)6)

 Travel disabled in AUTO Travel disabled in AUTO
mode. Travel allowed inmode. Travel allowed in
MANUAL mode. Cycle keyMANUAL mode. Cycle key
switch to clear.switch to clear.

Message Displayed:Message Displayed: COCODDE 5G E 5G InfoInfo rr m m ss erer vicevice

Code 5G: No CommunicationsCode 5G: No Communications
Received by VM from TPA Received by VM from TPA 

 The VM has not receive The VM has not received CANd CAN
communications from the tractioncommunications from the traction
power amplifier.power amplifier.

 Test I23 - CAN Bus Test I23 - CAN Bus
(Pa(Pagege 6-66-66)6)

 Travel is disabled. Cycle key Travel is disabled. Cycle key
switch to clear.switch to clear.

Message Displayed:Message Displayed: COCODDE 5J E 5J IInfonfo rr m m ss erer vicvicee

Code 5J: No communicationsCode 5J: No communications
Received by VM from LPA Received by VM from LPA 

 AC Lift onl AC Lift onlyy - The VM has not - The VM has not
received CAN communications fromreceived CAN communications from
the lift the lift power amplifier.power amplifier.

 Test I23 - CAN Bus Test I23 - CAN Bus
(Pa(Pagege 6-66-66)6)

Lift is disabled. Cycle keyLift is disabled. Cycle key
switch to clear.switch to clear.

IIccoonn CCoodde  e  TTiittllee//RReeaassoonn TTeesstts  s  tto  o  RRuunn NNootteess//CCoorrrreeccttiivve  e  AAccttiioonn
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Message Displayed: CODE 61 Inform serviceMessage Displayed: CODE 61 Inform service

PPuubblliiccaattiioonn:  :  11003311779944BB,  ,  RRee--IIssssuueedd:  :  77//1144//0066 66--1199

Message Displayed:Message Displayed: COCODDE 61E 61 IInfnf oror m m ss erer vicevice

Code 61: 24 in. Limit Switch NotCode 61: 24 in. Limit Switch Not
SensedSensed

 Too much time has passed without Too much time has passed without
crossing 24 in. limit switch while liftcrossing 24 in. limit switch while lift
request is above a certain threshold.request is above a certain threshold.

 Test O12 - Proportional Test O12 - Proportional
Solenoid PWM RampSolenoid PWM Ramp
(Pa(Pagege 6-96-95)5)

 Test I02 - Lower Mast Test I02 - Lower Mast
Reference (24 in.) SwitchReference (24 in.) Switch
(Pa(Pagege 6-56-58)8)

 Travel is limited to 2.5 mph. Travel is limited to 2.5 mph.
Make sure Emergency LowerMake sure Emergency Lower
 Va Valve is closed. Cycle keylve is closed. Cycle key
switch to clear.switch to clear.

Message Displayed:Message Displayed: COCODDE 63 InfoE 63 Info rr m m ss erer vicevice

Code 63: Upper and LowerCode 63: Upper and Lower
Reference Switches Do Not AgreeReference Switches Do Not Agree

 The VM has sens The VM has sensed that the positionsed that the positions
of the upper (S10) and the lower (S11)of the upper (S10) and the lower (S11)
reference switches were out ofreference switches were out of
sequence.sequence.

 Test I02 - Lower Mast Test I02 - Lower Mast
Reference (24 in.) SwitchReference (24 in.) Switch
(Pa(Pagege 6-56-58)8)

 Test I69 - Upper Mast Test I69 - Upper Mast
Reference SwitchReference Switch
(Pa(Pagege 6-86-82)2)

 Travel is limited to 1 mph. Travel is limited to 1 mph.
Cycle key switch to clear.Cycle key switch to clear.

Message Displayed:Message Displayed: COCODDE 64 InfoE 64 Info rr m m ss erer vicevice

Code 64: No Flow Sensor PulsesCode 64: No Flow Sensor Pulses
 When Lift/ When Lift/Lower ReqLower Requesteduested

No pulses were seen from the flowNo pulses were seen from the flow
sensor when lifting past one of the twosensor when lifting past one of the two
mast reference switches (24 and 150mast reference switches (24 and 150
in.). (in.). (intellispeed intellispeed  only only))

 Test I02 - Lower Mast Test I02 - Lower Mast
Reference (24 in.) SwitchReference (24 in.) Switch
(Pa(Pagege 6-56-58)8)

 Test I26 - Flow Sensor Test I26 - Flow Sensor
Count Count (Page(Page 6-70)6-70)

 Test I69 - Upper Mast Test I69 - Upper Mast
Reference SwitchReference Switch
(Pa(Pagege 6-86-82)2)

 Travel is limited to 1 mph. Travel is limited to 1 mph.
Lift or lower past one of theLift or lower past one of the
mast reference switches.mast reference switches.
Cycle key switch to clear.Cycle key switch to clear.

Message Displayed:Message Displayed: COCODDE 66 InfoE 66 Info rr m m ss erer vicevice

Code 66: Calculated Height DoesCode 66: Calculated Height Does
Not Match at Upper ReferenceNot Match at Upper Reference
Switch (150 in.)Switch (150 in.)

intellispeed intellispeed  count and calculated count and calculated
height of the upper reference switchheight of the upper reference switch
(S10) are out of tolerance. ((S10) are out of tolerance. (intellispeed intellispeed 
only)only)

 Test I26 - Flow Sensor Test I26 - Flow Sensor
Count Count (Page(Page 6-70)6-70)

 Test I69 - Upper Mast Test I69 - Upper Mast
Reference SwitchReference Switch
(Pa(Pagege 6-86-82)2)

 Travel is limited to 1 mph. Travel is limited to 1 mph.
Cycle key switch to clear.Cycle key switch to clear.

Message Displayed:Message Displayed: COCODDE 67 InfoE 67 Info rr m m ss erer vicevice

Code 67: Calculated Height DoesCode 67: Calculated Height Does
Not Match at Lower ReferenceNot Match at Lower Reference
Switch (24 in.)Switch (24 in.)

intellispeed intellispeed  count and calculated count and calculated
height of the lower reference switchheight of the lower reference switch
(S11) are out of tolerance. ((S11) are out of tolerance. (intellispeedintellispeed
only)only)

 Test I02 - Lower Mast Test I02 - Lower Mast
Reference (24 in.) SwitchReference (24 in.) Switch
(Pa(Pagege 6-56-58)8)

 Test I26 - Flow Sensor Test I26 - Flow Sensor
Count Count (Page(Page 6-70)6-70)

 Travel is limited to 1 mph. Travel is limited to 1 mph.
Cycle key switch to clear.Cycle key switch to clear.
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Message Displayed: CODE 6D Inform serviceMessage Displayed: CODE 6D Inform service

66--2200 PPuubblliiccaattiioonn:  :  11003311779944BB,  ,  RRee--IIssssuueedd:  :  77//1144//0066

Message Displayed:Message Displayed: COCODDE 6D E 6D InfoInfo rr m m ss erer vicevice

Code 6D: Lift Pressure SensorCode 6D: Lift Pressure Sensor
Out-of-RangeOut-of-Range

 The VM has determined that the The VM has determined that the
pressure sensor voltage has exceededpressure sensor voltage has exceeded
the programmed limits.the programmed limits.
 ( (intellispeedintellispeed only)only)

 Test A13 - Pressure Test A13 - Pressure
Sensor Voltage (optional)Sensor Voltage (optional)
(Pa(Pagege 6-36-38)8)

Code is displayed for fiveCode is displayed for five
seconds. Display will thenseconds. Display will then
change to "----". Cycle keychange to "----". Cycle key
switch to clear.switch to clear.

Message Displayed:Message Displayed: CODE 6FCODE 6F OOvverer heaheateted Ald Allow low timtime to e to coocooll

Code 6F: Lift Motor OverheatedCode 6F: Lift Motor Overheated
 AC Lift onl AC Lift onlyy - Lift motor temperature - Lift motor temperature
has exceeded 300has exceeded 300°°F (149F (149°°C).C).

 Test A09 - Lift Motor Test A09 - Lift Motor
 Temperature (Page Temperature (Page 6-35)6-35)

Lift is disabled. Allow time toLift is disabled. Allow time to
cool. Cycle key switch tocool. Cycle key switch to
clear.clear.

Message Displayed:Message Displayed: COCODDE 6K InfoE 6K Info rr m m ss erer vicevice

Code 6K: 60 in. Switch Does NotCode 6K: 60 in. Switch Does Not
 Agree wit Agree with Lower h Lower Mast RefereMast Referencence

 The 60 in. switch (S28) is out of The 60 in. switch (S28) is out of
sequence with the lower referencesequence with the lower reference
switch (S11).switch (S11).
(non-(non-intellispeed intellispeed  only  only 

 Test I02 - Lower Mast Test I02 - Lower Mast
Reference (24 in.) SwitchReference (24 in.) Switch
(Pa(Pagege 6-56-58)8)

 Test I03 - 60 in. Limit Test I03 - 60 in. Limit
SwitcSwitch (Ph (Pageage 6-59)6-59)

 Travel is limited to 2.5 mph. Travel is limited to 2.5 mph.
Lower, then lift past the firstLower, then lift past the first
mast limit switch (S11), thenmast limit switch (S11), then
cycle key switch to cycle key switch to clearclear..

Message Displayed:Message Displayed: COCODDE 6M E 6M InfoInfo rr m m ss erer vicevice

Code 6M: 60 in. and/or 24 in.Code 6M: 60 in. and/or 24 in.
Switch DisconnectedSwitch Disconnected

 The system detected that the 60 in. The system detected that the 60 in.
(S28) and/or the 24 in. (S11) switch(S28) and/or the 24 in. (S11) switch
are disconnected.are disconnected.

 Test I02 - Lower Mast Test I02 - Lower Mast
Reference (24 in.) SwitchReference (24 in.) Switch
(Pa(Pagege 6-56-58)8)

 Test I03 - 60 in. Limit Test I03 - 60 in. Limit
SwitcSwitch (Ph (Pageage 6-59)6-59)

Lower, then lift past theLower, then lift past the
lower reference switch (S11).lower reference switch (S11).
Cycle key switch to clear.Cycle key switch to clear.

Message Displayed:Message Displayed: COCODDE 6N E 6N InfoInfo rr m m ss erer vicevice

Code 6N: Flow Sensor TemperatureCode 6N: Flow Sensor Temperature
Out-of-RangeOut-of-Range

 The VM has sense The VM has sensed that the voltage isd that the voltage is
out-of-range. (out-of-range. (intellispeed intellispeed  only) only)

NNoonnee CCyycclle  e  kkeey  y  sswwiittcch  h  tto  o  cclleeaarr..
Only shown during Learn.Only shown during Learn.
Learn values will still beLearn values will still be
stored.stored.

Message Displayed:Message Displayed: COCODDE 6P E 6P IInfnf oror m m ss erer vicevice

Code 6P: 60 in. Limit SwitchCode 6P: 60 in. Limit Switch
Out-of-Sequence with UpperOut-of-Sequence with Upper
Reference SwitchReference Switch

 The syste The system sensem senses that s that the 60 the 60 in. limitin. limit
switch and the upper reference switchswitch and the upper reference switch
are out of sequence.are out of sequence.
((non-intellispeed non-intellispeed  only) only)

 Test I03 - 60 in. Limit Test I03 - 60 in. Limit
SwitcSwitch (Ph (Pageage 6-59)6-59)

 Test I69 - Upper Mast Test I69 - Upper Mast
Reference SwitchReference Switch
(Pa(Pagege 6-86-82)2)

 Travel limited to 1 mph. Travel limited to 1 mph.
Cycle key switch to clear.Cycle key switch to clear.
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Message Displayed: CODE 7E Inform serviceMessage Displayed: CODE 7E Inform service

PPuubblliiccaattiioonn:  :  11003311779944BB,  ,  RRee--IIssssuueedd:  :  77//1144//0066 66--2211

Message Displayed:Message Displayed: COCODDE 7E InfoE 7E Info rr m m ss erer vicevice

Code 7E: Lift Motor TemperatureCode 7E: Lift Motor Temperature
Sensor Out-of-RangeSensor Out-of-Range

Lift motor temperature sensor voltageLift motor temperature sensor voltage
is out-of-range.is out-of-range.

 Test A09 - Lift Motor Test A09 - Lift Motor
 Temperature (Page Temperature (Page 6-35)6-35)

Lift performance is disabledLift performance is disabled
 by powe by power amr amplifier. plifier. Cycle Cycle keykey
switch to clear.switch to clear.

Message Displayed:Message Displayed: COCODDE 7F InfoE 7F Info rr m m ss erer vicevice

Code 7F: LPA Temp Out-of-RangeCode 7F: LPA Temp Out-of-Range
 The lift power amplifier has reported The lift power amplifier has reported
its internal temperature is less thanits internal temperature is less than
 –40°F (–40°C) or greater than +203°F –40°F (–40°C) or greater than +203°F
(+95°C).(+95°C).

 Test A19 - Lift Power Test A19 - Lift Power
 Amplifier Temperature Amplifier Temperature
(AC lif(AC lift only) (Pt only) (Pageage 6-41)6-41)

Lift is disabled. Cycle keyLift is disabled. Cycle key
switch to clear.switch to clear.

Message Displayed:Message Displayed: COCODDE 7G E 7G IInfnf oror m m ss erer vicevice

Code 7G: LPA Motor Phase OpenCode 7G: LPA Motor Phase Open
 The lift power amplifier has detecte The lift power amplifier has detectedd
no current draw in one of the tno current draw in one of the threehree
phases of the phases of the motor.motor.

 Test O28 - Ramp Lift Test O28 - Ramp Lift
Motor (AC lift only)Motor (AC lift only)
(Pa(Pagege 6-16-100)00)

Lift is disabled. Cycle keyLift is disabled. Cycle key
switch to clear.switch to clear.

Message Displayed:Message Displayed: COCODDE 7H IE 7H Infnf oror m m ss erer vicevice

Code 7H: Failure Detected in LiftCode 7H: Failure Detected in Lift
Motor Feedback EncoderMotor Feedback Encoder

 The lift power amplifier has detecte The lift power amplifier has detectedd
incorrect pulses from the lift motorincorrect pulses from the lift motor
encoder.encoder.

 Test I20 - Lift Motor RPM Test I20 - Lift Motor RPM
(AC lif(AC lift only) (Pt only) (Pageage 6-65)6-65)

Lift is limited to approx. 10Lift is limited to approx. 10
feet per minute. Cycle keyfeet per minute. Cycle key
switch to clear.switch to clear.

Message Displayed:Message Displayed: COCODDE 7M E 7M IInfnf oror m m ss erer vicevice

Code 7M: LPA Failed to PrechargeCode 7M: LPA Failed to Precharge
 The lift power amplifier failed to The lift power amplifier failed to
precharge.precharge.

NNoonnee LLiifft  t  iis  s  ddiissaabblleedd.  .  IIf  f  ccyycclliinng  g  tthhee
key switch does not clearkey switch does not clear
this code, the amplifier mustthis code, the amplifier must
 be replaced. The VM cannot be replaced. The VM cannot
cause this code.cause this code.

Message Displayed:Message Displayed: COCODDE 7T InfoE 7T Info rr m m ss erer vicevice

Code 7T: LPA Current Sensor FaultCode 7T: LPA Current Sensor Fault
Internal lift power amplifier circuitryInternal lift power amplifier circuitry
that measures current has detected athat measures current has detected a
fault.fault.

NNoonnee.. LLiifft  t  iis  s  lliimmiitteed  d  tto  o  6600%  %  ooff
maximum request. If cyclingmaximum request. If cycling
the key switch does not clearthe key switch does not clear
this code, the amplifier mustthis code, the amplifier must
 be replaced. The VM cannot be replaced. The VM cannot
cause this code.cause this code.
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SSeeccttiioon n 66.. MMeessssaaggeess, , CCooddees s aannd d TTeessttss MMooddeells s 55440000//55550000//5566000 0 MMaaiinntteennaanncce e MMaannuuaall

Message Displayed: CODE 7U Inform serviceMessage Displayed: CODE 7U Inform service

66--2222 PPuubblliiccaattiioonn:  :  11003311779944BB,  ,  RRee--IIssssuueedd:  :  77//1144//0066

Message Displayed:Message Displayed: COCODDE 7E 7 U IU Infnf oror m m ss erer vicevice

Code 7U: LPA Overcurrent or ShortCode 7U: LPA Overcurrent or Short
CircuitCircuit

 The lift power amplifier has sens The lift power amplifier has senseded
current in excess of 500A.current in excess of 500A.

NNoonnee LLiifft  t  iis  s  ddiissaabblleedd.  .  CCyycclle  e  kkeeyy
switch to clear. The VMswitch to clear. The VM
cannot cause this code.cannot cause this code.

Message Displayed:Message Displayed: COCODDE 7V InfoE 7V Info rr m m ss erer vicevice

Code 7V: LPA High Voltage on DCCode 7V: LPA High Voltage on DC
BUSBUS

 The lift power amplifier has detected The lift power amplifier has detected
that the voltage at the + terminal isthat the voltage at the + terminal is
overvoltage.overvoltage.

NNoonnee LLiifft  t  iis  s  ddiissaabblleedd.  .  TTeesst  t  vvoollttaaggee
at LPA+. If OK, replace LPA.at LPA+. If OK, replace LPA.
Cycle key switch to clear.Cycle key switch to clear.
 The VM cannot caus The VM cannot cause thise this
code.code.

Message Displayed:Message Displayed: COCODDE 7W E 7W InfInforor m m ss erer vicevice

Code 7W: LPA Internal FaultCode 7W: LPA Internal Fault
Internal coil driver sensed open orInternal coil driver sensed open or
shorted.shorted.

NNoonnee CCyycclle  e  kkeey  y  sswwiittcch  h  tto  o  cclleeaarr.  .  IIff
code will not clear, replacecode will not clear, replace
lift power amplifier. The VMlift power amplifier. The VM
cannot cause this code.cannot cause this code.

Message Displayed:Message Displayed: COCODDE 7X InfoE 7X Info rr m m ss erer vicevice

Code 7X: LPA Power SupplyCode 7X: LPA Power Supply
Out-of-RangeOut-of-Range

 The power supply output in the lift The power supply output in the lift
power amplifier is less than 4.power amplifier is less than 4.5V,5V,
greater than 5.5V or too much currentgreater than 5.5V or too much current
is being drawn by an externalis being drawn by an external
component.component.

NNoonnee CCyycclle  e  kkeey  y  sswwiittcch  h  tto  o  cclleeaarr..
Disconnect (+) wire to tempDisconnect (+) wire to temp
and speed sensors. If OK,and speed sensors. If OK,
troubleshoot wires andtroubleshoot wires and
sensors. If code will notsensors. If code will not
clearclear, replace lift , replace lift powerpower
amplifier. The VM cannotamplifier. The VM cannot
cause this code.cause this code.

Message Displayed:Message Displayed: CCOODDE E 77Y Y IInfnforor mm sserer vicevice

Code 7Y: Incorrect Lift PowerCode 7Y: Incorrect Lift Power
 Amplifier In Amplifier Installedstalled

(AC lift only)(AC lift only)

NNoonnee RReeppllaacce  e  wwiitth  h  ccoorrrreecct  t  ppoowweerr
amp.amp.

Message Displayed:Message Displayed: COCODDE 80 InfoE 80 Info rr m m ss erer vicevice

Code 80: Throttle PotentiometerCode 80: Throttle Potentiometer
(VR1) Voltage Out-of-Range(VR1) Voltage Out-of-Range

 Test A04 - Throttle Test A04 - Throttle
Potentiometer Potentiometer VVoltageoltage
(Pa(Pagege 6-36-32)2)

 Travel is disabled. Cycle key Travel is disabled. Cycle key
switch to clear.switch to clear.
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MMooddeells s 55440000//55550000//5566000 0 MMaaiinntteennaanncce e MMaannuuaall SSeeccttiioon n 66.. MMeessssaaggeess, , CCooddees s aannd d TTeessttss

Message Displayed: CODE 81 Inform serviceMessage Displayed: CODE 81 Inform service

PPuubblliiccaattiioonn:  :  11003311779944BB,  ,  RRee--IIssssuueedd:  :  77//1144//0066 66--2233

Message Displayed:Message Displayed: COCODDE 81E 81 IInfnf oror m m ss erer vicevice

Code 81: Lift/Lower PotentiometerCode 81: Lift/Lower Potentiometer
(VR2) Voltage Out-of-Range(VR2) Voltage Out-of-Range

 Test A05 - Lift/Lower Test A05 - Lift/Lower
Potentiometer Potentiometer VoltagVoltagee
(Pa(Pagege 6-36-33)3)

Lift is disabled. Cycle keyLift is disabled. Cycle key
switch to clear.switch to clear.

Message Displayed:Message Displayed: COCODDE 83 InfoE 83 Info rr m m ss erer vicevice

Code 83: Throttle PotentiometerCode 83: Throttle Potentiometer
(VR1) (VR1) Out-of-NeutraOut-of-Neutrall

 Throttle potentiometer (VR1) out of Throttle potentiometer (VR1) out of
learned neutral value.learned neutral value.

 Test A04 - Throttle Test A04 - Throttle
Potentiometer Potentiometer VoltagVoltagee
(Pa(Pagege 6-36-32)2)

 Travel is disabled. Cycle key Travel is disabled. Cycle key
switch to clear.switch to clear.

Message Displayed:Message Displayed: COCODDE 84 InfoE 84 Info rr m m ss erer vicevice

Code 84: Brake Inoperable; NotCode 84: Brake Inoperable; Not
 Applied Applied

 The drive motor bearing encoder The drive motor bearing encoder
indicated movement during Selftest.indicated movement during Selftest.

 Test O30 - Toggle Brake Test O30 - Toggle Brake
SolenSolenoid (Paoid (Pagege 6-1026-102))

 Travel disabled at startup. Travel disabled at startup.
Make sure brake releaseMake sure brake release
 bolts are removed from bolts are removed from
 brake assembly. Cycle  brake assembly. Cycle keykey
switch to clear.switch to clear.

Message Displayed:Message Displayed: COCODDE 8C InforE 8C Infor m m ss erer vicevice

Code 8C: Deadman Switches Do NotCode 8C: Deadman Switches Do Not
 Agree Agree

Deadman switches S2 and S23 do notDeadman switches S2 and S23 do not
agree or the steering encoder isagree or the steering encoder is
disconnected.disconnected.

 Test I00 - Carriage Test I00 - Carriage
DeadDeadman (man (PagePage 6-56)6-56)

 Test I01 -  Test I01 - Brake DeadmBrake Deadmanan
SwitcSwitch (S2) (Ph (S2) (Pageage 6-57)6-57)

 Travel, lift, lower, and brake Travel, lift, lower, and brake
disabled. Cycle key switch todisabled. Cycle key switch to
clear.clear.

Message Displayed:Message Displayed: COCODDE 8F InfoE 8F Info rr m m ss erer vicevice

Code 8F: Lift/Lower PotentiometerCode 8F: Lift/Lower Potentiometer
Out-of-NeutralOut-of-Neutral

Lift/Lower potentiometer (VR2) out ofLift/Lower potentiometer (VR2) out of
learned neutral value.learned neutral value.

 Test A05 - Lift/Lower Test A05 - Lift/Lower
Potentiometer Potentiometer VoltagVoltagee
(Pa(Pagege 6-36-33)3)

Lift and lower disabled.Lift and lower disabled.
Cycle key switch to clear.Cycle key switch to clear.

Message Displayed:Message Displayed: COCODDE 8L InfoE 8L Info rr m m ss erer vicevice

Code 8L: Electric Brake Code 8L: Electric Brake FeedbackFeedback
 The VM senses the  The VM senses the brake coil currentbrake coil current
is incorrect.is incorrect.

 Test A35 - Brake Test A35 - Brake
(Pa(Pagege 6-46-46)6)

 Travel limited to 1 Travel limited to 1 mph.mph.
Cycle key switch to clear.Cycle key switch to clear.

Message Displayed:Message Displayed: COCODDE 91E 91 IInfnf oror m m ss erer vicevice

Code 91: Drive Unit Turned >10°Code 91: Drive Unit Turned >10°
 while Guid while Guiding on Wireing on Wire

 Test I25 - Steer Motor Test I25 - Steer Motor
EncodEncoder (er (PagePage 6-69)6-69)

 Truck plugs to 0 mph. Truck plugs to 0 mph.
 Auto/Man  Auto/Man switch switch to Mato Manual.nual.
Cycle key switch to clear.Cycle key switch to clear.
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Message Displayed: CODE 92 Inform serviceMessage Displayed: CODE 92 Inform service

66--2244 PPuubblliiccaattiioonn:  :  11003311779944BB,  ,  RRee--IIssssuueedd:  :  77//1144//0066

Message Displayed:Message Displayed: COCODDE 92 InfoE 92 Info rr m m ss erer vicevice

Code 92: Tracking Limits ExceededCode 92: Tracking Limits Exceeded  Test A51 - Left Tractor Test A51 - Left Tractor
Guidance Coil VoltageGuidance Coil Voltage
(Pa(Pagege 6-46-49)9)

 Test A52 - Right Tractor Test A52 - Right Tractor
Guidance Coil VoltageGuidance Coil Voltage
(Pa(Pagege 6-56-50)0)

 Test A53 - Left Load Test A53 - Left Load
Guidance Coil VoltageGuidance Coil Voltage
(Pa(Pagege 6-56-51)1)

 Test A54 - Right Load Test A54 - Right Load
Guidance Coil VoltageGuidance Coil Voltage
(Pa(Pagege 6-56-52)2)

 Truck plugs to 0 mph. Truck plugs to 0 mph.
 Auto/Man  Auto/Man switch switch to Mto Manual.anual.
Cycle key switch to clear.Cycle key switch to clear.

Message Displayed:Message Displayed: COCODDE 93 LE 93 L osos t TCP Lt TCP L osos t Wt Wiirr ee

Code 93: Not Near Wire; Tractor CoilCode 93: Not Near Wire; Tractor Coil
PairPair

 Test A51 - Left Tractor Test A51 - Left Tractor
Guidance Coil VoltageGuidance Coil Voltage
(Pa(Pagege 6-46-49)9)

 Test A52 - Right Tractor Test A52 - Right Tractor
Guidance Coil VoltageGuidance Coil Voltage
(Pa(Pagege 6-56-50)0)

 Test A55 - Tractor Near Test A55 - Tractor Near
 Wire Coil V Wire Coil Voltageoltage
(Pa(Pagege 6-56-53)3)

 Truck plugs to 0 mph. Truck plugs to 0 mph.
 Auto/Man  Auto/Man switch switch to Mto Manual.anual.
Cycle key switch to clear.Cycle key switch to clear.

Message Displayed:Message Displayed: COCODDE 94 LE 94 L osos t Lt L CCP LP L osos t Wt Wiirr ee

Code 94: Not Near Wire; Load CoilCode 94: Not Near Wire; Load Coil
PairPair

 Test A53 - Left Load Test A53 - Left Load
Guidance Coil VoltageGuidance Coil Voltage
(Pa(Pagege 6-56-51)1)

 Test A54 - Right Load Test A54 - Right Load
Guidance Coil VoltageGuidance Coil Voltage
(Pa(Pagege 6-56-52)2)

 Test A56 - Load Near W Test A56 - Load Near Wireire
Coil VCoil Voltagoltage (Pagee (Page 6-54)6-54)

 Truck plugs to 0 mph. Truck plugs to 0 mph.
 Auto/Man  Auto/Man switch switch to Mto Manual.anual.
Cycle key switch to clear.Cycle key switch to clear.
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Models 5400/5500/5600 Maintenance Manual Section 6. Messages, Codes and Tests

Message Displayed: CODE 9E Inform service

Publication:  1031794B,  Re-Issued:  7/14/06 6-25

Message Displayed: CODE 9E Info r m s er vice

Code 9E: Track And Hold Signal
Failed

 The truck is moving on the wire and
the guidance signals are not
fluctuating at all.

 Test A51 - Left Tractor
Guidance Coil Voltage
(Page 6-49)

 Test A52 - Right Tractor
Guidance Coil Voltage
(Page 6-50)

 Test A53 - Left Load
Guidance Coil Voltage
(Page 6-51)

 Test A54 - Right Load
Guidance Coil Voltage
(Page 6-52)

 Truck plugs to 0 mph.
 Auto/Man switch to Manual.
Cycle key switch OFF/ON to
clear.

Message Displayed: CODE 9F Info r m s er vice

Code 9F: Filter Card Not Connected
to Guidance Manager

 When the auto/man switch is
switched to auto and the guidance
manager does not sense the filter card.

Check connection between
filter card and guidance
manager. Replace filter
card first then guidance
manager.

Hard plug to 0 mph. Cycle
key switch OFF/ON to clear.

Message Displayed: CODE 9G Inf or m s er vice

Code 9G: No Input; Load Antenna 
 The signal from the load antenna is
not being received by the Guidance
Manager.

 Test A53 - Left Load
Guidance Coil Voltage
(Page 6-51)

 Test A54 - Right Load
Guidance Coil Voltage
(Page 6-52)

 Truck plugs to 0 mph.
 Auto/Man switch to Manual.
Cycle key switch OFF/ON to
clear.

Message Displayed: CODE 9 H Inf or m s er vice

Code 9H: No Input; Tractor Antenna 
 The signal from the tractor antenna is
not being received by the Guidance
Manager.

 Test A51 - Left Tractor
Guidance Coil Voltage
(Page 6-49)

 Test A52 - Right Tractor
Guidance Coil Voltage
(Page 6-50)

 Truck plugs to 0 mph.
 Auto/Man switch to Manual.
Cycle key switch OFF/ON to
clear.

Message Displayed: CODE 9J Info r m s er vice

Code 9J: Load Antenna Input Too
High

 Test A53 - Left Load
Guidance Coil Voltage
(Page 6-51)

 Test A54 - Right Load
Guidance Coil Voltage
(Page 6-52)

 Truck plugs to 0 mph.
 Auto/Man switch to Manual.
Cycle key switch to clear.

Message Displayed: CODE 9K Info r m s er vice

Icon Code  Title/Reason Tests  to  Run Notes/Corrective  Action
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Message Displayed: CODE A0 Inform service

6-26 Publication:  1031794B,  Re-Issued:  7/14/06

Code 9K: Tractor Antenna Input Too
High

 Test A51 - Left Tractor
Guidance Coil Voltage
(Page 6-49)

 Test A52 - Right Tractor
Guidance Coil Voltage
(Page 6-50)

 Truck plugs to 0 mph.
 Auto/Man switch to Manual.
Cycle key switch to clear.

Message Displayed: CODE A0 Info r m s er vice

Code A0: Incorrect Software
Incorrect VM installed in truck or
Flashed with incorrect software.

None Travel,  lift,  and  lower
disabled. Cycle key switch to
clear. If this code appears,
upgrade the software in the
truck using Flashware.

Message Displayed: CODE A2 Info r m s er vice

Code A2: Software Compatibility
Issue with VM and TPA 

None Travel  disabled.  Cycle  key
switch to clear. If this code
appears, upgrade the
software in the truck using
Flashware.

Message Displayed: CODE A4 Info r m s er vice

Code A4: Software Compatibility
Issue with VM and LPA 

 AC lift only.

None Lift  disabled.  Cycle  key
switch to clear. If this code
appears, upgrade the
software in the truck using
Flashware.

Message Displayed: CODE AL Inf or m s er vice

Code AL: VM Battery Backed Up
RAM Failed

None Travel,  lift,  and  lower
disabled. Cycle key switch to
clear. If code will not clear,
replace VM.

Message Displayed: CODE AP Info r m s er vice

Code AP: TPA Software Fault None Travel  disabled.  Cycle  key
switch to clear. If code will
not clear, Flash traction
power amplifier with latest
software.

Message Displayed: CODE AT Info r m s er vice

Icon Code  Title/Reason Tests  to  Run Notes/Corrective  Action
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Message Displayed: CODE FE Inform service
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Code AT: LPA Software Fault
 AC lift only.

None Lift  disabled.  Cycle  key
switch to clear. If code will
not clear, Flash lift power
amplifier with latest
software.

Message Displayed: CODE FE Inf or m s er vice

Code FE: Internal VM Circuit for
BSOC Not Calibrated

None Code  is  displayed  for  30
seconds. Replace VM.

Message Displayed: CODE F G Inf or m s er vice

Code FG: +5V Reference Voltage and
+12V Power Supply Failure

 Test A14 - VM +12V Power
Supply (Page 6-39)

 Travel, lift, and lower
disabled. Brake will engage.
Cycle key switch to clear.

Message Displayed: CODE F H Inf or m s er vice

Code FH: Battery Voltage
Out-of-Range

 Wrong voltage battery or voltage
out-of-range.

 Test A15 - Battery Voltage
(Page 6-40)

 Travel, lift, and lower
disabled. Brake will remain
engaged. Cycle key switch to
clear.

Message Displayed: CODE F N Inf or m s er vice

Code FN: Relays Did Not Open at
Power Off 

 Test O32 - Toggle Relays
(Page 6-103)

 Travel, lift, and lower
disabled. Brake will engage.
Cycle key switch to clear.

Message Displayed: CODE FP Inf or m s er vice

Code FP: VM In-Circuit Hardware
Failure

None Travel,  lift,  and  lower
disabled. Brake will remain
engaged. Cycle key switch to
clear. Replace VM.

Message Displayed: CODE FT Info r m s er vice

Icon Code  Title/Reason Tests  to  Run Notes/Corrective  Action
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Message Displayed: CODE G0 Inform service
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Code FT: VM Internal Software Error None Travel,  lift,  and  lower
disabled. Brake will remain
engaged. Cycle key switch to
clear. If code will not clear,
Flash VM with latest
software.

Message Displayed: CODE G0 Info r m s er vice

Code G0: Steer Tiller Encoder 1 is
Intermittent or Failed

Determined by channel A and/or B
not functioning correctly when
compared with Steer Tiller Encoder 2.

 Test I35 - Steer Tiller
Encoder 1 (Page 6-71)

Coasts to 2.5 mph. Travel
limited to 2.5 mph. Cycle key
switch to clear.

Message Displayed: CODE G2 Inf or m s er vice

Code G2: Auto Steer Center Failed
1. Home switch is more than 10
degrees from the initial value saved
during a successful auto steer center.
2. Auto steer center time-out - greater
than 2 seconds. 3. No encoder pulses
sensed during auto steer center.

See “Auto Steer Center
Problem” on page 5-31.

Moderate plug to 0.0 mph.
Step off then back on the
deadman pedal to allow
travel again. Max travel
speed limited to 1.0 mph.
Cycle key switch OFF/ON to
clear.

Message Displayed: CODE G3 Info r m s er vice

Code G3: Home Prox Switch Not
Functioning Correctly

See “Auto Steer Center
Problem” on page 5-31.

 All steer indicator lights will
flash. Travel speed limited to
1.0 mph. Cycle key switch
OFF/ON to clear.

Message Displayed: CODE G4 Inf or m s er vice

Code G4: Open Detected in Steer
Control Circuit

No neutral pulses detected when the
truck is not moving and operator is on
the deadman pedal.

See “Auto Steer Center
Problem” on page 5-31.

 Aggressive plug to 0.0 mph.
Step off then back on the
deadman pedal to allow
travel again. Max travel
speed set to 1.0 mph.
 Cycle key switch OFF/ON to
clear.

Icon Code  Title/Reason Tests  to  Run Notes/Corrective  Action
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Message Displayed: CODE G5 Inform service

Publication:  1031794B,  Re-Issued:  7/14/06 6-29

Message Displayed: CODE G5 Info r m s er vice

Code G5: Short Detected in Steer
Power Circuit

Steer motor encoder pulses or
command detected and no steer tiller
encoder pulses detected.

 Test A37 - Steer Power
 Amplifier Current
(Page 6-47)

 Test I25 - Steer Motor
Encoder (Page 6-69)

Moderate plug to 0.0 mph.
Step off then back on the
deadman pedal to allow
travel again. Max travel
speed set to 1.0 mph.
Cycle key switch OFF/ON to
clear.

Message Displayed: CODE G7 Info r m s er vice

Code G7: Steer Tiller Encoder 2 is
Intermittent or Failed

Determined by the connect detect
circuit for the CD Supply and Gnd
connections or by channel A and/or B
not functioning correctly when
compared with Steer Tiller Encoder 1.

 Test I36 - Steer Tiller
Encoder 2 (Page 6-72)

Coasts to 2.5 mph. Travel
limited to 2.5 mph. Cycle key
switch to clear.

Message Displayed: CODE GD Inf or m s er vice

Code GD: No Steer Motor Encoder
Pulses Seen

No steer motor encoder pulses seen
 when requesting a steer correction,
travel is >0.1 mph or during auto steer
center.

 Test I25 - Steer Motor
Encoder (Page 6-69)

 Truck plugs to 0 mph. Travel
limited to 1 mph. More steer
tiller rotations required to
turn drive unit. Cycle key
switch to clear.

Message Displayed: CODE GE Info r m s er vice

Code GE: Both Steer Tiller Encoders
Failed

Determined by the connect detect
circuit.

 Test I35 - Steer Tiller
Encoder 1 (Page 6-71)

 Test I36 - Steer Tiller
Encoder 2 (Page 6-72)

 Truck plugs to 0 mph. Travel
limited to 1 mph. Cycle key
switch to clear.

Message Displayed: CODE J 2 Info r m s er vice

Code J2: Aisle Exit Error
Only one magnet was sensed when the
guided aisle was exited.

 Test I72 - End-of-Aisle
Sensor 2 (optional)
(Page 6-84)

 Test I73 - End-of-Aisle
Sensor 1 (optional)
(Page 6-86)

Plugs to stop, speed is
limited to 1 mph. While out
of the aisle, switch the
 AUTO/MAN switch to
manual. Turn the drive unit
>10° and travel until the
code clears.

Message Displayed: CODE J 4 Info r m s er vice

Icon Code  Title/Reason Tests  to  Run Notes/Corrective  Action

https://www.forkliftpdfmanuals.com/



Section 6. Messages, Codes and Tests Models 5400/5500/5600 Maintenance Manual

Message Displayed: CODE X3 Inform service
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Code J4: Aisle Sensor Error  Test I72 - End-of-Aisle
Sensor 2 (optional)
(Page 6-84)

 Test I73 - End-of-Aisle
Sensor 1 (optional)
(Page 6-86)

 Travel limited to 1 mph.

Message Displayed: CODE X3 Info r m s er vice

Code X3: 180 in. Limit Switch
Mismatch

 The 180 in. Switch (S100) is out of
sequence with a standard mast
switch.

 Test I75 - 180 in. Limit
Switch (optional)
(Page 6-89)

 Travel limited to 1.0 mph.
Cycle key switch OFF/ON to
clear.

Message Displayed: CODE X4 Info r m s er vice

Code X4: Lift Cutout Switch
Mismatch

Lift Cutout Switch (S124) mismatch
 with standard mast switch.

 Test I76 - Lift Cutout
Switch (optional)
(Page 6-90)

Cycle key switch OFF/ON to
clear.
Up arrow icon flashes and
message lift cutout - max ht

reached 

Message Displayed: CODE X5 Info r m s er vice

Code X5: Lift Inhibit Switch
Mismatch

Lift Inhibit Switch (S24) mismatch
 with standard mast switch.

 Test I05 - Lift Inhibit
Switch (optional)
(Page 6-62)

Cycle key switch OFF/ON to
clear.

Icon Code  Title/Reason Tests  to  Run Notes/Corrective  Action
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Test A20 - Lift Motor Current (AC lift only)

6-42 Publication:  1031794B,  Re-Issued:  7/14/06

Test A20 - Lift Motor
Current (AC lift only)

 This test displays the lift motor current through
the lift power amplifier.

The lift carriage and forks will move
during this test.

The area around the forks must be clear.
The ceiling clearance should allow for
the highest lift.

Limits

• 0 to 500A lifting

• Maximum current 675A 

For information on using Maintenance Mode,
refer to page 3-24.

Run test:

 The Operator Display shows the current that
the lift power amplifier reads from one phase of
the lift motor.

NOTE: Because only one phase is measured, a
current problem may not be revealed.

Diagnosis and Repair

NOTE: Check all motor and power amplifier
connections for tightness and corrosion.

Check individual phase currents with a
clamping ammeter. The current should ramp
evenly as the truck accelerates and decelerates.
Phase currents must be approximately equal.
Gross differences indicate a problem.

If readings are not within reference limits, the
test has failed.

1. If any one phase differs significantly from
the other two, check power cable
continuity. Replace cables as necessary.
See Terminal Hardware on page 7-66.

• If power cable continuity is OK,
troubleshoot the drive motor. See AC
Motor Troubleshooting on page 5-10.

• If all phases give high readings, the lift
pump may be binding.

2. The power amplifier may be bad. Run Test
O28 - Ramp Lift Motor (AC lift only)
(Page 6-100).
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Test A22 - Traction Throttle Request

Publication:  1031794B,  Re-Issued:  7/14/06 6-43

Test A22 - Traction
Throttle Request

 This test displays the percentage of traction
throttle request from VR1 being read by the VM.

For information on using Maintenance Mode,
refer to page 3-24.

Run test:

NOTE: Run Learn after you replace, repair, or
adjust the throttle assembly. See Learn
Controls on page 3-19.

 The Operator Display shows the percentage of
throttle request that the VM reads from the
control handle throttle potentiometer (VR1) and
sends to the traction power amplifier.

 Acceptable values are:

 The values must change smoothly and evenly
as the handle moves from full tractor-first to
full forks-first.

If percentages are not within reference limits,
the test has failed.

NOTE:  Any speed limiting conditions will result
in less than 100 shown on display.

 Throttle Position Percentage Displayed

Full  Tractor-First 0  to  +100

Neutral 0

Full  Forks-First 0  to  –100

Diagnosis and Repair

Step
 Action/

Meter Setting
(+)  Lead (–)  Lead Expected Results Step Passed Step Failed

1

Run Test A04 -
 Throttle
Potentiometer
 Voltage
(Page 6-32)

N/A N/A  

 Test should pass.
Compare Test A04
results with the
results from A22.
Max throw should
show max values.

Replace the TPA 

Check traction
system for speed
limits due to motor
temperature, limit
switches, or
configured speed.
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Test A23 - Lift Request
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Test A23 - Lift Request

 This test displays the percentage of lift throttle
request from VR2 being read by the VM.

For information on using Maintenance Mode,
refer to page 3-24.

Run test:

NOTE: Run the Learn after you replace, repair,
or adjust the lift/lower potentiometer
(VR2). See Learn Controls on page 3-19.

 The Operator Display shows the percentage of
lift request that the VM reads from the lift
potentiometer (VR2).

 Acceptable values are:

 The values must change smoothly and evenly
as the handle moves from full lower to full lift.

If percentages are not within reference limits,
the test has failed.

NOTE:  Any lift limiting conditions will result in
less than 100% shown on display.

 Throttle Position Percentage Displayed

Full  Lower 0  to  –100

Neutral 0

Full  Lift 0  to  +100

Diagnosis and Repair

Step
 Action/

Meter Setting
(+)  Lead (–)  Lead Expected Results Step Passed Step Failed

1

Run Test A05 -
Lift/Lower
Potentiometer
 Voltage
(Page 6-33)

N/A N/A  

 Test should pass.
Compare Test A05
results with the
results from A23.
Max throw should
show max values.

Replace the LPA 

Check lift system
for limits due to
motor temperature
or switches.
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Test A34 - Lift/Lower Current

Publication:  1031794B,  Re-Issued:  7/14/06 6-45

Test A34 - Lift/Lower
Current

 This test displays the current the proportional
lift/lower solenoid coil is drawing.

For information on using Maintenance Mode,
refer to page 3-24.

Run test:

 Acceptable values are:

If results do not match the preceding table. the
test has failed.

State Current

Neutral Approx.  0.15A  

Full  Lower Approx.  1.3A  

Diagnosis and Repair

Step
 Action/

Meter Setting
(+)  Lead (–)  Lead Expected Results Step Passed Step Failed

1
 JPT18 and JPF2

disconnected/
Ohms

 JPF2-5 JPC18-1 Approx 28 ohms Perform Step 2
 T/S wires and
coil

2 DCV JPT18-1 B– B+ Replace  VM
 T/S Fuse Relay
Card
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Test A35 - Brake

6-46 Publication:  1031794B,  Re-Issued:  7/14/06

Test A35 - Brake

 The brake coil is activated by a coil driver
located inside the Vehicle Manager. This test
displays the voltage measured across that coil
driver.

For information on using Maintenance Mode,
refer to page 3-24.

NOTE:  This test can only be run in Active
Maintenance.

Run test:

 When the test is run, observe the following
results:

If results do not match the preceding table, the
test has failed.

State  of  Brake Display

Brake  deactivated B+

Deadman Pedal
Depressed/Travel

Requested

 Approx. 12V (36V trucks)
 Approx. 0V (24V trucks)

Diagnosis and Repair

Step
 Action/

Meter
Setting

(+)  Lead (–)  Lead Expected  Results Step  Passed Step  Failed

1

 JPT20 and
 JPF2
disconnected/
Ohms

 JT20-14 JF2-2 Approx. 13 ohms Perform Step 2 T/S wires and coil

2 DCV JP20-14 TP4

Brake de-energized: B+
Brake energized:
36V truck = approx. 12V 
24V truck = 0V 

Inspect brake
assembly for
 binding

If no B+, T/S Fuse
Relay Card. If
 voltage does not
drop when
energized, replace
 VM
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Test A37 - Steer Power Amplifier Current

Publication:  1031794B,  Re-Issued:  7/14/06 6-47

Test A37 - Steer Power
 Amplifier Current

 This test displays the current that the steer
motor is drawing.

For information on using Maintenance Mode,
refer to page 3-24.

Run Test:

 You should see:

If the results do not match the preceding table,
the test has failed.

State  of  Motor Display

 At rest <2A 

Clockwise  (CW)  Steering –30  to  –50A  

Counterclockwise (CCW) Steering 30 to 50A 

NOTE: CW and CCW is drive unit direction.

Diagnosis and Repair

Step
 Action/

Meter
Setting

(+)  Lead (–)  Lead Expected  Results Step  Passed Step  Failed

1 DCV JPT6-3 TP4
at rest: approx. 2.5V
Steering CCW: <V at rest 
Steering CW: >V at rest 

Replace VM
Replace Steer
 Amplifier 
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Test O18 - Toggle Horn

6-96 Publication:  1031794B,  Re-Issued:  7/14/06

Test O18 - Toggle Horn

 This test toggles the horn ON and OFF.

For information on how to use Maintenance
Mode, refer to page 3-24.

Run test:

 The horn should sound when test is activated.
If these results are not observed, the test has
failed.

Diagnosis and Repair

Step
 Action/

Meter Setting (+)  Lead (–)  Lead Expected Results Step Passed Step Failed

1

DCV 

H2 TP4 B+ Perform  Step  2
 T/S wires and
Fuse Relay Card

2

 TP1

H1
Horn OFF: <0.5V 
Horn ON: B+

Replace horn Perform Step 3

3 JPT18-16
 T/S wires to
horn

Replace VM
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Test O19 - Audible Alarm

Publication:  1031794B,  Re-Issued:  7/14/06 6-97

Test O19 - Audible
 Alarm

Using this test, the operation of the audible
alarm in the CCC can be verified.

 A successful test proves the audible alarm is
functioning.

For information on how to use Maintenance
Mode, refer to page 3-24.

Run test:

 This test will generate a sound on the audible
alarm in the CCC.

If these results are not observed, the test has
failed.

Diagnosis and Repair

Replace Carriage Control Card.

 Alarm
Operator
Display

Sounding Ramp

OFF  Off
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Test O20 - Travel Alarm (optional)

6-98 Publication:  1031794B,  Re-Issued:  7/14/06

Test O20 - Travel Alarm
(optional)

 This test verifies the operation of the travel
alarm.

 A successful test proves the wiring and related
circuitry in the VM are functioning correctly.

For information on how to use Maintenance
Mode, refer to 3-24.

NOTE: In order to test the output portion of the
 Vehicle Manager, a device that will cause
a load in the circuit is required. The load
holding coil on the hydraulic manifold
can be used for testing purposes.
Remove the load holding coil and
carefully connect wires into the circuit.
Use extreme caution and make sure that
the wires do not short to any
components.

Run test:

Connect a voltmeter at JPT20-17 wrt JPT18-18.

 When the display shows ON, the optional device
must be activated.

If these results are not observed, the test has
failed.

 Voltage Output
Operator
Display

0.0 to 1.0V  Off

22.0V  On

Diagnosis and Repair

Step
 Action/

Meter Setting
(+)  Lead (–)  Lead Expected  Results Step  Passed Step  Failed

1

DCV 

 AL+
 AL– Approx. 22V Replace alarm Perform Step 2

2

 TP4

B+ Perform  Step  3 Test  wire  to  AL+

3 JPT18-18
24V truck: approx. 2V 

36V truck: approx.
14V 

Repair/replace
 wire to AL– 

Replace VM

4
Connect Load

Holding
Coil/DCV 

 JPT20-17 JPT18-18 Approx. 22V Replace alarm Replace VM
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Test O25 - Toggle 2 Stage Select Solenoid (optional)

Publication:  1031794B,  Re-Issued:  7/14/06 6-99

Test O25 - Toggle 2
Stage Select Solenoid
(optional)

 This test toggles the solenoid OFF and ON,
 verifying its correct operation electrically.

NOTE:  This test does not  prove that the
solenoid valve is mechanically
functional.

 A successful test proves that the solenoid coil,
coil driver, wiring and related circuitry in the

 VM are functioning correctly.

For information on how to use Maintenance
Mode, refer to page 3-24.

Run test:

1. Turn the key switch OFF and disconnect
the battery connector.

2. Disconnect the wire from the solenoid coil
at SOL-1.

3. Connect a digital ammeter in series with
the solenoid: (–) lead to SOL-1, (+) lead to
the wire removed from SOL-1.

4. Reconnect the battery connector and turn
the key switch ON. Run test and observe
the following results.

If the above results are not observed, the
test has failed.

5. Turn the key switch OFF and disconnect
the battery connector. Remove the
ammeter from the circuit and reconnect
the wire.

 Ammeter
Reading

Operator
Display

0.0 to 0.02A  Off

1.0 to 2.0A  On

Diagnosis and Repair

Step
 Action/

Meter Setting (+)  Lead (–)  Lead Expected Results Step Passed Step Failed

1
 JPT18 and JPF2

disconnected/
Ohms

 JPF2-5 JPC18-1 Approx 28 ohms Perform Step 2
 T/S wires and
coil

2 DCV JPT18-1 B– B+ Replace  VM
 T/S Fuse Relay
Card
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Test O28 - Ramp Lift Motor (AC lift only)

6-100 Publication:  1031794B,  Re-Issued:  7/14/06

Test O28 - Ramp Lift
Motor (AC lift only)

 This test ramps the lift motor by gradually
increasing the command to the lift power
amplifier via the CAN bus. This test verifies that
the lift power amplifier can drive the lift motor.

Running this test for an extended period
of time can cause damage the motor,
power amplifier, or wiring.

Open the emergency lowering valve
before performing this test. See
“Emergency Lower Valve” on page 2-9.

For information on how to use Maintenance
Mode, refer to page 3-24.

Run test:

 The requested rpm is displayed. Use the Up (▲)
 button to increase the rpm in increments of 25,
from a minimum of 775 rpm to a maximum of
1500 rpm.

NOTE:  To prevent lift pump damage due to very
low rpm, the minimum lift motor speed
request is 775 rpm.

 When the maximum requested rpm is reached,
press Down (▼) to reset the request to 0. Press
the Enter (↵) button to exit the test.

Diagnosis and Repair

Step
 Action/

Meter
Setting

(+)  Lead (–)  Lead Expected  Results Step  Passed Step  Failed

1

Current
probe
(amp
clamp) on
phases U,
 V, and W 

N/A N/A  

Current must be
even on all phases
and ramp up as the
percentage increases.

Replace Lift
 Amplifier 

If current does not ramp to
one or two phases, test
cables to motor. If OK,
replace motor. If phases are
low or unequal, replace the
Lift Amplifier. If phases are
equal and high but motor
runs slow, check for
 binding. If not binding,
replace lift motor.
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Test O29 - Ramp Traction Motor

Publication:  1031794B,  Re-Issued:  7/14/06 6-101

Test O29 - Ramp Traction
Motor

 This test ramps the traction motor by gradually
increasing the command to the traction power
amplifier via the CAN bus. This test verifies that
the traction power amplifier can generate
current and drive the traction motor.

Running this test for an extended period
of time can cause damage to the traction
motor, power amplifier, or wiring.

The traction motor will rotate during this
test. Jack the drive wheel off the floor.
Use extreme care whenever the truck is
jacked up for any reason. Never block
the truck between the telescopic and the
floor. Use a suitable hoist to stabilize the
mast. Keep hands and feet clear from
beneath vehicle while jacking. Use jack
stands or solid blocks to support truck.
DO NOT rely on the jack alone. See
 Jacking on page 2-8.

For information on how to use Maintenance
Mode, refer to page 3-24.

Run test:

Step on the deadman pedal and run test.

 The requested rpm is displayed. Use the Up (▲)
 button to increase the rpm in increments of 25,
from 0 to a maximum of 1500 rpm.

 When the maximum requested rpm is reached,
press Down (▼) to reset the request to 0. Press
the Enter (↵) button to exit the test.

Diagnosis and Repair

Step
 Action/

Meter
Setting

(+)  Lead (–)  Lead Expected  Results Step  Passed Step  Failed

1

Current
probe
(amp
clamp) on
phases U,
 V, and W 

N/A N/A  

Current must be
even on all phases
and ramp up as the
percentage increases.

Replace
 Traction
 Amplifier 

If current does not ramp to
one or two phases, test
cables to motor. If OK,
replace motor. If phases are
low or unequal, replace the
 Traction Amplifier. If phases
are equal and high but
motor runs slow, check for
 binding. If not binding,
replace drive motor.
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Test O43 - Aux Load
Hold Solenoid (optional)

 This test toggles the Aux Load Hold Solenoid
OFF and ON, verifying its correct operation
electrically.

 A successful test proves that the Aux Load Hold
Solenoid coil, coil driver, wiring, and related
circuitry in the VM are functioning correctly.

NOTE:  This test does not  prove that the Aux
Load Hold Solenoid valve is
mechanically functional.

For information on how to use
Maintenance Mode, refer to page 3-24.

Run test:

1. Turn the key switch OFF and disconnect
the battery connector.

2. Disconnect the wire from the Aux Load
Hold Solenoid coil at AUX L/H SOL-X.

3. Connect a digital ammeter in series with
the Aux Load Hold Solenoid: (–) lead to

 AUX L/H SOL-X terminal, (+) lead to the
removed wire.

4. Reconnect the battery connector and turn
the key switch ON. Run test and observe
the following results.

If the above results are not observed, the
test has failed.

5. Turn the key switch OFF and disconnect
the battery connector. Remove the
ammeter from the circuit and reconnect
the wire.

 Ammeter
Reading

Operator
Display

0.0 to 0.02A  Off

1.0 to 2.0A  On

Diagnosis and Repair TBD

Step
 Action/

Meter Setting (+)  Lead (–)  Lead Expected Results Step Passed Step Failed

1

 JPT18 and
 JPF2

disconnected
/Ohms

 JPT18-12 JPF2-3 Approx. 38 ohms Perform Step 2
 T/S wires and
coil

2 DCV   JPF2-3  TP4 B+ Replace VM
 T/S relays and
Fuse Relay
Card
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Component Locator Photos
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Figure 7-1. Model 5600 - Overall View 
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Figure 7-2. Operator Console 
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Figure 7-3. Hydraulic Compartment Components
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Section 7. Component Procedures

Steering and Controls
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Steer Motor/Gearbox 

Encoder Bearing Replacement
NOTE: Replace the shaft seal, the B side

 bearing, and the brushes while the
motor is apart.

1. Turn the key switch OFF and disconnect
the battery connector.

2. Remove the steer motor/gearbox.

3. Remove the B side end bell and brush
retainers. See Figure 7-7.

4. Remove the A side end bell bolts and pull
the end bell and rotor from the motor
housing. Push the wires and rubber
grommet out of the housing slot.

5. Loosen the two phillips head screws that
are used with the small clips to retain the

 bearing in the A side end bell.

6. Remove the A side end bell from the rotor.

7. Use a press to remove the old bearing.

New encoder bearings are mounted like
regular bearings except induction
heaters must not be used because they
demagnetize the encoder. Also, care
must be taken against ESD. See
page 2-7.

NOTE:  When pressing a bearing onto a shaft,
press on the inner race, never the outer
race.

8. Press on the new bearing and reassemble
the motor, Place a small amount of good
quality grease between the new bearing
and the shaft seal. Take care to not
damage the pinion gear in the end of the
motor shaft.

9. Torque the bolts holding the motor to the
gear reducer to approximately 85 in. lbs.
(9.9 N•m).

7

Figure 7-7. Steer Motor and Gearbox 
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Home Proximity Sensor
 Adjustment

1. Turn the key switch OFF and disconnect
the battery connector.

2. Loosen the two lock nuts securing the
sensor to the bracket. See Figure 7-8.

3. Adjust the vertical gap between the sensor
and the sensor rail to 0.060 +0.010/

 –0.040 in. (1.5 +0.254/–1.016 mm).
 Tighten the lock nuts.

4. Reconnect the battery connector and turn
the key switch ON.

5. Center the drive wheel. The sensor must
 be located horizontally just over the end of
the sensor rail.

7

Figure 7-8. Home Proximity Sensor 
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Control Handle

Removal
1. Turn the key switch OFF and disconnect

the battery connector.

2. Disconnect JPC9 and remove the Control
Handle from the truck.

NOTE: Observe orientation of switches/
potentiometers (pot) and routing of
cables/wires as the handle is
disassembled to make reassembly
easier.

Observe correct ESD precautions. See
Electrostatic Discharge Precautions on
page 2-7.

Before disassembly, determine what
components require replacement:

• Lift/Lower Pot, Spring, and/or Horn
Switch

• Travel  Pot  

• Travel Spring and/or Pinion

• Lift/Lower Knob

Disassembly 
1. Remove the two 3/32 socket head nylon

set screws in the lift/lower knob (thumb
lever). If stripped, use a small 1/8 in.
(3.2mm) blade flat screwdriver and
carefully back out the set screw.

2. Loosen the two metal set screws in the
lift/lower knob two full turns and remove
the lift/lower knob.

NOTE: Carefully slide the two fiber washers,
lift/lower spring, and third fiber washer
off of the lift pot shaft. See Figure 7-9.

3. Remove the three 3 mm socket head cap
screws from the handle assembly. See
Figures 7-10 and 7-11. Separate the cover
from the handle.

7

Figure 7-9. Spacer Washer and L/L Spring Removal 

7

Figure 7-10. Cover Retaining Screws - Bottom

7

Figure 7-11. Cover Retaining Screw - Top 
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Lift/Lower Potentiometer and Spring
Replacement

NOTE: Before sliding the potentiometer (pot)
 bracket off the pot shaft, identify what
slot in the pot bracket is used to hold
the pot anti-rotate tab. The anti-rotate
tab must be located in the slot furthest
from the pin in the pot bracket.

1. Remove the lift/lower pot and bracket
from the cover. See Figure 7-12.

NOTE:  The button, pin, and spring can easily
slide apart. Identify the correct position
of these components before
disassembly.

2. If replacing the pot, carefully remove heat
shrink tubing from the terminals. Identify
the wires so they can be installed in the
same location on the new pot.

3. Carefully unsolder the harness wires from
the lift/lower pot.

4. Carefully solder harness wires to the
correct terminals on the new lift/lower
pot. Refer to Hand Soldering Procedures
on page 7-17.

5. Slide lift/lower pot bracket onto the shaft.
Make sure the anti-rotation tab is inserted
into the correct slot on the bracket. See
Figure 7-12.

6. Press the lift/lower pot and bracket into
the handle cover. Make sure the key on the

 bracket engages the keyway in the handle
cover.

Horn Switch Replacement

1. Disconnect the horn switch connector. See
Figure 7-13.

2. Remove plastic nut and internal tooth
 washer securing horn switch.

3. Install new horn switch assembly into the
handle cover. Install internal tooth washer
and plastic nut.

 Assembly 
1. Make sure all wires are routed correctly.

 Tuck the common ground wire into handle
 between the bottom of the potentiometer
and the screw boss to prevent the wire
from being pinched or interfering with the
horn button.

2. Install the cover onto the handle assembly
 with the three socket head cap screws.
 Torque to 15-20 in. lb. (1.7-2.25 N•m).

3. Install a fiber washer and lift/lower spring
(lightly greased with P/N 990-635) on the
lift/lower pot shaft. Install the spring with
the tangs straddling the pot bracket pin.
See Figure 7-9.

NOTE: Replace the spring if the tangs are not
parallel. Do not bend the spring.

4. Install the two remaining fiber washers.

5. Install the lift/lower knob. See “Lift/Lower
Knob Installation/Adjustment” on
page 7-16.

7

Figure 7-12. Anti-Rotate Tab 
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Figure 7-13. Horn Switch Removal 
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Travel Pot (VR1) Replacement
1. Remove the four hex head cap screws from

the front of the travel pot enclosure and
remove cover. See Figure 7-14.

2. Remove the two pan head machine screws
from the back of the enclosure. Carefully
pull the travel pot/bracket assembly from
the enclosure. See Figures 7-15 and 7-16.

3. Loosen the set screw on the gear two full
turns and slide the gear off the shaft. See
Figure 7-17.

4. Remove retaining nut and lock washer
from pot and separate from the bracket.
See Figure 7-17.

5. Carefully remove heat shrink tubing from
the terminals and identify the wires so
they can be installed in the same location
on the new pot.

6. Carefully unsolder the harness wires.

7. Slide 3/8 in. (9.5 mm) long shrink sleeving
over previously sleeved wires.

8. Solder all electrical components to the
harness. See “Hand Soldering Procedures”
on page 7-17.

9. Shrink sleeving as necessary.

10. Assemble pot and bracket and install
retaining nut and lock washer. When
installing the travel pot into the bracket,
leave the mounting nut finger tight. See
Figure 7-17.

11. Install the gear on the pot shaft, aligning
the set screw with the flat portion of the
shaft.

12. Install the travel pot/bracket assembly
into the enclosure. Engage the travel pot
gear with the shaft gear (there is one large
tooth that is used to align the gears).

 Tighten the pot gear set screw and torque
to 3 to 4 in. lb. (0.3 to 0.4 N•m).

7

Figure 7-14. Travel Pot Cover Removal 

7

Figure 7-15. Travel Pot Bracket Screws

7

Figure 7-16. Travel Pot Enclosure (Cover Removed)
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Figure 7-17. Travel Pot/Bracket Disassembly 
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It is very easy to over torque and ruinIt is very easy to over torque and ruin
the gear.the gear.

13.13. Tighten Tighten the tthe two pwo pan han head mead machinachine scree screwsws
on the back of the enclosure while movingon the back of the enclosure while moving
the handle to ensure there is no binding.the handle to ensure there is no binding.
SeeSee FigFigururee 7-7-1515..

14.14. InsInstaltall the hal the handlndle in the in the truce truck.k.

15.15. AdjAdjust tust the the travravel poel pot. Rt. Runun Test A04 - Test A04 -
 Throttle  Throttle Potentiometer VPotentiometer Voltage oltage (Page(Page 6-32)6-32)
and adjust the travel pot voltages to theand adjust the travel pot voltages to the

 values given. values given.

16.16. TighTighten ten the the retretainaining ing nutnut..

17.17. InsInstaltall the col the cover over on the trn the traveavel potl pot
enclosure with the four hex head capenclosure with the four hex head cap
screws. Seescrews. See FiFigurguree 7-7-1414..

1818.. RuRun Len Leararn. n. SeSeee “Learn Mode” on“Learn Mode” on
papagege 3-3-1919..

Travel Spring and PinionTravel Spring and Pinion

Disassembly Disassembly 

1.1. Remove Remove the fthe four our hex hhex head cead cap sap screws crews fromfrom
the front of the travel pot enclosure andthe front of the travel pot enclosure and
remove cover. Seeremove cover. See FigFigururee 7-7-1414..

2.2. Use a Use a pin rpin removal emoval tool atool and pulnd pull pinl pins 3 thrs 3 thruu
6 from JC-9. These wires pass through the6 from JC-9. These wires pass through the
shaft to the lift/lower pot and horn sshaft to the lift/lower pot and horn switch.witch.

NNOTEOTE::  The washer  The washer and shims and shims can easily can easily slip offslip off
the shaft gear. Observe the correctthe shaft gear. Observe the correct
position of these components beforeposition of these components before
disassembling them.disassembling them.

3.3. RemRemove thove the butte button heon head scrad screw frew from theom the
shaft gear and slide shaft out of enclosure.shaft gear and slide shaft out of enclosure.
SeeSee FigFigururee 7-7-1616..

4.4. CarefCarefully ully rotate rotate the shthe shaft gaft gear aear assembly ssembly toto
disengage the spring tangs from the pin.disengage the spring tangs from the pin.
Remove the shaft gear assembly from theRemove the shaft gear assembly from the
enclosure.enclosure.

 Assembly  Assembly 

1.1. Slide Slide the sthe shaft haft gear gear assembassembly baly back inck intoto
enclosure. Engage the travel pot enclosure. Engage the travel pot gear withgear with
the shaft gear (there is one large tooth thatthe shaft gear (there is one large tooth that
is used to align the gears).is used to align the gears).

a.a. Make sMake sure the ure the spring spring tangs tangs stradstraddle thedle the
pin (tangs must be parallel). If thepin (tangs must be parallel). If the
spirol pins were replaced, make surespirol pins were replaced, make sure
they are installed such that when thethey are installed such that when the
spring is installed, the spring sits on anspring is installed, the spring sits on an
even edge of the pin even edge of the pin and not on the gap.and not on the gap.

NNOTEOTE:: Replace the spring if the tangs are notReplace the spring if the tangs are not
parallel.parallel. Do notDo not bend the spring. bend the spring.

 b. b. Make sure the washer and shims areMake sure the washer and shims are
correctly aligned to allow the handlecorrectly aligned to allow the handle
shaft to slide easily through theshaft to slide easily through the
enclosure. Seeenclosure. See FigFigururee 7-7-1818..

2.2. RouRoute the lite the lift/ft/lowlower pot aner pot and horn wid horn wiresres
through the enclosure. Carefully slide thethrough the enclosure. Carefully slide the
shaft through the enclosure, passingshaft through the enclosure, passing
through the shaft through the shaft gear assembly, washer,gear assembly, washer,
and shims.and shims.

3.3. Align Align the scthe screw hrew hole in ole in the hthe handle andle shaftshaft
 with the hole in the shaft  with the hole in the shaft gear. gear. ApplyApply
thread-locking compound (P/N 990-412)thread-locking compound (P/N 990-412)
to the threads in the shaft and on theto the threads in the shaft and on the

 button head screw. Install the screw and button head screw. Install the screw and
torque to 8 to 1torque to 8 to 122 in. lb. (0in. lb. (0.9 to 1.3 N.9 to 1.3 N•m).•m).

4.4. ReinstReinstall thall the wire e wire pins pins into tinto the conhe connectornector..

77

FiguFigure 7-1re 7-18.8. TraTravel Povel Pot/Brat/Bracket cket AsseAssembly Imbly Instalnstallatilationon

 Washers/Shims Washers/Shims
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5.5. InsInspect tpect the tahe tab on thb on the plate plate groe ground tund too
ensure that it is in contact with the bronzeensure that it is in contact with the bronze
handle shaft bushing. Seehandle shaft bushing. See FigFigureure 7-17-199..

6.6. InsInstaltall the col the cover on tver on the trhe traveavel potl pot
enclosure with the four hex head capenclosure with the four hex head cap
screws. Seescrews. See FigFigureure 7-17-144..

Lift/Lower KnobLift/Lower Knob
Installation/AdjustmentInstallation/Adjustment

1.1. Rotate Rotate the the lift/llift/lower ower potentpotentiometer iometer shaftshaft
fully counterclockwise.fully counterclockwise.

2.2. InstalInstall the l the lift klift knob on nob on the pthe potentiotentiometerometer
shaft. The pin on the knob must fitshaft. The pin on the knob must fit

 between the tangs of the potentiometer between the tangs of the potentiometer
return spring.return spring.

3.3. RotRotate thate the lifte lift/lo/lower kwer knob fnob fullullyy
counterclockwise and tighten the metal setcounterclockwise and tighten the metal set
screws to 6 to 8 in. lb. (0.7 to 0.9 N•m).screws to 6 to 8 in. lb. (0.7 to 0.9 N•m).

4.4. CheCheck the pock the potententiomtiometeeter for corr for correctrect
operation and spring return to neutral.operation and spring return to neutral.
Correct any binding.Correct any binding.

5.5. InstalInstall and l and tighttighten twen two nylo nylon set on set screws screws onon
top of the metal set screws.top of the metal set screws.

6.6. VVerify erify the the potentpotentiometer iometer referenreferencece
 voltages. Refer to voltages. Refer to Test A05 - Lift/Lower Test A05 - Lift/Lower
PotentPotentiometer Viometer Voltage on pageoltage on page 6-336-33..

7.7. RuRun Ln Leaearnrn. S. Seeee “Learn Mode” on“Learn Mode” on
papagege 3-3-1919..

Cleaning and InspectionCleaning and Inspection

 When cleaning plastic parts, use a dry When cleaning plastic parts, use a dry
rag or a cleaner that is safe on plastics.rag or a cleaner that is safe on plastics.
Most chemicals can damage plastic.Most chemicals can damage plastic.

 While performing a repair on the Control While performing a repair on the Control
Handle, clean and inspect the parts listed inHandle, clean and inspect the parts listed in

 Table 7-1 Table 7-1..
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FiFigugure re 7-7-1919.. PlPlatate Ge Grorounund d 

Plate GroundPlate Ground

TTabable 7le 7-1-1.. CoContntrorol Hal Handndle Cle Cheheckckss

PPaarrtt CChheecck  k  ffoorr::

HHoorrn  n  bbuuttttoon  n  aasssseemmbbllyy CCrraacckks  s  oor  r  ddeeffoorrmmaattiioonn

LLififtt/l/lowoweer pr pot ot brbracackekett CCraraccksks, d, defeforormamatitionon, l, loooosse de dowowel el pipinn, o, ovver er rorounund od or or oveversrsiizezed sd shahaft ft hoholele

 Travel pot gear Travel pot gear Cracks, gear deformation, stripped threadsCracks, gear deformation, stripped threads

 Travel shaft gear assembly Travel shaft gear assembly Cracks, gear deformation, or loose spirol pinCracks, gear deformation, or loose spirol pin

 Travel pot enclosure Travel pot enclosure Cracks, loose spirol pin, stripped threads, deformation or indents onCracks, loose spirol pin, stripped threads, deformation or indents on
external stopsexternal stops

HHaannddlle  e  hhaallvveess CCrraacckkss,  ,  ddaammaagge  e  oor  r  ddeeffoorrmmaattiioonn//iinnddeenntts  s  oon  n  eexxtteerrnnaal  l  ssttooppss

LLiifftt//lloowweer  kr  knnoobb CCrraacckkss,  d,  deeffoorrmmaattiioonn,  s,  sttrriippppeed  td  thhrreeaaddss,  l,  loooosse  de  doowweel  pl  piinn

PPllaatte  e  ggrroouunndd CChheecck k  ffoor  r  ccoonnttiinnuuiitty  y  bbeettwweeeen n  tthhe  e  ccoonnttrrool  l  hhaannddlle  e  sshhaafft  t  aannd d  tthhe  e  ttrruucck k  ffrraammee

OOtthheer  r  hhaarrddwwaarree SSttrriippppeed  d  tthhrreeaaddss.  .  AAlll  l  ssccrreew  w  tthhrreeaadds  s  mmuusst  t  bbe  e  cclleeaanneedd..
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Hand Soldering ProceduresHand Soldering Procedures

 When hand soldering is performed on solid When hand soldering is performed on solid
state potentiometers, the following isstate potentiometers, the following is
recommended:recommended:

•• FFlluux - x - rroosisin n bbaassee

•• SolSolder der - - 60/60/40 40 rosrosin in corcore oe or er equiquivalvalent ent 

•• SoSoldlder er IrIron on - 5- 55 w5 watatt mt maxax..

•• Tip STip Size ize - 0- 0.11.118 in8 in. (. (3 mm3 mm) di) dia. a. x 1.x 1.182 182 in.in.
(30 mm) long screwdriver (30 mm) long screwdriver 

•• Tip TTip Tempempererataturure - 50e - 500°0°F (2F (26060°C°C) ma) max.x.

•• TerTermiminanal Col Contntacact Timt Time - 6 se - 6 secoecondnds mas max.x.

NNOTEOTE::  Apply light soldering iron pressure on Apply light soldering iron pressure on
the terminal. Make sure the tip is clean.the terminal. Make sure the tip is clean.

 A dirty tip does not transfer hea A dirty tip does not transfer heat well,t well,
therefore requiring longer dwell timetherefore requiring longer dwell time
and greater tip pressure.and greater tip pressure.

Contact contamination can occur ifContact contamination can occur if
cleaning solvent is allowed to entercleaning solvent is allowed to enter
switches or potentiometers.switches or potentiometers.

 After soldering, clean terminals with a brush After soldering, clean terminals with a brush
dampened with an alcohol based cleanerdampened with an alcohol based cleaner
(P/N(P/N 990-6990-600/FOF00/FOF). Make sure cleaner does). Make sure cleaner does
not seep into the electrical component.not seep into the electrical component.

NNOTEOTE:: Components damaged due to solventComponents damaged due to solvent
saturationsaturation will not will not  be covered under be covered under

 warranty. warranty.

InstallationInstallation
1.1. InstaInstall coll control ntrol handlhandle on e on truck. truck. ConneConnectct

 JPC9. JPC9.

2.2. ConConnecnect the grt the grounound wird wire to the te to the trucruckk
frame.frame.

3.3. ReconnReconnect tect the bhe batterattery cony connector nector and and turnturn
the key switch ON.the key switch ON.

4.4. PerfPerform Leaorm Learn Conrn Controtrols anls and test td test trucruckk
operation before returning to service. Seeoperation before returning to service. See
“Learn “Learn Mode” Mode” on pagon pagee 3-193-19..
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Deadman PedalDeadman Pedal

Switch ReplacementSwitch Replacement

 There are two deadman switches (S2 and  There are two deadman switches (S2 and S23).S23).

Trucks S/N 00100 thru 00133Trucks S/N 00100 thru 00133

1.1. Raise Raise operaoperator ptor platform latform high high enough enough (at(at
least 3 ft. [91.44 cm]) to access bottom ofleast 3 ft. [91.44 cm]) to access bottom of
deadman pedal from under platform.deadman pedal from under platform.

2.2. Block Block operatoperator plor platform atform with with a 4 a 4 in. x in. x 4 in.4 in.
(100 x 100 mm) wooden block.(100 x 100 mm) wooden block.

3.3. Turn thTurn the key swe key switch Oitch OFF and dFF and discoisconnennectct
the battery the battery connector.connector.

4.4. RemoRemove snve snap rap ring fing from brom bottottom ofom of
deadman pedal post. Seedeadman pedal post. See FigFigureure 7-27-200..

5.5. While While holdinholding thg the twe two reto return spurn springs rings inin
place, lift pedal straight up.place, lift pedal straight up.

 Removetwo Removetwo screwsmounting deadman swscrewsmounting deadman switch tobracket.itch tobracket.

6.6. RemoRemove two scve two screwrews mouns mountinting deadg deadmanman
switch to bracket.switch to bracket.

7.7. DiscDisconnonnect wect wires ires frofrom deam deadmadmann
switch(es). Note location and mark ifswitch(es). Note location and mark if
necessary for recognition necessary for recognition later.later.

8.8. RepReplaclace bae bad swd switchitch(es(es). S). Seeee FigFigururee 7-7-2121..

9.9. ReReconconnenect ct wiwireres.s.

10.10. AligAlign wan washershers wis with hth holesoles..

11.11. While While holdiholding tng the twhe two reto return spurn springs rings inin
place, install pedal assembly. Seeplace, install pedal assembly. See
FiFigugurere 7-7-2121..

12.12. InstalInstall snal snap rinp ring on g on bottom bottom of deof deadmanadman
pedal post.pedal post.

13.13. ReconnReconnect tect the bahe battery ttery connecconnector ator and tnd turnurn
the key switch ON. Test truck operationthe key switch ON. Test truck operation

 before returning to service. before returning to service.

Trucks S/N 00134 and HigherTrucks S/N 00134 and Higher

1.1. Raise Raise operaoperator ptor platfolatform higrm high enh enough ough (at(at
least 3 feet [91.44 cm]) to access bottom ofleast 3 feet [91.44 cm]) to access bottom of
deadman pedal from under platform.deadman pedal from under platform.

2.2. Block Block operaoperator ptor platform latform with with a 4 ia 4 in. x 4 n. x 4 in.in.
(100 x 100 mm) wooden block.(100 x 100 mm) wooden block.

3.3. Turn thTurn the key swie key switch OFtch OFF and diF and disconsconnectnect
the battery the battery connector.connector.

71447_019.tif 71447_019.tif 

FigurFigure 7-e 7-20.20. DeadDeadman man PedaPedal Pl Post ost UndeUnder Plr Platfoatformrm

DeadmanDeadman
Pedal PostPedal Post

77k10131s77k10131s

FiFigurgure 7-21e 7-21.. DeDeadmadman Pean Pedadal Coml Componponententss

ReturnReturn
Springs (2)Springs (2)

DeadmanDeadman
PedalPedal

DeadmanDeadman
SwitchesSwitches

 Washers (2) Washers (2)
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4.4. RemoRemove the tve the threhree lock ne lock nuts anuts and wasd washerherss
that secure the deadman pedal assemblythat secure the deadman pedal assembly
to the operator platform. Seeto the operator platform. See FigFigureure 7-27-222..

5.5. RemRemove thove the two sce two screwrews mouns mountinting theg the
deadman switch(es) to the bracket.deadman switch(es) to the bracket.

6.6. DisDisconconnecnect wiret wires from swis from switchtch(es)(es). Note. Note
location and mark if necessary forlocation and mark if necessary for
recondition later.recondition later.

7.7. RepReplaclace e bad bad swiswitchtch(es)(es)..

8.8. ReReconconnenect ct wiwireres.s.

9.9. AliAlign pegn pedal adal assessembly wmbly with hith holes ioles inn
platform.platform.

10.10. InstaInstall wall washer asher and locnd lock nut k nut on boton bottom oftom of
each deadman pedal assembly post.each deadman pedal assembly post. SeeSee
FigFigureure 7-27-22.2.

11.11. ReconnReconnect tect the bhe battery attery connecconnector tor and and turnturn
the key switch ON. Test truck operationthe key switch ON. Test truck operation

 before returning to service. before returning to service.

77k10131s77k10131s

FigurFigure 7-e 7-22.22. DeaDeadmadman Locn Lock Nuk Nuts ats and Wnd Washeashersrs
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Emergency Power OffEmergency Power Off
SwitchSwitch

RemovalRemoval
1.1. Turn tTurn the kehe key swity switch OFch OFF and dF and discoisconnennectct

the battery the battery connector.connector.

2.2. RemRemove opove operaerator cotor consonsole covle coverer..

3.3. DisconnDisconnect wect wires ires EPO-EPO-1 an1 and EPd EPO-2 O-2 fromfrom
 back of EPO switch. See back of EPO switch. See FigFigururee 7-7-2323..

4.4. LoosLoosen twen two screo screws on baws on backsckside of Eide of EPOPO
switch.switch.

5.5. Hold lHold lower ower half half of swof switch, itch, push push in anin andd
rotate top half 90° counterclockwise torotate top half 90° counterclockwise to
unlock halves of EPO switch.unlock halves of EPO switch.

NNOTEOTE::  The switch may be hard to turn. The switch may be hard to turn.

6.6. Lift Lift top htop half alf of Eof EPO swPO switch itch from from bezel.bezel.

InstallationInstallation
1.1. Insert Insert lower lower portioportion of n of EPO sEPO switch witch in itin itss

hole in bezel.hole in bezel.

2.2. Slide Slide upper upper half half of EPof EPO swiO switch ovetch over lowr lowerer
half until it is seated. Rotate top half 90°half until it is seated. Rotate top half 90°
clockwise to lock.clockwise to lock.

3.3. TighTighten scten screwrews on backs on backsidside of EPO swie of EPO switchtch..

4.4. ReRe-c-cononnenect ct wiwireres.s.

5.5. InsInstaltall operl operatoator consr console covole coverer..

6.6. ReconnReconnect tect the bhe battery attery connecconnector ator and tnd turnurn
the key switch ON. Test truck operationthe key switch ON. Test truck operation

 before returning truck to service. before returning truck to service.

71447_071447_0

FiFigugure re 7-7-2323.. EPEPO O SwSwititchch

EPO SwitchEPO Switch
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Drive Motor

Refer to AC Motor Service on page 7-68 for drive
motor temperature sensor and encoder bearing
replacement procedures.

Removal/Installation
1. Turn the key switch OFF and disconnect

the battery connector.

2. Remove brake assembly including the
rotor hub nut and rotor hub. See
Figure 7-24. Note the number of spacers
used.

3. Identify and remove power cables from
drive motor.

4. Remove the drive motor retaining screws.

5. Remove the drive motor.

6. For reassembly, reverse steps 1 thru 5
noting the following:

• Clean motor mounting flange and drive
unit. Install a new gasket.

• Clean screws. Apply thread-locking
compound (P/N 990-536) to screws and
torque equally to 13 ft. lb. (18 N•m).

• Torque the power cable nuts to 18 ft. lb.
(24.4 N•m). See Terminal Hardware on
page 7-66.

• Check brake adjustment. See Brake
 Adjustment on page 7-54.

7. If the pinion on the drive motor needs to
 be installed:

a. Clean threads using thread-locking
compound primer (P/N 990-533).

 b. Install key and gear.

c. Apply thread-locking compound
(P/N 990-462) to threads.

d. Torque nut to 85 ft. lb. (115 N•m).

7

Figure 7-24. Drive Motor 

Brake Assembly Brake Assembly 
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Drive Unit - Standard

Pivot Ring Inspection

 The fit of pivot ring bearings in the drive unit is
such that some play is expected. However, as
the rings wear, the play may increase. If the
play is permitted to become extreme, it will

 become quite noticeable in the drive unit.

If worn rings are suspected as the cause of
excessive play in the drive unit, inspect the
drive housing to determine if the bearing radial
rings must be replaced:

1. Jack the tractor of the truck up just
enough to permit the drive tire to clear the
floor.

Use extreme care whenever the truck is
jacked up. Keep hands and feet clear
from vehicle while jacking the truck.
 After the truck is jacked, place solid
blocks beneath it to support it. Do not 
rely on the jack alone to support the
truck.

2. Place a magnetic base dial indicator on the
deck plate and position the indicator point
on top of the drive unit top cover.

3. Adjust the dial indicator to zero then lower
the truck to the floor.

4. Note the new indicator reading. If the
reading is 0.089 in. (2.26 mm) or less the
radial rings do not  have to be replaced. If
the reading exceeds 0.089 in. (2.26 mm)
the rings must be replaced. If the reading
is between 0.055 and 0.089 in. (1.4 and
2.26 mm) the bearing rings must be
checked during future scheduled
maintenance visits.

Drive Unit Removal
1. Turn the key switch OFF and disconnect

the battery connector.

2. Remove the bumper gate. See Figure 7-25.

3. If the truck is wire guided, remove the
sensor mounted on the backside of the

 bumper gate.

4. If the drive tire is to be removed, loosen the
lug nuts.

5. Remove the proximity sensor and
associated hardware on the drive unit
casting.

6. Remove drive motor. See Drive Motor on
page 7-22.

NOTE: If the drive unit is the only item
requiring service, separating the brake
assembly from the drive motor is not
necessary.

Use extreme care whenever the truck is
jacked up for any reason. Never block
the truck between the telescopic and the
floor. Use a suitable hoist to stabilize the
mast. Keep hands and feet clear from
beneath vehicle while jacking. Use jack
stands or solid blocks to support truck.
DO NOT rely on the jack alone. See
 Jacking on page 2-8.

7. Jack and block the tractor so the drive tire
is off the floor.

8. Drain oil from drive unit.

9. Unbolt the lift/lower manifold from the
drive unit casting.

7

Figure 7-25. Removing Drive Unit 

Bumper Gate
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10. Remove the steering motor/gear reducer
assembly.

11. Remove cap screws holding the drive unit
assembly to the tractor.

12. Lift drive unit out of tractor frame using a
suitable lifting device.

13. Clean the outside of the drive unit
thoroughly and drain any remaining oil
from the drive unit by removing the drain
plug.

14. Visually inspect the outside of the housing
for damage, wear, or cracks. Pay particular
attention to the area where hub wear may

 be evident.

Pivot Ring Disassembly 
1. Remove the bearing filler plug screws

using a 1/2 in. socket. See Figure 7-27.

2. Remove the bearing filler plug with grease
fitting.

3. Remove the steel balls through the bearing
filler plug hole. To work the steel balls
forward, insert a putty knife between the
pivot ring and the housing. See
Figure 7-28. Use care to prevent damaging
the radial rings. Move the pivot ring
slightly from side to side while working the
putty knife toward the bearing filler plug
hole.

NOTE: If the pivot ring will not spin or even
turn, it is an indication of damaged
radial rings and/or excessive wear to the
channel in the housing. If this is the
case, replace the entire drive unit. No
further disassembly is necessary.

4. After removing all the steel balls, remove
the pivot ring by lifting it off, toward the
drive end of the housing. See Figure 7-29.

71826_006.tif 

Figure 7-26. Inspect Housing for Hub Wear 

71826_011.tif 

Figure 7-27. Bearing Filler Plug Screws Removal 

1826_014.tif 

Figure 7-28. Remove Steel Ball Bearings

71826_015.tif 

Figure 7-29. Pivot Ring Removal 
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the dial indicator probe perpendicular to
the gear tooth surface.

3. Zero the indicator. Clasp the bottom of the
gear and rotate it. Read the backlash
measurement on the dial indicator. Total
 backlash tolerance is between 0.004
and 0.006 in.

4. If the tolerance is not within the
acceptable limits, calculate any necessary
adjustments to the shims. Remove the
clamp nut, axle assembly, and bevel gear.
Install the correct amount of shims, and
repeat Steps 3 and 4 of “Housing Bearing
Cup and Shim Assembly” procedure on
page 7-33.

Repeat steps 1 thru 3 of this procedure
until the backlash is between 0.004 and
0.006.

5. When backlash is within the acceptable
range, install the pivot ring.

Pivot Ring Assembly 

1. Place a light coating of thread-locking
compound (P/N 990-544) in the hole on
the pivot ring assembly.

2. Line up the grease fitting hole with the
grease fitting port. See Figure 7-86.

3. Install the spherical bearing using a mallet
or press. See Figure 7-87.

4. Install the grease fitting in the pivot ring
assembly using a grease fitting driver and a
mallet or press. See Figure 7-88.

7dial.tif 

Figure 7-84. Dial Indicator Position

7backlsh.tif 

Figure 7-85. Measure Backlash

71826_111.tif 

Figure 7-86. Spherical Bearing Alignment 

71826_112.tif 

Figure 7-87. Install Spherical Bearing
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5. On the inside of the pivot ring, make sure
the roll pins are installed and in good
condition on either side of the bearing filler
plug hole. If they are missing or damaged,
install new roll pins. See Figure 7-89.

6. Install the radial rings so that the gap
aligns with the bearing hole. Install the flat
radial ring on the inside flat surface of the
pivot ring. Then install the chamfered radial
rings to the pivot ring. The chamfered edges

 will face the steel balls. The ends of the
radial ring are against the roll pins. See
Figure 7-90.

7. Install the brass bushing using a mallet or
press. See Figure 7-91.

Drive Unit Assembly 

1. Install the radial rings on the housing.
Stagger the ends of the rings around the
housing so the gaps are not aligned. The

 beveled edges will face the steel balls. See
Figure 7-92.

71826_113.tif 

Figure 7-88. Grease Fitting Installation

71018_035.tif 

Figure 7-89. Roll Pin Installation

Pivot Ring

Roll Pin

71018_036.tif 

Figure 7-90. Radial Ring Installation

71826_125.tif 

Figure 7-91. Brass Bushing Installation

Radial Rings
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2. Install the pivot ring assembly to the
housing. The spherical bearing should face
the spur gear. See Figure 7-93.

3. Place one steel ball at a time into the pivot
ring filler hole. Use a screwdriver to direct
the steel balls first to one side then the
other. See Figure 7-94.

NOTE: Count the steel balls as they are
inserted in the pivot ring assembly for
correct pivot ring operation. The drive
unit requires 65 balls. Too many balls

 will cause binding and too few balls will
cause excessive motion.

\

4. Place the bearing filler plug in the filler
hole. The grease fitting should face the
spur gear.

Excessive thread-locking compound will
damage the ball bearings and pivot
ring. Use thread-locking compound
sparingly.

5. Apply thread-locking compound
(P/N 990-536) sparingly to the filler plug

 bolts. Install the bolts and flat washers on
each side of the grease fitting. Tighten to
20 ft. lbs. (27 N•m). See Figure 7-96.

71826_116.tif 

Figure 7-92. Radial Ring Installation on Housing

71826_117.tif 

Figure 7-93. Pivot Ring Installation

71018_038.tif 

Figure 7-94. Ball Bearing Installation

71826_119.tif 

Figure 7-95. Bearing Filler Plug Installation
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6. Grease and then test the pivot ring. Check
to see that it spins freely.

Housing Cover Installation

1. Clean the cover mating surface. Apply
gasket compound (P/N 990-443) to the
surface where the cover contacts the
housing. See Figure 7-97.

2. Install the cover bolts. Torque to 20 ft. lbs.
(27 N•m). See Figure 7-98.

3. Apply thread-locking compound
(P/N 990-626) to the drain plug.

4. Install the drain plug in the cover plate.
 Torque to 15 ft. lbs. (20 N•m).

71826_121.tif 

Figure 7-96. Filler Plug Bolt Installation

71826_123.tif 

Figure 7-97. Apply Gasket Compound 

71826_124.tif 

Figure 7-98. Tighten Cover Bolts
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Drive Unit - Heavy Duty 

Pivot Ring Inspection

 The fit of pivot ring bearings in the drive unit is
such that some play is expected. However, as
the radial rings wear, the play may increase. If
the play is permitted to become extreme, it will

 become quite noticeable in the drive unit.

If worn rings are suspected as the cause of
excessive play in the drive unit, inspect the
drive housing to determine if the bearing radial
rings must be replaced:

1. Jack the tractor of the truck up just
enough to permit the drive tire to clear the
floor.

Use extreme care whenever the truck is
jacked up. Keep hands and feet clear
from vehicle while jacking the truck.
 After the truck is jacked, place solid
blocks beneath it to support it. Do not 
rely on the jack alone to support the
truck.

2. Place a magnetic base dial indicator on the
deck plate and position the indicator point
on top of the drive unit top cover.

3. Adjust the dial indicator to zero then lower
the truck to the floor.

4. Note the new indicator reading. If the
reading is 0.089 in. (2.26 mm) or less the
radial rings do not  have to be replaced. If
the reading exceeds 0.089 in. (2.26 mm)
the rings must be replaced. If the reading
is between 0.055 and 0.089 in. (1.4 and
2.26 mm) the bearing rings must be
checked during future scheduled
maintenance visits.

Drive Unit Removal
1. Turn the key switch OFF and disconnect

the battery connector.

2. Remove the bumper gate. See Figure 7-99.

3. If the truck is wire guided, remove the
sensor mounted on the backside of the

 bumper gate.

4. If the drive tire is to be removed, loosen the
lug nuts.

5. Remove the proximity sensor and
associated hardware on the drive unit
casting.

6. Remove drive motor. See Drive Motor on
page 7-22.

NOTE: If the drive unit is the only item
requiring service, separating the brake
assembly from the drive motor is not
necessary.

Use extreme care whenever the truck is
jacked up for any reason. Never block
the truck between the telescopic and the
floor. Use a suitable hoist to stabilize the
mast. Keep hands and feet clear from
beneath vehicle while jacking. Use jack
stands or solid blocks to support truck.
DO NOT rely on the jack alone. See
 Jacking on page 2-8.

7. Jack and block the tractor so the drive tire
is off the floor.

8. Drain oil from drive unit.

9. Unbolt the lift/lower manifold from the
drive unit casting.

7

Figure 7-99. Removing Drive Unit 

Bumper Gate
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10. Remove the steering motor/gear reducer
assembly.

11. Remove cap screws holding the drive unit
assembly to the tractor.

12. Lift drive unit out of tractor frame using a
suitable lifting device.

13. Clean the outside of the drive unit
thoroughly and drain any remaining oil
from the drive unit by removing the drain
plug.

14. Visually inspect the outside of the housing
for damage, wear or cracks.

Pivot Ring Disassembly 
1. On the pivot ring, remove the grease fitting

and the bearing filler plug. Inspect the
 bearing filler plug hole for uneven wear.
See Figure 7-100.

2. Turn the pivot ring to remove the steel balls
through the bearing filler plug hole. See
Figure 7-101.

NOTE: If the pivot ring will not spin or even
turn, it is an indication of damaged
radial rings and/or excessive wear to the
channel in housing. If this is the case,
replace the entire drive unit. No further
disassembly is necessary.

3. After removing all the steel balls, remove
the pivot ring by working it off toward drive
end of the housing. See Figure 7-102.

4. Remove the radial rings from the channel in
the housing and inside the pivot ring. See
Figure 7-103.

71018_003.tif 

Figure 7-100. Grease Fitting and Filler Plug Removal 

Bearing Filler
Plug

Pivot Ring

71018_002.tif 

Figure 7-101. Remove Steel Ball Bearings

71018_004.tif 

Figure 7-102. Pivot Ring Removal 

71018_001.tif

Figure 7-103. Radial Ring Removal 

Radial Rings
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5. Remove the roll pins and grease fittings
from the pivot ring to ensure thorough
cleaning.

Due to normal or excessive wear, the
edges of the radial rings could be very
sharp.

6. Clean the grease from the radial ring
channel in the housing. Inspect the
channel for uneven wear. Also clean and
inspect the inside of the pivot ring.

Main Cover and Output Shaft
Disassembly 

1. Visually inspect the housing around the
main cover for wear outside the cover

 bolts.

NOTE: Excessive housing wear outside the
cover bolts can make them difficult to
remove. If this occurs, replace the entire
drive unit. No further disassembly is
necessary.

2. Remove the main cover bolts.

3. Using a mallet, knock the flanged output
shaft to break the seal on the main cover.

4. Remove the main cover and output shaft
assembly. See Figure 7-104.

5. A press and 8 in. x 6 in. tube are required
to remove the bearing cup on the end of
the output shaft.

 Always watch for pinch points when
using a press or pressing tools.

Safety glasses are required after this
point in disassembly.

6. Place the main cover assembly, gear side
down, on the tube under press. Press the
output shaft down slightly to create a
space between the bevel gear and the
output bearing spacer. See Figure 7-105.

7. Tighten a bearing puller clamp under the
lip of the output bearing spacer, being
careful not to catch the exterior retaining
ring. See Figure 7-106.

8. Place the main cover assembly, gear side
up, on a 12 in. x 6 in. tube so the bearing
puller clamp is resting on the tube. Press

71018_005.tif 

Figure 7-104. Cover and Output Shaft Removal 

Main Cover

71018_010.tif 

Figure 7-105. Press Down Output Shaft 

71018_010.tif 

Figure 7-106. Bearing Puller Clamp Installation

Output Shaft

Bevel Gear
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out the flanged output shaft and the
output bearing spacer.

9. Remove the exterior retaining ring.

10. To remove the bevel gear, support the
main cover assembly on an 8 in. x 6 in.
tube under press. Press the output shaft
down through the bevel gear. The bearing
cone is removed at the same time. See
Figure 7-107.

11. Remove the bearing cup from the main
cover with a race driver and pry bars.

12. Remove the lip seal from the main cover.
See Figure 7-108.

13. Remove the output shaft bearing cone in
the base of the housing using two pry

 bars. Insert the pry bars under the bottom
edge of the cone on opposite sides. Apply
even pressure on both tools to lift the cone
out. See Figure 7-109.

14. Remove the shims from the housing bore.
Save shims for reference only, as they are
usually damaged when removing the

 bearing cone.

15. Remove the cover shims. Save the shims
for reference only.

Spiral Pinion Disassembly 
NOTE:  The spiral pinion and bevel gear are a

matched set. Their alignment is critical.
Do not replace them separately.

1. Loosen the set screw on the clamp nut on
the spiral pinion gear shaft. Using Tool
761-870/T03, remove the clamp nut. See
Figure 7-110.

2. Using a brass punch and hammer, drive
the spiral pinion gear shaft out of the
housing. See Figure 7-111.

71018_012.tif 

Figure 7-107. Bevel Gear Removal 

71018_003.tif 

Figure 7-108. Bearing Cup and Lip Seal Removal 

Output Shaft

Lip Seal

71018_009.tif 

Figure 7-109. Output Shaft Bearing Cone Removal 

71018_006.tif 

Figure 7-110. Clamp Nut Removal 

Output Bearing
Cone

Clamp Nut
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Brake

 The brake assembly is mounted on top of the
drive motor. The brake is spring applied and
electrically released. The brake can be manually
released by installing the brake release bolts.
See Figure 7-137.

 When brake release bolts are used,
make sure they are removed before the
truck is returned to service. If the bolts
are not removed, the brake will not
 work correctly.

Brake Adjustment

Inspect the brake gap inspections on a regular
schedule.

Use extreme care whenever the truck is
jacked up for any reason. Never block
the truck between the telescopic and the
floor. Use a suitable hoist to stabilize the
mast. Keep hands and feet clear from
beneath vehicle while jacking. Use jack
stands or solid blocks to support truck.
DO NOT rely on the jack alone. See
 Jacking on page 2-8.

1. Jack and block the tractor so the drive tire
is off the floor.

2. With the brake de-energized (fully applied),
use a feeler gauge to measure the total
gap. See Figure 7-137.

3. Take measurements at three
equally-spaced locations around the
armature disk. The total gap must be
0.010 to 0.015 in. (0.25 to 0.38 mm). The
gap must be uniform all the way around
the armature disk. Brake wear is indicated
if the total gap is greater than 0.015 in.
(0.38 mm).

NOTE: Different thickness shims and spacers
are available to maintain correct brake
gap.

4. Add/remove shims as necessary to achieve
the correct gap.

7

Figure 7-137. Brake Assembly Components

Shims (can be

located above or

below the spacer)

Compression Spring (Qty. 8) Brake Release Bolt
(Qty. 2)
normally stowed on frame

Brake Coil Assy 

Total Gap

Brake Assy Mtg
Bolt (Qty. 3)

Mounting
Plate

Brake Rotor
(wearable mat’l)

 Assy 
Screw (Qty. 3)

 Armature
Disk 

Spacer
(Qty. 3)
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Brake Rotor Replacement

Replace the rotor if worn to a thickness of
0.236 in. (6 mm) or less.

Removal/Disassembly 

1. Turn the key switch OFF and disconnect
the battery connector.

2. Remove the covers from the power section.

3. Disconnect the electrical cable to the
 brake assembly.

4. Remove the three screws that secure the
 brake to the drive unit.

5. Remove the cable support.

6. Lift the brake unit up and off the drive
unit. Take the assembly to a workbench.

 You will need the brake release screws
located on the tractor.

7. Insert the brake release screws into the
 brake assembly. Tighten the two brake
release screws to release the brake
completely.

8. Remove one of the three screws that hold
the brake assembly together. Use care not
to lose any shims that may be used.

9. Slide the rotor out of the assembly.

 Assembly/Installation

1. Slide the new rotor into the assembly. The
rotor is positioned between the armature
disk and the brake mounting plate. See
Figures 7-138 and 7-139.

2. Install the one assembly screw removed to
replace the rotor. Make sure to install any
spacers removed. Torque the three M6
screws that secure the coil to the assembly
to 9 ft. lb. (12 N•m) with the threads
lubricated.

3. Carefully center the rotor within the
assembly and remove the brake release

 bolts.

4. Measure the total gap as shown below. The
total gap must be between 0.010 in.
(0.25 mm) and 0.015 in. (0.38 mm). If the
gap is not within tolerance, add or remove
shims and/or spacers as necessary.
Different thickness shims and spacers are
available.

If the total gap exceeds 0.015 in.
(0.38 mm), brake release problems will
result particularly when the brake is hot
and/or the battery is low.

7

Figure 7-138. Installing Brake Rotor 

Shims (can be located above
or below the spacer)

Brake Release Bolt (Qty. 2)
normally stowed on tractor frame

Total Gap

Mounting Plate Brake Rotor Armature Disk Spacers
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5. After the correct gap is achieved, torque
the assembly screws as specified in step 2.

6. Inspect the splines on the rotor hub (on
the drive motor). If the splines on the rotor
hub have excessive wear, replace the hub

 before proceeding. Using a rotor hub with
 worn splines may cause rotor damage
 when the truck is driven.

7. Carefully install the brake assembly on the
drive motor. It is critical that the splines
on the rotor are not damaged during
assembly.

Damaging the splines on the brake rotor
may cause brake failure.

8. Install the cable clamp that holds the
power cables on the drive motor.

9. Secure the brake assembly to the drive
motor. Apply thread-locking compound
(P/N 990-462). Torque the three mounting
screws to 12 ft. lb. (16.8 N•m).

10. Connect the brake to the truck electrical
circuit.

11. If the rotor hub nut was removed, apply
thread-locking compound (P/N 990-462)
to threads on rotor hub nut. Install then
torque the rotor hub nut holding the rotor
hub to 25 ft. lb. (35 N•m).

7

Figure 7-139. Brake Assembly - Section View 

Rotor Hub Nut
torque to 75 ft. lb. (105 N•m)

Rotor Hub
(part of brake assy)

Mounting Screw 
torque to 12 ft. lb.

(16.8 N•m)

Brake Coil Assy 
(Normal coil resistance at room

temp is approx 13.5 ohms)

 Assy Screw 
torque to 9 ft. lb. (12.6 N•m)

Traction Motor

Brake Release Screws
(normally stowed on tractor frame)
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Make sure the brake release bolts are
removed before placing the truck back
into service. If the brake release bolts
are not removed, the brake will not
 work correctly.

12. Reconnect the battery connector and turn
the key switch ON.

If the brake does not work while
performing the next step, the truck will
not stop but will coast for
approximately 30 ft. (9 m).

13. Test the brake. In an open area allowing
for travel over a long distance, perform the
following:

a. Drive the truck approximately 2-3 mph
(3.2-4.8 km/h).

 b. Push the EPO switch. The truck should
stop within approximately 2 to 4 ft. (0.6
to 1.2 m).

Stepping off the deadman pedal does
not test the brake.

NOTE: During acceleration a slight rattle from
the brake rotor is considered normal
and does not affect brake durability or
function.

14. Install covers.
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Do not separate piston from piston plugDo not separate piston from piston plug
unless necessary. If disassembly isunless necessary. If disassembly is
required, use a strap required, use a strap wrench onlywrench only. Do. Do
not damage piston surface.not damage piston surface.

NNOTEOTE::  When repacking  When repacking the cylinderthe cylinder, replace all, replace all
packings. See Parts Catalog for packingpackings. See Parts Catalog for packing
kits.kits.

11.11. InstalInstall seal seal kit l kit on cuon cushion shion pistonpiston. Se. Seee
FigFigureure 7-17-16868..

Tip:Tip:  Twisting  Twisting the the fiber fiber rings rings prior prior to into installationstallation
helps them retain their “memory.” Seehelps them retain their “memory.” See
FigFigureure 7-17-16969..

12.12. InstalInstall sprl spring. ing. Make Make sure isure it is ft is fully seully seatedated
in cushion piston.in cushion piston.

13.13. InsInstaltall cl cushushion ion pispistonton..

14.14. InstalInstall retl retaininaining rg ring aing and snnd snap rap ring.ing.

15.15. InsInstaltall cyll cylindinder ier in trn truckuck.. See Side LiftSee Side Lift
CylinCylinder on der on pagepage 7-84.7-84.

CleaningCleaning
1.1. FluFlush sh insinside ide of of houhousinsing.g.

2.2. WipWipe piste piston wion with cleth clean kean kerosrosene orene or
suitable industrial solvent.suitable industrial solvent.

3.3. InspecInspect all t all surfaces surfaces for for gallingalling or g or heavyheavy
scratches. Remove minor damage with ascratches. Remove minor damage with a
fine emery cloth.fine emery cloth.

4.4. Inspect Inspect all all partsparts: rep: replace lace as nas necessarecessary.y.

Seal RepackingSeal Repacking
1.1. ReRemovmove cyle cylinindederr.. See Side Lift Cylinder onSee Side Lift Cylinder on

papagege 7-7-8484..

77

Figure Figure 7-169.7-169. TwTwisting isting Fiber Fiber RingsRings

FiberFiber
RingRing

77

FiguFigure 7-170.re 7-170. CushiCushion Assemon Assembly bly 

77

Figure 7-171.Figure 7-171. Packing CPacking Components omponents on Side on Side Cylinder Cylinder 

 Adapter Adapter
(Brass)(Brass)

 Wiper Wiper

SealSeal

RetainingRetaining
RingRing

SnapSnap
RingsRings
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Do not damage chrome plating onDo not damage chrome plating on
piston.piston.

2.2. Remove Remove snap snap ringrings, ses, seals, als, retainretaining ing ringring
and brass adapter. Seeand brass adapter. See FigFigureure 7-17-17171..

3.3. Dip aDip all pall packings ckings in clein clean han hydrauydraulic fllic fluid.uid.

4.4. LubriLubricate cate inside inside of cyof cylindelinder hour housing sing withwith
hydraulic fluid.hydraulic fluid.

NNOTEOTE::  To prevent damage to packings at the To prevent damage to packings at the
top of the cylinder, use the followingtop of the cylinder, use the following
tools:tools:

•• SerServicvice dre driveriver, P, P/N 4/N 401-01-000000-05-0500

•• SerServicvice e guiguide, de, P/N P/N 401401-00-000-00-05151

5.5. SliSlide brde brass aass adapdapter oter on pisn pistonton..

6.6. InsInstaltall pistol piston assen assemblmbly into houy into housinsing.g.

7.7. InsInstaltall sel servirvice gce guideuide. S. Seeee FiguFigurere 7-17-17272..

8.8. Dip sDip seal in eal in oil anoil and slidd slide over e over pistonpiston, ba, backck
first.first.

9.9. Drive Drive seal iseal into anto assembly ssembly with with driverdriver. See. See
FigFigureure 7-17-17272..

1010.. ReRemomove seve servrvicice guie guidede..

11.11. InsInstaltall pacl packinking bacg backup rkup ringing..

1212.. InInststalall snl snap rap rining.g.

1313.. InInststalall wil wipeperr..

1414.. InInststalall snl snap rap rining.g.

15.15. InsInstaltall l cylcylindinderer.. See Side Lift Cylinder onSee Side Lift Cylinder on
papagege 7-7-8484..

77

Figure 7-172.Figure 7-172. Using CUsing Cylinder Seylinder Service Trvice Toolsools

ServiceService
DriverDriverServiceService

GuideGuide

RamRam
HousingHousing
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Center Lift CylinderCenter Lift Cylinder

RemovalRemoval
1.1. ReRemovmove ce cararririagage.e. See Carriage onSee Carriage on

papagege 7-7-9292..

2.2. RemRemove snove snap riap ring anng and wasd washer fher fromrom
 bottom of center cylinder bottom of center cylinder. See. See
FigFigureure 7-17-17373..

3.3. RemRemove aove and cand cap hydp hydrauraulic hlic hosesoses..

4.4. RemoRemove Uve U-sh-shapeaped bd bracracketket..

5.5. RemoRemove ve cencenter ter cylcylindinderer..

InstallationInstallation
1.1. InstalInstall centl center cyer cylinderlinder. Ma. Make surke sure thee the

 bushing is on the mounting bolt. bushing is on the mounting bolt.

2.2. InstalInstall wasl washer anher and snap d snap ring ring to bolto bolt undet underr
center cylinder. Seecenter cylinder. See FigFigureure 7-17-17373..

3.3. InsInstaltall U-l U-shashaped ped brabrackecket.t.

4.4. InInststalall carl carririagage.e. See Carriage onSee Carriage on
papagege 7-7-9292..

5.5. InsInstaltall end cal end cap on centp on center cyler cylindinderer..

6.6. ConnecConnect powet power anr and test d test lift flift functiounction befon beforere
returning truck to service.returning truck to service.

Service of Cylinder withService of Cylinder with
CushionsCushions

Cushion ReplacementCushion Replacement

Refer toRefer to FigFigureure 7-17-174 74 on on pagpagee 7-87-899 for the for the
following steps.following steps.

1.1. RemoRemove rve retaetainiining rng ring ing and and top top beabearinringg ..

NNOTEOTE::  When the retaining ring is removed, a When the retaining ring is removed, a
spring behind the top bearing may pushspring behind the top bearing may push
the bearing out of the housing.the bearing out of the housing.

2.2. RemoRemove tve the she spripring ng and and prepressurssure rie ringng ..

3.3. RemoRemove the tve the threhree Torx se Torx screcrews locws locateatedd
about 6 in. from the top of the housing.about 6 in. from the top of the housing.

4.4. RemRemove pisove piston frton from cylom cylindinder houer housinsing.g.

5.5. RemoRemove tve the che cushushion ion assassembembly.ly.

6.6. CoaCoat the tht the threareads of thds of the new cue new cushishionon
assembly with thread-locking compoundassembly with thread-locking compound
primer (P/N 990-533) and applyprimer (P/N 990-533) and apply
thread-locking compound (P/N 990-571).thread-locking compound (P/N 990-571).

7.7. AsseAssemblmble the nee the new cushw cushion aion assemssembly tbly too
piston rod.piston rod.

8.8. Re-insRe-install tall piston piston assembassembly ily in cn cylindeylinderr
housing.housing.

9.9. Re-Re-insinstaltall the thl the three Toree Torx scrrx screwsews..

10.10. LigLightlhtly oil a ney oil a new seaw seal and inl and instastall inll in
pressure ring. Check to make sure thepressure ring. Check to make sure the
small orifice in the pressure ring is notsmall orifice in the pressure ring is not
obstructed.obstructed.

1111.. InInststalall sl sprprining.g.

12.12. RemoRemove thve the bad e bad parparts frts from thom the tope top
 bearing. bearing.

13.13. LightlLightly oil y oil new snew seal, eal, O-rinO-ring, bag, backup ckup ringring
and wiper and install into the and wiper and install into the top bearing.top bearing.

14.14. InsInstaltall tl the the top bop bearearinging..

15.15. InsInstaltall thl the rete retainaining ing rinring.g.

77

Figure 7-173.Figure 7-173. Center CCenter Cylinderylinder, Bottom , Bottom View View 

SnapSnap
RingRing
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Seal ReplacementSeal Replacement
Refer toRefer to FigFigureure 7-17-17474 for the following steps. for the following steps.

1.1. Remove Remove retainretaining ing ring ring and and top btop bearinearing.g.

NNOTEOTE::  When the retaining ring is removed, a When the retaining ring is removed, a
spring behind the top bearing may pushspring behind the top bearing may push
the bearing out of the housing.the bearing out of the housing.

2.2. RemRemove thove the spre spring aing and prnd pressuessure rire ring.ng.

3.3. Check Check to mato make surke sure the e the small small orificorifice in e in thethe
pressure ring is not obstructed.pressure ring is not obstructed.

4.4. LigLightlhtly oil a ney oil a new seaw seal and inl and instastall inll in
pressure ring.pressure ring.

5.5. RemRemove tove the bahe bad pard parts frts from thom the tope top
 bearing. bearing.

6.6. LightlLightly oil y oil new snew seal, Oeal, O-rin-ring, bag, backup ckup ringring
and wiper and install into the and wiper and install into the top bearing.top bearing.

7.7. InsInstaltall tl the he top top beabearinring.g.

8.8. InsInstaltall thl the ree retaitaininning rig ring.ng.

InstallationInstallation
1.1. ReveReverse trse the rhe removemoval pal procerocedurdure.e.

2.2. InInstastall cylll cylinindederr.. See Side Lift Cylinder onSee Side Lift Cylinder on
papagege 7-7-8484..

3.3. ReconnReconnect thect the bae battery ttery connectconnector aor and tnd turnurn
the key switch ON.the key switch ON.

4.4. Bleed Bleed hydrhydraulic aulic system system after after reassereassembly.mbly.
See BleedinSee Bleeding Lift Cylindeg Lift Cylinders on pagers on page 7-81.7-81.
Check for leaks.Check for leaks.

5.5. Test Test all all vehvehicle icle funfunctictionsons..

77

Figure 7-174.Figure 7-174. Center Lift CylindeCenter Lift Cylinder, Tr, Three-Stage wihree-Stage with Cushionsth Cushions

See View ASee View ASee View BSee View B

 View A View A View B View B

Cushion Assembly Cushion Assembly 
PistonPiston

Torx Screw Torx Screw  SealSeal Retaining RingRetaining Ring

SealSealSpringSpringPressurePressure
RingRing

BackupBackup
RingRing

TopTop
BearingBearing

O-RingO-Ring

 Wiper Wiper

https://www.forkliftpdfmanuals.com/



SSeeccttiioon n  77.. CCoommppoonneennt  t  PPrroocceedduurreess MMooddeells  s  55440000//55550000//5566000 0 MMaaiinntteennaanncce e  MMaannuuaall

77--9900 PPuubblliiccaattiioonn:  :  11003311779944BB,  ,  RRee--IIssssuueedd:  :  77//1144//0066

https://www.forkliftpdfmanuals.com/



MMooddeells  s  55440000//55550000//5566000 0 MMaaiinntteennaanncce e  MMaannuuaall SSeeccttiioon n  77.. CCoommppoonneennt  t  PPrroocceedduurreess

PPuubblliiccaattiioonn:  :  11003311779944BB,  ,  RRee--IIssssuueedd:  :  77//1144//0066 77--9911

Section 7.Component ProceduresSection 7.Component Procedures

Mast SectionMast Section
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CarriageCarriage

RemovalRemoval
1.1. Turn tTurn the kehe key swity switch OFch OFF and dF and discoisconnennectct

the battery the battery connector.connector.

2.2. RemRemove opove operaerator cotor consonsole covle coverer..

3.3. RemoRemove elecve electritrical ovecal over-ther-the-ma-mast cabst cablele
from bottom pulley on carriage. Seefrom bottom pulley on carriage. See
FigFigureure 7-17-17575..

4.4. DisDisconnconnect cabect cable tensle tension sprion spring fring fromom
carriage. Seecarriage. See FigFigureure 7-17-17575..

5.5. DisconnDisconnect Ject JPC8 PC8 and and JPC9 JPC9 from from carricarriageage
manager and cut cable tie from tractormanager and cut cable tie from tractor
side.side.

Do not place hands between the mastsDo not place hands between the masts
before blocking the carriage.before blocking the carriage.

6.6. Feed cFeed cable able througthrough carh carriage riage to trato tractorctor..

7.7. Use 9Use 90° sn0° snap rap ring ping pliers liers to remoto remove snave snapp
ring holding chain rocker assembly toring holding chain rocker assembly to
center cylinder. Seecenter cylinder. See FigFigureure 7-17-17676..

8.8. Attach Attach a suita suitable able hoist hoist to carto carriage riage and and liftlift
approximately 1 ft. (30.5 cm).approximately 1 ft. (30.5 cm).

9.9. RemoRemove rockve rocker asser assembembly, its asly, its associsociateatedd
hardware and chain from hardware and chain from center cylinder.center cylinder.
Place chain on operator platform.Place chain on operator platform.

10.10. Remove Remove end end cap cap from from center center cylindcylinderer..

11.11. RemoRemove carve carriariage stoge stops (2) frps (2) from innom innerer
telescopic and pound in locator pins untiltelescopic and pound in locator pins until
carriage can clear the telescopic. Seecarriage can clear the telescopic. See
FigFigureure 7-17-17777 and and FigFigureure 7-17-17878..

77

Figure 7-Figure 7-175.175. Electrical Electrical Over-the-MasOver-the-Mast Cabt Cable le 

CableCable

CableCable
TensionTension
SpringSpring

Pulley Pulley 

77

Figure 7-176.Figure 7-176. Center CylinderCenter Cylinder, T, Top View op View 

77

Figure 7-177.Figure 7-177. Inner TInner Telescopic, elescopic, TTop Corner op Corner 

Snap RingSnap Ring ChainChain
RockerRocker

 Assembly  Assembly 

CenterCenter
CylinderCylinder

CarriageCarriage
StopStop

LocatorLocator
PinPin
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12. Remove operator platform.

Installation
1. With a suitable hoist, lower bottom

 bearings on carriage into channel on inner
telescopic.

2. Make sure there are sufficient shims to
prevent side play. See Mast Bearing
Shimming on page 7-96.

3. Make sure the two switches (S36 and S37)
at bottom of carriage are riding on their
switch rail correctly. See Figure 7-179.

4. Position platform 3 ft. (1 m) from floor.

5. Install rocker assembly, its associated
hardware, and chain on center cylinder.
See Figure 7-176.

6. Install end cap pulley on center cylinder.

7. Feed chains for center cylinder and
over-the-mast cable.

8. Feed over-the-mast cable through back of
carriage to carriage manager and connect
to JPC8 and JPC9.

9. Use cable ties to secure electric cables to
platform.

10. Install carriage stops at top of inner
telescopic. See Figure 7-177.

11. Lower carriage and install cable on bottom
pulley of carriage. Install cable retainer
spring. See Figure 7-175.

NOTE:  There is 5 1/2 in. (140 mm) from the top
of the spring on the carriage to the
center bolt in the cable clamp.

12. Install console cover.

13. Install mast guard.

14. Lift and lower platform fully, and check
functions of lift system. Look for:

• Hydraulic fluid leaks

• Cables on pulleys

• Switch actuation

• Unusual bearing noise

7

Figure 7-178. Inner Telescopic, Top Corner, Stops Removed 

7

Figure 7-179. Underside of Carriage 
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Pin
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Center Cylinder Ride
Spring Chain Anchors

Inspect the chain anchors and pivot rocker any
time that the chains are lubricated and
adjusted.

Inspection
1. Remove the operator compartment console

cover and tractor cover.

2. Lift the operator platform just high enough
to have the chain anchor/pivot rocker

 visible through the opening under the
operator control panel.

3. Place blocking under the operator
platform. Lower the platform onto the
support.

4. Turn the key switch OFF and disconnect
the battery connector. Open the
emergency lower valve.

 The center cylinder will move down and
the chains will go slack. If the center
cylinder does not go down far enough to
slacken the chains, push down on the top
of the cylinder. This will allow the chain
anchor to be visible for inspection. See
Figure 7-180.

5. Inspect the chain anchor and pivot rocker
for wear and replace if necessary.

6. Reconnect the battery connector and turn
the key switch ON. Close the emergency
lower valve.

7. Lift the platform slowly  to take slack out of
the chains and to clear the safety stand
from beneath it.

8. Remove the stand and lower the platform.

9. Reinstall all covers.

7

Figure 7-180:Chain Anchors

 With chains slack,
inspect the chain
anchor
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Forks

Removal
1. Raise operator platform high enough to

reach bottom of forks.

2. Block operator platform.

3. Secure fork to hoist using a suitable strap
or chain. See Figure 7-181.

4. Remove socket head cap screw from
underneath fork at tractor end.

5. Remove snap ring from pivot pin in
mounting block of fork. See Figure 7-182.

The fork will drop in step 6. It weighs
approx 150 lb. (68 kg).

6. Drive out pivot pin. The fork, washers, or
shim will drop.

7. Replace damaged fork.

Installation
1. Hold new fork in place underneath

operator platform.

2. Install pivot pin through fork.

NOTE:  Always use new snap rings when
assembling components.

3. Install new snap ring in pivot pin.

4. Install correct amount of washers or shims
at back side of fork to maintain a level
fork. See Figure 7-183.

5. Install socket head cap screw at tractor
end of fork.

6. Remove block from operator platform.

7. Lower operator platform to floor and make
sure forks are level. If forks are not level,
add more shims to fork.

7

Figure 7-181. Fork Removal 

7

Figure 7-182. Snap Ring, Pivot Pin, and Mounting Block 

Socket Head
Cap Screw 

Fork 

Snap
Ring

7

Figure 7-183. Installing Forks and Shims

Shims

https://www.forkliftpdfmanuals.com/



Section  7. Component  Procedures Models  5400/5500/5600 Maintenance Manual

7-96 Publication:  1031794B,  Re-Issued:  7/14/06

Mast Bearing Shimming

Shimming a mast is done to ensure a smooth
running unit that is not too tight or too loose.

 Total movement between the bearings and
telescopics must be between 0.030 to 0.045 in.
(0.76 to 1.14 mm).

If any marks are found within the telescopics or
main frame where the rollers have been
running, they must be removed with a sanding
disk with 80 grit paper. Do not attempt to
remove all marks, only the ridges.

 A correctly adjusted mast must show no more
than a 0.5 in. (13 mm) mark where the roller
touches the respective telescopic or main frame.

 The assembly must be shimmed to the tightest
spot on the assembly (as the rollers run up and
down the rail). Small areas that are slightly
higher than the rest of the web can be buffed to
avoid shimming the major portion of the rail too
loose. While shimming the mast, the telescopics
and carriage must be loose enough to slide
them in and out by hand. Shimming the
assembly in an upright position can result in
shimming that is too tight and could cause
premature wear.

 The shims used under each roller bearing come
in the following sizes: thin, medium, and thick.

 When the truck is built, the factory typically
installs a thick shim on each side. If the

 bearings are too loose, you should add shims to
the bearing. If the roller bearings are shimmed
too tight, causing wear along the I-beam or
mast shaving, reduce the shim thickness.

 Although different combinations of shims may
 be used to obtain the correct adjustment, you
should try to maintain equal shim thickness on
each side of the mast main frame and
telescopics. See Figure 7-184.

7

Figure 7-184. Staging of Mast Prior to Shimming Bearings
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Steering System

 This section contains a description of the
steering system. For wire guided steering
information, refer to page 8-13.

System Components
• Steering Request Encoder – a dual

encoder located behind the steer wheel on
the carriage converts the operator request
into electronic pulses

• Carriage Control Card - converts the
inputs from the steering request encoder
into a message sent to the Vehicle
Manager 

•  Vehicle Manager - the controlling
manager of the steering system. Generates
commands to the steer amplifier based on
the message from the Carriage Control
Card

• Steer Amplifier - amplifies the steering
commands from the Vehicle Manager and
drives the steer motor 

• Electric Steer Motor/Gear Reducer -
positions the drive unit 

• Steer Motor Encoder - located inside the
steer motor and used to determine if the
motor is responding to the commands of
the VM

• Home Sensor Prox - used by the steering
system to position the drive unit straight
ahead during Auto Steer Center 

System Overview 

 The Steering Request Encoder is attached to the
steer tiller on the carriage. The Steering Request
Encoder is a dual encoder. It contains two
encoders in a single package.

Each encoder produces two channels that are
quadrature phased and are used by the CCC to
produce a steering request (steering count) that
is sent to the VM over the communications bus.

 The VM, in turn, sends steering commands for
either clockwise or counterclockwise rotation to
the Steer Amplifier. The Steer Amplifier drives

the steering motor to obtain the movement that
 was requested from the tiller.

Both steering encoders in the dual encoder
must be operational for full travel speed. If only
one steering encoder is operational, travel speed
is limited to 2.5 mph.

 The VM monitors steer current (JPT6-3), the
Steer Motor Encoder, and Neutral Pulse to
determine that the steering system is operating
correctly. The VM supplies +12VDC to the Steer

 Amplifier at JPT6-6 to power the circuits inside
the Steer Amplifier. When the deadman is
depressed, the VM energizes the TPC contactor,
providing B+ to TP2 on the Steer Amplifier to
power the steer motor.

Functional Description

 The dual steering encoder is connected to the
CCC at JPC1 (encoder 1) and JPC21
(encoder 2). Each encoder has a +5.3V supply,
a DGND, two quadrature phased channels
(CHA and CHB), and a jumper that is used as a
connect detect to ensure that the steering
encoder is connected to the CCC before normal
operation of the truck is allowed by the VM.

 When the tiller is moved, each encoder
produces an output pair (CHA and CHB from
encoder 1 and CHA-E2 and CHB-E2 from
encoder 2). If the tiller is turned faster, the
frequency of the output from the encoder
increases. Each pair is converted into a positive
or negative steering count that contains
information on the direction and speed of the
steering request from the tiller. This is sent over
the communications bus to the VM. If either of
the steering counts are missing, the VM will
cause a steering code to be displayed;

• Code G0 if CHA/CHB is missing

• Code G7 if CHA-E2/ CHB-E2 is missing

 When the VM receives the steering count from
the CCC, it produces the appropriate steering
command for the Steer Amplifier. This steering
command is sent to the Steer Amplifier at

 JPT6-5 (CCW-PWM for CCW rotation) or JPT6-2
(CW-PWM for CW rotation). Although these
commands are a PWM voltage, either can be
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measured as a DC voltage with a Digital Multi
Meter. The voltage will vary from approx.
11VDC when the steering tiller is stationary,
and decreases as the steer tiller is moved faster.

 A slow request is represented by a voltage of
about 9VDC and a fast request is represented

 by a voltage of approx. 5VDC measured with
respect to (wrt) B–. Because the VM is
monitoring both the steer motor current and
the output from the Steer Motor Encoder, it
knows that the steer motor moves when
requested.

 When the steer motor is not moving, there is no
input to the VM from either the steer motor
current or the steer motor encoder. This
situation can occur when driving in a straight
line. The VM needs a way to ensure the steer
system is operational. This is accomplished
through the Neutral Pulse. When the Steer

 Amplifier has an input at the CW-PWM line, it
drives the Neutral Pulse output low (<0.5VDC).

 When the Steer Amplifier has an input on the
CCW-PWM, it drives the Neutral Pulse high
(>4VDC). When the deadman is depressed and
there is no input on either the CW-PWM or the
CCW-PWM lines, the VM dithers the CW-PWM
and CCW-PWM control lines, causing the
Neutral Pulse line to toggle between high and
low states. The VM detects the Neutral Pulse is
toggling as the CW-PWM and CCW-PWM lines

 vary, thereby ensuring the VM that the steering
system is operational.

 The connect detect jumper for encoder 1 is
 JPC1-8 and 9 and is called BRKDMAN/
DEADMAN. If that jumper is open or JPC1 is
disconnected, the hard wired voltage, BRAKE
DEADMAN, from the CCC to the VM is
interrupted and the VM will cause a Code 8C. If
the jumper is intact and the encoder fails, the

 VM will lose steering encoder one and the VM
 will cause a Code G0.

 The connect detect jumper for encoder 2 is
 JPC21-5 and 6 and is called CD SUPPLY/CD.
 This jumper connects a 5VDC supply to an
input on the CCC processor. When the voltage
is present, the CCC sends a message to the VM
that the steering encoder is connected. If the

 voltage is not present, the message to the VM is
that the encoder is not connected and the VM

causes a Code G7. If the jumper is intact and
encoder 2 fails, the CCC will send a count for
encoder 1 and not encoder 2, to the VM, and
the VM will still cause a Code G7. Either failure

 will cause the same code.
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Lift/Lower System

Emergency Lower

Provisions are made to lower the carriage from
the ground. When the Emergency Lower Valve
is opened, hydraulic fluid is allowed to pass
through the emergency lower valve at a
constant rate.

 Variable Speed DC Lift with
intellispeed ®

NOTE: For trucks without intellispeed , all
functions are the same excluding
references to the flow sensor,
intellispeed  manager, and height counts.

 The CCC is constantly monitoring the output
 voltage of VR2 and sending it to the VM over the
BUS. The VM compares this voltage to the

 voltages stored during the Learn process. The
 VM checks the battery voltage (for lift cutout),
all enabled options and switches that could
prevent the activation of the lift system. When
satisfied that no criteria are present to prevent
lift, it then determines the requested percentage
of full speed lift. It then activates the lift/lower
proportional valve fully open and closes the lift
pump contactor by taking the coils to B–.

Opening the lift/lower valve fully prevents
sudden movement of the platform when the lift
pump is first activated by allowing the fluid to
return to the tank. As soon as the command to
close the P contactor is activated, the VM looks
at the P Sense input, verifying the contactor
closed as commanded. It then slowly reduces
the PWM output to the coil for the lift/lower
proportional valve to match the percentage of
full speed lift requested. As the lift/lower
proportional valve closes, hydraulic fluid passes
through the 5 psi check valve, the normally
closed check valve in the load holding valve,
through the flow sensor to the flow controls at
the bottom of the lift cylinders. The flow control
in the center cylinder allows unrestricted fluid
flow to the center lift ram. The center ram
elevates first because less pressure is required.
Once the platform hits the stops on the inner
telescopic, the pressure increases enough to

start elevating the side cylinders. Oil flow spins
the turbine in the flow sensor. As the turbine
spins, the vanes pass by the magnetic pickups
screwed into the flow sensor housing. This
creates a series of high and low pulses (or
counts) that go into the flow sensor module. The
pickups are 90° out of phase. This allows the
system to determine if the carriage is elevating
or lowering, based on the direction the vanes
are spinning. The flow sensor module passes
these counts to the VM. The VM determines the
direction of travel and the number of counts.

 The VM uses this information to calculate fork
height, which it uses to determine speed
reductions at elevated height.

 When the VM first commands the activation of
the lift system, it is looking for the feedback
from the flow sensor. If the lift is commanded to
activate and no counts from the flow sensor are
present, the VM will flag an error condition and
assume it is at maximum elevated height for
speed limiting. Travel speed is reduced linearly

 by about 0.5 mph for every 18 in. from full
speed down to 1 mph, between the lower
reference switch and 240 inches. A low volume
of fluid flow will not cause the turbine to spin.
Because of this, if the lift system is feathered
often, an error is registered. If the intellispeed 

option is not on the truck, the travel is reduced
each time a mast limit switch is opened while
elevating.

 The VM monitors the P Sense line to determine
the condition of the P contactor and verify the
lift motor is spinning. When a lift request has
finished (VR2 has either returned to neutral or
through neutral to a lower request), the VM
monitors the P Sense line for back
ElectroMotive Force (EMF) from the motor to
determine that the lift motor has stopped
spinning. As long as the VM senses voltage on
the P Sense line, it will provide voltage to the
lift/lower proportional coil, keeping the valve
open to allow the fluid from the pump to return
to tank. This ensures the cylinders do not
continue lifting after the request has ended.
Once the lift motor has completely stopped
spinning, the VM will remove voltage to the
lift/lower coil, closing the lift/lower
proportional valve.
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24V Trucks With Hi-Pro Option

24V trucks with the Hi-Pro Option have a two
stage lift pump. This lift pump has a 2nd stage
select solenoid on the bottom of the pump. This
solenoid is activated whenever there is less than
1000 lb. (454 kg) on the forks. When activated,
the fluid from the second pump is ported to the
lift system to increase lift speed. The weight
calculation is done with either a pressure
transducer or a pressure switch (trucks without
intellispeed ®) located on the hydraulic
manifold. The input from the pressure switch
goes directly to the VM and activates a circuit to
turn off the 2nd stage select solenoid. On
trucks with the pressure transducer, the VM
calculates the weight and turns off the solenoid

 when a reading of 1000 lb. (454 kg) or more is
registered.

 Variable Speed AC Lift with
intellispeed 
NOTE: For trucks without intellispeed , all

functions are the same excluding
references to the flow sensor,
intellispeed  manager, and height counts.

 The CCC is constantly monitoring the output
 voltage of VR2 and sending it to the VM over the
BUS. The VM compares this voltage to the

 voltages stored during the Learn process. The
 VM checks the battery voltage (for lift cutout),
all enabled options, and all switches that could
prevent the activation of the lift system.

 When satisfied that no criteria are present to
prevent lift, the VM then determines the
requested percentage of full speed lift. It then
sends an RPM command over the BUS to the
Lift Power Amplifier. The LPA activates the LPC
contactor by taking the coil to B– internally in
the LPA. As soon as the command to close the P
contactor is activated, the LPA looks at the (+)
input from the LPC verifying the contactor
closed as commanded. It then slowly increases
the voltage output to the lift motor to match the
RPM requested. As the voltage is increased to
the lift motor, the motor and pump spin faster,
increasing the output of oil to the lift system.

 The LPA monitors the input from the bearing
encoder in the lift motor and determines the
RPM of the motor. It adjusts the output to the
motor to maintain the requested RPM. The
hydraulic fluid passes through the 5 psi check

 valve, the normally closed check valve in the
load holding valve, through the flow sensor to
the flow controls at the bottom of the lift
cylinders. The flow control in the center cylinder
allows unrestricted oil flow to the center lift
ram. The center ram elevates first because less
pressure is required. Once the platform hits the
stops on the inner telescopic, the pressure
increases enough to start elevating the side
cylinders. As the lift cylinders start to elevate,
the fluid flow starts to spin the turbine in the
flow sensor once the volume is large enough. As
the turbine spins, the vanes pass by the
magnetic pickups screwed into the flow sensor
housing. This creates a series of high and low
pulses (or counts) that go into the flow sensor
module. The pickups are 90° out of phase. This
allows the system to determine if the carriage is
elevating or lowering, based on the direction the

 vanes are spinning. The flow sensor module
passes these counts to the VM. The VM
determines the direction of travel and the
number of counts. The VM uses this
information to calculate the fork height that it
uses to determine speed reductions at elevated
height. When the VM first commands the
activation of the lift system, it is looking for the
feedback from the flow sensor. If the lift is
commanded to activate and no counts from the
flow sensor are present, the VM will flag an
error condition and assume it is at maximum
elevated height for speed limiting. Travel speed
is reduced linearly, about 0.5 mph every 18 in.,
from full speed down to 1 mph, between 60 and
240 inches. A low volume of fluid flow will not
cause the turbine to spin. Because of this, if the
lift system is feathered often, an error is
registered. If the intellispeed  option is not on
the truck, the travel is reduced each time a
mast limit switch is opened.

https://www.forkliftpdfmanuals.com/



Models  5400/5500/5600  Maintenance  Manual Section  8. Theory  of  Operation

System Overview

Publication:  1031794B,  Re-Issued:  7/14/06 8-15

the outer coils (Guidance Coils) on both the
tractor end and the load end sensors as the
truck begins to align over the wire. When the

 voltages that the truck detects from the load
end and tractor end guidance coils begin to

 balance out and match the Learned Offset
 values for those coils, the Guidance Card will
switch from Aligning Mode to Locked on Wire or
Guided Mode. At that time, all of the wire
guidance icon LEDs on the Carriage Light
Display Card will illuminate solid and full travel
speed is allowed in either direction.

 The Guidance Card constantly monitors the
 voltages from each of the four guidance coils via
the Filter Card. It compares the voltage from
each coil to the value for each coil that was
obtained through the Learn procedure. By
comparing the actual values for all four
guidance coils with the learned values stored in
the memory, the Guidance Card can issue the
appropriate steering commands to the VM to
keep the truck centered over the guide wire.

 Also, using these values, the Guidance Card
calculates the Heading Angle (HA - angle of the
truck to the wire) and the Distance From Wire
(DFW - how far the truck is from the wire) and
issues the appropriate Slow or Stop commands
to the VM when DFW or HA values set in
Configure Mode are exceeded. See Table 3-2,
“Configure Mode Menu,” on page 3-13.

End-of-Aisle Control

 The End-of-Aisle system consists of truck
mounted components and magnets embedded
in the floor inside of the aisle. The truck
mounted hardware consists of four magnet
sensors mounted between the baselegs under
the operator's platform. They are connected
directly to the VM. When the system is
activated, the VM monitors the inputs from the
sensors. When entering the aisle and both
sensors cross a magnet in less than 24 in. (610
mm), the VM recognizes this as In-Aisle-State.

 This information is stored in Non Volatile
Memory (NVM). NVM cannot be changed by a
loss of power to the system. The only way to
change it is by another input. This input can
only be initiated by crossing another set of
magnets or by traveling and turning the
steering more than 10°. This allows the truck to

 be powered down inside the aisle and remember
that it is in an In-Aisle-State when powered

 back up. System operation is not changed upon
aisle entry.

 When the truck is exiting an aisle and each
sensor is activated by magnets within 10 in. of
each other, the truck will plug to reduce speed
until the speed is reached that is stored in the
Configuration Menu. Once this speed is
reached, travel speed is limited by the VM to the
speed programmed in the Configuration Menu
until the control handle is returned to neutral
and travel is requested again. During the
plugging sequence, the operator can override
the plugging strength with a request for a more
aggressive plug from the control handle. When
the sensors are activated by magnets that are
more than 11 in. (279 mm) but less than 30 in.
(762 mm) apart, the VM plugs the truck to a
complete stop. The operator must then return
the control handle to neutral and request travel
again.

End-of-Aisle Configurations

Figure 8-1 shows the various EOA
configurations possible within a system.

End-of-Aisle Magnet Installation
Information

If there are consistent, repetitive problems with
end-of-aisle operation, and the truck appears to

 be OK, the magnets may have been installed
out of tolerance. Figure 8-2 and Figure 8-3
depict the correct location of the magnets.
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8

Figure 8-1. End-of-Aisle Configurations

Vehicle will slow to configured end-of-aisle
speed when parallel magnets are crossed.

Magnets Parallel

Magnets Staggered

Vehicle will plug to a stop when
staggered magnets are crossed
(or just one magnet is sensed).

Magnets parallel at one end
and staggered at the other.

Vehicle will slow to configured end-of-aisle speed when
parallel magnets are crossed.

Vehicle will plug to a stop when staggered magnets are
crossed (or just one magnet is sensed).

Magnets parallel in one aisle and staggered in the next.

Vehicle will slow to configured speed in aisle that has parallel magnets and plug to a stop
in aisle that has staggered magnets.

8

Figure 8-2. End-of-Aisle Magnet Position (Deceleration)

Guide Wire*

Magnet

4.5 in. ±1/2 in.
(114 mm ±13 mm)
Both Ends

20 ft. ±3 in. (6.1 m ±7.6 cm)
Both Ends

4.5 in. ±1/2 in.
(114 mm ±13 mm)
Both Ends

Magnet Position for Deceleration

* In rail guided applications, use the center of the aisle as the reference point for the dimensions.
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End-of-Aisle Slow Down

 With Wire Guidance

 When the truck is locked on the guide wire, the
 VM will start looking for the input from the
magnet sensors. When a set of magnets is
crossed entering the aisle, the system functions
as described in End-of-Aisle Control. If the
magnets are crossed while exiting the aisle with
the AUTO/MANUAL switch in the AUTO
position, the truck will slow down or stop;

 whichever the system is configured for. If the
 AUTO/ MANUAL switch is moved to the
MANUAL position prior to crossing the
magnets, the system will not look for the
magnets. Steering is reverted to the operator
and normal operation is resumed. Once out of
the aisle and the steering is turned more than
10° while traveling, the aisle state is reset to
out-of-aisle.

8

Figure 8-3. End-of-Aisle Magnet Position (Auto Stop)

Guide Wire*

Magnet

4.5 in. ±1/2 in.
(114 mm ±13 mm)
Both Ends

20 ft. ±3 in. (6.1 m ±7.6 cm)
Both Ends

4.5 in. ±1/2 in.
(114 mm ±13 mm)
Both Ends

Magnet Position for Auto Stop

*In rail guided applications, use the center of the aisle as the reference point for the dimensions.

24 in. ±1 in.
(610 mm ±26 mm) Both Ends

8

Figure 8-4. End of Aisle Magnet Location

Center  of  Aisle Magnet

4.50 in. (11.4 cm)
4.50 in.
(11.4 cm)

20 ft (6.1 m) 20 ft
(6.1 m)
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 With auto steer center in a rail
guided system WITH a rail switch
installed on one guide roller
assembly.

 When the truck enters the rails, the switch
mounted on the guide roller assembly is closed.

 When the switch is activated, a tone will sound
and the truck is speed limited until the

 AUTO/MANUAl switch is placed in the AUTO
position. When the switch is placed in the

 AUTO position, the drive unit auto steer centers
and steering control is taken away from the
operator. The speed restriction is removed and
full speed travel is allowed. The VM then starts
looking for floor magnet inputs. When exiting
the aisle, if the magnets are crossed with the

 AUTO/MANUAL switch in the AUTO position,
the truck will slow down or stop, depending on
system configuration. If the AUTO/MANUAL
switch is moved to the MANUAL position prior
to crossing the magnets, the system will not
look for the magnets. Steering is reverted to the
operator and normal operation is resumed. An
audible tone sounds until either the

 AUTO/MANUAL switch is turned back to AUTO
or the rail switch on the guide roller opens.
Once out of the aisle and the steering is turned
more than 10° while traveling, the aisle state is
reset to out-of-aisle.

 With auto steer center in a rail
guided system WITHOUT a rail switch
installed on the guide roller
assembly.

 When the truck is in the aisle and the
 AUTO/MANUAL switch is in AUTO, the VM will
start looking for the input from the magnet
sensors. When a set of magnets is crossed
entering the aisle, the system functions as
described in “End-of-Aisle Control” on
page 8-15 When exiting the aisle, if the magnets
are crossed with the AUTO/MANUAL switch in
either position, the truck will slow down or stop,
depending on how the system is configured.
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43 JPC9-6 L/L Variable  voltage  from  VR2  wiper.  The
CCC monitors this voltage and sends it
to the VM. Voltage must be between 0.4
and 4.6V. If not, Code 81 is displayed.

1.3V Neutral:
0.4V Full Lift:
2.1V Full Lower

CCC CCC

44 JPC9-7 DGND B–  for  VR1. <0.3V  wrt  TP4 VM VR1

45 JPC9-8 +5.3V Supply  voltage  for  VR1  (Travel  Pot). >5V CCC VR1

46 JPC9-9 TRAVEL Variable  voltage  from  VR1  wiper.  The
CCC monitors this voltage and sends it
to the VM. Voltage must be between 0.4
and 4.6V. If not, Code 80 is displayed.

1.3V Neutral;
0.8V Full Fwd:
2.6V Full Rev

CCC CCC

47 JPC9-10 Not  Used

48 JPC11-1 +12VF Supplies  working  voltage  to  the  CCC. 10.8-13V
w/key switch
ON

VM CCC

49 JPC11-2 BUS– Carries  the  negative  component  of  the
digital communications between the
CCC and the managers on the tractor
side of the communications bus.

2.0V CCC LPA,  TPA
and VM

50 JPC11-3 BUS+ Carries  the  positive  component  of  the
digital communications between the
CCC and the managers on the tractor
side of the communications bus.

3.0V CCC LPA,  TPA
and VM

51 JPC11-4 BRAKE
DEADMAN

Sent by the CCC to the VM to energize
the brake when all other conditions are
met. This output is sent when S2 is
closed.

>6V with
deadman up
and brake
applied;
<0.5V with
deadman down
and brake
released

CCC VM

52 JPC11-5 CARRIAGE
DEADMAN

Sent by the CCC to the VM to energize
the brake when all other conditions are
met. This output is sent when S23 is
closed.

>6V with
deadman up
and brake
applied;
<0.5V with
deadman down
and brake
released

CCC VM

53 JPC11-6 DGND Reference  and  negative  for  the  circuits
on the CCC. Although it eventually
connects to B–, it is kept separate from
the other grounds to help reduce the
effects of noise on system operation.

<0.3V  wrt  TP4 VM CCC

54 JPC12-2 B–F  SPARE B–  for  Security  Start  Switch  Relay. B– CCC K2  Relay
for
Security
Start
Switch

Item Connection
Function

Description
Theory of Operation Normal Level

Signal
Source

Signal
User
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55 JPC13-2 +12VF 12V  supply  to  S61  (Left  Sidegate
Switch).

10.8-13V
w/key switch
ON

VM CCC

56 JPC13-1 SIDEGATE  LEFT Output  from  S61  used  by  the  CCC  to
detect the position of the left sidegate.
The VM will prohibit travel if the
sidegate is up or the switch is open.

10.8-13V
w/key switch
ON

VM CCC

57 JPC13-3 PGND B–  for  S61. <0.3V  wrt  TP4 VM CCC

58 JPC14-1 SIDEGATE RIGHT Output  from S60 used  by  the  CCC to
detect the position of the right sidegate.
The VM will prohibit travel if the
sidegate is up or the switch is open.

<1V with
sidegate down:
approx. 10V
w/sidegate up

S60 CCC

59 JPC14-2 +12VF 12V  supply  to  S60  (Right  Sidegate
Switch).

10.8-13V
w/key switch
ON

VM S60

60 JPC14-3 PGND B–  for  S60. <0.3V  wrt  TP4 VM CCC

61 JPC15-1 Not  Used

62 JPC15-15 DGND B–  for  the  Carriage  Control  Light
Display Card.

<0.3V  wrt  TP4 VM Light
Display
Card

63 JPC15-16 5.3V Supply  voltage  for  the  Carriage  Control
Light Display Card.

>5V CCC Light
Display
Card

64 JPC15-24 Not  Used

65 JPC16-1 B+EPO Present  when  both  the  Key  Switch  and
EPO switch are closed. Supplies B+
Estop to the Fuse/Relay Card where it is
used by the K1, K2, and K3 relays.

B+ CCC Fuse/
Relay
Card

66 JPC16-2 B–FUSEDS B–  for  the  Spare  Power  Connector
(JPC12-2) on the CCC. Supplies B– for
the optional lights, fan, and RF unit.

<0.3V wrt TP4 Fuse/Relay
Card

CCC

67 JPC16-3 B+FUSEDS B+  for  the  Spare  Power  Connector
(JPC12-1) on the CCC. Supplies B+ for
the optional lights, fan, and RF unit.

B+ wrt TP4
w/battery
connected

Fuse/Relay
Card (FU7)

CCC

68 JPC16-4 B–FUSED B–  for  the  CCC  from  the  Fuse/Relay
Card.

<0.3V wrt TP4 Fuse/Relay
Card (FU6)

CCC

69 JPC16-5 B+EPO B+EPO  Spare. B+ CCC Spare

70 JPC16-6 B+KEY B+  that  is  switched  by  the  Key  Switch
(S1) and sent from the CCC to supply
B+ Key to the Fuse/Relay Card.

B+  w/S1  closed CCC Fuse/
Relay
Card

71 JPC16-7 B+FUSEDS B+  Fused  Spare. B+ CCC Spare

72 JPC16-8 B+FUSED Main  B+  supply  to  the  CCC  and  is  fused
through FU5 on the Fuse/Relay Card.

B+  wrt  TP4 Fuse/Relay
Card

CCC

Item Connection
Function

Description
Theory of Operation Normal Level

Signal
Source

Signal
User
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73 JPC21-1 +5.3V Supplies  +5.3V  to  the  E2  Steering
Request Encoder. It is dependent on the
+12VP from the VM at JPC11-1.

>5V CCC E2
Steering
Request
Encoder

74 JPC21-2 DGND B–  for  the  circuits  of  the  E2  Steering
Request Encoder.

<0.3V  wrt  TP4 CCC E2
Steering
Request
Encoder

75 JPC21-3 CHB–E2 One  part  of  the  steering  request  from
the E2 Steering Request Encoder when
the steering tiller is moved. I t is a square
wave signal (0V and 5V) identical to
CHA-E2 but different phase. The CCC
sends this information to the VM.

0-5V nominal
w/tiller moving:
>4.5V or <0.5V
w/tiller
stationary

E2 Steering
Request
Encoder

E2
Steering
Request
Encoder

76 JPC21-4 CHA-E2 One  part  of  the  steering  request  from
the E2 Steering Request Encoder when
the steering tiller is moved. I t is a square
wave signal (0V and 5V) identical to
CHB-E2 but different phase. The CCC
sends this information to the VM.

0-5V nominal
w/tiller moving:
>4.5V or <0.5V
w/tiller
stationary

E2 Steering
Request
Encoder

E2
Steering
Request
Encoder

77 JPC21-5 CD  SUPPLY 5.3V  output  from  the  CCC  power
supply. This voltage is dependent on
+12VP from the VM at JPC11-1. This
voltage goes back to the CCC
microprocessor to let the CCC know that
 JPC21 is connected. If not connected,
Code G0 is displayed.

>4V E2  Steering
Request
Encoder

CCC

78 JPC21-6 CD +5.3V  output  from  the  CCC  power
supply. This voltage is dependent on
+12VP from the VM at JPC11-1. This
voltage goes back to the CCC
microprocessor to let the CCC know that
 JPC21 is connected. If not connected,
Code G0 is displayed.

>5V E2  Steering
Request
Encoder

CCC

79 JPF1-1 B– B–  for  FU8  (15A/5A)  Fuse  for  optional
Aux power.

<0.5V TP4 Aux
Power

80 JPF1-2 B– B–  for  FU8  (15A/5A)  Fuse  for  optional
Aux power.

<0.5V TP4 Aux
Power

81 JPF1-3 Not  Used

82 JPF1-4 B–F B–F  from  FU8  for  optional  Aux  Power. <0.5V FU8  to  B– Aux
Power

83 JPF1-5 Not  Used

Item Connection
Function

Description
Theory of Operation Normal Level

Signal
Source

Signal
User
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84 JPF1-6 B+F  or  B–F Provides  either  B+F  or  B–F  to  B+K3  on
the Lift and Travel Power Amplifiers. At
Startup the K3 coil is energized,
providing B+ to the pre-charge circuit
and logic circuits in the power
amplifiers. With the K3 coil
de-energized, JPF1-6 is at B– to
discharge the amplifier precharge
circuits.

B– w/K3
De-energized;
B+ w/K3
Energized

FU5 when
K3 is
energized;
FU6 when
K3 is
de-energized

LPA and
TPA

85 JPF2-1 B+K2 B+  that  is  present  when  the  K2  relay  tips
close (DC lift only).

B+ w/K2 closed Fuse/Relay
Card

LPC Coil

86 JPF2-2 B+  K2 B+  K2  to  power  the  horn. B+  with  K2
energized

K2  tips Horn

87 JPF2-3 B+K2 B+  K2  when  the  K2  relay  tips  are
closed.

B+ K2  tips VM

88 JPF2-3 B+K2 B+  supplied  to  the  Aux  Mast  solenoids. B+ Fuse/Relay
Card

Aux Mast
Solenoids

89 JPF2-4 Not  Used

90 JPF2-5 B+K2 B+K2  to  power  Load  Holding  Solenoid. B+  with  K2
energized.

K2  tips L/H  Sol.

91 JPF2-6 B+K2 B+K2  when  the  K2  relay  tips  are  closed. B+ K2  tips VM

92 JPF2-7 B+K2 B+K2  when  the  K2  relay  tips  are  closed. B+ K2  tips VM

93 JPF2-8 N/A

94 JPF2-8 B+K2 B+  supplied  to  the  2  Stage  Select
Solenoid.

B+ Fuse/Relay
Card

2 Stage
Select
Sol.

95 JPF2-9 B+KEY B+  Key  for  warning  light  when  K1  tips
are closed.

B+ CCC Warning
Light

96 JPF3-1 B– B–  for  FU6  (15A)  that  provides  B–  to  the
Vehicle Manager.

<0.5V TP4 VM

97 JPF3-2 B– B–  for  FU6  (15A)  that  provides  B–  to  the
Vehicle Manager.

<0.5V TP4 VM

98 JPF3-3 B–F B–F  for  DGND  on  the  VM. <0.5V FU6 VM

99 JPF3-4 B–F B–F  for  DGND  on  the  VM. <0.5V FU6 VM

100 JPF3-5 B–F B–F  for  the  VM. <0.5V FU6 VM

101 JPF3-6 B–F B–F  for  the  VM. <0.5V FU6 VM

102 JPF3-7 B–F B–F  for  the  VM. <0.5V FU6 VM

103 JPF3-8 B–F B–F  for  S10  (150  or  120  In.  Limit
Switch) on the mast.

<0.5V FU6 S10

104 JPF3-9 B–F B–F  for  wire  guidance. <0.5V Fuse/Relay
Card

Guidance
Manager

Item Connection
Function

Description
Theory of Operation Normal Level
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Signal
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220 JPT24-9 DGND Return  path  for  S47A  and  S47B  (Aisle
Detect Sensors).

<0.5V S47A  and
S47B

VM

221 JPT24-10 DGND Return  path  for  Pressure  Transducer  A. <0.5V Pressure
transducer

VM

222 JPT24-11 DGND Return  path  for  the  Intellispeed  Flow
Sensor.

<0.5V Flow  Sensor VM

223 JPT24-16 SLACK  SW2 Input  to  the  VM  from  S30  (Slack  Chain
Switch #2).

<1V closed:
>9V open

Slack  SW2 VM

224 JPT24-18 P/T_A Analog  DC  voltage  that  varies  directly
with the weight on the carriage.
Approx. 0.5V per 1000 lbs. It is
necessary to have the VM supply
approx. 12V as well as DGND in order
for the transducer to function correctly.

1V with forks
fully lowered

Pressure
Transducer

VM

225 JPT24-19 FS_TEMP Variable  voltage  that  is  representative  of
the temperature of the fluid in the lift
system.

0.2-4.86V,
approx. 3.2V
@86°F

Flow Sensor VM

226 JPT24-24 BATTERY_
SENSE_IN

B+ present when the battery is plugged
in. It is supplied through a thermistor on
the Relay Control Fuse Panel. This is
used by the VM to determine that the
correct battery is connected. It will
accept between 28 and 45V (36V
Battery) or 18 and 30V (24V Battery). If
the correct battery is sensed, Relay
Enable is energized during start-up.
After start-up, this voltage is used to
determine BSOC.

B+ (there should
be no voltage
drop)

TP1 VM

227 JPTA1-1 B+K3 B+  present  when  K3  is  energized.  This
is used to power the control circuits of
the TPA.

B+ w/K3
energized

K3 TPA

228 JPTA1-6 TPC
CONTACTOR

Control path for the TPC. The TPA
supplies a path for B– for the contactor
by way of the B– terminal.

TPC
de-energized:
B+
energized:
14.7V

TPA TPC

229 JPTA1-7 DGND Return  path  for  the  bearing  encoder  in
the traction motor.

<0.5V Travel
Velocity
Sensor

TPA

230 JPTA1-8 T  TEMP+ Analog  voltage  that  varies  with  the  drive
motor temperature. Used by the TPA to
adjust motor performance.

Approx. 1V
@75°F (24°C)

Traction
Motor
Temp.Sensor

TPA

231 JPTA1-11 ID0 Not  Used  by  the  Traction  Power  Amp.

232 JPTA1-12 ID1 B+  present  at  the  TPA  with  K3  tips
energized. It is used as an identifier to
determine correct connection.

B+ w/K3
energized

K3 TPA

Item Connection
Function

Description
Theory of Operation Normal Level
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https://www.forkliftpdfmanuals.com/



Models  5400/5500/5600  Maintenance  Manual Section  8. Theory  of  Operation

Pin-Out Matrix

Publication:  1031794B,  Re-Issued:  7/14/06 8-37

233 JPTA1-13 B+KB B+  for  the  TPC.  The  TPA  supplies  B+  for
the TPC.

B+ TPA TPC

234 JPTA1-14 Not  Used

235 JPTA1-23 BUS+ The  wire  that  carries  the  positive
component of the digital
communications between the TPA, the
VM, and the CCC.

3V CCC TPA,  LPA,
VM

236 JPTA1-25 Not  Used

237 JPTA1-26 T VEL SENSOR + 5V supply to the bearing encoder on the
traction motor. This voltage is produced
by the traction power amp from B+K3.

4.95V TPA Travel
Velocity
Sensor

238 JPTA1-28 Not  Used

239 JPTA1-29 Not  Used

240 JPTA1-31 T  VEL  PHASE A This  is  generated  when  there  is
movement of the bearing encoder in the
drive motor. It is a square wave that is
either high (>3V) or low (<1V). The
frequency varies directly with the speed
of the drive motor. Identical to T VEL
Phase B, except for phase. The TPA uses
the relationship between phase A and B
to determine travel speed and direction.

Motor
Stationary:
4.06 or 0.03V:
Turning: 2.3V

Travel
Velocity
Sensor

TPA

241 JPTA1-32 T  VEL  PHASE B This  is  generated  when  there  is
movement of the bearing encoder in the
drive motor. It is a square wave that is
either high (>3V) or low (<1V). The
frequency varies directly with the speed
of the drive motor. Identical to T VEL
Phase A, except for phase. The TPA uses
the relationship between phase A and B
to determine travel speed and direction.

Motor
Stationary:
4.06 or 0.03V:
Turning: 2.3V

Travel
Velocity
Sensor

TPA

242 JPTA1-33 BUS– The  wire  that  carries  the  negative
component of the digital
communications between the TPA, VM,
and the CCC.

2.3V CCC TPA,  LPA,
CCC

243 JS27-2 O.T.M.  Cable Spare  over-the-mast  wire  for  future
option.

B– VM Option

244 LPA  (+) LPA  + B+  to  the  LPA  used  to  produce  the  AC
phases U,V, and W when the LPC is
closed to power the lift motor.

B+ with LPC
closed

LPC LPA

245 LPA  (–) LPA  B– B–  from  TP4  on  the  power  panel.  It  is
used for the power circuits on the LPA.
Without B–, U, V, and W cannot be
produced and the lift motor will not turn.

<0.5V TP4 LPA

Item Connection
Function

Description
Theory of Operation Normal Level

Signal
Source

Signal
User
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Pin-Out Matrix

8-38 Publication:  1031794B,  Re-Issued:  7/14/06

246 LPA  (U) Lift  Motor  Phase
U

One of three phases from the LPA to the
Lift Motor. This AC voltage is produced
by the LPA and is dependent on B+ at
the + terminal and B– on the LPA. This
AC voltage is measured between any
two phases and varies from 0VAC at
rest to about 24VAC at full RPM.

VAC between
two phases:
Stationary:
0VAC
Full Travel:
24VAC
Stall: approx.
4VAC

LPA Lift  Motor

247 LPA  (V) Lift  Motor  Phase
V

One of three phases from the LPA to the
Lift Motor. This AC voltage is produced
by the LPA and is dependent on B+ at
the + terminal and B– on the LPA. This
AC voltage is measured between any
two phases and varies from 0VAC at
rest to about 24VAC at full RPM.

VAC between
two phases:
Stationary:
0VAC
Full Travel:
24VAC
Stall: approx.
4VAC

LPA Lift  Motor

248 LPA  (W) Lift  Motor  Phase
W

One of three phases from the LPA to the
Lift Motor. This AC voltage is produced
by the LPA and is dependent on B+ at
the + terminal and B– on the LPA. This
AC voltage is measured between any
two phases and varies from 0VAC at
rest to about 24VAC at full RPM.

VAC between
two phases:
Stationary:
0VAC
Full Travel:
24VAC
Stall: approx.
4VAC

LPA Lift  Motor

249 PC12-1 B+F  (SPARE) B+  power  for  optional  Work  Lights  or  RF
Unit. Present when the battery is
connected. It is fused through FU5 on
the Fuse/Relay Card.

B+ wrt TP4
w/battery
connected

Fuse/Relay
Card

Work
Lights and
RF Unit

250 PC12-2 B–F  (SPARE) B–  power  for  optional  Work  Lights  or  RF
Unit. Present when the battery is
connected. It is fused through FU6 on
the Fuse/Relay Card.

<0.3V wrt TP4 Fuse/Relay
Card

Work
Lights and
RF Unit

251 TPA  (+) TPA  B+ B+  to  the  TPA  used  to  produce  the  AC
phases U, V and W when the TPC is
closed to power the drive motor.

B+ w/TPC
closed

B+ from TPC TPA

252 TPA  (B–) TPA  B– B–  from  TP4  on  the  power  panel.  It  is
used for the power circuits on the TPA.
Without B–, U, V and W cannot be
produced and the drive motor will not
turn.

<0.5V TP4 TPA

253 TPA  (U) Traction  Motor
Phase U

One of three phases from the TPA to the
traction motor. This AC voltage is
produced by the TPA and is dependent
on B+ at TPA (+) and B– at TPA (B–). This
AC voltage is measured between any
two phases and varies from 0VAC at
rest to about 24VAC at full acceleration.

VAC between
two phases:
Stationary:
0VAC
Full Travel:
24VAC
Stall: approx.
4VAC

TPA Drive
Motor

Item Connection
Function

Description
Theory of Operation Normal Level

Signal
Source

Signal
User
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254 TPA  (V) Traction  Motor
Phase V

One of three phases from the TPA to the
traction motor. This AC voltage is
produced by the TPA and is dependent
on B+ at TPA (+) and B– at TPA (B–). This
AC voltage is measured between any
two phases and varies from 0VAC at
rest to about 24VAC at full acceleration.

VAC between
two phases:
Stationary:
0VAC
Full Travel:
24VAC
Stall: approx.
4VAC

TPA Drive
Motor

255 TPA  (W) Traction  Motor
Phase W

One of three phases from the TPA to the
traction motor. This AC voltage is
produced by the TPA and is dependent
on B+ at TPA (+) and B– at TPA (B–). This
AC voltage is measured between any
two phases and varies from 0VAC at
rest to about 24VAC at full acceleration.

VAC between
two phases:
Stationary:
0VAC
Full Travel:
24VAC
Stall:
approx. 4VAC

TPA Drive
Motor

Item Connection
Function

Description
Theory of Operation Normal Level

Signal
Source

Signal
User
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MMooddeells  s  55440000//55550000//5566000  0  MMaaiinntteennaanncce  e  MMaannuuaall SSeeccttiioon  n  AA.. AAppppeennddiixx

TTorque Chart orque Chart - Standard (B- Standard (Brass)rass)

PPuubblliiccaattiioonn:  :  11003311779944BB,  ,  RRee--IIssssuueedd:  :  77//1144//0066 AA--77

Torque Chart - StandardTorque Chart - Standard
(Brass)(Brass)

Brass MS63 Standard Bolts, Coarse ThreadBrass MS63 Standard Bolts, Coarse Thread

SizeSize
 Torqu Torque (with bolte (with bolts oiled*)s oiled*)

NN••mm iinn.  .  llbb..

44--4400 00..3377 33..33

44--4488 00..4400 33..66

66--3322 00..6699 66..11

66--4400 00..7777 66..88

88--3322 11..2244 1111

88--3366 11..2244 1111

1100--2244 11..5588 1144

1100--3322 11..9922 1177

11//44--2200 33..9966 3355

11//44--2288 44..5522 4400

55//1166--1188 88..2255 7733

55//1166--2244 99..1155 8811

33//88--1166 1144..6699 113300

33//88--2244 1166..6611 114477

Note: Use “oiled” values for bolts Note: Use “oiled” values for bolts with thread-locking compound.with thread-locking compound.
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SSeeccttiioon  n  AA.. AAppppeennddiixx MMooddeells  s  55440000//55550000//5566000  0  MMaaiinntteennaanncce  e  MMaannuuaall

Decimal Equivalent ChartDecimal Equivalent Chart

AA--88 PPuubblliiccaattiioonn:  :  11003311779944BB,  ,  RRee--IIssssuueedd:  :  77//1144//0066

Decimal Equivalent ChartDecimal Equivalent Chart

44tthhss 88tthhss 1166tthhss 3322nnddss 6644tthhss
 To 3 To 3
PlacesPlaces

 To 2 To 2
PlacesPlaces

MM EquivalentMM Equivalent

11//6644 ..001166 ..0022 00..339977

11//3322 ..003311 ..0033 00..779944

33//6644 ..004477 ..0055 11..119911

11//1166 ..006622 ..0066 11..558877

55//6644 ..007788 ..0088 11..998844

33//3322 ..009944 ..0099 22..338811

77//6644 ..110099 ..1111 22..777788

11//88 ..112255 ..1122 33..117755

99//6644 ..114411 ..1144 33..557722

55//3322 ..115566 ..1166 33..996699

1111//6644 ..117722 ..1177 44..336666

33//1166 ..118888 ..1199 44..776622

1133//6644 ..220033 ..2200 55..115599

77//3322 ..221199 ..2222 55..555566

1155//6644 ..223344 ..2233 55..559933

11//44 ..225500 ..2255 66..335500

1177//6644 ..226666 ..2277 66..774477

99//3322 ..228811 ..2288 77..114444

1199//6644 ..229977 ..3300 77..554400

55//1166 ..331122 ..3311 77..993377

2211//6644 ..332288 ..3333 88..333344

1111//3322 ..334444 ..3344 88..773311

2233//6644 ..335599 ..3366 99..112288

33//88 ..337755 ..3388 99..552255

2255//6644 ..339911 ..3399 99..992222

1133//3322 ..440066 ..4411 1100..331199

2277//6644 ..442222 ..4422 1100..771166

77//1166 ..443388 ..4444 1111..111122

2299//6644 ..445533 ..4455 1111..550099

1155//3322 ..446699 ..4477 1111..990066

3311//6644 ..448844 ..4488 1122..330033

11//22 ..550000 ..5500 1122..770000
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MMooddeells  s  55440000//55550000//5566000  0  MMaaiinntteennaanncce  e  MMaannuuaall SSeeccttiioon  n  AA.. AAppppeennddiixx

Decimal Equivalent ChartDecimal Equivalent Chart

PPuubblliiccaattiioonn:  :  11003311779944BB,  ,  RRee--IIssssuueedd:  :  77//1144//0066 AA--99

3333//6644 ..551166 ..5522 1133..009977

1177//3322 ..553311 ..5533 1133..449944

3355//6644 ..554477 ..5555 1133..889911

99//1166 ..556622 ..5566 1144..228888

3377//6644 ..557788 ..5588 1144..668844

1199//3322 ..559944 ..5599 1155..008811

3399//6644 ..660099 ..6611 1155..447788

55//88 ..662255 ..6622 1155..887755

4411//6644 ..664411 ..6644 1166..227722

2211//3322 ..666655 ..6666 1166..666699

4433//6644 ..667722 ..6677 1177..006655

1111//1166 ..668888 ..6699 1177..446622

4455//6644 ..770033 ..7700 1177..885599

2233//3322 ..771199 ..7722 1188..225566

4477//6644 ..773344 ..7733 1188..665533

33//44 ..775500 ..7755 1199..005500

4499//6644 ..776666 ..7777 1199..444477

2255//3322 ..778811 ..7788 1199..884444

5511//6644 ..779977 ..8800 2200..224411

1133//1166 ..881122 ..8811 2200..663377

5533//6644 ..882288 ..8833 2211..003344

2277//3322 ..884444 ..8844 2211..443311

5555//6644 ..885599 ..8866 2211..882288

77//88 ..887755 ..8888 2222..222255

5577//6644 ..889911 ..8899 2222..662222

2299//3322 ..990066 ..9911 2233..001199

5599//6644 ..992222 ..9922 2233..441166

1155//1166 ..993388 ..9944 2233..881122

6611//6644 ..995533 ..9955 2244..220099

3311//3322 ..996699 ..9977 2244..660066

6633//6644 ..998844 ..9988 2255..000033

11..000000 11..0000 2255..440000

44tthhss 88tthhss 1166tthhss 3322nnddss 6644tthhss
 To 3 To 3
PlacesPlaces

 To 2 To 2
PlacesPlaces

MM EquivalentMM Equivalent
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SSeeccttiioon  n  AA.. AAppppeennddiixx MMooddeells  s  55440000//55550000//5566000  0  MMaaiinntteennaanncce  e  MMaannuuaall

Standard/Metric ConversionsStandard/Metric Conversions

AA--1100 PPuubblliiccaattiioonn:  :  11003311779944BB,  ,  RRee--IIssssuueedd:  :  77//1144//0066

Standard/MetricStandard/Metric
ConversionsConversions

 To Co To Convert...nvert... Multiply, AdMultiply, Add, or Subtrad, or Subtract...ct...

 Area  Area 

SSqquuaarre  e  IInncchhees  s  tto  o  SSqquuaarre  e  CCeennttiimmeetteerrss SSqquuaarre  e  IInncchhees  s  x  x  66..445522

SSqquuaarre  e  CCeennttiimmeetteerrs  s  tto  o  SSqquuaarre  e  IInncchheess SSqquuaarre  e  CCeennttiimmeetteerrs  s  x  x  00..115555

SSqquuaarre  e  FFeeeet  t  tto  o  SSqquuaarre  e  MMeetteerrss SSqquuaarre  e  FFeeeet  t  x  x  00..009933

SSqquuaarre  e  MMeetteerrs  s  tto  o  SSqquuaarre  e  FFeeeett SSqquuaarre  e  MMeetteerrs  s  x  x  1100..775533

SSqquuaarre  e  YYaarrdds  s  tto  o  SSqquuaarre  e  MMeetteerrss SSqquuaarre  e  YYaarrdds  s  x  x  00..883366

SSqquuaarre  e  MMeetteerrs  s  tto  o  SSqquuaarre  e  YYaarrddss SSqquuaarre  e  MMeetteerrs  s  x  x  11..119966

DistanceDistance

IInncchhees  s  tto  o  MMiilllliimmeetteerrss IInncchhees  s  x  x  2255..44

MMiilllliimmeetteerrs  s  tto  o  IInncchheess MMiilllliimmeetteerrs  s  x  x  00..003399

IInncchhees  s  tto  o  CCeennttiimmeetteerrss IInncchhees  s  x  x  22..5544

CCeennttiimmeetteerrs  s  tto  o  IInncchheess CCeennttiimmeetteerrs  s  x  x  00..339944

FFeeeet  t  tto  o  MMeetteerrss FFeeeet  t  x  x  00..330055

MMeetteerrs  s  tto  o  FFeeeett MMeetteerrs  s  x  x  33..228811

 Yards to Me Yards to Metersters Yards x 0.914Yards x 0.914

MMeetteerrs  s  tto  o  YYaarrddss MMeetteerrs  s  x  x  11..009944

MMiillees  s  tto  o  KKiilloommeetteerrss MMiillees  s  x  x  11..660099

KKiilloommeetteerrs  s  tto  o  MMiilleess KKiilloommeetteerrs  s  x  x  00..662211

MassMass

OOuunnccees  s  tto  o  GGrraammss OOuunnccees  s  x  x  2288..3355

GGrraamms  s  tto  o  OOuunncceess OOuunnccees  s  x  x  00..003355

OOuunnccees  s  tto  o  KKiillooggrraammss OOuunnccees  s  x  x  00..002288

KKiillooggrraamms  s  tto  o  OOuunncceess KKiillooggrraamms  s  x  x  3355..2277

PPoouunndds  s  tto  o  KKiillooggrraammss PPoouunndds  s  x  x  00..445544

KKiillooggrraamms  s  tto  o  PPoouunnddss KKiillooggrraamms  s  x  x  22..22

PressurePressure

PPoouunndds s ppeer r  SSqquuaarre e  IInncch h ((PPSSII)  )  tto  o  kkiillooPPaassccaallss PPSSI I  x  x  66..889944

kkiillooPPaassccaalls s tto o PPoouunndds s ppeer Sr Sqquuaarre e IInncch h ((PPSSII)) kkiillooPPaassccaalls s x x 00..114455

SpeedSpeed

MMiillees  s  ppeer  r  hhoouur  r  tto  o  KKiilloommeetteerrs  s  ppeer  r  hhoouurr MMiillees  s  ppeer  r  hhoouur  r  x  x  11..660099

KKiilloommeetteerrs  s  ppeer  r  hhoouur  r  tto  o  MMiillees  s  ppeer  r  hhoouurr KKiilloommeetteerrs  s  ppeer  r  hhoouur  r  x  x  00..66221144

 Temper Temperatureature

FFaahhrreennhheeiit  t  tto  o  CCeellssiiuuss ((°°F  F  mmiinnuus  s  3322)  )  x  x  00..555555

CCeellssiiuus  s  tto  o  FFaahhrreennhheeiitt ((°°C  C  x  x  11..88)  )  pplluus  s  3322

 Torq Torqueue

IInncch Ph Poouunndds (s (iinn. l. lbsbs..) t) to No Neewwttoon Mn Meetteerrs (s (NN••mm)) IInncch Ph Poouunndds x s x 0.0.111133

NNeewwtoton Mn Meeteterrs (s (NN••mm) t) to Io Inncch Ph Pouounndds (s (iinn. l. lbbss..)) NNeewwttoon Mn Meetteerrs x s x 8.8.8855

FFoooot t PPouounnds ds ((fftt. l. lbbss..) ) to to NNeewwttoon n MMeetteerrs s ((NN••mm)) FFoooot t PPoouunndds s x x 11..33556868

NNeewwtoton Mn Meeteterrs s ((NN••mm) t) to Fo Foooot Pt Poouunndds (s (fftt. l. lbbss..)) NNeewwttoon Mn Meetteerrs s x 0x 0..773377

 V Volumeolume

PPiinntts  s  tto  o  LLiitteerrss PPiinntts  s  x  x  00..447733

LLiitteerrs  s  tto  o  PPiinnttss LLiitteerrs  s  x  x  22..111133

QQuuaarrtts  s  tto  o  LLiitteerrss QQuuaarrtts  s  x  x  00..994466

LLiitteerrs  s  tto  o  QQuuaarrttss LLiitteerrs  s  x  x  11..005577

GGaalllloonns  s  tto  o  LLiitteerrss GGaalllloonns  s  x  x  33..778855

LLiitteerrs  s  tto  o  GGaalllloonnss LLiitteerrs  s  x  x  00..2266
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MMooddeells  s  55440000//55550000//5566000  0  MMaaiinntteennaanncce  e  MMaannuuaall SSeeccttiioon  n  AA.. AAppppeennddiixx

SchematicsSchematics

PPuubblliiccaattiioonn:  :  11003311779944BB,  ,  RRee--IIssssuueedd:  :  77//1144//0066 AA--1111

Section A.Appendix Section A.Appendix 

SchematicsSchematics
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SSeeccttiioon  n  AA.. AAppppeennddiixx MMooddeells  s  55440000//55550000//5566000  0  MMaaiinntteennaanncce  e  MMaannuuaall

SchematicsSchematics

AA--1122 PPuubblliiccaattiioonn:  :  11003311779944BB,  ,  RRee--IIssssuueedd:  :  77//1144//0066

ElectricalElectrical

AA

FigFigure ure A-1A-1.. EleElectrctricaical Scl Schemhematiatic Sc Sheeheet 1 (t 1 (AC AC LifLift)t)
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Figure A-2. Electrical Schematic Sheet 2 (DC Lift)
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Figure A-3. Electrical Schematic Sheet 3
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