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Page Revision RecordPage Revision Record

 This section is a record  This section is a record of all revised pages in of all revised pages in this manual. Whenthis manual. Whenever a page is revised, thever a page is revised, this sectionis section
is updated and included in the revision package.is updated and included in the revision package.

Pages are revised due to technical and non-technical changes described as follows:Pages are revised due to technical and non-technical changes described as follows:
•• TechniTechnical chacal changes – Thnges – These chanese changes are ges are identifidentified by a veied by a verticartical line (chl line (change bange bar) in tar) in the lefthe left

margin next to the change. Pages affected by technical changes are identified withmargin next to the change. Pages affected by technical changes are identified with
“Page Revised: Mo/Day/Yr” in the “Page Revised: Mo/Day/Yr” in the footer. These pages are also available on thefooter. These pages are also available on the Raymond Raymond  iNet. iNet.

•• Non-tNon-techniechnical chancal changes – These cges – These changehanges consist os consist of typogrf typographicaaphical and grl and grammaammatical cortical correctionrections,s,
paragraph renumbering, repagination, and so on. Non-technical changes are not identifiedparagraph renumbering, repagination, and so on. Non-technical changes are not identified

 with a change bar with a change bar, however, however, affected pages are identified with “Page Revised: Mo/Day/Yr, affected pages are identified with “Page Revised: Mo/Day/Yr” in” in
the footer.the footer.

Document Revision History Document Revision History 

111301113065A Orig65A Original Issinal Issue ue . . . . . . .. . . . . . . 15 Mar 2015 Mar 201010
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Service Bulletin ListService Bulletin List

 The following Service Bulletins have been incorporated  The following Service Bulletins have been incorporated into this manual.into this manual.

Use the blank rows below to log Service Bulletins when they are added to this manual.Use the blank rows below to log Service Bulletins when they are added to this manual.

DDooccuummeennt  t  NNuummbbeerr SSuubbjjeecctt DDaattee
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Product Improvement Notice ListProduct Improvement Notice List

 The following Product Improvement Notices have been in The following Product Improvement Notices have been incorporated into this manual.corporated into this manual.

Use the blank rows below to log Product Improvement Notices when they are added to this manual.Use the blank rows below to log Product Improvement Notices when they are added to this manual.

DDooccuummeennt  t  NNuummbbeerr SSuubbjjeecctt DDaattee
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Manual DesignManual Design

 This manual is designed with the  This manual is designed with the followingfollowing
objectives in mind:objectives in mind:

•• proprovidvide te techechnicnical al covecoveragrage fe for or expexpectecteded
levels of user expertiselevels of user expertise

•• antanticipicipate ate your your neeneeds ds and and redreduce uce youyourr
decisions regarding maintenancedecisions regarding maintenance

•• redreduce uce pagpage fle flippipping ing thrthrougough a h a “on“one-se-stoptop
shopping” approachshopping” approach

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

•• NNamame oe of tf thhe me mananuauall
(Model 4450 Maintenance Manual)(Model 4450 Maintenance Manual)

•• CuCurrrrenent t ChChapapteter r TitTitlele
(for example, this page; How to Use This(for example, this page; How to Use This
Manual)Manual)

•• CCuurrrrenent t ttooppiicc
(for example, this page; Manual Design)(for example, this page; Manual Design)

 This manual consists of the following sections: This manual consists of the following sections:

•• 1 1 How to How to Use This Use This ManualManual explains the explains the
manual format and design as well asmanual format and design as well as
abbreviations and symbols used.abbreviations and symbols used.

•• 2 Safety2 Safety explains warning and caution explains warning and caution
notes, general safety rules, and safetynotes, general safety rules, and safety
rules for batteries, static, jacking, andrules for batteries, static, jacking, and

 welding. welding.

•• 3 3 Systems Systems OverviewOverview includes general lift includes general lift
truck overview, programming instructions,truck overview, programming instructions,
and configuration menu.and configuration menu.

•• 4 4 Scheduled Scheduled MaintenanceMaintenance outlines the outlines the
recommended schedule of preventiverecommended schedule of preventive
services to keep your lift truck workingservices to keep your lift truck working
most efficiently.most efficiently.

•• 5 Troubleshooting5 Troubleshooting is designed to take is designed to take
 you from  you from a sympa symptom to tom to a specific a specific sequencesequence
of tests in order to isolate a failingof tests in order to isolate a failing
component.component.

•• 6 6 Messages Messages and and CodesCodes lists displaylists display
messages and electrical fault codes.messages and electrical fault codes.

•• 7 7 Component Component ProceduresProcedures gives gives
step-by-step procedures for testing,step-by-step procedures for testing,
removal, installation, and adjustment ofremoval, installation, and adjustment of

individual truck components. Componentsindividual truck components. Componentsare grouped by truck system.are grouped by truck system.

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

•• LoLook uok up thp the coe compmpononenent nat name ime in thn thee
List ofList of Component ProceduresComponent Procedures..

•• FiFind nd ththe ce comompoponenent nt in in ththee ComponentComponent
Locator PhotosLocator Photos..

•• LoLook uok up thp the coe compmpononenent nat name ime in thn thee
maintenance manualmaintenance manual IndexIndex..

•• 8 8 Theory Theory of of OperationOperation explains signalexplains signal
flow within the electrical and hydraulicflow within the electrical and hydraulic
systems for various conditions of lift trucksystems for various conditions of lift truck
operation. This chapter also contains aoperation. This chapter also contains a
detailed connection point table (Pinoutdetailed connection point table (Pinout
Matrix) designed to assist in testing andMatrix) designed to assist in testing and
troubleshooting the truck.troubleshooting the truck.

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

•• IndexIndex lists subjects alphabetically. lists subjects alphabetically.
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 Abbreviations and Abbreviations and
SymbolsSymbols

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

 Term/Sym Term/Symbolbol DefinitionDefinition

 A A AmpereAmpere

 AC AC Alternating Current Alternating Current 

 Agnd Agnd analog groundanalog ground

aammpp AAmmppeerre  e  oor  r  aammpplliiffiieer  r  

aapppprrooxx.. aapppprrooxxiimmaatteelly  y  

 Assy Assy assembly assembly 

aauuxx aauuxxiilliiaarry  y  

 AWG AWG American Wire GAmerican Wire Gaugeauge

CCAANN CCoonnttrroolllleer  r  AArreea  a  NNeettwwoorrk  k  

cccc ccuubbiic  c  cceennttiimmeetteer  r  

CCoonnnn.. CCoonnnneeccttoor  r  oor  r  CCoonnnneeccttiioonn
CCSS ccoolld  d  ssttoorraaggee

DDCC DDiirreecct  t  CCuurrrreennt  t  

DDMMMM DDiiggiittaal  l  MMuulltti  i  MMeetteer  r  

EEEE UUL  L  EElleeccttrriic  c  TTrruucck  k  TTyyppee
Certification Rating whereCertification Rating where
electrical equipment iselectrical equipment is
completely enclosedcompletely enclosed

EEPPOO EEmmeerrggeennccy  y  PPoowweer  r  OOfff  f  

EESSDD EElleeccttrroossttaattiic  c  DDiisscchhaarrggee

EESSDDSS EElleeccttrroossttaattiic  c  DDiisscchhaarrggee
SensitiveSensitive

fftt.. ffoooot  t  oor  r  ffeeeet  t  

ggaall.. ggaalllloon  n  oor  r  ggaalllloonnss

GGPPMM GGaalllloonns  s  PPeer  r  MMiinnuuttee

HHCCBB HHyyddrraauulliic  c  CCoonnttrrool  l  BBooaarrdd

HHzz HHeerrttzz

iinn.. iinncch  h  oor  r  iinncchheess

kkgg kkiillooggrraamm((ss))

kkmm//hhrr kkiilloommeetteerrs  s  ppeer  r  hhoouur  r  
kkPPaa kkiillo  o  PPaassccaall

llbbss.. ppoouunnddss

LLEEDD LLiigghht  t  EEmmiittttiinng  g  DDiiooddee

mmAA mmiilllliiaammppeerree

mmmm mmiilllliimmeetteer  r  

mmPPaa mmeeggaappaassccaall

mmpphh mmiillees  s  ppeer  r  hhoouur  r  

NNoo.. nnuummbbeer  r  

NNmm nneewwttoon  n  mmeetteer  r  

OODD OOppeerraattoor  r  DDiissppllaay  y  

oopptt.. ooppttiioonnaall

OOTTMM oovveerr--tthhee--mmaasst  t  

ppoott ppootteennttiioommeetteer  r  

PPPPAA PPuummp  p  PPoowweer  r  AAmmpplliiffiieer  r  

ppssii ppoouunndds  s  ppeer  r  ssqquuaarre  e  iinncchh

PP//NN PPaarrt  t  NNuummbbeer  r  

RRPPMM RReevvoolluuttiioonns  s  PPeer  r  MMiinnuuttee

SSAAEE SSoocciieetty  y  oof  f  AAuuttoommoottiivvee
EngineersEngineers

SSOOLL SSoolleennooiidd

SS//WW ssooffttwwaarree

tteemmpp TTeemmppeerraattuurree

 TPA TPA Traction Power AmpTraction Power Amplifier lifier 

UULL UUnnddeerrwwrriitteerrs  s  LLaabboorraattoorriieess,,
Inc.Inc.

 V V VVolt or Volt or Voltsolts

 VDC VDC VVolts Direct Current olts Direct Current 

 VM VM VVehicle Manager ehicle Manager 

 wrt wrt with respect towith respect to

 Term/Sym Term/Symbolbol DefinitionDefinition
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 w/ w/ withwith

™™ ttrraaddeemmaarrk  k  

©© ccooppyyrriigghht  t  

++ pplluus  s  oor  r  ppoossiittiivvee

 – – minus or negativeminus or negative

±± pplluus  s  oor  r  mmiinnuuss

°° ddeeggrreeeess

°°FF ddeeggrreeees  s  FFaahhrreennhheeiit  t  

°°CC ddeeggrreeees  s  CCeellssiiuuss

%% ppeerrcceennt  t  

== eeqquuaallss

 Term/Symbo Term/Symboll DefinitionDefinition
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DefinitionsDefinitions

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

 Warning  Warning means a means a potentially hazardouspotentially hazardous
situation exists, which, if not avoided,situation exists, which, if not avoided,
could result in death or serious injury.could result in death or serious injury.

Caution means a potentially hazardousCaution means a potentially hazardous
situation exists, which, if not avoided,situation exists, which, if not avoided,
may result in minor or moderate injurymay result in minor or moderate injury
or in damage to the lift truck or nearbyor in damage to the lift truck or nearby
objects. It may also be used to alertobjects. It may also be used to alert
against unsafe practices.against unsafe practices.
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General Safety General Safety 

Do not operate or work on this lift truck unlessDo not operate or work on this lift truck unless
 you are trained, qualified, a you are trained, qualified, and authorized to dond authorized to do
so, and have read the so, and have read the Owner and OperatorOwner and Operator
Manuals.Manuals.
8b15004d.eps8b15004d.eps

Know the lift truck’s controls and what they do.Know the lift truck’s controls and what they do.
9434_001.eps9434_001.eps

Do not operate this lift truck if iDo not operate this lift truck if it needs repair ort needs repair or
if it is in any way unsafe.if it is in any way unsafe.
9434_002.eps9434_002.eps

Operate this lift truck only from the operator’sOperate this lift truck only from the operator’s
position.position.
9434_003.eps9434_003.eps

Before working on this lift truck, always turnBefore working on this lift truck, always turn
the key switch OFF and disconnect the batterythe key switch OFF and disconnect the battery
connector (unless this manual tells youconnector (unless this manual tells you
otherwise).otherwise).
9434_004.eps9434_004.eps

Do not wear watches, rings, or Do not wear watches, rings, or jewelry whenjewelry when
 working on this lift truck. working on this lift truck.

 jewelry.eps jewelry.eps

Follow the scheduled lubrication, maintenance,Follow the scheduled lubrication, maintenance,
and inspection steps.and inspection steps.
schedmnt.epsschedmnt.eps



https://www.forkliftpdfmanuals.com/



  

SSeeccttiioon  n  22. S. Saaffeettyy MMooddeel  l  4444550  0  MMaaiinntteennaanncce  e  MMaannuuaall

General SafetyGeneral Safety

22--44 PPuubblliiccaattiioon  n  11111133006655,  ,  IIssssuueedd:  :  115  5  MMaar  r  22001100

Follow exactly the safety and repair instructionsFollow exactly the safety and repair instructions
in this manual. Do not take shortcuts.in this manual. Do not take shortcuts.
8b15008d.eps8b15008d.eps

Do not use an open flame near the lift truck.Do not use an open flame near the lift truck.
9434_005.eps9434_005.eps

Do not use gasoline or other flammable liquidsDo not use gasoline or other flammable liquids
for cleaning parts.for cleaning parts.
9434_006.eps9434_006.eps

Clean up any hydraulic fluid, oil, or Clean up any hydraulic fluid, oil, or grease thatgrease that
has leaked or spilled has leaked or spilled on the floor.on the floor.
spills.epsspills.eps

 Always park this lift truck i Always park this lift truck indoors.ndoors.
9434_007.eps9434_007.eps

Do not wash this lift truck with a hose.Do not wash this lift truck with a hose.
9434_008.eps9434_008.eps

Do not add to or modify this lift truck until youDo not add to or modify this lift truck until you
contact your local Raymond dealer to receivecontact your local Raymond dealer to receive

 written manufacturer app written manufacturer approval.roval.
9434_009.eps9434_009.eps

Do not park this lift truck in Do not park this lift truck in a cold storage areaa cold storage area
overnight.overnight.
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Battery Safety Battery Safety 

 As a battery is being char As a battery is being charged, anged, an

explosive gas mixture forms within andexplosive gas mixture forms within and
around each cell. If the area is notaround each cell. If the area is not
correctly ventilated, this explosive gascorrectly ventilated, this explosive gas
can remain in or around the battery forcan remain in or around the battery for
several hours after charging. Make sureseveral hours after charging. Make sure
there are no open flames or sparks inthere are no open flames or sparks in
the charging area. An open flame orthe charging area. An open flame or
spark can ignite this gas, resulting inspark can ignite this gas, resulting in
serious damage or serious damage or injury.injury.

Battery electrolyte is a solution ofBattery electrolyte is a solution of
sulfuric acid and water. Battery acidsulfuric acid and water. Battery acid
causes burns. Should any electrolytecauses burns. Should any electrolyte
come in contact with your clothing orcome in contact with your clothing or

skin, flush the area immediately withskin, flush the area immediately withcold water. Should the solution get oncold water. Should the solution get on
 your face or  your face or in your eyes, fin your eyes, flush the arealush the area
 with cold water and get medical help with cold water and get medical help
immediately.immediately.

Read, understand, and follow procedures,Read, understand, and follow procedures,
recommendations, and specifications in therecommendations, and specifications in the

 battery and battery char battery and battery charger manufacturer’sger manufacturer’s
manuals.manuals.
25l6s014.eps25l6s014.eps

 Wear  Wear personal protective equipment to protectpersonal protective equipment to protect
eyes, face, and skin when checking, eyes, face, and skin when checking, handling,handling,
or filling batteries. This equipment includesor filling batteries. This equipment includes

goggles or face shield, rubber gloves (with orgoggles or face shield, rubber gloves (with or
 without arm shields), and a rubber ap without arm shields), and a rubber apron.ron.

25l6s016.eps25l6s016.eps

Make sure a shower and eyewash station areMake sure a shower and eyewash station are
nearby in case of an accident.nearby in case of an accident.
04g6s059.eps04g6s059.eps

 A battery gives off explosive gases. A battery gives off explosive gases.
NeverNever smoke, usmoke, use an open flse an open flame, or usame, or usee
anything that gives off sparks near a battery.anything that gives off sparks near a battery.

Keep the charging area well-ventilated to avoidKeep the charging area well-ventilated to avoid
hydrogen gas concentration.hydrogen gas concentration.
04g6s058.eps04g6s058.eps

 Turn the key switch OFF Turn the key switch OFF before before  disconnecting disconnecting
the battery from the lift truck at the batterythe battery from the lift truck at the battery
connector. Do not break live circuits at theconnector. Do not break live circuits at the
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 battery terminals. A spark often occurs at the battery terminals. A spark often occurs at the
point where a live circuit is broken.point where a live circuit is broken.
9434_004.eps9434_004.eps

Do not lay tools or metal objects on top of theDo not lay tools or metal objects on top of the
 battery. A short circuit or explosion could battery. A short circuit or explosion could
result.result.
04g6s057.eps04g6s057.eps

Keep batteries clean. Corrosion causes shortsKeep batteries clean. Corrosion causes shorts
to the frame and possibly sparks.to the frame and possibly sparks.

Keep plugs, terminals, cables, and receptaclesKeep plugs, terminals, cables, and receptacles
in good condition to avoid shorts and sparks.in good condition to avoid shorts and sparks.
27y7s013.tif 27y7s013.tif 

Keep filler plugs firmly in place at all timesKeep filler plugs firmly in place at all times
except except  when the electrolyte level is checked, when the electrolyte level is checked,

 when water is added to the cells, or w when water is added to the cells, or when thehen the
specific gravity is checked.specific gravity is checked.

Make sure the vent holes in the filler plugs areMake sure the vent holes in the filler plugs are
open to allow the gas to escape from the cells.open to allow the gas to escape from the cells.
09g6s047.tif 09g6s047.tif 

Do not allow cleaning solution, dirt, or anyDo not allow cleaning solution, dirt, or any
foreign matter to enter the cells.foreign matter to enter the cells.

Make sure you install the correct Make sure you install the correct size battery. Asize battery. A

smaller or lighter weight battery could seriouslysmaller or lighter weight battery could seriouslyaffect lift truck stability. See the lift truck’saffect lift truck stability. See the lift truck’s
specification plate for more information.specification plate for more information.
9434_010.eps9434_010.eps

Never plug a battery charger into the lift truck’sNever plug a battery charger into the lift truck’s
 battery conn battery connector. ector. Plug the Plug the battery charbattery charger onlyger only
into the battery connector from the into the battery connector from the battery.battery.
9434_011.eps9434_011.eps

 V Ventent
HoleHole
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Static PrecautionsStatic Precautions

Electronic circuit boards can containElectronic circuit boards can contain
Electrostatic Discharge Sensitive (ESDS)Electrostatic Discharge Sensitive (ESDS)
devices.devices.

Static charges can accumulate from normalStatic charges can accumulate from normal
operation of the lift truck as well as movementoperation of the lift truck as well as movement
or contact between non-conductive materialsor contact between non-conductive materials
such as plastic bags, synthetic clothing,such as plastic bags, synthetic clothing,
synthetic soles on shoes, and styrofoam coffeesynthetic soles on shoes, and styrofoam coffee
cups.cups.

 Accumulated static electricity can be Accumulated static electricity can be
discharged to a circuit board or component bydischarged to a circuit board or component by
touching the parts. Electrostatic Dischargetouching the parts. Electrostatic Discharge
(ESD) is also possible through the air when a(ESD) is also possible through the air when a
charged object is placed close to anothercharged object is placed close to another
surface at a different electrical potential.surface at a different electrical potential. StaticStatic

discharge can occur without seeing or feeling it.discharge can occur without seeing or feeling it.

 Whenever working on or near  Whenever working on or near static-sensitivestatic-sensitive
electronics, always use static dischargeelectronics, always use static discharge
precautions.precautions.

•• WWear ear an an ESD ESD wriwrist sst stratrap. Cp. Connonnect ect thethe
ground lead to the wrist ground lead to the wrist strap connector.strap connector.
Connect the ground clamp to anConnect the ground clamp to an
unpainted, grounded surface on the truckunpainted, grounded surface on the truck
frame. The wrist strap should be equippedframe. The wrist strap should be equipped

 with a 1 megohm  with a 1 megohm resistor to protectresistor to protect
against shock hazard.against shock hazard.

•• HanHandle dle circcircuit uit boaboards rds by eby edgedges ons only. ly. AvoiAvoidd
touching edge connectors.touching edge connectors.

•• If yIf you aou are rre rememovovining or g or ininstastallillingng

static-sensitive components, place themstatic-sensitive components, place them
on a correctly grounded static mat.on a correctly grounded static mat.

•• To tTo tranransposport srt stattatic-ic-sensensitsitive ive comcomponponentents,s,
including failed components beingincluding failed components being
returned, place the components in anreturned, place the components in an
antistatic bag or box (available from yourantistatic bag or box (available from your
Raymond dealer).Raymond dealer).

 Test the wrist strap and related accessories Test the wrist strap and related accessories
 before each use to make sure they are working before each use to make sure they are working
correctly.correctly.

FigFigure ure 2-12-1.. AntAnti-Si-Stattatic ic Kit Kit witwith Wh Wrisrist Stt Strap rap and and Mat Mat 
mat2.tif mat2.tif 

FigFigururee 2-2-11 shows the components of the shows the components of the
Raymond Raymond  antistatic field service kit, antistatic field service kit,
P/NP/N 1-187-059. 1-187-059. The kit The kit includes a wrincludes a wrist strap,ist strap,
ground cord, and static-dissipative workground cord, and static-dissipative work
surface (mat). Follow the instructions packagedsurface (mat). Follow the instructions packaged

 with this kit. with this kit.

 Wrist  Wrist straps are straps are available in available in quantities of quantities of 25, as25, as
P/NP/N 1-181-187-0587-058/001./001.

 A wrist strap tester is available as A wrist strap tester is available as
P/NP/N 1-181-187-0607-060/100./100.

Contact your local authorized Raymond dealerContact your local authorized Raymond dealer
for information.for information.
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 Jacking Safety  Jacking Safety 

General PrecautionsGeneral Precautions

Some maintenance procedures require the liftSome maintenance procedures require the lift

truck to be elevtruck to be elevated off the ated off the floor. When jackingfloor. When jackingthe truck, observe the following safetythe truck, observe the following safety
precautions:precautions:

1.1. Lower Lower the the forks forks complecompletely. tely. Remove Remove anyany
load.load.

2.2. Set thSet the pare parkinking brag brake anke and blocd block thek the
 wheels to prevent movement of  wheels to prevent movement of the vehicle.the vehicle.

3.3. Turn thTurn the key swe key switch Oitch OFF anFF and discd disconnonnectect
the battery the battery connector.connector.

4.4. PlaPlace the jace the jack undck under the der the desigesignatnateded
 jacking points. See jacking points. See FiFigugurere 2-2-22..

5.5. AlwAlways uays use solse solid blid blockocks to sups to supporport thet the
truck. Never rely on jacks or chains totruck. Never rely on jacks or chains to

support the truck.support the truck.

Use extreme care whenever the truck isUse extreme care whenever the truck is
jacked up. Never block the lift truckjacked up. Never block the lift truck
between the telescopic and the floor.between the telescopic and the floor.
Use a suitable hoist to stabilize the mast.Use a suitable hoist to stabilize the mast.
Keep hands and feet clear Keep hands and feet clear from vehiclefrom vehicle
 while jacking the lift truck. After the lift while jacking the lift truck. After the lift
truck is jacked, place solid bltruck is jacked, place solid blocks or jackocks or jack
stands beneath it to support it. DO NOTstands beneath it to support it. DO NOT
rely on the jack alone to support the liftrely on the jack alone to support the lift
truck.truck.

FiFigugure re 2-2-2.2. CoCorrerrect ct JaJackckining Lg Lococatatioionsns
9434_012.eps9434_012.eps

To elevate the lift truck:To elevate the lift truck:
1.1. Place Place a sua suitable itable jack jack under under a desa designatignateded

 jacking point. See jacking point. See FiFigugurere 2-2-22..

2.2. Lift tLift the trhe truck onuck only as ly as far far as reqas required uired toto
perform the procedure.perform the procedure.

3.3. SecSecurelurely bloy block thck the true truck in pck in placlace.e.

NNOTEOTE:: It is possible to elevate the front of theIt is possible to elevate the front of the
lift truck without using a jack.lift truck without using a jack.

a.a. Block tBlock the steehe steerable rable wheels wheels with cwith chocks.hocks.

 b. b. Tilt the mast back and place blocks onTilt the mast back and place blocks on
the floor under the mast mainframe.the floor under the mast mainframe.

c.c. Tilt the mTilt the mast forast forwardward, lift, lifting thing the trucke truck
off the floor.off the floor.

 Jack only in Jack only in
these areasthese areas
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 W Welding Safety elding Safety 

Flame cutting or welding on paintedFlame cutting or welding on painted

surfaces may produce potentiallysurfaces may produce potentially
harmful fumes, smoke, and vapors.harmful fumes, smoke, and vapors.
Prior to performing flame cutting orPrior to performing flame cutting or
 welding operations, it is recommended welding operations, it is recommended
that the coating be removed in thethat the coating be removed in the
 vicinity where the operation(s) will be vicinity where the operation(s) will be
performed.performed.

Coating removal may be by mechanicalCoating removal may be by mechanical
methods, chemical methods, or amethods, chemical methods, or a
combination of methods. Perform flamecombination of methods. Perform flame
cutting and/or welding operations onlycutting and/or welding operations only
in well ventilated areas. Use localin well ventilated areas. Use local
exhaust if necessarexhaust if necessaryy..

Before working on this lift truck, make sure:Before working on this lift truck, make sure:

•• fifire prre proteotectctioion eqn equiuipmpmenent is net is neararby by 

•• yoyou knu know tow the lhe lococatatioion of tn of the nhe neaearesrestt
eyewash station.eyewash station.

04g6s059.eps04g6s059.eps

Disconnect the battery before youDisconnect the battery before you
attempt to inspect, service, or repair theattempt to inspect, service, or repair the
lift truck.lift truck.

9434_004.eps9434_004.eps

Before removing a Before removing a power amplifier,power amplifier,
discharge the discharge the amplifier’amplifier’s internals internal
capacitor by jumpering the + and –capacitor by jumpering the + and –

terminals with a terminals with a 100 ohm 25W resistor.100 ohm 25W resistor.

•• CheCheck fck for sor shorhorts tts to fro frame ame as das descrescribeibed ind in
“Shor“Shorts to Framts to Frame” on pagee” on page 5-25-2. If you. If you
detect any shorts, correct them before youdetect any shorts, correct them before you
proceed with the welding operation.proceed with the welding operation.

•• ClCleaean thn the ae arerea to a to be wbe weleldeded.d.

•• ProProtectect at all ll liflift tt trucruck ck compomponeonents nts frofromm
heat, weld spatter, and debris.heat, weld spatter, and debris.

•• AttAttach ach the the groground und cabcable le as as cloclose tse to to thehe
 weld area as possible. weld area as possible.

•• DisDisconnconnect ect all all elecelectritrical cal circircuit cuit carcardsds
 before doing a before doing any type ny type of electric resistanceof electric resistance
 welding. welding.

•• Do nDo not peot perforform anrm any wey weldldining opg opereratatioionsns
near the electrical components.near the electrical components.

•• If If you you musmust dt do wo weldelding ing neanear thr the be battatteryery
compartment, remove the battery from thecompartment, remove the battery from the
lift truck.lift truck.

•• WheWhen yon you aru are fie finisnished hed welweldinding, rg, re-ie-instnstallall
circuit cards and perform all ground testscircuit cards and perform all ground tests
and electrical inspections before operatingand electrical inspections before operating
the lift truck.the lift truck.
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GeneralGeneral

 This lift  This lift truck is truck is capable of capable of operating woperating with a ith a 36V36V
or 48V battery. Operator input/commandor 48V battery. Operator input/command
signals are communicated to various electronicsignals are communicated to various electronic
components via a CAN-Bus network. Pressurecomponents via a CAN-Bus network. Pressure

for lift, tilt, sideshift, and steering is provided byfor lift, tilt, sideshift, and steering is provided by
a hydraulic pump driven by an AC a hydraulic pump driven by an AC motor. Themotor. The
pump motor is controlled by an AC powerpump motor is controlled by an AC power
amplifier (PPA).amplifier (PPA).

 Two independent AC motor/drive unit Two independent AC motor/drive unit
assemblies provide traction via two dedicatedassemblies provide traction via two dedicated

 AC power amplifiers (TP AC power amplifiers (TPAs). The right tractionAs). The right traction
motor is controlled by the Master Tractionmotor is controlled by the Master Traction
Power Amplifier (TPA). The left traction motor isPower Amplifier (TPA). The left traction motor is
controlled by the Slave TPA. Refer tocontrolled by the Slave TPA. Refer to “Traction“Traction
Power AmPower Amplifieplifiers” on pagrs” on pagee 8-38-3 for theory of for theory of
operation.operation.

 A multiple disc, oil bath type brake system  A multiple disc, oil bath type brake system isislocated internal to the drive units.located internal to the drive units.
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Lift Truck SpecificationsLift Truck Specifications

 This lift truck is rated for p This lift truck is rated for performance by loaderformance by load
center and load weight. Review the specificationcenter and load weight. Review the specification
plate, located on the lift truck’s dash panel toplate, located on the lift truck’s dash panel to
the right of the steering column, for detailedthe right of the steering column, for detailed

load capacity and load center information.load capacity and load center information.

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

1047651.eps1047651.eps

 A A

CC

BB

DD

 Approximate weight Approximate weight
of lift truck minusof lift truck minus
batterybattery, load, , load, andand
operatoroperator

 Approximate weight Approximate weight
of lift truck withof lift truck with
battery installed,battery installed,

minus load andminus load andoperatoroperator

Maximum loadMaximum load
capacity for this liftcapacity for this lift
truck truck 

Battery weightBattery weight
must be betweenmust be between
the minimum andthe minimum and
maximum weightmaximum weight

Raymond modelRaymond model
designationdesignation

 Attachment Attachment

Hour RateHour Rate

Minimum batteryMinimum battery
 weight for this lift weight for this lift
truck truck 

Battery voltage andBattery voltage and
 width width

Maximum powerMaximum power
rating of battery rating of battery 

Serial numberSerial number Maximum batteryMaximum battery
 weight for this lift weight for this lift
truck truck 
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ControlsControls

FiFigugure re 3-3-1.1. OpOpereratator or CoContntrorolsls

Directional LeverDirectional Lever

Forward/Reverse AcceleratorForward/Reverse Accelerator
pedals (optional)pedals (optional)

 Accelerator Pedal Accelerator Pedal

Key SwitchKey Switch

Hydraulic Function LeversHydraulic Function Levers

Hydraulic Function Fingertip ControlsHydraulic Function Fingertip Controls
 with additional horn switch (optional) with additional horn switch (optional)

Performance Mode Select SwitchPerformance Mode Select SwitchPerformancePerformance
Reduction SwitchReduction Switch

Horn SwitchHorn Switch

Steering WheelSteering Wheel

Parking Brake LeverParking Brake Lever

EPO SwitchEPO Switch

Brake PedalBrake Pedal
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Performance Modes (L•P•H)Performance Modes (L•P•H)

 Three selectable performance parameters, L, P Three selectable performance parameters, L, P,,
and H, are configured for travel and lift speed,and H, are configured for travel and lift speed,
acceleration, and hydraulic flow foracceleration, and hydraulic flow for
attachments.attachments.

L = low performanceL = low performance

P = medium performanceP = medium performance

H = high performanceH = high performance

 These parameters are set at the factory  These parameters are set at the factory suchsuch
that H will be maximum speed, that H will be maximum speed, L will be slower,L will be slower,
and P will be an intermediate speed.and P will be an intermediate speed.

 These parameters can be set to meet specific These parameters can be set to meet specific
application requirements via application requirements via FlashWFlashWare.are.

NNOTEOTE::  This feature This feature is not is not  available on EE rated available on EE rated

trucks.trucks.

Performance ReductionPerformance Reduction

 The performance reduction (turtle) mode The performance reduction (turtle) mode
reduces the performance parameters in the L,reduces the performance parameters in the L,
P, and H settings. Turtle mode performance P, and H settings. Turtle mode performance isis
also configurable vialso configurable via FlashWare.a FlashWare.
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FlashWare ProgramFlashWare Program

Overview Overview 

 The FlashW The FlashWare program allows you to view andare program allows you to view and

configure options and update software on theconfigure options and update software on the
Model 4450 through the following features:Model 4450 through the following features:

•• VVehehicicle Male Mananageger sofr softwtwararee

•• LLeeaarn rn ccoonnttrroollss

•• ResReset et RaRaymymonond dd defefauault lt setsettitingngss

•• DoDowwnlnloaoad d SoSoftftwwararee

•• CoConfnfigigurure LPe LPH paH pararamemetetersrs

RequirementsRequirements

FlashWaFlashWare can be installed re can be installed on anon an
IBM-compatible PC with Windows 98 or higherIBM-compatible PC with Windows 98 or higher
operating system.operating system.

 The PC communicates with the tr The PC communicates with the truck softwareuck software
 via a USB/CAN interface module and via a USB/CAN interface module and
associated cables (dongle). This dongle isassociated cables (dongle). This dongle is
available as P/N 230489-001.available as P/N 230489-001.

Install FlashWare on PCInstall FlashWare on PC

If you are a customer service technician, obtainIf you are a customer service technician, obtain
FlashWaFlashWare from re from your Raymond your Raymond dealerdealer..

If you are a Raymond dealer technician, obtainIf you are a Raymond dealer technician, obtain
FlashWaFlashWare from the iNet re from the iNet software downloadsoftware download
site. If you do not have access to the downloadsite. If you do not have access to the download

page on iNet, contact the Parts Distributionpage on iNet, contact the Parts Distribution
Center.Center.

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

 After installing the FlashW After installing the FlashWare program on theare program on the
PC, connect the dongle to the PC. The “FoundPC, connect the dongle to the PC. The “Found
New Hardware Wizard” launches. SeeNew Hardware Wizard” launches. See
FigFigureure 3-3-22..

FiFigugure re 3-3-2.2. NeNew Hw Harardwdwarare We Wizizarard d 

 The following procedure must be followed to The following procedure must be followed to
install the correct USB driver on the PC:install the correct USB driver on the PC:

1.1. Select Select “Inst“Install fall from rom a lia list or st or specifspecificic
location (Advanced)”. Click Next. Thelocation (Advanced)”. Click Next. The
following screen displays.following screen displays. See FSee Figuigurere 3-33-3..

FiFigugure re 3-3-3.3. SeSelelect ct OpOpereratatining g SySyststemem

2.2. BroBrowse fowse for the foldr the folder: C:er: C:\Ra\Raymoymond\nd\
FlashWare\CPCFlashWare\CPC-USBdriver-USBdriver. . Choose Choose thethe
subfolder (win2k, win9x, or winxp) thatsubfolder (win2k, win9x, or winxp) that
matches the operating system installed onmatches the operating system installed on
the PC. Click Next. The following screenthe PC. Click Next. The following screen
displays.displays. See FSee Figuigurere 3-43-4..

NNOTEOTE:: FiFigugurere 3-3-33 shows the path for the shows the path for the
 Windows XP operating  Windows XP operating system only.system only.
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FiFigugure 3re 3-4-4.. HaHardrdwaware Wre Wizizarard Fid Fininish Ssh Scrcreeeenn

3.3. Click Click FinishFinish. Th. The Flae FlashWshWare prare program ogram andand
USB driver are now installed on USB driver are now installed on the PC.the PC.

PC Connection to Truck PC Connection to Truck 

Before connecting to the truck, makeBefore connecting to the truck, make
sure the laptop battery is sufficient tosure the laptop battery is sufficient to
complete the task. If in doubt, plugcomplete the task. If in doubt, plug
laptop into a reliable AC power source.laptop into a reliable AC power source.

If the laptop powers down whileIf the laptop powers down while
flashing an amplifier, it is possible thatflashing an amplifier, it is possible that
an unrecoverable error an unrecoverable error may occurmay occur..

1.1. Turn Turn the tthe trucruck kek key swy switcitch OFh OFF.F.

2.2. RemRemove thove the dashe dashboaboard covrd cover beler below thow thee

Operator Display.Operator Display.
3.3. ConneConnect a sct a standatandard 9-rd 9-pin spin serial cerial cable able fromfrom

the USB/CAN interface module to thethe USB/CAN interface module to the
serial port serial port connector.connector.

4.4. ConneConnect a ct a standastandard Urd USB cSB cable able from from thethe
USB/CAN interface module to a USB portUSB/CAN interface module to a USB port
on the PC.on the PC.

Starting Starting FlashWFlashWareare
1.1. Turn Turn the the trutruck kck key sey switwitch Och ON.N.

2.2. DoubleDouble-click -click the the FlashWFlashWare are icon icon on ton thehe
main desktop screen or navigate via Startmain desktop screen or navigate via Start
> Programs > FlashWare. The truck> Programs > FlashWare. The truck

opening screen appears.opening screen appears. See FSee Figuigurere 3-53-5..

FiFigugure re 3-3-5.5. FlFlasashwhwarare e OpOpenenining g ScScrereenen

NNOTEOTE:: For more detailed information regardingFor more detailed information regarding
FlashWare, click on Help.FlashWare, click on Help.

3.3. From From the mthe menu benu barar, sele, select “Cct “Connect onnect toto
 Truck”. From the pull-down menu, select Truck”. From the pull-down menu, select

the appropriate model. The “Truck Setup”the appropriate model. The “Truck Setup”
screen is displayed.screen is displayed. See FSee Figuriguree 3-63-6..

NNOTEOTE::  A truck connection status indicator is A truck connection status indicator is
located in the upper left of the “Trucklocated in the upper left of the “Truck
Setup” screen.Setup” screen.

Green Green  indicates the PC is correctly indicates the PC is correctly
connected and ready to communicateconnected and ready to communicate

 with the truck. with the truck.
Red Red  indicates the PC is not correctly indicates the PC is not correctly
connected/cannot communicate withconnected/cannot communicate with
the truck.the truck.
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Configuration and Truck SetupConfiguration and Truck Setup
OptionsOptions

 The “Truck Setup” screen allows you to: The “Truck Setup” screen allows you to:

•• enenabable ole optptioions tns thahat wet were are adddded ted to tho thee
truck since shipment from the factory truck since shipment from the factory 

•• checheck thck the sere serial ial numnumberber, mo, model ndel numbumberer,,
software model number, and softwaresoftware model number, and software

 versions of intelligent devices on the truck  versions of intelligent devices on the truck 

•• set set batbattertery voy voltaltage (ge (chachanginging tng this his settsettinging
resets all defaults; all potentiometers mustresets all defaults; all potentiometers must

 be re-Learned) be re-Learned)

•• conconfigfigure ure tratractiction on and and liflift pt paraarametmetersers

FiFigugure re 3-3-6.6. TTruruck ck SeSetutup Sp Scrcreeeenn
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To Change an Option SettingTo Change an Option Setting

Option status is displayed in the “Truck set up”Option status is displayed in the “Truck set up”
 window. window.

Double click the desired option. Select theDouble click the desired option. Select the

correct value in the dialog box. When optionscorrect value in the dialog box. When optionsare correctly configured, click “SEND Changesare correctly configured, click “SEND Changes
to Truck” button.to Truck” button.

NNOTEOTE:: Options displayed in red requireOptions displayed in red require
authorization codes. When these optionsauthorization codes. When these options
are selected, a pop up window appearsare selected, a pop up window appears
requesting the authorization code.requesting the authorization code.
Contact your local Raymond dealer forContact your local Raymond dealer for
the correct forms and procedure forthe correct forms and procedure for
obtaining the authorization code.obtaining the authorization code.

Options include (but are not limited to):Options include (but are not limited to):

Travel AlarmTravel Alarm - allows the alarm to sound when - allows the alarm to sound when

the truck is moving as configured.the truck is moving as configured.

Lift AlarmLift Alarm - allows the alarm to sound when - allows the alarm to sound when
the truck is lifting/lowering as configured.the truck is lifting/lowering as configured.

Parking Brake AlarmParking Brake Alarm - allows the alarm to - allows the alarm to
sound when the parking brake is engaged sound when the parking brake is engaged andand
travel is requested.travel is requested.

Bottlers TiltBottlers Tilt - limits lift height when mast is - limits lift height when mast is
tilted forward to the tilt limit switch and limitstilted forward to the tilt limit switch and limits
forward tilt when forks are above the limitforward tilt when forks are above the limit
switch.switch.

Mast Switch LimitMast Switch Limit - used to interrupt lift and- used to interrupt lift and

limit travel speed when forks are above thelimit travel speed when forks are above the
switch.switch.

High Speed LimitHigh Speed Limit - used to limit maximum - used to limit maximum
travel speed to a programmed percentage of fulltravel speed to a programmed percentage of full
speed when speed reduction is commanded.speed when speed reduction is commanded.

Lift Limit with BypassLift Limit with Bypass - prevents lift when - prevents lift when
forks are above the limit switch unless theforks are above the limit switch unless the
Bypass button is depressed.Bypass button is depressed.

Lift/Lower EVLift/Lower EV - enables the Blocking EV - enables the Blocking EV
(EV12) for use with the Bottler’s Tilt option.(EV12) for use with the Bottler’s Tilt option.

Tilt EVTilt EV - enables the Tilt EV (EV13) for use with - enables the Tilt EV (EV13) for use with
the Bottler’s Tilt option.the Bottler’s Tilt option.

To Change a Performance SettingTo Change a Performance Setting

Performance settings are displayed in thePerformance settings are displayed in the
“Truck set up”, “Traction LPH”, and “Lift (pump)“Truck set up”, “Traction LPH”, and “Lift (pump)
LPH” windows.LPH” windows.

NNOTEOTE:: Performance (speed) values set withinPerformance (speed) values set within

the Truck set up window are appliedthe Truck set up window are applied
equally to LPH parameters.equally to LPH parameters.

Double-click the desired parameter to beDouble-click the desired parameter to be
changed in a dialog box.changed in a dialog box. See FSee Figuigurere 3-73-7..

FiFigugure re 3-3-7.7. PaPararamemeteter r InInfoformrmatatioionn

NNOTEOTE::  All motor speed dialog must be entered All motor speed dialog must be entered
in hertz, not mph or rpm. Thein hertz, not mph or rpm. The
conversion is automatically shown inconversion is automatically shown in
the dialog box below the correspondingthe dialog box below the corresponding
entry.entry. See FSee Figuigurere 3-83-8..

FiFigugure re 3-3-8.8. MoMototor Sr Spepeed ed DiDialalog og BoBox x 

 After a parameter is chang After a parameter is changed, click OK, thened, click OK, then
click “Send Changes to Truck” to complete theclick “Send Changes to Truck” to complete the
request.request.
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Lift (pump) Configuration forLift (pump) Configuration for
 Attachments Attachments

Set the pump motor speed to accommodateSet the pump motor speed to accommodate
different flow requirements of optionaldifferent flow requirements of optional
attachments installed on the truck. Typically,attachments installed on the truck. Typically,

sideshift and/or 4th function is associated withsideshift and/or 4th function is associated with
attachment operation.attachment operation.

Refer toRefer to Table Table 3-13-1 as a guideline for as a guideline for
approximate flow rates based on RPM (Hz)approximate flow rates based on RPM (Hz)
settings.settings.

TTaabble le 3-3-1.1. PPumump Fp Flolow Rw Raatetess

RRPPMM GGPPM  M  ((aapppprrooxx..))

11000000 33..11

11550000 44..77

22000000 66..33

22110000 66..66

22220000 66..99

22330000 77..22

22440000 77..55

22550000 77..99

22660000 88..22

22770000 88..55

22880000 88..88

22990000 99..11

33000000 99..44

33550000 1111..00
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Software ManagementSoftware Management

Intelligent devices installed on the truck andIntelligent devices installed on the truck and
their current version of software are displayedtheir current version of software are displayed
on the “Truck Setup” screen.on the “Truck Setup” screen. See FSee Figuigurere 3-93-9..

FiFigugure 3re 3-9-9.. SoSoftftwaware Mre Mananagagememenent t 

 To install/update software, click on the To install/update software, click on the
“Software” button.“Software” button. See FSee Figuigurere 3-93-9.. The The
“Software Load/Upload” screen is displayed.“Software Load/Upload” screen is displayed.
See FiSee Figurguree 3-13-10.0.

FigFigure 3-1ure 3-10.0. SofSoftwatware Loare Load/Ud/Uplopload Scad Screereenn

Click toClick to
install/install/
updateupdate
softwaresoftware

List ofList of
IntelligentIntelligent
DevicesDevices
andand
currentcurrent
S/WS/W

 versions versions

}}

Device RecoveryDevice Recovery
FeatureFeature
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Device Recovery Device Recovery 

Use this feature if the desired device is notUse this feature if the desired device is not
listed.listed. See FiSee Figurguree 3-13-10.0. The “Device Recovery” The “Device Recovery”
screen is displayed.screen is displayed. See FiSee Figurguree 3-13-11.1.

FigFigure ure 3-13-11.1. DeDevicvice Ree Recovcovery Sery Screcreenen

RE-READ Truck DataRE-READ Truck Data

 This feature re-reads the truck’s current This feature re-reads the truck’s current
configuration and resets FlashWare to reflectconfiguration and resets FlashWare to reflect
the truck’s current settings.the truck’s current settings.

SEND Changes to Truck SEND Changes to Truck 

 This feature transmits all chan This feature transmits all changes made on theges made on the
“Truck Setup” screen to the truck’s memory.“Truck Setup” screen to the truck’s memory.

SASAVE SetVE Settings To filetings To file

 This feature is used to store the vehicle’s This feature is used to store the vehicle’s
current configuration for future reference.current configuration for future reference.

Restore DefaultsRestore Defaults

Use this feature to reset vehicle configurationUse this feature to reset vehicle configuration
 back to factory default settings. back to factory default settings. SeeSee
FigFigureure 3-13-12.2.

 All potentiometers must be re-Learned after All potentiometers must be re-Learned after
setting Raymond defaults.setting Raymond defaults.

NNOTEOTE:: Record customer-specificRecord customer-specific
configurations, for example; speed,configurations, for example; speed,
acceleration, lift, and coast from theacceleration, lift, and coast from the
“Truck Setup” screen“Truck Setup” screen before before  resetting resetting
defaults.defaults.

FigFigure ure 3-13-12.2. ResRestortore e DeDefaufaultslts

LEARNLEARN
NNOTEOTE::  While FlashW While FlashWare is the preferredare is the preferred

method for performing Learn, anmethod for performing Learn, an
alternative method can be performedalternative method can be performed

 when  when a laptop a laptop computer is computer is not availabnot available.le.
Refer toRefer to “Alternative LEARN” on“Alternative LEARN” on
papagege 3-3-1616..

Click the Learn button to learn a potentiometerClick the Learn button to learn a potentiometer
on the truck. Select the potentiometer to beon the truck. Select the potentiometer to be
Learned from the “Learn Potentiometer” screen.Learned from the “Learn Potentiometer” screen.
See FiSee Figurguree 3-13-13.3.

FiFigurgure 3-e 3-13.13. LeaLearn Prn Poteotentintiomometeeter r 

Learn TravelLearn Travel

 To learn the travel potentiometer (P2), select To learn the travel potentiometer (P2), select
 Travel from the “Learn Potentiometer” screen Travel from the “Learn Potentiometer” screen
menu and perform the steps in the screenmenu and perform the steps in the screen
displayed.displayed. See FiSee Figurguree 3-13-14.4.
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FiFigugure re 3-3-1414.. LeLeararn Tn Traravevel l 

Learn SteerLearn Steer

 To learn the steer potentiometer (P1), select To learn the steer potentiometer (P1), select
Steer from the “Learn Potentiometer” screenSteer from the “Learn Potentiometer” screen
menu and perform the steps in the screensmenu and perform the steps in the screens
displayed.displayed. See FiSee Figurguree 3-13-15.5.

NNOTEOTE:: For each step, press the brake pedal justFor each step, press the brake pedal just
enough to start the enough to start the hydraulic pump forhydraulic pump for
power steering.power steering.

NNOTEOTE::  The rig The right, left, ht, left, and and center steer center steer positionspositions
must be learned when Learn Steer ismust be learned when Learn Steer is
performed.performed.

Learn Center Steer requires the truck toLearn Center Steer requires the truck to
travel. Perform Learn Steer in an opentravel. Perform Learn Steer in an open
area.area.

FiFigugure re 3-3-1515.. LeLeararn Sn Steteer er 

NNOTEOTE::  When learning  When learning the Center the Center steer position,steer position,travel forward in a straight line a shorttravel forward in a straight line a short
distance to eliminate tire roll-up. Stop,distance to eliminate tire roll-up. Stop,
then click OK.then click OK.

Learn LiftLearn Lift

NNOTEOTE:: Not required on trucks equipped withNot required on trucks equipped with
fingertip controls. To learn the liftfingertip controls. To learn the lift
potentiometer (P3), select Lift from thepotentiometer (P3), select Lift from the
“Learn Potentiometer” screen menu and“Learn Potentiometer” screen menu and
perform the steps in the screenperform the steps in the screen
displayed.displayed. See FiSee Figurguree 3-13-16.6.

FiFigugure re 3-3-1616.. LeLeararn n LiLift ft 
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DiagnosticsDiagnostics

 This feature displays input/output values and This feature displays input/output values and
status of various systems or devices on thestatus of various systems or devices on the
truck. To view, click on the “Diagnostics” buttontruck. To view, click on the “Diagnostics” button
on the “Truck Setup” screen.on the “Truck Setup” screen.

FigFigure ure 3-13-17.7. DiDiagnagnostostics ics ScrScreeneen

Error Code LogError Code Log

Displays the fault code history of the truck.Displays the fault code history of the truck.

FigFigure ure 3-13-18.8. ErrError Cor Code ode Log Log ScrScreeneen

Battery CalibrateBattery Calibrate

 The Adjust V The Adjust Value entered here is used toalue entered here is used to
calibrate the Battery Discalibrate the Battery Discharge Indicator.charge Indicator.SeeSee
FigFigureure 3-13-19.9.

NNOTEOTE:: Make sure the battery being used is fullyMake sure the battery being used is fully
charged.charged.

FigFigure ure 3-13-19.9. BatBattery tery CalCalibribrate ate 
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 Amplifier V Amplifier Valuesalues

Displays current amplifier values.Displays current amplifier values. SeeSee
FigFigureure 3-23-20.0.

FigFigure ure 3-23-20.0. AmAmpliplifiefier Vr Valualueses
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 Alternative LEARN Alternative LEARN

 When FlashW When FlashWare is not available, learning potsare is not available, learning pots
can be done using the LPH and Performancecan be done using the LPH and Performance
Reduction (Turtle) buttons on the truck steeringReduction (Turtle) buttons on the truck steering
column.column.

NNOTEOTE:: In this procedure, the LPH button canIn this procedure, the LPH button can
 be considered  be considered an ENTER an ENTER button and button and thethe
Performance Reduction (Turtle) buttonPerformance Reduction (Turtle) button
can be considered a TOGGLE button tocan be considered a TOGGLE button to
change selections.change selections.

Five selections are available with thisFive selections are available with this
procedure: Ld (Learn drive), LL (Learn lift),procedure: Ld (Learn drive), LL (Learn lift),
Learn Right Steer position, Learn Left SteerLearn Right Steer position, Learn Left Steer
position, and Learn Center Steer position,position, and Learn Center Steer position,

 which are indicated by the steer position LEDs. which are indicated by the steer position LEDs.

Read and understand this procedureRead and understand this procedure
thoroughlythoroughly. Values can . Values can be mislearnedbe mislearned
and the lift truck can move if theseand the lift truck can move if these
procedures are not procedures are not performed correctly.performed correctly.

If, while learning the traction pot, theIf, while learning the traction pot, the
parking brake is not set or theparking brake is not set or the
directional control is not in neutral, thedirectional control is not in neutral, the
truck will travel.truck will travel.

 While learning the lift pot, the carriage While learning the lift pot, the carriage
 will lift. Make sure there are no will lift. Make sure there are no
overhead obstructions.overhead obstructions.

 With the key switch ON,  With the key switch ON, sitting in the seat,sitting in the seat,
parking brake engaged, and the travelparking brake engaged, and the travel
directional lever in neutral, do the following:directional lever in neutral, do the following:

Enter Learn ModeEnter Learn Mode
1.1. Press tPress the LPhe LPH anH and Turd Turtle butle buttons ttons at that thee

same time and release.same time and release.

2.2. PrePress the Tss the Turturtle bule buttotton and rn and releaelease.se.

3.3. Press tPress the LPhe LPH anH and Turd Turtle butle buttons ttons at that thee
same time again and release.same time again and release.

4.4. PrePress the Lss the LPH buPH buttotton once an once and rend relealease.se.

5.5. PrePress the Lss the LPH anPH and Turd Turtle butle buttottons at tns at thehe
same time again and release. A flashingsame time again and release. A flashing

“n” should be displayed and the Battery“n” should be displayed and the Battery
Charge Indicator LED’s will flash.Charge Indicator LED’s will flash.

6.6. PrePress the Tuss the Turtlrtle butte button and ron and releaelease. Ase. A
flashing “y” should be displayed and theflashing “y” should be displayed and the
Battery Charge Indicator LED’s will flash.Battery Charge Indicator LED’s will flash.

7.7. PrePress the LPss the LPH buttH button and ron and releaelease. (Lse. (Learnearn
mode is now accessed.) “Ld” should nowmode is now accessed.) “Ld” should now

 be flashing  be flashing on the on the display. Press display. Press the Turtlethe Turtle

 button to toggle between selections. button to toggle between selections.

Learn the TractionLearn the Traction
PotentiometerPotentiometer

The parking brake must be engagedThe parking brake must be engaged
and the travel directional lever must beand the travel directional lever must be
in neutral or the truck will travel.in neutral or the truck will travel.

1.1. While While in Lin Learn mearn mode wode with ith “Ld” “Ld” flashflashinging
(Ld(Ld = Learn drive= Learn drive), press an), press and release thd release thee
LPH button. A solid “Ld” should beLPH button. A solid “Ld” should be

displayed and the Battery Chargedisplayed and the Battery Charge
Indicator LED’s will flash.Indicator LED’s will flash.

2.2. Depress Depress and and hold hold the the tracttraction fion forwarorwardd
pedal (on dual pedal trucks) or tractionpedal (on dual pedal trucks) or traction
pedal (on single pedal trucks).pedal (on single pedal trucks).

3.3. PrePress anss and reled release thase the LPH bue LPH button ttton to storo storee
the value. A solid “Ld” should be displayedthe value. A solid “Ld” should be displayed
and the Battery Charge Indicator LED’sand the Battery Charge Indicator LED’s
should be on solid as well, indicating theshould be on solid as well, indicating the
new learned value has been stored.new learned value has been stored.
Release the pedal.Release the pedal.

4.4. Press aPress and rend release tlease the LPH he LPH button button to exitto exit. A. A
flashing “Ld” should be displayed.flashing “Ld” should be displayed.

5.5. If anIf another other selectioselection is n is to be to be learnedlearned, togg, togglele
the Turtle button until the desiredthe Turtle button until the desired
selection is displayed. If no otherselection is displayed. If no other
selections are to be learned, toggle theselections are to be learned, toggle the

 Turtle button until the truck exits Learn Turtle button until the truck exits Learn
mode and performs SelfTest. Cycle the keymode and performs SelfTest. Cycle the key
switch after exiting Learn Mode.switch after exiting Learn Mode.

Learn the Lift PotentiometerLearn the Lift Potentiometer
NNOTEOTE::  This procedure applies to trucks This procedure applies to trucks

equipped with Lever Controls only.equipped with Lever Controls only.

1.1. While While in Lin Learn mearn mode, ode, toggle toggle the Tthe Turtleurtle
 button until “LL” is flashing (LL = Learn button until “LL” is flashing (LL = Learn

lift).lift).
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2.2. Press Press and rand release elease the Lthe LPH buPH button. tton. A soliA solidd
“LL” should be displayed and the “LL” should be displayed and the BatteryBattery
Charge Indicator LED’s will flash.Charge Indicator LED’s will flash.

The carriage will lift when the next stepThe carriage will lift when the next step
is performed. Make sure there are nois performed. Make sure there are no
overhead obstructions.overhead obstructions.

3.3. Pull aPull and hond hold thld the lift e lift lever lever to thto the maxe maximumimum
lift position.lift position.

4.4. Press Press and and releasrelease the e the LPH LPH buttobutton to n to storestore
the value (as soon as LPH is pressed, thethe value (as soon as LPH is pressed, the
lift lever can be released). A solid “LL”lift lever can be released). A solid “LL”
should be displayed and the Batteryshould be displayed and the Battery
Charge Indicator LED’s should be on solidCharge Indicator LED’s should be on solid
as well, indicating the new learned valueas well, indicating the new learned value
has been stored.has been stored.

5.5. Press Press and and release release the Lthe LPH buPH button tton to exito exit. At. A
flashing “LL” should be displayed.flashing “LL” should be displayed.

6.6. If aIf another nother selectiselection is on is to be to be learnedlearned, tog, togglegle
the Turtle button until the desiredthe Turtle button until the desired
selection is displayed. If no otherselection is displayed. If no other
selections are to be learned, toggle theselections are to be learned, toggle the

 Turtle button until the truck exits Learn Turtle button until the truck exits Learn
mode and performs SelfTest. Cycle the keymode and performs SelfTest. Cycle the key
switch after exiting Learn Mode.switch after exiting Learn Mode.

Learn the Steer Learn the Steer PotentiometerPotentiometer
NNOTEOTE::  The rig The right, left, ht, left, and and center steer center steer positionspositions

must be learned when Learn Steer ismust be learned when Learn Steer is
performed.performed.

Learn Center Steer requires the truck toLearn Center Steer requires the truck to
travel. Perform Learn Steer in an opentravel. Perform Learn Steer in an open
area.area.

1.1. EntEnter Leaer Learn modrn mode. Toge. Toggle tgle the Tuhe Turtlrtlee
 button until the right steer position LED button until the right steer position LED
flashes.flashes.

NNOTEOTE::  The LED that is flashing is the position The LED that is flashing is the position
that is going to be learned. For example:that is going to be learned. For example:
If the right LED is flashing, you mustIf the right LED is flashing, you must
learn the right steer position with thelearn the right steer position with the

 wheel turned all the way to the right, wheel turned all the way to the right,
and so on.and so on.

2.2. Press Press and and release release the LPthe LPH buttH button to on to selectselect

Learn for the right steer position. The rightLearn for the right steer position. The right

steer direction LED will be on solid and thesteer direction LED will be on solid and the
Battery Charge Indicator LED’s will flash.Battery Charge Indicator LED’s will flash.

3.3. DepDepresress the brs the brake pake pedaedal to stal to start thert the
hydraulic pump and allow steering.hydraulic pump and allow steering.

4.4. SteSteer to ter to the rhe righight fult fully anly and hold hold.d.

5.5. Press Press and and release release the the LPH bLPH button utton to stto storeorethe value. The right steer direction LEDthe value. The right steer direction LED
and the Battery Charge Indicator LED’sand the Battery Charge Indicator LED’s
should be on solid.should be on solid.

6.6. PrePress and rss and releaelease the Lse the LPH buPH button ttton to exito exit..
 The right steer direction LED should now The right steer direction LED should now
flash and the Battery Charge Indicatorflash and the Battery Charge Indicator
LED’s should go out.LED’s should go out.

7.7. Toggle Toggle the the TurtlTurtle bute button uton until ntil the lthe lefteft
steering LED is flashing.steering LED is flashing.

8.8. Press Press and rand release elease the LPthe LPH buttH button to on to selectselect
Learn for the left steer position. The leftLearn for the left steer position. The left
steer direction LED will be on solid and thesteer direction LED will be on solid and the
Battery Charge Indicator LED’s will flash.Battery Charge Indicator LED’s will flash.

9.9. DepDepresress the brs the brake pake pedaedal to stal to start thert the
hydraulic pump and allow steering.hydraulic pump and allow steering.

10.10. SteSteer to ter to the lehe left fft fully ully and and holhold.d.

11.11. Press Press and and release release the LPthe LPH buttH button to on to storestore
the value. The left steer direction LED andthe value. The left steer direction LED and
the Battery Charge Indicator LED’s shouldthe Battery Charge Indicator LED’s should

 be on solid. be on solid.

12.12. Press Press and and releasrelease the e the LPH bLPH button utton to exitto exit..
 The left steer direction LED should now The left steer direction LED should now
flash and the Battery Charge Indicatorflash and the Battery Charge Indicator
LED’s should go out.LED’s should go out.

13.13. Toggle Toggle the Tthe Turtle urtle button button until until the cthe centerenter
steering LED is flashing.steering LED is flashing.

14.14. Press Press and rand release elease the Lthe LPH buPH button ttton to seleo selectct
Learn for the center steer position. TheLearn for the center steer position. The
center steer direction LED will be on solidcenter steer direction LED will be on solid
and the Battery Charge Indicator LED’sand the Battery Charge Indicator LED’s

 will flash. will flash.

15.15. Travel Travel forwaforward in rd in a straa straight ight line a line a shortshort
distance to eliminate tire roll-up and stop.distance to eliminate tire roll-up and stop.

16.16. Press Press and and release release the LPthe LPH buttH button to on to storestore
the value. The center steer direction LEDthe value. The center steer direction LED
and the Battery Charge Indicator LED’sand the Battery Charge Indicator LED’s
should be on solid.should be on solid.

17.17. Press Press and and releasrelease the e the LPH bLPH button utton to exitto exit..
 The center  The center steer direction steer direction LED should LED should nownow

flash and the Battery Charge Indicatorflash and the Battery Charge Indicator
LED’s should go out.LED’s should go out.
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18.18. If anIf another other selectioselection is n is to be to be learned, learned, toggletoggle
the Turtle button until the desiredthe Turtle button until the desired
selection is displayed. If no otherselection is displayed. If no other
selections are to be learned, toggle theselections are to be learned, toggle the

 Turtle button until the truck exits Learn Turtle button until the truck exits Learn
mode and performs SelfTest. Cycle the keymode and performs SelfTest. Cycle the key

switch after exiting Learn Mode.switch after exiting Learn Mode.
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Maintenance GuidelinesMaintenance Guidelines

Following a regularly scheduled maintenanceFollowing a regularly scheduled maintenance
program:program:

•• prpromomototes maes maxiximumum trm trucuck pek perforformarmancence

•• prprololonongs gs trtrucuck lk lififee

•• rereduduceces cs cosostltly dy dowown tn timimee

•• avavoidoids s ununnenececessassary ry rerepapairirss

Scheduled maintenance includes:Scheduled maintenance includes:

•• lluubbrriiccaattiioonn

•• cclleeaanniinngg

•• iinnssppeeccttiioonn

•• sseerrvviiccee

Perform all of the scheduled checks andPerform all of the scheduled checks and
maintenance during the suggested intervals.maintenance during the suggested intervals.

 The time intervals given in this guide  The time intervals given in this guide are basedare basedon Pump Hours under normal operatingon Pump Hours under normal operating
conditions.conditions.

 When operating under Severe or Extreme When operating under Severe or Extreme
conditions, perform these services more oftenconditions, perform these services more often
as indicated in the chart below.as indicated in the chart below.

OperatingOperating
ConditionsConditions

 W Working Envorking Environmentironment Service FrService Frequencyequency

Light toLight to
ModerateModerate

 An eight hour da An eight hour day of basic material hay of basic material handlingndling 180 days o180 days or 500 pump hor 500 pump hoursurs

SevereSevere

•• ExteExtended nded heavheavy dy duty uty opeoperatiorationn

•• FrFreeeezezer opr opereratatioionn
•• SudSudden temden temperaperature chature changes sunges such as goich as going fromng from

freezer to room freezer to room temperaturetemperature

250 hours250 hours

ExtremeExtreme

•• All UAll UL TypL Type EE rae EE rated lted lift tift trucrucksks

•• DusDusty or sandty or sandy condiy conditiontions such as in cs such as in cemenement plantst plants,,
lumber or flour mills, lumber or flour mills, coal dust or stone-crushingcoal dust or stone-crushing
areasareas

•• High tHigh tempeemperaturature areas re areas such asuch as in stes in steel millel mills,s,
foundries, encfoundries, enclosed (Typlosed (Typee EE) applicatioEE) applicationsns

•• CorroCorrosive atmsive atmosphosphere such as in chlere such as in chlorine oorine or salt-sr salt-seaea
air environmentsair environments

100 hours100 hours
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Initial 90 Day/250 Pump Hour Initial 90 Day/250 Pump Hour MaintenanceMaintenance

Perform the following maintenaPerform the following maintenance tasks 90 days after the lift truck is nce tasks 90 days after the lift truck is put into service or atput into service or at
250250 Pump HouPump Hours, whichrs, whichever comever comes first.es first.

CCoommppoonneenntt TTaasskk RReeffeer  r  ttoo

DDrriivve  e  UUnniittss CChhaanngge  e  fflluuiidd.. PaPagege 7-7-1414

HydraulicHydraulic
Reservoir Reservoir 

Change fluid and filter.Change fluid and filter.
PaPagege 7-7-4444,,
PaPagege A-A-22

PowerPower
 Amplifiers Amplifiers

Retorque power cRetorque power cable terminal nuts to 11 ft. lbable terminal nuts to 11 ft. lb. (15. (15 Nm).Nm).
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Every 180 Days/500 Pump HoursEvery 180 Days/500 Pump Hours

Perform the following tasks every 180 Perform the following tasks every 180 days/500 pump hours.days/500 pump hours.

CCoommppoonneenntt WWhhaat  t  tto  o  ddoo RReeffeer  r  ttoo

 Accelerator P Accelerator Pedal(s)edal(s) VeVerify travel function is smrify travel function is smooth and responsooth and responsive through full range ofive through full range of
acceleration.acceleration.

BBaatttteerryy CChheecck k tthhe e wweeiigghht t ssttaammppeed d oon n tthhe e bbaatttteerry y iin n tthhe e lliifft t ttrruucck k aaggaaiinnsst t tthhee
minimum and maximum allowable weights on the specification tagminimum and maximum allowable weights on the specification tag
for the lift truck. Report any lift trucks that are running withfor the lift truck. Report any lift trucks that are running with
 batteries u batteries under the nder the minimum minimum or over or over the maximthe maximum alloum allowable weighwable weight.t.
Inspect all battery connectors and leads for Inspect all battery connectors and leads for damage and cuts indamage and cuts in
protective coatings. Make sure the battery gates are in place and notprotective coatings. Make sure the battery gates are in place and not
damaged. Make sure the battery has no more than 0.5 in. damaged. Make sure the battery has no more than 0.5 in. (13 mm)(13 mm)
free play in any direction.free play in any direction.

BBrraakkeess IIn n aan n ooppeen n aarreeaa, ,  mmeeaassuurre e  ssttooppppiinng g ddiissttaannccee.  .  TTrraavveelliinng g 2  2  tto  o  3  3  mmpphh
(3.2 to 4.8(3.2 to 4.8 km/hr) empty, push the brakkm/hr) empty, push the brake pedal. The empty lift trucke pedal. The empty lift truck
should stop within 2 to 4 feet (0.6 tshould stop within 2 to 4 feet (0.6 to 1.2 m). During normalo 1.2 m). During normal
operation, with a rated load and traveling at top speed, the lift operation, with a rated load and traveling at top speed, the lift trucktruck
should stop within approx. one and one-half should stop within approx. one and one-half truck lengths. Stoppingtruck lengths. Stopping

distance depends on the load, floor, and tire distance depends on the load, floor, and tire condition. Check forcondition. Check for
fluid leaks. Check parking brake for correct fluid leaks. Check parking brake for correct operation.operation.

PaPagege 7-7-1515
PaPagege 7-7-1919

CChhaassssiiss GGeenneerraal  l  vviissuuaal  l  iinnssppeeccttiioon n oof  f  ssttrruuccttuurraal  l  mmeemmbbeerrs  s  ffoor r  ccrraacckkss..

CCoonntatacctotorsrs InInssppeect ct cocontntaacctotor r titipps. s. RRepeplalace ce ccoontntaactctoors rs wwitith h bbururnnt t oor r ppitittetedd
contactor tips. Failure to replace the contactor may prevent thecontactor tips. Failure to replace the contactor may prevent the
contactor from opening or contactor from opening or closing causing unscheduled downtime.closing causing unscheduled downtime.
 With the key switch O With the key switch OFF and the battery dFF and the battery disconnected, chisconnected, check theeck the
plunger for smooth operation with no binding. If binding occurs, theplunger for smooth operation with no binding. If binding occurs, the
lift truck may malfunction or exhibit intermittent fault codes.lift truck may malfunction or exhibit intermittent fault codes.

DDrarain in HHooleless MMakake e susure re bbatattetery ry cocommppaartrtmmenent t ddrarain in hoholeles s aare re nonot t cclologgggeded..

DDrriivve  e  UUnniittss CChheecck  k  fflluuiidd.. PaPagege 7-7-1414

EleElectrctricaical Cl Cabablesles InsInspepect act all pll powower cer cabables les for for nicnicks ks or cor cutsuts. Re. Replaplace ce any any cabcable le thathat ist is

damaged or shows signs of damaged or shows signs of excessive heat. Failure to do so excessive heat. Failure to do so causescausesintermittent system shutdowns and/or electronic failures.intermittent system shutdowns and/or electronic failures.

FFoorrkkss IInnssppeecctt.. PaPagege 4-4-88

HHaarrddwwaarree CChheecck k bboollt tt toorqrquue e oof mf maajjoor r ccoommppoonneenntts s ((mmoottoorrss, p, puummpp, , ddrriivve e uunniittss,,
manifolds, mast-to-chassmanifolds, mast-to-chassis mounting bolts, overhead guard). Tis mounting bolts, overhead guard). Tightenighten
any loose hardware. Replace broken or any loose hardware. Replace broken or missing hardware.missing hardware.

PaPagege A-A-44

HHoorrnn CChheecck  k  tthhaat  t  hhoorrn  n  ssoouunndds  s  ccoorrrreeccttlly  y  wwhheen  n  aaccttiivvaatteedd..

HydHydrauraulic Hlic Hososeses InsInspepect act all hll hydrydraulaulic ic hohoses ses for for lealeaksks, ni, nickcks, cs, cutsuts, c, chafhafinging, a, and nd bubulgelges.s.
Replace damaged hoses as soon as possible. Inspect all fittings Replace damaged hoses as soon as possible. Inspect all fittings forfor
leaks. Repair any leaks immediately. Inspect overleaks. Repair any leaks immediately. Inspect over-the-mast hoses for-the-mast hoses for
correct tension. Make sure over-the-mast pulleys spin freely andcorrect tension. Make sure over-the-mast pulleys spin freely and
show no signs of wear.show no signs of wear.

HydHydrauraulic lic ResReservervoiroir CheCheck ck flufluid id levlevel.el.
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LiLift ft CChahaiinsns CChehecck ak addjujuststmmeentnt. I. Insnsppecect ft foor er exxccesesssivive se strtreetctch oh or wr weeaarr. L. Luubbririccatatee.. PaPagege 4-4-77
PagPagee 7-7-5858
PaPagege A-A-22

LLiigghhttss CChheecck  k  ffoor  r  ccoorrrreecct  t  ooppeerraattiioonn..

LLuubbrriiccaattiioonn AApppplly  y  ggrreeaasse  e  tto  o  aalll  l  ffiittttiinnggss.. PaPagege A-A-22

MMaasstt WWiippe  e  oolld  d  ggrreeaasse  e  oofff  f  mmaasst  t  uupprriigghhtts  s  aannd  d  aapppplly  y  nneew w  ggrreeaassee.  .  EExxaammiinnee
mast bearings. Inspect rails for mast bearings. Inspect rails for abnormal wear, metal flakes, orabnormal wear, metal flakes, or
shavings. Repair any grooves worn in the mast shavings. Repair any grooves worn in the mast deeper than 1/8 in.deeper than 1/8 in.
(3(3 mm). Check upright and sidmm). Check upright and sideshift guide shoe (puckeshift guide shoe (puck) adjustment.) adjustment.

PagPagee 7-7-5353
PagPagee 7-7-6060

MMoottoorrss CChheecck k ccaabblle  e  lluuggs s  tto  o  mmaakke e  ssuurre e  tthheey y aarre  e  ttiigghht t  tto  o  tthhe e  tteerrmmiinnaal  l  ssttuuddss..
Securing nuts should bSecuring nuts should be torqued to 18 ft. lb. (24e torqued to 18 ft. lb. (24 Nm). Replace anyNm). Replace any
cable that shows signs of excessive heat. Check sensor wires forcable that shows signs of excessive heat. Check sensor wires for
sound connection and condition. Blow out the inside of sound connection and condition. Blow out the inside of the motorthe motor
 with compresse with compressed air.d air.

OveOverherhead ad GuGuardard InsInspepect ct guaguard rd for for phyphysicsical al damdamageage. I. If sf strutructucturalrally ly dadamagmaged, ed, repreplaclacee

the guard.the guard.

Power AmplifiersPower Amplifiers
and Fanand Fan

Check torque on power amplifier connections. Check for correct Check torque on power amplifier connections. Check for correct fanfan
operation. Make sure power amplifier heatsink fins are operation. Make sure power amplifier heatsink fins are free of debrisfree of debris
and that air flows freely thrand that air flows freely through them.ough them.

PaPagege A-A-44

SSeeaat  t  BBeelltt CChheecck  k  ffoor  r  ssiiggnns  s  oof  f  wweeaarr,  ,  ffrraayyiinngg,  ,  oor  r  ddaammaaggee..

SeSeaat St Swiwitctchh CChehecck fk foor cr coorrrrecect at actctivivatatiion on aand nd ddeeacactitivavatition on oof tf the he seseaat st swiwitctchh..

ShShororts tts to Fro Framamee ChChececk fok for elr elecectritricacal shl shororts tts to fro framame. We. Wipipe coe compmparartmtmenents cts cleleanan.. PaPagege 5-5-22

StStaatitic Sc Strtrapap MMaakke se suure re sstatatitic sc strtrap ap is is nonot wt woorn rn oor br brorokkeen. n. CClelean an ddeebbriris fs froromm
strap.strap.

SStteeeerriinngg CChheecck k tthhaat t sstteeeerriinng g ssyysstteem m ffuunnccttiioon n iis s ssmmooootth h aannd d rreessppoonnssiivvee..
Inspect pivot points and bearings in the Inspect pivot points and bearings in the steering linkage. Inspectsteering linkage. Inspect
 wheel bearings  wheel bearings for side plafor side play. There should y. There should be no more be no more than 0.002 inthan 0.002 in..

(0.05 mm) of movement. If excessive, torque the retaining nut to 44 ft.(0.05 mm) of movement. If excessive, torque the retaining nut to 44 ft.
lb. (60 Nm) and spin the wheel in lb. (60 Nm) and spin the wheel in both directions 2 to 3 turns. both directions 2 to 3 turns. BackBack
off retaining nut and off retaining nut and torque to 14.7 ft. lb. (20 Nm). torque to 14.7 ft. lb. (20 Nm). Check for sideCheck for side
play and make sure the bearing is not binding. If play and make sure the bearing is not binding. If binding, replacebinding, replace
 bearings. bearings.

SSwwiittcchheess CChheecck k aalll  l  sswwiittcchhees s ffoor r ccoorrrreecct ot oppeerraattiioon n aannd d aaddjjuusst t aas s nneeeeddeedd..

 Ve Ventilation Slotsntilation Slots Make sure venMake sure ventilation slots in the chastilation slots in the chassis are clear of obssis are clear of obstructionstructions
and debris. Clean the fan and debris. Clean the fan filter.filter.

 Warning Dec Warning Decalsals Replace missiReplace missing, illegible, or damang, illegible, or damaged decals.ged decals.

 Warning Light Warning Light If equippedIf equipped, check for correct op, check for correct operation.eration.

 Wheels/Tires Wheels/Tires Examine for boExamine for bond failure, chunkinnd failure, chunking, and excessive g, and excessive or uneven wearor uneven wear..
Inspect drive axles for excessive play.Inspect drive axles for excessive play.

Perform the following tasks every 180 days/500 pump hours.Perform the following tasks every 180 days/500 pump hours.

CCoommppoonneenntt WWhhaat  t  tto  o  ddoo RReeffeer  r  ttoo
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Every 360 Days/2000 Pump HoursEvery 360 Days/2000 Pump Hours

Perform the following maintenance tasks every 360 days or 2000 pump hours,Perform the following maintenance tasks every 360 days or 2000 pump hours,
 whichever  whichever comes firstcomes first..

CCoommppoonneenntt WWhhaat  t  tto  o  ddoo RReeffeer  r  ttoo

DDrriivve  e  UUnniittss CChhaanngge  e  fflluuiidd.. PaPagege 7-7-1414,,
PaPagege A-A-22

HydHydrauraulic lic ResReservervoiroir ChaChange nge flufluid aid and fnd filtilterer.. PaPagege 7-7-4444,,
PaPagege A-A-22

LLiifft Pt Puummpp SSeeppaarraatte le liifft pt puummp ap annd md moottoorr. A. Apppplly my moollyybbddeennuum am annttii--sseeiizzee
compound (P/N 990-638) to the splines.compound (P/N 990-638) to the splines.

PaPagege 7-7-4848
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Chain MaintenanceChain Maintenance

Lift Chain InspectionLift Chain Inspection

Make sure chains are not damaged. Check theMake sure chains are not damaged. Check the

chain for wear using a Chain Gaugechain for wear using a Chain Gauge
(P/N(P/N 950-3950-350/CG50/CG).). See FSee Figuigurere 4-14-1..

FiFigugure re 4-4-1.1. ChChaain in GGauauge ge 
4Ma0634.eps4Ma0634.eps

Replace chains with genuineReplace chains with genuine Raymond Raymond  spare spare
parts.parts. See “Lift CSee “Lift Chainshains” on page” on page 7-587-58..

Condition-Cause ChartCondition-Cause Chart
44

      A      A

      A      A

      A      A

      A      A

M AM A 0606 3434 ..iillll

ChainChain
 Wear Wear

ScaleScale

Chain OK Chain OK  Replace ChainReplace Chain

CCoonnddiittiioonn CCaauussee MMaaiinntteennaanncce  e  PPrroocceedduurree

CChhaaiin  n  EElloonnggaattiioonn WWeeaarr UUsse  e  a  a  cchhaaiin  n  ggaauugge  e  oor  r  llaay  y  tthhe  e  cchhaaiin  n  oon  n  a  a  ffllaat  t  ssuurrffaaccee
and push it together. Measure and mark a 12 in.and push it together. Measure and mark a 12 in.
(305 mm) length that has operated over the pulley(305 mm) length that has operated over the pulley
sheave. Stretch the chain; if more than 1/3 in. (8.5sheave. Stretch the chain; if more than 1/3 in. (8.5
mm) play is detected, replace the chain.mm) play is detected, replace the chain.

RuRust st and and cocorrorrosiosionn SteSteam am clecleanianing ng or or degdegreareasinsingg
new truck chainsnew truck chains

Lubricate chain frequently.Lubricate chain frequently.

CCrraacckkeed  d  PPllaatteess IInnffrreeqquueennt  t  OOiilliinngg RReeppllaacce  e  tthhe  e  cchhaaiinn..
Rust Rust 

CorrosionCorrosion

Chain FatigueChain Fatigue

 Tight Joints Tight Joints Bent pins or plateBent pins or platess Replace the chaReplace the chain.in.

Rusty joints or peened plateRusty joints or peened plate
edgesedges

Replace the chain.Replace the chain.

CChhaaiin  n  ssiidde  e  wweeaarr CChhaaiin  n  mmiissaalliiggnnmmeenntt RReeppllaacce  e  tthhe  e  cchhaaiinn..
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Fork InspectionFork Inspection

 The following tools are required to perform fork The following tools are required to perform fork
inspection:inspection:

•• ForFork Wk Weaear Car Calilipeper (Pr (P/N 9/N 92222-3-36969))

•• TaTappe Me Meaeasusure re or or ruruleler r 

•• 24 24 inin. . FrFramamining Sg Sququararee

•• 4 4 fftt.  .  LLeevveell

Do the following when performing ScheduledDo the following when performing Scheduled
Maintenance.Maintenance.

Surface InspectionSurface Inspection

Remove the forks from the Remove the forks from the carriage. Visuallycarriage. Visually
inspect all fork surfaces for signs of damage,inspect all fork surfaces for signs of damage,
including, but not limited to:including, but not limited to:

•• ccrraacckkss

•• eexxcceessssiivve we weeaar r 

•• eexxcceessssiivve he heeaat t 

•• ddeeffoorrmmaattiioonn

•• ununauauththororizized ed momodidifificacatitiononss

Pay special attention to the heel and weldsPay special attention to the heel and welds
attaching mounting components. If any damageattaching mounting components. If any damage
is found, remove the fork from service.is found, remove the fork from service.

Straightness of Blade andStraightness of Blade and
Shank Shank 
NNOTEOTE::  This measurement  This measurement can be dcan be done with theone with the

forks on or removed from the forks on or removed from the carriage.carriage.

1.1. MeaMeasursure the lene the length ogth of the blf the blade aade and thnd thee
height of the shank.height of the shank. See FSee Figuigurere 4-24-2..

FiFigugure 4re 4-2-2.. MeMeasasururining Fog Fork Brk Blalade ade and Snd Shahank nk 
4forkFacts1.svg4forkFacts1.svg

2.2. MultipMultiply tly these hese numbenumbers brs by 0.y 0.5%. 5%. TheThe

smallest number is your maximumsmallest number is your maximum
deviation.deviation.

•• Length of blade Length of blade  _____ x 0.005 = ______ _____ x 0.005 = ______

•• Height of shank Height of shank  _____ x 0.005 = ______ _____ x 0.005 = ______

3.3. Place a Place a 24 in24 in. fra. framing ming squarsquare on the on the blade bladee
of the fork, 2 in. away from the heel of theof the fork, 2 in. away from the heel of the
fork.fork. See FSee Figuigurere 4-34-3..

4.4. MeasurMeasure the e the distandistance bece between tween the fthe face oface ofthe shank and the framing square at thethe shank and the framing square at the
top of the shank.top of the shank. See FSee Figuriguree 4-34-3..

FigFigure ure 4-34-3.. ForFork Mk Measeasureuremenment wt with ith FraFraminming Sg Squaquare re 
4forkstraight.svg4forkstraight.svg

5.5. CompCompare are this this measurmeasurementement, mi, minus nus 2 in.2 in.,,
to the smallest maximum deviationto the smallest maximum deviation
number determined in step 2.number determined in step 2.

6.6. If the mIf the maxiaximum dmum devieviatiation numon number isber is
exceeded, remove the fork from service.exceeded, remove the fork from service.

Fork AngleFork Angle
NNOTEOTE::  This measurement  This measurement can be done can be done with thewith the

forks on or removed from the carriage.forks on or removed from the carriage.

1.1. Place Place the fthe fork cork caliper aliper on thon the blae blade. Mde. Makeake
sure that the two extruded points aresure that the two extruded points are
touching the blade of the fork.touching the blade of the fork. SeeSee
FiFigugurere 4-4-4.4.

2.2. Now Now open open and mand move thove the cale caliper iper so the so the twotwo
extruded points are touching the shank.extruded points are touching the shank.
See FSee Figuigurere 4-44-4..

Shank Shank 

BladeBlade
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FFiigguurre 4e 4--44.. FFoorrk Ak Anngglle e 
4ForkArmWearCaliperGuide_2.svg4ForkArmWearCaliperGuide_2.svg

3.3. WheWhen all fon all four exur extrutruded pded pointoints are ins are in
contact with the fork, gently remove thecontact with the fork, gently remove the
caliper and note the reading on thecaliper and note the reading on the
indicator line, located right above theindicator line, located right above the
hinge pin.hinge pin. See FSee Figuigurere 4-44-4..

4.4. If thIf the deve deviatiation iion is gres greater ater thathan 3n 3°° of the of the
original angle, remove the fork fromoriginal angle, remove the fork from
service.service.

NNOTEOTE:: Most forks are manufactured with a 90Most forks are manufactured with a 90°°  
angle; therefore, a reading greater thanangle; therefore, a reading greater than
9393°° or less than 87 or less than 87°° is unacceptable. is unacceptable.
However, there are some forks that areHowever, there are some forks that are
purposely manufactured to anglespurposely manufactured to angles
greater than or less than 90greater than or less than 90°°..

Fork Tip HeightFork Tip Height
1.1. With With forks forks on thon the care carriageriage, mea, measure tsure thehe

length of the blade.length of the blade. See FSee Figuigurere 4-24-2..

•• For For forforks 42 ks 42 in. in. (10(106.7 6.7 cm) cm) or lor less, ess, maxmax..
deviatdeviation is 0.25 iion is 0.25 in. (6.3n. (6.3 mm).mm).

•• If lIf lengength oth of fof fork irk is >42 s >42 in. in. (10(106.7 6.7 cm)cm),,
multiply length of blade by 3%.multiply length of blade by 3%.
Blade length Blade length  _____in. x 3% = _____in. _____in. x 3% = _____in.

 This is the maximum deviation. This is the maximum deviation.

2.2. ElevatElevate fore forks apks approx. prox. 4 ft. 4 ft. (1.2 (1.2 m) off m) off thethe
floor.floor.

3.3. PlaPlace a 4 ft. lce a 4 ft. level aevel acrocross the tss the tips of tips of theheforks.forks. See FSee Figuigurere 4-54-5..

4.4. Raise Raise one enone end of d of the lthe level to evel to make make it leveit level.l.
See FSee Figuigurere 4-54-5..

5.5. MeasurMeasure the e the distandistance froce from the m the tip otip of thef the
fork.fork. See FSee Figuigurere 4-54-5..

FiFigugure re 4-4-5.5. MeMeasasururining Fg Forork Tk Tip ip HeHeigight ht 
4Fork Inspection.jpg4Fork Inspection.jpg

6.6. ComComparpare this me this measeasuremurement tent to theo the
maximum deviation.maximum deviation.

7.7. If thIf the maxie maximum dmum deviaeviatiotion numn number isber is
exceeded, remove the fork from service.exceeded, remove the fork from service.

Positioning Locks (if applicable)Positioning Locks (if applicable)
1.1. With With the fthe forks oorks on the n the carricarriage, vage, visuallisuallyy

inspect the positioning locks for damage.inspect the positioning locks for damage.

2.2. Test tTest the poshe positiitionioning locng locks to verks to verify thify theyey
 work correctly. work correctly.

3.3. If thIf the posite positioning ioning locks locks are dare damagamaged or ed or dodo
not work correctly, remove the fork fromnot work correctly, remove the fork from
service.service.

 Wea Wearr

Fork Blade and Shank Fork Blade and Shank 

1.1. RemRemove thove the fore forks frks from thom the carre carriagiage.e.

2.2. ApproxApprox. ha. half walf way up y up the shthe shank, ank, set thset thee
front teeth of the jaws of the caliper on thefront teeth of the jaws of the caliper on the
shank. Make sure the caliper is heldshank. Make sure the caliper is held
square across the shank to get ansquare across the shank to get an
accurate reading. The caliper is now set toaccurate reading. The caliper is now set to

measure fork blade measure fork blade wearwear. Carefully remove. Carefully remove
the caliper from the shank.the caliper from the shank. See See FiguFigurere 4-64-6..

IndicatorIndicator
LinesLines

Shank Shank 

BladeBlade

ForksForks

TipsTips

LevelLevel

DistanceDistance
from tipfrom tip
of fork of fork 
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FiFigugure 4re 4-6-6.. MeMeasasururining Fog Fork Srk Shahank nk 
4Fork Inspection.jpg4Fork Inspection.jpg

3.3. MeasurMeasure 2 ine 2 in. (50 . (50 mm) mm) out froout from the m the heel ofheel of
the fork.the fork.

4.4. Place Place the cathe caliper liper over tover the flhe flanks anks of thof the forke fork
arm blade at this 2 in. (50 mm) point.arm blade at this 2 in. (50 mm) point. SeeSee

FiFigugurere 4-4-7.7.

FiFigugure 4re 4-7-7.. MeMeasasururining Fog Fork rk BlBladade We Weaear r 
4Fork Inspection.jpg4Fork Inspection.jpg

5.5. If thIf the insie inside teede teeth of th of the cathe caliper liper hit thit thehe
fork, there is <10% wear. If the inside teethfork, there is <10% wear. If the inside teeth
pass freely over the fork arm, there ispass freely over the fork arm, there is
>10% wear and the fork must be >10% wear and the fork must be removedremoved
from service.from service.

If there is greater than 10% wear of theIf there is greater than 10% wear of the
fork arm, the fork has at least a 20%fork arm, the fork has at least a 20%
reduction in reduction in capacitycapacity..

NNOTEOTE::  The caliper  The caliper is designed is designed to measure to measure forksforks
up to 4 in. (100 mm). It is up to 4 in. (100 mm). It is not to be usednot to be used
on full or lumber tapered forks. Fon full or lumber tapered forks. Foror
these forks, you must know the originalthese forks, you must know the original
fork blade thickness and take afork blade thickness and take a
measurement of the fork arm thickness.measurement of the fork arm thickness.
If the difference in the measurementIf the difference in the measurement
exceeds 10% of the original thickness,exceeds 10% of the original thickness,
the fork must be removed from service.the fork must be removed from service.

Fork HooksFork Hooks

1.1. RemRemove thove the fore forks frks from thom the care carriariage.ge.

2.2. DetDetermiermine the fne the fork mork mounountinting clasg class.s.

a.a. MeasurMeasure the he the height eight of the of the carricarriage orage or
the distance between the hooks.the distance between the hooks. SeeSee
FigFigururee 4-4-8.8.

FiFigugure 4re 4-8-8.. DeDetetermrmininining Fog Fork Mrk Mouountntining Clg Clasasss
4Fork Inspection.jpg4Fork Inspection.jpg

 b. b. Compare Compare this mthis measurement to easurement to the tathe tableble
 below. below.

ForkFork
MountingMounting

ClassClass

DistanceDistance
Between HooksBetween Hooks

in. (mm)in. (mm)

CarriageCarriage
HeightHeight

in. (mm)in. (mm)

11 1122..005  5  ((330066)) 113  3  ((333311))

22 1155..004  4  ((338822)) 116  6  ((440077))

33 1188..778  8  ((447777)) 220  0  ((550088))

Distance between hooksDistance between hooks

Carriage HeightCarriage Height
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3.3. LocLocate thate the corre correct extect extrudruded edged edge on thee on the
caliper for the fork mounting class.caliper for the fork mounting class. SeeSee
FigFigureure 4-94-9..

4.4. SliSlide the exde the extrutruded edded edge up inge up into the hoto the hookok
pocket.pocket. See FSee Figuigurere 4-94-9..

5.5. If thIf the cale calipeiper’s er’s extrxtrudeuded edgd edgee completelycompletely

slides up into the fork pocket slides up into the fork pocket , remove the, remove the
fork from service.fork from service. See FSee Figuigurere 4-94-9..

FiFigugure 4re 4-9-9.. FoFork Hrk Hooook Ik Insnspepectctioionn
4Fork Inspection.jpg4Fork Inspection.jpg

MarkingsMarkings

Make sure the fork’s marking (individual loadMake sure the fork’s marking (individual load
rating) is legible (typically located on side ofrating) is legible (typically located on side of
fork). If fork marking is not legible, remove thefork). If fork marking is not legible, remove the
fork from service.fork from service.

Fork PocketFork Pocket

Fork Mounting ClassFork Mounting Class
designationdesignation
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ElectricalElectrical
TroubleshootingTroubleshooting

GeneralGeneral

Block the lift truck so that the drive tiresBlock the lift truck so that the drive tires
are off the floor whenever aare off the floor whenever a
troubleshooting procedure requirestroubleshooting procedure requires
turning the key switch ON. This preventsturning the key switch ON. This prevents
accidents caused by unexpected liftaccidents caused by unexpected lift
truck travel.truck travel.

Unless otherwise directed, disconnectUnless otherwise directed, disconnect
the battery connector when you checkthe battery connector when you check
electrical circuits or components with anelectrical circuits or components with an
ohmmeterohmmeter. Electrical . Electrical current can damagecurrent can damage

an ohmmeter.an ohmmeter.

Before removing a Before removing a power amplifier,power amplifier,
discharge the discharge the amplifier’amplifier’s internals internal
capacitor by jumpering the + andcapacitor by jumpering the + and –  –   
terminals with a terminals with a 100 ohm 25W resistor.100 ohm 25W resistor.

•• MaMany pny proroblblemems cas can be cn be cauaused sed by a dby a dirirtyty
 battery. Make sure the battery is clean. battery. Make sure the battery is clean.

•• SaSave tve timime ane and trd trououblble by le by lookookining fog forr
simple causes first.simple causes first.

•• Use Use a Da Digiigital tal MulMultiMtiMeter eter (DM(DMM) M) such such as as aa
Fluke meter for all measurements. AnalogFluke meter for all measurements. Analog
meters can give inaccurate readings andmeters can give inaccurate readings and

load down sensitive electronic circuitsload down sensitive electronic circuits
enough to cause failure. Make sure meterenough to cause failure. Make sure meter
cables are connected to the correct metercables are connected to the correct meter

 jacks and that the correct function an jacks and that the correct function andd
scale are selected.scale are selected.

•• PrPrininteted cird circucuit boit boarards ards are cone confoformarmall
coated. Make sure meter leads make acoated. Make sure meter leads make a
good electrical connection with test points.good electrical connection with test points.

•• WhWhen meen measasururining volg voltatagege, con, connenect thct thee
positive meter lead to the connector orpositive meter lead to the connector or
probe point marked (+) in the test.probe point marked (+) in the test.
Connect the negative meter lead to theConnect the negative meter lead to the
connector or probe point marked (–).connector or probe point marked (–).

•• WheWhenevnever er meameasursuring ing resresistaistancence, t, turn urn thethe
key switch OFF and disconnect the batterykey switch OFF and disconnect the battery
connector. Battery current can damage anconnector. Battery current can damage an
ohmmeterohmmeter. Isolate the . Isolate the component from thecomponent from the
circuit.circuit.

Shorts to FrameShorts to Frame
“Shorts to frame” is an industry ter“Shorts to frame” is an industry term form for
unintentional current leakage paths betweenunintentional current leakage paths between
normally isolated electrical circuits and theirnormally isolated electrical circuits and their
metal enclosures.metal enclosures.

Shorts to frame may be metallic coShorts to frame may be metallic connections,nnections,
such as a wire conductor contacting metalsuch as a wire conductor contacting metal
through worn insulation. More often, shorts tothrough worn insulation. More often, shorts to
frame are resistive “leakage” paths caused byframe are resistive “leakage” paths caused by
contamination and/or moisture.contamination and/or moisture.

 These leakage paths can result in unwanted These leakage paths can result in unwanted

electrical noise on the metallic lift truckelectrical noise on the metallic lift truckstructure and can cause incorrect operation.structure and can cause incorrect operation.

Shorts to frame are caused by:Shorts to frame are caused by:

•• AcAccucummululatatioion of n of didirrt t 

•• BaBattettery ry elelectectrorolylyte te leleakakagagee

•• BrBreaeakdkdowown in in in insnsululatatioionn

•• BBaarre  e  wwiirreess

•• PiPincnchehed wd wiririning hg hararnenessss

•• InIncocorrrrecect mot moununtiting ong of cif circrcuiuit cat cardrdss

Shorts to frame can occur at numerousShorts to frame can occur at numerous
locations on a lift truck, including:locations on a lift truck, including:

•• BBaatttteerriieess

•• MMoottoorrss

•• CaCablbles, es, wiwiriringng, a, and nd haharnernesssseses

•• HHeeaattssiinnkkss

•• BBuus  s  bbaarrss

•• SSoolleennooiiddss

•• CCoonnttaaccttoorrss

•• TeTermrmiinnaal sl sttrriippss

•• SSwwiittcchheess

•• PoPowewer pr pananel el ininsusulalatitionon

•• CiCircrcuiuit ct carard md mouountntss
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Shorts to Frame TestShorts to Frame Test

1.1. Turn tTurn the key she key switwitch OFF ach OFF and dind disconsconnecnectt
the battery cthe battery connector.onnector.

2.2. To test To test the bthe battery attery for for shortshorts to s to case,case,
connect a 12V test light to the battery caseconnect a 12V test light to the battery case
from battery B+, and then to the from battery B+, and then to the batterybattery
case from battery B–. If the case from battery B–. If the lightlight
illuminates at all, even momentarily, thereilluminates at all, even momentarily, there
is ais a serious serious  problem with the battery, problem with the battery,
either external contamination or internaleither external contamination or internal
damage.damage. Do not continue until this conditionDo not continue until this condition

is corrected is corrected . The meter may be damaged if. The meter may be damaged if
 you proceed before correcting this you proceed before correcting this
condition.condition.

Install another battery in the truck andInstall another battery in the truck and
repeat this procedure from Step 1.repeat this procedure from Step 1.

If the test light does not illuminate,If the test light does not illuminate,
continue to the next step.continue to the next step.

3.3. Use a DUse a DMM set oMM set on the amn the amperpere fune functioction ton to
measure the current leakage from themeasure the current leakage from the

 battery case to battery B+ and  battery case to battery B+ and from thefrom the
 battery case to battery B–. B battery case to battery B–. Beginegin
measuring at the highest ampere scalemeasuring at the highest ampere scale
and work toward the lowest. A rand work toward the lowest. A reading ofeading of
more than 0.001A (1mA) indicates amore than 0.001A (1mA) indicates a
serious serious  short. short. Do not continue until thisDo not continue until this

condition is corrected condition is corrected . The meter may be. The meter may be
damaged if you proceed before correctingdamaged if you proceed before correcting
this condition.this condition.

Install another battery in the lift Install another battery in the lift truck andtruck and
repeat this procedure from Step 1.repeat this procedure from Step 1.

If the current is less than 0.0002AIf the current is less than 0.0002A
(0.2mA), go to Step 4. If the current is(0.2mA), go to Step 4. If the current is
greater than 0.0002A (0.2mA) and lessgreater than 0.0002A (0.2mA) and less
than 0.001A (1mA), remove the batterythan 0.001A (1mA), remove the battery
from the truck, then continue with Step 4.from the truck, then continue with Step 4.
Make sure the battery case does not touchMake sure the battery case does not touch
the truck frame during the remainingthe truck frame during the remaining
tests.tests.

4.4. With With the the batterbattery diy disconnesconnected cted (or r(or removedemoved
and disconnected) from the truck, use aand disconnected) from the truck, use a
DMM to measure the resistance from liftDMM to measure the resistance from lift
truck frame to truck B+, to truck frame to truck B+, to truck B– (truck B– (notnot

battery B+ and B– battery B+ and B– ), and to all fuses and), and to all fuses and
motors. A reading of less than 1000 ohmsmotors. A reading of less than 1000 ohms

indicates aindicates a serious serious  short. short. Do not continueDo not continue
until this condition is corrected until this condition is corrected . The meter. The meter

may be damaged if you proceed beforemay be damaged if you proceed before
correcting this condition.correcting this condition.

a.a. To idenTo identify ttify the caushe cause of the of the shore short tot to
frame, disconnect circuit componentsframe, disconnect circuit components
until the low resistance conditionuntil the low resistance condition
disappears. Do not reconnectdisappears. Do not reconnect

components one at a time, but leavecomponents one at a time, but leave
them disconnected until the lowthem disconnected until the low
resistance reading disappears. Preventresistance reading disappears. Prevent
disconnected terminals or connectorsdisconnected terminals or connectors
from touching the lift truck from touching the lift truck frame orframe or
other conductive surfaces.other conductive surfaces.

 The most likely areas to check are: The most likely areas to check are:

•• MMoottoorrss

•• HHeeaattssiinnkkss

•• PPoowweer r ccaabblleses

•• PoPowewer r cicircrcuit uit comcompoponenentntss

•• CoContntrorol cil circrcuiuit cot compmpononenentsts

 b. b. Repair or replace the componentRepair or replace the component
causing the low resistance condition.causing the low resistance condition.
Repeat Step 4.Repeat Step 4.

c.c. ReconnReconnect ect all all other other componcomponentsents
previously disconnected, one at a time,previously disconnected, one at a time,
measuring resistance between steps. Ifmeasuring resistance between steps. If
a reading is less than 1000 ohms whena reading is less than 1000 ohms when
reconnecting a component, thatreconnecting a component, that
component or its wiring is faulty; repaircomponent or its wiring is faulty; repair
or replace as appropriate.or replace as appropriate.

d.d. When, When, after after all comall componentponents ares are
reconnected, you get readings greaterreconnected, you get readings greater
than 1000 ohms, continue with thethan 1000 ohms, continue with the

next step.next step.
5.5. ReconnReconnect thect the bae battery ttery connecconnector tor and and turnturn

the key switch ON. If the the key switch ON. If the battery wasbattery was
previously removed, make sure the batterypreviously removed, make sure the battery
case does not touch the lift truck frame.case does not touch the lift truck frame.

NNOTEOTE::  The functions being checked must be The functions being checked must be
energized. Example: to check for shortsenergized. Example: to check for shorts
to frame in the travel circuit, travel mustto frame in the travel circuit, travel must

 be requested. be requested.

6.6. Use a DUse a DMM set tMM set to the cuo the currerrent funt functnction toion to
measure current leakage to the truckmeasure current leakage to the truck
frame from B+, B–, and all fuses andframe from B+, B–, and all fuses and
motor terminals. Begin measuring at themotor terminals. Begin measuring at the

highest ampere scale and work toward thehighest ampere scale and work toward thelowest. If the current is less than 0.001Alowest. If the current is less than 0.001A
(1mA), go to step 7. If the current is more(1mA), go to step 7. If the current is more
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than 0.001A (1mA), continue with thethan 0.001A (1mA), continue with the
following steps.following steps.

a.a. To identTo identify thify the cause cause of the of the short e short toto
frame, disconnect circuit componentsframe, disconnect circuit components
until the leakage current reads lessuntil the leakage current reads less
than 0.001A (1mA). Do not reconnectthan 0.001A (1mA). Do not reconnect

components one at a time, but leavecomponents one at a time, but leave
them disconnected until the leakagethem disconnected until the leakage
current reads less than 0.001A (current reads less than 0.001A (1mA).1mA).
Prevent disconnected terminals orPrevent disconnected terminals or
connectors from touching the lift truckconnectors from touching the lift truck
frame or other conductive surfaces.frame or other conductive surfaces.

 The most likely areas to check are: The most likely areas to check are:

•• MMoottoorrss

•• HHeeaattssiinnkkss

•• PPoowweer cr caabblleess

•• PoPowewer cr cirircucuit it comcompoponenentntss

•• CoContntrorol cil circurcuit cit comompoponenentntss

 b. b. Repair or replace the component(s)Repair or replace the component(s)
causing the leakage current.causing the leakage current.
ReRepepeatat StStepep 6.6.

c.c. RecoReconnennect all othect all other compor componennentsts
previously disconnected, measuringpreviously disconnected, measuring
current between steps. If a reading iscurrent between steps. If a reading is
more than 0.001A (1mA) whenmore than 0.001A (1mA) when
reconnecting a component, thatreconnecting a component, that
component or its wiring is bad. Repaircomponent or its wiring is bad. Repair

or replace as appropriate.or replace as appropriate.
7.7. WheWhen, afn, after ater all coll compomponennents arts aree

reconnected, you get a reading less thanreconnected, you get a reading less than
0.001A (1mA) there is no short to frame0.001A (1mA) there is no short to frame
condition with the truck or the battery. Ifcondition with the truck or the battery. If

 you previously removed the battery from you previously removed the battery from
the truck, re-install the battery.the truck, re-install the battery.

FusesFuses

Test/InspectionTest/Inspection

Examine the fuse for signs Examine the fuse for signs of overheating,of overheating,
discoloration, cracking, or other physicaldiscoloration, cracking, or other physical
damage. Replace the fuse if you find any ofdamage. Replace the fuse if you find any of
these conditions. To test a fuse, remove it fromthese conditions. To test a fuse, remove it from
the lift truck. The resistance should be lessthe lift truck. The resistance should be less
than 1 ohm. Refer tothan 1 ohm. Refer to Table 5-1 Table 5-1 for fuse location. for fuse location.

TTaabble le 5-5-1.1. FFususe Le Loocacatitionon

FFuussee RRaattiinngg LLooccaattiioonn FFuunnccttiioonn

FFTT11 225500AA TTrraaccttiioon Pn Poowweer Ar Ammpplliiffiieerr BB+ t+ to to thhe Me Maasstteer Tr Trraaccttiioon Pn Poowweer Ar Ammpplliiffiieer r 

FFTT22 225500AA TTrraaccttiioon Pn Poowweer Ar Ammpplliiffiieerr BB+ t+ to to thhe Se Sllaavve Te Trraaccttiioon n PPoowweer Ar Ammpplliiffiieer r 

FFPP 335500AA PPuummp  p  PPoowweer  r  AAmmpplliiffiieerr BB+  +  tto  o  tthhe  e  PPuummp  p  PPoowweer  r  AAmmpplliiffiieer  r  

FF11 66..33A  A  

Main Fuse PanelMain Fuse Panel

B+ to Key SwitchB+ to Key Switch

FF22 55AA BB+  +  ffoor  r  oopptt.  .  eeqquuiippmmeennt  t  

FF33 1100AA BB+  +  tto  o  oopptt.  .  HHyyddrraauulliic  c  CCoonnttrrool  l  BBooaarrd  d  ((HHCCBB))

FF44 1155AA BB+  +  tto  o  tthhe  e  DDCC//DDC  C  CCoonnvveerrtteer  r  

FF55 55A  A  

+24V Fuse Panel+24V Fuse Panel

+24V to Power Amp Fan+24V to Power Amp Fan

FF66 55AA ++2244V  V  tto  o  HHoorrnn

FF77 44AA NNoot  t  UUsseedd

FF88 44AA ++2244V  V  ffoor  r  oopptt.  .  WWaarrnniinng  g  LLiigghht  t  

FF99 00..44AA NNoot  t  UUsseedd

FF1100 44AA ++2244V  V  tto  o  oopptt.  .  RReeaar  r  WWoorrk  k  LLiigghhttss

FF1111 44AA ++2244V  V  tto  o  oopptt.  .  FFoorrwwaarrd  d  WWoorrk  k  LLiigghhttss

FF1122 11AA NNoot  t  UUsseedd

FF1133 44AA ++2244V  V  tto  o  oopptt.  .  TTrraavveel  l  AAllaarrmm

FF1144 44AA ++2244V  V  tto  o  TTiillt  t  SSoolleennooiidd
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Motor TroubleshootingMotor Troubleshooting

 AC motors used on this truck are br AC motors used on this truck are brushless,ushless,
3-phase, internally delta-connected, variable3-phase, internally delta-connected, variable
speed motors.speed motors.

 The AC motor has a rotor (in place of  The AC motor has a rotor (in place of the DCthe DC
armature) and a stator (in place of the DC field).armature) and a stator (in place of the DC field).

 There is no electrical connection to the rotor; There is no electrical connection to the rotor;
current is induced in tcurrent is induced in the rotor. The stator hashe rotor. The stator has
three windings staggered 120° apart, and threethree windings staggered 120° apart, and three
external connections lexternal connections labeled U, V, and W. Seeabeled U, V, and W. See
FiFigugurere 5-5-11..

FiFigugure re 5-5-1.1. TTraractctioion Mn Mototor or CiCircrcuiuitsts
motor_AC3phaseA.eps,motor_AC3phaseB.epsmotor_AC3phaseA.eps,motor_AC3phaseB.eps

Open WindingOpen Winding

If the AC motor fails If the AC motor fails with an open winding, thewith an open winding, the
motor moves unevenly, as if hunting, and theremotor moves unevenly, as if hunting, and there

 will be  will be a ticking a ticking sound. Rotation sound. Rotation is much is much slowerslower
than normal.than normal.

Using a clamping ammeter, measure current inUsing a clamping ammeter, measure current in
each of the motor power cables. The open each of the motor power cables. The open phasephase
reads significantly lower than the other tworeads significantly lower than the other two

phases.phases.

Shorted WindingShorted Winding

If the AC motor fails with a sIf the AC motor fails with a shorted winding, thehorted winding, the
motor moves unevenly, as motor moves unevenly, as if hunting, and thereif hunting, and there
is a high-pitched sound.is a high-pitched sound.

Using a clamping ammeter, measure current inUsing a clamping ammeter, measure current in
each of the motor power cables. The shortedeach of the motor power cables. The shorted
phase reads significantly higher than the otherphase reads significantly higher than the other
two phases.two phases.

 Wiring Wiring

 Visually inspect all wiring an Visually inspect all wiring and electricald electrical
components for:components for:

•• LoLoose ose coconnnnectectioions ons or cr cononnenectctororss

•• LoLoosose oe or br brorokeken tn terermiminanalsls

•• DaDamamageged terd termiminanalsls, blo, blockcks, or sts, or striripsps

•• ExpExposed osed wirwire ae at t termterminainatiotions, ns, excexcessiessiveve

strip gapstrip gap

•• AbrAbrasiasionsons, s, scracrapespes, n, nickicks is in tn the he wirwire,e,
damage from overheating or burns, ordamage from overheating or burns, or
other general insulation damageother general insulation damage

•• BrBrokoken wen wirire ste strarandnds ans and shd shorortetedd
conditions (especially those that are closeconditions (especially those that are close
to metal edges or surfaces)to metal edges or surfaces)

During troubleshooting and repairs, it may During troubleshooting and repairs, it may bebe
necessary to unplug a cnecessary to unplug a connector, move aonnector, move a
harness, cut a cable tie, or remove the wireharness, cut a cable tie, or remove the wire
from a bracket. Note the location of from a bracket. Note the location of the wire andthe wire and
all protective or securing attachments beforeall protective or securing attachments before
moving the harness.moving the harness.

FF1155 44A  A  

Fuse Panel on armrestFuse Panel on armrest

 bracket near HC bracket near HCBB

+24V for opt. Fingertip Control - Lift/Lower +24V for opt. Fingertip Control - Lift/Lower 

FF1166 44AA ++2244V  V  ffoor  r  oopptt.  .  FFiinnggeerrttiip  p  CCoonnttrrool  l  -  -  TTiillt  t  

FF1177 44AA ++2244V  V  ffoor  r  oopptt.  .  FFiinnggeerrttiip  p  CCoonnttrrool  l  -  -  SSiiddeesshhiifft  t  

FF1188 44AA ++2244V  V  ffoor  r  oopptt.  .  FFiinnggeerrttiip  p  CCoonnttrrool  l  -  -  44tth  h  AAuux  x  

FF1199 44A  A  
Not UsedNot Used

FF2200 44A  A  

FF2211 44AA ++2244V  V  ffoor  r  DDrraaiin  n  ssoolleennooiidd

FF2222 44A  A  
+24V Fuse Panel+24V Fuse Panel

+24V to Lift-Limit Solenoid+24V to Lift-Limit Solenoid

FF2233 00..44AA OOppeerraattoor  r  DDiissppllaay  y  aannd  d  oopptt.  .  AArrmmrreesst  t  BBooaarrdd

FFuussee RRaattiinngg LLooccaattiioonn FFuunnccttiioonn

ACAC

33φφ

UU

VV WW
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 After repair After repair, return or replace all protective, return or replace all protective
and/or securing hardware to its originaland/or securing hardware to its original
condition. Protective materials are necessary tocondition. Protective materials are necessary to
provide reliable performance of the interconnectprovide reliable performance of the interconnect
system.system.

Examine and maintain any added materialsExamine and maintain any added materials
used to dress and protect the wire. Thisused to dress and protect the wire. This
includes spiral wrap, brackets, cable ties,includes spiral wrap, brackets, cable ties,
fasteners, and flexible conduit.fasteners, and flexible conduit.

Do not attach cable ties so tight that they pinchDo not attach cable ties so tight that they pinch
cable harnesses. Avoid attaching cables tocable harnesses. Avoid attaching cables to
hydraulic hoses that expand with pressure,hydraulic hoses that expand with pressure,
pinching the attached electrical cables.pinching the attached electrical cables.

Use a DMM to check for wiring continuity.Use a DMM to check for wiring continuity.

Electrical ConnectionsElectrical Connections

Molex connectors have ridges on the sides toMolex connectors have ridges on the sides tohelp locate pin number 1. The short side has ahelp locate pin number 1. The short side has a
single ridge at pin number 1. The long side hassingle ridge at pin number 1. The long side has
1, 2, and 3 raised ridges 1, 2, and 3 raised ridges at pin numbers 1, 2,at pin numbers 1, 2,
and 3.and 3. See FSee Figuigurere 5-25-2..

FiFigugure re 5-5-2.2. MoMolelex Jx Jacack ak and nd PiPin Cn Cononnenectctor or 
8c04013s.tif 8c04013s.tif 

 Jack Jack PinsPins

Pin Identifier LinesPin Identifier Lines
(black lines added for clarity)(black lines added for clarity)
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Connector Locator TableConnector Locator Table

TTabable 5le 5-2-2.. CoConnnnecectotor Lor Locacatitionon

CCoonnnneeccttoorr TTrruucck  k  LLooccaattiioonn FFuunnccttiioonn//DDeessttiinnaattiioonn

 JAM JAM Hydraulic ConHydraulic Control Boardtrol Board (Not Used)(Not Used)

 JAUX  JAUX 

 Armrest Board Armrest Board

Conn. for Horn (PB12) and opt. switchesConn. for Horn (PB12) and opt. switches

 JBRA JBRA Conn. for Tilt switches (SW19 Conn. for Tilt switches (SW19 & SW20) and Po& SW20) and Pot (P5)t (P5)

 JCAN JCAN Conn. for opt. Armrest BoaConn. for opt. Armrest Boardrd

 JCM JCM Hydraulic ConHydraulic Control Boardtrol Board Conn. for SolenoConn. for Solenoids from Hydrauids from Hydraulic Control Board lic Control Board (HCB)(HCB)

 JP JP Pump PowePump Power Amplifierr Amplifier Main Conn. for PPMain Conn. for PPA A 

 JSOLL JSOLL Armrest BoardArmrest Board Conn. for Lift/Lower switcConn. for Lift/Lower switches (SW17 & 18hes (SW17 & 18) and Pot (P4)) and Pot (P4)

 JT1 JT1 Traction Power AmplifieTraction Power Amplifierr Main Conn. for MaMain Conn. for Master TPA ster TPA 

 JT2 JT2 Traction Power AmplifieTraction Power Amplifierr Main Conn. for SlavMain Conn. for Slave TPA e TPA 

 JTRA  JTRA 

 Armrest Board Armrest Board

Conn. for Sideshift switches (SW21 & SW22) and PotConn. for Sideshift switches (SW21 & SW22) and Pot
(P6)(P6)

 JV JV Not UsedNot Used

 J1V J1V Conn. for 4th Aux Conn. for 4th Aux switches (SW23 & switches (SW23 & SW24) and PoSW24) and Pot (P7)t (P7)
 J1+/– J1+/– Battery Conn.Battery Conn. Battery Conn.Battery Conn.

 J4 J4 Brake Fluid ReBrake Fluid Reservoirservoir Conn. for Low BrakConn. for Low Brake Fluid Sensoe Fluid Sensor (SW3)r (SW3)

 J8 J8
Steering ColumnSteering Column

Conn. for Horn Push Button switch (PB4)Conn. for Horn Push Button switch (PB4)

 J9 J9 Conn. for Key switch (SW1Conn. for Key switch (SW1))

 J11 J11 Under floor panel neUnder floor panel near Hornar Horn Conn. for Horn (HR1)Conn. for Horn (HR1)

 J13 J13 Near Pump MNear Pump Motor otor 
Conn. for Pump Motor encoder (EN3) and Conn. for Pump Motor encoder (EN3) and temp switchtemp switch
(TS3)(TS3)

 J14 J14 Near Steer PotNear Steer Pot Conn. for Steer Pot (PConn. for Steer Pot (P1)1)

 J15 J15 Near Right Traction Motor Near Right Traction Motor 
Conn. for Right Traction Motor encoder (EN1) and tempConn. for Right Traction Motor encoder (EN1) and temp
switch (TS1)switch (TS1)

 J16 J16 Near Left Traction Motor Near Left Traction Motor 
Conn. for Left Traction Motor encoder (EN2) andConn. for Left Traction Motor encoder (EN2) and

temperature switch (TS2)temperature switch (TS2)

 J17 J17 Near Pump MNear Pump Motorotor Conn. for Pump Conn. for Pump Motor temp switch (Motor temp switch (TS3)TS3)

 J20 J20 Near Battery ConnNear Battery Conn.. Intermediate Conn. for SeaIntermediate Conn. for Seat switch (SW2)t switch (SW2)

 J21 J21
Dash Cover Dash Cover 

Conn. for Conn. for Emergency Disconnect (PB1)Emergency Disconnect (PB1)

 J22 J22 Intermediate Conn. for SeaIntermediate Conn. for Seat switch (SW2)t switch (SW2)

 J24 J24 Under SeatUnder Seat Conn. for Seat switch (SWConn. for Seat switch (SW2)2)

 J30 J30 Dash CoverDash Cover Conn. for Parking BConn. for Parking Brake switch (SW7)rake switch (SW7)

 J31 J31

Under floor panel near switchUnder floor panel near switch

Conn. for Brake Pedal switch (SW6)Conn. for Brake Pedal switch (SW6)

 J32 J32 Conn. for Travel PConn. for Travel Pot (P2) and ot (P2) and Travel Enable switcTravel Enable switch (SW8)h (SW8)

 J33 J33
Conn. for Forward Pedal (SW4) and Reverse Pedal (SW5)Conn. for Forward Pedal (SW4) and Reverse Pedal (SW5)
switchesswitches

 J34 J34 Dash CoverDash Cover Conn. to VConn. to Vehicle Manager ehicle Manager 

 J35 J35 Front side of Dash CFront side of Dash Coverover Intermediate Conn. for vaIntermediate Conn. for various switchesrious switches
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 J36 J36

Steering ColumnSteering Column

Conn. for LPH switch Conn. for LPH switch (PB3)(PB3)

 J37 J37 Conn. for Speed RConn. for Speed Reduction switch (Peduction switch (PB2)B2)

 J39 J39
Conn. for Forward Hand Direction switch Conn. for Forward Hand Direction switch (SW9) and(SW9) and
Backward Hand Direction switch Backward Hand Direction switch (SW10)(SW10)

 J40 J40 Dash CoverDash Cover Conn. to VConn. to Vehicle Manager ehicle Manager 

 J41 J41

Near ValvesNear Valves

Conn. for Lift Pot (P3)Conn. for Lift Pot (P3)

 J42 J42 Conn. for Lift switch (SW11Conn. for Lift switch (SW11))

 J43 J43 Conn. for Tilt switch (SW12)Conn. for Tilt switch (SW12)

 J44 J44 Conn. for Sideshift switcConn. for Sideshift switch (SW13)h (SW13)

 J45 J45 Conn. for 4th FunctioConn. for 4th Function switch (SW14)n switch (SW14)

 J46 J46 Not UsedNot Used

 J47 J47 Near VNear Valvesalves Conn. for Lowering switcConn. for Lowering switch (SW15)h (SW15)

 J48 J48 Under floor paneUnder floor panell Intermediate Conn. for HydIntermediate Conn. for Hyd. Functions. Functions

 J50 J50 Under Battery CoUnder Battery Conn.nn. Intermediate Power CoIntermediate Power Conn. from Battery nn. from Battery 

 J52 J52 Under floor paneUnder floor panell Conn. for B+ to DCConn. for B+ to DC/DC converter /DC converter 

 J60 J60
NNeeaar  r  HHCCBB IInntteerrmmeeddiiaatte  e  CCoonnnn.  .  ffoor  r  HHyydd.  .  SSoolleennooiidds  s  ffrroom  m  HHCCBB

 J61 J61

 J62 J62
Under floor panelUnder floor panel

Intermediate Conn. for 24VDC fuse panelIntermediate Conn. for 24VDC fuse panel

 J63 J63 Intermediate Conn. for 24Intermediate Conn. for 24VDC fuse paVDC fuse panelnel

 J70+/– J70+/– Near lift pumpNear lift pump Conn. for opt. Travel Alarm (BZ1Conn. for opt. Travel Alarm (BZ1))

 J71 J71 Front of fanFront of fan Conn. for Power AConn. for Power Amp Fan (FN1)mp Fan (FN1)

 J72 J72 Right side of HydRight side of Hyd. Reservoir . Reservoir 
Intermediate Conn. for Tilt Intermediate Conn. for Tilt Limit Solenoid (EV13) andLimit Solenoid (EV13) and
Lift/Lower Limit Solenoid (EV12)Lift/Lower Limit Solenoid (EV12)

 J73 J73

Left side of Hyd. Reservoir Left side of Hyd. Reservoir 

Conn. for Angle Tilt Conn. for Angle Tilt Prox. switch (SW30)Prox. switch (SW30)

 J75 J75
Conn. for opt. End of Free Conn. for opt. End of Free Lift switch (SW16) and opt.Lift switch (SW16) and opt.
Mast Height switch (SW31)Mast Height switch (SW31)

 J81 J81 Traction Power AmplTraction Power Amplifierifier Conn. at Traction Power AConn. at Traction Power Amplifier for B– mplifier for B– 
 J90 J90 Not UsedNot Used

 J91 J91 Left side rear under ALeft side rear under Ampsmps Conn. for Left Brake aConn. for Left Brake and Tail Lightsnd Tail Lights

 J92 J92

Dash Cover Dash Cover 

Intermediate Conn. for opt. Intermediate Conn. for opt. Forward Right Working LightForward Right Working Light
(LP6)(LP6)

 J93 J93 Intermediate Conn. for opIntermediate Conn. for opt. lightst. lights

 J94 J94 Conn. for opt. BacConn. for opt. Backward Wkward Work Lights switch (SW2ork Lights switch (SW29)9)

 J95 J95 Conn. for opt. WConn. for opt. Warning Lamp switch (SW27arning Lamp switch (SW27))

 J96 J96 Under floor paneUnder floor panell Conn. for DC/DConn. for DC/DC converter C converter 

 J97 J97
Dash Cover Dash Cover 

Conn. for opt. Warning Light (LP5)Conn. for opt. Warning Light (LP5)

 J99 J99 Conn. for opt. ForwaConn. for opt. Forward Word Work Lights switch (SW28rk Lights switch (SW28))

 J100 J100 Front side of DasFront side of Dash Coverh Cover Conn. for AuxiliaConn. for Auxiliary Power stripry Power strip

 J101 J101 Dash CoverDash Cover Conn. for opt. Lift-Limit PuConn. for opt. Lift-Limit Push Button switch (Psh Button switch (PB9)B9)

CCoonnnneeccttoorr TTrruucck  k  LLooccaattiioonn FFuunnccttiioonn//DDeessttiinnaattiioonn
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 J102 J102 Right rearRight rear Conn. for Right Brake Conn. for Right Brake and Tail Lightsand Tail Lights

 J103 J103

 At Light  At Light 

Conn. for opt. Forward Conn. for opt. Forward Right Work Light (LP6)Right Work Light (LP6)

 J104 J104 Conn. for opt. ForwaConn. for opt. Forward Left Word Left Work Light (LP7)rk Light (LP7)

 J105  J105 Conn. for opt. BacConn. for opt. Backward Left Wkward Left Work Light (LP9)ork Light (LP9)

 J106  J106 Conn. for opt. BacConn. for opt. Backward Right Wkward Right Work Light (LP8)ork Light (LP8)

 J107 J107

Near ValvesNear Valves

Conn. for Lowering Solenoid (EVP1)Conn. for Lowering Solenoid (EVP1)

 J108 J108 Conn. for Lifting SolenoConn. for Lifting Solenoid (EV2)id (EV2)

 J109 J109 Conn. for Tilt Forward SolenoConn. for Tilt Forward Solenoid (EV3)id (EV3)

 J110 J110 Conn. for Tilt Backward SoConn. for Tilt Backward Solenoid (EV4)lenoid (EV4)

 J111 J111 Conn. for Left SideshiConn. for Left Sideshift Solenoid (EV5)ft Solenoid (EV5)

 J112 J112 Conn. for Right SideshConn. for Right Sideshift Solenoid (EV6)ift Solenoid (EV6)

 J113 J113 Conn. for 4th FuncConn. for 4th Function Solenoid (EVtion Solenoid (EV7)7)

 J114 J114 Conn. for 4th FuncConn. for 4th Function Solenoid (EVtion Solenoid (EV7)7)

 J115 J115 Conn. for Tilt Limit Solenoid Conn. for Tilt Limit Solenoid (EV13)(EV13)

 J117 J117 Conn. for Drain SoleConn. for Drain Solenoid (EVP)noid (EVP)

 J118 J118 Not UsedNot Used

 J121 J121 Near VNear Valvesalves Conn. for Lift/Lower Limit SConn. for Lift/Lower Limit Solenoid (EV12olenoid (EV12))

 J131 J131 Near Battery ConnNear Battery Conn.. Intermediate Conn. for oIntermediate Conn. for opt. Armrest Boardpt. Armrest Board

 J132 J132
Right side Dash Cover Right side Dash Cover 

Conn. for CAN-Bus InterfaceConn. for CAN-Bus Interface

 J137 J137 Conn. for OperaConn. for Operator Display tor Display 

 J138 J138 Bottom of Armrest BoardBottom of Armrest Board Intermediate Conn. for oIntermediate Conn. for opt. Armrest Boardpt. Armrest Board

 J140 J140 HCBHCB Main Conn. for HCMain Conn. for HCBB

 J141 J141
 Armrest Board Armrest Board

Conn. for opt. Lift-Limit Conn. for opt. Lift-Limit Push Button switch (PB13)Push Button switch (PB13)

 J142 J142 Conn. for Horn switch (PBConn. for Horn switch (PB12)12)

 J406 J406

 Armrest Board Armrest Board

Conn. for Lift/Lower switches (SW17 & SW18) and PotConn. for Lift/Lower switches (SW17 & SW18) and Pot
(P4)(P4)

 J407 J407 Conn. for Tilt switches (SW19 Conn. for Tilt switches (SW19 & SW20) and Po& SW20) and Pot (P5)t (P5)

 J408 J408
Conn. for Sideshift switches (SW21 & SW22) and PotConn. for Sideshift switches (SW21 & SW22) and Pot
(P6)(P6)

 J409 J409 Conn. for 4th Aux Conn. for 4th Aux switches (SW23 & switches (SW23 & SW24) and PoSW24) and Pot (P7)t (P7)

PPA B+PPA B+

Pump Power Amplifier Pump Power Amplifier 

Conn. for B+ to PPA Conn. for B+ to PPA 

PPPPA  A  BB–– CCoonnnn.  .  ffoor  r  BB–  –  tto  o  PPPPA  A  

PPA (U)PPA (U)

Conn. for 1 of 3 AC outputs to Pump Motor Conn. for 1 of 3 AC outputs to Pump Motor PPA (V)PPA (V)

PPA (W)PPA (W)

MTPA B+MTPA B+
Master Traction Power Amplifier Master Traction Power Amplifier 

Conn. for B+ to Master TPA Conn. for B+ to Master TPA 

MMTTPPA  A  BB–– CCoonnnn.  .  ffoor  r  BB–  –  tto  o  MMaasstteer  r  TTPPA  A  

STPA B+STPA B+
Slave Traction Power Amplifier Slave Traction Power Amplifier 

Conn. for B+ to Slave TPA Conn. for B+ to Slave TPA 

SSTTPPA  A  BB–– CCoonnnn.  .  ffoor  r  BB–  –  tto  o  SSllaavve  e  TTPPA  A  

CCoonnnneeccttoorr TTrruucck  k  LLooccaattiioonn FFuunnccttiioonn//DDeessttiinnaattiioonn

https://www.forkliftpdfmanuals.com/



PPuubblliiccaattiioon  n  11111133006655,  ,  IIssssuueedd:  :  115  5  MMaar  r  22001100 55--99

  

SSeeccttiioon  n  55.. TTrroouubblleesshhoooottiinngg MMooddeel  l  4444550  0  MMaaiinntteennaanncce  e  MMaannuuaall

Electrical Electrical TroubleshoTroubleshootingoting

55 1100 PPuubblliiccaattiioonn 11111133006655 IIssssuueedd:: 1155 MMaarr 22001100

 TPA (UM) TPA (UM)

MaMastester Trar Tractiction Pon Poweower Amr Ampliplifiefierr ConConn. fn. for 1 or 1 of 3 of 3 AC AC ououtputputs tts to Rio Right ght TracTractiotion Mon Motor tor  TPA (VM) TPA (VM)

 TPA (WM) TPA (WM)

 TPA (US) TPA (US)

SlSlavave Tre Tracactition on PoPowewer Ar Ampmplilififierer CoConnnn. fo. for 1 or 1 of 3 Af 3 AC oC oututpuputs tts to Leo Left Tft Traractctioion Mn Mototor or  TPA (VS) TPA (VS)

 TPA (WS) TPA (WS)

CCoonnnneeccttoorr TTrruucck  k  LLooccaattiioonn FFuunnccttiioonn//DDeessttiinnaattiioonn
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HydraulicHydraulic
TroubleshootingTroubleshooting

 When performing hydraulic troubleshooting When performing hydraulic troubleshooting

procedures:procedures:
•• LowLower er the the carcarriariage ge fulfully aly and nd cencenter ter thethe

sideshift.sideshift.

•• StStababililizize the the top e top of tof the mhe masast wit with ath ann
overhead chain hoist.overhead chain hoist.

•• MaMake ke susure re hyhydrdrauaulic lic linlines es anandd
components are fully installed.components are fully installed.

•• WheWhenevnever er pospossibsible, le, keekeep tp the he key key swiswitchtch
OFF and the battery connectorOFF and the battery connector
disconnected.disconnected.

•• CaCap opp open hen hydydraraululic lic linines tes to pro prevevenentt
contamination.contamination.

•• RelRelieve ieve prepressussure ire in hn hydrydraulaulic ic linlines bes befoeforere

disconnecting.disconnecting.

 After elevating the carriage for After elevating the carriage for
troubleshooting, make sure to usetroubleshooting, make sure to use
blocks to secure the carriage.blocks to secure the carriage.

Use extreme care when blocking theUse extreme care when blocking the
mast for any reason. Never remove amast for any reason. Never remove a
block when it is supporting the mast.block when it is supporting the mast.
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Symptom TablesSymptom Tables

Refer to schematics beginning onRefer to schematics beginning on papagege A-A-1212..

Refer to the Theory of OperationRefer to the Theory of Operation “Pinout Matrix”“Pinout Matrix”

on on pagpagee 8-18-133 for troubleshooting individual for troubleshooting individualconductors or components.conductors or components.

Travel FunctionsTravel Functions

Dead Truck Dead Truck 

CCoonnddiittiioonn CCaauussee//AAccttiioonn

No Display No Display 

•• LoLow ow or br bad ad babattettery ry 

•• CCheheck ck EPEPOO..

•• ChChececk Bk B– t– to To TPAPA..

•• CheCheck kck key sey switwitch cch circircuituit..

•• ChecCheck DC/k DC/DC coDC convertnverter per Per per Pinouinout Matrit Matrix.x.

•• ChecCheck vk voltagoltage pe per Per Pinouinout Mat Matrix.trix.

Slow or Sluggish Acceleration, Normal LiftSlow or Sluggish Acceleration, Normal Lift

CCoonnddiittiioonn CCaauussee//AAccttiioonn

MechanicalMechanical

•• DebrDebris in the wheis in the wheel hubel hub, axle, or st, axle, or steer tire aseer tire assembsembly ly 

•• ChecCheck adjk adjustmustment oent of the pf the parkinarking brakg brake.e.

•• ChecCheck the dk the drive mrive motor sotor shaft ahaft and bend bearingarings.s.

ElectricalElectrical

•• VVerify Terify TPA sePA setting utting using Flsing FlashWashWare.are.

•• ChChececk sk steteer er popot.t.

•• CheCheck ck motmotor eor enconcodeders.rs.

•• ReReplplacace Te TPAPA..
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Hydraulic FunctionsHydraulic Functions

If hydraulic fluid contamination is suspected,If hydraulic fluid contamination is suspected,
flush the hydraulic system and fill with newflush the hydraulic system and fill with new
fluid.fluid. See “HydSee “Hydraulic Fluraulic Fluid” on pageid” on page 7-44.7-44.

Travel OK - No Hydraulic FunctionsTravel OK - No Hydraulic Functions

CCoonnddiittiioonn CCaauussee//AAccttiioonn

PPuummp p MMoototor r RRuunsns CCheheck ck ppuummp p ddisischchaargrge e ppreresssusurere..

Travel OK, Steering OK - No Other Hydraulic FunctionsTravel OK, Steering OK - No Other Hydraulic Functions

CCoonnddiittiioonn CCaauussee//AAccttiioonn

Pump Motor RunsPump Motor Runs

•• Check for Check for fluid pressfluid pressure on the ure on the Load SenLoad Sensing hose sing hose at the steeat the steer orbitrol.r orbitrol.

•• Check the Check the hydraulic hydraulic circuit betweecircuit between the prion the priority valve rity valve and the and the controlcontrol
 valve assemb valve assembly.ly.

•• RepReplaclace the pe the priorioritrity valy valve.ve.

•• Lever CoLever Controls - insntrols - inspect “cpect “check vaheck valve” in levlve” in lever assemer assembly forbly forcontamination.contamination.

•• FingeFingertip Cortip Controls - cntrols - check +V froheck +V from HCB to sm HCB to solenolenoidsoids..

Pump Motor Does NotPump Motor Does Not
RunRun

•• Lever Controls Lever Controls - check - check for the pfor the presence of resence of B– at J4B– at J48-6 to 8-6 to all switches.all switches.

•• Fingertip CoFingertip Controls - cntrols - check for heck for the presence the presence of B+ aof B+ at J48-12 t J48-12 and B– and B– atat
 J48-14. J48-14.

Travel OK - No or Sluggish Steering; All Other Hydraulic Functions OK Travel OK - No or Sluggish Steering; All Other Hydraulic Functions OK 

•• CheCheck ck stesteer per presressursure.e.

•• RepReplaclace the pe the prioriority vrity valvalve.e.

Travel OK, Steering OK - Individual Hydraulic Function not Working;Travel OK, Steering OK - Individual Hydraulic Function not Working;Other Auxiliary Functions OK Other Auxiliary Functions OK 

CCoonnddiittiioonn CCaauussee//AAccttiioonn

Pump Motor Does NotPump Motor Does Not
Run When IndividualRun When Individual
 Aux Functio Aux Functionn
RequestedRequested

Lever or Fingertip Controls:Lever or Fingertip Controls:

•• Check oCheck output utput voltage from voltage from the appthe appropriate sropriate switch while witch while requestingrequesting
function per the function per the Pinout Matrix.Pinout Matrix.

Fingertip Controls Only:Fingertip Controls Only:

•• Check oCheck output utput voltage from voltage from appropriate appropriate potentiometer potentiometer while requwhile requestingesting
function per the function per the Pinout Matrix.Pinout Matrix.

•• Check oCheck output utput voltage to voltage to the appthe appropriate sropriate solenoid olenoid while requwhile requestingesting
function per the function per the Pinout Matrix.Pinout Matrix.
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Slow Lift, Normal Lower - All Other Hydraulic Functions OK Slow Lift, Normal Lower - All Other Hydraulic Functions OK 

•• Use FlaUse FlashWshWare diagare diagnostinostics to checcs to check lift commk lift commandsands..

•• ChCheck eck liflift pt presressursure.e.

•• Fingertip Fingertip Controls Controls - check - check EV2 for EV2 for correct opcorrect operation/contamieration/contamination.nation.

•• VVerify lierify lift pot volft pot voltage petage per Pinor Pinout Matrut Matrix. Learn liix. Learn lift pot.ft pot.

•• CheCheck lick lift setft settings tings in Flin FlashWashWare.are.

•• LevLever Coer Controntrols - chls - check Eeck EV1V14.4.

•• FingFingertip ertip ContControls rols - ch- check eck EVP1EVP1..

•• ChCheck eck floflow cw conontrotrol V1l V1..

•• CheCheck spck spool vool valve falve for coor contamintaminatination.on.

No or Slow LowerNo or Slow Lower

•• CheCheck the lift flow cock the lift flow control for control for contamntaminatiination, wearon, wear, or damage, or damage..

•• CheCheck EV14 (Lock EV14 (Lower Blocwer Blocking Vking Valve) per Pinalve) per Pinout Matrout Matrix.ix.
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Operator DisplayOperator Display
MessagesMessages

 When the key switch is turned ON, the When the key switch is turned ON, the

Operator Display cycles all of the indicatorOperator Display cycles all of the indicatoricons/lights.icons/lights.

Refer toRefer to FigFigururee 6-6-11 and and Table Table 6-16-1 for the icons for the icons
present on the Operator Display and theirpresent on the Operator Display and their
function or meaning.function or meaning.

FiFigugure re 6-6-1.1. OpOpereratator or DiDispsplalay y 
operatordisplay.tif operatordisplay.tif 

TTabable 6le 6-1.-1. OpeOperatrator Dor Dispisplay lay IcoIcons ans and Dnd Defiefinitnitionionss

11 22 33

88

4 5 6 74 5 6 7

99 1100 1111 1122 1133 1144

IItteemm IIccoonn DDeessccrriippttiioonn FFuunnccttiioonn

11 BBaatttteerry  y  CChhaarrggee
Indicator Indicator 

 With the battery fully ch With the battery fully charged, the right green LED isarged, the right green LED is
illuminated. As the battery discharges, the illuminated. As the battery discharges, the LEDsLEDs
illuminate from right to left. illuminate from right to left. When the battery hasWhen the battery has
discharged to within 10% of discharged to within 10% of the configured cutbackthe configured cutback
setting, the first red setting, the first red LED is illuminated and the LiftLED is illuminated and the Lift
Reduction icon (5) begins to blink. Reduction icon (5) begins to blink. This represents thatThis represents that
the battery is in the battery is in reserve and must be recharged. Whenreserve and must be recharged. When
the battery has the battery has discharged to the configured cutbackdischarged to the configured cutback
setting, the first red LED will blink and the Liftsetting, the first red LED will blink and the Lift
Reduction icon is Reduction icon is illuminated.illuminated.

22 LLeefft  t  TTrraaccttiioon  n  MMoottoorr
overtemperatuovertemperature re iconicon

Illuminates when the motor temperature has exceededIlluminates when the motor temperature has exceeded
266266°°F/130F/130°°C (36V); 248C (36V); 248°°F/120F/120°°C (48V).C (48V).

33 PPaarrkkiinng  g  BBrraakke  e  iiccoonn IIlllluummiinnaattees  s  wwhheen  n  tthhe  e  ppaarrkkiinng  g  bbrraakke  e  iis  s  OONN..

44 BBrraakke  e  FFlluuiid  d  LLoow  w  iiccoonn IIlllluummiinnaattees  s  wwhheen  n  tthhe  e  lleevveel  l  oof  f  bbrraakke  e  fflluuiid  d  iin  n  tthhe  e  rreesseerrvvooiirr
has fallen below the has fallen below the minimum level.minimum level.

55 LLiifft  t  RReedduuccttiioon  n  iiccoonn BBlliinnkks  s  wwhheen  n  tthhe  e  bbaatttteerry  y  hhaas  s  ddiisscchhaarrggeed  d  tto  o  wwiitthhiin  n  1100%  %  ooff
the configured cutback setting. Illuminates when thethe configured cutback setting. Illuminates when the
 battery has discha battery has discharged to the configured rged to the configured cutbackcutback
setting, indicating lift speed is setting, indicating lift speed is reduced.reduced.

66 SSeeaat  t  iiccoonn IIlllluummiinnaattees  s  wwhheenn::
•• opeoperator lerator leaves taves the seahe seat withot without turninut turning the Keg the Keyy

switch OFF switch OFF 

•• optioptional bonal battery attery gate sgate switchwitches are es are opeopenn

 All functions are dis All functions are disabled.abled.

77 SStteeeer  r  ddiirreeccttiioon  n  iinnddiiccaattoorr IInnddiiccaattees  s  sstteeeer  r  ddiirreeccttiioonn..

++

PP
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88 EElleeccttrroonniic  c  hhoouur  r  mmeetteerr TThhe  e  hhoouur  r  mmeetteer  r  pprroovviiddees  s  rreeaaddiinnggs  s  iin  n  hhoouurrs  s  aannd  d  tteenntthhs  s  ooff
an hour. It is activated when the pump is activated.an hour. It is activated when the pump is activated.

99 AAllpphhaannuummeerriic  c  eerrrroorr

code display code display 

Displays error codes.Displays error codes.

1100 PPeerrffoorrmmaanncce  e  mmooddee
indicator indicator 

Identifies which performance mode is Identifies which performance mode is selected:selected:
•• L = lL = low ow peperforformarmancncee

•• P = P = medmediuium pm perfoerformanrmancece

•• H = hH = higigh peh perforformarmancncee

1111 PPeerrffoorrmmaanncce  e  rreedduuccttiioonn
(turtle) icon(turtle) icon

Illuminates when the perforIlluminates when the performance reduction function ismance reduction function is
active.active.

1122 PPuummp  p  mmoottoorr
overtemperature iconovertemperature icon

Illuminates when the motor temperature has exceededIlluminates when the motor temperature has exceeded
266266°°F/130F/130°°C (36V); 248C (36V); 248°°F/120F/120°°C (48V).C (48V).

1133 RRiigghht  t  ttrraaccttiioon  n  mmoottoorrovertemperature iconovertemperature icon Illuminates when the motor temperature has exceededIlluminates when the motor temperature has exceeded266266°°F/130F/130°°C (36V); 248C (36V); 248°°F/120F/120°°C (48V).C (48V).

1144 TTrraavveel  l  ddiirreeccttiioon  n  iiccoonn IInnddiiccaattees  s  tthhe  e  ddiirreeccttiioon  n  oof  f  ttrraavveel  l  sseelleecctteedd..

IItteemm IIccoonn DDeessccrriippttiioonn FFuunnccttiioonn

LL PP HH
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CodesCodes

Intermittent CodesIntermittent Codes

If a code appears intermittently, check forIf a code appears intermittently, check for
shorts to frame. Refer toshorts to frame. Refer to Shorts to Frame onShorts to Frame on
page 5-2.page 5-2. Check or install static strap. Check or install static strap.

Multiple CodesMultiple Codes

If multiple codes are displayed, compare allIf multiple codes are displayed, compare all
codes to determine if they have anything incodes to determine if they have anything in
common. Examine the functions of the truck:common. Examine the functions of the truck:

 what works and wh what works and what does not. Compare theat does not. Compare the
codes with truck functions to determine thecodes with truck functions to determine the

 best starting point for troubleshooting. This best starting point for troubleshooting. This
helps avoid replacement of parts that do nothelps avoid replacement of parts that do not
resolve the issue.resolve the issue.

 A code can be displayed and then  A code can be displayed and then anotheranother
seemingly unrelated code will follow. Codes areseemingly unrelated code will follow. Codes are
generated by multiple managers. The first codegenerated by multiple managers. The first code
displayed does not necessarily mean it is moredisplayed does not necessarily mean it is more
significant than subsequently displayed codes.significant than subsequently displayed codes.

In some cases, it is possible for codes to beIn some cases, it is possible for codes to be
displayed that should not be displayed on thedisplayed that should not be displayed on the
truck (option not on truck, truck specific codetruck (option not on truck, truck specific code
not for this truck, and so on). This can benot for this truck, and so on). This can be
caused by a bad TPA, PPA, VM, Armrest Board,caused by a bad TPA, PPA, VM, Armrest Board,
or Hydraulic Control Board, shorts to or Hydraulic Control Board, shorts to frame, orframe, or
swapping parts. If an invalid code is displayed,swapping parts. If an invalid code is displayed,
use FlashWare to determine if the truck’suse FlashWare to determine if the truck’s
identity or options have been changed.identity or options have been changed.

Communication CodesCommunication Codes

Check power to all managers. This includes Check power to all managers. This includes thethe
 TPAs, PPA, VM, Armrest Board, a TPAs, PPA, VM, Armrest Board, and Hydraulicnd Hydraulic
Control Board.Control Board.

Using FlashWare, determine if the truckUsing FlashWare, determine if the truck
identity or options have been changed. Look foridentity or options have been changed. Look for
software model versions that are eithersoftware model versions that are either
incorrect or missing. If a manager is not able toincorrect or missing. If a manager is not able to
communicate with FlashWare this can helpcommunicate with FlashWare this can help
identify where to start looking for problems.identify where to start looking for problems.

Check communication wires between allCheck communication wires between all
modules for continuity and shorts to frame permodules for continuity and shorts to frame per
Pinout Matrix. If OK, replace Pinout Matrix. If OK, replace affected manager.affected manager.

NNOTEOTE::  The Operator’s Display is a read-only The Operator’s Display is a read-only
device. “d-series” codes indicate that thedevice. “d-series” codes indicate that the
display is not receiving communicationdisplay is not receiving communication
from one or more managers. Checkfrom one or more managers. Check
communication lines between thecommunication lines between the
display and affected manager(s). Checkdisplay and affected manager(s). Check
for communication codes betweenfor communication codes between
affected manager(s) and otheraffected manager(s) and other
managers.managers.
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Refer to theRefer to the “Pinout Matrix”“Pinout Matrix” beginning on beginning on papagege 8-8-1313 for all voltage and resistance values and for all voltage and resistance values and
component interconnection.component interconnection.

CCooddee DDeessccrriippttiioonn NNootteess//CCoorrrreeccttiivve  e  AAccttiioonn

0101
Code 01: Master TPA Internal FaultCode 01: Master TPA Internal Fault

 The power am The power amplifier has detected plifier has detected anan
internal fault.internal fault.

Check voltage to TPA. Check communication wiresCheck voltage to TPA. Check communication wires

 between all mod between all modules for continuiules for continuity and shorts to framety and shorts to frame
per the Pinout Matrix. If OK, the TPA may be bad. Swapper the Pinout Matrix. If OK, the TPA may be bad. Swap
the TPAs. If the code changes, replace the bad TPA.the TPAs. If the code changes, replace the bad TPA.

0202

Code 02: Master TPA Internal FaultCode 02: Master TPA Internal Fault
Fault in the area of Fault in the area of memory in whichmemory in which
the adjustment parameters are stored.the adjustment parameters are stored.

If code does not clear by If code does not clear by cycling key, the TPA may be cycling key, the TPA may be bad.bad.
Swap the TPAs. If the Swap the TPAs. If the code changes, replace the bad TPA.code changes, replace the bad TPA.
If code clears, the If code clears, the adjustable parametadjustable parameters have been rers have been reseteset
to default values and require to default values and require resetting to customer’sresetting to customer’s
requirements via FlashWare.requirements via FlashWare.

0303
Code 03: Master TPA Internal FaultCode 03: Master TPA Internal Fault
 The power am The power amplifier has detected plifier has detected anan
internal fault.internal fault.

Check voltage to TPA. If OK, the TPA may be bad. SwapCheck voltage to TPA. If OK, the TPA may be bad. Swap
the TPAs. If the code changes, replace the bad TPA.the TPAs. If the code changes, replace the bad TPA.

0404

Code 04: Master TPA Internal FaultCode 04: Master TPA Internal Fault
Correct current draw by the motor isCorrect current draw by the motor is
not seen by the TPA.not seen by the TPA.

Check motor cables for continuity. Check motor cableCheck motor cables for continuity. Check motor cable
connections for correct torque. Compare current frconnections for correct torque. Compare current from allom all
3 phases. If one phase is significantly higher or 3 phases. If one phase is significantly higher or lower thanlower than
the other two, replace the motor. Measure voltage andthe other two, replace the motor. Measure voltage and
resistance across coil and contact tips resistance across coil and contact tips per the Pinoutper the Pinout
Matrix. If OK, the TPA may be bad. Swap the Matrix. If OK, the TPA may be bad. Swap the TPAs. If theTPAs. If the
code changes, replace the bad TPA.code changes, replace the bad TPA.

0505

Code 05: Battery SenseCode 05: Battery Sense
Out-of-Range/Master TPA Out-of-Range/Master TPA 
 The Master TP The Master TPA monitors the bA monitors the batteryattery
 voltage at +V Key. If vo voltage at +V Key. If voltage is below altage is below a

set threshold, the code is set threshold, the code is displayed.displayed.
 The TPA a The TPA also monitors the volso monitors the voltage onltage on
its internal capacitors. If voltage goesits internal capacitors. If voltage goes
above a set threshold, the code isabove a set threshold, the code is
displayed. This most likely displayed. This most likely occursoccurs
during plugging.during plugging.

Measure voltage into amplifier at +V Measure voltage into amplifier at +V Key. CheckKey. Check
configured battery voltage (36V or configured battery voltage (36V or 48V) with FlashWare. If48V) with FlashWare. If
incorrect, set correct battery incorrect, set correct battery voltage in FlashWare (andvoltage in FlashWare (and
re-Learn pots) or replace battery with correct battery.re-Learn pots) or replace battery with correct battery.

Measure battery voltage at the Measure battery voltage at the Master TPA +BATTMaster TPA +BATT
connection during plugging. If the voltage connection during plugging. If the voltage exceeds 63Vexceeds 63V,,
replace the TPA. Test power cables to the motor for shortsreplace the TPA. Test power cables to the motor for shorts
to frame and other cables. Test the motor for to frame and other cables. Test the motor for shorts toshorts to
frame. Resistance mframe. Resistance must be >1ust be >1 Megohm. If OK, the TMegohm. If OK, the TPAPA
may be bad. Swap the TPAs. If the code changes, replacemay be bad. Swap the TPAs. If the code changes, replace
the bad TPA.the bad TPA.

0606

Code 06: Short in Master TPA Code 06: Short in Master TPA 
 When the  When the Key swKey switch is itch is turned ONturned ON, the, the
 TPA mom TPA momentarily powers eacentarily powers each motorh motor
phase and monitors current. If currentphase and monitors current. If current
is seen when it should not be, thisis seen when it should not be, this
code is displayed.code is displayed.

 Test power cable Test power cables for shorts. Swap the cos for shorts. Swap the connections fromnnections from
the Master TPA to the left traction motor usingthe Master TPA to the left traction motor using
appropriately sized jumper cables and turn the appropriately sized jumper cables and turn the KeyKey
switch ON. If code changes, replace the motor. If the switch ON. If code changes, replace the motor. If the codecode
is still displayed, the TPA may be bad. Swap the TPAs. Ifis still displayed, the TPA may be bad. Swap the TPAs. If
the code changes, replace the bad TPA.the code changes, replace the bad TPA.

https://www.forkliftpdfmanuals.com/



PPuubblliiccaattiioon  n  11111133006655,  ,  IIssssuueedd:  :  115  5  MMaar  r  22001100 66--55

  

SSeeccttiioon  n  66.. MMeessssaaggees  s  aannd  d  CCooddeess MMooddeel  l  4444550  0  MMaaiinntteennaanncce  e  MMaannuuaall

CodesCodes

0707

Code 07: Open in Master TPA Code 07: Open in Master TPA 
 When the  When the Key swKey switch is itch is turned ONturned ON, the, the
 TPA monito TPA monitors each motor phars each motor phase forse for
current draw. If current is current draw. If current is not seennot seen
 when it should be when it should be, this code is, this code is
displayed.displayed.

Check cables to the motor Check cables to the motor and TPA for continuity andand TPA for continuity and
correct torque. Swap the connections from the mastercorrect torque. Swap the connections from the master
 TPA and the Sla TPA and the Slave traction motor usve traction motor using appropriatelying appropriately
sized jumper cables and turn the Key switch ON. If sized jumper cables and turn the Key switch ON. If codecode
changes, replace the motor. If the changes, replace the motor. If the code is still displayed,code is still displayed,
the TPA may be bad. Swap the TPA may be bad. Swap the TPAs. If the code changes,the TPAs. If the code changes,
replace the bad TPA.replace the bad TPA.

0808

Code 08: Traction Contactor OpenCode 08: Traction Contactor Open
 When Com When Commanded Cmanded Closedlosed
Correct voltage is not seen by the TPACorrect voltage is not seen by the TPA
at +BATT when CT3 is commandedat +BATT when CT3 is commanded
closed.closed.

Inspect the contactor for physical binding and Inspect the contactor for physical binding and weldedwelded
tips. Check the fuse for tips. Check the fuse for the TPAs (FT1 and FT2). Measurethe TPAs (FT1 and FT2). Measure
 voltage and resista voltage and resistance across coil. Chnce across coil. Check cables from theeck cables from the
 battery to  battery to the Tthe TPA PA for cofor continuity antinuity and cond correct torquerrect torque. If . If OK,OK,
the TPA may be bad. Swap the TPA may be bad. Swap the TPAs. If the code changes,the TPAs. If the code changes,
replace the bad TPA.replace the bad TPA.

0909
Code 09: Master TPA Internal FaultCode 09: Master TPA Internal Fault
Failure of the Failure of the current sensor.current sensor.

Check power cables at the Check power cables at the motor and TPA for continuitymotor and TPA for continuity
and correct torque. If OK, the and correct torque. If OK, the TPA may be bad. Swap theTPA may be bad. Swap the
 TPAs. If the cod TPAs. If the code changes, replace e changes, replace the bad TPAthe bad TPA..

1010

Code 10: Master TPA PrechargeCode 10: Master TPA Precharge
FailureFailure
 When the  When the key swkey switch is itch is turned ONturned ON, the, the
 TPA attemp TPA attempts to charge the internalts to charge the internal
capacitors. If the capacitors are notcapacitors. If the capacitors are not
charged to B+ in a certain amount ofcharged to B+ in a certain amount of
time, this code is time, this code is displayed.displayed.

Check for B– at the TPA power input. Check for B+ Check for B– at the TPA power input. Check for B+ fromfrom
 JT1-1 (+V Key). If O JT1-1 (+V Key). If OK, the TPA may bK, the TPA may be bad. Swap thee bad. Swap the
 TPAs. If the cod TPAs. If the code changes, replace e changes, replace the bad TPAthe bad TPA..

1111

Code 11: Master TPACode 11: Master TPA
OvertemperatureOvertemperature
Internal temperature on the MasterInternal temperature on the Master
 TPA is >16 TPA is >1677°°F (75F (75°°C). Performance isC). Performance is
reduced to 212reduced to 212°°F (100F (100°°C); travel isC); travel is
shut down above 212shut down above 212°°F (100F (100°°C).C).

Check fan for correct Check fan for correct operation. Fan should operateoperation. Fan should operate
 within about one m within about one minute after turning key ON. If not,inute after turning key ON. If not,
troubleshoot fan. Check/clean air filter. Allow TPA time troubleshoot fan. Check/clean air filter. Allow TPA time toto
cool. If code clears, check cables to the cool. If code clears, check cables to the motor and TPA formotor and TPA for
continuity and correct torque. Check for brake drag. Ifcontinuity and correct torque. Check for brake drag. If
code does not clear, the TPA may be bad. Swap the TPAs.code does not clear, the TPA may be bad. Swap the TPAs.
If the code changes, replace the bad TPA.If the code changes, replace the bad TPA.

1212

Code 12: Right Traction MotorCode 12: Right Traction Motor
 Temper Temperature Above ature Above 266°F 266°F 
Right traction motor Right traction motor overtemperatuovertemperature,re,
above 266above 266°°F (130F (130°°C), or temperatureC), or temperature
switch is bad.switch is bad.

If motor temperature is <266 °F (130°C), check wiring toIf motor temperature is <266 °F (130°C), check wiring to
temperature switch TS1 from VM. If motor temperature istemperature switch TS1 from VM. If motor temperature is
>266>266°°F (130F (130°°C), allow motor to cool and C), allow motor to cool and measure currentmeasure current
draw on each phase of the motor. All three phases shoulddraw on each phase of the motor. All three phases should
 be approx. equ be approx. equal. If not, replace the moal. If not, replace the motor. Ctor. Check forheck for
 binding in the drive u binding in the drive unit or dragging brakenit or dragging brakes. If OK, thes. If OK, the
 TPA may be b TPA may be bad. Swap the TPad. Swap the TPAs. If the code cAs. If the code changes,hanges,

replace the bad TPA.replace the bad TPA.

Refer to theRefer to the “Pinout Matrix”“Pinout Matrix” beginning on beginning on papagege 8-8-1313 for all voltage and resistance values and for all voltage and resistance values and
component interconnection.component interconnection.

CCooddee DDeessccrriippttiioonn NNootteess//CCoorrrreeccttiivve  e  AAccttiioonn

https://www.forkliftpdfmanuals.com/



66--66 PPuubblliiccaattiioon  n  11111133006655,  ,  IIssssuueedd:  :  115  5  MMaar  r  22001100

  

MMooddeel  l  4444550  0  MMaaiinntteennaanncce  e  MMaannuuaall SSeeccttiioon  n  66.. MMeessssaaggees  s  aannd  d  CCooddeess

CodesCodes

1313

Code 13: Right Traction MotorCode 13: Right Traction Motor
Encoder ErrorEncoder Error
Incorrect or no input seen by theIncorrect or no input seen by the
Master TPA from the right tractionMaster TPA from the right traction
motor encoder.motor encoder.

 Test the +12V and  Test the +12V and GND inputs to bGND inputs to both encoders aoth encoders and thend the
output from channels A and B to the amp froutput from channels A and B to the amp from bothom both
encoders. Check resistor between 12V and GND. If encoders. Check resistor between 12V and GND. If OK,OK,
check for shorts to frame. Check voltage to the TPA. If check for shorts to frame. Check voltage to the TPA. If OK,OK,
the TPA may be bad. Swap tthe TPA may be bad. Swap the TPAs. If the code changes,he TPAs. If the code changes,
replace the bad TPA.replace the bad TPA.

1414
Code 14: Master TPA TemperatureCode 14: Master TPA Temperature
Sensor Out-of RangeSensor Out-of Range
 Temperature sens Temperature sensor has exceedor has exceededed
 values expe values expected.cted.

Check fan for correct Check fan for correct operation. Fan should operateoperation. Fan should operate
 within about one  within about one minute after turning Key switch ONminute after turning Key switch ON. If. If
not, troubleshoot fan. If OK, the TPA may be bad. Swapnot, troubleshoot fan. If OK, the TPA may be bad. Swap
the TPAs. If the code changes, replace the bad TPA.the TPAs. If the code changes, replace the bad TPA.

1515
Code 15: Amplifier EnableCode 15: Amplifier Enable
No B– input seen by the TPA.No B– input seen by the TPA.

Check for B– at both TPAs Safety In and Safety Check for B– at both TPAs Safety In and Safety OutOut
circuits (JT1-11 and 19; JT2-11 and 19). If OK, the TPAcircuits (JT1-11 and 19; JT2-11 and 19). If OK, the TPA
may be bad. Swap the TPAs. If the code changes, replacemay be bad. Swap the TPAs. If the code changes, replace
the bad TPA.the bad TPA.

1616

Code 16: Master TPA DetectedCode 16: Master TPA Detected
CAN-Bus ErrorCAN-Bus Error
 The Master TP The Master TPA has not receiveA has not received ad a
communicacommunication message from tion message from the VM,the VM,
HCB, or PPA.HCB, or PPA.

 Test b Test battery voattery voltage ultage under londer load. Iad. In FlashWn FlashWare, obare, observe serve thethe
software version of each device in the Truck Setup screen.software version of each device in the Truck Setup screen.
Check voltage to the device that is not showing a Check voltage to the device that is not showing a softwaresoftware
 version. Chec version. Check communik communication wires becation wires between the devtween the devicesices
not showing the software version for continuity andnot showing the software version for continuity and
shorts to frame. If shorts to frame. If OK, replace the device not showing theOK, replace the device not showing the
software version.software version.

1717

Code 17: CAN-Bus Node OfflineCode 17: CAN-Bus Node Offline
 Too much time b Too much time betweenetween
communicacommunication from the tion from the VM, SlaveVM, Slave
 TPA, HCB  TPA, HCB or PPA to the Mor PPA to the Master TPAaster TPA
has elapsed. This code can also behas elapsed. This code can also be
caused by an open in a cable from thecaused by an open in a cable from the
amplifier to the tramplifier to the traction motors.action motors.

Check the power cables to the Check the power cables to the traction motors.traction motors.  CheckCheck
 both traction moto both traction motor encoders, temper encoders, temperature sensors forrature sensors for
opens, shorts and shorts to fropens, shorts and shorts to frame. In FlashWare, observeame. In FlashWare, observe
the software version of each device in the Tthe software version of each device in the Truck Setupruck Setup
screen. Check voltage to the device that is not showing ascreen. Check voltage to the device that is not showing a
software version. Check communication wires software version. Check communication wires betweenbetween
the devices not showing the software version forthe devices not showing the software version for
continuity and shorts to frame. If OK, replace the continuity and shorts to frame. If OK, replace the devicedevice
not showing the software not showing the software version.version.

1818

Code 18: Relay 1 Not Energized ByCode 18: Relay 1 Not Energized By
 TPA  TPA 
 The Master TP The Master TPA commandA commanded Relay 1ed Relay 1
to energize with truck configured for ato energize with truck configured for a
48V battery. Did not receive correct48V battery. Did not receive correct
feedback.feedback.

Check Relay 1 by disconnecting from Check Relay 1 by disconnecting from circuit. Checkcircuit. Check
output to Relay 1 from Master TPA. If OK, routput to Relay 1 from Master TPA. If OK, replace Relay 1.eplace Relay 1.
If not OK, the TPA may be bad. Swap the TPAs. If the codeIf not OK, the TPA may be bad. Swap the TPAs. If the code
changes, replace the bad TPA.changes, replace the bad TPA.

Refer to theRefer to the “Pinout Matrix”“Pinout Matrix” beginning on beginning on papagege 8-8-1313 for all voltage and resistance values and for all voltage and resistance values and
component interconnection.component interconnection.
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1919

Code 19: Traction Contactor DriverCode 19: Traction Contactor Driver
ShortedShorted
 The Master TP The Master TPA detected exA detected excessivecessive
current draw when the CT3 contactorcurrent draw when the CT3 contactor
 was command was commanded closed.ed closed.

Measure voltage and resistance across coil. Check JT2-4Measure voltage and resistance across coil. Check JT2-4
(Config) wiring and connection. Check wires to coil for(Config) wiring and connection. Check wires to coil for
shorts to other wires and the shorts to other wires and the frame. If OK, the TPA mayframe. If OK, the TPA may
 be bad. Swap the  be bad. Swap the TPAs. If the codTPAs. If the code changes, replace thee changes, replace the
 bad TPA. bad TPA.

1A1A Code 1A: Slave TPA Not RespondingCode 1A: Slave TPA Not Responding
Slave TPA is bad.Slave TPA is bad.

Replace the Slave TPA.Replace the Slave TPA.

1C1C

Code 1C: Battery Low Code 1C: Battery Low 
 The voltage at the +V  The voltage at the +V Key input to theKey input to the
Master TPA is down to 10% of chargeMaster TPA is down to 10% of charge
level (performance reduction). Currentlevel (performance reduction). Current
 will be  will be reduced reduced to 50% to 50% of programmof programmeded
levels.levels.

Check battery voltage and specific gravity - static andCheck battery voltage and specific gravity - static and
under load. (Refer to battery manufacturer for correctunder load. (Refer to battery manufacturer for correct
 voltage a voltage and specnd specific gravity ific gravity information.) If information.) If battery voltabattery voltagege
is correct, measure voltage at is correct, measure voltage at JT1-1 on the Master TPA. IfJT1-1 on the Master TPA. If
 voltage is  voltage is not equal to not equal to battery voltagebattery voltage, check vo, check voltage at allltage at all
connection points back to the battery. connection points back to the battery. Repair theRepair the
connection where the voltage drop is or replace theconnection where the voltage drop is or replace the
component causing the voltage drop. Check voltage atcomponent causing the voltage drop. Check voltage at
 JT1-7 and JT JT1-7 and JT1-14 (EN1 P1-14 (EN1 Phase A and B). If vhase A and B). If voltage atoltage at
 TP1-1 is co TP1-1 is correct, the TPA may be rrect, the TPA may be bad. Swap the TPbad. Swap the TPAs. IfAs. If
the code changes, replace the the code changes, replace the bad TPA.bad TPA.

1E1E

Code 1E: Traction Contactor ClosedCode 1E: Traction Contactor Closed
 When Com When Commanded Omanded Openpen
 The Master TP The Master TPA commandeA commanded the CT3d the CT3
contactor open and the tips are stillcontactor open and the tips are still
closed.closed.

Check the contactor for physical binding and welded tips.Check the contactor for physical binding and welded tips.
Measure voltage and resistance across coil. Measure voltage and resistance across coil. Check motorsCheck motors
for shorts from windings to case. The TPA may be bad.for shorts from windings to case. The TPA may be bad.
Swap the TPAs. If the code changes, replace the bad TPA.Swap the TPAs. If the code changes, replace the bad TPA.

2020
Code 20: Traction Contactor CoilCode 20: Traction Contactor Coil
Driver ErrorDriver Error
Failure of the Failure of the contactor drivercontactor driver..

Measure voltage and resistance across coil. If OK, the TPAMeasure voltage and resistance across coil. If OK, the TPA
may be bad. Swap the TPAs. If the code changes, replacemay be bad. Swap the TPAs. If the code changes, replace
the bad TPA.the bad TPA.

2121

Code 21: Traction Contactor CoilCode 21: Traction Contactor Coil
ShortedShorted
 The TPA me The TPA measured too muasured too much currentch current
draw when the CT3 contactor wasdraw when the CT3 contactor was
commanded closed.commanded closed.

Measure resistance across coil and wires to the coil.Measure resistance across coil and wires to the coil.
Check wires for shorts to other wires Check wires for shorts to other wires and truck frame. Ifand truck frame. If
OK, the TPA may be bad. Swap the TPAs. If the OK, the TPA may be bad. Swap the TPAs. If the codecode
changes, replace the bad TPA.changes, replace the bad TPA.

2323
Code 23: Seat Switch OpenCode 23: Seat Switch Open
 The seat switch or an  The seat switch or an optional batteryoptional battery
gate switch opened during operation.gate switch opened during operation.

 Troubleshoot seat swi Troubleshoot seat switch, optional battery gatch, optional battery gate switches,te switches,
and associated wiring. If OK, the TPA may be bad. Swapand associated wiring. If OK, the TPA may be bad. Swap
the TPAs. If the code changes, replace the bad TPA.the TPAs. If the code changes, replace the bad TPA.

Refer to theRefer to the “Pinout Matrix”“Pinout Matrix” beginning on beginning on papagege 8-8-1313 for all voltage and resistance values and for all voltage and resistance values and
component interconnection.component interconnection.
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2525

Code 25: Incorrect Battery InstalledCode 25: Incorrect Battery Installed
 When the  When the Key swKey switch is itch is turned ONturned ON, the, the
 TPA check TPA checks the battery voltage as the battery voltage andnd
compares it with the "SET BATTERY"compares it with the "SET BATTERY"
parameter setting. If the parameter setting. If the actual voltageactual voltage
is 20% higher or lower than the is 20% higher or lower than the setset
 value, this cod value, this code is displayed.e is displayed.

 V Verify battery voltageerify battery voltage. If wrong voltage, . If wrong voltage, set correct voltageset correct voltage
 via Flas via FlashWare hWare (and re-(and re-learn pots) learn pots) or instaor install correct ll correct voltagevoltage
 battery. If  battery. If battery and battery and parameter sparameter settings are ettings are OK, the OK, the TPATPA
may be bad. Swap the TPAs. If the code changes, replacemay be bad. Swap the TPAs. If the code changes, replace
the bad TPA.the bad TPA.

2626

Code 26: Incorrect Start ProcedureCode 26: Incorrect Start Procedure
General incorrect starting General incorrect starting procedure.procedure.
May appear in conjunction withMay appear in conjunction with
CoCodede 8181..

If the directional switch is left If the directional switch is left in forward or reversein forward or reverse
position when the operator leaves the seat, Code 81 isposition when the operator leaves the seat, Code 81 is
displayed after a brief time-out (approx. 30 sec). If thedisplayed after a brief time-out (approx. 30 sec). If the
code still appears after lever is returned to code still appears after lever is returned to neutral, cycleneutral, cycle
the Key switch to clear. Check GND and 12V from Masterthe Key switch to clear. Check GND and 12V from Master
 TPA to Steer Po TPA to Steer Pot. Test switches for correct opt. Test switches for correct operation.eration.
Check continuity of wires from switches to cards.Check continuity of wires from switches to cards.

2828

Code 28: Steer Sensor Out-of-RangeCode 28: Steer Sensor Out-of-Range
 The input vo The input voltage from the steer pltage from the steer pot isot is
outside the required outside the required values.values.

Check wires to the pot for opens or Check wires to the pot for opens or shorts. Check potshorts. Check pot
supply and output voltage. Check pot mounting andsupply and output voltage. Check pot mounting and
connection. Check for shorts to frame. Adjust pot toconnection. Check for shorts to frame. Adjust pot to
approx. 5.5V with wheels straight. approx. 5.5V with wheels straight. Restore Defaults andRestore Defaults and
run Learn.run Learn.

2929
Code 29: Requesting Travel In BothCode 29: Requesting Travel In Both
DirectionsDirections
Forward and Reverse switches areForward and Reverse switches are
closed at the same time.closed at the same time.

 Troubleshoot switche Troubleshoot switches and wiring. If OK, replacs and wiring. If OK, replace VM.e VM.

2A2A
Code 2A: Master TPA Internal FaultCode 2A: Master TPA Internal Fault
Master TPA has an incorrectMaster TPA has an incorrect
configuration.configuration.

 V Verify connections to Merify connections to Master TPA. If Oaster TPA. If OK, the TPA may beK, the TPA may be
 bad. Swap the TP bad. Swap the TPAs. If the code chaAs. If the code changes, replace the badnges, replace the bad
 TPA. TPA.

2C2C
Code 2C: Master TPA ParameterCode 2C: Master TPA Parameter
Restore ErrorRestore Error
Internal failure of the Internal failure of the Master TPA.Master TPA.

 V Verify connections to Merify connections to Master TPA. If Oaster TPA. If OK, the TPA may beK, the TPA may be
 bad. Swap the TP bad. Swap the TPAs. If the code chaAs. If the code changes, replace the badnges, replace the bad
 TPA. TPA.

2E2E
Code 2E: Parking Brake SwitchCode 2E: Parking Brake Switch
ErrorError
SW7 is closed when travel is detected.SW7 is closed when travel is detected.

 Troubleshoot switch a Troubleshoot switch and wiring.nd wiring.

Refer to theRefer to the “Pinout Matrix”“Pinout Matrix” beginning on beginning on papagege 8-8-1313 for all voltage and resistance values and for all voltage and resistance values and
component interconnection.component interconnection.
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3131

Code 31: PPA Internal FaultCode 31: PPA Internal Fault
 The power amp The power amplifier has detected alifier has detected ann
internal fault.internal fault.

Check voltage to the PPA. Check communication wiresCheck voltage to the PPA. Check communication wires
 between PPA between PPA, TPA, and VM , TPA, and VM for continuity and shofor continuity and shorts torts to
frame. If OK, replace PPA.frame. If OK, replace PPA.

3232
Code 32: PPA Internal FaultCode 32: PPA Internal Fault
Fault in the area of memory where theFault in the area of memory where the
adjustable parameters are stored.adjustable parameters are stored.

If code does not clear by cycling Key switch, rIf code does not clear by cycling Key switch, replace theeplace the
PPA. If code clears, the PPA. If code clears, the adjustable parameters have beenadjustable parameters have been
reset to default values and reset to default values and require resetting to customer’srequire resetting to customer’s
requirements via requirements via FlashWFlashWare.are.

3333 Code 33: PPA Internal FaultCode 33: PPA Internal Fault
Internal failure of the Internal failure of the PPA.PPA.

Check voltage to the PPA. If OK, replace the PPA.Check voltage to the PPA. If OK, replace the PPA.

3434

Code 34: PPA Internal FaultCode 34: PPA Internal Fault

Correct current draw by the motor isCorrect current draw by the motor is
not seen by the PPA.not seen by the PPA.

Check battery voltage under load. Check for Check battery voltage under load. Check for shorts toshorts to

frame. Check cables to the motor for continuity andframe. Check cables to the motor for continuity and
correct torque. Compare current from all 3 phases. If onecorrect torque. Compare current from all 3 phases. If one
phase is significantly higher or lower than the phase is significantly higher or lower than the other two,other two,
replace the motor. Swap the connections from the replace the motor. Swap the connections from the PPA toPPA to
the traction motor using the traction motor using appropriately sized jumperappropriately sized jumper
cables and turn the key switch cables and turn the key switch ON. If code changes,ON. If code changes,
replace the motor. If the replace the motor. If the code is still displayed, replace thecode is still displayed, replace the
PPA.PPA.

3535

Code 35: Battery SenseCode 35: Battery Sense
Out-of-RangeOut-of-Range
 The PPA mo The PPA monitors the battery voltanitors the battery voltagege
at +V Key. If at +V Key. If voltage is below a setvoltage is below a set
threshold, this code is threshold, this code is displayed. Thedisplayed. The
PPA also monitors the voltage on PPA also monitors the voltage on itsits
internal capacitors. If voltage goesinternal capacitors. If voltage goes
above a set threshold, this code isabove a set threshold, this code is
displayed.displayed.

Measure voltage into amplifier at +V Measure voltage into amplifier at +V Key. CheckKey. Check
configured battery voltage (36V or 48V) with FlashWare. Ifconfigured battery voltage (36V or 48V) with FlashWare. If
incorrect, set correct battery incorrect, set correct battery voltage in FlashWare (andvoltage in FlashWare (and
re-learn pots) or replace battery with correct battery. Testre-learn pots) or replace battery with correct battery. Test
the power cables to the motor for shorts to the power cables to the motor for shorts to the truckthe truck
frame and/or other cables. Test the motor for shorts toframe and/or other cables. Test the motor for shorts to
frame. Resistance mframe. Resistance must be >1ust be >1 Megohm. If OK, repMegohm. If OK, replace thelace the
PPA.PPA.

3636

Code 36: Short in PPA Code 36: Short in PPA 
 When the  When the Key swKey switch is itch is turned ONturned ON, the, the
PPA momentarily powers each motorPPA momentarily powers each motor
phase and monitors current. If nophase and monitors current. If no
current is seen, this code is displayed.current is seen, this code is displayed.

Check battery voltage under load. Check for Check battery voltage under load. Check for shorts toshorts to
frame. Check power cables for shorts. Swap theframe. Check power cables for shorts. Swap the
connections from the PPA to the traction motor usingconnections from the PPA to the traction motor using
appropriately sized jumper cables and turn the appropriately sized jumper cables and turn the KeyKey
switch ON. If code changes, replace the switch ON. If code changes, replace the motormotor. If the . If the codecode
is still displayed, replace the is still displayed, replace the PPA.PPA.

Refer to theRefer to the “Pinout Matrix”“Pinout Matrix” beginning on beginning on papagege 8-8-1313 for all voltage and resistance values and for all voltage and resistance values and
component interconnection.component interconnection.
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3737

Code 37: Open in PPA Code 37: Open in PPA 
 When the  When the Key swKey switch is itch is turned ONturned ON, the, the
PPA monitors each motor phase forPPA monitors each motor phase for
current draw. If current is seen whencurrent draw. If current is seen when
it should not be, it should not be, this code is displayed.this code is displayed.

Check voltage to the PPA. Check cables to Check voltage to the PPA. Check cables to the motor andthe motor and
PPA for continuity and correct torque. Swap thePPA for continuity and correct torque. Swap the
connections from the PPA to the traction motor usingconnections from the PPA to the traction motor using
appropriately sized jumper cables and turn the appropriately sized jumper cables and turn the KeyKey
switch ON. If code changes, replace the motor. If the switch ON. If code changes, replace the motor. If the codecode
is still displayed, replace the is still displayed, replace the PPA.PPA.

3838

Code 38: Pump Contactor OpenCode 38: Pump Contactor Open
 When Co When Commanded Cmmanded Closedlosed
Correct voltage is not seen by the PPACorrect voltage is not seen by the PPA
at +BATT when CT2 is commandedat +BATT when CT2 is commanded
closed.closed.

Inspect the contactor for physical binding and Inspect the contactor for physical binding and weldedwelded
tips. Check the fuse for the tips. Check the fuse for the PPA (FP). Measure voltage andPPA (FP). Measure voltage and
resistance across coil. Check cables from battery to theresistance across coil. Check cables from battery to the
PPA for continuity and correct torque. If OK, replace thePPA for continuity and correct torque. If OK, replace the
PPA.PPA.

3939 Code 39: PPA Internal FaultCode 39: PPA Internal Fault
Failure of the current sensor.Failure of the current sensor.

Check cables to the motor Check cables to the motor and PPA for continuity andand PPA for continuity and
correct torque. If OK, replace the PPA.correct torque. If OK, replace the PPA.

4040

Code 40: PPA Precharge FailureCode 40: PPA Precharge Failure
 When the  When the Key swKey switch is itch is turned ONturned ON, the, the
PPA attempts to charge the internalPPA attempts to charge the internal
capacitors. If the capacitors are notcapacitors. If the capacitors are not
charged to B+ in a certain amount ofcharged to B+ in a certain amount of
time, this code is time, this code is displayed.displayed.

Check for B– at the –BATT connection of the PPA. CheckCheck for B– at the –BATT connection of the PPA. Check
for B+ from the for B+ from the Key switch to the +V Key Key switch to the +V Key connection onconnection on
the PPA. If OK, replace the PPA.the PPA. If OK, replace the PPA.

4141

Code 41: PPA OvertemperatureCode 41: PPA Overtemperature
Internal temperature of the PPA isInternal temperature of the PPA is
>167>167°°F (75F (75°°C). Performance isC). Performance is
reduced between 167 and 212reduced between 167 and 212°°F (75F (75
and 100and 100°°C); travel and lift are C); travel and lift are shutshut
down above 212down above 212°°F (100F (100°°C).C).

Check fan for correct Check fan for correct operation. Fan should operateoperation. Fan should operate
 within about one  within about one minute after turning Key switch ONminute after turning Key switch ON. If. If
not, troubleshoot fan. Allow PPA time to cool. If codenot, troubleshoot fan. Allow PPA time to cool. If code
clears, check cables to pump motor and PPA forclears, check cables to pump motor and PPA for
continuity and correct torque. Check amp draw on thecontinuity and correct torque. Check amp draw on the
three phases of the motor. Make sure they are equal. Ifthree phases of the motor. Make sure they are equal. If
they are not equal, replace the pump motor. If amp drawthey are not equal, replace the pump motor. If amp draw
is high, check mast for binding. If is high, check mast for binding. If code remains, replacecode remains, replace
PPA.PPA.

4242
Code 42: Pump Motor TemperatureCode 42: Pump Motor Temperature
Out-of-RangeOut-of-Range
Pump motor overtemperature, >266Pump motor overtemperature, >266°°FF
(130(130°°C), or temperature switch C), or temperature switch bad.bad.

If motor temperature is <266If motor temperature is <266°°F (130F (130°°C), check wiring toC), check wiring to
switch (TS3). If motor temperature is >266switch (TS3). If motor temperature is >266°°F (130F (130°°C),C),
check motor amp draw. If high, check for binding in mast.check motor amp draw. If high, check for binding in mast.
If OK, replace the PPA.If OK, replace the PPA.

Refer to theRefer to the “Pinout Matrix”“Pinout Matrix” beginning on beginning on papagege 8-8-1313 for all voltage and resistance values and for all voltage and resistance values and
component interconnection.component interconnection.
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4343

Code 43: Pump Motor Encoder ErrorCode 43: Pump Motor Encoder Error
Incorrect or no input seen by the PPAIncorrect or no input seen by the PPA
from the pump motor encoder. Thisfrom the pump motor encoder. This
code can also be caused by a lack ofcode can also be caused by a lack of
power to the PPA when there is apower to the PPA when there is a
pump request.pump request.

 Test the +12V and G Test the +12V and GND inputs to the ND inputs to the encoder and theencoder and the
output from channels A and B to amplifier. If OK, checkoutput from channels A and B to amplifier. If OK, check
for shorts to frame. Check voltage to PPA. If OK, for shorts to frame. Check voltage to PPA. If OK, replacereplace
the PPA.the PPA.

4444 Code 44: PPA Temperature SensorCode 44: PPA Temperature Sensor
Out-of RangeOut-of Range

Check wires to temperature switch for shorts. If OK,Check wires to temperature switch for shorts. If OK,
replace the PPA.replace the PPA.

4545
Code 45: Amplifier EnableCode 45: Amplifier Enable
No B– input seen by the PPA.No B– input seen by the PPA.

Check for B– at the PPA power input. Make sure grayCheck for B– at the PPA power input. Make sure gray
 jumper wire is conn jumper wire is connected between JPected between JP-9 and 11. If vo-9 and 11. If voltageltage
is not correct, replace PPA.is not correct, replace PPA.

4646

Code 46: PPA Detected CAN-BusCode 46: PPA Detected CAN-Bus
ErrorError
 The PPA ha The PPA has not received as not received a
communicatiocommunication message from n message from the VM,the VM,
HCB, Master, or Slave TPA.HCB, Master, or Slave TPA.

Check voltage to TPAs, PPA, VM, and HCB. CheckCheck voltage to TPAs, PPA, VM, and HCB. Check
communicatiocommunication wires between all n wires between all modules for continuitymodules for continuity
and shorts to frame. Check both traction motor encoders,and shorts to frame. Check both traction motor encoders,
temperature sensors for opens, shorts, and shorts temperature sensors for opens, shorts, and shorts toto
frame. In FlashWare, observe the software version of eachframe. In FlashWare, observe the software version of each
device in the Truck Setup screen. Check voltage to thedevice in the Truck Setup screen. Check voltage to the
device that is not showing a software version. Checkdevice that is not showing a software version. Check
communicatiocommunication wires between the n wires between the devices not showingdevices not showing
the software version for continuity and shorts to frame. Ifthe software version for continuity and shorts to frame. If
OK, replace the device not showing the software version.OK, replace the device not showing the software version.

4747

Code 47: CAN-Bus Node OfflineCode 47: CAN-Bus Node Offline
 Too much time b Too much time betweenetween
communicatiocommunication from tn from the VM, HCB,he VM, HCB,
master or Slave TPA to the PPA hasmaster or Slave TPA to the PPA has
elapsed. This code can also be causedelapsed. This code can also be caused
 by an open in a ca by an open in a cable from theble from the
amplifier to the pump motor.amplifier to the pump motor.

Check both traction motor encoders, temperature sensorsCheck both traction motor encoders, temperature sensors
for opens, shorts and for opens, shorts and shorts to frame. In shorts to frame. In FlashWFlashWare,are,
observe the software version of each device in the Truckobserve the software version of each device in the Truck
Setup screen. Check voltage to the device that is notSetup screen. Check voltage to the device that is not
showing a software version. Check communication wiresshowing a software version. Check communication wires
 between the devic between the devices not showing the soes not showing the software version forftware version for
continuity and shorts to frame. If OK, rcontinuity and shorts to frame. If OK, replace the deviceeplace the device
not showing the software version.not showing the software version.

4848

Code 48: CT2 Contactor Open WhenCode 48: CT2 Contactor Open When
Commanded ClosedCommanded Closed
Correct voltage is not seen by the PPACorrect voltage is not seen by the PPA
at +BATT when CT2 is commandedat +BATT when CT2 is commanded
closed.closed.

Check the contactor for physical binding and welded tips.Check the contactor for physical binding and welded tips.
Check the fuse for the PPA (FP). Measure voltage andCheck the fuse for the PPA (FP). Measure voltage and
resistance across coil. Check cables from battery resistance across coil. Check cables from battery to PPAto PPA
for continuity and correct torque. If OK, rfor continuity and correct torque. If OK, replace PPA.eplace PPA.

Refer to theRefer to the “Pinout Matrix”“Pinout Matrix” beginning on beginning on papagege 8-8-1313 for all voltage and resistance values and for all voltage and resistance values and
component interconnection.component interconnection.
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4949

Code 49: Pump Contactor DriverCode 49: Pump Contactor Driver
ShortedShorted
 The PPA d The PPA detected excesetected excessive currentsive current
draw when the draw when the CT2 contactor wasCT2 contactor was
commanded closed.commanded closed.

Measure voltage and resistance across coil. Check wiresMeasure voltage and resistance across coil. Check wires
to coil for shorts to other wires and the frame. If OK,to coil for shorts to other wires and the frame. If OK,
replace the PPA.replace the PPA.

4C4C

Code 4C: Battery Low Code 4C: Battery Low 
 The voltage at the +V  The voltage at the +V Key input to theKey input to the
PPA is down to 10% of charge levelPPA is down to 10% of charge level
(performance reduction). Current is(performance reduction). Current is
reduced to 50% of programmed levels.reduced to 50% of programmed levels.

Check battery voltage and specific gravity - Check battery voltage and specific gravity - static andstatic and
under load.under load. Refer to battery manufacturer for correctRefer to battery manufacturer for correct

voltage and specific voltage and specific gravity information.gravity information. If battery voltage If battery voltage
is correct, measure voltage at JP-1 on the PPA. If voltageis correct, measure voltage at JP-1 on the PPA. If voltage
is not equal to battery voltage, check voltage at allis not equal to battery voltage, check voltage at all
connection points back to the battery. connection points back to the battery. Repair theRepair the
connection causing the voltage drop or rconnection causing the voltage drop or replace theeplace the
component causing the voltage drop. Check voltage atcomponent causing the voltage drop. Check voltage at
 JP-7,  JP-7, JP-8, JP-8, JP-14, JP-14, and and JP-15 JP-15 (EN3 (EN3 connections). connections). If voltaIf voltagege
at JP-1 is correct, the TPA may be bad. Swap the TPAs. Ifat JP-1 is correct, the TPA may be bad. Swap the TPAs. If

the code changes, replace the bad TPA.the code changes, replace the bad TPA.

4E4E

Code 4E: Pump Contactor ClosedCode 4E: Pump Contactor Closed
 When Co When Commanded Ommanded Openpen
 The PPA c The PPA commanded the Commanded the CT2T2
contactor open and the tips are stillcontactor open and the tips are still
closed.closed.

Check the contactor for Check the contactor for physical binding and welded tips.physical binding and welded tips.
Measure voltage and resistance across coil. If OK, Measure voltage and resistance across coil. If OK, replacereplace
the PPA.the PPA.

5050
Code 50: Pump Contactor CoilCode 50: Pump Contactor Coil
Driver ErrorDriver Error
 The CT2 co The CT2 contactor driver is badntactor driver is bad..

Measure resistance across coil and wires to the coil.Measure resistance across coil and wires to the coil.
Check wires for shorts to other wires and Check wires for shorts to other wires and truck frame. Iftruck frame. If
OK, replace the PPA.OK, replace the PPA.

5151

Code 51: Pump Contactor CoilCode 51: Pump Contactor Coil
ShortedShorted
 The PPA m The PPA measured too mueasured too much currentch current
 when the CT2 co when the CT2 contactor wasntactor was
commanded closed.commanded closed.

Measure resistance across coil and wires to the coil.Measure resistance across coil and wires to the coil.
Check wires for shorts to other wires and Check wires for shorts to other wires and truck frame. Iftruck frame. If
OK, replace the PPA.OK, replace the PPA.

5353 Code 53: Seat Switch OpenCode 53: Seat Switch Open
Seat switch open during lift.Seat switch open during lift.

 Troubleshoot seat s Troubleshoot seat switch, optional battewitch, optional battery gate switches,ry gate switches,
lift switch, and lift switch, and associated wiring.associated wiring.

Refer to theRefer to the “Pinout Matrix”“Pinout Matrix” beginning on beginning on papagege 8-8-1313 for all voltage and resistance values and for all voltage and resistance values and
component interconnection.component interconnection.
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5555

Code 55: Incorrect Battery InstalledCode 55: Incorrect Battery Installed
 When the  When the Key swKey switch is itch is turned ONturned ON, the, the
PPA checks the battery voltage andPPA checks the battery voltage and
compares it with the "SET BATTERY"compares it with the "SET BATTERY"
parameter setting. If the actual voltageparameter setting. If the actual voltage
is 20% higher or lower than is 20% higher or lower than the setthe set
 value, this code  value, this code is displayed.is displayed.

Check battery voltage. Set correct battery voltage viaCheck battery voltage. Set correct battery voltage via
FlashWFlashWare (and re-learn are (and re-learn pots) or replace battery withpots) or replace battery with
correct voltage battery. If battery and parameter settingscorrect voltage battery. If battery and parameter settings
are OK, replace are OK, replace PPA.PPA.

5656

Code 56: Incorrect Start UpCode 56: Incorrect Start Up
SequenceSequence
Incorrect start procedure. May appearIncorrect start procedure. May appear
in conjunction with Code 81.in conjunction with Code 81.

If the directional switch is left If the directional switch is left in forward or reversein forward or reverse
position when the operator leaves the position when the operator leaves the seat, Code 81 mayseat, Code 81 may
 be displayed  be displayed after a brief timeout (apafter a brief timeout (approx. 30prox. 30 sec). If thesec). If the
code still appears after lever is returned to code still appears after lever is returned to neutral, cycleneutral, cycle
the Key switch to clear. Test switches for correctthe Key switch to clear. Test switches for correct
operation. Check continuity of wires from operation. Check continuity of wires from switches toswitches to
cards.cards.

5757

Code 57: Hydraulic Control BoardCode 57: Hydraulic Control Board
 Time-Out Time-Out
 An error was detected  An error was detected inin
communicatiocommunication between n between the Hydraulicthe Hydraulic
Control Board and the PPA.Control Board and the PPA.

In FlashWare, observe the software version of In FlashWare, observe the software version of each deviceeach device
in the Truck Setup screen. Check voltage to the in the Truck Setup screen. Check voltage to the devicedevice
that is not showing a that is not showing a software version. Checksoftware version. Check
communicatiocommunication wires between the n wires between the devices not showingdevices not showing
the software version for continuity and shorts to frame. Ifthe software version for continuity and shorts to frame. If
OK, replace the device not showing the software version.OK, replace the device not showing the software version.

5858 Code 58: PPA Internal FaultCode 58: PPA Internal Fault
Failure on the current Failure on the current sensorsensor..

Check cables to the motor Check cables to the motor and PPA for continuity andand PPA for continuity and
correct torque. Replace the PPA.correct torque. Replace the PPA.

5A5A Code 5A: PPA Internal FaultCode 5A: PPA Internal Fault
PPA internal failure.PPA internal failure.

Replace the PPA.Replace the PPA.

5C5C
Code 5C: PPA Parameter RestoreCode 5C: PPA Parameter Restore
ErrorError
PPA internal failure.PPA internal failure.

Replace the PPA.Replace the PPA.

6161

Code 61: Slave TPA Internal FaultCode 61: Slave TPA Internal Fault
 The Slave TP The Slave TPA has detected aA has detected ann
internal fault.internal fault.

In FlashWare, observe the software version of In FlashWare, observe the software version of each deviceeach device
in the Truck Setup screen. Check voltage to the in the Truck Setup screen. Check voltage to the devicedevice
that is not showing a that is not showing a software version. Checksoftware version. Check
communicatiocommunication wires between the n wires between the devices not showingdevices not showing
the software version for continuity and shorts to frame. Ifthe software version for continuity and shorts to frame. If
OK, replace the device not showing the software version.OK, replace the device not showing the software version.

Refer to theRefer to the “Pinout Matrix”“Pinout Matrix” beginning on beginning on papagege 8-8-1313 for all voltage and resistance values and for all voltage and resistance values and
component interconnection.component interconnection.
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6262

Code 62: Slave TPA Internal FaultCode 62: Slave TPA Internal Fault

Fault in the area of memory where theFault in the area of memory where theadjustable parameters are stored.adjustable parameters are stored.

If code does not clear by cycling key, replace the SlaveIf code does not clear by cycling key, replace the Slave

 TPA. If code  TPA. If code clears, the adjustaclears, the adjustable parameters hable parameters have beenve beenreset to default values and reset to default values and require resetting to customer’srequire resetting to customer’s
requirements via FlashWare.requirements via FlashWare.

6363
Code 63: Slave TPA Internal FaultCode 63: Slave TPA Internal Fault
 The power am The power amplifier has detected plifier has detected anan
internal fault.internal fault.

Check voltage to the Slave TPA. If OK, the TPA may beCheck voltage to the Slave TPA. If OK, the TPA may be
 bad. Swap the TP bad. Swap the TPAs. If the code chaAs. If the code changes, replace the badnges, replace the bad
 TPA. TPA.

6464

Code 64: Slave TPA Internal FaultCode 64: Slave TPA Internal Fault
Correct current draw by the motor isCorrect current draw by the motor is
not seen by the TPA.not seen by the TPA.

Check voltage to Slave TPA. Check motor cables forCheck voltage to Slave TPA. Check motor cables for
continuity and correct torque. Compare current from all 3continuity and correct torque. Compare current from all 3
phases. If one phase is significantly higher or lower thanphases. If one phase is significantly higher or lower than
the other two, replace the motor. Measure voltage andthe other two, replace the motor. Measure voltage and
resistance across coil and contact tips. If OK, the TPAresistance across coil and contact tips. If OK, the TPA
may be bad. Swap the TPAs. If the code changes, replacemay be bad. Swap the TPAs. If the code changes, replace
the bad TPA.the bad TPA.

6565

Code 65: Slave TPA DetectedCode 65: Slave TPA Detected
Battery Sense Out-of-RangeBattery Sense Out-of-Range
 The Slave TP The Slave TPA monitors the baA monitors the batteryttery
 voltage at +V Key. If vo voltage at +V Key. If voltage does notltage does not
match configured voltage or is match configured voltage or is belowbelow
set threshold, this code is set threshold, this code is displayed.displayed.
 The TPA a The TPA also monitors the volso monitors the voltage onltage on
its internal capacitors. If voltage goesits internal capacitors. If voltage goes
above 63VDC, this code is displayed.above 63VDC, this code is displayed.

Measure voltage into amplifier at +V Measure voltage into amplifier at +V Key. CheckKey. Check
configured battery voltage (36V or configured battery voltage (36V or 48V) with FlashWare. If48V) with FlashWare. If
incorrect, set correct battery incorrect, set correct battery voltage in FlashWare (andvoltage in FlashWare (and
re-learn pots) or replace battery with correct re-learn pots) or replace battery with correct battery.battery.
Measure battery voltage at the Measure battery voltage at the Slave TPA +BATTSlave TPA +BATT
connection during plugging. If the voltage connection during plugging. If the voltage exceeds 63Vexceeds 63V,,
replace the Slave TPA. Test the replace the Slave TPA. Test the power cables to the motorpower cables to the motor
for shorts to the truck frame and for shorts to the truck frame and the other cables. Testthe other cables. Test
the motor for shorts to frame. Resistance must bethe motor for shorts to frame. Resistance must be
>1>1 Megohm. If OK, the TPMegohm. If OK, the TPA may be bad. Swap the TA may be bad. Swap the TPAs. IfPAs. If
the code changes, replace the bad TPA.the code changes, replace the bad TPA.

6666

Code 66: Short in Slave TPA Code 66: Short in Slave TPA 
 When the  When the Key swKey switch is itch is turned ONturned ON, the, the
Slave TPA momentarily powers eachSlave TPA momentarily powers each
motor phase and monitors current. Ifmotor phase and monitors current. If
current is seen when it should not be,current is seen when it should not be,
this code is displayed.this code is displayed.

Check voltage to the Slave Check voltage to the Slave TPA. Swap the connectionsTPA. Swap the connections
from the Master TPA to the left from the Master TPA to the left traction motor usingtraction motor using
appropriately sized jumper cables and turn the appropriately sized jumper cables and turn the key switchkey switch
ON. If code changes, replace the motor. If the code is stillON. If code changes, replace the motor. If the code is still
displayed, the TPA may be bad. Swap the TPAs. If thedisplayed, the TPA may be bad. Swap the TPAs. If the
code changes, replace the bad TPA.code changes, replace the bad TPA.

6767

Code 67: Open in Slave TPA Code 67: Open in Slave TPA 
 When the  When the Key swKey switch is itch is turned ONturned ON, the, the
Slave TPA monitors each motor phaseSlave TPA monitors each motor phase
for current draw. If current is for current draw. If current is not seennot seen
 when it should b when it should be, this code ise, this code is
displayed.displayed.

Check voltage to the Slave Check voltage to the Slave TPA. Check cables to the motorTPA. Check cables to the motor
and Slave TPA for continuity and correct and Slave TPA for continuity and correct torque. Swap thetorque. Swap the
connections from the Master TPA and motor with theconnections from the Master TPA and motor with the
Slave TPA and traction motor using appropriately sizedSlave TPA and traction motor using appropriately sized
 jumper cable jumper cables and turn the Key switch ON. Is and turn the Key switch ON. If codef code
changes, replace the motor. If the changes, replace the motor. If the code is still displayed,code is still displayed,

the TPA may be bad. Swap tthe TPA may be bad. Swap the TPAs. If the code changes,he TPAs. If the code changes,
replace the bad TPA.replace the bad TPA.

Refer to theRefer to the “Pinout Matrix”“Pinout Matrix” beginning on beginning on papagege 8-8-1313 for all voltage and resistance values and for all voltage and resistance values and
component interconnection.component interconnection.
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6868

Code 68: Traction Contactor OpenCode 68: Traction Contactor Open

 When Com When Commanded Cmanded ClosedlosedCorrect voltage is not seen by theCorrect voltage is not seen by the
Slave TPA at +BATT when CT3 isSlave TPA at +BATT when CT3 is
commanded closed.commanded closed.

Inspect the contactor for physical binding and Inspect the contactor for physical binding and weldedwelded

tips. Check the fuse for tips. Check the fuse for the TPAs (FT1 and FT2). Measurethe TPAs (FT1 and FT2). Measure voltage and resista voltage and resistance across coil. Test cnce across coil. Test cables fromables from
 battery to Slave TP battery to Slave TPA for continuity and A for continuity and correct torque. Ifcorrect torque. If
OK, the TPA may be bad. Swap the TPAs. If the OK, the TPA may be bad. Swap the TPAs. If the codecode
changes, replace the bad TPA.changes, replace the bad TPA.

6969
Code 69: Slave TPA Internal FaultCode 69: Slave TPA Internal Fault
 The current sensor is  The current sensor is bad.bad.

Check cables to the motors and Check cables to the motors and Slave TPA for continuitySlave TPA for continuity
and correct torque. If OK, the and correct torque. If OK, the TPA may be bad. Swap theTPA may be bad. Swap the
 TPAs. If the cod TPAs. If the code changes, replace e changes, replace the bad TPAthe bad TPA..

7070

Code 70: Slave TPA PrechargeCode 70: Slave TPA Precharge
FailureFailure
 When the  When the Key swKey switch is itch is turned ONturned ON, the, the
Slave TPA attempts to charge theSlave TPA attempts to charge the
internal capacitors. If the capacitorsinternal capacitors. If the capacitors
are not charged to B+ in are not charged to B+ in a certaina certain
amount of time, this amount of time, this code is displayed.code is displayed.

Check for B– at the Slave Check for B– at the Slave TPA power input. Check for B+TPA power input. Check for B+
to JT2-1 (+V Key). If OK, the TPA may be bad. Swap theto JT2-1 (+V Key). If OK, the TPA may be bad. Swap the
 TPAs. If the cod TPAs. If the code changes, replace e changes, replace the bad TPAthe bad TPA..

7171

Code 71: Slave TPACode 71: Slave TPA
OvertemperatureOvertemperature
Internal temperature of the Slave TPAInternal temperature of the Slave TPA
is >167is >167°°F (75F (75°°C). Performance isC). Performance is
reduced to 212reduced to 212°°F (100F (100°°C); travel isC); travel is
shut down above 212shut down above 212°°F (100F (100°°C).C).

Check fan for correct Check fan for correct operation. Fan should operateoperation. Fan should operate
 within about one m within about one minute after turning Key switch ON. Iinute after turning Key switch ON. Iff
not, troubleshoot fan. Allow Slave TPA time to not, troubleshoot fan. Allow Slave TPA time to cool. If codecool. If code
clears, check cables to left clears, check cables to left traction motor and Slave TPAtraction motor and Slave TPA
for correct torque and continuity. Check for brake drag. Iffor correct torque and continuity. Check for brake drag. If
code remains, the TPA may be bad. Swap the TPAs. If thecode remains, the TPA may be bad. Swap the TPAs. If the
code changes, replace the bad TPA.code changes, replace the bad TPA.

7272

Code 72: Left TCode 72: Left Traction Motorraction Motor
 Temper Temperature Above ature Above 266°F 266°F 
Left traction motor overtemperature,Left traction motor overtemperature,
>266>266°°F (130F (130°°C), or temperature switchC), or temperature switch
is bad.is bad.

If motor temperature is <266If motor temperature is <266°°F (130F (130°°C), check wiring toC), check wiring to
temperature switch TS2 from VM. If motor temperature istemperature switch TS2 from VM. If motor temperature is
>266>266°°F (130F (130°°C), allow motor to cool and C), allow motor to cool and measure currentmeasure current
draw on each phase of the motor. All three phases shoulddraw on each phase of the motor. All three phases should
 be eq be equal. If ual. If not, replanot, replace the ce the motormotor. If . If they are they are equal, equal, checkcheck
for binding in the drive unit or dragging brakes. If OK, for binding in the drive unit or dragging brakes. If OK, thethe
 TPA may be b TPA may be bad. Swap the TPad. Swap the TPAs. If the code cAs. If the code changes,hanges,
replace the bad TPA.replace the bad TPA.

7373

Code 73: Left TCode 73: Left Traction Motorraction Motor
Encoder ErrorEncoder Error
Incorrect or no input seen by the SlaveIncorrect or no input seen by the Slave
 TPA from the Left Traction M TPA from the Left Traction Motorotor
encoder.encoder.

 Test the +12V and G Test the +12V and GND inputs to bND inputs to both encoders aoth encoders and thend the
output from channels A and B to the amp froutput from channels A and B to the amp from bothom both
encoders. If OK, check for shorts to frame. Check voltageencoders. If OK, check for shorts to frame. Check voltage
to the Slave TPA. If OK, to the Slave TPA. If OK, the TPA may be bad. Swap thethe TPA may be bad. Swap the
 TPAs. If the cod TPAs. If the code changes, replace e changes, replace the bad TPAthe bad TPA..

Refer to theRefer to the “Pinout Matrix”“Pinout Matrix” beginning on beginning on papagege 8-8-1313 for all voltage and resistance values and for all voltage and resistance values and
component interconnection.component interconnection.
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7474

Code 74: Slave TPA TemperatureCode 74: Slave TPA Temperature

Sensor Out-of RangeSensor Out-of Range Temperature sens Temperature sensor has exceedor has exceededed
 values expe values expected.cted.

Check fan for correct Check fan for correct operation. Fan should operateoperation. Fan should operate

 within approx within approx. one m. one minute after inute after turning Key switch turning Key switch ON. IfON. Ifnot, troubleshoot fan. If OK, the TPA may be bad. Swapnot, troubleshoot fan. If OK, the TPA may be bad. Swap
the TPAs. If the code changes, replace the bad TPA.the TPAs. If the code changes, replace the bad TPA.

7676

Code 76: Slave TPA DetectedCode 76: Slave TPA Detected
CAN-Bus ErrorCAN-Bus Error
 The Slave TP The Slave TPA has not received A has not received aa
communicacommunication message from tion message from thethe
Master TPA, VM, HCB, or PPA.Master TPA, VM, HCB, or PPA.

In FlashWare, observe the software version of In FlashWare, observe the software version of each deviceeach device
in the Truck Setup screen. Check voltage to the in the Truck Setup screen. Check voltage to the devicedevice
that is not showing a software that is not showing a software version. Checkversion. Check
communicacommunication wires between the tion wires between the devices not showingdevices not showing
the software version for continuity and shorts to frame. Ifthe software version for continuity and shorts to frame. If
OK, replace the device not showing the software version.OK, replace the device not showing the software version.

7777

Code 77: Slave TPA CAN-Bus NodeCode 77: Slave TPA CAN-Bus Node
OfflineOffline
 Too much time b Too much time betweenetween
communicacommunication from the tion from the VM and PPAVM and PPA
to the Slave to the Slave TPA has elapsed. ThisTPA has elapsed. This
code can also be caused by an open incode can also be caused by an open in
a cable from the amplifier to thea cable from the amplifier to the
traction motors.traction motors.

Check the power cables to the Check the power cables to the traction motors. Checktraction motors. Check
 both  both traction traction motor motor encoders encoders and and temperature temperature sensors sensors forfor
opens, shorts, and shorts opens, shorts, and shorts to frame. Check communicationto frame. Check communication
 wires between the de wires between the devices not showing the vices not showing the softwaresoftware
 version for continu version for continuity and shorts to frameity and shorts to frame. If OK, replace. If OK, replace
the device not showing the software version.the device not showing the software version.

7A7A
Code 7A: Master TPA NotCode 7A: Master TPA Not
RespondingResponding
Master TPA is bad.Master TPA is bad.

Check voltage to Master TPA. Replace the Master TPA.Check voltage to Master TPA. Replace the Master TPA.

7C7C Code 7C: Slave TPA Internal FaultCode 7C: Slave TPA Internal Fault
Slave TPA internal fault.Slave TPA internal fault.

Check voltage to Slave TPA. Replace the Slave TPA.Check voltage to Slave TPA. Replace the Slave TPA.

8181

Code 81: Directional MicroswitchCode 81: Directional Microswitch
ClosedClosed
 VM d VM detected etected directional directional microswitchesmicroswitches
(SW9 or SW10; SW4 or SW5 on dual(SW9 or SW10; SW4 or SW5 on dual
pedal trucks) closed prior to power up.pedal trucks) closed prior to power up.
 This code ca This code can also be causn also be caused byed by
activating the travel enable switchactivating the travel enable switch
(SW8) before seat switch (SW8) before seat switch (SW2) and/or(SW2) and/or
optional battery gate switch (SW30) isoptional battery gate switch (SW30) is
activated.activated.

If the directional switch is left If the directional switch is left in forward or reversein forward or reverse
position when the operator leaves the seat, Code 81 isposition when the operator leaves the seat, Code 81 is
displayed after a brief time-out (approx. 30 sec). If thedisplayed after a brief time-out (approx. 30 sec). If the
code still appears after lever is returned to code still appears after lever is returned to neutral, cycleneutral, cycle
the Key switch to clear. Test switches for correctthe Key switch to clear. Test switches for correct
operation. Check continuity of wires from operation. Check continuity of wires from switches toswitches to
cards. Flash truck components with latest version cards. Flash truck components with latest version ofof
software and re-learn pots. If OK, software and re-learn pots. If OK, replace the VM.replace the VM.

8383

Code 83: Traction Pot Open CircuitCode 83: Traction Pot Open Circuit
 VM detected the  VM detected the voltage from thevoltage from the
traction pot is below the traction pot is below the allowableallowable
 voltage range. voltage range.

 Test for correct voltage to  Test for correct voltage to and from the traction poand from the traction pot. Ift. If
 voltage is  voltage is not correct, not correct, check ccheck continuity of ontinuity of the wires. the wires. If OK,If OK,
replace the VM. If not OK, replace the VM. If not OK, replace the pot.replace the pot.

Refer to theRefer to the “Pinout Matrix”“Pinout Matrix” beginning on beginning on papagege 8-8-1313 for all voltage and resistance values and for all voltage and resistance values and
component interconnection.component interconnection.
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8484

Code 84: Travel Enable Code 84: Travel Enable SwitchSwitch

FailureFailure VM de VM detected travtected travel enablel enable microswe microswitchitch
(SW8) is bad.(SW8) is bad.

 Troubleshoot switch and  Troubleshoot switch and wiring. Check for showiring. Check for shorts torts to

frame. Troubleshoot seat and optional battery gateframe. Troubleshoot seat and optional battery gateswitches and wiring. If OK, replace the VM. switches and wiring. If OK, replace the VM. If not OK,If not OK,
repair/replace the switch/wiring.repair/replace the switch/wiring.

8585
Code 85: Warning ConfigurationCode 85: Warning Configuration
ErrorError
Software error.Software error.

Check configured battery voltage (36V or 48V) withCheck configured battery voltage (36V or 48V) with
FlashWFlashWare. If incorrect, are. If incorrect, set correct battery voltage set correct battery voltage inin
FlashWFlashWare (and re-learn are (and re-learn pots) or replace battery withpots) or replace battery with
correct voltage battery. Replace VM.correct voltage battery. Replace VM.

8686

Code 86: Traction PotentiometerCode 86: Traction Potentiometer
Out-of-RangeOut-of-Range
 Traction Pot is outsid Traction Pot is outside the learnede the learned
 voltage range. This c voltage range. This code can also bode can also bee
displayed if there is no power to thedisplayed if there is no power to the
Master TPA or if one of the Master TPA or if one of the powerpower
cables to the traction motors is open.cables to the traction motors is open.

If this code If this code is displayed in conjunction with another code,is displayed in conjunction with another code,
troubleshoot per that code. Verify battery voltage. If wrongtroubleshoot per that code. Verify battery voltage. If wrong
 voltage, check co voltage, check configured battery voltanfigured battery voltage (36V or 48ge (36V or 48V)V)
 with FlashW with FlashWare. If incorrect, seare. If incorrect, set correct battery vt correct battery voltage inoltage in
FlashWFlashWare or replace battery are or replace battery with correct battery with correct battery (and(and
re-learn pots). Check both re-learn pots). Check both traction motor encoders,traction motor encoders,
temperature sensors, and connections. Check power totemperature sensors, and connections. Check power to
the Master TPA. Check the power cables to the tractionthe Master TPA. Check the power cables to the traction
motors. Check pot voltages. If OK, run Learn. If motors. Check pot voltages. If OK, run Learn. If not OK,not OK,
replace the pot.replace the pot.

8787

Code 87: Seat/Battery GateCode 87: Seat/Battery Gate
Interlock Switch OpenInterlock Switch Open
 A fu A function nction was awas activated ctivated while thwhile the see seatat
or optional battery gate interlockor optional battery gate interlock
switch was open.switch was open.

 Troubleshoot switches  Troubleshoot switches and wiring. If input from swand wiring. If input from switchesitches
are OK, replace VM.are OK, replace VM.

8989
Code 89: Parking Brake SwitchCode 89: Parking Brake Switch
ErrorError
SW7 is closed when travel is detected.SW7 is closed when travel is detected.

 Troubleshoot  Troubleshoot switch answitch and wiring. d wiring. If the If the truck itruck is not s not movingmoving
and the parking brake is set, troubleshoot the left andand the parking brake is set, troubleshoot the left and
right traction motor encoders.right traction motor encoders.

8A8A
Code 8A: VM Internal FaultCode 8A: VM Internal Fault
 A fault was d A fault was detected by etected by the VM duringthe VM during
power up.power up.

Replace the VM.Replace the VM.

8B8B
Code 8B: TPA FaultCode 8B: TPA Fault
 The TP The TPAs informed As informed the VM the VM that a fauthat a faultlt
is present.is present.

Check voltage to the TPAs. Check history for TPA codesCheck voltage to the TPAs. Check history for TPA codes
and troubleshoot per them. If none are present, the TPAand troubleshoot per them. If none are present, the TPA
may be bad. Swap the TPAs. If the code changes, replacemay be bad. Swap the TPAs. If the code changes, replace
the bad TPA.the bad TPA.

Refer to theRefer to the “Pinout Matrix”“Pinout Matrix” beginning on beginning on papagege 8-8-1313 for all voltage and resistance values and for all voltage and resistance values and
component interconnection.component interconnection.
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8C8C

Code 8C: TPA Communication ErrorCode 8C: TPA Communication Error

 The VM did no The VM did not receivet receivecommunicacommunication from tion from the TPAs.the TPAs.

Check power to the Master Check power to the Master and Slave TPAs. Check theand Slave TPAs. Check the

power cables to the traction motors for shorts to otherpower cables to the traction motors for shorts to other wires or shorts to frame. C wires or shorts to frame. Check both traction mheck both traction motorotor
encoders, temperature sensors, and connections forencoders, temperature sensors, and connections for
shorts to frame or other wires. shorts to frame or other wires. In FlashWIn FlashWare, observe theare, observe the
software version of each device in the Truck Setup screen.software version of each device in the Truck Setup screen.
Check voltage to the device that is not showing a Check voltage to the device that is not showing a softwaresoftware
 version. Chec version. Check communik communication wires becation wires between the devtween the devicesices
not showing the software version for continuity andnot showing the software version for continuity and
shorts to frame. If shorts to frame. If OK, replace the device not showing theOK, replace the device not showing the
software version.software version.

8D8D
Code 8D: Lift LimitCode 8D: Lift Limit
Lift-Limit switch (SW31) is Lift-Limit switch (SW31) is open.open.

Check for correct configuration via FlashWare. (Check for correct configuration via FlashWare. (This codeThis code

is normal and is is normal and is displayed when beyond limits for option.displayed when beyond limits for option.))
Check Lift-Limit/BypasCheck Lift-Limit/Bypass switch (SW31) and wiring. s switch (SW31) and wiring. If OK,If OK,
replace VM.replace VM.

8E8E
Code 8E: Bottler’s Tilt LimitCode 8E: Bottler’s Tilt Limit
Bottler’s Tilt limit switch (SW30) isBottler’s Tilt limit switch (SW30) is
open.open.

Check for correct configuration via FlashWare. (Check for correct configuration via FlashWare. (This codeThis code

is normal and will occur when is normal and will occur when beyond limits for option.beyond limits for option.))
Check Bottler’s Tilt limit switch (SW30) and wiring. If OK,Check Bottler’s Tilt limit switch (SW30) and wiring. If OK,
replace VM.replace VM.

8F8F

Code 8F: Requesting Travel In BothCode 8F: Requesting Travel In Both
DirectionsDirections
Forward and Reverse switchesForward and Reverse switches
(directional lever on column) are(directional lever on column) are
closed at the same time.closed at the same time.

 Troubleshoot switche Troubleshoot switches and wiring. If OK, replacs and wiring. If OK, replace VM.e VM.

9191

Code 91: Configuration ErrorCode 91: Configuration Error
 The VM has de The VM has detected a configuratected a configurationtion
error due to lack of information frerror due to lack of information fromom
the Hydraulic Control Board orthe Hydraulic Control Board or
 Armrest Board during SelfTe Armrest Board during SelfTest.st.

Check power to the Check power to the Armrest Board and Hydraulic ControlArmrest Board and Hydraulic Control
Board (HCB). Use FlashWare to verify correct options andBoard (HCB). Use FlashWare to verify correct options and
configuration settings for the truck. configuration settings for the truck. In FlashWare,In FlashWare,
observe the software version of each device in the Truckobserve the software version of each device in the Truck
Setup screen. Check voltage to the device that is notSetup screen. Check voltage to the device that is not
showing a software version: Slave showing a software version: Slave TPA, PPA, VM or HCB.TPA, PPA, VM or HCB.
Check communicaCheck communication wires between the tion wires between the devices notdevices not
showing the software version for continuity and shorts toshowing the software version for continuity and shorts to
frame. If OK, replace the device not showing the frame. If OK, replace the device not showing the softwaresoftware
 version. version.

Refer to theRefer to the “Pinout Matrix”“Pinout Matrix” beginning on beginning on papagege 8-8-1313 for all voltage and resistance values and for all voltage and resistance values and
component interconnection.component interconnection.
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9292

Code 92: Communication ErrorCode 92: Communication Error

Detected By The VMDetected By The VM The VM has not rece The VM has not received informationived information
from the PPA, TPA, or Armrest Board.from the PPA, TPA, or Armrest Board.

Check power to Master and Slave TPAs, PPA, VM, andCheck power to Master and Slave TPAs, PPA, VM, and

HCB. Check the power cables to the motors for shorts toHCB. Check the power cables to the motors for shorts toother cables and to the frame. Check both traction motorother cables and to the frame. Check both traction motor
encoders, temperature sensors, and connections and forencoders, temperature sensors, and connections and for
shorts to frame or other wires. shorts to frame or other wires. In FlashWaIn FlashWare, observe there, observe the
software version of each device in the Truck Setup screen.software version of each device in the Truck Setup screen.
Check voltage to the device that is not Check voltage to the device that is not showing a softwareshowing a software
 version. Check  version. Check communicacommunication wires betweetion wires between the devicen the devicess
not showing the software version for continuity andnot showing the software version for continuity and
shorts to frame. If shorts to frame. If OK, replace the device not showing theOK, replace the device not showing the
software version.software version.

9393

Code 93: Communication ErrorCode 93: Communication Error
Detected By The VMDetected By The VM
 The VM has not rece The VM has not received informationived information
from the Operator Display.from the Operator Display.

In FlashWare, observe the software version of In FlashWare, observe the software version of each deviceeach device
in the Truck Setup screen. Check voltage to the in the Truck Setup screen. Check voltage to the devicedevice
that is not showing a that is not showing a software version. Checksoftware version. Check
communicatiocommunication wires between the n wires between the devices not showingdevices not showing

the software version for continuity and shorts to frame. Ifthe software version for continuity and shorts to frame. If
OK, replace the device not showing the software version.OK, replace the device not showing the software version.

9494 Code 94: Internal FaultCode 94: Internal Fault
 The VM has de The VM has detected an internal fault.tected an internal fault.

Replace the VM.Replace the VM.

9696

Code 96: VM Internal FaultCode 96: VM Internal Fault
Fault in the area of memory where theFault in the area of memory where the
adjustable parameters are stored.adjustable parameters are stored.

 Ve Verify battery voltage. Irify battery voltage. If wrong voltage, sf wrong voltage, set correct voltageet correct voltage
 via Flash via FlashWare Ware (and re-le(and re-learn pots) arn pots) or install or install correct vocorrect voltageltage
 battery. Check for sh battery. Check for shorts to frame. If code dorts to frame. If code does not clearoes not clear
 by cycling Key switch, rep by cycling Key switch, replace the VM. If codlace the VM. If code clears, thee clears, the
adjustable parameters have been reset to default values.adjustable parameters have been reset to default values.
Reset to customer’s requirements via FlashWare. Re-learnReset to customer’s requirements via FlashWare. Re-learn
all pots.all pots.

A1A1

Code A1: Hydraulic Control BoardCode A1: Hydraulic Control Board
Internal FaultInternal Fault
Fault in the area of memory where theFault in the area of memory where the
adjustable parameteradjustable parameters are s are stored onstored on
the Hydraulic Control Board.the Hydraulic Control Board.

If code does not clear by cycling key, replace theIf code does not clear by cycling key, replace the
Hydraulic Control Board. If code clears, the Hydraulic Control Board. If code clears, the adjustableadjustable
parameters have been reset to parameters have been reset to default values and requiredefault values and require
resetting to resetting to customer’s requirements via FlashWare.customer’s requirements via FlashWare.

A2A2
Code A2: Solenoid Valve ErrorCode A2: Solenoid Valve Error
 A short was detecte A short was detected in the circuitsd in the circuits
 between the  between the 5th Solen5th Solenoid Void Valve (EV1alve (EV11)1)
and the Hydraulic Control Board.and the Hydraulic Control Board.

Measure voltage and resistance across coil and wires. Measure voltage and resistance across coil and wires. IfIf
OK, replace the OK, replace the Hydraulic Control Board.Hydraulic Control Board.

Refer to theRefer to the “Pinout Matrix”“Pinout Matrix” beginning on beginning on papagege 8-8-1313 for all voltage and resistance values and for all voltage and resistance values and
component interconnection.component interconnection.
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A3A3

Code A3: CAN-Bus Error DetectedCode A3: CAN-Bus Error Detected

By Hydraulic Control BoardBy Hydraulic Control Board The Hydraul The Hydraulic Control Board has ic Control Board has notnot
received CAN messages from the VM,received CAN messages from the VM,
PPA, TPA, or Armrest PPA, TPA, or Armrest Board.Board.

In FlashWare, observe the software version of In FlashWare, observe the software version of each deviceeach device

in the Truck Setup screen. Check voltage to the in the Truck Setup screen. Check voltage to the devicedevicethat is not showing a software that is not showing a software version. Checkversion. Check
communicacommunication wires between the tion wires between the devices not showingdevices not showing
the software version for continuity and shorts to frame. Ifthe software version for continuity and shorts to frame. If
OK, replace the device not showing the software version.OK, replace the device not showing the software version.

A4A4
Code A4: Internal Hydraulic ControlCode A4: Internal Hydraulic Control
Board FaultBoard Fault
Problem in the hardware circuit.Problem in the hardware circuit.

Replace the Hydraulic Control Board.Replace the Hydraulic Control Board.

A6A6
Code A6: Solenoid Valve ErrorCode A6: Solenoid Valve Error
 A short was detec A short was detected in the circuitsted in the circuits
 between the Lifting V between the Lifting Valve (EV2) andalve (EV2) and

the Hydraulic Control Board.the Hydraulic Control Board.

Measure voltage and resistance across coil and wires. Measure voltage and resistance across coil and wires. IfIf
OK, replace the Hydraulic Control Board.OK, replace the Hydraulic Control Board.

A7A7
Code A7: Solenoid Valve ErrorCode A7: Solenoid Valve Error
 A short was detec A short was detected in the circuitsted in the circuits
 between the Tilting V between the Tilting Valves (EV3 or 4)alves (EV3 or 4)
and the Hydraulic Control Board.and the Hydraulic Control Board.

Measure voltage and resistance across coil and wires. Measure voltage and resistance across coil and wires. IfIf
OK, replace the Hydraulic Control Board.OK, replace the Hydraulic Control Board.

A8A8
Code A8: Solenoid Valve ErrorCode A8: Solenoid Valve Error
 A short was detec A short was detected in the circuitsted in the circuits
 between  between the Sidethe Sideshift valvshift valves (EV5 es (EV5 or 6)or 6)
and the Hydraulic Control Board.and the Hydraulic Control Board.

Measure voltage and resistance across coil and wires. Measure voltage and resistance across coil and wires. IfIf
OK, replace the Hydraulic Control Board.OK, replace the Hydraulic Control Board.

A9A9
Code A9: Solenoid Valve ErrorCode A9: Solenoid Valve Error
 A short was detec A short was detected in the circuitsted in the circuits
 between the 4th Fu between the 4th Function valves (EVnction valves (EV77
or 8) and the Hydraulic Control Board.or 8) and the Hydraulic Control Board.

Measure voltage and resistance across coil and wires. Measure voltage and resistance across coil and wires. IfIf
OK, replace the Hydraulic Control Board.OK, replace the Hydraulic Control Board.

AAAA

Code AA: Incorrect Battery InstalledCode AA: Incorrect Battery Installed
 When the  When the Key swKey switch is itch is turned ONturned ON, the, the
Hydraulic Control Board checks theHydraulic Control Board checks the
 battery voltage and  battery voltage and compares it withcompares it with
the "SET BATTERY" parameter setting.the "SET BATTERY" parameter setting.
If the actual voltage is 20% higher orIf the actual voltage is 20% higher or
lower than the set value, this code islower than the set value, this code is
displayed.displayed.

Check battery voltage. Set correct Check battery voltage. Set correct battery voltage viabattery voltage via
FlashWFlashWare (and re-learn are (and re-learn pots) or install correct pots) or install correct voltagevoltage
 battery. If OK, replace the H battery. If OK, replace the Hydraulic Control Bydraulic Control Board.oard.

Refer to theRefer to the “Pinout Matrix”“Pinout Matrix” beginning on beginning on papagege 8-8-1313 for all voltage and resistance values and for all voltage and resistance values and
component interconnection.component interconnection.
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ABAB

Code AB: Hydraulic Control BoardCode AB: Hydraulic Control Board

Driver FaultDriver Fault The positive su The positive supply to the valvepply to the valves iss is
shorted or open.shorted or open.

Measure voltage and resistance across coils and wires. Measure voltage and resistance across coils and wires. IfIf

OK, replace the OK, replace the Hydraulic Control Board.Hydraulic Control Board.

ACAC

Code AC: Solenoid Group 1 DriverCode AC: Solenoid Group 1 Driver
ErrorError
 An open was d An open was detected in the circuitsetected in the circuits
 between the Lifting V between the Lifting Valve (EV2) andalve (EV2) and
the Hydraulic Control Board.the Hydraulic Control Board.

Measure voltage and resistance across coil and wires. Measure voltage and resistance across coil and wires. IfIf
OK, replace the OK, replace the Hydraulic Control Board.Hydraulic Control Board.

ADAD

Code AD: Solenoid Group 2 DriverCode AD: Solenoid Group 2 Driver
ErrorError
 An open was d An open was detected in the circuitsetected in the circuits

 between the Tilting V between the Tilting Valves (EV3 or 4alves (EV3 or 4))and the Hydraulic Control Board.and the Hydraulic Control Board.

Measure voltage and resistance across coil and wires. Measure voltage and resistance across coil and wires. IfIf
OK, replace the OK, replace the Hydraulic Control Board.Hydraulic Control Board.

AEAE

Code AE: Solenoid Group 3 DriverCode AE: Solenoid Group 3 Driver
ErrorError
 An open was d An open was detected in the circuitsetected in the circuits
 between  between the Sidethe Sideshift valveshift valves (EV5 s (EV5 or 6)or 6)
and the Hydraulic Control Board.and the Hydraulic Control Board.

Measure voltage and resistance across coil and wires. Measure voltage and resistance across coil and wires. IfIf
OK, replace the OK, replace the Hydraulic Control Board.Hydraulic Control Board.

AFAF

Code AF: Solenoid Group 4 DriverCode AF: Solenoid Group 4 Driver
ErrorError
 An open was d An open was detected in the circuitsetected in the circuits
 between the 4th Fun between the 4th Function valves (EV7ction valves (EV7

or 8) and or 8) and the Hydraulic Control Board.the Hydraulic Control Board.

Measure voltage and resistance across coil and wires. Measure voltage and resistance across coil and wires. IfIf
OK, replace the OK, replace the Hydraulic Control Board.Hydraulic Control Board.

b.0b.0
Code B0: Coil ShortedCode B0: Coil Shorted
 A short was detecte A short was detected in the circuitsd in the circuits
 between the  between the 5th Solen5th Solenoid Void Valve (EV1alve (EV11)1)
and the Hydraulic Control Board.and the Hydraulic Control Board.

Measure voltage and resistance across coil and wires. Measure voltage and resistance across coil and wires. IfIf
OK, replace the OK, replace the Hydraulic Control Board.Hydraulic Control Board.

b.1b.1
Code b.1: Hydraulic Control BoardCode b.1: Hydraulic Control Board
Power Supply FailurePower Supply Failure
Low voltage is seen at the HydraulicLow voltage is seen at the Hydraulic
Control Board.Control Board.

Check for B+ to Hydraulic Control Board. If present,Check for B+ to Hydraulic Control Board. If present,
replace Hydraulic Control Board. If not replace Hydraulic Control Board. If not present, checkpresent, check
circuit from the circuit from the Hydraulic Control Board back to CT1.Hydraulic Control Board back to CT1.

Refer to theRefer to the “Pinout Matrix”“Pinout Matrix” beginning on beginning on papagege 8-8-1313 for all voltage and resistance values and for all voltage and resistance values and
component interconnection.component interconnection.
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b.2b.2

Code b.2: EVP Driver KOCode b.2: EVP Driver KO

 An open was d An open was detected in the circuitsetected in the circuits between the  between the Drain valve Drain valve (EVP) and t(EVP) and thehe
Hydraulic Control Board.Hydraulic Control Board.

Measure voltage and resistance across coil and wires. Measure voltage and resistance across coil and wires. IfIf

OK, replace the Hydraulic Control Board.OK, replace the Hydraulic Control Board.

b.3b.3
Code b.3: EV11 Driver KOCode b.3: EV11 Driver KO
 An open was d An open was detected in the circuitsetected in the circuits
 between the  between the 5th Soleno5th Solenoid Vid Valve (EV1alve (EV11)1)
and the Hydraulic Control Board.and the Hydraulic Control Board.

Measure voltage and resistance across coil and wires. Measure voltage and resistance across coil and wires. IfIf
OK, replace the Hydraulic Control Board.OK, replace the Hydraulic Control Board.

b.4b.4
Code b.4: Internal Hydraulic ControlCode b.4: Internal Hydraulic Control
Board FaultBoard Fault
Internal failure of Hydraulic ControlInternal failure of Hydraulic Control
Board.Board.

Replace Hydraulic Control Board.Replace Hydraulic Control Board.

b.5b.5
Code b.5: EVP Driver ShortedCode b.5: EVP Driver Shorted
 A short was detec A short was detected in the circuitsted in the circuits
 between the  between the Drain valve Drain valve (EVP) and t(EVP) and thehe
Hydraulic Control Board.Hydraulic Control Board.

Measure voltage and resistance across coil and wires. Measure voltage and resistance across coil and wires. IfIf
OK, replace the Hydraulic Control Board.OK, replace the Hydraulic Control Board.

C1C1
Code C1: Open in Brake LightCode C1: Open in Brake Light
CircuitCircuit
 An open was d An open was detected in the braketected in the brakee
light circuit.light circuit.

Check bulbs. Check for voltage to both Check bulbs. Check for voltage to both lights.lights.

C2C2

Code C2: Open in Fore or AftCode C2: Open in Fore or Aft

 W Working Lighorking Light Circuitst Circuits
 An open was d An open was detected in the fore/aftetected in the fore/aft
 working light circuits. working light circuits.

Check bulbs. Check for voltage to both Check bulbs. Check for voltage to both lights.lights.

C3C3
Code C3: Open in Fore/Aft WorkingCode C3: Open in Fore/Aft Working
Light or Brake Light CircuitsLight or Brake Light Circuits
 An open was d An open was detected in the fore/aftetected in the fore/aft
 working light or brak working light or brake light circuits.e light circuits.

Check bulbs. Check for voltage to lights.Check bulbs. Check for voltage to lights.

C4C4
Code C4: Open in Tail Light CircuitsCode C4: Open in Tail Light Circuits
 An open was d An open was detected in both reveetected in both reverserse
light circuits.light circuits.

Check bulbs. Check for voltage to both Check bulbs. Check for voltage to both lights.lights.

Refer to theRefer to the “Pinout Matrix”“Pinout Matrix” beginning on beginning on papagege 8-8-1313 for all voltage and resistance values and for all voltage and resistance values and
component interconnection.component interconnection.

CCooddee DDeessccrriippttiioonn NNootteess//CCoorrrreeccttiivve  e  AAccttiioonn

https://www.forkliftpdfmanuals.com/



PPuubblliiccaattiioon  n  11111133006655,  ,  IIssssuueedd:  :  115  5  MMaar  r  22001100 66--2233

  

SSeeccttiioon  n  66.. MMeessssaaggees  s  aannd  d  CCooddeess MMooddeel  l  4444550  0  MMaaiinntteennaanncce  e  MMaannuuaall

CodesCodes

C5C5

Code C5: Open in Brake or TailCode C5: Open in Brake or Tail

Light CircuitsLight Circuits An open was d An open was detected in the rear lightetected in the rear light
circuits.circuits.

Check bulbs. Check for voltage to all lights.Check bulbs. Check for voltage to all lights.

C8C8
Code C8: Option. Open CircuitCode C8: Option. Open Circuit
 An open was d An open was detected in the traveletected in the travel
alarm or warning light, or safetyalarm or warning light, or safety
lowering valve circuits.lowering valve circuits.

Check the travel alarm, warning light, working lights,Check the travel alarm, warning light, working lights,
and/or lowering control valve circuits. and/or lowering control valve circuits. VVerify voltage fromerify voltage from
Master TPA to CT3. Verify CT3 functions correctly.Master TPA to CT3. Verify CT3 functions correctly.

d.1d.1

Code d.1: TPA Power Supply orCode d.1: TPA Power Supply or
CAN-Bus FailureCAN-Bus Failure
 The Display d The Display did not receiveid not receive
communication from the TPA.communication from the TPA.

In FlashWare, observe the software version of In FlashWare, observe the software version of each deviceeach device
in the Truck Setup screen. Check voltage to the in the Truck Setup screen. Check voltage to the devicedevice
that is not showing a that is not showing a software version. Checksoftware version. Check
communicatiocommunication wires between the n wires between the devices not showingdevices not showing

the software version for continuity and shorts to frame. Ifthe software version for continuity and shorts to frame. IfOK, replace the device not showing the software version.OK, replace the device not showing the software version.

d.2d.2

Code d.2: VM Power Supply orCode d.2: VM Power Supply or
CAN-Bus FailureCAN-Bus Failure
 The Display d The Display did not receiveid not receive
communicatiocommunication from tn from the VM.he VM.

In FlashWare, observe the software version of In FlashWare, observe the software version of each deviceeach device
in the Truck Setup screen. Check voltage to the in the Truck Setup screen. Check voltage to the devicedevice
that is not showing a that is not showing a software version. Checksoftware version. Check
communicatiocommunication wires between the n wires between the devices not showingdevices not showing
the software version for continuity and shorts to frame. Ifthe software version for continuity and shorts to frame. If
OK, replace the device not showing the software version.OK, replace the device not showing the software version.

d.3d.3 Code d.3: d1 + d2Code d.3: d1 + d2 Use steps for Codes d1 and d2.Use steps for Codes d1 and d2.

d.4d.4

Code d.4: PPA Power Supply orCode d.4: PPA Power Supply or
CAN-Bus FailureCAN-Bus Failure
 The Display d The Display did not receiveid not receive
communication from the PPA.communication from the PPA.

In FlashWare, observe the software version of In FlashWare, observe the software version of each deviceeach device
in the Truck Setup screen. Check voltage to the in the Truck Setup screen. Check voltage to the devicedevice
that is not showing a that is not showing a software version. Checksoftware version. Check
communicatiocommunication wires between the n wires between the devices not showingdevices not showing
the software version for continuity and shorts to frame. Ifthe software version for continuity and shorts to frame. If
OK, replace the device not showing the software version.OK, replace the device not showing the software version.

d.5d.5 Code d.5: d.1 + d.4Code d.5: d.1 + d.4

In FlashWare, observe the software version of In FlashWare, observe the software version of each deviceeach device
in the Truck Setup screen. Check voltage to the in the Truck Setup screen. Check voltage to the devicedevice
that is not showing a that is not showing a software version. Checksoftware version. Check
communicatiocommunication wires between the n wires between the devices not showingdevices not showing
the software version for continuity and shorts to frame. Ifthe software version for continuity and shorts to frame. If
OK, replace the device not showing the software version.OK, replace the device not showing the software version.

Refer to theRefer to the “Pinout Matrix”“Pinout Matrix” beginning on beginning on papagege 8-8-1313 for all voltage and resistance values and for all voltage and resistance values and
component interconnection.component interconnection.
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d.6d.6 Code d6: d.4 + d.2Code d6: d.4 + d.2

In FlashWare, observe the software version of In FlashWare, observe the software version of each deviceeach device

in the Truck Setup screen. Check voltage to the in the Truck Setup screen. Check voltage to the devicedevicethat is not showing a software that is not showing a software version. Checkversion. Check
communicacommunication wires between the tion wires between the devices not showingdevices not showing
the software version for continuity and shorts to frame. Ifthe software version for continuity and shorts to frame. If
OK, replace the device not showing the software version.OK, replace the device not showing the software version.

d.7d.7 Code d7: d.4 + d.2 + d.1Code d7: d.4 + d.2 + d.1

In FlashWare, observe the software version of In FlashWare, observe the software version of each deviceeach device
in the Truck Setup screen. Check voltage to the in the Truck Setup screen. Check voltage to the devicedevice
that is not showing a software that is not showing a software version. Checkversion. Check
communicacommunication wires between the tion wires between the devices not showingdevices not showing
the software version for continuity and shorts to frame. Ifthe software version for continuity and shorts to frame. If
OK, replace the device not showing the software version.OK, replace the device not showing the software version.

d.8d.8

Code d.8: Armrest Board PowerCode d.8: Armrest Board PowerSupply or CAN-Bus FailureSupply or CAN-Bus Failure
 The Display d The Display did not receiveid not receive
communicacommunication from the tion from the ArmrestArmrest
Board.Board.

In FlashWare, observe the software version of In FlashWare, observe the software version of each deviceeach devicein the Truck Setup screen. Check voltage to the in the Truck Setup screen. Check voltage to the devicedevice
that is not showing a software that is not showing a software version. Checkversion. Check
communicacommunication wires between the tion wires between the devices not showingdevices not showing
the software version for continuity and shorts to frame. Ifthe software version for continuity and shorts to frame. If
OK, replace the device not showing the software version.OK, replace the device not showing the software version.

d.9d.9 Code d.9: d.8 + d.1Code d.9: d.8 + d.1 Use steps for d.8 and d.1.Use steps for d.8 and d.1.

d.Ad.A Code d.A: d.8 + d.2Code d.A: d.8 + d.2 Use steps for d.8 and d.2.Use steps for d.8 and d.2.

d.bd.b Code db: d.8 + d.2 + d.1Code db: d.8 + d.2 + d.1 Use steps for d.8, d.2, and d.1.Use steps for d.8, d.2, and d.1.

d.Cd.C Code dC: d.8 + d.4Code dC: d.8 + d.4 Use steps for d.8 and d.4.Use steps for d.8 and d.4.

d.dd.d Code dd: d.8 + d.4 + d.1Code dd: d.8 + d.4 + d.1 Use steps for d.8, d.4, and d.1.Use steps for d.8, d.4, and d.1.

d.Ed.E Code dE: d.8 + d.4 + d.2Code dE: d.8 + d.4 + d.2 Use steps for d.8, d.4, and d.2.Use steps for d.8, d.4, and d.2.

Refer to theRefer to the “Pinout Matrix”“Pinout Matrix” beginning on beginning on papagege 8-8-1313 for all voltage and resistance values and for all voltage and resistance values and
component interconnection.component interconnection.

CCooddee DDeessccrriippttiioonn NNootteess//CCoorrrreeccttiivve  e  AAccttiioonn

https://www.forkliftpdfmanuals.com/



PPuubblliiccaattiioon  n  11111133006655,  ,  IIssssuueedd:  :  115  5  MMaar  r  22001100 66--2255

  

SSeeccttiioon  n  66.. MMeessssaaggees  s  aannd  d  CCooddeess MMooddeel  l  4444550  0  MMaaiinntteennaanncce  e  MMaannuuaall

CodesCodes

d.Fd.F Code dF: d.8 + d.4 + d.2 + d.1Code dF: d.8 + d.4 + d.2 + d.1

Connect FlashWConnect FlashWare and see are and see if the if the versions for the Display,versions for the Display,

 TPA, PPA TPA, PPA, VM, and Armrest Board ca, VM, and Armrest Board can be seen. If then be seen. If theDisplay is not shown, check connections to tDisplay is not shown, check connections to the Display. Ifhe Display. If
OK, replace the Display. If the other OK, replace the Display. If the other devices are notdevices are not
shown, check connections to the VM from the Display.shown, check connections to the VM from the Display.
 Ve Verify power to the devicrify power to the devices. If OK, replace the VMes. If OK, replace the VM. If no. If no
devices are shown, check for devices are shown, check for shorts between the CANshorts between the CAN
High and CAN Low wires. High and CAN Low wires. Measure resistance between theMeasure resistance between the
CAN High and CAN Low pins going into the Display. TheCAN High and CAN Low pins going into the Display. The
reading should be approx. 180 ohms. If reading should be approx. 180 ohms. If open or shorted,open or shorted,
replace the Display.replace the Display.

E1E1

Code E1: Incorrect Start ProcedureCode E1: Incorrect Start Procedure
for the Armrest Board or Leversfor the Armrest Board or Levers
One of the switches on the ArmrestOne of the switches on the Armrest
Board or one of the lever controlBoard or one of the lever control

switches is out-of-neutral prior to keyswitches is out-of-neutral prior to key
ON or the seat switch or ON or the seat switch or battery gatebattery gate
switches are closed.switches are closed.

Check the lever/fingertip controls for Check the lever/fingertip controls for binding. Check thebinding. Check the
seat switch and battery gate switches. Test switches.seat switch and battery gate switches. Test switches.

E2E2
Code E2: Lift Code E2: Lift PotentiomePotentiometer (Leverter (Lever
Control) Out-of-RangeControl) Out-of-Range
 Vo Voltage from the lift pot is oultage from the lift pot is outside thetside the
expected operating range.expected operating range.

Check pot for binding. Make sure battery voltage isCheck pot for binding. Make sure battery voltage is
configured correctly. Learn pot. Test pot voltage. Checkconfigured correctly. Learn pot. Test pot voltage. Check
static strap. Check for shorts to frame. Restore amplifierstatic strap. Check for shorts to frame. Restore amplifier
and VM defaults in FlashWare.and VM defaults in FlashWare.

E3E3
Code E3: TCode E3: Tilt Potentiometerilt Potentiometer
Out-of-RangeOut-of-Range
 Vo Voltage from the tilt pot is oultage from the tilt pot is outside thetside the
expected operating range.expected operating range.

Make sure battery voltage is configured correctly. LearnMake sure battery voltage is configured correctly. Learn
Pot. Test pot voltage.Pot. Test pot voltage.

E4E4
Code E4: Sideshift PotentiometerCode E4: Sideshift Potentiometer
Out-of-RangeOut-of-Range
 Vo Voltage from the sideshift pltage from the sideshift pot isot is
outside the expected operating range.outside the expected operating range.

Make sure battery voltage is configured correctly. LearnMake sure battery voltage is configured correctly. Learn
Pot. Test pot voltage.Pot. Test pot voltage.

E5E5
Code E5: 4th FunctionCode E5: 4th Function
Potentiometer Out-of-RangePotentiometer Out-of-Range
 Vo Voltage from the 4th Functltage from the 4th Function pot ision pot is
outside the expected operating range.outside the expected operating range.

Make sure battery voltage is configured correctly. LearnMake sure battery voltage is configured correctly. Learn
Pot. Test pot voltage.Pot. Test pot voltage.

E7E7 Code E7: Armrest Board WarningCode E7: Armrest Board Warning The Armrest B The Armrest Board is oard is in the proin the process ofcess of
downloading default parameters.downloading default parameters.

Cycle the Key switch. Default and Learn Cycle the Key switch. Default and Learn via FlashWvia FlashWare. Ifare. Ifcode does not clear, replace Armrest Board.code does not clear, replace Armrest Board.

Refer to theRefer to the “Pinout Matrix”“Pinout Matrix” beginning on beginning on papagege 8-8-1313 for all voltage and resistance values and for all voltage and resistance values and
component interconnection.component interconnection.
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E8E8

Code E8: Armrest Board InternalCode E8: Armrest Board Internal

FaultFaultFailure of the restore defaultFailure of the restore default
parameter download.parameter download.

Cycle the Key switch. Default and Learn Cycle the Key switch. Default and Learn via FlashWvia FlashWare. Ifare. If

code does not clear, replace Armrest Board.code does not clear, replace Armrest Board.

E9E9 Code E9: Armrest Board InternalCode E9: Armrest Board Internal
FaultFault

Replace the Armrest Board.Replace the Armrest Board.

EAEA

Code EA: Hydraulic Control BoardCode EA: Hydraulic Control Board
or PPA Erroror PPA Error
 A code is pres A code is present on both theent on both the
Hydraulic Control Board and PPA.Hydraulic Control Board and PPA.

Check for codes from the Check for codes from the Hydraulic Control Board andHydraulic Control Board and
PPA and troubleshoot accordingly. Check CT2 coil fromPPA and troubleshoot accordingly. Check CT2 coil from
PPA per Pinout Matrix. Check pump motor and tempPPA per Pinout Matrix. Check pump motor and temp
switch circuits. Check PPA Safety circuit switch circuits. Check PPA Safety circuit between JFP-5between JFP-5
and 11.and 11.

EBEB
Code EB: Armrest Board InternalCode EB: Armrest Board Internal
FaultFault
Lift-Limit Bypass switch on theLift-Limit Bypass switch on the
 Armrest Board is close Armrest Board is closed.d.

Check fingertip switches for binding. Test voltage of theCheck fingertip switches for binding. Test voltage of the
switch. Replace the Armrest Board.switch. Replace the Armrest Board.

ECEC Code EC: Armrest Board InternalCode EC: Armrest Board Internal
FaultFault

Replace the Armrest Board.Replace the Armrest Board.

EDED

Code ED: CAN-Bus Error DetectedCode ED: CAN-Bus Error Detected
By Hydraulic Control BoardBy Hydraulic Control Board
 The Armrest Board is un The Armrest Board is unable toable to
communicacommunicate with te with the Hydraulicthe Hydraulic

Control Board.Control Board.

In FlashWare, observe the software version of In FlashWare, observe the software version of each deviceeach device
in the Truck Setup screen. Check voltage to the in the Truck Setup screen. Check voltage to the devicedevice
that is not showing a software that is not showing a software version. Checkversion. Check
communicacommunication wires between the tion wires between the devices not showingdevices not showing

the software version for continuity and shorts to frame. Ifthe software version for continuity and shorts to frame. If
OK, replace the device not showing the software version.OK, replace the device not showing the software version.

EEEE

Code EE: CAN-Bus Error DetectedCode EE: CAN-Bus Error Detected
By PPA By PPA 
 The Armrest Board has no The Armrest Board has not receivedt received
communicacommunication from tion from the PPA.the PPA.

In FlashWare, observe the software version of In FlashWare, observe the software version of each deviceeach device
in the Truck Setup screen. Check voltage to the in the Truck Setup screen. Check voltage to the devicedevice
that is not showing a software that is not showing a software version. Checkversion. Check
communicacommunication wires between the tion wires between the devices not showingdevices not showing
the software version for continuity and shorts to frame. Ifthe software version for continuity and shorts to frame. If
OK, replace the device not showing the software version.OK, replace the device not showing the software version.

EFEF
Code EF: Requesting Travel In BothCode EF: Requesting Travel In Both
DirectionsDirections
Forward and Reverse switches areForward and Reverse switches are

closed at the same time.closed at the same time.

 Troubleshoot switc Troubleshoot switches and wiring. hes and wiring. If OK, replace If OK, replace ArmrestArmrest
Board.Board.

Refer to theRefer to the “Pinout Matrix”“Pinout Matrix” beginning on beginning on papagege 8-8-1313 for all voltage and resistance values and for all voltage and resistance values and
component interconnection.component interconnection.
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FiFigugure re 7-7-1.1. MaMajojor r CoCompmpononenentsts
DSC0012B_silhouette.jpgDSC0012B_silhouette.jpg

Fork CarriageFork Carriage

Load BackrestLoad Backrest

Overhead GuardOverhead Guard

MastMast

Drive WheelDrive WheelBattery Battery 

Electrical CompartmentElectrical Compartment

CounterweightCounterweight

Battery GateBattery Gate
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Directional LeverDirectional Lever
(standard)(standard)

Forward/Reverse AcceleratorForward/Reverse Accelerator
pedals (optional)pedals (optional)

 Accelerator Pedal Accelerator Pedal

Key SwitchKey Switch

Hydraulic Function LeversHydraulic Function Levers

Hydraulic Function Fingertip ControlsHydraulic Function Fingertip Controls
 with additional horn switch (optional) with additional horn switch (optional)

Performance Mode Select Switch (L-P-H)Performance Mode Select Switch (L-P-H)
Performance Reduction (Turtle) SwitchPerformance Reduction (Turtle) Switch

Horn SwitchHorn Switch

Steering WheelSteering Wheel

Parking Brake LeverParking Brake Lever

EPO SwitchEPO Switch

Brake PedalBrake Pedal
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Steer CylinderSteer CylinderPump Power AmplifierPump Power Amplifier Steer Potentiometer (P1)Steer Potentiometer (P1)

Hydraulic PumpHydraulic Pump
and Motorand Motor

Main Fuse PanelMain Fuse Panel

Contactor PanelContactor Panel

Battery ConnectorBattery ConnectorMaster Traction Power AmpMaster Traction Power Amp  Amplifier Fan (FN1) Amplifier Fan (FN1)

Left TractionLeft Traction
MotorMotor

Right TractionRight Traction
MotorMotor

HornHorn

Slave Traction Power AmpSlave Traction Power Amp

Drive UnitDrive Unit
Fill PlugFill Plug

https://www.forkliftpdfmanuals.com/



PPuubblliiccaattiioon  n  11111133006655,  ,  IIssssuueedd:  :  115  5  MMaar  r  22001100 77--77

  

SSeeccttiioon  n  77.. CCoommppoonneennt  t  PPrroocceedduurreess MMooddeel  l  4444550  0  MMaaiinntteennaanncce  e  MMaannuuaall

Component Locator PhotosComponent Locator Photos

FiFigugure re 7-7-4.4. TTraractctoor Fr Froront nt 
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Tilt CylinderTilt Cylinder

DC/DC ConverterDC/DC Converter
(beneath Fuse Panel)(beneath Fuse Panel)

+24V Fuse Panel+24V Fuse Panel

Hydraulic ReservoirHydraulic Reservoir
Cap/FilterCap/Filter

 Accelerator Pedal Accelerator Pedal
 Assy (dual shown) Assy (dual shown)Brake Pedal Assy Brake Pedal Assy 

Travel PotTravel Pot
(P2)(P2)

Right TractionRight Traction
MotorMotor

TiltTilt
CylinderCylinder

Control Lever LinkageControl Lever Linkage
Emergency LowerEmergency Lower

 Valve Valve

Lever Control Lever Control ValveValve

Brake FluidBrake Fluid
ReservoirReservoir

 Ve Vehicle Managerhicle Manager

Emergency Lower ValveEmergency Lower Valve
(beneath Control (beneath Control ValveValve
for optional Fingertipfor optional Fingertip
Controls)Controls)
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Special ToolsSpecial Tools
 The following tools  The following tools are available fare available from your localrom your local
authorized Raymond authorized Raymond dealer.dealer.

TTabable le 7-7-1.1. SpSpececiaial l TToooolsls

 Tool Tool Part NumberPart Number PurposePurpose

 Anti-static Field Kit Anti-static Field Kit 1-187-051-187-0599

ESD protectionESD protection
 Anti-static W Anti-static Wrist Strapsrist Straps 1-187-051-187-058/0018/001

 Anti-static W Anti-static Wrist Straprist Strap
 Tester  Tester 

1-187-060/1001-187-060/100

CCrriimmp  p  TTooooll 11006699886611 CCrriimmp  p  ppoowweer  r  ccaabblle  e  lluuggss

CChhaaiin  n  GGaauuggee 995500--335500//CCGG LLiifft  t  cchhaaiin  n  iinnssppeeccttiioonn

CCoonnnneeccttoor  r  UUnnllaattcchhiinngg 995500--004422 SSeeppaarraatte  e  AAMMP  P  ccoonnnneeccttoorrss

FFoorrk  k  WWeeaar  r  CCaalliippeerr 992222--336699 FFoorrk  k  iinnssppeeccttiioonn

PPiin  n  EExxttrraaccttiioonn 995500--000099 AAMMP  P  ccoonnnneeccttoor  r  ppiin  n  eexxttrraaccttiioonn

PPiin  n  EExxttrraaccttiioonn 995500--002266 MMOOLLEEX  X  ccoonnnneeccttoor  r  ppiin  n  eexxttrraaccttiioonn

Pressure Fitting Adapter -Pressure Fitting Adapter -
MetricMetric

1620-04CE1620-04CE
Required to connect pressure gauge with SAE fitting toRequired to connect pressure gauge with SAE fitting to
pump pressure port.pump pressure port.

SSuurrgge  e  PPrrootteeccttoorr 115544--001100--880011
ESD/voltage surge protection for ESD/voltage surge protection for serial type FlashWareserial type FlashWare
connectionsconnections

USUSBB/C/CAAN IN Intnteerfrfaace ce MMooddululee 232300448899-0-00011 FlFlaashshWWaare re coconnnenecctitioon tn to to truruck ck 
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Steering PressureSteering Pressure
 Adjustment Adjustment

Steer pressure is adjusted at the steer orbitrolSteer pressure is adjusted at the steer orbitrol

located on a bracket at the base of the steeringlocated on a bracket at the base of the steering
column.column.

1.1. Using Using Metric Metric PressurPressure Fite Fitting ting AdaptAdapterer
P/NP/N 1620-1620-04CE, inst04CE, install a pressure gaugall a pressure gaugee
at the pump pressure port. See Figureat the pump pressure port. See Figure 7-57-5..

FiFigugure re 7-7-5.5. PuPump mp PrPresessusure re PoPort rt 
10724_004.jpg10724_004.jpg

2.2. On thOn the steee steer orr orbitrol, bitrol, remove remove the pthe protectrotectiveive
cap using a ball-ended socket headcap using a ball-ended socket head

 wrench.  wrench. This allows This allows access to access to the pressurethe pressure
adjustment screw. Seeadjustment screw. See FiFigugurere 7-7-66..

FFigigurure 7e 7-6-6.. SSteteeer Or Orbrbiti trorol l 
Piantone4.JPGPiantone4.JPG

3.3. Turn thTurn the steere steering wing wheel aheel all thll the way e way to theto the
right or left. Check the steer pressure.right or left. Check the steer pressure.
Steering pressure should measureSteering pressure should measure

 between 1305 and 1450  between 1305 and 1450 psi (9000 andpsi (9000 and
10,000 kPa).10,000 kPa).

4.4. Turn tTurn the prhe pressuessure adjre adjustustmenment scret screww
clockwise to increase pressure orclockwise to increase pressure or
counterclockwise to decrease pressure.counterclockwise to decrease pressure.

5.5. RepReplaclace the the pre protecotective tive capcap..

Pressure portPressure port

Pressure adjustment screw protective capPressure adjustment screw protective cap
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Drive and BrakeDrive and Brake

Section 7.Component ProceduresSection 7.Component Procedures

Drive and BrakeDrive and Brake
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Drive Unit/MotorDrive Unit/Motor
 Assemblies Assemblies

 The drive unit/motor assemblies, one for each The drive unit/motor assemblies, one for each

drive wheel, consist of a planetary gear typedrive wheel, consist of a planetary gear type
drive unit and an AC drive unit and an AC motormotor..

Changing FluidChanging Fluid

1.1. Run thRun the true truck for a fck for a few miew minutnutes to waes to warmrm
the fluid.the fluid.

2.2. Clean Clean the athe area area around round the fthe fluid fluid fill aill andnd
drain plugs.drain plugs. See FSee Figuigurere 7-77-7..

FiFigugure re 7-7-7.7. DrDrivive Ue Uninit Pt Plulug Lg Lococatatioionsns
Kc133.tif Kc133.tif 

3.3. Place Place a suita suitable able contaicontainer bner below telow the drhe drainain
plug.plug.

4.4. Remove Remove both both the fthe fill anill and the d the draidrain plugn plugs.s.
 Allow the fluid to drain out completely. Allow the fluid to drain out completely.

5.5. CleClean anan any fery ferrourous resis residue fdue from throm thee

magnetic drain plug. Replace the drainmagnetic drain plug. Replace the drain
plug, torquing to 16 ft. lb. plug, torquing to 16 ft. lb. (22 Nm).(22 Nm).

6.6. Use a Use a flexibflexible hosle hose wite with eithh either a er a syringsyringe ore or
a funnel to add new fluid (type ATF II a funnel to add new fluid (type ATF II D orD or
equivalent) through the fill plug hole untilequivalent) through the fill plug hole until
it starts overflowing (approx. 0.75 pints,it starts overflowing (approx. 0.75 pints,
0.35 liter).0.35 liter). See FSee Figuigurere 7-87-8.. Install the fill Install the fill
pluplug. Torg. Torque tque to 16 fto 16 ft.. lb. (lb. (2222 Nm)Nm)..

FiFigurgure 7e 7-8.-8. FilFillinling wg with ith FunFunnel nel and and FleFlexibxible le HosHose e 
 TappoOI.TIF  TappoOI.TIF 

7.7. Clean Clean the athe area area around round the fthe fluid fluid fill anill andd
drain plugs.drain plugs.

8.8. Run Run the tthe truck ruck for for severaseveral minl minutes. utes. CheckCheck

the fluid level again.the fluid level again.

Drive Unit RemovalDrive Unit Removal
1.1. ParPark the lik the lift truft truck on a leck on a level suvel surfacrface.e.

Engage the parking brake. Turn the keyEngage the parking brake. Turn the key
switch OFF and disconnect the batteryswitch OFF and disconnect the battery
connector.connector.

2.2. BloBlock the stck the steereerablable wheee wheels to prels to prevenventt
truck movement.truck movement.

Use extreme care whenever the truck isUse extreme care whenever the truck is

jacked up for any reason. Never blockjacked up for any reason. Never block
the truck between the telescopic and thethe truck between the telescopic and the
floorfloor. Use a suitable hoist to . Use a suitable hoist to stabilize thestabilize the
mast. Keep hands and feet clear frommast. Keep hands and feet clear from
beneath vehicle while jacking. Use jackbeneath vehicle while jacking. Use jack
stands or solid blocks to support truck.stands or solid blocks to support truck.
Do not rely on the jack alone.Do not rely on the jack alone. SeeSee
“Jack“Jacking Safing Safety” on pety” on pageage 2-8.2-8.

3.3. JacJack thk the fre front ont of tof the the trucruck.k.

4.4. ReleRelease ase the the parparkinking brg brakeake..

5.5. DrDraiain thn the fle fluiuid (sd (seeee “Changing Fluid”“Changing Fluid”).).

6.6. ReRemomove thve the dre drivive whe wheeleel..

7.7. DisconnDisconnect aect all holl hoses anses and cabd cables conles connectednectedto the parking brake, service to the parking brake, service brake, andbrake, and
traction motor.traction motor.

FillFill
PlugPlug

DrainDrain
PlugPlug
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8.8. RemRemove the drove the drive uniive unit/mt/motor aotor assemssemblybly
from the tractor as follows:from the tractor as follows:

a.a. Remove Remove the uthe upper pper front front drive drive unitunit
mountmounting ing bolt bolt and and instainstall all an M1n M144 xx 3030
threaded rod as shown inthreaded rod as shown in FiFigugurere 7-7-99 to to

support the drive unit/motor assembly.support the drive unit/motor assembly.
FigFigure ure 7-97-9.. TrTractaction ion MotMotor/or/DriDrive ve UniUnit Rt Rememovaoval l 
Dscn0313A.TIF Dscn0313A.TIF 

 b. b. Remove the remaining five mountingRemove the remaining five mounting
 bolts. Slide the drive unit/motor bolts. Slide the drive unit/motor
assembly out of the chassis.assembly out of the chassis.

c.c. If the If the tractitraction moton motor is tor is to be reo be removedmoved
from the drive unit, remove the threefrom the drive unit, remove the three

 bolts attaching the drive unit to the bolts attaching the drive unit to the
motor.motor. See FiSee Figurguree 7-17-10.0.

FigurFigure 7-1e 7-10.0. TrTractiaction Moon Motor Mtor Mountounting Bing Bolt Lolt Locatocationion
Ruote.TIF Ruote.TIF 

 When separating the motor from the When separating the motor from the
drive unit, do not damage the gears ordrive unit, do not damage the gears or
O-ring sealing surface in the housing.O-ring sealing surface in the housing.

Cover the opening of the drive unit toCover the opening of the drive unit to
prevent contamination while the motorprevent contamination while the motor
is removed.is removed.

Drive Unit InstallationDrive Unit Installation

1.1. CarefCarefully ully assembassemble thle the dre drive uive unit tnit to tho thee
traction motor. Make sure the pinion andtraction motor. Make sure the pinion and
spur gears mesh correctly.spur gears mesh correctly.

2.2. Torque Torque the the motor motor to drto drive uive unit mnit mountinountingg
 bolts to 17 ft. lb. (23 Nm bolts to 17 ft. lb. (23 Nm).).

3.3. InstalInstall the l the drive drive unit/unit/motor motor assemassembly inbly intoto
the chassis in the reverse of removal.the chassis in the reverse of removal.

4.4. Torque Torque the the drive drive unit unit to cto chassis hassis mountmountinging
 bolts to 100 ft. lb. (135 N bolts to 100 ft. lb. (135 Nm).m).

Brake ServiceBrake Service

Disassembly Disassembly 

NNOTEOTE:: Replace brake disk sets in both driveReplace brake disk sets in both drive
units at the same time to ensure correctunits at the same time to ensure correct

 braking. braking.

Traction MotorTraction Motor
Mounting BoltsMounting Bolts
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FigFigure 7ure 7-11-11.. ExpExplodloded Ved View oiew of Drif Drive Uve Unit nit 
 TR302_9434.eps TR302_9434.eps
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Refer toRefer to FiFigugurere 7-7-1111 for bracketed numbers for bracketed numbers
referenced in this procedure.referenced in this procedure.

Place the drive unit in a holding device or on thePlace the drive unit in a holding device or on the
 wheel bolts to perform the following steps. wheel bolts to perform the following steps.

1.1. Use aUse an impn impact wact wrenrench to lch to loosoosen then thee
countersunk bolts in the cover [1].countersunk bolts in the cover [1].

Do not damage mating surfaces duringDo not damage mating surfaces during
disassembly.disassembly.

2.2. CarefCarefully pully pry thry the cover e cover [1] off [1] off the dthe driverive
unit.unit.

NNOTEOTE::  When the housing cover  When the housing cover is removed, theis removed, the
spur gear [2] remains connected to thespur gear [2] remains connected to the
internal disk carrier [3] as a single unit.internal disk carrier [3] as a single unit.

3.3. Remove Remove the dthe disk seisk set (fout (four exter external tornal tooth [oth [4]4]

and three internal tooth disks [5]) andand three internal tooth disks [5]) and
thrust washer [6] from the ring gear [7].thrust washer [6] from the ring gear [7].

4.4. LightLightly rly rub thub the new e new internainternal tool tooth dth disksisks
 with a flat sanding block to  with a flat sanding block to visuallyvisually
establish “high spots”. These “high spots”establish “high spots”. These “high spots”
must be in alignment when installed tomust be in alignment when installed to
ensure correct braking.ensure correct braking. See FiSee Figurguree 7-17-12.2.

FigFigure ure 7-17-12.2. HiHigh Sgh Spotpots On Bs On Brakrake Die Disk sk 
IMG_0103.JPGIMG_0103.JPG

5.5. AssembAssemble the le the new new disk disk set in set in the fthe followiollowingng
order:order:

•• ththrurust st wwasasheher [r [6]6]

•• exexteternrnal al totoototh dh disisk [k [4]4]

•• ininteternrnal al totoototh dh disisk [k [5]5]
•• exexteternrnal al totoototh dh disisk [k [4]4]

•• ininteternrnal al totoototh dh disisk [5k [5]]

•• exexteternrnal al totoototh dh disisk [k [4]4]

•• ininteternrnal al totoototh dh disisk [5k [5]]

•• exexteternrnal al totoototh dh disisk [k [4]4]

NNOTEOTE::  Align the “high spots” on the internal Align the “high spots” on the internal
tooth disks for maximum “spring”tooth disks for maximum “spring”
action.action.

6.6. InserInsert the t the disk disk set inset into thto the rine ring geag gear [7]r [7]..

7.7. Put tPut the inhe internal ternal disk cdisk carriearrier [3r [3] into ] into thethe
correct fitting position. Slide the disks intocorrect fitting position. Slide the disks into
their correct position by slightly turning ortheir correct position by slightly turning or
moving the internal disk moving the internal disk carriercarrier..

8.8. CarefCarefully ully removremove the e the internainternal disl disk cak carrierrrier
from the fitting position. Make sure thatfrom the fitting position. Make sure that
the position of the disk is not changed.the position of the disk is not changed.

NNOTEOTE:: If the wearable brass brake activationIf the wearable brass brake activation
pad [8] is replaced, make sure it ispad [8] is replaced, make sure it is

positioned correctly.positioned correctly. See FiSee Figurguree 7-17-13.3.

FigFigure ure 7-17-13.3. BraBrake ke ActActivaivatiotion Pan Pad d 
 brasspad1.jpg,brasspad2.jpg brasspad1.jpg,brasspad2.jpg

 Assembly  Assembly 

1.1. ThorouThoroughly ghly clean clean all thall the pare parts ants and remd removeove
all residual thread-locking compound.all residual thread-locking compound.

2.2. Check Check brakbrake diske disks for s for wear wear and dand damageamage..
Replace if necessary.Replace if necessary.

NNOTEOTE:: Replace brakes in sets only.Replace brakes in sets only.

3.3. SmSmooth tooth the seahe sealinling surfg surface wace with anith an
oilstone or a double-smooth file.oilstone or a double-smooth file.

High SpotHigh Spot

This hole must beThis hole must be
positioned towardpositioned toward
the bottom of thethe bottom of the
drive unitdrive unit
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4.4. ReplacReplace all e all sealinsealing eleg elements ments using using mastimasticc
sealants (such as Loctitesealants (such as Loctite®®).).

5.5. AsseAssemblmble the coe the cover to tver to the drhe drive unive unit.it.

6.6. CheCheck thack that silit siliconcone was spe was sprearead on thd on thee
sealing surface of the cover.sealing surface of the cover.

7.7. Align Align the twthe two 8 mo 8 mm holem holes in ts in the cover he cover withwith
the two straight pins in the drive unit.the two straight pins in the drive unit.

8.8. Drive Drive the cothe cover onver onto the to the drive drive unit. unit. MoveMove
the cover lightly and tap on it with athe cover lightly and tap on it with a
plastic hammer.plastic hammer.

9.9. Use bluUse blue three thread-ad-locklocking coming compoupoundnd
(P/N(P/N 990-990-462) to secure the counter462) to secure the countersunksunk

 bolts that fasten the cover bolts that fasten the cover. Torque the. Torque the
 bolts to 6.6 ft. lb. (9 bolts to 6.6 ft. lb. (9 Nm).Nm).

Mounting Brake Actuator Lever to Drive UnitMounting Brake Actuator Lever to Drive Unit

1.1. AppApply a ligly a light coaht coatinting of grg of grease tease to theo the
sealing lip of the sealing ring.sealing lip of the sealing ring. SeeSee

FigFigureure 7-17-14.4.
FigFigure 7-ure 7-14.14. BraBrake Acke Actuatuator Letor Lever Mover Mountuntinging
CIL-FRE.TIF CIL-FRE.TIF 

2.2. InsInstaltall thl the see sealialing ng rinring.g.

3.3. InsInstaltall thl the pre pressuessure pre pin.in.

4.4. InstalInstall the l the brake brake actuatactuator leveor lever inr into theto the
cover bracket. Make sure the brake lever cover bracket. Make sure the brake lever isis
correctly positioned.correctly positioned. See FiSee Figurguree 7-17-14.4.

5.5. Drive Drive a stra straight aight pin tpin through hrough both both the cothe coverver
 bracket and the brake lever bracket and the brake lever..

6.6. Secure Secure the the straigstraight pht pin win with tith two swo snapnap
rings.rings.

7.7. Check Check the the setting setting clearaclearance nce (A). (A). SettinSettingg
clearance (A) should measure betweenclearance (A) should measure between
0.016 and 0.0.016 and 0.039039 in. (0.4 min. (0.4 mm and 1.0 m and 1.0 mm).mm).

NNOTEOTE:: Different length pressure pins areDifferent length pressure pins are
available to maintain correct settingavailable to maintain correct setting
clearance.clearance.

StorageStorage

•• If nIf no moo motor tor is ais attattacheched, sd, seal eal the the dridrive uve unitnit
to prevent contamination.to prevent contamination.

•• Fill Fill the the dridrive uve unit nit witwith oih oil. Tl. Turn urn the the dridriveve
shaft several times, then drain the oil.shaft several times, then drain the oil.
Pack the drive unit in a closed plasticPack the drive unit in a closed plastic
container.container.

 A A

BrakeBrake

 Actuator ActuatorLeverLever

Straight PinStraight Pin

Snap RingSnap Ring

Pressure PinPressure Pin

Sealing RingSealing Ring

CoverCover
BracketBracket
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Parking BrakeParking Brake

Check Check 

Use extreme care whenever the truck isUse extreme care whenever the truck is
jacked up for any reason. Never blockjacked up for any reason. Never block
the truck between the telescopic and thethe truck between the telescopic and the
floorfloor. Use a suitable hoist t. Use a suitable hoist to stabilize theo stabilize the
mast. Keep hands and feet clear frommast. Keep hands and feet clear from
beneath vehicle while jacking. Use jackbeneath vehicle while jacking. Use jack
stands or solid blocks to support truck.stands or solid blocks to support truck.
Do not rely on the jack alone.Do not rely on the jack alone. SeeSee
“Jacki“Jacking Safeng Safety” on pagty” on pagee 2-8.2-8.

 With the traction tires jacked up  With the traction tires jacked up off the floor,off the floor,
engage the parking brake lever three clicks.engage the parking brake lever three clicks.

 V Verify brake resistance on both drive tires.erify brake resistance on both drive tires.
 Adjust if necessary. Adjust if necessary.

 Adjustment Adjustment
1.1. Check Check conditcondition of ion of parkparking bing brake rake cablescables..

22.. RReeffeer tr too FigFigureure 7-17-155. Adjust the cable so. Adjust the cable so
that, with the traction tire of the floor:that, with the traction tire of the floor:

•• the the dridrive tve tires ires turn turn frefreely ely by hby hand and onon
the first and second click the first and second click 

•• resresististancance te to ro rotaotatiotion bn by hy hand and isis
present on the third and fourth click,present on the third and fourth click,
however, rotation is still possiblehowever, rotation is still possible

•• the the dridrive tve tires ires can can not not be tbe turneurned bd byyhand on the fifth click.hand on the fifth click.

FigFigure 7-ure 7-15.15. PaParkirking Brang Brake Adke Adjusjustmtment ent 
CIL-FRE.TIF CIL-FRE.TIF 

 Adjusting Adjusting
ScrewsScrews
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Tire ReplacementTire Replacement

 Any misalignment of the tire and hub Any misalignment of the tire and hub while the tire is being pressed onto the while the tire is being pressed onto the
hub can damage the hub. For thishub can damage the hub. For this
reason, chamfers are provided on thereason, chamfers are provided on the
outside edge of the hub and on the endoutside edge of the hub and on the end
of the inside diof the inside diameter of the ameter of the tire’tire’s metals metal
insert. The chamfers help to center theinsert. The chamfers help to center the
hub and tire during the pressinghub and tire during the pressing
operations and reduce the possibility ofoperations and reduce the possibility of
misalignment. To prevent damage, themisalignment. To prevent damage, the
hub must be installed on the circularhub must be installed on the circular
ram with its chamfered side up.ram with its chamfered side up.

1.1. Check Check inside inside surface surface of mof metal etal inserinsert ont on
new tire. Use sandpaper to remove anynew tire. Use sandpaper to remove any

scaling or rust. Clean inside of metalscaling or rust. Clean inside of metal
insert and lubricate it with a soapinsert and lubricate it with a soap
solution.solution.

2.2. PlaPlace circe circulacular ram on thr ram on the prese press tabls table.e. SeeSee
FigFigureure 7-17-16.6. The length of the ram must The length of the ram must

 be longer  be longer than wthan width of idth of the old the old tire to tire to allowallow
complete removal of old tire. The outsidecomplete removal of old tire. The outside
diameter of ram must be small enough diameter of ram must be small enough toto
fit loosely in the insert of tire but must befit loosely in the insert of tire but must be
large enough to rest squarely on flatlarge enough to rest squarely on flat
surface on outer edge of hub.surface on outer edge of hub.

FigFigure 7ure 7-16-16.. DriDrive Tve Tire Iire Instnstallallatiationon
2453_200.tif 2453_200.tif 

3.3. If outIf outsidside edge edge of hub ie of hub is not fls not flush wush withith
edge of metal insert in the old tire,edge of metal insert in the old tire,

measure how far hub is recessed insidemeasure how far hub is recessed inside
tire. The new tire must be placed in thetire. The new tire must be placed in the
same position the old tire was installed onsame position the old tire was installed on
hub. You can use a spacer (slightly smallerhub. You can use a spacer (slightly smaller
in diameter than inside diameter of tirein diameter than inside diameter of tire
insert and same thickness as depth ofinsert and same thickness as depth of
recess) to obtain correct amount ofrecess) to obtain correct amount of
recession.recession.

4.4. PositioPosition hub n hub assemassembly wbly with oith old tirld tire on te on topop
of circular ram so outside of wheel isof circular ram so outside of wheel is
positioned upward. The outside edge ofpositioned upward. The outside edge of
hub has a chamfer to help guide new tirehub has a chamfer to help guide new tire
onto wheel. The chamfered edge mustonto wheel. The chamfered edge must
always be leading edge when a tire isalways be leading edge when a tire is
pressed onto hub.pressed onto hub.

5.5. Center Center hub ahub assemblssembly on y on top of top of ram aram andnd
make sure that they mate squarely.make sure that they mate squarely.

6.6. PositioPosition new n new tire wtire with ith its chits chamferamfered ined insertsert
facing hub. Align new tire and hub so thatfacing hub. Align new tire and hub so that

they are concentric.they are concentric.
7.7. Begin Begin pressinpressing new g new tire tire onto honto hub anub and oldd old

tire off wheel. Run press slowly for the firsttire off wheel. Run press slowly for the first
few inches of travel, because this is thefew inches of travel, because this is the
critical stage of the operation. If tire beginscritical stage of the operation. If tire begins
to cock to one side, stop press and realignto cock to one side, stop press and realign
tire. A sharp jar with soft-headed mallettire. A sharp jar with soft-headed mallet
usually realigns tire on hub.usually realigns tire on hub.

NNOTEOTE:: If new tire does not press on with aIf new tire does not press on with a
minimum of 5 tons (68,947 kPa)minimum of 5 tons (68,947 kPa)
pressure, replace hub.pressure, replace hub.

8.8. ReleRelease pase presress. Rems. Remove whove wheel, teel, tireire
assembly, and old tire from press table.assembly, and old tire from press table.

Inspect wheel and tire assembly.Inspect wheel and tire assembly.
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Power AmplifiersPower Amplifiers

Before replacing a power amplifier, record theBefore replacing a power amplifier, record the
current performance parameters for referencecurrent performance parameters for reference

 when setting parameters in the n when setting parameters in the new amplifierew amplifier..

Before removing a Before removing a power amplifier,power amplifier,
discharge the discharge the amplifier’amplifier’s internals internal
capacitor by jumpering the + and –capacitor by jumpering the + and –
terminals with a terminals with a 100 ohm 25W resistor.100 ohm 25W resistor.

Terminal HardwareTerminal Hardware

Do not attempt to repair power cableDo not attempt to repair power cable

terminal lugs without approved tools. Ifterminal lugs without approved tools. Ifa power cable has worn or damageda power cable has worn or damaged
lugs, replace the cable or refer tolugs, replace the cable or refer to
“Powe“Power Cable Rer Cable Repair” on ppair” on pageage 7-327-32. Do. Do
not substitute other kinds of nuts for thenot substitute other kinds of nuts for the
flanged nuts. Failure to use correctflanged nuts. Failure to use correct
cables, flanged nuts, and torque valuescables, flanged nuts, and torque values
can result in overheating and damage tocan result in overheating and damage to
components.components.

 Whenever you connect power cables to a motor Whenever you connect power cables to a motor
or power amplifier, do not over-tighten nuts oror power amplifier, do not over-tighten nuts or

 bolts. On motors with stud terminal securing bolts. On motors with stud terminal securing
nuts, use a second wrench on the securing nutnuts, use a second wrench on the securing nut
to avoid twisting the stud.to avoid twisting the stud.
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Battery ProceduresBattery Procedures

Battery Exterior CleaningBattery Exterior Cleaning

1.1. Read, Read, underunderstand, stand, and and follow follow procedprocedures,ures,
recommendations, and specifications inrecommendations, and specifications in
the battery and battery chargerthe battery and battery charger
manufacturer’s manuals.manufacturer’s manuals.

2.2. WWear ear persopersonal nal protecprotective tive equipequipment.ment.SeeSee
“Batt“Battery Safery Safety” on pagety” on pagee 2-5.2-5.

3.3. Turn tTurn the key she key switwitch OFF ach OFF and dind disconsconnecnectt
the battery connector. Remove the batterythe battery connector. Remove the battery
from the lift truck.from the lift truck.

4.4. InsInspect tpect the bathe battertery cably cables to makes to make suree sure
they are not frayed or loose. Inspect thethey are not frayed or loose. Inspect the

 battery connector battery connector. Make sure there is no. Make sure there is no
foreign material inside foreign material inside the connector.the connector.
Make sure the filler plugs are tMake sure the filler plugs are tight and theight and the

 vent holes in the filler plugs are not vent holes in the filler plugs are not
plugged.plugged.

FigFigure 7ure 7-17-17.. BatBattery Ctery Cablable and e and FilFiller Pler Pluglug
09g6s047.tif 09g6s047.tif 

5.5. Keep tKeep the tohe top of p of the bthe batterattery cleay clean ann and dryd dry..
Corrosion, dust, and moisture provide aCorrosion, dust, and moisture provide a
conducting path to short-circuit cells orconducting path to short-circuit cells or
create shorts to ground.create shorts to ground.

Do not clean the top of the battery withDo not clean the top of the battery with
the soda solution while it is installed inthe soda solution while it is installed in
the lift truck. Water can seep into thethe lift truck. Water can seep into the
electrical components and cause seriouselectrical components and cause serious
damage.damage.

6.6. WWash diash dirty barty batteries tteries (or an(or any that y that have hhave hadad
electrolyte spilled on them) with a solutionelectrolyte spilled on them) with a solution

of 1 lb. (0.45 kg) of baking soda added toof 1 lb. (0.45 kg) of baking soda added to
0.5 gal. (1.9 liters) of hot 0.5 gal. (1.9 liters) of hot waterwater..

7.7. Use a Use a brush brush with with flexibflexible brle bristles istles to cleto cleanan
the entire top of the battery with the sodathe entire top of the battery with the soda
solution. Wait until all foaming stops,solution. Wait until all foaming stops,

indicating that the battery exterior isindicating that the battery exterior is
neutralized.neutralized.

8.8. Rinse Rinse the bthe batterattery wity with clh clean wean waterater..

9.9. Dry thDry the batte battery coery complmpleteetely befly beforeore
reinstalling it.reinstalling it.

10.10. ReinstReinstall thall the bae battery ttery in the in the lift lift truck.truck.

11.11. ConnConnect the ect the batterbattery conny connectorector. Clos. Close thee the
 battery cover and secure the latch. battery cover and secure the latch.

Testing, Charging, andTesting, Charging, and
MaintenanceMaintenance

For information on testing, For information on testing, charging, andcharging, and

maintaining your lift truck battery, consult themaintaining your lift truck battery, consult the
 battery manufacturer’s specifications and battery manufacturer’s specifications and
instruction manual.instruction manual.
25l6s014.eps25l6s014.eps

Never connect a battery charger directlyNever connect a battery charger directly
to the lift truck. This can cause severeto the lift truck. This can cause severe
damage the damage the lift truck’lift truck’s electrical systs electrical system.em.
Plug the charger into the batteryPlug the charger into the battery
connector only.connector only.

4163_011.EPS4163_011.EPS

Filler PlugFiller Plug V Vent Holeent Hole

Battery CableBattery Cable
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 Wiring and Harness Wiring and Harness
ConnectorsConnectors

General Repair ProceduresGeneral Repair Procedures
See “ElectrSee “Electrical Troubleshical Troubleshooting” on pageooting” on page 5-2.5-2.

 Whenever working on the lift truck, use care Whenever working on the lift truck, use care
around wiring harnesses.around wiring harnesses.

•• CarCarefuefully lly conconnect nect and and disdisconconnecnect at allll
connections.connections.

•• Do nDo not pot pry cry cononnenectoctors ars apapart wrt witithh
unspecified tools.unspecified tools.

 There should be a wire marker  There should be a wire marker at eachat each
termination. If the marker is missing ortermination. If the marker is missing or
unreadable, remark the wire to allow easierunreadable, remark the wire to allow easier

identification.identification.
NNOTEOTE:: It is normal to find unused connectorsIt is normal to find unused connectors

for uninstalled options that have hadfor uninstalled options that have had
heat shrink applied over them and haveheat shrink applied over them and have

 been strapped to the harness. been strapped to the harness.

RepairRepair

Use correct electrostatic dischargeUse correct electrostatic discharge
precautions.precautions. See “Static Precautions” onSee “Static Precautions” on
papagege 2-2-7.7.

 When pulling a wire out through a b When pulling a wire out through a bundle, cutundle, cut
off the pin or socket so it does not snag. Whenoff the pin or socket so it does not snag. When
replacing wires, in some cases you can tape orreplacing wires, in some cases you can tape or
solder one end of a new wire to one end of thesolder one end of a new wire to one end of the
failed wire. Then you can pull the old wire out offailed wire. Then you can pull the old wire out of
the bundle and pull the new wire into thethe bundle and pull the new wire into the

 bundle, all  bundle, all at the at the same time. same time. Disconnect the Disconnect the oldold
 wire from the new wire. wire from the new wire.

In other cases, it is easier to secure a new wireIn other cases, it is easier to secure a new wire
to the outside of the existing wire bundle withto the outside of the existing wire bundle with
straps of an appropriate size. The failed wirestraps of an appropriate size. The failed wire
can be left in the bundle, or can be pulled bycan be left in the bundle, or can be pulled by
one end to remove it from the bundle.one end to remove it from the bundle.

 When replacing wires, follow these guidelines: When replacing wires, follow these guidelines:

•• Use Use the the appappropropriariate tte tools ools to rto remoemove ave andnd
insert terminations at einsert terminations at each connector.ach connector.

•• RemRemovove dae damamageged ted termirminanatitionons ans andd
discard. Never reuse a termination from adiscard. Never reuse a termination from a

 wire. wire.

•• Do nDo not cot cut aut away way a ta termierminal nal lug lug and and reureusese
the wire strands that were crimped intothe wire strands that were crimped into
the original lug.the original lug.

•• WheWhen stn striprippinping wg wireire, us, use nee new ww wire ire strstrandandss
for new terminations. Use a new wire withfor new terminations. Use a new wire with
extra length to allow for cutting andextra length to allow for cutting and
stripping of the ends to install newstripping of the ends to install new
terminations.terminations.

•• UsUse a ne a new wew wire ire ththat iat is ths the sae same gme gauaugege
(typically 18 gauge AWG), size, type, and(typically 18 gauge AWG), size, type, and
color as the wire it is replacing.color as the wire it is replacing.

•• Use Use a ha hand and strstrippipper cer capaapable ble of sof stritrippippingng
 by wire gauge number by wire gauge number. Use care not to. Use care not to

nick or cut any of the wire strands.nick or cut any of the wire strands.Discard and replace a Discard and replace a wire with damagedwire with damaged
strands. Insert the wire strands thestrands. Insert the wire strands the
correct length into termination beforecorrect length into termination before
crimping.crimping.

Soldering ProceduresSoldering Procedures

 To prevent damage from excessive heat when To prevent damage from excessive heat when
soldering small components in assemblies,soldering small components in assemblies,
follow these guidelines.follow these guidelines.

Make sure the soldering tip is clean. A dirty tipMake sure the soldering tip is clean. A dirty tip
does not transfer heat well and encourages longdoes not transfer heat well and encourages long
dwell time and greater pressure. Apply lightdwell time and greater pressure. Apply light

pressure on the terminal.pressure on the terminal.

•• FlFluuxx: : rroossiin bn baassee

•• SolSolderder: 6: 60/40/40 r0 rosin osin corcore or e or equequivaivalenlent t 

•• SoSoldlder er IrIronon: 5: 55 w5 watatt mt max ax 

•• Tip STip Sizeize: 0: 0.11.118 in8 in. (. (3 m3 mm) m) diadiametmeter er byby
1.182 in. (30 mm) long screwdriver tip1.182 in. (30 mm) long screwdriver tip

•• Tip TTip Tememperperataturure: 5e: 50000°F (°F (26260°0°C) mC) max ax 

•• TerTermiminanal Col Contntacact Timt Time: 6 e: 6 seseconconds mds max ax 

•• AftAfter ser soldeolderinring, cg, clealean thn the tee terminrminals als witwith ah a
 brush dampened with an a brush dampened with an alcohol-basedlcohol-based
cleanecleaner (P/Nr (P/N 990-6990-600/FOF00/FOF). Do not allow). Do not allow
any cleaner to seep into the switches orany cleaner to seep into the switches or

potentiometers, or contact contaminationpotentiometers, or contact contamination
may occur.may occur.https://www.forkliftpdfmanuals.com/
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NNOTEOTE:: Components damaged due to solventComponents damaged due to solvent
saturationsaturation will not will not  be covered under be covered under

 warranty. warranty.

Molex ConnectorsMolex Connectors
FigFigure 7ure 7-18-18.. MoMolex Clex Connonnectectoror, end v, end view iew 
molex.wmf molex.wmf 

For pin orientation of Molex connectors, seeFor pin orientation of Molex connectors, see
FiFigugurere 5-5-2 on p2 on pagagee 5-5-66. Molex connectors have. Molex connectors have
pins with locking ears which engage ridges inpins with locking ears which engage ridges in
the plastic connector body. To remove a pinthe plastic connector body. To remove a pin
from a Molex connector, these locking earsfrom a Molex connector, these locking ears

must be depressed far enough to clear the ridgemust be depressed far enough to clear the ridge
in the connector.in the connector.

Pin ExtractionPin Extraction

 To remove a pin from a Molex connector To remove a pin from a Molex connector, use, use
pin extraction tool P/N 950-026.pin extraction tool P/N 950-026.

1.1. InserInsert the t the extraextraction ction tool ovtool over ther the pin e pin andand
push all the way into push all the way into the connector. Thisthe connector. This
releases the locking ears on the pin. Seereleases the locking ears on the pin. See
FigFigureure 7-17-199..

2.2. Pull Pull the wthe wire aire and pind pin fron from the m the connectconnectoror..

Pin InsertionPin Insertion

 To insert a pin into a Molex connector To insert a pin into a Molex connector, insert, insert
the pin into the back side of the connector andthe pin into the back side of the connector and
push the wire all the way in until it clicks. Thepush the wire all the way in until it clicks. The
locking ears have now engaged locking ears have now engaged the connector.the connector.

FiFigugure 7re 7-1-19.9. PiPin Exn Extrtracactitionon
molex1.wmf molex1.wmf 

SocketSocket

PinPin

Locking EarsLocking Ears

ExtractionExtraction
ToolTool

Side viewSide view
ofof
connectorconnector

Top viewTop view
ofof
connectorconnector

Tool inserted overTool inserted over
pinpin

LockingLocking
earsears
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 AMP Harness/Ha AMP Harness/Harnessrness
ConnectorsConnectors

 AMP connectors provide water-resistant AMP connectors provide water-resistant
connection by the use of seals between wiresconnection by the use of seals between wires

and connectors and between the matingand connectors and between the mating
connector halves.connector halves.

 To maintain the integrity of water-resistant To maintain the integrity of water-resistant
seals, use the following procedures whenseals, use the following procedures when

 working with AMP connectors. working with AMP connectors.

FigurFigure e 7-20.7-20. AMP AMP WWaterater-Resi-Resistanstant Ct Conneconnector tor 
4570_001.tif 4570_001.tif 

Pin ExtractionPin Extraction

 To aid in separating AMP connectors, use To aid in separating AMP connectors, use
unlatcunlatching tool P/Nhing tool P/N 950-0950-042. To remove a pin42. To remove a pin
from an AMP connector, use pin extraction tfrom an AMP connector, use pin extraction toolool
P/NP/N 950950-00-009.9.

1.1. WhiWhile holle holdinding the wg the wire seire seal, pal, push thush thee
selected wire forward, then insert theselected wire forward, then insert the
extraction tool into the contact socket. Seeextraction tool into the contact socket. See
FiFigugurere 7-7-2121..

FigFigure ure 7-27-21.1. AMAMP pP pin in extextracractiotionn
4570_009.tif 4570_009.tif 

2.2. PulPull the wil the wire gere gentlntly unty until you fil you feel theel thee
contact locking lances disengage.contact locking lances disengage.

3.3. HoldHolding ting the wihe wire seare seal and col and connennectoctorr
housing together, rotate the wire whilehousing together, rotate the wire while
pulling it through the wire seal. Thispulling it through the wire seal. This

Sealing PlugSealing Plug

 Wire Seal Wire Seal

 Jack Jack
HousingHousing

InterfaceInterface
SealSeal

Pin HousingPin Housing

 Wire Seal Wire Seal

ContactContactCavity Cavity 

Pin ContactPin Contact

LockingLocking
LanceLance

Extraction ToolExtraction Tool
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prevents damage to the seal. Seeprevents damage to the seal. See
FigFigureure 7-27-222..

FiFigugure 7re 7-2-22.2. ReRemomoviving wng wirire e 
4570_008.tif 4570_008.tif 

Pin InsertionPin Insertion

1.1. MakMake sure te sure the conhe connecnector hator has a wire ss a wire sealeal

attached to the connector back. Seeattached to the connector back. SeeFigFigureure 7-27-233..

FiFigugure re 7-7-2323.. WiWire re SeSeal al 
4570_002.tif 4570_002.tif 

2.2. If re-If re-insertinserting a ing a wire wire previoupreviously resly removed,moved,

make sure the pin contact locking lancesmake sure the pin contact locking lances
are extended to their original position.are extended to their original position.

3.3. Grasp Grasp the the wire wire close close behinbehind thd the cone contacttact
insulation barrel and push the wireinsulation barrel and push the wire
straight through the wire seal into thestraight through the wire seal into the
socket until it clicks. Pull back gently tosocket until it clicks. Pull back gently to
make sure the contact is locked in place.make sure the contact is locked in place.
SeeSee FigFigururee 7-7-2424..

FiFigugure 7-re 7-2424.. WiWire ire insnsertertioionn
4570_004.tif 4570_004.tif 

SealsSeals

1.1. Use a wUse a wire seire seal at tal at the bahe back (wck (wire enire end) ofd) of
each connector half. Seeeach connector half. See FiFigugurere 7-7-2323..

2.2. Plug Plug unused unused pin pin positiopositions ns with with sealinsealingg
plugs. Seeplugs. See FiFigugurere 7-7-2525..

FiFigugure re 7-7-2525.. SeSealalining Pg Plulugg
4570_005.tif 4570_005.tif 

a.a. Align Align the splithe split tapet tapered enred end of thd of thee
sealing plug with the unused openingsealing plug with the unused opening
in the wire seal. Push the plug throughin the wire seal. Push the plug through
the wire seal into the connector until itthe wire seal into the connector until it
snaps into position.snaps into position.

 b. b. Sealing plugs can be removed bySealing plugs can be removed by
pulling with needle-nose pliers whilepulling with needle-nose pliers while
grasping the wire seal and connector.grasping the wire seal and connector.

3.3. Use aUse an inn interface terface seal bseal between etween pin pin and and jackjack
halves of the connector. To preventhalves of the connector. To prevent
damage to the seal, use the matchingdamage to the seal, use the matching
connector cap to slide the interface sealconnector cap to slide the interface seal
over the contact silos on the pin housing.over the contact silos on the pin housing.
SeeSee FiFigugurere 7-7-2626..

Rotate and PullRotate and Pull

 Wire Seal Wire Seal

Pin HousingPin Housing

Pin ContactPin Contact

Sealing PlugSealing Plug
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FiFigugure 7re 7-2-26.6. InInteterfarface Sce Seaeal l 
4570_003.tif 4570_003.tif 

4.4. When When matinmating cong connectornectors, ms, make ake sure sure thethe
polarized silos are correctly oriented. Pushpolarized silos are correctly oriented. Push
pin and jack halves of the connectorpin and jack halves of the connector
together until locking latches engage. Seetogether until locking latches engage. See
FiFigugurere 7-7-2727..

FigFigure 7ure 7-27-27.. LatLatchiching Ang AMP cMP connonnectector or 
4570_006.tif 4570_006.tif 

InterfaceInterface
SealSeal

Pin HousingPin Housing

LockingLocking
LatchesLatches
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 AMP Harness/P AMP Harness/Power Amplifierower Amplifier
ConnectorConnector

Connector ComponentsConnector Components

FigurFigure 7-e 7-28.28. PowPower Aer Amplimplifier fier ConneConnector ctor CompComponentonentss
amp006.tif amp006.tif 

Disassembly (Contact Removal)Disassembly (Contact Removal)

1.1. InserInsert a 4t a 4.8 m.8 mm scrm screwdriewdriver blver blade bade betweenetween
the mating seal and one of the red wedgethe mating seal and one of the red wedge
lock tabs.lock tabs. See FiSee Figurguree 7-27-29.9.

2.2. Pry oPry open tpen the whe wedgedge lock e lock to thto the opene open
position.position.

3.3. While While rotatirotating thng the wire e wire back back and fand forth orth overover
a half turn (1/4 turn in each direction),a half turn (1/4 turn in each direction),
gently pull the wire until the contact isgently pull the wire until the contact is
removed.removed.

FigFigure ure 7-27-29.9. AMAMP JP JPTPT1 C1 Connonnecector tor 
amp001.tif amp001.tif 

Contact InsertionContact Insertion

 The axial concentricity of the crimped contact The axial concentricity of the crimped contact
shall fall into an area defined shall fall into an area defined by a 2 mmby a 2 mm
diameter cylinder whose center is the centerlinediameter cylinder whose center is the centerline
of the contact front end.of the contact front end. See FiSee Figurguree 7-37-30.0.

 Assembly  Assembly 

Make sure the wedge lock is open.Make sure the wedge lock is open.

1.1. To insTo insert a ert a contactcontact, pus, push it h it straistraight inght intoto
the appropriate circuit cavity as far as itthe appropriate circuit cavity as far as it

 will go. See Figure will go. See Figure 7-307-30 (a) and (b). (a) and (b).

2.2. Pull bPull back on ack on the conthe contact wtact wire wire with ith a fora forcece
of 1 or 2 lbs. to make sure the retentionof 1 or 2 lbs. to make sure the retention
fingers are holding the contact. See Figurefingers are holding the contact. See Figure
7-307-30 (c). (c).

Power Amp sidePower Amp side
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FigFigure ure 7-37-30.0. ConContactact t InsInsertertionion
amp004.tif,amp005.tif amp004.tif,amp005.tif 

3.3. After After all coall contacts ntacts have bhave been ieen insertenserted, thd, thee
 wedge lock must be closed to its locked wedge lock must be closed to its locked
position. Release the locking latches byposition. Release the locking latches by
squeezing them inward.squeezing them inward. See FiSee Figurguree 7-37-31.1.

FigFigure ure 7-37-31.1. WWededge Lge Lock ock LatLatchechess
amp003.tif amp003.tif 

Be very careful when putting the wedgeBe very careful when putting the wedge
lock in the locked position. Forcing lock in the locked position. Forcing thethe
 wedge lock can cause damage to the wedge lock can cause damage to the
connectorconnector. Make sure . Make sure the wedge lthe wedge lock isock is
aligned correctly. If resistance is felt,aligned correctly. If resistance is felt,
slightly adjust the wedge lock until itslightly adjust the wedge lock until it
slides in slides in freelyfreely..

4.4. Slide Slide the wthe wedge edge lock inlock into the to the housinhousing untg untilil
it is flush with the housing.it is flush with the housing. SeeSee
FigFigureure 7-37-32.2.
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FigurFigure 7-e 7-32.32. WWedge edge Lock Lock Flush Flush WitWith Hoh Housingusing
amp002.tif amp002.tif 

TestingTesting

Do not pierce wire insulation with a sharp pointDo not pierce wire insulation with a sharp point
 while troubleshooting. while troubleshooting.

 The wedge lock has slotted openings in the The wedge lock has slotted openings in the
forward (mating) end. These slots accommodateforward (mating) end. These slots accommodate
circuit test tabs that circuit test tabs that are approx. 3.3 by 0.6 mm,are approx. 3.3 by 0.6 mm,

 which prevent damage to the receptacle. For which prevent damage to the receptacle. For
circuit testing in the field, use a flat probe suchcircuit testing in the field, use a flat probe such
as a pocket knife blade. Do not use as a pocket knife blade. Do not use a probe witha probe with
a sharp point.a sharp point.
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Power CablesPower Cables

Check power cables for:Check power cables for:

•• evevididenence ce of of ovovererheheatatiningg

•• buburnrned ed spspotots is in tn the he cacablblee

•• ninickcks is in tn the he ininsusulalatitionon

•• dadamamageged or ovd or overerheheatated ted termermininal lal lugugss

•• damdamageaged md mounountinting hg hardardwarware oe or br bracracketketss

Replace damaged cables or mounting hardwareReplace damaged cables or mounting hardware
as necessary.as necessary.

Power cables are marked on the terminal lugPower cables are marked on the terminal lug
 with the location where they belong. If  with the location where they belong. If thethe
marking is missing or is marking is missing or is not readable, remarknot readable, remark
the cable with the correct information.the cable with the correct information.

NNOTEOTE::  Terminal lugs may be replaced in the Terminal lugs may be replaced in the

field using the appropriate crimpingfield using the appropriate crimping
tools. Crimping tool, lugs, andtools. Crimping tool, lugs, and
heat-shrink are available through theheat-shrink are available through the
Parts Distribution Center. Failure to useParts Distribution Center. Failure to use
correct cables, terminal correct cables, terminal hardware, andhardware, and
torque values can result in overheatingtorque values can result in overheating
and damage to components.and damage to components.

Power Cable RepairPower Cable Repair

 Traditional lug crimping techniques for power Traditional lug crimping techniques for power
cables on DC motors may not meet the highercables on DC motors may not meet the higher
current requirements of AC motors. Usecurrent requirements of AC motors. Use
Manual Crimp Tool (P/N 1069861) whenManual Crimp Tool (P/N 1069861) when

crimping power cables for all AC crimping power cables for all AC motors. Thismotors. This
tool may also be used to tool may also be used to repair power cables forrepair power cables for
DC motors.DC motors.

1.1. RemRemove ove the the bad bad cabcable(sle(s).).

2.2. Using Using the rthe removed emoved cable(cable(s) fs) for ror refereneference,ce,
cut an appropriate amount of replacementcut an appropriate amount of replacement
cable of the same gauge.cable of the same gauge.

3.3. Set tSet the ahe adjustmdjustment ent screw screw on ton the mhe manualanual
crimp tool head to match the cable gauge.crimp tool head to match the cable gauge.

4.4. Strip Strip the cthe cable jable jacket acket to fit to fit the tethe terminal rminal toto
 be crimped. Refer to be crimped. Refer to Table Table 7-27-2 and and
 Table Table 7-37-3..

TTablable 7-e 7-2.2. CabCable Jle Jackacket Set Stritrip Lep Lengtngth - Sh - Shorhort Bat Barrerrelsls

TTabable 7le 7-3.-3. CaCable ble JacJackeket Stt Strip rip LenLength gth - Lo- Long Bng Barrarrelsels

5.5. InsInsert ert cabcable ile into nto termterminainal.l.

6.6. Place Place cable cable and and terminaterminal into l into tool ditool die ande and
crimp. Refer to pictures below for whatcrimp. Refer to pictures below for what
completed crimps should look like.completed crimps should look like.

FigFigure ure 7-37-33.3. ShoShort Bart Barrerrel Tl Termerminainal l 
7FIG1_LUGS.jpg7FIG1_LUGS.jpg

 AWG AWG Lug P/NLug P/N Strip LengStrip Lengthth

11//00 11000022221155//000011--000044 1111//116 6 iinn. . ((117 7 mmmm))

22//00 11000022221155//000055--000088 1133//116 6 iinn. . ((221 1 mmmm))

33//00 11000022221155//000099--001122 1 1 iinn. .  ((2255 mmmm))

44//00 11000022221155//001133--001155 11--11//116 i6 inn. (. (227 m7 mmm))

 AWG AWG Lug P/NLug P/N Strip LengStrip Lengthth

11//00 11000022221177//000011--000033

1-9/16 in. (40 mm)1-9/16 in. (40 mm)22//00 11000022221177//000044--000066

33//00 11000022221177//000077--000099

44//00 11000022221177//001100--001111 11--1111//116 i6 inn. (. (443 m3 mmm))
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FigFigure 7ure 7-34-34.. LonLong Bag Barrerrel Tl Termerminainalsls
7FIG2_LUGS.jpg7FIG2_LUGS.jpg

7.7. Apply Apply heat-heat-shrinshrink tubk tubing (ing (P/N 6P/N 611-011-035) t35) toothe terminal after crimping.the terminal after crimping.

a.a. For shoFor short barrt barrels, usrels, use 1.75 ie 1.75 in. (45 mn. (45 mm)m)
of tubing. Apply 1 in. (25 mm) over theof tubing. Apply 1 in. (25 mm) over the

 jacket extending 0.75 in. (19 mm jacket extending 0.75 in. (19 mm) over) over
the barrel.the barrel.

 b. b. For long barrels, use 2.5 For long barrels, use 2.5 in. (64 mm) ofin. (64 mm) of
tubing. Apply 1 in. (25 mm) over tubing. Apply 1 in. (25 mm) over thethe

 jacket extending 1.5 in. (38 mm jacket extending 1.5 in. (38 mm) over) over
the barrel.the barrel.
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FusesFuses

For a complete list of fuses, amperage ratings,For a complete list of fuses, amperage ratings,
and functional descriptions, refer toand functional descriptions, refer to papagege 5-5-44..

Power Amplifier FusesPower Amplifier Fuses

Fuses for the Traction and Pump PowerFuses for the Traction and Pump Power
 Amplifiers are attached to their respective Amplifiers are attached to their respective
power amplifier located in the rearpower amplifier located in the rear
compartment. Seecompartment. See FiFigugurere 7-7-3535..

FigurFigure 7-e 7-35.35. PowePower Fusr Fuses - es - TraTraction ction PowePower Amr Ampsps
10724_010.jpg,10724_012.jpg10724_010.jpg,10724_012.jpg

FigFigure 7ure 7-36-36.. PowPower Fuer Fuse - Puse - Pump Pmp Poweower Amp r Amp 
10724_010.jpg,10724_012.jpg10724_010.jpg,10724_012.jpg

Main FusesMain Fuses

Fuses for the key switcFuses for the key switch, DC/DC Converter,h, DC/DC Converter,
Hydraulic Control Board, and optionalHydraulic Control Board, and optional
equipment terminal strip are located on theequipment terminal strip are located on the

Main Fuse Panel located near the batteryMain Fuse Panel located near the battery
connector in the rear compartment. Seeconnector in the rear compartment. See
FigFigureure 7-37-377..

FiFigugure 7re 7-3-37.7. MaMain Fin Fususe Pae Panenel l 
10724_011.jpg10724_011.jpg

+24V Fuse Panel+24V Fuse Panel

Fuses for +24V components are located on aFuses for +24V components are located on a
panel mounted on the left side of the underpanel mounted on the left side of the under
floor compartment. Seefloor compartment. See FigFigururee 7-7-3838..

FiFigugure 7re 7-3-38.8. +2+24V F4V Fususe Pae Panenel l 
10724_013.jpg10724_013.jpg

NNOTEOTE::  A thin  A thin screwdriver can screwdriver can be used be used to accessto access
the desired fuse. Carefully push the fusethe desired fuse. Carefully push the fuse
out with the tip of out with the tip of the screwdriver.the screwdriver.

FT2FT2

Traction Power AmplifiersTraction Power Amplifiers

FT1FT1

FPFP

Pump Power AmpPump Power Amp
(under Traction Amps)(under Traction Amps)

Main Fuse PanelMain Fuse Panel
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Optional Fingertip Control FusesOptional Fingertip Control Fuses

Fuses for optional fingertip controls are locatedFuses for optional fingertip controls are located
on the armrest mounting bracket near theon the armrest mounting bracket near the
Hydraulic Control Board. SeeHydraulic Control Board. See FiFigugurere 7-7-3939..

FigurFigure 7-e 7-39.39. Fuse Fuse PanePanel Nel Near Har Hydrauydraulic lic ContrControl Bol Board oard 
Bz-006.tif Bz-006.tif 
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PotentiometersPotentiometers

Steer Potentiometer (P1)Steer Potentiometer (P1)

 The steer potentiometer (pot) is located un The steer potentiometer (pot) is located under ader a
dust cap attached to a bracket on the todust cap attached to a bracket on the top of thep of the
steer actuator. See Figuresteer actuator. See Figure 7-407-40..

FiFigugure re 7-7-4040.. StSteeeer r PoPot t 
4400P1A.jpg4400P1A.jpg

RemovalRemoval

1.1. Turn thTurn the key swe key switch Oitch OFF and dFF and discoisconnennectct
the battery the battery connector.connector.

2.2. UnpluUnplug the g the wirinwiring hag harness crness connectonnector for fromrom
the steer pot and remove dust cap.the steer pot and remove dust cap.

3.3. RemRemove thove the two sce two screwrews and ws and washashersers
securing the steer pot to the mountingsecuring the steer pot to the mounting

 bracket. bracket.

4.4. CarefCarefully lully lift ift the stethe steer poer pot strat straight ight off theoff the
shaft.shaft.

InstallationInstallation

1.1. InstalInstall the l the steer steer pot on pot on the cithe circular rcular disk odisk orr
 bracket. bracket.

2.2. Plug tPlug the wihe wiring ring harness harness conneconnector ictor into tnto thehe
steer pot.steer pot.

3.3. Run LeRun Learn foarn for the r the steer steer pot in pot in FlashFlashWWare.are.
See “LeaSee “Learn Steer” on prn Steer” on pageage 3-133-13..

4.4. Secure Secure the dthe dust cust cap to ap to the tthe top of op of the sthe steerteer
actuator.actuator.

Travel Potentiometer (P2)Travel Potentiometer (P2)

 The travel pot is located in the right  The travel pot is located in the right rear of therear of the
pedal assembly. Seepedal assembly. See FigFigureure 7-47-411..

FiguFigure 7-41re 7-41.. AcceAcceleralerator Pedtor Pedal Assal Assyy. (sing. (single pedle pedal shoal shown)wn)
Pedali2.JPGPedali2.JPG

RemovalRemoval

1.1. Turn tTurn the kehe key swiy switch OFtch OFF and dF and discoisconnennectct
the battery the battery connector.connector.

2.2. Remove Remove the the operaoperator ctor comparompartment tment floorfloor..

3.3. UnpluUnplug thg the wire wiring hing harness arness connectconnectors ors toto
the traction pot and switch(es).the traction pot and switch(es).

4.4. RemRemove the acove the acceleceleratrator pedor pedal assal assembemblyly
from the lift truck.from the lift truck.

5.5. Remove Remove the tthe travel ravel pot fpot from rom the athe accelercceleratorator
pedal assembly.pedal assembly.

InstallationInstallation

1.1. InstalInstall the l the new tnew travel ravel pot ipot in the n the pedalpedal
assembly.assembly.

2.2. InstalInstall the l the pedal pedal assembassembly in ly in the lthe lift trift truck.uck.

Steer Pot (P1)Steer Pot (P1)

Travel Pot (P2)Travel Pot (P2)
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3.3. Plug Plug the the wirinwiring hg harness arness connecconnectors tors intointo
the travel pot and switch(es).the travel pot and switch(es).

4.4. Run LeaRun Learn for rn for the trthe travel pavel pot in ot in FlashWFlashWare.are.
See “LeSee “Learn Travel” arn Travel” on pagon pagee 3-12.3-12.

Lift Potentiometer (P3)Lift Potentiometer (P3)

RemovalRemoval

1.1. Turn tTurn the key she key switwitch OFF ach OFF and dind disconsconnecnectt
the battery cthe battery connector.onnector.

2.2. RemRemove thove the conte control vrol valvalve covee coverr..

3.3. UnpluUnplug thg the wire wiring ing harness harness connectconnector tor too
the lift pot.the lift pot.

4.4. Loosen Loosen the sthe socket ocket head head screw screw securinsecuring thg thee
clamp on the lift pot shaft.clamp on the lift pot shaft.

5.5. Remove Remove the hthe hardwardware are securinsecuring thg the life lift pott pot
to the bracket.to the bracket.

6.6. RemRemove thove the pot fe pot from trom the brhe brackacket.et.

FigFigure ure 7-47-42.2. LifLift Pt Pot ot LocLocatiationon
distributore01.tif distributore01.tif 

InstallationInstallation

1.1. Place Place the lithe lift poft pot shat shaft thft through rough the hthe hole inole in
the control valve bracket. Align the locatorthe control valve bracket. Align the locator
pin with the hole in the mounting plate.pin with the hole in the mounting plate.

2.2. InstaInstall the lll the lock waock washersher, nut, , nut, and wand washerasherring on the lift pot shaft.ring on the lift pot shaft.

3.3. Adjust Adjust the the lift lift pot. pot. MeasurMeasure ree resistansistancece
 between the green and the yellow/red between the green and the yellow/red
 wire. Use a screwdriver to turn the pot wire. Use a screwdriver to turn the pot
shaft until the meter reads approx.shaft until the meter reads approx.
5K5K ohohmsms..

4.4. Tighten Tighten the sthe socket ocket head head screw screw in tin the shhe shaftaft
clamp.clamp.

5.5. VVerify erify resistaresistance dence decreases creases linearlinearly whly whenen
the lift lever is pulled.the lift lever is pulled.

6.6. VVerify erify the lthe lift ift microswmicroswitch itch operatoperateses
correctly.correctly.

7.7. Run LRun Learn fearn for thor the lift e lift pot in pot in FlashWFlashWare.are.
See “LeaSee “Learn Lift” on parn Lift” on pagege 3-133-13..

Lift Pot (P3)Lift Pot (P3)
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Motor Encoder BearingMotor Encoder Bearing

RemovalRemoval

1.1. Turn thTurn the key swe key switch Oitch OFF and dFF and discoisconnennectctthe battery the battery connector.connector.

2.2. DisconnDisconnect aect all call cables bles and and connecconnectors tors atat
the motor and remove the the motor and remove the motor.motor.

3.3. Remove Remove the fthe four boour bolts thlts that secuat secure thre the tope top
end bell to the bottom end bell.end bell to the bottom end bell. SeeSee
FigFigureure 7-47-43.3.

FigFigure ure 7-47-43.3. RetRetainaining Bing Bolt Rolt Rememovaoval l 
encoder1.jpgencoder1.jpg

4.4. Mark Mark the pothe position sition of thof the top e top end bend bell anell andd
 bottom end bell relative to the stator bottom end bell relative to the stator..

5.5. ReRemomove tve top eop end nd bebellll..

6.6. RemRemove ove the the snasnap p rinring.g. See FiSee Figurguree 7-47-44.4.

FigFigure ure 7-47-44.4. SnaSnap Rp Ring ing RemRemovaoval l 
Encoder2.jpgEncoder2.jpg

7.7. With With a spaca spacer beter between ween the mthe motor shotor shaft aaft andnd
 bearing puller bearing puller, remove the encoder, remove the encoder
 bearing. bearing. See FiSee Figurguree 7-47-45.5.

FiFigurgure 7-4e 7-45.5. EncEncododer Beer Beariaring Reng Remomoval val 
Encoder3.jpgEncoder3.jpg

RetainingRetaining
BoltsBolts

SnapSnap
RingRing

SpacerSpacer
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InstallationInstallation
1.1. LubriLubricate cate motor motor shaft shaft before before instainstallinglling

new encoder bearing.new encoder bearing. See FiSee Figurguree 7-47-46.6.

FigFigure ure 7-47-46.6. LubLubricricate ate MotMotor Sor Shafhaft t 
Encoder4.jpgEncoder4.jpg

2.2. DriDrive the neve the new encow encoder beder beariaring ontng onto theo the
motor shaft using an M8 screw, nut, andmotor shaft using an M8 screw, nut, and

 washers. washers. See FiSee Figurguree 7-47-47.7.

FigFigure 7-ure 7-47.47. EncEncododer Beaer Bearinring Instg Installallatiationon
Encoder6.jpgEncoder6.jpg

3.3. SlowlSlowly turn y turn the nuthe nut untt until thil the beare bearing iing iss
seated.seated. See FiSee Figurguree 7-47-48.8.

FiguFigure 7re 7-48.-48. DriviDriving Eng Encodncoder Oer Onto nto MotoMotor Sr Shaft haft 
Encoder7.jpgEncoder7.jpg

4.4. InsInstaltall tl the he snasnap rp ringing.. See FigSee Figureure 7-47-49.9.

FigFigure ure 7-47-49.9. SnaSnap Rip Ring Ing Instnstallallatiationon
Encoder8.jpgEncoder8.jpg

5.5. CorCorrecrectly itly instnstall tall top enop end beld bell.l.

6.6. TorqTorque the eue the end bend bell retll retainaining bing boltolts ass as

follows:follows:
•• TraTractction ion momotor tor - 15 f- 15 ft. lt. lb. (b. (20 N20 Nm)m)

•• PuPump mp momototor - r - 8 f8 ft. t. lblb. (. (11 11 NmNm))

7.7. ReRe-i-insnstatall moll motortor..

8.8. RecReconnonnect alect all connl connectectors anors and powd powerer
cables. Torque motor cable securing nutscables. Torque motor cable securing nuts
to 18 fto 18 ft. lb. t. lb. (24(24 Nm).Nm).

9.9. ReconnReconnect thect the bae battery ttery connecconnector tor and and turnturn
the key switch ON.the key switch ON.

1010.. TeTest trst trucuck opek operaratiotion.n.

M8 Screw M8 Screw 

NutNut

 Washer Washer

Large WasherLarge Washer

https://www.forkliftpdfmanuals.com/



PPuubblliiccaattiioon  n  11111133006655,  ,  IIssssuueedd:  :  115  5  MMaar  r  22001100 77--3399

  

SSeeccttiioon  n  77.. CCoommppoonneennt  t  PPrroocceedduurreess MMooddeel  l  4444550  0  MMaaiinntteennaanncce  e  MMaannuuaall

EElleeccttrriiccaal  l  CCoommppoonneennttss MMoottoor  r  TTeemmppeerraattuurre  e  SSwwiittcch  h  RReeppaaiirr

Motor TemperatureMotor Temperature
Switch RepairSwitch Repair

 Temperature switches for the traction and Temperature switches for the traction and
pump motors are integral to the pump motors are integral to the motormotor. When a. When a
motor temperature switch fails, it can bemotor temperature switch fails, it can be
replaced using the procedures that follow.replaced using the procedures that follow.

Traction MotorTraction Motor
1.1. Turn thTurn the key swe key switch Oitch OFF and dFF and discoisconnennectct

the battery the battery connector.connector.

2.2. DisconnDisconnect aect all call cables bles and and connecconnectors tors atat
the motor.the motor.

3.3. Mark Mark the pothe position sition of thof the top e top end bend bell anell andd
 bottom end bell relative to th bottom end bell relative to the stator, e stator, thenthen
remove the snap ring.remove the snap ring.

4.4. Remove Remove the fthe four boour bolts thlts that secuat secure thre the tope top
end bell to the bottom end bell.end bell to the bottom end bell.

5.5. Remove Remove the top the top end beend bell. Usll. Use care e care that that thethe
encoder bearing remains in the bottomencoder bearing remains in the bottom
end bell to reduce the chance of damagingend bell to reduce the chance of damaging
the bearing.the bearing.

6.6. InstalInstall a l a new tnew temperemperature ature switch switch using using thethe
high temperature silicone (neutral curing)high temperature silicone (neutral curing)
supplied with the supplied with the temperature sensor.temperature sensor.
Mount the sensor close to the location ofMount the sensor close to the location of
the original. Secure the cable with a cablethe original. Secure the cable with a cable
tie to one of the power leads.tie to one of the power leads.

7.7. InstalInstall the l the top entop end bell d bell in the in the positiposition thaon thatt
 was previously marked. V was previously marked. Verify correcterify correct

stator installation and install snap ring.stator installation and install snap ring.

8.8. Secure Secure the tthe top end op end bell tbell to the o the bottom bottom endend
 bell using the four bolts previously bell using the four bolts previously
removed. Torque the end bell retainingremoved. Torque the end bell retaining

 bolts to 15 ft. lb. (20 Nm bolts to 15 ft. lb. (20 Nm).).

9.9. RecoReconnennect all coct all connennectoctors and prs and poweowerr
cables. Torque motor cable securing nutscables. Torque motor cable securing nuts
to 18 fto 18 ft. lb. t. lb. (24(24 Nm).Nm).

10.10. ReconnReconnect tect the bhe battery attery connecconnector tor and and turnturn
the key switch ON.the key switch ON.

Pump MotorPump Motor

1.1. Turn thTurn the key swe key switch Oitch OFF and dFF and discoisconnennectctthe battery the battery connector.connector.

2.2. DisDisconconnecnect the tempt the temperaeraturture switce switchh
connector.connector.

3.3. DisDisconnconnect caect cables ables and motnd motor haor harnesrnesss
connections, making sure that you noteconnections, making sure that you note
locations for locations for reassembly later.reassembly later.

4.4. SeparSeparate tate the puhe pump asmp assembly sembly from from the lithe liftft
pump motor and remove pump motor and remove lift pump motor.lift pump motor.

5.5. Remove Remove the fthe four bour bolts tholts that seat secure tcure the tophe top
end bell to the bottom end bell.end bell to the bottom end bell.

6.6. Remove Remove the top the top end bend bell. Usell. Use care care that e that thethe
 bearing remains in the bottom end  bearing remains in the bottom end bell tobell to
reduce the chance of damaging thereduce the chance of damaging the

 bearing. bearing.

7.7. InstalInstall a nl a new teew temperamperature sture sensor ensor using using thethe
high temperature silicone (neutral curing)high temperature silicone (neutral curing)
supplied with the temperature switch.supplied with the temperature switch.
Mount the sensor close to the location ofMount the sensor close to the location of
the original. Secure the cable with a cablethe original. Secure the cable with a cable

tie to one of the power leads.tie to one of the power leads.
8.8. CarCarefuefully plly press tress the top ehe top end bend bell to thll to thee

stator. Do not pinch the cables or allowstator. Do not pinch the cables or allow
contact with the contact with the rotor. Vrotor. Verify correct statorerify correct stator
installation.installation.

9.9. Secure Secure the tothe top end p end bell tbell to the o the bottom bottom endend
 bell using the four bolts previously bell using the four bolts previously
removed. Torque the end bell retainingremoved. Torque the end bell retaining

 bolts to 8 ft. lb. (11 Nm bolts to 8 ft. lb. (11 Nm).).

10.10. ReinReinstastall pull pump momp motor to ttor to the puhe pumpmp
assembly.assembly.

11.11. ReconnReconnect ect connecconnector tor and and power power cablescables..

12.12. ReconnReconnect tect the bahe battery ttery connecconnector ator and nd turnturn

the key switch ON.the key switch ON.
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Cold StorageCold Storage
ConditioningConditioning

NNOTEOTE:: Conversion of lift trucks for cold storageConversion of lift trucks for cold storage

operation requires prior Raymondoperation requires prior Raymond
approval via Form S207.approval via Form S207.

Lift trucks operated in a cold storageLift trucks operated in a cold storage
environment require the following:environment require the following:

•• AlAll-l-weweatatheher hyr hydrdrauaulilic fluc fluid (id (P/P/NN 1010171723238)8)

NNOTEOTE:: DoDo not not  add any additive to this hydraulic add any additive to this hydraulic
fluid.fluid.

•• SeaSealed led seaseat st switwitch ch (P/(P/N N 312312347347-00-000).0).

•• SeSealaled eed eleclectrtricical coal connnnecectortors. Ss. Seeee
“Connector Sealing”“Connector Sealing”..

Connector SealingConnector Sealing
Fill sockets and the front and back of bothFill sockets and the front and back of both
halves of unsealed connectors with cold storagehalves of unsealed connectors with cold storage
sealinsealing compound (P/Ng compound (P/N 990-4990-445). Connec45). Connectt

 wires and connectors. Coat the outside and wires and connectors. Coat the outside and
 where connectors attach to the circuit board. where connectors attach to the circuit board.
Coat terminals and terminal strips.Coat terminals and terminal strips.

NNOTEOTE:: Self-sealing AMP connectors (referenceSelf-sealing AMP connectors (reference
papagege 7-7-2626) do not need sealing) do not need sealing
treatment.treatment.

Corrosion Inhibitor CoatingCorrosion Inhibitor Coating

Coat or spray bare metal surfaces listed belowCoat or spray bare metal surfaces listed below
 with Corrosion  with Corrosion Inhibitor Coating Inhibitor Coating (P/N(P/N 990-644):990-644):

•• MaiMain ann and frd free lee lift ift chachain pin pullulleys eys and and shashaftsfts

•• MaMain ain and fnd freree life lift cht chaiain ann anchchorors ans andd
threaded pinsthreaded pins
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Hydraulic ComponentsHydraulic Components

Section 7.Component ProceduresSection 7.Component Procedures

Hydraulic ComponentsHydraulic Components
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Hydraulic FluidHydraulic Fluid

Changing FluidChanging Fluid

 To change  To change the hythe hydraulic fdraulic fluid, paluid, park rk the truck the truck onon
a flat surface with the mast tilted back and thea flat surface with the mast tilted back and the
forks lowered. Set the forks lowered. Set the parking brake.parking brake.

1.1. DisconnDisconnect oect one of ne of the othe outboautboard hrd hoses toses thathat
feeds the auxiliary functions.feeds the auxiliary functions.

2.2. Direct Direct the hthe hose inose into a to a waste waste contaicontainer wner withith
a capacity greater than 5.5 gallonsa capacity greater than 5.5 gallons
(21(21 liters). To liters). To drain the drain the reservoir, reservoir, operateoperate
an auxiliary function until you hear air inan auxiliary function until you hear air in
the system.the system.

Operating the pump with the systemOperating the pump with the system

drained can damage the pump.drained can damage the pump.

3.3. Turn thTurn the key swe key switch Oitch OFF and dFF and discoisconnennectct
the battery the battery connector.connector.

4.4. RemRemove tove the flhe floor ooor of the f the operoperatoatorr
compartment to access the reservoir andcompartment to access the reservoir and
filter.filter.

5.5. Remove Remove cap wicap with fith filterlter. Remo. Remove the fve the filterilter
from the cap.from the cap.

6.6. InsInstaltall a nl a new few filteilter on tr on the che cap.ap.

7.7. RecoReconnennect tct the ouhe outbotboard ard hoshose.e.

8.8. Fill thFill the resee reservoir rvoir with with new, new, clean hclean hydrauydrauliclic
fluid. Refer tofluid. Refer to "Lubrication Specification"Lubrication Specification

Chart" on page A-2Chart" on page A-2. Install cap with filte. Install cap with filterr..
9.9. InstalInstall the l the operaoperator cotor comparmpartment tment floorfloor..

10.10. Test to Test to make make sure tsure the hyhe hydrauldraulic sysic system item iss
functioning correctly.functioning correctly.

11.11. MakMake sure te sure therhere are no fe are no fluiluid lead leaks.ks.

Bleeding the Hydraulic SystemBleeding the Hydraulic System

 You must bleed the  You must bleed the hydraulic system wheneverhydraulic system whenever
 you: you:

•• ChaChange nge the the hydhydrauraulic lic flufluid id and and filfilter ter 

•• ChChanange ge a ha hydydraraululic ic hohosese

•• DiDiscosconnnnect ect a ha hydydrarauliulic fc fitittitingng
•• NoNotitice ce ththat at ththe le loaoad id is bs bounouncicingng

•• ReRemomove ve a ha hydydraraululic ic pupumpmp

•• RemRemovove te the he hyhydrdrauaulilic rc reseserervoivoir r 

TF and TT MastsTF and TT Masts

1.1. ReconnReconnect tect the bhe battery attery connecconnector ator and nd turnturn
the key switch ON. Sit on the seat and liftthe key switch ON. Sit on the seat and lift
the forkthe forks 6 to 12s 6 to 12 in. (150 tin. (150 to 300 mmo 300 mm) off) off
the ground.the ground.

2.2. Free Lift Cylinders Free Lift Cylinders  - Loosen (do not - Loosen (do not
remove) the bleed screw on the lift cylinderremove) the bleed screw on the lift cylinder
to let any air escape. Hold a to let any air escape. Hold a shop rag closeshop rag close
to and beneath the bleed screw to keepto and beneath the bleed screw to keep
any hydraulic fluid from spraying out.any hydraulic fluid from spraying out.

 When all of the air has escaped an When all of the air has escaped andd
hydraulic fluid starts coming out of thehydraulic fluid starts coming out of the

 bleed screw hole, securely tighten the bleed screw hole, securely tighten the
 bleed screw. bleed screw.

NNOTEOTE:: Main Lift Cylinders Main Lift Cylinders  are self-bleeding. Lift are self-bleeding. Lift

and lower the forks several times.and lower the forks several times.

3.3. Lower Lower the fothe forks alrks all the wl the way to ay to the flothe flooror..

NNOTEOTE::  When bleeding the hydraulic system, When bleeding the hydraulic system,
 bleed all cylinders. bleed all cylinders.

4.4. BleBleed ted the ahe auxiuxilialiary sry systystem:em:

a.a. Tilt the mTilt the mast all ast all the wathe way fory forward ward andand
 backward several times. backward several times.

 b. b. If the lift truck has sideshift, shift If the lift truck has sideshift, shift thethe
carriage all the way to the left and rightcarriage all the way to the left and right
several times.several times.

5.5. CheCheck the hyck the hydradraulic fulic fluiluid leveld level. Add. Add
hydraulic fluid as needed.hydraulic fluid as needed.

Quad MastsQuad Masts

1.1. WithWithout a out a load, load, extend extend the fthe free lifree lift cylint cylinderder
and continue to extend the main liftand continue to extend the main lift
cylinders to 90% of full stroke. Retract allcylinders to 90% of full stroke. Retract all
cylinders completely. Repeat three times.cylinders completely. Repeat three times.

2.2. Extend Extend the the cylindcylinders ers withowithout a ut a load load atat
50% lift speed, then build full system50% lift speed, then build full system
pressure at the end the main lift cylinderpressure at the end the main lift cylinder
stroke. Retract cylinders. Repeat fourstroke. Retract cylinders. Repeat four
times.times.

3.3. Cycle Cycle the mthe mast wast with a ith a half half load (load (50% r50% ratedated
capacity) through full cylinder extensioncapacity) through full cylinder extension

several times. The cylinders should extendseveral times. The cylinders should extend
smoothly. Repeat the steps if cylindersmoothly. Repeat the steps if cylinder

hh
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Hydraulic PressureHydraulic Pressure
 Adjustment Adjustment

Lift and auxiliary function pressures areLift and auxiliary function pressures are
adjusted at the control valve. On trucks withadjusted at the control valve. On trucks with
lever controls, the lift, tilt, sideshift, and 4thlever controls, the lift, tilt, sideshift, and 4th
aux functions have individual adjustmentaux functions have individual adjustment
points on the control valve. On trucks withpoints on the control valve. On trucks with
fingertip controls, only the lift pressure isfingertip controls, only the lift pressure is
adjustable. See Figuresadjustable. See Figures 7-507-50 and and 7-517-51..

FiguFigure 7-5re 7-50.0. PresPressure sure AdjuAdjustmestment Pont Points ints - Lev- Lever Coer Controlntrolss
4608408.tif 4608408.tif 

SideshiftSideshift

LiftLift

TiltTilt

4th Aux 4th Aux 

TiltTilt

SideshiftSideshift

4th Aux 4th Aux 

LiftLift

1. Loosen retaining nut.1. Loosen retaining nut.

2. Turn pressure adjusting screw:2. Turn pressure adjusting screw:
clockwise to increase pressureclockwise to increase pressure
counterclockwise to decrease pressurecounterclockwise to decrease pressure

3. Tighten retaining nut.3. Tighten retaining nut.
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FigurFigure 7-51e 7-51.. PressPressure Adure Adjustjustment Pment Points oints - Fing- Fingertip Certip Controontrolsls
nofilenofile

Lift Pressure AdjustmentLift Pressure Adjustment
1.1. LowLower ther the carre carriagiage compe completletely.ely.

2.2. Turn thTurn the key swe key switch Oitch OFF and dFF and discoisconnennectct
the battery the battery connector.connector.

3.3. RemRemove thove the covee cover to gar to gain accin access to tess to thehe
pump pressure port and the pump pressure port and the hydraulichydraulic
control valve covecontrol valve cover.r.

4.4. Using Using Metric Metric PressurPressure Fite Fitting ting AdaptAdapterer

P/NP/N 1620-1620-04CE, inst04CE, install a pressure gaugall a pressure gaugee
capable of reading at least 5000 psicapable of reading at least 5000 psi
(34,470 kPa) at the pump pressure port.(34,470 kPa) at the pump pressure port.
See FigureSee Figure 7-527-52..

FigFigure ure 7-57-52.2. PumPump Pp Presressursure e PorPort t 
10724_004.jpg10724_004.jpg

5.5. ReconnReconnect tect the bhe battery attery connecconnector ator and nd turnturn
the key switch ON.the key switch ON.

6.6. PlaPlace thce the maxie maximum rmum rateated load load on thed on the
forks.forks.

7.7. ElevatElevate the ce the carriaarriage pasge past fret free lift e lift (when (when thethe
telescopics begin to lift). Record thetelescopics begin to lift). Record the
pressure required to lift the load.pressure required to lift the load.

8.8. Lower Lower the cthe carriaarriage ange and remd remove thove the loae load.d.

9.9. ElevatElevate the e the carricarriage iage in a sn a safe aafe area urea until tntil thehe
upper limit is reached (lift bypass isupper limit is reached (lift bypass is
activated)activated)

LiftLift

LowerLower

EVP Proportional ValveEVP Proportional Valve

 V Valve Tightening Talve Tightening Torque - 22 ft. lb. orque - 22 ft. lb. (30 Nm)(30 Nm)

Turn pressure adjusting screw:Turn pressure adjusting screw:
Clockwise to increase pressureClockwise to increase pressure
Counterclockwise to decrease pressureCounterclockwise to decrease pressure

EV3 - Tilt ForwardEV3 - Tilt Forward
EV5 - Left SideshiftEV5 - Left Sideshift

EV7 - 4th Aux EV7 - 4th Aux 

EV4 - Tilt BackwardEV4 - Tilt Backward

EV6 - Right SideshiftEV6 - Right Sideshift

EV8 - 4th Aux EV8 - 4th Aux 

Pressure Adjusting Screw Pressure Adjusting Screw 

Pressure portPressure port
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NNOTEOTE:: Loosen the locking nut and turn the liftLoosen the locking nut and turn the lift
pressure adjustment screw clockwise topressure adjustment screw clockwise to
increase pressure, counterclockwise toincrease pressure, counterclockwise to
decrease the pressure.decrease the pressure.

10.10. ContiContinue tnue tryinrying to g to lift. lift. Turn Turn the the liftlift

pressure adjusting screw (seepressure adjusting screw (see FigFigururee 7-7-5050  
oror FiFigugurere 7-7-5151) to obtain a pressure) to obtain a pressure
readireading 200 psi (1379ng 200 psi (1379 kPa) greakPa) greater thanter than
the pressure required to lift the maximumthe pressure required to lift the maximum
rated load (the value recorded in step 7).rated load (the value recorded in step 7).

11.11. Check Check the the pressurpressure age again. ain. Repeat Repeat thisthis
procedure until the correct pressureprocedure until the correct pressure
reading is obtained. Tighten the lockingreading is obtained. Tighten the locking
nut.nut.

12.12. Turn tTurn the key swhe key switcitch OFF anh OFF and discd disconnonnectect
the battery cthe battery connector.onnector.

13.13. RemRemove preove pressurssure gauge gauge from the from the pumpe pump
pressure port and replace cap.pressure port and replace cap.

1414.. ReReininststalall col coververs.s.

 Auxiliary Function Pre Auxiliary Function Pressuressure
 Adjustment Adjustment

1.1. LowLower ther the care carriariage comge complepletelytely..

2.2. Turn tTurn the key she key switwitch OFF ach OFF and dind disconsconnecnectt
the battery cthe battery connector.onnector.

3.3. RemRemove thove the covee cover to gair to gain accn access to thess to thee
pump pressure port and the hydraulicpump pressure port and the hydraulic
control valve cover.control valve cover.

4.4. Using Using MetriMetric Pc Pressure ressure FittinFitting Ag Adapterdapter
P/NP/N 1620-1620-04CE, inst04CE, install a pressure gaugall a pressure gaugee

at the pump pressure port.at the pump pressure port.
5.5. ReconnReconnect thect the bae battery ttery connecconnector tor and and turnturn

the key switch ON.the key switch ON.

6.6. ActivaActivate an te an auxiliauxiliary ary functifunction to on to bypassbypass..

NNOTEOTE:: Loosen the locking nut for the functionLoosen the locking nut for the function
requiring adjustment and turn therequiring adjustment and turn the
pressure adjustment screw clockwise topressure adjustment screw clockwise to
increase pressure, counterclockwise toincrease pressure, counterclockwise to
decrease the pressure.decrease the pressure.

7.7. CheCheck tck the prhe pressessureure. Adj. Adjust tust thehe
corresponding pressure adjustment screwcorresponding pressure adjustment screw
to 2300 psi (16000 kPa) max (seeto 2300 psi (16000 kPa) max (see
FigFigureure 7-57-500).).

8.8. TigTighthten then the loce lockiking nung nut.t.

9.9. Turn tTurn the key she key switwitch OFF ach OFF and dind disconsconnecnectt

10.10. Remove Remove pressupressure gre gauge auge from from the the pumppump
pressure port and replace cap.pressure port and replace cap.

1111.. ReReininststalall col coveversrs..
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Hydraulic Pump andHydraulic Pump and
MotorMotor

If the pump is to be removed, disconnect hoses.If the pump is to be removed, disconnect hoses.
If motor only is to be removed, leave the hosesIf motor only is to be removed, leave the hoses
attached to the pump.attached to the pump.

Separating Pump and MotorSeparating Pump and Motor

 There are four bolts on the end of the p There are four bolts on the end of the pump.ump.
 Two bolts are shorter and hold the p Two bolts are shorter and hold the pumpump
together. The other two bolts are longer andtogether. The other two bolts are longer and
thread into the end bell thread into the end bell of the motor.of the motor. SeeSee
FigFigureure 7-57-53.3.

FigFigure ure 7-57-53.3. PumPump Mp Mounountinting Bg Boltoltss
pumpbolts.jpgpumpbolts.jpg

 Apply molybdenum anti-seize compound Apply molybdenum anti-seize compound

(P/N(P/N 990-638) 990-638) to the to the pump shafpump shaft splines t splines beforebefore
reassembly.reassembly.

 After reassembly, torque the pump mounting After reassembly, torque the pump mounting
 bolts to 33 ft. lb. (45 ±5 N bolts to 33 ft. lb. (45 ±5 Nm).m).

PumpPump

MountingMountingBoltsBolts
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Quad Mast CylinderQuad Mast Cylinder
ServiceService

Main or Free Lift CylindersMain or Free Lift Cylinders
1.1. RemRemove thove the cylie cylindender fror from the mm the mastast.. SeeSee

“Cylinder Removal and Installation” on“Cylinder Removal and Installation” on
papagege 7-7-6565..

2.2. Use Use a claa claw-typw-type spane spanner wner wrench rench to remto removeove
the retainer from the shell.the retainer from the shell.

3.3. Remove Remove the the plungeplunger/pistor/piston an assemblssembly fy fromrom
the shell.the shell.

4.4. Inspect Inspect all coall componemponents fonts for nicr nicks or ks or burrburrs.s.
Minor nicks or burrs can be removed Minor nicks or burrs can be removed withwith
400-grit emery cloth.400-grit emery cloth.

NNOTEOTE:: Minor nicks are those that do notMinor nicks are those that do not
 bypass oil when under pressure. If they bypass oil when under pressure. If they
cannot be removed with emery cloth,cannot be removed with emery cloth,
replace the part. If the piston requiresreplace the part. If the piston requires
replacement, refer toreplacement, refer to “Piston Removal”“Piston Removal”..

5.5. RepReplaclace the rete the retainainer and per and pististon sealon seals,s,
 back-up rings, O-rings,  back-up rings, O-rings, and bearing.and bearing.
Lubricate the new seals with petroleumLubricate the new seals with petroleum

 jelly prior to installation. jelly prior to installation. Note correct sealNote correct seal

direction. The seal lip always points towarddirection. The seal lip always points toward

the pressure side of cylinder.the pressure side of cylinder. The cylinder The cylinder
 will not operate correctly if the seals are will not operate correctly if the seals are
installed backwards.installed backwards.

6.6. Main Lift Cylinder Main Lift Cylinder  - Install the plunger - Install the plunger
retainer on the plunger. Install theretainer on the plunger. Install the

plunger/piston assembly into the cylinderplunger/piston assembly into the cylindershell. Using the claw spanner and stshell. Using the claw spanner and straprap
 wrenches, tighten the retainer to 95  wrenches, tighten the retainer to 95 toto
125125 ft. ft. lb. lb. (12(129 to 19 to 16969 NmNm).).

Free Lift Cylinder Free Lift Cylinder  - Install the plunger - Install the plunger
retainer on the plunger. Install theretainer on the plunger. Install the
plunger/piston assembly into the cylinderplunger/piston assembly into the cylinder
shell. Pour 1/2 cup (120 ml) hydraulic oilshell. Pour 1/2 cup (120 ml) hydraulic oil
into the cylinder cavity between the shellinto the cylinder cavity between the shell
and rod. Using the claw sand rod. Using the claw spanner and strappanner and strap

 wrenches, tighten the retainer to 95  wrenches, tighten the retainer to 95 toto
125125 ft. ft. lb. lb. (12(129 to 19 to 16969 NmNm).).

Piston RemovalPiston Removal

1.1. Remove Remove the the plungeplunger/pistor/piston an assemblssembly fy fromrom
th li d h llth li d h ll

2.2. Use a Use a strap strap wrencwrench and h and 400-g400-grit erit emerymery
cloth to secure the plunger while turningcloth to secure the plunger while turning
the piston with a pin type spanner wrench.the piston with a pin type spanner wrench.
See FiSee Figurguree 7-57-54.4.

FiFigugure 7-re 7-5454.. PiPistston Reon Remomovaval l 
MA0677.epsMA0677.eps

3.3. Turn tTurn the pihe piston uston until ntil the snthe snap wap wire enire end isd is
 visible through  visible through the hole. the hole. Use a Use a screwdriverscrewdriver
to start the wire end out the to start the wire end out the hole. Turn thehole. Turn the
piston to feed the wire out.piston to feed the wire out.

4.4. PulPull the pl the pistoiston from tn from the plhe plungungerer..

5.5. For reFor reassassembembly, rely, reververse the rese the removmovalal
procedure. Install a new snap wire whenprocedure. Install a new snap wire when
installing the piston.installing the piston.

 V Valve Cartridge Replacemalve Cartridge Replacementent
1.1. LowLower er masmast t comcompletpletelyely..

2.2. RemRemove suove supplpply hosy hose froe from the vm the valvalvee
cartridge. Plug the hose.cartridge. Plug the hose. See FiSee Figurguree 7-57-55.5.

FiguFigure re 7-55.7-55. VValve alve CartriCartridge dge ReplaReplacemecement nt 
MA0677.epsMA0677.eps

MA0677.epsMA0677.eps

HoleHole

Supply LineSupply Line

 Valve Valve
CartridgeCartridge
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the cylinder shell.the cylinder shell.
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3.3. RemRemove thove the vale valve carve cartritridge fdge from trom thehe
lowering control valve. Note the stampedlowering control valve. Note the stamped
part number on the cartridge whenpart number on the cartridge when
ordering a replacement.ordering a replacement.

Replacing the valve cartridge with aReplacing the valve cartridge with a
different part number may cause thedifferent part number may cause the
mast to malfunction.mast to malfunction.

4.4. InsInstaltall new l new valvalve cave cartrrtridgidge.e.

5.5. CoConnnnect ect supsupplply hoy hosese..
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MastMast

Section 7.Component ProceduresSection 7.Component Procedures

MastMast
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Mast Removal andMast Removal and
InstallationInstallation

 The base of the mast is attached to the  The base of the mast is attached to the tractortractor
frame near the traction motors and to the tiltframe near the traction motors and to the tilt
cylinders.cylinders.

RemovalRemoval

1.1. Park Park the lithe lift trft truck on uck on a levea level surfal surface ance andd
engage the parking brake. Lower theengage the parking brake. Lower the
carriage completely and remove forks.carriage completely and remove forks.

2.2. Tilt thTilt the mase mast comt complepleteltely fory forwarward.d.

3.3. Turn thTurn the key swe key switch Oitch OFF and dFF and discoisconnennectct
the battery the battery connector.connector.

4.4. BloBlock the stck the steereerablable wheee wheels to prels to prevenventt
truck movement.truck movement.

5.5. Double Double wrap wrap a slia sling arng around ound the tothe top of p of thethe
mast. Attach a suitable lifting device andmast. Attach a suitable lifting device and
lift until the sling is snug.lift until the sling is snug.

6.6. Remove Remove the lthe lower ower bearibearing cng caps aaps and bnd boltsolts
clamping the base of the mast to theclamping the base of the mast to the
chassis.chassis. See FiSee Figurguree 7-57-56.6.

FigurFigure e 7-56.7-56. MastMast-to-F-to-Frame rame MountMounting ing PoinPointsts
Riduttori.JPGRiduttori.JPG

NNOTEOTE::  The bearing caps are ma The bearing caps are machined. Markchined. Mark
each bearing cap so it is returned to each bearing cap so it is returned to thethe
correct side during mast installation.correct side during mast installation.

7.7. DisconnDisconnect tect the ahe auxiliaruxiliary supy supply ply hoses hoses atat
the sides of the mast.the sides of the mast.

8.8. DisconnDisconnect thect the mae main hin hydrauydraulic hlic hose aose at thet the
 base of the mast. base of the mast.

9.9. Remove Remove the the screwscrews, ls, lock ock washewashers, rs, andand
plate securing the pins through the tiltplate securing the pins through the tilt

cylinder yoke and mast mountingcylinder yoke and mast mounting
 brackets. Remove cylinder mounting pins. brackets. Remove cylinder mounting pins.

10.10. Lift tLift the mhe mast aast away fway from trom the lifhe lift trut truckck
slowly until you have enough room toslowly until you have enough room to
reach the bleeder hose. Disconnect thereach the bleeder hose. Disconnect the

 bleeder hose, then continue moving the bleeder hose, then continue moving the
mast away from the lift truck.mast away from the lift truck.

11.11. Slowly Slowly lower lower mast umast until it ntil it lays flays flat on lat on floorfloor..

InstallationInstallation
1.1. Double Double wrap wrap a slina sling arg around tound the top he top of thof thee

mast. Attach a suitable lifting device andmast. Attach a suitable lifting device and
slowly lift the mast to vertical.slowly lift the mast to vertical.

2.2. Slowly Slowly move move the mthe mast toast toward ward the lithe lift trft truck,uck,
aligning the mast mounts.aligning the mast mounts.

3.3. BefBefore thore the mast is fe mast is fullully in posiy in positiotion,n,
connect the bleeder hose to the reservoir.connect the bleeder hose to the reservoir.

4.4. Finish Finish alignialigning tng the mhe mast oast on mn mast mast mounts.ounts.
5.5. Place Place the the pins pins througthrough thh the tile tilt cylt cylinderinder

 yoke and mast mounting br yoke and mast mounting brackets.ackets.

NNOTEOTE:: Make sure bearing caps are returned toMake sure bearing caps are returned to
correct side during mast installation.correct side during mast installation.

6.6. InstalInstall the l the lower lower bearibearing cang caps anps and bold boltsts
securing the base of the mast to thesecuring the base of the mast to the
chassis. Torque the mast to chassischassis. Torque the mast to chassis
securisecuring bolts to 36 fng bolts to 36 ft. lb. (49t. lb. (49 Nm).Nm).

7.7. ConneConnect thct the mae main hin hydraydraulic hulic hose at ose at thethe
 base of the mast. base of the mast.

8.8. ConnecConnect the t the auxiliaauxiliary sury supply pply hoses hoses at that thee
sides of the mast.sides of the mast.

9.9. InstaInstall thll the screwe screws, locs, lock wask washers, hers, and pand platelate
securing the pins through the tilt cylindersecuring the pins through the tilt cylinder

 yoke and mast mounting br yoke and mast mounting brackets.ackets.

10.10. JacJack the trk the truck euck enounough to regh to removmove thee the
 blocks, then lower to the floor blocks, then lower to the floor..

11.11. Remove Remove the slthe sling fing from trom the top he top of thof the mae mast.st.

12.12. Grease Grease the mthe mast mast mountinounting pog points ints at tat thehe
tilt cylinder and the frame.tilt cylinder and the frame.

1313.. InInststalall l foforkrks.s.

14.14. ReconnReconnect tect the bahe battery ttery connecconnector ator and nd turnturn
the key switch ON.the key switch ON.

15.15. BleBleed ted the hhe hydrydraulaulic syic systemstem..

16.16. Test Test operatoperation oion of thf the lie lift trft truck buck beforeefore
returning to service.returning to service.

Mounting PointsMounting Points
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returning to service.returning to service.
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Guide Shoe (Puck)Guide Shoe (Puck)
 Adjustment - TF/TT M Adjustment - TF/TT Mastast

 Adjust mast guide shoe clearance to 0.008 to Adjust mast guide shoe clearance to 0.008 to
0.016 in. (0.2 to 0.4 mm).0.016 in. (0.2 to 0.4 mm). See FiSee Figurguree 7-57-57.7.

FigFigure ure 7-57-57.7. GuiGuide Sde Shoe hoe AdjAdjustustmement nt 
Riduttori.JPGRiduttori.JPG

0.008 to 0.016 in.0.008 to 0.016 in.
(0.2 to 0.4 mm)(0.2 to 0.4 mm)
clearanceclearance

 Adjustment Adjustment
Screw Screw 
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Fork Carriage - TF/TTFork Carriage - TF/TT
MastsMasts

RemovalRemoval
1.1. RemRemove loove load baad backreckrest anst and ford forks.ks.

2.2. ElevElevate thate the carre carriagiage above above the fre the free lifee liftt
cylinders to gain access to the upper andcylinders to gain access to the upper and
lower carriage stop bolts.lower carriage stop bolts. See FiSee Figurguree 7-57-58.8.

FigFigure 7ure 7-58-58.. ForFork Cak Carrirriage age StoStop Bop Boltslts
4187_011A.tif 4187_011A.tif 

3.3. Secure Secure the cathe carriagrriage to a e to a hoist hoist with with strapstrapss
so it does not fall.so it does not fall. See FiSee Figurguree 7-57-59.9.

FigFigure 7ure 7-59-59.. SeSecurcure Cae Carrirriage age to Hto Hoisoist t 
4187_009.tif 4187_009.tif 

4.4. RemRemove the fove the four caour carrirriage stage stop bolop bolts.ts.SeeSee
FigFigureure 7-57-58.8.

5.5. RemRemove thove the hose ree hose retaitaininning clamg clamps (ifps (if
present).present).

6.6. RemRemove thove the attae attachmchment hent hose reose reel anel andd
hoses (if present).hoses (if present).

7.7. DisDisconnconnect anect and plug ad plug aux. hux. hoses (oses (ifif
present).present).

8.8. LoosLoosen the ceen the cententer hose cor hose cover brver brackacket toet to
allow the hoses to move back.allow the hoses to move back.

9.9. Remove Remove the the carricarriage age chain chain anchoanchor nr nuts.uts.
 With the chain anchor nuts rem With the chain anchor nuts removed, useoved, use
the hoist to lower the hoist to lower the carriage to the floor.the carriage to the floor.

NNOTEOTE:: Only the rollers hold the carriage to theOnly the rollers hold the carriage to the
telescopics at this time. Secure thetelescopics at this time. Secure the
carriage so it does not fall when thecarriage so it does not fall when the
inner telescopic is lifted up.inner telescopic is lifted up.

10.10. Use thUse the lift e lift trucktruck’s hy’s hydrauldraulic syic system tstem too
elevate the telescopics until the innerelevate the telescopics until the inner
telescopic is lifted off the carriage. Oncetelescopic is lifted off the carriage. Once
the carriage is free from the innerthe carriage is free from the inner
telescopic, back the truck away from thetelescopic, back the truck away from the
carriage.carriage.

OR OR 

Lift the carriage out of the top Lift the carriage out of the top of the mast.of the mast.
 With the strap and  With the strap and hoist attached to thehoist attached to the
carriage, and the chain anchor nutscarriage, and the chain anchor nuts
removed, move the hoses and chains outremoved, move the hoses and chains out
of the way. Use the hoist to of the way. Use the hoist to lift the carriagelift the carriage
out of the top of the mast, then lower theout of the top of the mast, then lower the
carriage to the carriage to the floor.floor. See FiSee Figurguree 7-67-60.0.

FiguFigure 7-60re 7-60.. CarriCarriage Reage Removamoval/Insl/Installatallation Ttion Throughrough Th Topop
of Mast of Mast 

4187_012A.tif 4187_012A.tif 
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InstallationInstallation

Install the carriage through either the top or theInstall the carriage through either the top or the
 bottom of the mast. bottom of the mast.

Top InstallationTop Installation

1.1. Align Align the cathe carriagrriage rolle rollers wers with tith the innhe innerer
telescopic rails.telescopic rails.

2.2. SlowlSlowly lowy lower ther the care carriage riage througthrough thh thee
inner telescopics to a convenient workinner telescopics to a convenient work
height.height.

3.3. LooLoosely isely instnstall thall the chaie chain anchn anchor nutor nuts.s.

4.4. InsInstaltall the forl the fork cark carriariage stop bge stop boltolts.s.

5.5. ReconnReconnect ect all all hoses hoses and and hose hose retainretaininging
clamps.clamps.

6.6. AdjAdjust thust the fork cae fork carrirriage hage heigeight andht and
securely tighten the chain anchor nuts.securely tighten the chain anchor nuts.

Refer toRefer to “Lift C“Lift Chainshains” on page” on page 7-587-58..

7.7. InsInstaltall load bl load backackresrest and fot and forksrks..

Bottom InstallationBottom Installation

1.1. Place Place the cthe carriaarriage on ge on the fthe floor bloor beneath eneath thethe
inner telescopics.inner telescopics.

2.2. Either Either use a use a hoist hoist or thor the true truck’s hck’s hydraydrauliculic
system to slowly lower the inner telescopicsystem to slowly lower the inner telescopic
over the carriage rollers.over the carriage rollers.

3.3. LooLoosely isely instnstall thall the chaie chain anchn anchor nutor nuts.s.

4.4. InsInstaltall the forl the fork cark carriariage stop bge stop boltolts.s.

5.5. ReconnReconnect ect all all hoses hoses and and hose hose retainretaininging

clamps.clamps.
6.6. Adjust Adjust the the fork fork carrcarriage iage heighheight. St. Securelyecurely

tighten the chain anchor nuts. Refer totighten the chain anchor nuts. Refer to
“Lift C“Lift Chainshains” on page” on page 7-587-58..

7.7. InsInstaltall load bl load backackresrest and fot and forksrks..
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Fork Carriage withFork Carriage with
Sideshift - TF/TT MastsSideshift - TF/TT Masts

RemovalRemoval
1.1. Remove Remove the lthe load oad backrbackrest, est, if iif installenstalled.d.

2.2. ReRemomove ve ththe fe fororksks..

3.3. Elevate Elevate the cthe carriaarriage to ge to a cona convenienvenient wort workk
height.height.

4.4. Turn thTurn the key swe key switch Oitch OFF and dFF and discoisconnennectct
the battery the battery connector.connector.

5.5. RemRemove thove the four soe four socket hcket head caead capscpscrewrewss
holding the side plate from either side ofholding the side plate from either side of
the carriage.the carriage. See FiSee Figurguree 7-67-61.1.

FigurFigure 7-e 7-61.61. ExamExample ple of Sof Side ide PlatPlate Boe Bolt Relt Removamoval l 
5092_010.tif 5092_010.tif 

6.6. Pull tPull the cahe carriagrriage frae frame to me to the sithe side unde untiltil
half of the carriage overhangs the sideshifthalf of the carriage overhangs the sideshift
mechanism.mechanism. See FiSee Figurguree 7-67-62.2.

FigurFigure 7e 7-62.-62. CarriCarriage age FramFrame Pe Partialartially ly RemoRemoved ved 
5092_011.tif 5092_011.tif 

7.7. WrWrap a strap a strap aroap around thund the mide middle of thdle of thee
carriage frame. Attach the strap to ancarriage frame. Attach the strap to an
overhead hoist.overhead hoist. See FiSee Figurguree 7-67-63.3.

FiguFigure 7-63.re 7-63. ExamExample of Cple of Carriaarriage Frage Frame Ame Attachttached to Hed to Hoist oist 
5092_012.tif 5092_012.tif 

8.8. With With the the hoist hoist supporsupporting ting the cthe carriaarriagege
frame, continue pulling the carriage to theframe, continue pulling the carriage to the
side until the sideshift mechanism isside until the sideshift mechanism is
cleared.cleared. See FiSee Figurguree 7-67-64.4.

FigFigure ure 7-67-64.4. CaCarrirriage age FraFrame Rme Remoemoval val 
5092_013.tif 5092_013.tif 

NNOTEOTE::  The lower  The lower carriage shimcarriage shims and s and slider mayslider may
fall out when the carriage is pulled tofall out when the carriage is pulled to
the side. The carriage shims and sliderthe side. The carriage shims and slider

are installed between the lower sideshiftare installed between the lower sideshiftram housing and the carriage frame.ram housing and the carriage frame.
https://www.forkliftpdfmanuals.com/
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InstallationInstallation
1.1. Attach Attach a safa safety sety strap trap to thto the mide middle of dle of thethe

carriage frame.carriage frame.

2.2. SuspenSuspend thd the care carriage riage framframe bee beside side thethe

sideshift mechanism.sideshift mechanism.

NNOTEOTE:: Confirm that all shims and sliders are inConfirm that all shims and sliders are in
position as the sideshift frame isposition as the sideshift frame is
installed.installed.

3.3. CarefCarefully slully slide thide the carre carriage fiage frame rame onto thonto thee
sideshift mechanism. Remove the strapsideshift mechanism. Remove the strap

 when it begins to interfere with when it begins to interfere with
reinstalling the carriage frame.reinstalling the carriage frame. SeeSee
FigFigureure 7-67-65.5.

FigFigure 7-ure 7-65.65. CarCarriariage Frage Frame Insme Instaltallatlatioionn
5092_013.tif 5092_013.tif 

4.4. AppApply thrly threadead-lo-lockicking comng compoupound to thend to the
four socket head capscrews. Secure thefour socket head capscrews. Secure the
side plate to the carriage.side plate to the carriage. See FiSee Figurguree 7-67-66.6.

FigFigure 7ure 7-66-66.. SiSide Plde Plate Mate Mounountinting Bolg Boltsts
5092_010.tif 5092_010.tif 

5.5. SlowlSlowly sidy sideshift eshift in bin both oth directidirections. ons. MakeMake
sure the rams touch both sides of thesure the rams touch both sides of the

6.6. MaximMaximum um sideshisideshift ift in bn both doth directioirections tons to
check that there is no binding or excessivecheck that there is no binding or excessive
play, and that the carriage movesplay, and that the carriage moves
smoothly in both directions.smoothly in both directions.

7.7. InstalInstall the l the forks forks on thon the sidese sideshift hift carricarriage.age.

8.8. InsInstaltall the loal the load backd backresrest, if prt, if presenesent.t.
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sure the rams touch both sides of thesure the rams touch both sides of the
frame.frame.
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Lift ChainsLift Chains

 Adjustment Adjustment

1.1. LowLower ther the fore fork cark carriariage fuge fullylly..
2.2. Tilt the Tilt the mast mast so the so the forks forks are pare paralarallel wilel withth

the floor.the floor.

3.3. Measure Measure from from the fthe floor tloor to the o the top of top of thethe
fork.fork.

4.4. Elevate Elevate the fthe fork ork carriacarriage to ge to gain gain access access toto
the chain anchors. Block the fork carriagethe chain anchors. Block the fork carriage
and mast to prevent lowering whileand mast to prevent lowering while

 working on the lift truck. working on the lift truck.

5.5. Turn thTurn the key swe key switch Oitch OFF and dFF and discoisconnennectct
the battery the battery connector.connector.

6.6. Adjust Adjust the athe anchor nchor nuts nuts equallequally unty until thil thee
forks are 2 in. (51 mm) offorks are 2 in. (51 mm) off the floor, whenf the floor, when

measured to the top surface of the fork atmeasured to the top surface of the fork at
the fork bend.the fork bend.

NNOTEOTE:: Make sure the forks are parallel with theMake sure the forks are parallel with the
floor.floor.

7.7. RepRepeat theat the prece precedineding stepg steps untis until youl you
obtain the correct lowered height.obtain the correct lowered height.

8.8. LibLiberaerally aplly apply oply oil to eail to each chch chainain.. SeeSee
“Lubrication Specification Chart” on“Lubrication Specification Chart” on
papagege A-A-2.2.

9.9. TesTest t opopereratationion..

RemovalRemoval

Use extreme care when blocking theUse extreme care when blocking the
mast for any reason.mast for any reason.

1.1. LowLower the fer the fork caork carrirriage onage onto wooto woodenden
 blocks to slacken the chains. blocks to slacken the chains.

2.2. Turn thTurn the key swe key switch Oitch OFF and dFF and discoisconnennectct
the battery the battery connector.connector.

3.3. Remove Remove the mthe master aster links links at that the cae carriagrriagee
chain anchors.chain anchors.

4.4. Remove Remove the cthe chain hain and and chain chain anchoanchors byrs by

unscrewing the nuts on the adjustableunscrewing the nuts on the adjustablechain anchors.chain anchors.

5.5. Remove Remove cotter cotter pins pins at bat both coth chain hain anchoranchorss
to separate the chain from the anchors.to separate the chain from the anchors.

6.6. InInspspect ect ththe che chaiain.n. See “Lift ChainSee “Lift Chain
InspectInspection” oion” on pagen page 4-7.4-7. Replace both Replace both
chains when either is worn.chains when either is worn.

InstallationInstallation
1.1. On a On a work work bench bench or flor flooroor, at, attach tach thethe

adjustable chain anchor to the chain usiadjustable chain anchor to the chain usingng
a new master link.a new master link.

2.2. InstalInstall cotl cotter ter pins pins (for (for each each anchoanchor)r)
through both pins and bend to secure.through both pins and bend to secure.

3.3. With With carricarriage lage loweredowered, key , key switch switch OFFOFF,,
and battery connector disconnected, insertand battery connector disconnected, insert
the chain anchor (with chain attached)the chain anchor (with chain attached)
over the sheave and into over the sheave and into the chain anchorthe chain anchor

 block. block.

4.4. ThreaThread on td on the lock he lock nut by nut by hand hand to holto hold thed thechain in place.chain in place.

5.5. InsInsert thert the oppoe opposite esite end of tnd of the chhe chainain
 between the fork carriage and  between the fork carriage and the liftthe lift
cylinder. The end of the chain should becylinder. The end of the chain should be
near the main frame near the main frame chain anchor.chain anchor.

6.6. FasFasten tten the chahe chain to thin to the anche anchor witor with ah a
master link and secure with a cotter pin.master link and secure with a cotter pin.

7.7. RepRepeat steat steps 1-eps 1-6 for t6 for the othhe other chaer chain.in.

8.8. HoldinHolding thg the chae chain anin anchor chor with with lockinlockingg
pliers, tighten the chain anchor nuts untilpliers, tighten the chain anchor nuts until
1 in. (25.4 mm) of thread is visible below1 in. (25.4 mm) of thread is visible below
the nut.the nut.

9.9. ReconnReconnect tect the bhe battery attery connecconnector ator and nd turnturnthe key switch ON.the key switch ON.

10.10. Slowly Slowly raise raise the cathe carriarriage, usge, using ting the lifhe liftt
lever, until the carriage is raised off lever, until the carriage is raised off thethe

 blocking. blocking.

11.11. Remove Remove the bthe blockinlocking, thg, then slen slowly owly lower lower thethe
carriage all the way down.carriage all the way down.

NNOTEOTE::  The carriage may rest on  The carriage may rest on the floor withthe floor with
slack in the chains.slack in the chains.

12.12. KeepKeeping eqing equal teual tensinsion on the chon on the chainains,s,
adjust the chain anchor nuts so theadjust the chain anchor nuts so the
carriage is slightly off carriage is slightly off the floor.the floor.

13.13. Tilt the Tilt the mast mast so the so the forks forks are pare parallarallel wiel withth

the floor.the floor.

1414 WithWith the fothe forks lerks level witvel with the fh the floor anloor and thed the
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14.14. With With the fothe forks lerks level witvel with the fh the floor anloor and thed the
key switch OFF, adjust the anchor nutskey switch OFF, adjust the anchor nuts
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equally until the forks are 2 in. (51 mm) offequally until the forks are 2 in. (51 mm) off
the floor, when measured to the topthe floor, when measured to the top
surface of the fork at the fork bend.surface of the fork at the fork bend.

15.15. LibLiberaerally aplly apply oiply oil to each chl to each chainain.. SeeSee
“Lubrication Specification Chart” on“Lubrication Specification Chart” on

papagege A-A-2.2.

16.16. Test tTest the opehe operatration of thion of the lift che lift chainains.s.

Lift Chain Anchor BoltsLift Chain Anchor Bolts

Make sure the lift chain anchor bolts are notMake sure the lift chain anchor bolts are not
damaged and the adjusting nuts are locked by adamaged and the adjusting nuts are locked by a
cotter pin.cotter pin. See FiSee Figurguree 7-67-67.7.

FigFigure ure 7-67-67.7. ChaChain in AncAnchor hor BoBoltslts
Bz-024.tif Bz-024.tif 

Cotter PinCotter Pin
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Quad Mast ServiceQuad Mast Service

Bubbled items in figures correspond to steps inBubbled items in figures correspond to steps in
associated procedure.associated procedure.

Mast InspectionMast Inspection

During normal Scheduled maintenance checks,During normal Scheduled maintenance checks,
pry between the upright and load roller so thepry between the upright and load roller so the
opposite load roller is tight against the upright.opposite load roller is tight against the upright.
Measure the clearance for the pair of rollers atMeasure the clearance for the pair of rollers at

 XXX shown in XXX shown in FiFigugurere 7-7-6868..

FigFigure ure 7-67-68.8. LoaLoad Rod Rolleller Cler Clearaarancencess
MA1174.epsMA1174.eps

Each pair of load rollers on the uprights andEach pair of load rollers on the uprights and
carriage should be shimmed so that a total scarriage should be shimmed so that a total sideide
to side clearance no greater than 0.06 in.to side clearance no greater than 0.06 in.
(1.5(1.5 mm) occurmm) occurs at the tightest pos at the tightest pointint
throughout the travel of throughout the travel of the member.the member.

Disassembly Disassembly 
NNOTEOTE:: Quad Mast uprights require completeQuad Mast uprights require complete

disassembly in order to service loaddisassembly in order to service load
rollers, thrust plugs/blocks, androllers, thrust plugs/blocks, and

Refer toRefer to FigFigururee 7-7-6969..

1.1. Remove Remove the ithe internal nternal hose rhose reeving eeving from from thethe
mast while it is on the truck.mast while it is on the truck.

2.2. Remove Remove the the mast mast assembassembly fly from trom the trhe truck.uck.

Refer toRefer to “Remov“Removal” oal” on pagn pagee 7-527-52..
3.3. Remove Remove the the main main lift lift cylindcylinders ers from from thethe

mast. Refer tomast. Refer to “Cylinder Removal and“Cylinder Removal and
InstalInstallationlation” on pag” on pagee 7-657-65..

4.4. Using Using an oan overhverhead cead chain hain hoist, hoist, turn tturn thehe
mast over (face up).mast over (face up).

5.5. Remove Remove the the free free lift lift cylindcylinder fer from rom thethe
mast. Refer tomast. Refer to “Free Lift Cylinder Removal“Free Lift Cylinder Removal
- Mast o- Mast on Floor” n Floor” on pagon pagee 7-667-66..

6.6. Remove Remove the cathe carriagrriage froe from the m the mast. mast. ReferRefer
toto “Remo“Removal - Mast on Floorval - Mast on Floor” on page” on page 7-657-65..

7.7. Remove Remove the the free free lift lift chain chain anchoanchors ars andnd
chains from the inner upright center crosschains from the inner upright center cross

member and tag for reassembly.member and tag for reassembly.
8.8. DisconnDisconnect thect the free e free lift clift cylindeylinder hor hose fromse from

the tube and remove the stop/hosethe tube and remove the stop/hose
 bracket/tube assembly. bracket/tube assembly.

9.9. DisconnDisconnect tect the inhe inner ner main main chain chain anchoranchorss
from the lower end of the inner uprightfrom the lower end of the inner upright
and the upper end of the outerand the upper end of the outer
intermediate upright.intermediate upright.

10.10. Move Move the ithe inner nner uprigupright dht downwaownward. rd. RemoveRemove
the free lift hose sheave, hose, and mainthe free lift hose sheave, hose, and main
chain sheaves at the top of the innerchain sheaves at the top of the inner
intermediate upright.intermediate upright.

NNOTEOTE::  The lower end  The lower end of the inner of the inner upright mustupright must
 be raised slightly to clear the inner be raised slightly to clear the inner
intermediate upright lowerintermediate upright lower
crossmember.crossmember.

11.11. Remove Remove the inthe inner mner main liain lift chft chains ains and tand tagag
for reassembly.for reassembly.

12.12. Remove Remove the lothe load rolad rollers flers from trom the lowhe lower ender end
of the inner upright. Remove the loadof the inner upright. Remove the load
rollers and thrust plugs from the upperrollers and thrust plugs from the upper
end of the inner intermediate upright. Noteend of the inner intermediate upright. Note
the number of shims behind each forthe number of shims behind each for
reassembly.reassembly.

13.13. Attach Attach an oan overhverhead ead hoist hoist to thto the inne innerer
upright and remove it through the top endupright and remove it through the top end
of the inner intermediate upright.of the inner intermediate upright.

NNOTEOTE::  The stub shafts on the lower end of  The stub shafts on the lower end of thethe
h f hh f h

.06 in..06 in.

(1.5 mm)(1.5 mm)
Max.Max.

Pry HerePry Here
Load RollerLoad Roller

XX

XX
XX
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, p g / ,, p g / ,
chain/hose sheaves.chain/hose sheaves. inner upright come out of the innerinner upright come out of the inner
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intermediate upright between the railintermediate upright between the rail
cutout and the stub shaft.cutout and the stub shaft.

14.14. Remove Remove the outhe outer mter main lain lift chift chain aain anchornchorss
from the lower end of the innerfrom the lower end of the inner
intermediate upright and the top end ofintermediate upright and the top end of
the outer upright. Set the chains aside andthe outer upright. Set the chains aside and
tag for reassembly.tag for reassembly.

15.15. RemRemove thove the lowe lower stoer stop frop from the oum the outerter
intermediate upright.intermediate upright.

16.16. Remove Remove the the chain chain sheaves sheaves from from the the outerouter
intermediate upright.intermediate upright.

17.17. Roll Roll the the inner inner intermintermediate ediate upriguprightht
downward and remove the lower rollers.downward and remove the lower rollers.
Remove the upper rollers and thrust plugsRemove the upper rollers and thrust plugs
from the outer intermediate upright. Notefrom the outer intermediate upright. Note

the number of shims behind each roller the number of shims behind each roller forfor
reassembly.reassembly.

18.18. Attach Attach an oan overhverhead ead hoist hoist to thto the ine innerner
intermediate upright and remove itintermediate upright and remove it
through the top end of the outerthrough the top end of the outer

intermediate upright.intermediate upright.

19.19. Roll Roll the the outer outer intermeintermediate diate upriguprightht
downward and remove the lower rollers.downward and remove the lower rollers.
Remove the upper rollers and thrustRemove the upper rollers and thrust

 blocks from the outer upright. Note the blocks from the outer upright. Note the
number of shims behind each roller number of shims behind each roller andand
thrust block for reassembly.thrust block for reassembly.

20.20. Attach Attach an oan overhverhead ead hoist hoist to thto the oute outerer
intermediate upright and remove itintermediate upright and remove it
through the top end of the outer upright.through the top end of the outer upright.

FigFigure ure 7-67-69.9. QuaQuad Mad Mast Dst Disisassassemembly bly 
MA0078.epsMA0078.eps
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77
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MA0078.epsMA0078.eps
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Reassembly Reassembly 
1.1. LubLubricricate thate the full lee full lengtngth of the ouh of the outerter

upright rails.upright rails. See “LubricationSee “Lubrication
SpecifSpecificatioication Chart” on pagen Chart” on page A-2.A-2.

2.2. AttAttach an oach an oververheahead hoisd hoist to the outt to the outerer
intermediate upright and install it throughintermediate upright and install it through
the top of the outer upright. Position it outthe top of the outer upright. Position it out
the lower end of the outer upright approx.the lower end of the outer upright approx.
66 in. in. (15 (15 cm)cm)..

3.3. AssembAssemble shle shims, ims, load load rollerrollers, as, and tnd thrusthrust
 blocks to the upper end of the outer blocks to the upper end of the outer
upright. Assemble shims and load rollersupright. Assemble shims and load rollers
to the lower end of the outer intermediateto the lower end of the outer intermediate
upright.upright.

•• Roller Shimming Roller Shimming  - Install shims to - Install shims to
provide a total side-to-side clearance ofprovide a total side-to-side clearance of
0.06 in. (1.5 mm) max. at the tightest0.06 in. (1.5 mm) max. at the tightest
point throughout the travel of thepoint throughout the travel of the

upright.upright. See FiSee Figurguree 7-77-70.0. Pry between Pry between
the upright and the load roller so thatthe upright and the load roller so that
the opposite load roller is tight againstthe opposite load roller is tight against
the upright. Measure the clearance forthe upright. Measure the clearance for
the pair of rollers at the XXX shown inthe pair of rollers at the XXX shown in
FiFigurguree 7-7-7070. Use an equal number of. Use an equal number of
shims on each side.shims on each side.

FigurFigure 7-7e 7-70.0. Load Load RolleRoller Clear Clearancerance/Cha/Channel Lnnel Lubricubricatioationn
MA0259.epsMA0259.eps

NNOTEOTE:: Roll the uprights past installed thrustRoll the uprights past installed thrust
plugs/blocks before checking load rollerplugs/blocks before checking load roller
clearance.clearance.

•• Thrust Plug/Block Replacement Thrust Plug/Block Replacement  - Install - Install
thrust plugs/blocks to provide athrust plugs/blocks to provide a
clearance of 0.06 in. (1.5 mm) max.clearance of 0.06 in. (1.5 mm) max.

 between an upright and its between an upright and its
corresponding thrust plug/block.corresponding thrust plug/block. SeeSee
FigFigureure 7-77-71.1. Pry between the upright Pry between the upright
upper cross members. Measure theupper cross members. Measure the
clearance at the XXX shown toclearance at the XXX shown to
determine which thickness thrustdetermine which thickness thrust
plug/block to use. Thrust plugs/blocksplug/block to use. Thrust plugs/blocks
may be shimmed as required.may be shimmed as required.

4.4. LubLubricricate thate the full lee full lengtngth of the ouh of the outerter
intermediate upright rails. Seeintermediate upright rails. See
“Lubrication Specification Chart” on“Lubrication Specification Chart” on
papagege A-A-22 and and FigFigureure 7-7-7070..

5.5. AttaAttach an ovech an overhrhead hoead hoist to thist to the innee innerr
intermediate upright and install it throughintermediate upright and install it through
the top end of the outer intermediatethe top end of the outer intermediate
upright. Position it out the lower end of theupright. Position it out the lower end of the
outer intermediate upright approx. 6 in.outer intermediate upright approx. 6 in.
(1(155 cmcm).).

6.6. InstalInstall shil shims anms and load d load rollerrollers to ths to the lowee lowerr
end of the inner intermediate upright.end of the inner intermediate upright.
Install shims, load rollers, and thrustInstall shims, load rollers, and thrust
plugs to the upper end of the outerplugs to the upper end of the outer
intermediate upright. Refer to step 3 forintermediate upright. Refer to step 3 for
roller shimming and thrust plug clearanceroller shimming and thrust plug clearance
measurement.measurement.

7.7. InstaInstall the ll the chain chain sheavsheaves to es to the uthe upper pper endend

of the outer intermediate upright. Installof the outer intermediate upright. Installthe outer main lift chain anchors the outer main lift chain anchors andand
chains over the outer intermediate uprightchains over the outer intermediate upright
chain sheaves.chain sheaves.

UprightUpright
RailsRails

06 in06 in

LoadLoad
RollersRollers

UprightUpright
RailRail

LubeLube

ShimShim

33

11    44
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MA0259.epsMA0259.eps

.06 in..06 in.
(1.5 mm)(1.5 mm)

Max.Max.
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FiguFigure 7-re 7-71.71. OuteOuter Intr Intermeermediatdiate Upe Upright right InstaInstallatillationon
MA2046.epsMA2046.eps

8.8. InstaInstall the ll the outer outer main main lift lift chain chain anchoranchorss
(long anchors) to the lower e(long anchors) to the lower end of the innernd of the inner
intermediate upright.intermediate upright.

9.9. InsInstaltall the ll the loweower stor stop on thp on the oute outerer
intermediate upright. Torque the capscrewintermediate upright. Torque the capscrew
to 81 to 88 ft. to 81 to 88 ft. lb. (110 to 120 Nm).lb. (110 to 120 Nm).

10.10. InstaInstall the ll the main main chain chain sheavesheaves, frs, free liftee lift

sheaves, and hose in the innersheaves, and hose in the innerintermediate upright. Torque the retainerintermediate upright. Torque the retainer
capscrews to 26 to 30 ft. lb. (35 to 40 Nm).capscrews to 26 to 30 ft. lb. (35 to 40 Nm).

11.11. InsInstaltall the uppl the upper inner inner maier main chan chainin
anchors to the outer intermediate upright.anchors to the outer intermediate upright.
Install the free lift hose bracket and tube.Install the free lift hose bracket and tube.

12.12. LubricLubricate ate the the inner inner intermeintermediate diate upriguprightht
rails.rails. See “Lubrication Specification Chart”See “Lubrication Specification Chart”
on on pagpagee A-2A-2..

13.13. AttacAttach an h an overoverhead head hoist hoist to thto the innee innerr
upright and install through the top of theupright and install through the top of the
inner intermediate upright. Position it outinner intermediate upright. Position it out
the lower end of the inner intermediatethe lower end of the inner intermediate
upright approx. 6 in. (25 cm).upright approx. 6 in. (25 cm).

14.14. AssAssembemble shile shims and lms and load rooad roller tller to theo the
l d f th i i ht Al d f th i i ht A blbl

upper end of the inner intermediateupper end of the inner intermediate
upright. Refer to step 3 for roller supright. Refer to step 3 for roller shimminghimming
and thrust plug clearance measurement.and thrust plug clearance measurement.

15.15. InstaInstall thll the innee inner mar main lifin lift chat chain anin anchorschors
(long anchors) on the back side, lower end(long anchors) on the back side, lower end
of the inner upright. Connect the of the inner upright. Connect the innerinner
main lift chains.main lift chains.

16.16. InstaInstall ll the the stop/hstop/hose ose brackbracket/tubet/tubeeassembly on the lower end of the innerassembly on the lower end of the inner
upright. Torque the capscrews to 81 toupright. Torque the capscrews to 81 to
8888 ft.ft. lb. lb. (11(110 to 0 to 120 120 Nm)Nm)..

33

33

22

22
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IntermediateIntermediate
UprightUpright

MA0246.epsMA0246.eps

InsideInside
of Railof Rail

ThrustThrust
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.06 in..06 in.
(1.5 mm)(1.5 mm)
Max.Max.

ThrustThrust
BlockBlock

ThrustThrust
PlugsPlugs

https://www.forkliftpdfmanuals.com/



PPuubblliiccaattiioon  n  11111133006655,  ,  IIssssuueedd:  :  115  5  MMaar  r  22001100 77--6633

lower end of the inner upright. Asselower end of the inner upright. Assemblemble
shims, load rollers, and thrust plugs to shims, load rollers, and thrust plugs to thethe
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FigFigure 7ure 7-72-72.. InnInner Uper Uprigright Insht Instaltallatlationion
MA0251.epsMA0251.eps

17.17. InstalInstall the l the free free lift clift chain hain anchoanchors (shrs (shortort
anchors) and chains to the anchors) and chains to the inner uprightinner upright

center center crossmembercrossmember..
18.18. InstalInstall the l the free free lift clift cylindylinder super supply hply hose toose to

the free lift cylinder tube. Leave the tubingthe free lift cylinder tube. Leave the tubing
clamp loose.clamp loose.

19.19. InsInstaltall thl the care carriariage. ge. SeeSee “Installation -“Installation -
Mast on Floor”Mast on Floor”..

20.20. InsInstaltall the frl the free lifee lift cylit cylindenderr.. See “Free LiftSee “Free Lift
Cylinder Installation - Mast on Floor” Cylinder Installation - Mast on Floor” onon
papagege 7-7-6666.. Connect the tube to the Connect the tube to the
cylinder fitting and tighten the tubingcylinder fitting and tighten the tubing
clamp.clamp.

21.21. PlaPlace a 2 x 4 ice a 2 x 4 in. (5 n. (5 x 10 cmx 10 cm) woo) wood blod blockck
 between the outer and outer intermediate between the outer and outer intermediate
lower cross members to prevent uprightlower cross members to prevent upright
movement.movement.

22.22. Turn thTurn the mase mast over t over (face (face down)down), rot, rotating ating itit
on its lower end. Make sure the mast ison its lower end. Make sure the mast is

re-blocked in a level position.re-blocked in a level position. SeeSeeFigFigureure 7-77-73.3.

FiguFigure 7-7re 7-73.3. BlockBlocking Uing Uprigprights Behts Before Tfore Turning urning Mast Mast Over Over 
MA0254.epsMA0254.eps

23.23. InsInstaltall mail main lift cn lift cyliylindenders.rs. See “Main LiftSee “Main Lift
Cylinder Installation - Mast on Floor” onCylinder Installation - Mast on Floor” on

papagege 7-7-6666..

MA0251.epsMA0251.eps

InnerInner
UprightUpright
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MA0269.epsMA0269.eps
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24.24. InsInstaltall thl the Mae Mast. st. RefRefer ter too “Installation” on“Installation” on
papagege 7-7-5252..
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25.25. InsInstaltall the intl the internaernal hose rel hose reevineving.g. SeeSee
“Reevi“Reeving” on ng” on pagepage 7-66.7-66.

26.26. Adjust Adjust the the main main and and free free lift lift chainchains.s.

27.27. CheCheck thck the mae mast fost for skr skewiewing.ng.

CarriageCarriage

Removal - Mast on FloorRemoval - Mast on Floor

1.1. RemRemove ove masmast ft from rom trutruck.ck. See “Removal”See “Removal”
on on pagpagee 7-57-52.2.

2.2. RemovRemove the e the pins pins fastenfastening ing the the free free liftlift
chains to the carriage chain anchors.chains to the carriage chain anchors.

3.3. DisconDisconnect nect the the internal internal reeving reeving hoses hoses fromfrom
the carriage fittings (if equipped). Plug thethe carriage fittings (if equipped). Plug the
hose ends.hose ends.

4.4. Remove Remove the sothe socket hcket head sead stops tops on thon the inne innerer
upright lower cross upright lower cross membermember. For. For
reassembly, tighten to 80 ft. lb. (110 reassembly, tighten to 80 ft. lb. (110 Nm).Nm).

5.5. Roll tRoll the cahe carriagrriage to te to the bohe bottom ttom end of end of thethe
mast.mast.

6.6. Attach Attach an ovan overherhead head hoist to oist to the cthe carriaarriagege
side bars and remove the carriage throughside bars and remove the carriage through
the bottom end of the mast.the bottom end of the mast.

7.7. RemRemove thove the loae load rolld rollersers, not, noting ting thehe
number of shims behind each roller number of shims behind each roller forfor
reassembly.reassembly.

Installation - Mast on FloorInstallation - Mast on Floor

Reverse the removal procedure and do theReverse the removal procedure and do the

following:following:

1.1. InInspspect tect the cahe carrrriaiagege..

2.2. LubriLubricate tcate the inhe inner ner uprighupright rait rails. Rels. Refer tfer too
“Lubrication Specification Chart” on“Lubrication Specification Chart” on
papagege A-A-22..

3.3. AssembAssemble shile shims ams and lnd load oad rollerrollers on s on thethe
carriage. Install load roller shims tocarriage. Install load roller shims to
provide a total side to side clearance ofprovide a total side to side clearance of
0.06 in. (1.5 mm) at the tightest poi0.06 in. (1.5 mm) at the tightest pointnt
throughout the travel of the carriage. Usethroughout the travel of the carriage. Use
equal numbers of shims on each side.equal numbers of shims on each side.

4.4. Adjust Adjust the cathe carriagrriage side e side thrusthrust rollt rollers foers forr
unrestricted clearance along the travel ofunrestricted clearance along the travel of

the carriage. Turn the eccentric mountthe carriage. Turn the eccentric mount
base of each roller toward the uprighbase of each roller toward the upright railt rail

 Torque the  Torque the capscrews to capscrews to 79 to 79 to 80 ft. 80 ft. lb. (95lb. (95
to 110 Nm).to 110 Nm).

FiguFigure 7-re 7-74.74. CarriCarriage age Side Side ThrusThrust Rolt Roller Aler Adjusdjustmentment t 
MA0927.EPSMA0927.EPS

5.5. CheCheck anck and adjd adjust thust the free free lift ce lift chaihains.ns.

6.6. AdAdjujust st mamast st titiltlt.. See “Mast TiltSee “Mast Tilt
 Adjustment” on page Adjustment” on page 7-72.7-72.

Cylinder Removal andCylinder Removal and
InstallationInstallation

Main Lift Cylinder Removal - Mast onMain Lift Cylinder Removal - Mast on
FloorFloor

1.1. RemRemove thove the mae mast frst from thom the true truck.ck.SeeSee
“Remo“Removal” oval” on pagen page 7-527-52..

2.2. InsInsert a 2 ert a 2 x 4 inx 4 in. (5 x1. (5 x10 cm) 0 cm) woowood blod blockck
 between the lower cross members of the between the lower cross members of the
outer upright and outer intermediateouter upright and outer intermediate
upright to prevent uprights from movingupright to prevent uprights from moving
out the bottom of the mast.out the bottom of the mast.

3.3. Lay Lay the the mast mast face-face-down down on won wood bood blocks.locks.
Block under each end of the outer Block under each end of the outer uprightupright
so the mast is level so the mast is level and the inner uprightsand the inner uprights
and carriage are free to move.and carriage are free to move.

4.4. UsiUsing a 1 inng a 1 in. wre. wrenchnch, disc, disconnonnect thect thee
cylinder supply hoses from the cylindercylinder supply hoses from the cylinder

inlet ports. Using a 1 in. socket, removeinlet ports. Using a 1 in. socket, remove
the special long fittings from the cylinderthe special long fittings from the cylinder
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 base of each roller toward the uprigh base of each roller toward the upright railt rail
to decrease clearance.to decrease clearance. See FiSee Figurguree 7-77-74.4.  

the special long fittings from the cylinderthe special long fittings from the cylinder
ports and install plugs.ports and install plugs.
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5.5. Remove Remove the snthe snap rap ring fing from rom the tthe top of op of thethe
left hand cylinder rod, the tube, and fittingleft hand cylinder rod, the tube, and fitting
from the top of the from the top of the right hand cylinder rod.right hand cylinder rod.
Plug the cylinder port.Plug the cylinder port.

6.6. Roll thRoll the upre uprights ights througthrough the h the top of top of thethe
mast 1 to 2 ft. (30 to 60 cmast 1 to 2 ft. (30 to 60 cm) and disengagem) and disengage
the cylinder rods from the outerthe cylinder rods from the outer
intermediate upright.intermediate upright.

7.7. Lift tLift the cyhe cylinder linder from from its baits base mouse mountingnting
 boss in the outer upright and ang boss in the outer upright and anglele
inward. Remove the cylinders through theinward. Remove the cylinders through the
sides of the uprights.sides of the uprights.

8.8. Note tNote the numhe number ober of shif shims (ims (if equf equipped) ipped) onon
each cylinder rod.each cylinder rod.

Main Lift Cylinder Installation - MastMain Lift Cylinder Installation - Mast
on Flooron Floor

For installation, reverse the Removal procedure.For installation, reverse the Removal procedure.
Bleed the system.Bleed the system. See “Bleeding the HydraulicSee “Bleeding the Hydraulic
SystemSystem” on ” on pagepage 7-447-44..

Free Lift Cylinder Removal - Mast onFree Lift Cylinder Removal - Mast on
FloorFloor

1.1. RemRemove tove the mahe mast frst from thom the true truck.ck.SeeSee
“Remov“Removal” on al” on pagepage 7-52.7-52.

2.2. Lay tLay the mahe mast fast face-upce-up, bloc, blocking king under under thethe
lower mounts so the mast is level.lower mounts so the mast is level.

3.3. Roll tRoll the cahe carriagrriage upwe upward ard to allto allow slaow slack inck in
the free lift chains and internal reeving.the free lift chains and internal reeving.

4.4. RemRemove thove the snae snap rinp ring fasg fastentening ting thehe
crosshead to the cylinder rod.crosshead to the cylinder rod.

5.5. Pull Pull the the crosshecrosshead wad with cith chains hains and and hoseshoses
off the cylinder rod.off the cylinder rod.

6.6. RolRoll the cal the carrirriage aage above tbove the frhe free lifee liftt
cylinder.cylinder.

7.7. Using Using a 1 a 1 in. win. wrench, rench, discondisconnect tnect the tuhe tubebe
from the cylinder fitting. Cap the from the cylinder fitting. Cap the cylindercylinder
fitting and plug the tube.fitting and plug the tube.

8.8. UsiUsing a 5 mm hng a 5 mm hex heaex head wred wrenchnch, rem, removeove
the cylinder strap.the cylinder strap.

9.9. RemRemove thove the cylie cylindender fror from the mm the mastast..

Free Lift Cylinder Installation - Free Lift Cylinder Installation - MastMast
on Flooron Floor

For installation, reverse the Removal procedure.For installation, reverse the Removal procedure.
Bleed the system.Bleed the system. See “Bleeding the HydraulicSee “Bleeding the Hydraulic
SysteSystem” on m” on pagepage 7-44.7-44.

ReevingReeving

Internal Reeving Internal Reeving InstallationInstallation

1.1. InstalInstall the l the shaftshaft, she, sheave, aave, and hnd hose guose guardsards
to the crosshead center plate.to the crosshead center plate. SeeSee
FigFigureure 7-77-75.5. Leave the capscrew and nut Leave the capscrew and nut
finger tight to allow for hose installation.finger tight to allow for hose installation.

FiguFigure re 7-75.7-75. CrosCrossheashead Cd Center enter Plate Plate AsseAssembly mbly 
MA0222.epsMA0222.eps

2.2. InstalInstall thl the care carriage riage hose hose bracbracket tket to tho thee
center tab on the center tab on the lower carriage bar.lower carriage bar.SeeSee
FigFigureure 7-77-76.6.

FiguFigure re 7-76.7-76. CarriCarriage age Hose Hose BrackBracket et InstaInstallatillationonMA0255.epsMA0255.eps

MA0222.epsMA0222.eps

11
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3.3. InsInstaltall the fitl the fittintings on the bgs on the bracracketket.. SeeSee
FigFigureure 7-77-77.7.

•• Single Function Single Function  - Install the fittings to - Install the fittings to
the left or right side location. Tightenthe left or right side location. Tighten
the fittings finger tight.the fittings finger tight.

•• Double Function Double Function  - Install the fittings to - Install the fittings to
the left and right side location. Tightenthe left and right side location. Tighten
the fittings finger tight.the fittings finger tight.

FigFigure ure 7-77-77.7. FitFittinting Ing Instastallallatiotionn
MA0256.epsMA0256.eps

4.4. InstaInstall tll the lhe lower ower internainternal hl hose rose reevingeeving

 bracket and plastic inserts to the block a bracket and plastic inserts to the block att
the bottom of the inner upright weldment.the bottom of the inner upright weldment.
See FiSee Figurguree 7-77-78.8. Torque the capscrew to Torque the capscrew to
5252 ftft.. lblb. (. (71 71 NmNm).).

5.5. InstaInstall the ll the shaft shaft and hand hardwardware to are to the inthe innerner
intermediate upright chain sheave shaft.intermediate upright chain sheave shaft.
See FiSee Figurguree 7-77-78.8. Torque the capscrew to Torque the capscrew to
5252 ftft.. lblb. (. (71 71 NmNm).).

6.6. InstaInstall thll the lowe lower her hose guose guide ide to thto the oute outerer
intermediate upright. Torque the capscrewintermediate upright. Torque the capscrew
to 3to 300 ftft.. lblb. (4. (41 Nm1 Nm).).

7.7. InstalInstall hosl hose clae clamps mps to loto lower wer guideguide. Lea. Leaveve
capscrews finger tight.capscrews finger tight.

33

SINGLESINGLE

FUNCTIONFUNCTION

OROR

DOUBLEDOUBLE

FUNCTIONFUNCTION
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FiguFigure 7-78re 7-78.. Hose Hose ReevReeving Hing Hardwardware Inare Installstallatioation on Upn on Uprightrightss
MA0225.epsMA0225.eps

8.8. ComplCompletely etely lower lower the the carricarriage. age. Route Route thethe
short hoses down behind the carriage barshort hoses down behind the carriage bar
to the carriage bracket fittings. Connectto the carriage bracket fittings. Connect
the hose ends to the fittings, leaving thethe hose ends to the fittings, leaving the
hose ends finger tight.hose ends finger tight.

NNOTEOTE:: ForFor Double Function Double Function , the No. 4 hoses, the No. 4 hoses
connect to the two right fittings (viewedconnect to the two right fittings (viewed
from the operator’s seat.from the operator’s seat.

9.9. RoutRoute the he the hoses ooses over tver the crhe crossossheaheadd
sheaves.sheaves.

10.10. Route tRoute the hohe hoses doses down bwn between etween the frthe freelifteelift
cylinder and crossmember. Position thecylinder and crossmember. Position the

hoses in their natural curve over thehoses in their natural curve over the
h d h Ti ht th h dh d h Ti ht th h d

11.11. ConneConnect the ct the long hlong hoses to oses to the sthe short hort hoseshoses
 behind the freelift cylinder behind the freelift cylinder. The outside. The outside
hose(s) is approx. 4 in. (102 mm) shorterhose(s) is approx. 4 in. (102 mm) shorter
than the inside hose(s). Seethan the inside hose(s). See FiFigugurere 7-7-7979..

12.12. PulPull dowl down on thn on the hosee hoses wits with apph approx.rox.
3030 lbs. of forlbs. of force. Clamce. Clamp the hoses to thp the hoses to thee
lower bracket attached to the lower bracket attached to the innerinner
upright crossmember. Torque theupright crossmember. Torque the
capscrcapscrews to ews to 7 to 7 to 1111 ft.ft. lb. (lb. (10 to 10 to 15 Nm15 Nm).).

13.13. PosPositioition the hn the hoses woses with thith the tabs oe tabs on then the
inner upright bracket as shown ininner upright bracket as shown in
FiFigugurere 7-7-7979..

14.14. InstalInstall the l the lower lower internainternal hol hose rse reevingeeving
cover plate and hardware Tighten thecover plate and hardware Tighten the
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crosshead sheaves. Tighten the hose endscrosshead sheaves. Tighten the hose ends
at the carriage bracket.at the carriage bracket.

cover plate and hardware. Tighten thecover plate and hardware. Tighten the
capscrews to 30 ft. lb. (41 Nm).capscrews to 30 ft. lb. (41 Nm).
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15.15. Route Route the hthe hoses uoses up towap toward thrd the top e top of thof thee
mast following the inner lift chains. Bendmast following the inner lift chains. Bend
the hoses over the inner intermediatethe hoses over the inner intermediate
upright sheave and install the sheave onupright sheave and install the sheave on
the shaft bolted to the intermediatethe shaft bolted to the intermediate

upright. Install washer and retaining ringupright. Install washer and retaining ring
to shaft.to shaft.

16.16. Route Route hoses hoses down down to thto the lowe lower hoer hose guise guide.de.
Place hoses under the hose clamp at thePlace hoses under the hose clamp at the
top of the lower hose top of the lower hose guide. Pull downwardguide. Pull downward
on the hoses with 20 lbs. force. Tightenon the hoses with 20 lbs. force. Tighten
clamp capscrews enough to stop hoseclamp capscrews enough to stop hose
movement.movement.

17.17. InstaInstall thll the uppe upper hoer hose guise guide to de to the outhe outerter
upright. Tighten the capscrew to 30 ft. lb.upright. Tighten the capscrew to 30 ft. lb.
(41 Nm).(41 Nm).

18.18. Loop tLoop the hhe hoses aposes approx. prox. 5 in. 5 in. (125 (125 mm)mm)
 below the bottom of the lower hose clamp below the bottom of the lower hose clamp
and rout upward into the upper hoseand rout upward into the upper hose
guide.guide.

19.19. InstaInstall thll the hose e hose clampclamps to ts to the uphe upper hper hoseose
guide. Leave capscrews finger tight.guide. Leave capscrews finger tight.

20.20. Route Route the hthe hoses uoses under nder the hthe hose claose clamps amps att
the top of the upper hose guide. Tightenthe top of the upper hose guide. Tighten
the capscrews finger tight.the capscrews finger tight.

21.21. Route Route the hthe hoses uoses under nder the hthe hose claose clamps amps att
the bottom of the upper hose guide. Do notthe bottom of the upper hose guide. Do not
tighten the clamp capscrews.tighten the clamp capscrews.

22.22. Torque Torque the the crosshecrosshead cad cover over plate plate capscrcapscrewew
to 52 ft. lb. (71 Nm).to 52 ft. lb. (71 Nm).
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FigFigure 7ure 7-79-79.. HosHose Reee Reevinving Insg Instaltallatlatioionn
MA0257.epsMA0257.eps
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23.23. Align Align the hthe hoses boses by twiy twisting sting the hthe hose enose endsds
to travel centered in the crosshead on theto travel centered in the crosshead on the
natural curve of the hose. The hosesnatural curve of the hose. The hoses
should travel parallel to should travel parallel to each other. Holdeach other. Hold
the hoses while tightening the fittings tothe hoses while tightening the fittings to

keep the hoses from twisting.keep the hoses from twisting.

24.24. Loosen Loosen the hthe hose claose clamps amps at the t the top of top of thethe
lower hose guide. Pull down on the hoseslower hose guide. Pull down on the hoses

 with 40 lbs. of force. Tighten the hose with 40 lbs. of force. Tighten the hose
clamp capscrews to 7 to 11 ft. lb. (10 toclamp capscrews to 7 to 11 ft. lb. (10 to
1515 NmNm).).

25.25. Loosen Loosen the hthe hose close clamps amps on thon the uppe upper her hoseose
guide. Adjust the hoses to the naturalguide. Adjust the hoses to the natural
hose bend and align evenly spaced in thehose bend and align evenly spaced in the
guide rails. Tighten the hose clampguide rails. Tighten the hose clamp
capscrews to 7 to 11 ft. lb. (10 to 15 Nm).capscrews to 7 to 11 ft. lb. (10 to 15 Nm).

26.26. Raise Raise and land lower ower the mthe mast slast slowly owly througthroughh
several cycles and check for correct hoseseveral cycles and check for correct hose
alignment, clearances and hose trackingalignment, clearances and hose tracking
in the guides.in the guides.

FiguFigure 7-re 7-80.80. Hose Hose ReeviReeving Inng Instalstallatilation - on - conticontinued nued 
MA0258.epsMA0258.eps
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Mast Tilt AdjustmentMast Tilt Adjustment

Perform the following procedure when adjustingPerform the following procedure when adjusting
mast tilt.mast tilt.

1.1. AttAttach a ach a pluplumb limb line to tne to the mahe mast.st. SeeSee
FigFigureure 7-87-81.1.

FigFigure ure 7-87-81.1. MeaMeasursuring ing MasMast Tt Tilt ilt 
KL-25.TIF KL-25.TIF 

3.3. PlaPlace a sqce a squaruare on the on the mase mast 39.t 39.4 in.4 in.
(1(1 metermeter) below wher) below where the plumb line the plumb line ise is
attached and measure the distanceattached and measure the distance

 between the face of the mast and th between the face of the mast and thee
plumb line.plumb line.

4.4. Repeat Repeat steps steps 1 thr1 thru 3 uu 3 using tsing the bhe back ofack of
the mast main frame for backward tilt.the mast main frame for backward tilt.

5.5. Adjust Adjust the sthe stroke troke of thof the tilt e tilt cylindcylinders aers ass
necessary to achieve the correct mast tilt.necessary to achieve the correct mast tilt.
Refer toRefer to FiFigugurere 7-7-8181 and and Table Table 7-47-4..

TTabable le 7-7-4.4. MaMast st TTililt t PaPararamemetetersrs

Mast Tilt Position SwitchMast Tilt Position Switch
 Adjustment (Bo Adjustment (Bottler’ttler’s Tilt Only)s Tilt Only)

 Trucks equipped with the Bottler’s Tilt option Trucks equipped with the Bottler’s Tilt option
require mast mounted switches (S16 and S30)require mast mounted switches (S16 and S30)
for the VM to determine carriage and mastfor the VM to determine carriage and mast
position.position.

 Adjust the Mast Tilt Position Switch (S30) so Adjust the Mast Tilt Position Switch (S30) so
that it opens when the mast is tilted beyond 3that it opens when the mast is tilted beyond 3°°  
forward.forward.

1.1. AttAttach a pach a plumlumb linb line to the to the mase mast.t. SeeSee
FigFigureure 7-87-81.1.

2.2. PlaPlace a sqce a squaruare on the on the mase mast 39.t 39.4 in.4 in.
(1(1 metermeter) below wher) below where the plumb line the plumb line ise is
attached and tilt the mast attached and tilt the mast forward 3forward 3°°  
(2(2 in./5in./52 mm a2 mm at Dim. A it Dim. A inn FigFigureure 7-87-811).).

3.3. AdjAdjust Maust Mast Tilt Post Tilt Positisition Swon Switch (itch (S30S30))
 bracket so that  bracket so that the switch opens the switch opens when thewhen the
mast is tilted further forward.mast is tilted further forward.

39.4 in.39.4 in.
(1 meter)(1 meter)

Dim. ADim. A

PlumbPlumb
LineLine

MastMast
FaceFace

39.4 in. (1 meter)39.4 in. (1 meter)
from plumb linefrom plumb line
attach pointattach point

 Tilt Tilt
 Type Type

MastMast
FFwwd  d  TTiilltt BBaacck  k  TTiilltt

 Angle Angle Dim. ADim. A AngleAngle Dim. A Dim. A 

StdStd

 TT  TT 
 TF  TF 

33°°
2 in.2 in.

(52 mm)(52 mm)

66°°
4.1 in.4.1 in.

(105 mm)(105 mm)

QQuuaadd 44°°
2.7 in.2.7 in.

(70 mm)(70 mm)

OptionalOptional
 TT  TT 
 TF  TF 

55°°
3.4 in.3.4 in.

(87 mm)(87 mm)
66°°

4.1 in.4.1 in.
(105 mm)(105 mm)Bottler’sBottler’s

 Tilt  Tilt 
 TT TT 99°°

6.2 in.6.2 in.
(156 mm)(156 mm)
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2.2. Tilt thTilt the mase mast fort forwarward comd complepletelytely..
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System ArchitectureSystem Architecture

System ArchitectureSystem Architecture

 This truck can be configured to accept either a This truck can be configured to accept either a
36V or 48V battery. The truck uses AC drive36V or 48V battery. The truck uses AC drive

and lift technology. The standard truck usesand lift technology. The standard truck uses
conventional hydraulic controls via leverconventional hydraulic controls via lever
operated spool valves mounted on the right sideoperated spool valves mounted on the right side
console. An optional configuration usesconsole. An optional configuration uses
fingertip controls mounted on an armrest to thefingertip controls mounted on an armrest to the
right of the operators seat. A DC/DC converterright of the operators seat. A DC/DC converter
provides 24V to the cooling fans, brake, tail,provides 24V to the cooling fans, brake, tail,
rotating, and work lights.rotating, and work lights.

 The electrical control system consists of the The electrical control system consists of the
components listed incomponents listed in Table Table 8-18-1..

TTabable 8le 8-1.-1. EleElectrctricaical Col Controntrol Sl Systystem em ComCompoponennentsts

CCoommppoonneenntt FFuunnccttiioonn

**VVeehhiicclle  e  MMaannaaggeer  r  ((VVMM)) SSeerrvvees  s  aas  s  aan  n  iinntteerrffaacce  e  ffoor  r  aalll  l  ccoonnttrrool  l  ssiiggnnaalls  s  aannd  d  ppeerrffoorrmmss
analog/digital signal conversions. Manages tail and analog/digital signal conversions. Manages tail and brakebrake
light operation based on traction motor light operation based on traction motor encoder input.encoder input.
Shares primary memory with tShares primary memory with the Operator Display he Operator Display 

*M*Masasteter Tr Traractctioion Pn Powower er AmAmplplififieier (r (TPTPA)A) CoContntrorols ls ththe re rigight ht trtracactition on momototor r 

*S*Slalavve e TrTraacctitioon n PoPowweer Ar Ammpplilififieer (r (TTPPAA)) CConontrtrools ls ththe e leleft ft trtracactitioon n mmoototor r 

**PPuummp  p  PPoowweer  r  AAmmpplliiffiieer  r  ((PPPPAA)) CCoonnttrroolls  s  tthhe  e  ppuummp  p  mmoottoor  r  

DDCC//DDC  C  CCoonnvveerrtteerr CCoonnvveerrtts  s  bbaatttteerry  y  vvoollttaagge  e  tto  o  rreeqquuiirreed  d  DDC  C  vvoollttaaggee

**OOppeerraattoor  r  DDiissppllaay  y  ((OODD)) DDiissppllaayys  s  ttrruucck  k  ssyysstteemms  s  iinnffoorrmmaattiioonn.  .  SShhaarrees  s  pprriimmaarryymemory with the VMmemory with the VM

**AArrmmrreesst  t  BBooaarrdd OOppttiioonnaal  l  FFiinnggeerrttiip  p  CCoonnttrroollss//VVM  M  iinntteerrffaaccee

**HHyyddrarauulliic c CCoonnttrorol l BBooaard rd ((HHCCBB)) CCooiil l ddrriivveer r bbooaard rd ffoor r hhyyddrraauulliic c ssoolleennooiiddss. . RReeqquuiirered d foforr
optional Fingertip Controlsoptional Fingertip Controls

CCoonnttaaccttoor  r  1  1  ((CCTT11)) PPrroovviiddees  s  BB+  +  tto  o  tthhe  e  DDCC//DDC  C  CCoonnvveerrtteer  r  aannd  d  HHyyddrraauulliic  c  CCoonnttrrooll
Board (for optional Fingertip Controls)Board (for optional Fingertip Controls)

CCoonnttaaccttoor  r  2  2  ((CCTT22)) PPrroovviiddees  s  BB+  +  tto  o  tthhe  e  PPPPA  A  

CCoonnttaaccttoor  r  3  3  ((CCTT33)) PPrroovviiddees  s  BB+  +  tto  o  tthhe  e  TTPPAAss

*Electrical control system components communicate via a *Electrical control system components communicate via a Control Area Network (CAN-Bus).Control Area Network (CAN-Bus).
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Systems Overview Systems Overview 

 This section is an overview of the components This section is an overview of the components
that make up the control systems of the truck.that make up the control systems of the truck.

SeeSee “Pinout Matrix”“Pinout Matrix” beginning on beginning on papagege 8-8-1313 for for
specific input, output, and voltage information.specific input, output, and voltage information.

 V Vehicle Manageehicle Managerr

 The V The Vehicle Manager (VM) provides severalehicle Manager (VM) provides several
functions. It interfaces with the travel directionfunctions. It interfaces with the travel direction
switches and accelerator potswitches and accelerator potentiometerentiometer. The VM. The VM
stores the learned values for the travel and liftstores the learned values for the travel and lift
potentiometers. It also stores the defaultpotentiometers. It also stores the default
configuration values. With the standard spoolconfiguration values. With the standard spool

 valve hydraulic controls, lift/lower valve hydraulic controls, lift/lower, sideshift,, sideshift,
tilt, 4th, and 5th auxiliary functiontilt, 4th, and 5th auxiliary function
switch/potentiometer requests are inputswitch/potentiometer requests are input

directly to the VM. The VM distributes 24Vdirectly to the VM. The VM distributes 24Vpower to the operational and working lights onpower to the operational and working lights on
the truck. It also contains the circuits thatthe truck. It also contains the circuits that
activate the brake and tail lights based onactivate the brake and tail lights based on
inputs from the TPA. Refer toinputs from the TPA. Refer to “Hydraulic“Hydraulic
SystemSystem” on ” on pagepage 8-78-7 for specific information on for specific information on
the operation of standard and optionalthe operation of standard and optional
hydraulic systems.hydraulic systems.

Traction Power AmplifiersTraction Power Amplifiers

 There are two Traction Power Amplifiers (TPA) There are two Traction Power Amplifiers (TPA)
that power/control the AC Traction Motothat power/control the AC Traction Motors. Thers. The
controllers are designated as Master controllers are designated as Master and Slave.and Slave.

 The Master controls the Right Traction Motor The Master controls the Right Traction Motor
(RTM) and the Slave controls the Left Traction(RTM) and the Slave controls the Left Traction
Motor (LTM). The Master and SlaveMotor (LTM). The Master and Slave
communicate with each other as well as withcommunicate with each other as well as with
other devices connected to the CAN-Bus.other devices connected to the CAN-Bus.
Requests for travel direction and speed areRequests for travel direction and speed are
communicated from the VM via tcommunicated from the VM via the CAN-Bus.he CAN-Bus.

 The TPAs supply voltage to the traction motors The TPAs supply voltage to the traction motors
to comply with the travel request. They thento comply with the travel request. They then
monitor motor operation and adjust the voltagemonitor motor operation and adjust the voltage
to the motors to maintain motor performanceto the motors to maintain motor performance
equal to the request. The TPAs receive an inputequal to the request. The TPAs receive an input
from the steer potentiometer and regulatefrom the steer potentiometer and regulate
motor direction and speed with regard to steermotor direction and speed with regard to steer

 wheel angle. The Ma wheel angle. The Master TPA stores the learnedster TPA stores the learned

 value for the steer potentiometer value for the steer potentiometer. Motor. Motorparameters such as acceleration speedparameters such as acceleration speed

FlashWaFlashWare and are stored ire and are stored in the TPAs. Then the TPAs. The
Master and Slave are capable Master and Slave are capable of generatingof generating
error codes.error codes. See “CSee “Codes” on odes” on pagepage 6-4.6-4.

Pump Power AmplifierPump Power Amplifier

 The Pump  The Pump Power Amplifier Power Amplifier (PPA) is (PPA) is an AC an AC motormotor
controller that controls the motor used tocontroller that controls the motor used to
provide hydraulic power for all hydraulicprovide hydraulic power for all hydraulic
functions. The PPA communicates with otherfunctions. The PPA communicates with other
devices via the CAN-Bus. Requests for alldevices via the CAN-Bus. Requests for all
hydraulic functions (including steering) arehydraulic functions (including steering) are
communicated to the PPA via the CAN-Bus fromcommunicated to the PPA via the CAN-Bus from
the VM or from the Armrest Board (fingertipthe VM or from the Armrest Board (fingertip
control configurations). The PPA then supplies acontrol configurations). The PPA then supplies a

 voltage to the pump motor voltage to the pump motor. The pump motor. The pump motor
operating parameters may be different for theoperating parameters may be different for the

 various hydraulic functions. Param various hydraulic functions. Parameters sucheters such
as delay, maximum speed, and maximumas delay, maximum speed, and maximum
motor current can be configured withmotor current can be configured with
FlashWareFlashWare  and are stored in the and are stored in the PPA. The PPAPPA. The PPA
is capable of generating error codes.is capable of generating error codes. SeeSee
“Cod“Codes” oes” on pan pagege 6-4.6-4.

 Amplifier Fan Amplifier Fan

 The truck is equipped w The truck is equipped with a cooling fan fith a cooling fan for theor the
 TPAs and PPA. This f TPAs and PPA. This fan is energized by the VMan is energized by the VM
 within approx. one minute of turning the key within approx. one minute of turning the key
switch ON. If this fails switch ON. If this fails to occur, the TPAs andto occur, the TPAs and
PPA could overheat.PPA could overheat.

DC/DC ConverterDC/DC Converter

 A DC/DC converter provides 24V to the lights, A DC/DC converter provides 24V to the lights,
cooling fan, solenoid valves, horn, travel alarm,cooling fan, solenoid valves, horn, travel alarm,
and other options. It also provides 24V to theand other options. It also provides 24V to the
Hydraulic Control Board on trucks with theHydraulic Control Board on trucks with the
Fingertip Controls option. A dedicated 12A fuseFingertip Controls option. A dedicated 12A fuse
is located on the is located on the end opposite the connectoend opposite the connectorr..

Operator Display Operator Display 

 The Operator Display (OD) receives The Operator Display (OD) receives
communications from the CAN-Bus and 24Vcommunications from the CAN-Bus and 24V
power from the VM. Various icons illuminate topower from the VM. Various icons illuminate to
inform the operator of the status of the truck.inform the operator of the status of the truck.

 The OD also displays hour meters an The OD also displays hour meters and Batteryd Battery
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ppparameters such as acceleration, speedparameters such as acceleration, speed
limiting, coast, motor braking, motor current,limiting, coast, motor braking, motor current,
and creep speed can be configured withand creep speed can be configured with

p yp y yy
State-of-Charge (BSOC), however BSOC isState-of-Charge (BSOC), however BSOC is
calculated by the Master TPA. The OD alsocalculated by the Master TPA. The OD also
contains a two position alphanumeric displaycontains a two position alphanumeric display
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that provides error and status codethat provides error and status code
information.information. See “Operator Display Messages”See “Operator Display Messages”
on on pagpagee 6-26-2..

 Armrest Board Armrest Board

 The truck can be equipped with optional The truck can be equipped with optional
Fingertip hydraulic controls that are located onFingertip hydraulic controls that are located on
the armrest on the right side of the operator’sthe armrest on the right side of the operator’s
seat. The Armrest Board receives inputs fromseat. The Armrest Board receives inputs from
the fingertip hydraulic function controls basedthe fingertip hydraulic function controls based
on operator input. Hydraulic output flow ison operator input. Hydraulic output flow is
controlled by proportional and solenoid valvescontrolled by proportional and solenoid valves
instead of the spool valves used on the standardinstead of the spool valves used on the standard
hydraulic system. The Armrest Board processeshydraulic system. The Armrest Board processes
the request and informs the Hydraulic Controlthe request and informs the Hydraulic Control
Board which solenoids to energize and the PPABoard which solenoids to energize and the PPA
to energize the pump motor, providing theto energize the pump motor, providing the
hydraulic flow necessary for the given function.hydraulic flow necessary for the given function.

 The Armrest Board can  The Armrest Board can also initiate error also initiate error codescodes
for the components (potentiometers andfor the components (potentiometers and
switches) that it interfaces with.switches) that it interfaces with. See “Codes” onSee “Codes” on
papagege 6-6-4.4.

Hydraulic Control BoardHydraulic Control Board

 The Hydraulic Control Board is a hydr The Hydraulic Control Board is a hydraulicaulic
driver board that receives commands via thedriver board that receives commands via the
CAN-Bus from the Armrest Board. It containsCAN-Bus from the Armrest Board. It contains
coil drivers for the hydraulic solenoids and iscoil drivers for the hydraulic solenoids and is
required for the optional Fingertip controls. Therequired for the optional Fingertip controls. The

 Armrest Board communicates hydraulic Armrest Board communicates hydraulic
function requests to the Hydraulic Controlfunction requests to the Hydraulic Control

Board, which energizes the solenoids. TheBoard, which energizes the solenoids. Theparameters regarding the operation of theparameters regarding the operation of the
solenoid valves that the Hydraulic Controlsolenoid valves that the Hydraulic Control
Board controls can be adjusted and set inBoard controls can be adjusted and set in
FlashWaFlashWare. The Hydraulic Control re. The Hydraulic Control Board canBoard can
initiate error codes for the coil circuits that itinitiate error codes for the coil circuits that it
controls.controls. See “CSee “Codes” oodes” on pagn pagee 6-4.6-4.

CT1CT1

CT1 provides B+ to the DC/DC Converter andCT1 provides B+ to the DC/DC Converter and
Hydraulic Control Board (for optional FingertipHydraulic Control Board (for optional Fingertip
Controls). The CT1 contactor coil is designed toControls). The CT1 contactor coil is designed to
operate on approx. 36V. Because these trucksoperate on approx. 36V. Because these trucks
accept both 36V and 48V batteries, voltage toaccept both 36V and 48V batteries, voltage to

CT1 from a 48V battery must be CT1 from a 48V battery must be reduced. Thisreduced. This

 When a 48V battery is installed in  When a 48V battery is installed in a trucka truck
configured (via FlashWare) for a 48V battery,configured (via FlashWare) for a 48V battery,
RL1 is energized. The RL1 contact tips open,RL1 is energized. The RL1 contact tips open,
redirecting current through a 56 ohm resistorredirecting current through a 56 ohm resistor

 wired in parallel with the RL1 conta wired in parallel with the RL1 contact tips. Thect tips. The

56 ohm resistor reduces the voltage approx. 8V,56 ohm resistor reduces the voltage approx. 8V,
thus providing approx. 40V to the CT1thus providing approx. 40V to the CT1
contactor coil.contactor coil.

 When a 36V battery is installed in  When a 36V battery is installed in a trucka truck
configured (via FlashWare) for a 36V battery,configured (via FlashWare) for a 36V battery,
RL1 is not energized. The RL1 contact tipsRL1 is not energized. The RL1 contact tips
remain closed, causing current to bypass theremain closed, causing current to bypass the
5656 ohm resiohm resistor wirestor wired in paralled in parallel with the RL1l with the RL1
contact tips, thus providing B+ to the CT1contact tips, thus providing B+ to the CT1
contactor coil.contactor coil.

CT2CT2

CT2 provides B+ to the PPA.CT2 provides B+ to the PPA.

CT3CT3

CT3 provides B+ to the TPA.CT3 provides B+ to the TPA.
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is accomplished via a control relay (RL1) is accomplished via a control relay (RL1) that isthat is
energized when the key switch is turned ON.energized when the key switch is turned ON.
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TravelTravel

 After SelfTest, travel is allowed. Travel can be After SelfTest, travel is allowed. Travel can be
requested via one of two configurations.requested via one of two configurations.

Standard configurations utilize a handStandard configurations utilize a hand
activated direction lever located on the steeringactivated direction lever located on the steering
column. The lever is moved forward (toward thecolumn. The lever is moved forward (toward the
mast) for forward travel and back (away frommast) for forward travel and back (away from
the mast) for reverse travel. It is used inthe mast) for reverse travel. It is used in
conjunction with a single foot activated travelconjunction with a single foot activated travel
pedal located on the floor of the operatorpedal located on the floor of the operator
compartment to the right of the compartment to the right of the brake pedal.brake pedal.

 Travel speed is based on how far the pedal is Travel speed is based on how far the pedal is
depressed. The further down the pedal isdepressed. The further down the pedal is
depressed, the faster the truck travels.depressed, the faster the truck travels.

 An optional configuration utilizes two pedals An optional configuration utilizes two pedals
located on the floor of the operatorlocated on the floor of the operator
compartment, to the right of the compartment, to the right of the brake pedal.brake pedal.

 The left pedal is depressed for forward  The left pedal is depressed for forward traveltravel
and the right pedal for reverse travel. Traveland the right pedal for reverse travel. Travel
speed is based on how far either pedal isspeed is based on how far either pedal is
depressed. The further down the pedal isdepressed. The further down the pedal is
depressed, the faster the truck travels.depressed, the faster the truck travels.

NNOTEOTE:: For two-pedal configuration, a jumperFor two-pedal configuration, a jumper
must be installed between J33-4 andmust be installed between J33-4 and

 J33-5. J33-5.

Hand Direction LeverHand Direction Lever

Moving the lever from the neutral positionMoving the lever from the neutral position
toward the mast closes Forward switch (SW9).toward the mast closes Forward switch (SW9).
Moving the lever from the neutral position Moving the lever from the neutral position awayaway
from the mast closes Reverse switch (SW10).from the mast closes Reverse switch (SW10).

 These directional  These directional inputs are inputs are sent to sent to the VM. the VM. TheThe
 VM monitors the Enable switch (SW VM monitors the Enable switch (SW8) and the8) and the
 Travel Pot (P2). When the travel pedal is Travel Pot (P2). When the travel pedal is
depressed, the Enable switch (SW8) closes. Thisdepressed, the Enable switch (SW8) closes. This
informs the VM to recognize the informs the VM to recognize the Hand DirectionHand Direction
Lever switch (SW9 and SW10) inputs. OutputLever switch (SW9 and SW10) inputs. Output

 voltage from Travel Pot (P2) is compared to its voltage from Travel Pot (P2) is compared to its
previously Learned value and the VM convertspreviously Learned value and the VM converts
the voltage value into a percentage-of-request.the voltage value into a percentage-of-request.

 The VM converts travel direction and the The VM converts travel direction and the
percentage of the request into a message that ispercentage of the request into a message that is

 The TPAs send the voltage to the Traction The TPAs send the voltage to the Traction
Motors to satisfy the direction and speedMotors to satisfy the direction and speed
request received by the VM. The TPA monitorsrequest received by the VM. The TPA monitors
the encoders (EN1 and EN2) to verify that travelthe encoders (EN1 and EN2) to verify that travel
direction and speed match what was requested.direction and speed match what was requested.

 The VM constantly monitors the tr The VM constantly monitors the travel requestavel request
and updates the information to the TPAs asand updates the information to the TPAs as
changes occur. All operational parameters thatchanges occur. All operational parameters that
affect motor torque and speed are controlled affect motor torque and speed are controlled byby
the TPAs. The TPAs also monitor thethe TPAs. The TPAs also monitor the
temperature switches (TS1 and TS2). Thetemperature switches (TS1 and TS2). The
temperature switches are normally closed. Theytemperature switches are normally closed. They
open when an overtemperature condition existsopen when an overtemperature condition exists
in the motor, causing a reduction in travelin the motor, causing a reduction in travel
speed to allow the motor to cool. An icon on thespeed to allow the motor to cool. An icon on the
Operator Display is also illuminated to alert theOperator Display is also illuminated to alert the
operator.operator.

Two Pedal ConfigurationTwo Pedal Configuration

 The optional Forward and Reverse travel The optional Forward and Reverse travel
direction pedals are located to the right of thedirection pedals are located to the right of the

 brake pedal on  brake pedal on the operator comparthe operator compartment floortment floor..
 The left pedal is depressed for forward  The left pedal is depressed for forward traveltravel
and the right pedal for reverse travel. Whenand the right pedal for reverse travel. When
either pedal is depressed, the correspondingeither pedal is depressed, the corresponding
Forward switch (SW4) or Reverse switch (SW5)Forward switch (SW4) or Reverse switch (SW5)
closes, sending an input to the VM as a requestcloses, sending an input to the VM as a request
for forward or reverse travel. The for forward or reverse travel. The VM monitorsVM monitors
the Travel Pot (P2). Output voltage from P2 isthe Travel Pot (P2). Output voltage from P2 is
compared to its previously Learned value andcompared to its previously Learned value and
the VM converts the voltage value into athe VM converts the voltage value into a
percentage-of-request. The VM converts travelpercentage-of-request. The VM converts travel
direction and percentage-of-request into adirection and percentage-of-request into a

message that is sent via the CAN-Bus to themessage that is sent via the CAN-Bus to the
 Traction Power Amplifiers (TPAs) and Opera Traction Power Amplifiers (TPAs) and Operatortor
Display (OD). The TPAs send the voltage to theDisplay (OD). The TPAs send the voltage to the

 Traction Motors to satisfy the direction and Traction Motors to satisfy the direction and
speed request received by the VM. The TPAsspeed request received by the VM. The TPAs
monitor the encoders (EN1 and EN2) to verifymonitor the encoders (EN1 and EN2) to verify
that travel direction and speed match what wasthat travel direction and speed match what was
requested. The VM constantly monitors therequested. The VM constantly monitors the
travel request and updates the information totravel request and updates the information to
the TPAs as changes occthe TPAs as changes occur. All operationalur. All operational
parameters that affect motor torque and speedparameters that affect motor torque and speed
are controlled by the TPAs. The TPAs alsoare controlled by the TPAs. The TPAs also
monitor the temperature switches (TS1 andmonitor the temperature switches (TS1 and

 TS2). The temperature switches are normally TS2). The temperature switches are normally

closed. They open when an overtemperatureclosed. They open when an overtemperaturecondition exists incondition exists in the motor causing athe motor causing a
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percentage of the request into a message that ispercentage of the request into a message that is
sent via the CAN-Bus to the Traction Powersent via the CAN-Bus to the Traction Power

 Amplifiers (TPAs) and Operator  Amplifiers (TPAs) and Operator Display (OD).Display (OD).

closed. They open when an overtemperatureclosed. They open when an overtemperaturecondition exists in condition exists in the motor, causing athe motor, causing a
reduction in travel speed to allow the motor toreduction in travel speed to allow the motor to
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cool. An icon on the Operator Display is alsocool. An icon on the Operator Display is also
illuminated to alert illuminated to alert the operator.the operator.

 When the truck is moving and th When the truck is moving and the travel pedale travel pedal
is released or travel direction is reversed, theis released or travel direction is reversed, the

same sequence of events takes place. The VMsame sequence of events takes place. The VM
does not request plugging or regeneration: itdoes not request plugging or regeneration: it

 just requests travel in the opposite direction at just requests travel in the opposite direction at
a particular RPM. The VM communicates thisa particular RPM. The VM communicates this
information to the TPAs via the CAN-Bus. Theinformation to the TPAs via the CAN-Bus. The

 TPAs calculate both direction and RPM to TPAs calculate both direction and RPM to
determine whether the request from the VMdetermine whether the request from the VM
must be met with a travel, a plug, or amust be met with a travel, a plug, or a
regeneration control output to the tractionregeneration control output to the traction
motors. The VM energizes the Braking Lights.motors. The VM energizes the Braking Lights.

 The brake pedal may be  The brake pedal may be depressed to apply thedepressed to apply the
hydraulic brake, aiding in slowing the truck.hydraulic brake, aiding in slowing the truck.

NNOTEOTE::  The Braking Lights a The Braking Lights are not energized byre not energized by
depressing the brake pedal alone. Thedepressing the brake pedal alone. The

lights energize when the truck islights energize when the truck is
traveling and a change in requestedtraveling and a change in requested
direction is sensed by the TPAs anddirection is sensed by the TPAs and
relayed to the VM via the CAN-Bus.relayed to the VM via the CAN-Bus.
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NNOTEOTE::  A priority valve is used to ensure A priority valve is used to ensure
adequate hydraulic pressure is availableadequate hydraulic pressure is available

to the steering system at all times. Ifto the steering system at all times. Ifadequate flow is not available foradequate flow is not available for
steering, the priority valve diverts fluidsteering, the priority valve diverts fluid
from any other requested function.from any other requested function.

Lift/LowerLift/Lower

Standard Lever ControlsStandard Lever Controls

LiftLift

 The VM monitors the lift control lever switch The VM monitors the lift control lever switch
(SW11) and the voltage from the wiper of the lift(SW11) and the voltage from the wiper of the lift
pot (P3). When lift is requested, the VM sensespot (P3). When lift is requested, the VM senses

SW11 has closed. The VM checks batterySW11 has closed. The VM checks battery
 voltage (for lift reduction) and the Lift Limit voltage (for lift reduction) and the Lift Limit
option that could prevent activation of the liftoption that could prevent activation of the lift
system. Output voltage from the lift pot is alsosystem. Output voltage from the lift pot is also
sensed by the VM. It is compared to thesensed by the VM. It is compared to the
previously Learned value of the pot and the VMpreviously Learned value of the pot and the VM
converts the voltage value into a percentage ofconverts the voltage value into a percentage of
total request. The Pump Power total request. The Pump Power Amplifier (PPA)Amplifier (PPA)
receives the lift request via the CAN-Bus. Thereceives the lift request via the CAN-Bus. The
PPA generates the correct voltage to the pumpPPA generates the correct voltage to the pump
motor to run the pump at the requested RPM.motor to run the pump at the requested RPM.
From the pump, fluid flows first to the priorityFrom the pump, fluid flows first to the priority

 valve. valve.

 When the lift/lower valve is in the neutral When the lift/lower valve is in the neutral
position, fluid bypasses the lift/lower valve andposition, fluid bypasses the lift/lower valve and
is either available for other functions oris either available for other functions or
returned to the returned to the reservoir.reservoir.

 When lift is requested, fluid flows to the lift When lift is requested, fluid flows to the lift
cylinders. Lift motor RPM is determined by thecylinders. Lift motor RPM is determined by the
position of the lift lever, which determines theposition of the lift lever, which determines the
output voltage of P3. The free lift cylindersoutput voltage of P3. The free lift cylinders
elevate first because less pressure is required.elevate first because less pressure is required.
Once the free lift cylinders reach the stops, theOnce the free lift cylinders reach the stops, the
pressure increases enough to start elevating thepressure increases enough to start elevating the
main lift cylinders.main lift cylinders.

LowerLower

A l d h ldi g l id l (EV14)A l d h ldi g l id l (EV14)

normally closed valve connected in line with thenormally closed valve connected in line with the
lift/lower line.lift/lower line.

 When lower is requested and the  When lower is requested and the operator is onoperator is on
the seat, 24V is applied to the solenoid, openingthe seat, 24V is applied to the solenoid, opening

the valve. Hydraulic fluid flows from the liftthe valve. Hydraulic fluid flows from the lift
cylinders through the valve to cylinders through the valve to the reservoir. Ifthe reservoir. If
the operathe operator is not on the seat (SW2tor is not on the seat (SW2 open) whenopen) when
lower is requested, voltage to the solenoid stayslower is requested, voltage to the solenoid stays
at 0V, causing the load holding valve at 0V, causing the load holding valve to remainto remain
closed. Lower is inhibited.closed. Lower is inhibited.

Optional Fingertip ControlsOptional Fingertip Controls

LiftLift

 The Armrest Board monitors the lift switch The Armrest Board monitors the lift switch
(SW17) and the voltage from the wiper of(SW17) and the voltage from the wiper of
lift/lower pot (P4). When lift is lift/lower pot (P4). When lift is requested, SW17requested, SW17

closes. This is sensed by the Armrest Board.closes. This is sensed by the Armrest Board.
 The Armrest Board  The Armrest Board encodes the lift encodes the lift request intorequest into
a digital message and communicates it to thea digital message and communicates it to the

 VM via the CAN-Bus. The V VM via the CAN-Bus. The VM checks theM checks the
 battery voltage (for lift reduction) and th battery voltage (for lift reduction) and the Lifte Lift
Limit option, which could prevent the activationLimit option, which could prevent the activation
of the lift system. Output voltage from P4 isof the lift system. Output voltage from P4 is
interpreted by the Armrest Board. The Armrestinterpreted by the Armrest Board. The Armrest
Board converts the voltage value into aBoard converts the voltage value into a
percentage of total request. The PPA receivespercentage of total request. The PPA receives
the lift request via the CAN-Bus. The PPAthe lift request via the CAN-Bus. The PPA
generates the correct voltage to the pump motorgenerates the correct voltage to the pump motor
to run the pump at the requested RPM. Fromto run the pump at the requested RPM. From
the pump, fluid flows first to the priority valve.the pump, fluid flows first to the priority valve.

 The lift request is also sent to the Hydraulic The lift request is also sent to the Hydraulic
Control Board. The Hydraulic Control BoardControl Board. The Hydraulic Control Board
interprets the message and provides controllinginterprets the message and provides controlling

 voltage to the lifting solenoid  voltage to the lifting solenoid EV2, causing EV2EV2, causing EV2
to open, providing fluid to the lift cylito open, providing fluid to the lift cylinders. Thenders. The
Hydraulic Control Board also energizes theHydraulic Control Board also energizes the
proportional solenoid valve, EVP. This valveproportional solenoid valve, EVP. This valve
opens proportionally to the lift request from P4opens proportionally to the lift request from P4
and provides a path back to reservoir for theand provides a path back to reservoir for the
fluid not used by the lift cylinders. Forfluid not used by the lift cylinders. For
maximum lift, EVP is fully energized.maximum lift, EVP is fully energized.

 When the lift solenoid valve is de-energized, When the lift solenoid valve is de-energized,
fluid bypasses the lift/lower valve and is eitherfluid bypasses the lift/lower valve and is either

available for other functions or returns to theavailable for other functions or returns to thereservoir through the proportional lift solenoidreservoir through the proportional lift solenoid
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 A load holding solenoid valve (EV14) comes A load holding solenoid valve (EV14) comes
standard on trucks with lever controls. It is astandard on trucks with lever controls. It is a

available for other functions or returns to theavailable for other functions or returns to thereservoir through the proportional lift solenoidreservoir through the proportional lift solenoid
 valve (EVP). valve (EVP).
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Hydraulic SystemHydraulic System

Motor RPM and position of the EVP areMotor RPM and position of the EVP are
determined by the position of the fingertipdetermined by the position of the fingertip
control, which determines the output of P4. Thecontrol, which determines the output of P4. The
free lift cylinders elevate first because lessfree lift cylinders elevate first because less
pressure is required. Once the free lift cylinderspressure is required. Once the free lift cylinders

reach the stops, the pressure increases enoughreach the stops, the pressure increases enough
to start elevating the main lift cylinders.to start elevating the main lift cylinders.

LowerLower

 The Armrest Board monitors the lower switch The Armrest Board monitors the lower switch
(SW18) and the voltage from the wiper of(SW18) and the voltage from the wiper of
lift/lower pot (P4). When lower is requested,lift/lower pot (P4). When lower is requested,
SW18 closes and P4 voltage changes. ThisSW18 closes and P4 voltage changes. This
change is sensed by the Armrest Board. Thechange is sensed by the Armrest Board. The
lower request is encoded into a digital messagelower request is encoded into a digital message
that is communicated to the Hydraulic Controlthat is communicated to the Hydraulic Control
Board via the CAN-Bus. The Hydraulic ControlBoard via the CAN-Bus. The Hydraulic Control
Board interprets the message and providesBoard interprets the message and provides

controlling voltage to the lowering solenoidcontrolling voltage to the lowering solenoidEVP1. This causes EVP1 to open proportionallyEVP1. This causes EVP1 to open proportionally
to the request and allows fluid from theto the request and allows fluid from the
cylinders to return to the reservoir. The rate ofcylinders to return to the reservoir. The rate of
lower is dependent on the position of thelower is dependent on the position of the
fingertip control, which determines the outputfingertip control, which determines the output
of P4, but is restricted to a maximum rate ofof P4, but is restricted to a maximum rate of
115 ft./min. by a flow restrictor valve located in115 ft./min. by a flow restrictor valve located in
the distribution manifold at the base of thethe distribution manifold at the base of the
main frame, between the lift cylinders. Flowmain frame, between the lift cylinders. Flow
controls in each cylinder restrict loweringcontrols in each cylinder restrict lowering
speed.speed.

Emergency LowerEmergency Lower

 An emergency lower valve, located on the An emergency lower valve, located on the
control valve (base of the solenoid valvecontrol valve (base of the solenoid valve
assembly on Fingertip Controls), allows theassembly on Fingertip Controls), allows the
carriage to be lowered in the event of a loss ofcarriage to be lowered in the event of a loss of
power to the truck.power to the truck. See See FiguFigurere 7-4 7-4 on pon pageage 7-87-8..

 When the emergency lower valve is opened, When the emergency lower valve is opened,
hydraulic fluid is allowed to pass through thehydraulic fluid is allowed to pass through the
emergency lower valve at a constant rate.emergency lower valve at a constant rate.
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Auxiliary FunctionsAuxiliary Functions

 Auxiliary Functions Auxiliary Functions

NNOTEOTE::  A priority valve is used to ensure A priority valve is used to ensure
adequate hydraulic pressure is availableadequate hydraulic pressure is available

to the steering system at all times. Ifto the steering system at all times. Ifadequate flow is not available foradequate flow is not available for
steering, the priority valve diverts fluidsteering, the priority valve diverts fluid
from any other requested function.from any other requested function.

 Auxiliary functions are activated by the Auxiliary functions are activated by the
operator moving one of the auxiliary functionoperator moving one of the auxiliary function
levers or optional fingertip controls. Tilt andlevers or optional fingertip controls. Tilt and
Sideshift are discussed below for bothSideshift are discussed below for both
configurations. Operational theory for the 4thconfigurations. Operational theory for the 4th
function is similar to tilt and sideshift.function is similar to tilt and sideshift.

Standard Lever ControlsStandard Lever Controls

TiltTilt
 When tilt is requested, the tilt switch (SW12 When tilt is requested, the tilt switch (SW12))
closes. This is sensed by the VM. The Pumpcloses. This is sensed by the VM. The Pump
Power Amplifier (PPA) receives the RPM requestPower Amplifier (PPA) receives the RPM request

 via the  via the CAN-Bus. CAN-Bus. The pumThe pump mp motor operates otor operates at aat a
fixed RPM that is configurable using thefixed RPM that is configurable using the
FlashWFlashWare are program.program.

Oil is pumped through the activated side of theOil is pumped through the activated side of the
tilt valve to the tilt cylinders. Return oil flowstilt valve to the tilt cylinders. Return oil flows
from the other side of tfrom the other side of the cylinders through thehe cylinders through the
tilt valve, and back tilt valve, and back to the reservoir.to the reservoir.

 When  When tilt is tilt is not requested, not requested, all fluid all fluid bypasses thbypasses thee
tilt valve and is either available for use by othertilt valve and is either available for use by other
functions or returned to the reservoir.functions or returned to the reservoir.

 There are two flow controls in the tilt system. There are two flow controls in the tilt system.
One flow control, located in the spool valve,One flow control, located in the spool valve,
provides the correct flow rate.provides the correct flow rate.

 The second flow control (V2) is located in the The second flow control (V2) is located in the
adapter fitting on the control valve assembly.adapter fitting on the control valve assembly.

 V2 controls  V2 controls fluid flow fluid flow in the in the return circuit whenreturn circuit when
tilting forward. If fluid flow in the return tilting forward. If fluid flow in the return circuitcircuit
is excessive (for example: the tilt system isis excessive (for example: the tilt system is
supplied with fluid at the lift system deliverysupplied with fluid at the lift system delivery
rate), the control restricts the return flow torate), the control restricts the return flow to

reduce forward tilt speedreduce forward tilt speed

SideshiftSideshift

 When sideshift is requested, the sideshift When sideshift is requested, the sideshift
switch (SW13) closes. This is sensed by the VM.switch (SW13) closes. This is sensed by the VM.

 The Pump Power Amplifier  The Pump Power Amplifier (PPA) receives the(PPA) receives the
RPM request via the CAN-Bus. The pump motorRPM request via the CAN-Bus. The pump motor
operates at a fixed RPM that is configurableoperates at a fixed RPM that is configurable
using the Fusing the FlashWlashWare program.are program.

Oil is pumped through the activated side of theOil is pumped through the activated side of the
sideshift valve to the sideshift cylinders. Returnsideshift valve to the sideshift cylinders. Return
oil flows from the cylinders, through theoil flows from the cylinders, through the
sideshift valve, and back to sideshift valve, and back to the reservoir.the reservoir.

 When sideshift is not requested, all fluid When sideshift is not requested, all fluid
 bypasses the sideshift valve and is either bypasses the sideshift valve and is either
available for use by other functions or returnsavailable for use by other functions or returns
to the to the reservoir.reservoir.

Optional Fingertip ControlsOptional Fingertip Controls

TiltTilt

 When tilt is requested, the tilt switch (SW19 or When tilt is requested, the tilt switch (SW19 or
S20) closes. This is sensed by the ArmrestS20) closes. This is sensed by the Armrest
Board. Output voltage from the tilt pot (P5) isBoard. Output voltage from the tilt pot (P5) is
also sensed by the Armrest Board. The Armrestalso sensed by the Armrest Board. The Armrest
Board encodes the tilt request into a digitalBoard encodes the tilt request into a digital
message and communicates it to the Hydraulicmessage and communicates it to the Hydraulic
Control Board via the CAN-Bus. The Control Board via the CAN-Bus. The HydraulicHydraulic
Control Board relays the RPM to the PPA. TheControl Board relays the RPM to the PPA. The
PPA generates the correct voltage to the pumpPPA generates the correct voltage to the pump
motor to run the pump.motor to run the pump.

 The Hydraulic Control Board interprets the The Hydraulic Control Board interprets the
message and provides controlling voltage to themessage and provides controlling voltage to the
tilt solenoids (EV3 or EV4) from a coil drivertilt solenoids (EV3 or EV4) from a coil driver
located on the board.located on the board.

 A flow control valve (V2) between the tilt A flow control valve (V2) between the tilt
solenoid valves and tilt cylinders preventssolenoid valves and tilt cylinders prevents
excessive forward tilt speed when lift and tilexcessive forward tilt speed when lift and tilt aret are
requested simultaneously. This valve also keepsrequested simultaneously. This valve also keeps
the forks from drifting when the tilt the forks from drifting when the tilt command iscommand is
removed from the tilt solenoid.removed from the tilt solenoid.

 When  When tilt is tilt is not requested, not requested, all fluid all fluid bypasses thbypasses thee
tilt valve and is either available for use by othertilt valve and is either available for use by other

functions or returns to the reservoirfunctions or returns to the reservoir
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reduce forward tilt speed.reduce forward tilt speed. functions or returns to the reservoir.functions or returns to the reservoir.
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Auxiliary FunctionsAuxiliary Functions

SideshiftSideshift

 When sideshift is requested, the sideshift When sideshift is requested, the sideshift
switch (SW21 or SW22) closes. This is sensedswitch (SW21 or SW22) closes. This is sensed

 by the Armrest Board. Output voltage from the by the Armrest Board. Output voltage from the
sideshift pot (P6) is also sensed by the Armrestsideshift pot (P6) is also sensed by the Armrest
Board. The Armrest Board encodes the sideshiftBoard. The Armrest Board encodes the sideshift
request into a digital message andrequest into a digital message and
communicates it to the Hydraulic communicates it to the Hydraulic Control BoardControl Board

 via the CAN-Bus. The Hydra via the CAN-Bus. The Hydraulic Control Boardulic Control Board
relays the RPM to the PPA. The PPA generatesrelays the RPM to the PPA. The PPA generates
the correct voltage to the pump motor to runthe correct voltage to the pump motor to run
the pump.the pump.

 The Hydraulic Control Board interprets th The Hydraulic Control Board interprets thee
message and provides controlling voltage to message and provides controlling voltage to thethe
sideshift solenoids (EV5 or EV6) from a coilsideshift solenoids (EV5 or EV6) from a coil
driver located on the board.driver located on the board.

Oil is pumped through the energized sideshiftOil is pumped through the energized sideshiftsolenoid (EV5 or EV6) to the sideshift cylinders.solenoid (EV5 or EV6) to the sideshift cylinders.
 A flow restrictor in the solenoid valve provides A flow restrictor in the solenoid valve provides
correct flow for sideshift.correct flow for sideshift.

 When sideshift is not requested, all fluid When sideshift is not requested, all fluid
 bypasses the sideshift valve and is either bypasses the sideshift valve and is either
available for use by other functions or returnsavailable for use by other functions or returns
to the reservoir.to the reservoir.
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Steering SystemSteering System

Steering SystemSteering System

System ComponentsSystem Components

•• SteSteer er OrbOrbitritrol ol – H– Hydrydraulaulicaically lly coupcouplesles
operator request (from steer tiller) to theoperator request (from steer tiller) to the
steering axle.steering axle.

•• PumPump Pop Power wer AmpAmpliflifier ier (PP(PPA) – A) – ConControtrols tls thehe
speed of the pump motor. Receives inputspeed of the pump motor. Receives input
from the brake switch (SW6) or acceleratorfrom the brake switch (SW6) or accelerator
potentiometer (P2), VM, and TPA via thepotentiometer (P2), VM, and TPA via the
CAN-Bus.CAN-Bus.

•• AC PAC Pumump Mop Mototor – Drr – Drivives tes the hhe hydydraraululicic
pump.pump.

•• PriPrioriority Vty Valve – alve – RouRoutes htes hydrydraulaulic flic fluid fuid fromrom
the pump to the steering, lift, the pump to the steering, lift, andand
auxiliary systems. Ensures the steeringauxiliary systems. Ensures the steering
system receives priority over lift and auxsystem receives priority over lift and aux
functions.functions.

•• HyHydrdrauaulilic Pumc Pump – Prop – Providvides fles fluiuid to thd to thee
Steer Orbitrol via the Priority Steer Orbitrol via the Priority VaValve.lve.

•• SteSteer er PotPotententiomiometer eter (P1(P1) – ) – ProProvidvides ses steeteerr
 wheel position  wheel position feedback to feedback to the TPA the TPA Master.Master.
P1 also provides input to the steer wheelP1 also provides input to the steer wheel
position indicator on the Operator Display.position indicator on the Operator Display.

System Overview System Overview 

 The steering system is a  The steering system is a hydraulically activatedhydraulically activated
system. A steer request is generated when thesystem. A steer request is generated when the
operator rotates the steering wheel in either aoperator rotates the steering wheel in either a

clockwise or counterclockwise direction. Theclockwise or counterclockwise direction. The
steering system uses the same hydraulic fluidsteering system uses the same hydraulic fluid
as the lift and auxiliary systems by means of aas the lift and auxiliary systems by means of a
priority valve. Because steering takes prioritypriority valve. Because steering takes priority
over all other hydraulic functions, the priorityover all other hydraulic functions, the priority

 valve ensures that sufficient oil flow to the valve ensures that sufficient oil flow to the
steering system is always present.steering system is always present.

Fluid capacity is checked Fluid capacity is checked by the Priority Valve.by the Priority Valve.
Excess oil is sent to the Control valve for otherExcess oil is sent to the Control valve for other
functions. When the steering wheel is turned,functions. When the steering wheel is turned,
the orbitrol measures a volume of oilthe orbitrol measures a volume of oil
proportional to the movement of the steeringproportional to the movement of the steering

 wheel and sends it to the steer cylinder wheel and sends it to the steer cylinder..

The pump motor starts whThe pump motor starts when travel isen travel is

steering system. Depressing the service brakesteering system. Depressing the service brake
pedal also causes the pump motor to run.pedal also causes the pump motor to run.

Functional DescriptionFunctional Description

 A forward or reverse travel request is received A forward or reverse travel request is received
 by the VM or the Service Brake peda by the VM or the Service Brake pedal isl is
depressed. SW6 closes and GND is removeddepressed. SW6 closes and GND is removed
from the VM and is encoded into a digitalfrom the VM and is encoded into a digital
message that is sent to the PPA. The PPAmessage that is sent to the PPA. The PPA
generates the correct voltage to the pump motorgenerates the correct voltage to the pump motor
to run the pump.to run the pump.

 The priority valve ensures adequate hydraulic The priority valve ensures adequate hydraulic
pressure to the steering system at all times,pressure to the steering system at all times,
regardless of other hydraulic demands on theregardless of other hydraulic demands on the
system.system.

 When the pump motor starts,  When the pump motor starts, fluid is deliveredfluid is delivered

to the orbitrol through port CF of the priorityto the orbitrol through port CF of the priority
 valve. As pressure builds in the steering valve. As pressure builds in the steering
system, the pilot moves the priority valvesystem, the pilot moves the priority valve
against spring tension, dividing the fluid against spring tension, dividing the fluid flowflow
and delivering a restricted flow to the steeringand delivering a restricted flow to the steering
system (through CF) and an unrestricted flow tosystem (through CF) and an unrestricted flow to
the lift and auxiliary functions (through EF).the lift and auxiliary functions (through EF).

 When the orbitrol is  When the orbitrol is rotated, the pressure at rotated, the pressure at LSLS
increases, assisting the spring to move theincreases, assisting the spring to move the
priority valve toward the steering only position.priority valve toward the steering only position.
Fluid is directed Fluid is directed to the steer cylinder.to the steer cylinder.

Steer Position Feedback is provided to the TPASteer Position Feedback is provided to the TPA
from the Steer Pot (P1) located on top of thefrom the Steer Pot (P1) located on top of the
steer assembly.steer assembly.
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 The pump motor starts wh The pump motor starts when travel isen travel is
requested, providing hydraulic flow to therequested, providing hydraulic flow to the
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OptionsOptions

OptionsOptions

Standard Lever ControlsStandard Lever Controls

BottlerBottler’’s Tilts Tilt

Bottler’s Tilt allows the mast to be tilted furtherBottler’s Tilt allows the mast to be tilted further
forward when under free lift mast height. Theforward when under free lift mast height. The
limit is 9limit is 9°° forward, 6 forward, 6°° backward. The option is backward. The option is
controlled by two switches, a Blocking Solenoidcontrolled by two switches, a Blocking Solenoid
(EV12), and a Tilt Limit Solenoid (EV13).(EV12), and a Tilt Limit Solenoid (EV13).

 When the forks are fully lowered and  When the forks are fully lowered and the mastthe mast
is centered, the End of Free Lift switch (SW16)is centered, the End of Free Lift switch (SW16)
and the Angle Tilt Proximity switch (SW30) areand the Angle Tilt Proximity switch (SW30) are
normally closed. When tilt is requested, tiltnormally closed. When tilt is requested, tilt
functions as normal. However, when the forksfunctions as normal. However, when the forks
are elevated above free lift, SW16 opens,are elevated above free lift, SW16 opens,

causing a change in state to be seen at the VM.causing a change in state to be seen at the VM.
If tilt is then requested, the VM allows forwardIf tilt is then requested, the VM allows forward

 Tilt until it sees a change in state of SW30. If Tilt until it sees a change in state of SW30. If
the VM sees SW16 and SW30 open, itthe VM sees SW16 and SW30 open, it
commands the Tilt Limit Solenoid (EV13) tocommands the Tilt Limit Solenoid (EV13) to
activate, stopping return flow from the tiltactivate, stopping return flow from the tilt
cylinders and preventing further forward tilt. Ifcylinders and preventing further forward tilt. If
the mast is then lowered until SW16 closes, tiltthe mast is then lowered until SW16 closes, tilt
forward is allowed.forward is allowed.

If lift is requested while the mast is tilted fullyIf lift is requested while the mast is tilted fully
forward, lift is allowed until the End of Free Liftforward, lift is allowed until the End of Free Lift
switch opens. When the VM again sees SW30switch opens. When the VM again sees SW30
and SW16 open, it de-energizes the Blocand SW16 open, it de-energizes the Blockingking

Solenoid (EV12), blocking flow to the liftSolenoid (EV12), blocking flow to the liftcylinders. When the mast is tilted back untilcylinders. When the mast is tilted back until
SW30 closes, EV12 is energized, allowing SW30 closes, EV12 is energized, allowing flowflow
to the lift cylinders.to the lift cylinders.

Lift-Limit with BypassLift-Limit with Bypass

Lift-Limit with Bypass consists of a switchLift-Limit with Bypass consists of a switch
placed on the mast that prevents lift past aplaced on the mast that prevents lift past a
certain height. To lift beyond this height, thecertain height. To lift beyond this height, the
operator must activate a switch.operator must activate a switch.

 This is accomplished by having a Mast  This is accomplished by having a Mast HeightHeight
switch (SW31), Lift-Limit Push Button switchswitch (SW31), Lift-Limit Push Button switch
(PB9), and a Blocking Solenoid (EV12).(PB9), and a Blocking Solenoid (EV12).

de-energizes EV12, blocking fluid to the liftde-energizes EV12, blocking fluid to the lift
cylinders. To continue lifting, PB9 must becylinders. To continue lifting, PB9 must be
depressed and the lift request resumed.depressed and the lift request resumed.

Finger Tip ControlsFinger Tip Controls
BottlerBottler’’s Tilts Tilt

 Theory of operation for Bottler’s  Theory of operation for Bottler’s Tilt on aTilt on a
fingertip controlled truck is the same as for afingertip controlled truck is the same as for a
lever controlled truck with the exception of thelever controlled truck with the exception of the

 Tilt Limit Solenoid. When the VM senses a Tilt Limit Solenoid. When the VM senses a
change in state at the switches that limit lift orchange in state at the switches that limit lift or
tilt, the VM sends a communication message totilt, the VM sends a communication message to
the Hydraulic Control Board. The Hydraulicthe Hydraulic Control Board. The Hydraulic
Control Board then removes the request for theControl Board then removes the request for the
requested function.requested function.

Lift-Limit with BypassLift-Limit with Bypass
 Theory of operation for Lift-Limit  Theory of operation for Lift-Limit with Bypasswith Bypass
on a fingertip controlled truck is the same as foron a fingertip controlled truck is the same as for
a lever controlled truck with the exception ofa lever controlled truck with the exception of
the Blocking Solenoid (EV12). When the VMthe Blocking Solenoid (EV12). When the VM
senses a change in state at the switches thatsenses a change in state at the switches that
limit lift, the VM sends a communicationlimit lift, the VM sends a communication
message to the Hydraulic Control Board. Themessage to the Hydraulic Control Board. The
Hydraulic Control Board then removes theHydraulic Control Board then removes the
request for the requested function.request for the requested function.
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Pinout MatrixPinout Matrix

Pinout Matrix Pinout Matrix 

 The pinout matrix chart lists functions an The pinout matrix chart lists functions andd
normal voltages of terminals and harnessnormal voltages of terminals and harness

connector pins. The matrix columns have theconnector pins. The matrix columns have the
following meanings:following meanings:

•• ItemItem: sequential number to aid in: sequential number to aid in
reference.reference.

•• ConnectionConnection: actual connector/wire: actual connector/wire
designation or component as identified ondesignation or component as identified on
the electrical schematic (listedthe electrical schematic (listed
alpha-numerically).alpha-numerically).

•• Function DescriptionFunction Description: brief definition of: brief definition of
the signal carried on the wire.the signal carried on the wire.

•• Theory of OperationTheory of Operation: detailed description: detailed description
of the signal carried on the wire. If theof the signal carried on the wire. If the
signal is variable, the state of a relatedsignal is variable, the state of a related
component that causes the signal to varycomponent that causes the signal to vary
is indicated. Also identifies possible causesis indicated. Also identifies possible causes

for lack of correct signal.for lack of correct signal.

•• Normal LevelNormal Level: the approximate voltage: the approximate voltage
that must be seen on that wire for thethat must be seen on that wire for the
state indicated. Unless otherwisestate indicated. Unless otherwise
indicated, voltages are measured withindicated, voltages are measured with
respect to (wrt) B–.respect to (wrt) B–.

•• Signal SourceSignal Source: the device or connection: the device or connection
that supplies the signal directly to thethat supplies the signal directly to the

 wire. wire.

•• Signal UserSignal User: the device or connection: the device or connection
 where the wire directly delivers the signal. where the wire directly delivers the signal.

ItemItem ConnectionConnection

FunctionFunction

DescriptionDescription TThheeoorry  y  oof  f  OOppeerraattiioonn NNoorrmmaal  l  LLeevveell

SignalSignal

SourceSource

SignalSignal

UserUser

1  1  JJCCAANN--11 CCAAN  N  LL LLoow  w  ccoommppoonneennt  t  oof  f  tthhe  e  ddiiggiittaall
communications between the PPAcommunications between the PPA
and optional Fingertip Armrestand optional Fingertip Armrest
Board.Board.

NN//AA PPPPAA FFiinnggeerrttiipp
ArmrestArmrest
BoardBoard

22 JJCCAANN--22 CCAAN  N  HH HHiiggh  h  ccoommppoonneennt  t  oof  f  tthhe  e  ddiiggiittaall
communications between the PPAcommunications between the PPA
and optional Fingertip Armrestand optional Fingertip Armrest
Board.Board.

NN//AA PPPPAA FFiinnggeerrttiipp
ArmrestArmrest
BoardBoard

33 JJCCAANN--33 GGNNDD BB–  –  ssuupppplly  y  ffrroom  m  BBaatttteerryy.  .  TThhiis  s  BB–  –  iiss
used by the optional Fingertipused by the optional Fingertip
Armrest Board. If not present, followArmrest Board. If not present, follow
back towards B– until loss can beback towards B– until loss can be
determined.determined.

BB–– BBTT11 FFiinnggeerrttiipp
ArmrestArmrest
BoardBoard

44 JJCCAANN--44 NNOOT  T  UUSSEEDD

55 JJCCAANN--55 ++VV ++2244V  V  ssuupppplly  y  tto  o  AArrmmrreesst  t  BBooaarrd  d  ffrroomm
VM (J34-12). If not present, checkVM (J34-12). If not present, check
Fuse F23, wiring, and connections.Fuse F23, wiring, and connections.

++2244VV VVMM AArrmmrreesstt
BoardBoard

66 JJCCAANN--66 GGNNDD BB–  –  ssuupppplly  y  ffrroom  m  bbaatttteerryy.  .  TThhiis  s  BB–  –  iiss
used by the optional Fingertipused by the optional Fingertip
Armrest Board. If not present, followArmrest Board. If not present, follow
back towards B– until loss can beback towards B– until loss can be
determined.determined.

BB–– BBTT11 FFiinnggeerrttiipp
ArmrestArmrest
BoardBoard

77 JJCCMM--11 LLOOWW VVoollttaagge  e  ffrroom  m  tthhe  e  HHCCB  B  tto  o  ttuurrn  n  oon  n  tthhee
Lowering Solenoid (EVP1). If notLowering Solenoid (EVP1). If not
present, check the HCB, wiring, andpresent, check the HCB, wiring, and
connections.connections.

Approx. 2 to 12VApprox. 2 to 12V
wrt B+ whenwrt B+ when
loweringlowering
(appro(approx. x. 1818 ohmsohms
across coil)across coil)

HHCCBB EEVVPP11
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Pinout MatrixPinout Matrix

88 JJCCMM--22 ++VV VVoollttaagge  e  ffrroom  m  tthhe  e  HHCCB  B  tto  o  tthhee
Lowering (EVP1) and Lifting (EV2)Lowering (EVP1) and Lifting (EV2)

Solenoids. If not present, check theSolenoids. If not present, check theHCB, wiring, and connections.HCB, wiring, and connections.
Note:Note: This voltage is common to This voltage is common to
both solenoids. If this voltage is lost,both solenoids. If this voltage is lost,
neither solenoid works.neither solenoid works.

36V when lifting36V when lifting
or loweringor lowering

HHCCBB EEVVPP11,  ,  EEVV22

99 JJCCMM--33 LLIIFFTT VVoollttaagge  e  ffrroom  m  tthhe  e  HHCCB  B  tto  o  ttuurrn  n  oon  n  tthhee
Lifting Solenoid (EV2). If not present,Lifting Solenoid (EV2). If not present,
check the HCB, wiring, andcheck the HCB, wiring, and
connections.connections.

Approx. 24V wrtApprox. 24V wrt
B+ when liftingB+ when lifting
(appro(approx. x. 2727 ohmsohms
across coil)across coil)

HHCCBB EEVV22

1100 JJCCMM--44 TTIILLT  T  FFWW VVoollttaagge  e  ffrroom  m  tthhe  e  HHCCB  B  tto  o  ttuurrn  n  oon  n  tthhee
Tilt Forward Solenoid (EV3). If notTilt Forward Solenoid (EV3). If not
present, check the HCB, wiring, andpresent, check the HCB, wiring, and
connections.connections.

Approx. 15V wrtApprox. 15V wrt
B+ (approx.B+ (approx.
1818 ohms acohms acrosrosss
coil)coil)

HHCCBB EEVV33

1111 JJCCMM--55 ++VV VVoollttaagge  e  ffrroom  m  tthhe  e  HHCCB  B  tto  o  tthhe  e  TTiilltt
Forward (EV3) and Tilt BackwardForward (EV3) and Tilt Backward
(EV4) Solenoids. If not present,(EV4) Solenoids. If not present,
check the HCB, wiring, andcheck the HCB, wiring, and
connections.connections.
Note:Note: This voltage is common to This voltage is common to
both solenoids. If this voltage is lost,both solenoids. If this voltage is lost,
neither solenoid works.neither solenoid works.

BB++ HHCCBB EEVV33,  ,  EEVV44

1122 JJCCMM--66 TTIILLT  T  BBWW VVoollttaagge  e  ffrroom  m  tthhe  e  HHCCB  B  tto  o  ttuurrn  n  oon  n  tthhee
Tilt Backward Solenoid (EV4). If notTilt Backward Solenoid (EV4). If not
present, check the HCB, wiring, andpresent, check the HCB, wiring, and
connections.connections.

Approx. 15V wrtApprox. 15V wrt
B+ (approx.B+ (approx.
1818 ohms acohms acrosrosss
coil)coil)

HHCCBB EEVV44

1133 JJCCMM--77 L  L  SSIIDDEESSHHIIFFTT VVoollttaagge  e  ffrroom  m  tthhe  e  HHCCB  B  tto  o  ttuurrn  n  oon  n  tthhee
Left Sideshift Solenoid (EV5). If notLeft Sideshift Solenoid (EV5). If not
present, check the HCB, wiring, andpresent, check the HCB, wiring, and
connections.connections.

Approx. 18V wrtApprox. 18V wrt
B+ (approx.B+ (approx.
2222 ohms acohms acrosrosss
coil)coil)

HHCCBB EEVV55

1144 JJCCMM--88 ++VV VVoollttaagge  e  ffrroom  m  tthhe  e  HHCCB  B  tto  o  tthhe  e  LLeefftt
(EV5) and Right (EV6) Sideshift(EV5) and Right (EV6) Sideshift
Solenoids. If not present, check theSolenoids. If not present, check the
HCB, wiring, and connections.HCB, wiring, and connections.
Note:Note: This voltage is common to This voltage is common to
both solenoids. If this voltage is lost,both solenoids. If this voltage is lost,
neither solenoid works.neither solenoid works.

BB++ HHCCBB EEVV55,  ,  EEVV66

1155 JJCCMM--9  9  tthhrru  u  1111 NNOOT  T  UUSSEEDD

1166 JJCCMM--1122 44tth  h  FFUUNNCCTTIIOONN VVoollttaagge  e  ffrroom  m  tthhe  e  HHCCB  B  tto  o  ttuurrn  n  oon  n  tthhee
4th Function Solenoid (EV7). If not4th Function Solenoid (EV7). If not
present, check the HCB, wiring, andpresent, check the HCB, wiring, and
connections.connections.

Approx. 18V wrtApprox. 18V wrt
B+ (approx.B+ (approx.
2222 ohms acohms acrosrosss
coil)coil)

HHCCBB EEVV77

ItemItem ConnectionConnection
FunctionFunction

DescriptionDescription
TThheeoorry  y  oof  f  OOppeerraattiioonn NNoorrmmaal  l  LLeevveell

SignalSignal
SourceSource

SignalSignal
UserUser
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MMooddeells  s  4444550  0  MMaaiinntteennaanncce  e  MMaannuuaall SSeeccttiioon  n  88.. TThheeoorry  y  oof  f  OOppeerraattiioonn

Pinout MatrixPinout Matrix

1177 JJCCMM--1133 ++VV VVoollttaagge  e  ffrroom  m  tthhe  e  HHCCB  B  tto  o  tthhe  e  44tthh
Function (EV7 and EV8) Solenoids. IfFunction (EV7 and EV8) Solenoids. If

not present, check the HCB, wiring,not present, check the HCB, wiring,and connections.and connections.
Note:Note: This voltage is common to This voltage is common to
both solenoids. If this voltage is lost,both solenoids. If this voltage is lost,
neither solenoid works.neither solenoid works.

BB++ HHCCBB EEVV77,  ,  EEVV88

1188 JJCCMM--1144 44tth  h  FFUUNNCCTTIIOONN VVoollttaagge  e  ffrroom  m  tthhe  e  HHCCB  B  tto  o  ttuurrn  n  oon  n  tthhee
4th Function Solenoid (EV8). If not4th Function Solenoid (EV8). If not
present, check the HCB, wiring, andpresent, check the HCB, wiring, and
connections.connections.

Approx. 18V wrtApprox. 18V wrt
B+ (approx.B+ (approx.
2222 ohmohms across acrosss
coil)coil)

HHCCBB EEVV88

1199 JJCCMM--1155 R  R  SSIIDDEESSHHIIFFTT VVoollttaagge  e  ffrroom  m  tthhe  e  HHCCB  B  tto  o  ttuurrn  n  oon  n  tthhee
Right Sideshift Solenoid (EV6). If notRight Sideshift Solenoid (EV6). If not
present, check the HCB, wiring, andpresent, check the HCB, wiring, and
connections.connections.

Approx. 18V wrtApprox. 18V wrt
B+ (approx.B+ (approx.
2222 ohmohms across acrosss
coil)coil)

HHCCBB EEVV66

2200 JJCCMM--116  6  tthhrru  u  1188 NNOOT  T  UUSSEEDD

2211 JJCCMM--1199 DDRRAAIINN VVoollttaagge  e  ffrroom  m  tthhe  e  HHCCB  B  tto  o  ttuurrn  n  oon  n  tthhee
Drain Solenoid (EVP). If not present,Drain Solenoid (EVP). If not present,
check the HCB, wiring, andcheck the HCB, wiring, and
connections.connections.

Approx. 2 to 15VApprox. 2 to 15V
wrt B+ whenwrt B+ when
requesting liftrequesting lift
and/or any auxand/or any aux
function (approx.function (approx.
1818 ohmohms across acrosss
coil)coil)

HHCCBB EEVVPP

2222 JJCCMM--2200 ++VV VVoollttaagge  e  ffrroom  m  tthhe  e  HHCCB  B  tto  o  tthhe  e  DDrraaiinn
Solenoid (EVP). If not present, checkSolenoid (EVP). If not present, check
the HCB, wiring, and connections.the HCB, wiring, and connections.

BB++ HHCCBB EEVVPP

2233 JJCCMM--221  1  aannd  d  2222 NNOOT  T  UUSSEEDD

2244 JJCCMM--2233 GGNNDD BB–  –  ssuupppplly  y  tto  o  ooppttiioonnaal  l  HHCCBB.  .  TThhiis  s  BB–  –  iiss
shared by many components prior toshared by many components prior to
and after the VM. If not present,and after the VM. If not present,

follow back towards B– until loss canfollow back towards B– until loss canbe determined.be determined.

Battery voltageBattery voltage
wrt BT1+wrt BT1+

BB–  –  aat  t  JJ11 HHCCBB

2255 JJPP--11 ++V  V  KKEEYY BB+  +  ffrroom  m  KKeey  y  sswwiittcch  h  tto  o  ppoowweer  r  iinntteerrnnaall
circuitry in the circuitry in the PPA. Also used by thePPA. Also used by the
PPA to create 5 and 12V internalPPA to create 5 and 12V internal ly.ly.

BB++ KKeey  y  SSwwiittcchh PPPPAA

2266 JJPP--22 NNOOT  T  UUSSEEDD

2277 JJPP--33 IINN IInnppuut  t  ffrroom  m  ooppttiioonnaal  l  MMaasst  t  HHeeiigghhtt
switch (SW31) to the Pswitch (SW31) to the PPA. TrPA. Travelavel
speed is reduced when B+ isspeed is reduced when B+ is
supplied to the PPA on this pin.supplied to the PPA on this pin.

Switch Closed:Switch Closed:
B+ Open: 0VB+ Open: 0V

KKeey Sy Swwiti tcchh PPPPAA

2288 JJPP--4  4  tthhrru  u  66 NNOOT  T  UUSSEEDD

2299 JJPP--77 A  A  PPHHAASSEE CChhaannnneel  l  A  A  iinnppuut  t  ffrroom  m  tthhe  e  PPuummpp
Motor (PM) encoder (EN3) to theMotor (PM) encoder (EN3) to the

PPA Th PPA thi i t lPPA Th PPA thi i t l

Lifting: approx.Lifting: approx.
6V6V

N t Lifti 0N t Lifti 0

EENN33 PPPPAA

ItemItem ConnectionConnection
FunctionFunction

DescriptionDescription
TThheeoorry  y  oof  f  OOppeerraattiioonn NNoorrmmaal  l  LLeevveell

SignalSignal
SourceSource

SignalSignal
UserUser
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PPA. The PPA uses this input alongPPA. The PPA uses this input alongwith Channel B to determine pumpwith Channel B to determine pump
motor RPM.motor RPM.

Not Lifting: 0 orNot Lifting: 0 or11V11V

  

SSeeccttiioon  n  88.. TThheeoorry  y  oof  f  OOppeerraattiioonn MMooddeells  s  4444550  0  MMaaiinntteennaanncce  e  MMaannuuaall

Pinout MatrixPinout Matrix

3300 JJPP--88 ++1122VV VVoollttaagge  e  ssuupppplliieed  d  tto  o  tthhe  e  PPM  M  EENN3  3  ttoo
power its circuitry.power its circuitry.

1122VV EENN33 PPPPAA

3311 JJPP--99 GGNNDD BB–  –  ffrroom  m  tthhe  e  PPPPA  A  tto  o  tthhe  e  SSAAFFEETTY  Y  IINN
connection at JP-11.connection at JP-11.

B+ wrt J1+B+ wrt J1+
<0.5V wrt B– at<0.5V wrt B– at
 J1– J1–

PPPPAA PPPPAA

3322 JJPP--1100 NNOOT  T  UUSSEEDD

3333 JJPP--1111 SSAAFFEETTY  Y  IINN 1133..22V  V  ffrroom  m  tthhe  e  PPPPA  A  tthhaat  t  iis  s  ttaakkeen  n  llooww
by the GND at JP-9. Without this pinby the GND at JP-9. Without this pin
drawn low, the PPA does notdrawn low, the PPA does not
function.function.

13.2V13.2V PPPPAA PPPPAA

3344 JJPP--112  2  aannd  d  1133 NNOOT  T  UUSSEEDD

3355 JJPP--1144 B  B  PPHHAASSEE CChhaannnneel  l  B  B  iinnppuut  t  ffrroom  m  tthhe  e  PPuummpp
Motor (PM) encoder (EN3). The PPAMotor (PM) encoder (EN3). The PPA
uses this input along with Channel Auses this input along with Channel A
to determine pump motor RPM.to determine pump motor RPM.

Lifting: approx.Lifting: approx.
6V6V
Not Lifting: 0 orNot Lifting: 0 or
11V11V

EENN33 PPPPAA

3366 JJPP--1155 GGNNDD
ENCODERENCODER

B– from the PPA to the Pump MotorB– from the PPA to the Pump Motor
(PM) encoder (EN3).(PM) encoder (EN3).

B+ wrt J1+B+ wrt J1+
<0.5V wrt B– at<0.5V wrt B– at
 J1– J1–

PPPPAA EENN33

3377 JJPP--1166 ––V  V  CCOOIILL BB–  –  ffrroom  m  tthhe  e  PPPPA  A  tto  o  tthhe  e  CCTT2  2  ccoonnttaaccttoorr
coil when the PPA wants to close thecoil when the PPA wants to close the
contactor.contactor.

B+ wrt J1+B+ wrt J1+
<0.5V wrt B– at<0.5V wrt B– at
 J1–; drops  J1–; drops to 22Vto 22V
wrt B– holdingwrt B– holding
voltagevoltage

PPPPAA CCTT22

3388 JJPP--1177 ++V  V  CCOOIILL BB+  +  ffrroom  m  CCTT1  1  tto  o  PPPPA  A  aannd  d  CCTT22
contactor coil.contactor coil.

BB++ CCTT11 PPPPAA,  ,  TTPPAAss

3399 JJPP--118  8  aannd  d  1199 NNOOT  T  UUSSEEDD

4400 JJPP--2200 CCAAN  N  LL LLoow  w  ccoommppoonneennt  t  oof  f  tthhe  e  ddiiggiittaall
communications between the PPAcommunications between the PPA

and other devices.and other devices.

NN//AA TTPPAAss,  ,  VVMM,,
PPAPPA

TPAs, VM,TPAs, VM,
PPAPPA

4411 JJTT22--2211 CCAAN  N  HH HHiiggh  h  ccoommppoonneennt  t  oof  f  tthhe  e  ddiiggiittaall
communications between the PPAcommunications between the PPA
and other devices.and other devices.

NN//AA TTPPAAss,  ,  VVMM,,
PPAPPA

TPAs, VM,TPAs, VM,
PPAPPA

4422 JJPP--2222 TTEERRMM 99V  V  ffrroom  m  tthhe  e  PPPPA  A  tto  o  tthhe  e  PPuummp  p  MMoottoorr
temperature switch (TS3). Whentemperature switch (TS3). When
switch is closed, voltage is taken toswitch is closed, voltage is taken to
B–, informing the PPA the motor isB–, informing the PPA the motor is
operating within normal temp.operating within normal temp.
When switch opens, an overtempWhen switch opens, an overtemp
message is displayed.message is displayed.

Closed: 1VClosed: 1V
Open: approx.Open: approx.
5V5V

PPPPAA PPPPAA

4433 JJPP--2233 GGNND  D  TTEERRMM BB–  –  ffrroom  m  tthhe  e  PPPPA  A  tto  o  tthhe  e  PPuummp  p  MMoottoorr
temperature switch (TS3).temperature switch (TS3).

B+ wrt J1+B+ wrt J1+
<0.5V wrt B– at<0.5V wrt B– at
 J1– J1–

PPPPAA TTSS33

ItemItem ConnectionConnection
FunctionFunction

DescriptionDescription
TThheeoorry  y  oof  f  OOppeerraattiioonn NNoorrmmaal  l  LLeevveell

SignalSignal
SourceSource

SignalSignal
UserUser
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MMooddeells  s  4444550  0  MMaaiinntteennaanncce  e  MMaannuuaall SSeeccttiioon  n  88.. TThheeoorry  y  oof  f  OOppeerraattiioonn

Pinout MatrixPinout Matrix

4444 JJTT11--11 ++V  V  KKEEYY BB+  +  ffrroom  m  KKeey  y  sswwiittcch  h  tto  o  ppoowweer  r  iinntteerrnnaall
circuitry in the Master Tcircuitry in the Master TPA. Also usedPA. Also used

by the TPA to create 5 and by the TPA to create 5 and 12V12Vinternally.internally.

BB++ KKeey  y  SSwwiittcchh MMaasstteer  r  TTPPAA

4455 JJTT11--22 ++V  V  PPOOTT 1122V  V  ffrroom  m  tthhe  e  MMaasstteer  r  TTPPA  A  tto  o  tthhe  e  SStteeeerr
Feedback Pot (P1).Feedback Pot (P1).

1122VVDDCC MMaasstteer  r  TTPPAA SStteeeerr
FeedbackFeedback
PotPot

4466 JJTT11--33 SSPPEEEED  D  RREEDD.. OOppttiioonnaal  l  SSppeeeed  d  RReedduuccttiioon  n  sswwiittcchh
input to the Master TPA. Travel speedinput to the Master TPA. Travel speed
is reduced when B+ is supplied tois reduced when B+ is supplied to
the TPA on this pin.the TPA on this pin.

Switch Closed:Switch Closed:
B+B+
Open: 0VOpen: 0V

SpeedSpeed
ReductionReduction
SwitchSwitch

Master TPAMaster TPA

4477 JJTT11--44 NNOOT  T  UUSSEEDD

4488 JJTT11--55 GGNND  D  PPOOTT BB–  –  ffrroom  m  tthhe  e  MMaasstteer  r  TTPPA  A  tto  o  tthhe  e  SStteeeerr
Feedback Pot (P1).Feedback Pot (P1).

B+ wrt J1+B+ wrt J1+
<0.5V wrt B– at<0.5V wrt B– at
 J1– J1–

MaMastster er TPTPAA StSteeeerr
FeedbackFeedback
PotPot

4499 JJTT11--66 SSEEAATT BB+  +  ffrroom  m  tthhe  e  MMaasstteer  r  TTPPA  A  tto  o  tthhe  e  SSeeaatt
switch. When the switch is closed,switch. When the switch is closed,
B+ is taken to B–, informing the ampB+ is taken to B–, informing the amp
the switch is closed.the switch is closed.

Switch Open: B+Switch Open: B+
Closed: 0VClosed: 0V

MaMastster er TPTPAA MaMastster er TPTPAA

5500 JJTT11--77 A  A  PPHHAASSEE CChhaannnneel  l  A  A  iinnppuut  t  ffrroom  m  tthhe  e  RRiigghhtt
Traction Motor (RTM) encoderTraction Motor (RTM) encoder
(EN1). The amp uses this input along(EN1). The amp uses this input along
with Channel B to determine travelwith Channel B to determine travel
speed and direction.speed and direction.

Traveling:Traveling:
approx. 6Vapprox. 6V
Parked: 0 or 11VParked: 0 or 11V

EENN11 MMaasstteer  r  TTPPAA

5511 JJTT11--88 ++1122VV VVoollttaagge  e  ssuupppplliieed  d  tto  o  tthhe  e  RRTTM  M  EENN1  1  ttoo
power its circuitry.power its circuitry.

1122VVDDCC EENN11 MMaasstteer  r  TTPPAA

5522 JJTT11--99 GGNNDD BB–  –  ffrroom  m  tthhe  e  MMaasstteer  r  TTPPA  A  tto  o  tthhe  e  SSeeaatt
switch. When the switch is closed,switch. When the switch is closed,
B+ is taken to B–, informing the ampB+ is taken to B–, informing the amp

the switch is closed.the switch is closed.

B+ wrt J1+B+ wrt J1+
<0.5V wrt B– at<0.5V wrt B– at
 J1– J1–

MaMastster er TPTPAA TPTPAsAs

5533 JJTT11--1100 C  C  PPOOTT IInnppuut  t  tto  o  tthhe  e  MMaasstteer  r  TTPPA  A  ffrroom  m  tthhee
wiper of the Steer Feedback Pot (P1).wiper of the Steer Feedback Pot (P1).
Used by the amp to determine whenUsed by the amp to determine when
to limit travel speed.to limit travel speed.

Full Left: 1.5VFull Left: 1.5V
Centered: 5.5VCentered: 5.5V
Full Right: 10VFull Right: 10V

SteerSteer
FeedbackFeedback
PotPot

Master TPAMaster TPA

5544 JJTT11--1111 SSAAFFEETTY  Y  IINN IInnppuut  t  tto  o  tthhe  e  MMaasstteer  r  TTPPA  A  ffrroom  m  JJTT22--1199..
Without pin drawn low, Master TPAWithout pin drawn low, Master TPA
does not function.does not function.

B+ wrt J1+B+ wrt J1+
<0.5V wrt B– at<0.5V wrt B– at
 J1– J1–

SSllaavve Te TPPAA MMaasstter er TTPPAA

5555 JJTT11--112  2  aannd  d  1133 NNOOT  T  UUSSEEDD

5566 JJTT11--1144 B  B  PPHHAASSEE CChhaannnneel  l  B  B  iinnppuut  t  ffrroom  m  tthhe  e  RRiigghhtt
Traction Motor (RTM) encoderTraction Motor (RTM) encoder
(EN1). The amp uses this input along(EN1). The amp uses this input along
with Channel A to determine travelwith Channel A to determine travel
speed and direction.speed and direction.

Traveling:Traveling:
approx. 6Vapprox. 6V
Parked: 0 or 11VParked: 0 or 11V

EENN11 MMaasstteer  r  TTPPAA

ItemItem ConnectionConnection
FunctionFunction

DescriptionDescription
TThheeoorry  y  oof  f  OOppeerraattiioonn NNoorrmmaal  l  LLeevveell

SignalSignal
SourceSource

SignalSignal
UserUser
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5577 JJTT11--1155 GGNNDD
ENCODERENCODER

B– from the Master TPA to the RightB– from the Master TPA to the Right
Traction Motor (RTM) encoderTraction Motor (RTM) encoder
(EN1).(EN1).

B+ wrt J1+B+ wrt J1+
<0.5V wrt B– at<0.5V wrt B– at
 J1– J1–

MaMastster er TPTPAA ENEN11

  

SSeeccttiioon  n  88.. TThheeoorry  y  oof  f  OOppeerraattiioonn MMooddeells  s  4444550  0  MMaaiinntteennaanncce  e  MMaannuuaall

Pinout MatrixPinout Matrix

5588 JJTT11--1166 ––V  V  CCOOIILL BB–  –  ffrroom  m  tthhe  e  MMaasstteer  r  TTPPA  A  tto  o  tthhe  e  CCTT33
contactor coil when the amp wantscontactor coil when the amp wants

to close the to close the contactor.contactor.

B+ wrt J1+B+ wrt J1+
<0.5V wrt B– at<0.5V wrt B– at

 J1– J1–

MaMastster er TPTPAA CCT3T3

5599 JJTT11--1177 ++V  V  CCOOIILL BB+  +  ffrroom  m  CCTT1  1  tto  o  tthhe  e  MMaasstteer  r  TTPPA  A  aanndd
CT3 contactor coil.CT3 contactor coil.

B+; drops to 24VB+; drops to 24V
wrt B– holdingwrt B– holding
voltagevoltage

CCTT11 PPPPAA,  ,  TTPPAAss

6600 JJTT11--1188 ––V  V  CCOOIIL  L  AAUUXX BB–  –  ffrroom  m  tthhe  e  MMaasstteer  r  TTPPA  A  tto  o  RReellaay  y  11
(RL1 at J50-4) coil. If 36V battery,(RL1 at J50-4) coil. If 36V battery,
RL1 stays de-energized. If 48VRL1 stays de-energized. If 48V
battery, RL1 is energized to allowbattery, RL1 is energized to allow
12V drop across R4, providing 36V12V drop across R4, providing 36V
to CT1. If not present, check theto CT1. If not present, check the
Master TPA, wiring, andMaster TPA, wiring, and
connections. Approx. 1K ohm acrossconnections. Approx. 1K ohm across
coil.coil.

B+ wrt J1+B+ wrt J1+
<0.5V wrt B– at<0.5V wrt B– at
 J1–; drops  J1–; drops to 14Vto 14V
holding voltageholding voltage

TTPPAA RRLL11

6611 JJTT11--1199 SSAAFFEETTY  Y  OOUUTT OOuuttppuut  t  ffrroom  m  MMaasstteer  r  TTPPA  A  tto  o  JJTT22--1111
(same as JT1-11).(same as JT1-11).

BB+  +  wwrrt  t  JJ11++ MMaasstteer  r  TTPPAA SSllaavve  e  TTPPAA

6622 JJTT11--2200 CCAAN  N  LL LLoow  w  ccoommppoonneennt  t  oof  f  tthhe  e  ddiiggiittaall
communications between the Mastercommunications between the Master
TPA and other devices.TPA and other devices.

NN//AA TTPPAAss,  ,  VVMM,,
PPAPPA

TPAs, VM,TPAs, VM,
PPAPPA

6633 JJTT11--2211 CCAAN  N  HH HHiiggh  h  ccoommppoonneennt  t  oof  f  tthhe  e  ddiiggiittaall
communications between the Mastercommunications between the Master
TPA and other devices.TPA and other devices.

NN//AA TTPPAAss,  ,  VVMM,,
PPAPPA

TPAs, VM,TPAs, VM,
PPAPPA

6644 JJTT11--222  2  aannd  d  2233 NNOOT  T  UUSSEEDD

6655 JJTT22--11 ++V  V  KKeeyy BB+  +  ffrroom  m  KKeey  y  sswwiittcch  h  tto  o  ppoowweer  r  iinntteerrnnaall
circuitry in the Slave TPA. Also usedcircuitry in the Slave TPA. Also used
by the TPA to create 5 and by the TPA to create 5 and 12V12V
internally.internally.

BB++ KKeey  y  SSwwiittcchh SSllaavve  e  TTPPAA

6666 JJTT22--2  2  aannd  d  33 NNOOT  T  UUSSEEDD

6677 JJTT22--44 CCOONNFF.. BB+  +  ffrroom  m  kkeey  y  sswwiittcch  h  tto  o  iiddeennttiiffy  y  tthhee
amp as the slave.amp as the slave.

BB++ KKeey  y  SSwwiittcchh SSllaavve  e  TTPPAA

6688 JJTT22--55 NNOOT  T  UUSSEEDD

6699 JJTT22--66 SSEEAATT BB+  +  ffrroom  m  tthhe  e  MMaasstteer  r  TTPPA  A  tto  o  tthhe  e  SSeeaatt
switch. When the switch is closed,switch. When the switch is closed,
B+ is taken to B–, informing theB+ is taken to B–, informing the
Slave TPA the switch is closed.Slave TPA the switch is closed.

Switch Open: B+Switch Open: B+
Closed: 0VClosed: 0V

MaMastster er TPTPAA SlSlavave Te TPPAA

7700 JJTT22--77 A  A  PPHHAASSEE CChhaannnneel  l  A  A  iinnppuut  t  ffrroom  m  tthhe  e  LLeefftt
Traction Motor (LTM) encoder (EN2).Traction Motor (LTM) encoder (EN2).
The Slave TPA uses this input alongThe Slave TPA uses this input along
with Channel B to determine travelwith Channel B to determine travel
speed and direction.speed and direction.

Traveling:Traveling:
Approx. 6VApprox. 6V
Parked: 0 or 11VParked: 0 or 11V

EENN22 SSllaavve  e  TTPPAA

7711 JJTT22--88 ++1122VV VVoollttaagge  e  ssuupppplliieed  d  tto  o  tthhe  e  LLTTM  M  EENN2  2  ttoo 1122VV EENN22 SSllaavve  e  TTPPAA

ItemItem ConnectionConnection
FunctionFunction

DescriptionDescription
TThheeoorry  y  oof  f  OOppeerraattiioonn NNoorrmmaal  l  LLeevveell
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power its circuitry.power its circuitry.
7722 JJTT22--9  9  aannd  d  1100 NNOOT  T  UUSSEEDD

  

MMooddeells  s  4444550  0  MMaaiinntteennaanncce  e  MMaannuuaall SSeeccttiioon  n  88.. TThheeoorry  y  oof  f  OOppeerraattiioonn

Pinout MatrixPinout Matrix

7733 JJTT22--1111 SSAAFFEETTY  Y  IINN IInnppuut  t  ffrroom  m  MMaasstteer  r  TTPPA  A  ((JJTT11--1111))..
Without pin drawn low, Slave TPAWithout pin drawn low, Slave TPA

does not function.does not function.

BB+  +  wwrrt  t  JJ11++ MMaasstteer  r  TTPPAA SSllaavve  e  TTPPAA

7744 JJTT22--112  2  aannd  d  1133 NOT USEDNOT USED

7755 JJTT22--1144 B  B  PPHHAASSEE CChhaannnneel  l  B  B  iinnppuut  t  ffrroom  m  tthhe  e  LLeefftt
Traction Motor (LTM) encoder (EN2).Traction Motor (LTM) encoder (EN2).
The Slave TPA uses this input alongThe Slave TPA uses this input along
with Channel A to determine travelwith Channel A to determine travel
speed and direction.speed and direction.

Traveling:Traveling:
Approx. 6VApprox. 6V
Parked: 0 or 11VParked: 0 or 11V

EENN22 SSllaavve  e  TTPPAA

7766 JJTT22--1155 GGNNDD
ENCODERENCODER

B– from the Slave TPA to the LeftB– from the Slave TPA to the Left
Traction Motor (LTM) encoder (EN2).Traction Motor (LTM) encoder (EN2).

B+ wrt J1+B+ wrt J1+
<0.5V wrt B– at<0.5V wrt B– at
 J1– J1–

SSllaavve  e  TTPPAA EENN22

7777 JJTT22--1166 NOT USEDNOT USED

7788 JJTT22--1177 ++V  V  CCOOIILL BB+  +  ffrroom  m  CCTT1  1  tto  o  SSllaavve  e  TTPPA  A  aannd  d  CCTT33
contactor coil.contactor coil.

BB++ CCTT11 PPPPAA,  ,  TTPPAAss

7799 JJTT22--1188 NNOOT  T  UUSSEEDD

8800 JJTT22--1199 SSAAFFEETTY  Y  OOUUTT OOuuttppuut  t  ffrroom  m  SSllaavve  e  TTPPA  A  tto  o  JJTT11--1111..
Without pin drawn low, Master TPAWithout pin drawn low, Master TPA
does not function.does not function.

BB+  +  wwrrt  t  JJ11++ SSllaavve  e  TTPPAA MMaasstteer  r  TTPPAA

8811 JJTT22--2200 CCAAN  N  LL LLoow  w  ccoommppoonneennt  t  oof  f  tthhe  e  ddiiggiittaall
communications between the Slavecommunications between the Slave
TPA and other devices.TPA and other devices.

NN//AA TTPPAAss,  ,  VVMM,,
PPAPPA

TPAs, VM,TPAs, VM,
PPAPPA

8822 JJTT22--2211 CCAAN  N  HH HHiiggh  h  ccoommppoonneennt  t  oof  f  tthhe  e  ddiiggiittaall
communications between the Slavecommunications between the Slave
TPA and other devices.TPA and other devices.

NN//AA TTPPAAss,  ,  VVMM,,
PPAPPA

TPAs, VM,TPAs, VM,
PPAPPA

8833 JJTT22--2222 NOT USEDNOT USED

8844 JJ11++ BB++ BB+  +  ffrroom  m  tthhe  e  ppoossiittiivve  e  bbaatttteerry  y  tteerrmmiinnaall..

If not present, make sure battery isIf not present, make sure battery is
connected and check associatedconnected and check associated
wiring.wiring.

BB++ BBTT11 CCTT11,  ,  CCTT22,,

CT3 tips,CT3 tips,
F1 and F2F1 and F2

8855 JJ11–– BB–– BB–  –  ffrroom  m  tthhe  e  nneeggaattiivve  e  bbaatttteerryy
terminal. If not present, make sureterminal. If not present, make sure
battery is connected and checkbattery is connected and check
associated wiring.associated wiring.

Battery voltageBattery voltage
wrt J1+wrt J1+

BBTT11 EEnnttiirre  e  ttrruucckk

8866 JJ44 OOIIL  L  BBRRAAKKEE PPrroovviiddees  s  iinnppuut  t  tto  o  tthhe  e  VVM  M  ((JJ3344--1177))
from Low Brake Fluid Sensor (SW3).from Low Brake Fluid Sensor (SW3).
If not present, check switch, fluid,If not present, check switch, fluid,
wiring, and connections.wiring, and connections.

Approx. 5VApprox. 5V
open; 0V closedopen; 0V closed

BB–– VVMM

8877 JJ88--11 GGNNDD GGrroouunnd  d  tto  o  HHoorrn  n  PPuussh  h  BBuuttttoon  n  sswwiittcchh
(PB4) from VM (J34-6). If not present,(PB4) from VM (J34-6). If not present,
check VM, wiring, and connections.check VM, wiring, and connections.

Battery voltageBattery voltage
wrt BT1+wrt BT1+

VVMM PPBB44

NN NN hh (( 44)) MM AA 44 MM

ItemItem ConnectionConnection
FunctionFunction

DescriptionDescription
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8888 JJ88--22 HHOORRN  N  IINN HHoorrn  n  PPuussh  h  BBuuttttoon  n  ((PPBB44)  )  iinnppuut  t  tto  o  VVMM
(J34-16). If not present, check(J34-16). If not present, check
switch, wiring, and connections.switch, wiring, and connections.

Approx. 5VApprox. 5V
open; 0V closedopen; 0V closed

PPBB44 VVMM

  

SSeeccttiioon  n  88.. TThheeoorry  y  oof  f  OOppeerraattiioonn MMooddeells  s  4444550  0  MMaaiinntteennaanncce  e  MMaannuuaall

Pinout MatrixPinout Matrix

8899 JJ88--3  3  aannd  d  44 NNOOT  T  UUSSEEDD

9900 JJ1111((––)) HHRR1  1  GGNNDD BB–  –  tto  o  tthhe  e  HHoorrn  n  ((HHRR11)).  .  IIf  f  nnoot  t  pprreesseenntt,,check wiring and connections.check wiring and connections. Battery voltageBattery voltagewrt BT1+wrt BT1+ BB–– HHoorrnn

9911 JJ111  1  IINN HHOORRN  N  OOUUTT CCoonnttrrool  l  vvoollttaagge  e  tto  o  HHoorrn  n  ((HHRR11)  )  ffrroomm
the VM (J34-9). If not present, checkthe VM (J34-9). If not present, check
VM, switch, wiring, andVM, switch, wiring, and
connections.connections.

+24V normal+24V normal
goes to 0V whengoes to 0V when
horn button ishorn button is
depresseddepressed

VVMM HHoorrnn

9922 JJ1111((++)) ++2244VV ++2244V  V  tto  o  tthhe  e  HHoorrn  n  ((HHRR11)  )  ffrroom  m  tthhee
DC/DC Converter. If not present,DC/DC Converter. If not present,
check F6, wiring, and connections.check F6, wiring, and connections.
Approx. 65Approx. 65 ohms acroohms across coil (J11+ss coil (J11+
to J11–).to J11–).

++2244VV DDCC//DDCC
ConverterConverter

HornHorn

9933 JJ1133--11 ++1122VV ++1122V  V  tto  o  tthhe  e  PPuummp  p  MMoottoor  r  ((PPMM))
Encoder (EN3). If not present, checkEncoder (EN3). If not present, check
the PPA, wiring, and connections.the PPA, wiring, and connections.

++1122VV PPPPAA EENN33

9944 JJ1133--22 GGNNDD
ENCODERENCODER

Ground to the Pump Motor (PM)Ground to the Pump Motor (PM)
Encoder (EN3). If not present, checkEncoder (EN3). If not present, check
the PPA, wiring, and connections.the PPA, wiring, and connections.

Battery voltageBattery voltage
wrt BT1+wrt BT1+

PPPPAA EENN33

9955 JJ1133--33 B  B  PPHHAASSEE CChhaannnneel  l  B  B  ffrroom  m  tthhe  e  PPuummp  p  MMoottoorr
(PM) Encoder (EN3). If not present,(PM) Encoder (EN3). If not present,
check voltage to the encoder, wiring,check voltage to the encoder, wiring,
and connections.and connections.

Approx. 6VApprox. 6V
running; 0V orrunning; 0V or
11V static11V static

EENN33 PPPPAA

9966 JJ1133--44 A  A  PPHHAASSEE CChhaannnneel  l  A  A  ffrroom  m  tthhe  e  PPuummp  p  MMoottoorr
(PM) Encoder (EN3). If not present,(PM) Encoder (EN3). If not present,
check voltage to the encoder, wiring,check voltage to the encoder, wiring,
and connections.and connections.

Approx. 6VApprox. 6V
running; 0V orrunning; 0V or
11V static11V static

EENN33 PPPPAA

9977 JJ1133--5  5  tthhrru  u  99 NNOOT  T  UUSSEEDD

9988 JJ1144--AA C  C  PPOOTT IInnppuut  t  ffrroom  m  tthhe  e  SStteeeer  r  FFeeeeddbbaacck  k  PPoott
(P1) to the Master (P1) to the Master TPA (JT1-10). If notTPA (JT1-10). If not
present, check the Steer Feedbackpresent, check the Steer Feedback
Pot, wiring, and connections.Pot, wiring, and connections.

Full Left: 1.5VFull Left: 1.5V
Centered: 5.5VCentered: 5.5V
Full Right: 10VFull Right: 10V

PP11 MMaasstteer  r  TTPPAA

9999 JJ1144--BB GGNND  D  PPOOTT GGrroouunnd  d  ffrroom  m  tthhe  e  MMaasstteer  r  TTPPA  A  ((JJTT11--55))
to the Steer Feedback Pot (P1). If notto the Steer Feedback Pot (P1). If not
present, check the Master TPA,present, check the Master TPA,
wiring, and connections.wiring, and connections.

Battery voltageBattery voltage
wrt BT1+wrt BT1+

MMasastteer Tr TPPAA P1P1

110000 JJ1144--CC ++V  V  PPOOTT ++1122V  V  ffrroom  m  tthhe  e  MMaasstteer  r  TTPPA  A  ((JJTT11--22)  )  ttoo
the Steer Feedback Pot (P1). If notthe Steer Feedback Pot (P1). If not
present, check the Master TPA,present, check the Master TPA,
wiring, and connections. Approx.wiring, and connections. Approx.
1.8 Kohms across pot J14-B to1.8 Kohms across pot J14-B to
 J14-C. J14-C.

++1122VV MMaasstteer  r  TTPPAA PP11

110011 JJ1155--11 ++1122VV ++1122V  V  tto  o  tthhe  e  RRiigghht  t  TTrraaccttiioon  n  MMoottoorr
(RTM) encoder (EN1) from the(RTM) encoder (EN1) from the

++1122VV MMaasstteer  r  TTPPAA EENN11

ItemItem ConnectionConnection
FunctionFunction

DescriptionDescription
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Master TPA (JT1-8). If not present,Master TPA (JT1-8). If not present,
check the Master TPA, wiring, andcheck the Master TPA, wiring, and
connections.connections.

  

MMooddeells  s  4444550  0  MMaaiinntteennaanncce  e  MMaannuuaall SSeeccttiioon  n  88.. TThheeoorry  y  oof  f  OOppeerraattiioonn

Pinout MatrixPinout Matrix

110022 JJ1155--22 GGNNDD
ENCODERENCODER

Ground to the Right Traction MotorGround to the Right Traction Motor
(RTM) encoder (EN1) from the(RTM) encoder (EN1) from the

Master TPA (JT1-15). If not present,Master TPA (JT1-15). If not present,
check the Master TPA, wiring, andcheck the Master TPA, wiring, and
connections.connections.

Battery voltageBattery voltage
wrt BT1+wrt BT1+

MaMastster er TPTPAA ENEN11

110033 JJ1155--33 B  B  PPHHAASSEE CChhaannnneel  l  B  B  ffrroom  m  tthhe  e  RRiigghht  t  TTrraaccttiioonn
Motor (RTM) encoder (EN1) to theMotor (RTM) encoder (EN1) to the
Master TPA (JT1-14). If not present,Master TPA (JT1-14). If not present,
check voltage to the encoder, wiring,check voltage to the encoder, wiring,
and connections.and connections.

Approx. 6VApprox. 6V
running; 0V orrunning; 0V or
11V static11V static

EENN11 MMaasstteer  r  TTPPAA

110044 JJ1155--44 A  A  PPHHAASSEE CChhaannnneel  l  A  A  ffrroom  m  tthhe  e  RRiigghht  t  TTrraaccttiioonn
Motor (RTM) encoder (EN1) to theMotor (RTM) encoder (EN1) to the
Master TPA (JT1-7). If not present,Master TPA (JT1-7). If not present,
check voltage to the encoder, wiring,check voltage to the encoder, wiring,
and connections.and connections.

Approx. 6VApprox. 6V
running; 0V orrunning; 0V or
11V static11V static

EENN11 MMaasstteer  r  TTPPAA

110055 JJ1155--55 GGNNDD GGrroouunnd  d  ffrroom  m  tthhe  e  VVM  M  ((JJ3344--66)  )  tto  o  tthhee
RTM Temperature switch (TS1). If notRTM Temperature switch (TS1). If not
present, check the VM, wiring, andpresent, check the VM, wiring, and
connections.connections.

Battery voltageBattery voltage
wrt BT1+wrt BT1+

VVMM TTSS11

110066 JJ1155--66 RR--TTR  R  TTEEMMP  P  SSWW IInnppuut  t  tto  o  tthhe  e  VVM  M  ((JJ3344--2266)  )  ffrroom  m  tthhee
RTM Temperature switch (TS1). InputRTM Temperature switch (TS1). Input
is low under normal operatingis low under normal operating
conditions. If a overtemp conditionconditions. If a overtemp condition

exists (>266exists (>266°°F (130F (130°°C), input isC), input is
high. Allow to cool. If still openhigh. Allow to cool. If still open
(high), check the switch, wiring, and(high), check the switch, wiring, and
connections.connections.

Approx. 0VApprox. 0V
closed; 5V openclosed; 5V open

TTSS11 VVMM

110077 JJ1155--7  7  tthhrru  u  99 NNOOT  T  UUSSEEDD

110088 JJ1166--11 ++1122VV ++1122V  V  tto  o  tthhe  e  LLeefft  t  TTrraaccttiioon  n  MMoottoor  r  ((LLTTMM))
encoder (EN2) from the Slave TPAencoder (EN2) from the Slave TPA
(JT2-8). If not present, check the(JT2-8). If not present, check the
Slave TPA, wiring, and connections.Slave TPA, wiring, and connections.

++1122VV SSllaavve  e  TTPPAA EENN22

110099 JJ1166--22 GGNNDD
ENCODERENCODER

Ground to the Left Traction MotorGround to the Left Traction Motor
(LTM) Encoder (EN2) from the Slave(LTM) Encoder (EN2) from the Slave
TPA (JT2-15). If not present, checkTPA (JT2-15). If not present, check
the Slave TPA, wiring, andthe Slave TPA, wiring, and
connections.connections.

Battery voltageBattery voltage
wrt BT1+wrt BT1+

SSllaavve  e  TTPPAA EENN22

111100 JJ1166--33 B  B  PPHHAASSEE CChhaannnneel  l  B  B  ffrroom  m  tthhe  e  LLeefft  t  TTrraaccttiioonn
Motor (LTM) encoder (EN2) to theMotor (LTM) encoder (EN2) to the
Slave TPA (JT2-14). If not present,Slave TPA (JT2-14). If not present,
check voltage to the encoder, wiring,check voltage to the encoder, wiring,
and connections.and connections.

Approx. 6VApprox. 6V
running; 0V orrunning; 0V or
11V static11V static

EENN22 SSllaavve  e  TTPPAA

111111 JJ1166--44 A  A  PPHHAASSEE CChhaannnneel  l  A  A  ffrroom  m  tthhe  e  LLeefft  t  TTrraaccttiioonn
Motor (LTM) encoder (EN2) to theMotor (LTM) encoder (EN2) to the
Slave TPA (JT2-7). If not present,Slave TPA (JT2-7). If not present,

Approx. 6VApprox. 6V
running; 0V orrunning; 0V or
11V static11V static

EENN22 SSllaavve  e  TTPPAA

ItemItem ConnectionConnection
FunctionFunction

DescriptionDescription
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check voltage to the encoder, wiring,check voltage to the encoder, wiring,
and connections.and connections.

  

SSeeccttiioon  n  88.. TThheeoorry  y  oof  f  OOppeerraattiioonn MMooddeells  s  4444550  0  MMaaiinntteennaanncce  e  MMaannuuaall

Pinout MatrixPinout Matrix

111122 JJ1166--55 GGNNDD GGrroouunnd  d  ffrroom  m  tthhe  e  VVM  M  ((JJ3344--66)  )  tto  o  tthhee
LTM TLTM Temperature switch (TS2). emperature switch (TS2). If notIf not

present, check the VM, wiring, andpresent, check the VM, wiring, and
connections.connections.

Battery voltageBattery voltage
wrt BT1+wrt BT1+

VVMM TTSS22

111133 JJ1166--66 LL--TTR  R  TTEEMMP  P  SSWW IInnppuut  t  tto  o  tthhe  e  VVM  M  ((JJ3344--2277)  )  ffrroom  m  tthhee
LTM TLTM Temperature switch emperature switch (TS2). Input(TS2). Input
is low under normal operatingis low under normal operating
conditions. If a overtemp conditionconditions. If a overtemp condition

exists (>266exists (>266°°F (130F (130°°C), input isC), input is
high. Allow to cool. If still openhigh. Allow to cool. If still open
(high), check the switch, wiring, and(high), check the switch, wiring, and
connections.connections.

Approx. 0VApprox. 0V
closed; 5V openclosed; 5V open

TTSS22 VVMM

111144 JJ1166--7  7  tthhrru  u  99 NNOOT  T  UUSSEEDD

111155 JJ2244--11 SSEEAATT BB–  –  ffrroom  m  tthhe  e  MMaasstteer  r  TTPPA  A  tto  o  tthhe  e  SSeeaatt
switch. When the switch is closed,switch. When the switch is closed,
B+ is taken to B–, informing the ampB+ is taken to B–, informing the amp

the switch is closed.the switch is closed.

B+ wrt J1+B+ wrt J1+
<0.5V wrt B– at<0.5V wrt B– at
 J1– J1–

MaMastster er TPTPAA TPTPAsAs

111166 JJ2244--22 ++V  V  OOUUTT BB+  +  ffrroom  m  tthhe  e  MMaasstteer  r  TTPPA  A  tto  o  tthhe  e  SSeeaatt
switch. When the switch is closed,switch. When the switch is closed,
B+ is taken to B–, informing the ampB+ is taken to B–, informing the amp
the switch is closed.the switch is closed.

Switch Open: B+Switch Open: B+
Closed: 0VClosed: 0V

MaMastester Tr TPPAA MaMastester Tr TPPAA

111177 JJ3300--11 GGNNDD GGrroouunnd  d  tto  o  tthhe  e  PPaarrkkiinng  g  BBrraakke  e  sswwiittcchh
(SW7) from the VM (J34-6). If not(SW7) from the VM (J34-6). If not
present, check wiring andpresent, check wiring and
connections.connections.

Battery voltageBattery voltage
wrt BT1+wrt BT1+

VM SW7VM SW7

111188 JJ3300--22 NNOOT  T  UUSSEEDD

111199 JJ3300--33 PPAARRKK IInnppuut  t  tto  o  tthhe  e  VVM  M  ((JJ3344--1144)  )  ffrroom  m  tthhee
Parking Brake switch (SW7). If notParking Brake switch (SW7). If not
present, check switch, wiring, andpresent, check switch, wiring, and
connections.connections.

Approx. 5V brakeApprox. 5V brake
set; 0V brakeset; 0V brake
releasedreleased

SSWW77 VVMM

112200 JJ3311--11 GGNNDD GGrroouunnd  d  tto  o  tthhe  e  BBrraakke  e  PPeeddaal  l  sswwiittcchh
(SW6) from the VM (J34-6). If not(SW6) from the VM (J34-6). If not
present, check wiring andpresent, check wiring and
connections.connections.

Battery voltageBattery voltage
wrt BT1+wrt BT1+

VVMM SSWW66

112211 JJ3311--22 BBRRAAKKEE IInnppuut  t  tto  o  tthhe  e  VVM  M  ((JJ3344--1155)  )  ffrroom  m  tthhee
Brake Pedal switch (SW6). If notBrake Pedal switch (SW6). If not
present, check switch, wiring, andpresent, check switch, wiring, and
connections.connections.

Approx. 5V pedalApprox. 5V pedal
not depressed;not depressed;
approx. 0V pedalapprox. 0V pedal
depressed wrtdepressed wrt
 J31-1 J31-1

SSWW66 VVMM

112222 JJ3311--33 NNOOT  T  UUSSEEDD

ItemItem ConnectionConnection
FunctionFunction

DescriptionDescription
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MMooddeells  s  4444550  0  MMaaiinntteennaanncce  e  MMaannuuaall SSeeccttiioon  n  88.. TThheeoorry  y  oof  f  OOppeerraattiioonn

Pinout MatrixPinout Matrix

112233 JJ3322--11 C  C  PPOOTT IInnppuut  t  ffrroom  m  tthhe  e  wwiippeer  r  oof  f  tthhe  e  TTrraavveel  l  PPoott
(P2) to the VM (J34-3). If not present,(P2) to the VM (J34-3). If not present,

check pot, wiring, and connections.check pot, wiring, and connections.
The pot may need to be re-learned.The pot may need to be re-learned.
Note:Note: To check pot, unplug To check pot, unplug
connector and measure resistanceconnector and measure resistance
between pins 2 and 3. Approx.between pins 2 and 3. Approx.
4.64.6 Kohms shouKohms should be read (J32-2 told be read (J32-2 to
 J32-3). J32-3).

Approx. 2VApprox. 2V
differencedifference

between neutralbetween neutral
and pedaland pedal
depresseddepressed

PP22 VVMM

112244 JJ3322--22 N  N  PPOOTT GGrroouunnd  d  tto  o  TTrraavveel  l  PPoot  t  ((PP22)  )  ffrroom  m  tthhee
VM (J34-2). If not present check VM,VM (J34-2). If not present check VM,
wiring, and connections.wiring, and connections.

Battery voltageBattery voltage
wrt BT1+wrt BT1+

VVMM PP22

112255 JJ3322--33 VVCCCC ++1100V  V  tto  o  TTrraavveel  l  PPoot  t  ((PP22)  )  ffrroom  m  VVMM
(J34-5). If not present, check VM,(J34-5). If not present, check VM,
wiring, and connections.wiring, and connections.

++1100VV VVMM PP22

112266 JJ3322--44 GGNNDD GGrroouunnd  d  tto  o  TTrraavveel  l  EEnnaabblle  e  sswwiittcchh
(SW8) from the VM (J34-6). If not(SW8) from the VM (J34-6). If not
present, check VM, wiring, andpresent, check VM, wiring, and
connections. (connections. (Single Pedal Only Single Pedal Only ))

Battery voltageBattery voltage
wrt BT1+wrt BT1+

VVMM SSWW88

112277 JJ3322--55 EENN.. IInnppuut  t  ffrroom  m  tthhe  e  TTrraavveel  l  EEnnaabblle  e  sswwiittcchh
(SW8) to the VM (J34-32). If not(SW8) to the VM (J34-32). If not
present, check switch, wiring, andpresent, check switch, wiring, and
connections. (connections. (Single Pedal Only Single Pedal Only ))

Approx. 5V pedalApprox. 5V pedal
released; 0Vreleased; 0V
pedal depressedpedal depressed

SSWW88 VVMM

112288 JJ3322--66 //EENN.. IInnppuut  t  ffrroom  m  tthhe  e  TTrraavveel  l  EEnnaabblle  e  sswwiittcchh
(SW8) to the VM (J34-31). If not(SW8) to the VM (J34-31). If not
present, check switch, wiring, andpresent, check switch, wiring, and
connections. (connections. (Single Pedal Only Single Pedal Only ))

Approx. 0V pedalApprox. 0V pedal
released; 5Vreleased; 5V
pedal depressedpedal depressed

SSWW88 VVMM

112299 JJ3333--11 GGNNDD GGrroouunnd  d  tto  o  FFoorrwwaarrd  d  PPeeddaal  l  sswwiittcchh
(SW4) from the VM (J34-6). If not(SW4) from the VM (J34-6). If not
present, check VM, wiring, andpresent, check VM, wiring, and
connections.connections.

((Dual Pedal SystemDual Pedal System))

Battery voltageBattery voltage
wrt BT1+wrt BT1+

VVMM SSWW44

113300 JJ3333--22 FFWW IInnppuut  t  ffrroom  m  tthhe  e  FFoorrwwaarrd  d  PPeeddaal  l  sswwiittcchh
(SW4) to the VM (J34-30). If not(SW4) to the VM (J34-30). If not
present check switch, wiring, andpresent check switch, wiring, and
connections.connections.
((Dual Pedal SystemDual Pedal System))

Approx. 5V pedalApprox. 5V pedal
released; 0Vreleased; 0V
pedal depressedpedal depressed

SSWW44 VVMM

113311 JJ3333--33 //FFWW IInnppuut  t  ffrroom  m  tthhe  e  FFoorrwwaarrd  d  PPeeddaal  l  sswwiittcchh
(SW4) to the VM (J34-20). If not(SW4) to the VM (J34-20). If not
present, check switch, wiring, andpresent, check switch, wiring, and
connections.connections.
((Dual Pedal SystemDual Pedal System))

Approx. 0V pedalApprox. 0V pedal
released; 5Vreleased; 5V
pedal depressedpedal depressed

SSWW44 VVMM

113322 JJ3333--44 GGNNDD GGrroouunnd  d  ffrroom  m  tthhe  e  VVM  M  ((JJ3344--66)).  .  IIf  f  nnoott
present, check VM, wiring, andpresent, check VM, wiring, and
connections.connections.

Battery voltageBattery voltage
wrt BT1+wrt BT1+

VVMM VVMM

ItemItem ConnectionConnection
FunctionFunction

DescriptionDescription
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((Dual Pedal SystemDual Pedal System))

  

SSeeccttiioon  n  88.. TThheeoorry  y  oof  f  OOppeerraattiioonn MMooddeells  s  4444550  0  MMaaiinntteennaanncce  e  MMaannuuaall

Pinout MatrixPinout Matrix

113333 JJ3333--55 CCOONNFFIIGG.. CCoonnffiigguurraattiioon  n  iinnppuut  t  tto  o  tthhe  e  VVMM
(J34-25). This input allows VM to(J34-25). This input allows VM to

recognize Dual Pedal. If not present,recognize Dual Pedal. If not present,
check jumper, wiring, andcheck jumper, wiring, and
connections.connections.

Approx. 0VApprox. 0V
w/dual pedals;w/dual pedals;

approx. 5Vapprox. 5V
without dualwithout dual
pedalspedals

VVMM VVMM

113344 JJ3333--66 NNOOT  T  UUSSEEDD

113355 JJ3333--77 GGNNDD GGrroouunnd  d  tto  o  RReevveerrsse  e  PPeeddaal  l  sswwiittcchh
(SW5) from the VM (J34-6). If not(SW5) from the VM (J34-6). If not
present, check VM, wiring, andpresent, check VM, wiring, and
connections.connections.
((Dual Pedal SystemDual Pedal System))

Battery voltageBattery voltage
wrt BT1+wrt BT1+

VVMM SSWW55

113366 JJ3333--88 BBWW IInnppuut  t  ffrroom  m  tthhe  e  RReevveerrsse  e  PPeeddaal  l  sswwiittcchh
(SW5) to the VM (J34-19). If not(SW5) to the VM (J34-19). If not
present, check switch, wiring, andpresent, check switch, wiring, and
connections.connections.
((Dual Pedal SystemDual Pedal System))

Approx. 5V pedalApprox. 5V pedal
released; approx.released; approx.
0V pedal0V pedal
depresseddepressed

SSWW55 VVMM

113377 JJ3333--99 //BBWW IInnppuut  t  ffrroom  m  tthhe  e  RReevveerrsse  e  PPeeddaal  l  sswwiittcchh
(SW5) to the VM (J34-18). If not(SW5) to the VM (J34-18). If not
present, check switch, wiring, andpresent, check switch, wiring, and
connections.connections.
((Dual Pedal SystemDual Pedal System))

Approx. 0V pedalApprox. 0V pedal
released; approx.released; approx.
5V pedal5V pedal
depresseddepressed

SSWW55 VVMM

113388 JJ3333--110  0  tthhrru  u  1122 NNOOT  T  UUSSEEDD

113399 JJ3344--11 TTAAIIL  L  LLIIGGHHTT OOuuttppuut  t  ffrroom  m  VVM  M  tto  o  tthhe  e  TTaaiil  l  LLiigghhttss
(LP2 and LP4). If not present, check(LP2 and LP4). If not present, check
VM, wiring, and connections.VM, wiring, and connections.

++2244VV VVMM LLPP22,  ,  LLPP44

114400 JJ3344--22 N  N  PPOOTT NNeeggaattiivve  e  rreeffeerreenncce  e  ffoor  r  tthhe  e  TTrraavveel  l  PPoott
(P2). If this reference is lost or(P2). If this reference is lost or
intermittent, the travel pot does notintermittent, the travel pot does not
function correctly and may throwfunction correctly and may throw
codes. If not present, check VM,codes. If not present, check VM,

wiring, and connections.wiring, and connections.

Battery voltageBattery voltage
wrt BT1+wrt BT1+

VVMM PP22

114411 JJ3344--33 C  C  PPOOTT WWiippeer  r  iinnppuut  t  ffrroom  m  tthhe  e  TTrraavveel  l  PPoot  t  ((PP22))..
Voltage varies depending on travelVoltage varies depending on travel
request. The pot may need to berequest. The pot may need to be
re-learned. If not present, check pot,re-learned. If not present, check pot,
wiring, and connections.wiring, and connections.
Note:Note: To check pot, unplug To check pot, unplug
connector and measure resistanceconnector and measure resistance
between pins 2 and 3. Approx.between pins 2 and 3. Approx.
4.64.6 Kohms shouKohms should be read (J34-2 told be read (J34-2 to
 J34-3). J34-3).

Approx. 2VApprox. 2V
differencedifference
between neutralbetween neutral
and pedal fullyand pedal fully
depressed.depressed.

PP22 VVMM

114422 JJ3344--44 AAN  N  AAUUXX

114433 JJ3344--55 VVCCCC VVoollttaagge  e  tto  o  TTrraavveel  l  PPoot  t  ((PP22)).  .  IIf  f  nnoott
present, check VM, wiring, andpresent, check VM, wiring, and
connections.connections.

Approx. 10V wrtApprox. 10V wrt
 J34-2 J34-2

VVMM PP22

ItemItem ConnectionConnection
FunctionFunction

DescriptionDescription
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MMooddeells  s  4444550  0  MMaaiinntteennaanncce  e  MMaannuuaall SSeeccttiioon  n  88.. TThheeoorry  y  oof  f  OOppeerraattiioonn

Pinout MatrixPinout Matrix

114444 JJ3344--66 GGNNDD OOnne  e  oof  f  tthhe  e  ggrroouunndds  s  ssuupppplliieed  d  bby  y  tthhee
VM to multiple components. IfVM to multiple components. If

ground is not present at thisground is not present at this
connection, check for B– coming intoconnection, check for B– coming into
the VM at (J34-7, 8, 10) andthe VM at (J34-7, 8, 10) and
(J40-17).(J40-17).

Battery voltageBattery voltage
wrt BT1+wrt BT1+

VVMM PPBB22,,33,,44;;
SW3,4,SW3,4,

5,6,7,8,5,6,7,8,
9,10,16,9,10,16,
30; TS1,2;30; TS1,2;
PB9PB9

114455 JJ3344--77 GGNNDD BB–  –  ssuupppplly  y  tto  o  tthhe  e  VVMM.  .  TThhiis  s  BB–  –  iiss
shared by many components prior toshared by many components prior to
and after the VM. If not present,and after the VM. If not present,
follow back towards B– until loss canfollow back towards B– until loss can
be determined.be determined.

Battery voltageBattery voltage
wrt BT1+wrt BT1+

BB–  –  aat  t  JJ11 VVMM

114466 JJ3344--88 GGNNDD BB–  –  ssuupppplly  y  tto  o  tthhe  e  VVMM.  .  TThhiis  s  BB–  –  iiss
shared by many components prior toshared by many components prior to
and after the VM. If not present,and after the VM. If not present,
follow back towards B– until loss canfollow back towards B– until loss can
be determined.be determined.

Battery voltageBattery voltage
wrt BT1+wrt BT1+

BB–  –  aat  t  JJ11 VVMM

114477 JJ3344--99 HHOORRN  N  OOUUTT OOuuttppuut  t  ffrroom  m  tthhe  e  VVM  M  tto  o  aaccttiivvaatte  e  tthheeHorn (HR1 at J11-IN). If not present,Horn (HR1 at J11-IN). If not present,
check VM, horn push button, andcheck VM, horn push button, and
wiring.wiring.

+24V; 0V+24V; 0Vactivatedactivated VVMM HHRR11

114488 JJ3344--1100 GGNNDD BB–  –  ssuupppplly  y  tto  o  tthhe  e  VVMM.  .  TThhiis  s  BB–  –  iiss
shared by many components prior toshared by many components prior to
and after the VM. If not present,and after the VM. If not present,
follow back towards B– until loss canfollow back towards B– until loss can
be determined.be determined.

Battery voltageBattery voltage
wrt BT1+wrt BT1+

BB–  –  aat  t  JJ11 VVMM,  ,  HHoorrnn

114499 JJ3344--1111 ++2244VV ++2244V  V  iinnppuut  t  tto  o  VVM  M  ffrroom  m  DDCC//DDCC
converter (J96-4). If not present,converter (J96-4). If not present,
check converter, wiring, andcheck converter, wiring, and
connections.connections.

++2244VV DDCC//DDCC
ConverterConverter

VMVM

115500 JJ3344--1122 ++2244V  V  CCAANN ++2244V  V  oouuttppuut  t  ffrroom  m  tthhe  e  VVM  M  tto  o  AArrmmrreesstt
Board (JCAN-5) and OperatorBoard (JCAN-5) and Operator

Display (J137-5). If not present,Display (J137-5). If not present,
check VM, wiring, and connections.check VM, wiring, and connections.

++2244VV VVMM AArrmmrreesstt
Board, ODBoard, OD

115511 JJ3344--1133 BBRRAAKKE  E  LLIIGGHHTT ++2244V  V  oouuttppuut  t  ffrroom  m  VVM  M  tto  o  tthhe  e  BBrraakkee
Lights (LP1 and LP3) when travelingLights (LP1 and LP3) when traveling
and changing direction or travelingand changing direction or traveling
and pressing brake pedal. If notand pressing brake pedal. If not
present, check VM, wiring, andpresent, check VM, wiring, and
connections.connections.

++2244VV VVMM BBrraakkee
LightsLights

115522 JJ3344--1144 PPAARRKK IInnppuut  t  tto  o  tthhe  e  VVM  M  ffrroom  m  PPaarrkkiinng  g  BBrraakkee
switch (SW7 at J30-3). If not present,switch (SW7 at J30-3). If not present,
check switch, wiring, andcheck switch, wiring, and
connections.connections.

Approx. 5V brakeApprox. 5V brake
set; 0V brakeset; 0V brake
releasedreleased

SSWW77 VVMM

115533 JJ3344--1155 BBRRAAKKEE IInnppuut  t  tto  o  tthhe  e  VVM  M  ffrroom  m  tthhe  e  BBrraakke  e  PPeeddaall
switch (SW6 at J31-2). If not present,switch (SW6 at J31-2). If not present,

Approx. 5V pedalApprox. 5V pedal
not depressed;not depressed;

SSWW66 VVMM

ItemItem ConnectionConnection
FunctionFunction

DescriptionDescription
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check switch, wiring, andcheck switch, wiring, andconnections.connections. approx. 0V pedalapprox. 0V pedaldepresseddepressed

  

SSeeccttiioon  n  88.. TThheeoorry  y  oof  f  OOppeerraattiioonn MMooddeells  s  4444550  0  MMaaiinntteennaanncce  e  MMaannuuaall

Pinout MatrixPinout Matrix

115544 JJ3344--1166 HHOORRN  N  IINN IInnppuut  t  tto  o  VVM  M  ffrroom  m  HHoorrn  n  sswwiittcch  h  ((PPBB4  4  aatt
 J8-2). If not present, check horn J8-2). If not present, check horn

switch, wiring, and connections.switch, wiring, and connections.

Switch open:Switch open:
approx. 5V;approx. 5V;

Closed: 0VClosed: 0V

PPBB44 VVMM

115555 JJ3344--1177 OOIIL  L  BBRRAAKKEE IInnppuut  t  tto  o  VVM  M  ffrroom  m  LLoow  w  BBrraakke  e  FFlluuiidd
Sensor (SW3). If not present, checkSensor (SW3). If not present, check
switch, wiring, and connections.switch, wiring, and connections.

Switch open:Switch open:
approx. 5V;approx. 5V;
Closed: 0VClosed: 0V

SSWW33 VVMM

115566 JJ3344--1188 //BBWW IInnppuut  t  tto  o  VVM  M  ffrroom  m  RReevveerrsse  e  FFoooot  t  PPeeddaall
switch (SW5 at J33-9). If not present,switch (SW5 at J33-9). If not present,
check switch, wiring, andcheck switch, wiring, and
connections.connections.
((Dual Pedal SystemDual Pedal System))

Switch open: 0V;Switch open: 0V;
Closed: approx.Closed: approx.
5V5V

SSWW55 VVMM

115577 JJ3344--1199 BBWW IInnppuut  t  tto  o  VVM  M  ffrroom  m  RReevveerrsse  e  HHaanndd
Direction switch (SW10 at J39-7) orDirection switch (SW10 at J39-7) or
Reverse Foot Pedal switch (SW5 atReverse Foot Pedal switch (SW5 at
 J33-8). If not present, check J33-8). If not present, check
switches, wiring, and connections.switches, wiring, and connections.

Switch open:Switch open:
approx. 5V;approx. 5V;
Closed: 0VClosed: 0V

SW5,SW5,
SW10SW10

VMVM

115588 JJ3344--2200 //FFWW IInnppuut  t  tto  o  VVM  M  ffrroom  m  FFoorrwwaarrd  d  FFoooot  t  PPeeddaall
switch (SW4 at J33-3). If not present,switch (SW4 at J33-3). If not present,
check switch, wiring, andcheck switch, wiring, and
connections.connections.
((Dual Pedal SystemDual Pedal System))

Approx. 0VApprox. 0V
switch open;switch open;
approx. 5Vapprox. 5V
switch closedswitch closed

SSWW44 VVMM

115599 JJ3344--2211 CCAAN  N  LL LLoow  w  ccoommppoonneennt  t  oof  f  tthhe  e  ddiiggiittaall
communications between the VM,communications between the VM,
Operator Display (J137-1) andOperator Display (J137-1) and
CAN-Bus Interface (J132-2).CAN-Bus Interface (J132-2).

NN//AA VVMM,  ,  OODD VVMM,  ,  OODD

116600 JJ3344--2222 CCAAN  N  LL LLoow  w  ccoommppoonneennt  t  oof  f  tthhe  e  ddiiggiittaall
communications between the VMcommunications between the VM
and Armrest Board (JCAN-1).and Armrest Board (JCAN-1).

NN//AA VVMM CCAANN--BBuuss
Interface,Interface,
VM,VM,
ArmrestArmrest
BoardBoard

116611 JJ3344--2233 CCAAN  N  LL LLoow  w  ccoommppoonneennt  t  oof  f  tthhe  e  ddiiggiittaall
communications between the VMcommunications between the VM
and other devices.and other devices.

NN//AA VVMM,  ,  TTPPAAss,,
PPAPPA

VM, TPAs,VM, TPAs,
PPAPPA

116622 JJ3344--2244 ++2244VV ++2244V  V  iinnppuut  t  tto  o  VVM  M  ffrroom  m  DDCC//DDCC
converter (J96-4). If not present,converter (J96-4). If not present,
check converter, wiring, andcheck converter, wiring, and
connections.connections.

++2244VV DDCC//DDCC
ConverterConverter

VMVM

116633 JJ3344--2255 CCOONNFFIIGG IInnppuut  t  tto  o  tthhe  e  VVM  M  tto  o  iiddeennttiiffy  y  tthhe  e  ttyyppe  e  ooff
directional controls on the truckdirectional controls on the truck
((standard Hand Direction Lever orstandard Hand Direction Lever or
optional Dual Pedal Systemoptional Dual Pedal System). If truck). If truck
has the standard Hand Directionhas the standard Hand Direction
Lever, the input is high. If the truckLever, the input is high. If the truck
has the optional Dual Pedal System,has the optional Dual Pedal System,
the input is low.the input is low.

Approx. 5VApprox. 5V
w/Handw/Hand
Direction Lever;Direction Lever;
Approx. 0VApprox. 0V
w/Dual Pedalw/Dual Pedal
SystemSystem

 J33-5 J33-5 VMVM

ItemItem ConnectionConnection
FunctionFunction

DescriptionDescription
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MMooddeells  s  4444550  0  MMaaiinntteennaanncce  e  MMaannuuaall SSeeccttiioon  n  88.. TThheeoorry  y  oof  f  OOppeerraattiioonn

Pinout MatrixPinout Matrix

116644 JJ3344--2266 RR--TTR  R  TTEEMMP  P  SSWW IInnppuut  t  tto  o  VVM  M  ffrroom  m  RRiigghht  t  TTrraaccttiioonn
Motor (RTM) Temp switch (TS1 atMotor (RTM) Temp switch (TS1 at

 J15-6). When the switch opens, an J15-6). When the switch opens, an
error code is displayed. Allow toerror code is displayed. Allow to
cool. If still open (high), checkcool. If still open (high), check
switch, wiring, and connections.switch, wiring, and connections.

Approx. 0V whenApprox. 0V when
OK; approx. 5VOK; approx. 5V

when openwhen open
(overheated)(overheated)

TTSS11 VVMM

116655 JJ3344--2277 LL--TTR  R  TTEEMMP  P  SSWW IInnppuut  t  tto  o  VVM  M  ffrroom  m  LLeefft  t  TTrraaccttiioon  n  MMoottoorr
(LTM) T(LTM) Temp switch (TS2 emp switch (TS2 at J16-6).at J16-6).
When the switch opens, an errorWhen the switch opens, an error
code is displayed. Allow to cool. Ifcode is displayed. Allow to cool. If
still open (high), check switch,still open (high), check switch,
wiring, and connections.wiring, and connections.

Approx. 0V whenApprox. 0V when
OK; approx. 5VOK; approx. 5V
when openwhen open
(overheated)(overheated)

TTSS22 VVMM

116666 JJ3344--2288 L  L  P  P  HH IInnppuut  t  tto  o  tthhe  e  VVM  M  ffrroom  m  tthhe  e  LLPPH  H  sswwiittcchh
(PB3 at J36-2). If not present, check(PB3 at J36-2). If not present, check
switch, wiring, and connections.switch, wiring, and connections.

Approx. 0V whenApprox. 0V when
PB3 closed;PB3 closed;
approx. 5V openapprox. 5V open

PPBB33 VVMM

116677 JJ3344--2299 SSPP.  .  RREEDD.. IInnppuut  t  tto  o  VVM  M  ffrroom  m  tthhe  e  SSppeeeedd

Reduction switch (PB2 at J37-3). IfReduction switch (PB2 at J37-3). Ifnot present, check switch, wiring,not present, check switch, wiring,
and connections.and connections.

Approx. 0V whenApprox. 0V when

PB2 closed;PB2 closed;approx. 5V openapprox. 5V open

PPBB22 VVMM

116688 JJ3344--3300 FFWW IInnppuut  t  tto  o  VVM  M  ffrroom  m  FFoorrwwaarrd  d  HHaanndd
Direction switch (SW9 at J39-5) orDirection switch (SW9 at J39-5) or
Forward Foot Pedal switch (SW4 atForward Foot Pedal switch (SW4 at
 J33-2). If not present, check J33-2). If not present, check
switches, wiring, and connections.switches, wiring, and connections.

5V switch open;5V switch open;
0V switch closed0V switch closed

SW4,SW4,
SW9SW9

VMVM

116699 JJ3344--3311 //EENN.. IInnppuut  t  tto  o  tthhe  e  VVM  M  ffrroom  m  TTrraavveel  l  EEnnaabbllee
switch (SW8 at J32-6). Used inswitch (SW8 at J32-6). Used in
conjunction with Travel Pot (P2) forconjunction with Travel Pot (P2) for
trucks configured with Handtrucks configured with Hand
Direction Lever. If not present, checkDirection Lever. If not present, check
switch, wiring, and connections.switch, wiring, and connections.

Approx. 0VApprox. 0V
w/pedalw/pedal
released; approx.released; approx.
5V w/pedal5V w/pedal
depresseddepressed

SSWW88 VVMM

117700 JJ3344--3322 EENN.. IInnppuut  t  tto  o  tthhe  e  VVM  M  ffrroom  m  TTrraavveel  l  EEnnaabbllee

switch (SW8 at J32-5). Used inswitch (SW8 at J32-5). Used in
conjunction with Travel Pot (P2) forconjunction with Travel Pot (P2) for
trucks configured with Handtrucks configured with Hand
Direction Lever. If not present, checkDirection Lever. If not present, check
switch, wiring, and connections.switch, wiring, and connections.

Approx. 5VApprox. 5V

w/pedalw/pedal
released; approx.released; approx.
0V depressed0V depressed

SSWW88 VVMM

117711 JJ3344--3333 CCAAN  N  HH HHiiggh  h  ccoommppoonneennt  t  oof  f  tthhe  e  ddiiggiittaall
communications between the VM,communications between the VM,
Operator Display (J137-2), andOperator Display (J137-2), and
CAN-Bus Interface (J132-7).CAN-Bus Interface (J132-7).

NN//AA OODD,  ,  VVMM VVMM,  ,  OODD

117722 JJ3344--3344 CCAAN  N  HH HHiiggh  h  ccoommppoonneennt  t  oof  f  tthhe  e  ddiiggiittaall
communications between the VMcommunications between the VM
and Armrest Board (JCAN-2).and Armrest Board (JCAN-2).

NN//AA VVMM CCAANN--BBuuss
Interface,Interface,
VM,VM,
ArmrestArmrest
BoardBoard

ItemItem ConnectionConnection
FunctionFunction

DescriptionDescription
TThheeoorry  y  oof  f  OOppeerraattiioonn NNoorrmmaal  l  LLeevveell

SignalSignal
SourceSource

SignalSignal
UserUser
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117733 JJ3344--3355 CCAAN  N  HH HHiiggh  h  ccoommppoonneennt  t  oof  f  tthhe  e  ddiiggiittaallcommunications between the VMcommunications between the VM
and other devices.and other devices.

NN//AA VVMM,  ,  TTPPAAss,,PPAPPA VM, TPAs,VM, TPAs,PPAPPA

  

SSeeccttiioon  n  88.. TThheeoorry  y  oof  f  OOppeerraattiioonn MMooddeells  s  4444550  0  MMaaiinntteennaanncce  e  MMaannuuaall

Pinout MatrixPinout Matrix

117744 JJ3366--11 GGNNDD GGrroouunnd  d  tto  o  LLPPH  H  sswwiittcch  h  ((PPBB33)  )  ffrroom  m  tthhee
VM (J34-6). If not present, checkVM (J34-6). If not present, check

VM, wiring, and connections.VM, wiring, and connections.

Battery voltageBattery voltage
wrt BT1+wrt BT1+

VVMM PPBB33

117755 JJ3366--22 L  L  P  P  HH PPrroovviiddees  s  iinnppuut  t  tto  o  VVM  M  ((JJ3344--2288)  )  ffrroomm
the LPH switch (PB3). If not present,the LPH switch (PB3). If not present,
check switch, wiring, andcheck switch, wiring, and
connections.connections.

Approx. 0V whenApprox. 0V when
PB3 closed;PB3 closed;
approx. 5V openapprox. 5V open

PPBB33 VVMM

117766 JJ3377--11 GGNNDD GGrroouunnd  d  tto  o  SSppeeeed  d  RReedduuccttiioon  n  sswwiittcchh
(PB2) from the VM (J34-6). If not(PB2) from the VM (J34-6). If not
present, check VM, wiring, andpresent, check VM, wiring, and
connections.connections.

Battery voltageBattery voltage
wrt BT1+wrt BT1+

VVMM PPBB22

117777 JJ3377--22 NNOOT  T  UUSSEEDD

117788 JJ3377--33 SSPP.  .  RREEDD.. PPrroovviiddees  s  iinnppuut  t  tto  o  VVM  M  ((JJ3344--2299)  )  ffrroomm
the Speed Reduction switch (PB2). Ifthe Speed Reduction switch (PB2). If
not present, check switch, wiring,not present, check switch, wiring,
and connections.and connections.

Approx. 0V whenApprox. 0V when
PB2 closed;PB2 closed;
approx. 5V openapprox. 5V open

PPBB22 VVMM

117799 JJ3399--11 GGNNDD GGrroouunnd  d  tto  o  FFoorrwwaarrd  d  HHaannd  d  DDiirreeccttiioonn
switch (SW9) from the VM (J34-6). Ifswitch (SW9) from the VM (J34-6). If
not present, check VM, wiring, andnot present, check VM, wiring, and
connections.connections.

Battery voltageBattery voltage
wrt BT1+wrt BT1+

VVMM SSWW99

118800 JJ3399--22 GGNNDD GGrroouunnd  d  tto  o  RReevveerrsse  e  DDiirreeccttiioon  n  sswwiittcchh
(SW10) from the VM (J34-6). If not(SW10) from the VM (J34-6). If not
present, check VM, wiring, andpresent, check VM, wiring, and
connections.connections.

Battery voltageBattery voltage
wrt BT1+wrt BT1+

VVMM SSWW1100

118811 JJ3399--3  3  aannd  d  44 NNOOT  T  UUSSEEDD

118822 JJ3399--55 FFWW PPrroovviiddees  s  iinnppuut  t  tto  o  VVM  M  ((JJ3344--3300)  )  ffrroomm
Forward Hand Direction switchForward Hand Direction switch
(SW9). If not present, check switch,(SW9). If not present, check switch,
wiring, and connections.wiring, and connections.

Approx. 5VApprox. 5V
switch open; 0Vswitch open; 0V
switch closedswitch closed

SSWW99 VVMM

118833 JJ3399--66 NNOOT  T  UUSSEEDD

118844 JJ3399--77 BBWW PPrroovviiddees  s  iinnppuut  t  tto  o  VVM  M  ((JJ3344--1199)  )  ffrroomm
Reverse Hand Direction switchReverse Hand Direction switch
(SW10). If not present, check switch,(SW10). If not present, check switch,
wiring, and connections.wiring, and connections.

Approx. 5VApprox. 5V
switch open; 0Vswitch open; 0V
switch closedswitch closed

SSWW1100 VVMM

118855 JJ3399--88 NNOOT  T  UUSSEEDD

118866 JJ4400--11 LLIIFFTTIINNGG IInnppuut  t  tto  o  VVM  M  ffrroom  m  LLiiffttiinng  g  sswwiittcchh
(SW11 at J42-3). If not present,(SW11 at J42-3). If not present,
check switch, wiring, andcheck switch, wiring, and
connections.connections.

Approx. 5VApprox. 5V
open; 0V closedopen; 0V closed

SSWW1111 VVMM

118877 JJ4400--22 FFAAN  N  DDRRIIVVEE OOuuttppuut  t  ffrroom  m  tthhe  e  VVM  M  tto  o  tthhe  e  PPoowweerr
Amp Fan (FN1 at J71-3). If notAmp Fan (FN1 at J71-3). If not
present, check VM, wiring, andpresent, check VM, wiring, and

Approx. 5V ON;Approx. 5V ON;
0V OFF0V OFF

VVMM FFNN11

ItemItem ConnectionConnection
FunctionFunction

DescriptionDescription
TThheeoorry  y  oof  f  OOppeerraattiioonn NNoorrmmaal  l  LLeevveell

SignalSignal
SourceSource

SignalSignal
UserUser
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connections. Should be presentconnections. Should be presentwithin a minute of turning Key switchwithin a minute of turning Key switch
ON.ON.

  

MMooddeells  s  4444550  0  MMaaiinntteennaanncce  e  MMaannuuaall SSeeccttiioon  n  88.. TThheeoorry  y  oof  f  OOppeerraattiioonn

Pinout MatrixPinout Matrix

118888 JJ4400--33 SSIIDDEESSHHIIFFTT IInnppuut  t  tto  o  VVM  M  ffrroom  m  SSiiddeesshhiifft  t  sswwiittcchh
(SW13 at J44-3). If not present,(SW13 at J44-3). If not present,

check switch, wiring, andcheck switch, wiring, and
connections.connections.

Switch open:Switch open:
approx. 5V;approx. 5V;

Closed: 0VClosed: 0V

SSWW1133 VVMM

118899 JJ4400--44 44TTHH IInnppuut  t  tto  o  VVM  M  ffrroom  m  44tth  h  FFuunnccttiioon  n  sswwiittcchh
(SW14 at J45-3). If not present,(SW14 at J45-3). If not present,
check switch, wiring, andcheck switch, wiring, and
connections.connections.

Switch open:Switch open:
approx. 5V;approx. 5V;
Closed: 0VClosed: 0V

SSWW1144 VVMM

119900 JJ4400--55 NNOOT  T  UUSSEEDD

119911 JJ4400--66 GGNNDD OOnne  e  oof  f  tthhe  e  ggrroouunndds  s  ssuupppplliieed  d  bby  y  tthhee
VM to multiple components. IfVM to multiple components. If
ground is not present at thisground is not present at this
connection check for B– coming intoconnection check for B– coming into
the VM at (J34-7, 8, 10) andthe VM at (J34-7, 8, 10) and
(J40-17).(J40-17).

Battery voltageBattery voltage
wrt BT1+wrt BT1+

VVMM SSWW1111,,
12, 13,12, 13,
14, 15,14, 15,
PB5PB5

119922 JJ4400--77 VVCCCC SSuupppplly  y  vvoollttaagge  e  tto  o  tthhe  e  LLiifft  t  PPoot  t  ((PP3  3  aatt
 J41-1) from the VM. If not present, J41-1) from the VM. If not present,
check VM, wiring, and connections.check VM, wiring, and connections.

AApppprrooxx.  .  55VV VVMM PP33

119933 JJ4400--88 CCAAN  N  LL LLoow  w  ccoommppoonneennt  t  oof  f  tthhe  e  ddiiggiittaall
communications between the VMcommunications between the VM
and optional HCB (J140-4). If optionand optional HCB (J140-4). If option
is not present, a jumper withis not present, a jumper with
terminating resistor is installedterminating resistor is installed
between J48-8 and 15.between J48-8 and 15.

NN//AA VVMM HHCCBB

119944 JJ4400--99 N  N  PPOOTT NNeeggaattiivve  e  rreeffeerreenncce  e  ffoor  r  tthhe  e  LLiifft  t  PPoott
(P3 at J41-3). If this reference is lost(P3 at J41-3). If this reference is lost
or intermittent, the lift pot does notor intermittent, the lift pot does not
function correctly and may throwfunction correctly and may throw
codes. If not present, check VM,codes. If not present, check VM,
wiring, and connections.wiring, and connections.
Note:Note: Check P3 by disconnecting it Check P3 by disconnecting it

from the circuit and reading acrossfrom the circuit and reading across
it. Approx. 5.2 Kohms should beit. Approx. 5.2 Kohms should be
read across J41-1 and 3.read across J41-1 and 3.

Battery voltageBattery voltage
wrt BT1+wrt BT1+

VVMM PP33

119955 JJ4400--1100 TTIILLTT IInnppuut  t  tto  o  VVM  M  ffrroom  m  TTiillt  t  sswwiittcch  h  ((SSWW1122
at J43-3). If not present, checkat J43-3). If not present, check
switch, wiring, and connections.switch, wiring, and connections.

Approx. 5VApprox. 5V
open; 0V closedopen; 0V closed

SSWW1122 VVMM

119966 JJ4400--1111 C  C  PPOOTT WWiippeer  r  iinnppuut  t  ffrroom  m  tthhe  e  LLiifft  t  PPoot  t  ((PP3  3  aatt
 J41-2). V J41-2). Voltage varies depending onoltage varies depending on
lift request. The pot may need to belift request. The pot may need to be
re-learned. If not present, check pot,re-learned. If not present, check pot,
wiring, and connections.wiring, and connections.

Approx. 0V inApprox. 0V in
neutral; approx.neutral; approx.
5V w/full lift5V w/full lift
requestedrequested

PP33 VVMM

119977 JJ4400--1122 AAUUX  X  IIN  N  33 IInnppuut  t  tto  o  VVM  M  ffrroom  m  tthhe  e  ooppttiioonnaal  l  EEnnd  d  ooff
Free Lift switch (SW16 at J75-1). IfFree Lift switch (SW16 at J75-1). If
not present, check switch, wiring,not present, check switch, wiring,

Approx. 5VApprox. 5V
open; 0V closedopen; 0V closed

SSWW1166 VVMM

ItemItem ConnectionConnection
FunctionFunction

DescriptionDescription
TThheeoorry  y  oof  f  OOppeerraattiioonn NNoorrmmaal  l  LLeevveell

SignalSignal
SourceSource

SignalSignal
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and connections.and connections.((Bottler's Tilt OptionBottler's Tilt Option))

  

SSeeccttiioon  n  88.. TThheeoorry  y  oof  f  OOppeerraattiioonn MMooddeells  s  4444550  0  MMaaiinntteennaanncce  e  MMaannuuaall

Pinout MatrixPinout Matrix

119988 JJ4400--1133 AAUUX  X  IIN  N  11 IInnppuut  t  tto  o  VVM  M  ffrroom  m  tthhe  e  ooppttiioonnaall
Lowering switch (SW15 at J47-3). IfLowering switch (SW15 at J47-3). If

not present, check switch, wiring,not present, check switch, wiring,
and connections.and connections.

Approx. 5VApprox. 5V
open; 0V closedopen; 0V closed

SSWW1155 VVMM

119999 JJ4400--1144 AAUUX  X  IIN  N  22 IInnppuut  t  tto  o  VVM  M  ffrroom  m  tthhe  e  AAnngglle  e  TTiillt  t  PPrrooxx..
switch (SW30 at J73-1). If notswitch (SW30 at J73-1). If not
present, check switch, wiring, andpresent, check switch, wiring, and
connections.connections.
((Bottler's Tilt OptionBottler's Tilt Option))

Approx. 5VApprox. 5V
open; 0V closedopen; 0V closed

SSWW3300 VVMM

220000 JJ4400--1155 CCAAN  N  HH HHiiggh  h  ccoommppoonneennt  t  oof  f  tthhe  e  ddiiggiittaall
communications between the VMcommunications between the VM
and optional HCB (J140-13). Ifand optional HCB (J140-13). If
option is not present, a jumper withoption is not present, a jumper with
terminating resistor is installedterminating resistor is installed
between J48-8 and 15.between J48-8 and 15.

NN//AA VVMM HHCCBB

220011 JJ4400--1166 AAUUX  X  OOUUT  T  11 OOuuttppuut  t  ffrroom  m  VVMM,  ,  tthhrroouuggh  h  FFuusse  e  FF1133,,

to the optional Travel Alarm (BZ1 atto the optional Travel Alarm (BZ1 at J70+). If not present, check VM, J70+). If not present, check VM,
wiring, and connections.wiring, and connections.

++2244VV VVMM BBZZ11

220022 JJ4400--1177 GGNNDD BB–  –  ssuupppplly  y  tto  o  VVMM.  .  TThhiis  s  BB–  –  iis  s  sshhaarreedd
by many components prior to andby many components prior to and
after the VM. If not present, followafter the VM. If not present, follow
back towards B– until loss can beback towards B– until loss can be
determined.determined.

Battery voltageBattery voltage
wrt BT1+wrt BT1+

BB–  –  aat  t  JJ11 VVMM

220033 JJ4400--1188 AAUUX  X  IIN  N  44 IInnppuut  t  tto  o  tthhe  e  VVM  M  ffrroom  m  tthhe  e  ooppttiioonnaal  l  LLiifftt
Limit Push Button switch (PB9 atLimit Push Button switch (PB9 at
 J101). If not present, check switch, J101). If not present, check switch,
wiring, and connections.wiring, and connections.

Approx. 5VApprox. 5V
open; 0V closedopen; 0V closed

VVMM PPBB99

220044 JJ4400--1199 AAUUX  X  OOUUT  T  22 OOuuttppuut  t  ffrroom  m  tthhe  e  VVMM,  ,  tthhrroouuggh  h  ffuussee
14, to Tilt Limit Solenoid (EV13 at14, to Tilt Limit Solenoid (EV13 at
 J115-1). Output depends on J115-1). Output depends on

condition of SW16 and SW30.condition of SW16 and SW30.
((Bottler's Tilt OptionBottler's Tilt Option))

++2244VV VVMM EEVV1133

220055 JJ4400--2200 ++2244V  V  AAUUXX ++2244V  V  iinnppuut  t  tto  o  VVM  M  ffrroom  m  DDCC//DDCC
converter (J96-4). If not present,converter (J96-4). If not present,
check converter, wiring, andcheck converter, wiring, and
connections.connections.

++2244VV DDCC//DDCC
ConverterConverter

VMVM

220066 JJ4400--2211 ++2244V  V  AAUUXX ++2244V  V  iinnppuut  t  tto  o  VVM  M  ffrroom  m  DDCC//DDCC
converter (J96-4). If not present,converter (J96-4). If not present,
check converter, wiring, andcheck converter, wiring, and
connections.connections.

++2244VV DDCC//DDCC
ConverterConverter

VMVM

220077 JJ4400--2222 AAUUX  X  OOUUT  T  33 OOuuttppuut  t  ffrroom  m  tthhe  e  VVMM,  ,  tthhrroouuggh  h  FFuussee
F22, to Lift/Lower Limit SolenoidF22, to Lift/Lower Limit Solenoid
(EV12 or EV14 at J121-1). Output(EV12 or EV14 at J121-1). Output
depends on condition of SW31 anddepends on condition of SW31 and

++2244VV VVMM EEVV112  2  oorr
EV14EV14

ItemItem ConnectionConnection
FunctionFunction

DescriptionDescription
TThheeoorry  y  oof  f  OOppeerraattiioonn NNoorrmmaal  l  LLeevveell
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PB9. (PB9. (Lift/Lower Bypass OptionLift/Lower Bypass Option))
220088 JJ4400--2233 NNOOT  T  UUSSEEDD

  

MMooddeells  s  4444550  0  MMaaiinntteennaanncce  e  MMaannuuaall SSeeccttiioon  n  88.. TThheeoorry  y  oof  f  OOppeerraattiioonn

Pinout MatrixPinout Matrix

220099 JJ4411--11 VVCCCC SSuupppplly  y  vvoollttaagge  e  tto  o  tthhe  e  LLiifft  t  PPoot  t  ((PP33))
from the VM (J40-7). If not present,from the VM (J40-7). If not present,

check VM, wiring, and connections.check VM, wiring, and connections.

AApppprrooxx.  .  55VV VVMM PP33

221100 JJ4411--22 C  C  PPOOTT WWiippeer  r  iinnppuut  t  ffrroom  m  tthhe  e  LLiifft  t  PPoot  t  ((PP33)  )  ttoo
VM (J40-11). Voltage variesVM (J40-11). Voltage varies
depending on lift request. The potdepending on lift request. The pot
may need to be re-learned. If notmay need to be re-learned. If not
present, check pot, wiring, andpresent, check pot, wiring, and
connections.connections.

Approx. 0V inApprox. 0V in
neutral; approx.neutral; approx.
5V w/full lift5V w/full lift
requestedrequested

PP33 VVMM

221111 JJ4411--33 N  N  PPOOTT NNeeggaattiivve  e  rreeffeerreenncce  e  ffoor  r  tthhe  e  LLiifft  t  PPoott
(P3) from the VM (J40-9). If this(P3) from the VM (J40-9). If this
reference is lost or intermittent, thereference is lost or intermittent, the
Lift Pot does not function correctlyLift Pot does not function correctly
and may throw codes. If not present,and may throw codes. If not present,
check VM, wiring, and connections.check VM, wiring, and connections.
Note:Note: Check P3 by disconnecting it Check P3 by disconnecting it
from the circuit and reading acrossfrom the circuit and reading across

it. Approx. 5.2 Kohms should beit. Approx. 5.2 Kohms should beread across J41-1 and 3.read across J41-1 and 3.

Battery voltageBattery voltage
wrt BT1+wrt BT1+

VVMM PP33

221122 JJ4422--11 GGNNDD OOnne  e  oof  f  tthhe  e  ggrroouunndds  s  ssuupppplliieed  d  bby  y  tthhee
VM (J40-6) to Lift switch (SW11). IfVM (J40-6) to Lift switch (SW11). If
not present, check VM, wiring, andnot present, check VM, wiring, and
connections.connections.

Battery voltageBattery voltage
wrt BT1+wrt BT1+

VVMM SSWW1111

221133 JJ4422--22 NNOOT  T  UUSSEEDD

221144 JJ4422--33 LLIIFFTTIINNGG IInnppuut  t  tto  o  VVM  M  ((JJ4400--11)  )  ffrroom  m  tthhe  e  LLiifftt
switch (SW11). If not present, checkswitch (SW11). If not present, check
switch, wiring, and connections.switch, wiring, and connections.

Approx. 5VApprox. 5V
open; 0V closedopen; 0V closed

SSWW1111 VVMM

221155 JJ4433--11 GGNNDD OOnne  e  oof  f  tthhe  e  ggrroouunndds  s  ssuupppplliieed  d  bby  y  tthhee
VM (J40-6) to Tilt switch (SW12). IfVM (J40-6) to Tilt switch (SW12). If
not present, check VM, wiring, andnot present, check VM, wiring, and
connections.connections.

Battery voltageBattery voltage
wrt BT1+wrt BT1+

VVMM SSWW1122

221166 JJ4433--22 NNOOT  T  UUSSEEDD

221177 JJ4433--33 TTIILLTT IInnppuut  t  tto  o  VVM  M  ((JJ4400--1100)  )  ffrroom  m  tthhe  e  TTiilltt
switch (SW12). If not present, checkswitch (SW12). If not present, check
switch, wiring, and connections.switch, wiring, and connections.

Approx. 5VApprox. 5V
open; 0V closedopen; 0V closed

SSWW1122 VVMM

221188 JJ4444--11 GGNNDD OOnne  e  oof  f  tthhe  e  ggrroouunndds  s  ssuupppplliieed  d  bby  y  tthhee
VM (J40-6) to Sideshift switchVM (J40-6) to Sideshift switch
(SW13). If not present, check VM,(SW13). If not present, check VM,
wiring, and connections.wiring, and connections.

Battery voltageBattery voltage
wrt BT1+wrt BT1+

VVMM SSWW1133

221199 JJ4444--22 NNOOT  T  UUSSEEDD

222200 JJ4444--33 SSIIDDEESSHHIIFFTT IInnppuut  t  tto  o  VVM  M  ((JJ4400--33)  )  ffrroom  m  tthhe  e  SSiiddeesshhiifftt
switch (SW13). If not present, checkswitch (SW13). If not present, check
switch, wiring, and connections.switch, wiring, and connections.

Approx. 5VApprox. 5V
open; 0V closedopen; 0V closed

SSWW1133 VVMM

ItemItem ConnectionConnection
FunctionFunction

DescriptionDescription
TThheeoorry  y  oof  f  OOppeerraattiioonn NNoorrmmaal  l  LLeevveell
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222211 JJ4455--11 GGNNDD OOnne  e  oof  f  tthhe  e  ggrroouunndds  s  ssuupppplliieed  d  bby  y  tthhee
VM (J40-6) to 4th Function switchVM (J40-6) to 4th Function switch
(SW14). If not present, check VM,(SW14). If not present, check VM,
wiring, and connections.wiring, and connections.

Battery voltageBattery voltage
wrt BT1+wrt BT1+

VVMM SSWW1144

  

SSeeccttiioon  n  88.. TThheeoorry  y  oof  f  OOppeerraattiioonn MMooddeells  s  4444550  0  MMaaiinntteennaanncce  e  MMaannuuaall

Pinout MatrixPinout Matrix

222222 JJ4455--22 NNOOT  T  UUSSEEDD

222233 JJ4455--33 44tth  h  FFUUNNCCTTIIOONN IInnppuut  t  tto  o  VVM  M  ((JJ4400--44)  )  ffrroom  m  tthhe  e  44tthhFunction switch (SW14). If notFunction switch (SW14). If not
present, check switch, wiring, andpresent, check switch, wiring, and
connections.connections.

Approx. 5VApprox. 5Vopen; 0V closedopen; 0V closed SSWW1144 VVMM

222244 JJ4466--11 ++2244VV ++2244V  V  tto  o  ooppttiioonnaal  l  55tth  h  FFuunnccttiioon  n  sswwiittcchh
(PB5) from Fuse F7. If not present,(PB5) from Fuse F7. If not present,
check fuse, wiring, and connections.check fuse, wiring, and connections.

++2244VV DDCC//DDCC
ConverterConverter

PB5PB5

222255 JJ4466--22 55TTHH
SOLENOIDSOLENOID
(optional)(optional)

When switch (PB5) is closed, voltageWhen switch (PB5) is closed, voltage
is allowed to pass to optional 5this allowed to pass to optional 5th
Solenoid Valve (EV11). If notSolenoid Valve (EV11). If not
present, check switch, wiring, andpresent, check switch, wiring, and
connections.connections.

++2244VV PPBB55 EEVV1111

222266 JJ4477--11 GGNNDD OOnne  e  oof  f  tthhe  e  ggrroouunndds  s  ssuupppplliieed  d  bby  y  tthhee
VM (J40-6) to optional LoweringVM (J40-6) to optional Lowering
switch (SW15). If not present, checkswitch (SW15). If not present, check
VM, wiring, and connections.VM, wiring, and connections.

Battery voltageBattery voltage
wrt BT1+wrt BT1+

VVMM SSWW1155

222277 JJ4477--22 NNOOT  T  UUSSEEDD

222288 JJ4477--33 AAUUX  X  IIN  N  11 IInnppuut  t  tto  o  VVM  M  ((JJ4400--1133)  )  ffrroom  m  tthhee
optional Lowering switch (SW15). Ifoptional Lowering switch (SW15). If
not present, check switch, wiring,not present, check switch, wiring,
and connections.and connections.

Approx. 5VApprox. 5V
open; 0V closedopen; 0V closed

SSWW1155 VVMM

222299 JJ4477--44 NNOOT  T  UUSSEEDD

223300 JJ7700++ AAUUX  X  OOUUT  T  11 OOuuttppuut  t  ffrroom  m  VVM  M  ((JJ4400--1166)),  ,  tthhrroouugghh
FuseFuse F13, to the optionF13, to the optional Travelal Travel
Alarm (BZ1). If not present, checkAlarm (BZ1). If not present, check
VM, fuse, wiring, and connections.VM, fuse, wiring, and connections.

++2244VV VVMM BBZZ11

223311 JJ7700–– GGNNDD BB–  –  ssuupppplly  y  tto  o  ooppttiioonnaal  l  TTrraavveel  l  AAllaarrmm
(BZ1). This B– is shared by many(BZ1). This B– is shared by many
components prior to and after thecomponents prior to and after the
VM. If not present, follow backVM. If not present, follow back
towards B– until loss can betowards B– until loss can be
determined.determined.

Battery voltageBattery voltage
wrt BT1+wrt BT1+

BB–  –  aat  t  JJ11 BBZZ11

223322 JJ7711--11 GGNNDD BB–  –  ssuupppplly  y  tto  o  PPoowweer  r  AAmmpplliiffiieer  r  FFaann
(FN1). This B– is shared by many(FN1). This B– is shared by many
components prior to and after thecomponents prior to and after the
fan. If not present, follow backfan. If not present, follow back
towards B– until loss can betowards B– until loss can be
determined.determined.

Battery voltageBattery voltage
wrt BT1+wrt BT1+

BB–  –  aat  t  JJ11 FFNN11

223333 JJ7711--22 ++2244VV ++2244V  V  tto  o  tthhe  e  PPoowweer  r  AAmmpplliiffiieer  r  FFaann
(FN1) from Fuse F5. If not present,(FN1) from Fuse F5. If not present,
check fuse, wiring, and connections.check fuse, wiring, and connections.

++2244VV DDCC//DDCC
ConverterConverter

FN1FN1

ItemItem ConnectionConnection
FunctionFunction

DescriptionDescription
TThheeoorry  y  oof  f  OOppeerraattiioonn NNoorrmmaal  l  LLeevveell

SignalSignal
SourceSource

SignalSignal
UserUser
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MMooddeells  s  4444550  0  MMaaiinntteennaanncce  e  MMaannuuaall SSeeccttiioon  n  88.. TThheeoorry  y  oof  f  OOppeerraattiioonn

Pinout MatrixPinout Matrix

223344 JJ7711--33 FFAAN  N  DDRRIIVVEE OOuuttppuut  t  ffrroom  m  tthhe  e  VVM  M  ((JJ4400--22)  )  tto  o  tthhee
Power Amp Fan (FN1). If notPower Amp Fan (FN1). If not

present, check VM, wiring, andpresent, check VM, wiring, and
connections. Should be presentconnections. Should be present
within a minute of turning Key switchwithin a minute of turning Key switch
ON.ON.

Approx. 5V on;Approx. 5V on;
0V off 0V off 

VVMM FFNN11

223355 JJ7711--44 NNOOT  T  UUSSEEDD

223366 JJ7733--11 AAUUX  X  IIN  N  22 IInnppuut  t  tto  o  VVM  M  ((JJ4400--1144)  )  ffrroom  m  tthhe  e  AAnnggllee
Tilt Prox. switch (SW30). If notTilt Prox. switch (SW30). If not
present, check switch, wiring, andpresent, check switch, wiring, and
connections.connections.
((Bottler's Tilt OptionBottler's Tilt Option))

Approx. 5VApprox. 5V
open; 0V closedopen; 0V closed

SSWW3300 VVMM

223377 JJ7733--22 GGnndd BB–  –  ffrroom  m  VVM  M  ((JJ3344--66)  )  tto  o  AAnngglle  e  TTiilltt
Prox. switch (SW30). If not present,Prox. switch (SW30). If not present,
follow back towards B– until loss canfollow back towards B– until loss can
be determined.be determined.

Battery voltageBattery voltage
wrt BT1+wrt BT1+

VVMM SSWW3300

223388 JJ7733--33 ++2244VV ++2244V  V  tto  o  ooppttiioonnaal  l  AAnngglle  e  TTiillt  t  sswwiittcchh
(SW30) from DC/DC converter. If(SW30) from DC/DC converter. If
not present, check Fuse F12, wiring,not present, check Fuse F12, wiring,
and connections.and connections.

++2244VV DDCC//DDCC
ConverterConverter

SW30SW30

223399 JJ7755--11 AAUUX  X  IIN  N  33 IInnppuut  t  tto  o  VVM  M  ((JJ4400--1122)  )  ffrroom  m  tthhee
optional End of Free Lift switchoptional End of Free Lift switch
(SW16). If not present, check switch,(SW16). If not present, check switch,
wiring, and connections.wiring, and connections.
((Bottler's Tilt OptionBottler's Tilt Option))

5V open; 0V5V open; 0V
closedclosed

SSWW1166 VVMM

224400 JJ7755--22 BB–– BB–  –  ffrroom  m  VVM  M  ((JJ3344--66)  )  tto  o  ooppttiioonnaal  l  EEnndd
of Free Lift switch (SW16). If notof Free Lift switch (SW16). If not
present, follow back towards B– untilpresent, follow back towards B– until
loss can be determined.loss can be determined.

Battery voltageBattery voltage
wrt BT1+wrt BT1+

VVMM SSWW1166

224411 JJ7755--33 ++V  V  OOUUTT VVoollttaagge  e  ffrroom  m  PPPPA  A  ((SSWW11)  )  tto  o  ooppttiioonnaall

Mast Height switch (SW31). If notMast Height switch (SW31). If not
present, check the PPA, wiring, andpresent, check the PPA, wiring, and
connections.connections.

BB++ KKeey  y  SSwwiittcchh SSWW3311

224422 JJ7755--44 IINN IInnppuut  t  tto  o  tthhe  e  PPPPA  A  ((JJPP--33)  )  ffrroom  m  tthhee
optional Mast Height switchoptional Mast Height switch
(SW31). If not present, check switch,(SW31). If not present, check switch,
wiring, and connections.wiring, and connections.

0V open; B+0V open; B+
closedclosed

SSWW3311 PPPPAA

224433 JJ7755--5  5  aannd  d  66 NNOOT  T  UUSSEEDD

224444 JJ8811 BB–– BB–  –  ccoonnnneeccttiioon  n  aat  t  MMaasstteer  r  TTrraaccttiioonn
Power Amplifier for all amps.Power Amplifier for all amps.

Battery voltageBattery voltage
wrt BT1+wrt BT1+

BBTT11 EEnnttiirre  e  ttrruucckk

224455 JJ9911--11 GGNNDD BB–  –  tto  o  tthhe  e  LLeefft  t  BBrraakke  e  LLiigghht  t  ((LLPP33)  )  aanndd
Left Tail Light (LP4). If not present,Left Tail Light (LP4). If not present,
follow back towards B– until loss canfollow back towards B– until loss can
be determinedbe determined

Battery voltageBattery voltage
wrt BT1+wrt BT1+

BBTT11 LLPP33,  ,  LLPP44

ItemItem ConnectionConnection
FunctionFunction

DescriptionDescription
TThheeoorry  y  oof  f  OOppeerraattiioonn NNoorrmmaal  l  LLeevveell

SignalSignal
SourceSource

SignalSignal
UserUser
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be determined.be determined.

224466 JJ9911--22 TTAAIIL  L  LLIIGGHHTT OOuuttppuut  t  ffrroom  m  tthhe  e  VVM  M  ((JJ3344--11)  )  tto  o  tthhee
Left Tail Light (LP4). If not present,Left Tail Light (LP4). If not present,
check VM, wiring, and connections.check VM, wiring, and connections.

+24V ON;+24V ON;
0V OFF0V OFF

VVMM LLPP44

  

SSeeccttiioon  n  88.. TThheeoorry  y  oof  f  OOppeerraattiioonn MMooddeells  s  4444550  0  MMaaiinntteennaanncce  e  MMaannuuaall

Pinout MatrixPinout Matrix

224477 JJ9911--33 TTAAIIL  L  LLIIGGHHTT OOuuttppuut  t  ffrroom  m  VVM  M  ((JJ3344--11)  )  tto  o  tthhe  e  TTaaiill
Lights (LP2 and LP4). Jumper in placeLights (LP2 and LP4). Jumper in place

to allow voltage to J102-2. If notto allow voltage to J102-2. If not
present, check VM, wiring, andpresent, check VM, wiring, and
connections.connections.

+24V ON;+24V ON;
0V OFF0V OFF

VVMM LLPP22,  ,  LLPP44

224488 JJ9911--44 BBRRAAKKE  E  LLIIGGHHTT OOuuttppuut  t  ffrroom  m  tthhe  e  VVM  M  ((JJ3344--1133)  )  tto  o  tthhee
Left Brake Light (LP3) when travelingLeft Brake Light (LP3) when traveling
and changing direction or travelingand changing direction or traveling
and pressing brake pedal. If notand pressing brake pedal. If not
present, check VM, wiring, andpresent, check VM, wiring, and
connections.connections.

+24V ON;+24V ON;
0V OFF0V OFF

VVMM LLPP33

224499 JJ9911--55 BBRRAAKKE  E  LLIIGGHHTT OOuuttppuut  t  ffrroom  m  VVM  M  ((JJ3344--1133)  )  tto  o  tthhe  e  RRiigghhtt
Brake Light (LP1) when traveling andBrake Light (LP1) when traveling and
changing direction or traveling andchanging direction or traveling and
pressing brake pedal. Jumper inpressing brake pedal. Jumper in
place to allow voltage to J102-4. Ifplace to allow voltage to J102-4. If
not present, check VM, wiring, andnot present, check VM, wiring, and

connections.connections.

+24V ON;+24V ON;
0V OFF0V OFF

VVMM LLPP11

225500 JJ9911--66 NNOOT  T  UUSSEEDD

225511 JJ9944 ++2244VV ++2244V  V  tto  o  ooppttiioonnaal  l  BBaacckkwwaarrd  d  WWoorrkk
Lights switch (SW29) from Fuse F10.Lights switch (SW29) from Fuse F10.
If not present, check fuse, wiring,If not present, check fuse, wiring,
and connections.and connections.

++2244VV DDCC//DDCC
ConverterConverter

SW29SW29

225522 JJ9955 ++2244VV ++2244V  V  tto  o  ooppttiioonnaal  l  WWaarrnniinng  g  LLiigghhtt
from Fuse F8. If not present, checkfrom Fuse F8. If not present, check
fuse, wiring, and connections.fuse, wiring, and connections.

++2244VV DDCC//DDCC
ConverterConverter

WarningWarning
LightLight

225533 JJ9966--11 BB++ BB+  +  tto  o  DDCC//DDC  C  ccoonnvveerrtteer  r  wwhheen  n  CCTT11
coil is energized. If not present,coil is energized. If not present,
check F4, SW1, CT1 coil, CT1 tips,check F4, SW1, CT1 coil, CT1 tips,
wiring, and connections.wiring, and connections.

BB++ CCTT11 DDCC//DDCC
ConverterConverter

225544 JJ9966--22 BB–– BB–  –  tto  o  DDCC//DDC  C  ccoonnvveerrtteerr.  .  IIf  f  nnoott
present, make sure battery ispresent, make sure battery is
connected. Check wiring andconnected. Check wiring and
connections. A jumper is installed toconnections. A jumper is installed to
 J96-5. J96-5.

Battery voltageBattery voltage
wrt BT1+wrt BT1+

BB–– DDCC//DDCC
ConverterConverter

225555 JJ9966--33 NNOOT  T  UUSSEEDD

225566 JJ9966--44 ++2244VV ++2244V  V  ffrroom  m  DDCC//DDC  C  ccoonnvveerrtteer  r  tto  o  2244VV
circuit. If not present, check forcircuit. If not present, check for
power and ground to converter.power and ground to converter.

++2244VV DDCC//DDCC
ConverterConverter

+24V+24V
CircuitsCircuits

225577 JJ9966--55 BB–– BB–  –  tto  o  DDCC//DDC  C  ccoonnvveerrtteerr.  .  IIf  f  nnoott
present, make sure battery ispresent, make sure battery is
connected. Check wiring andconnected. Check wiring and
connections. A jumper is installed toconnections. A jumper is installed to
 J96-2. J96-2.

Battery voltageBattery voltage
wrt BT1+wrt BT1+

BB–– DDCC//DDCC
ConverterConverter

ItemItem ConnectionConnection
FunctionFunction

DescriptionDescription
TThheeoorry  y  oof  f  OOppeerraattiioonn NNoorrmmaal  l  LLeevveell

SignalSignal
SourceSource

SignalSignal
UserUser
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225588 JJ9977 AAGG++,  ,  NN–– CCoonnnneeccttiioon  n  ffoor  r  ooppttiioonnaal  l  WWaarrnniinngg
Light (LP5).Light (LP5).

+24V ON;+24V ON;
0V OFF0V OFF

VVMM LLPP55

  

MMooddeells  s  4444550  0  MMaaiinntteennaanncce  e  MMaannuuaall SSeeccttiioon  n  88.. TThheeoorry  y  oof  f  OOppeerraattiioonn

Pinout MatrixPinout Matrix

225599 JJ9999 ++2244VV ++2244V  V  tto  o  ooppttiioonnaal  l  FFoorrwwaarrd  d  WWoorrkk
Lights switch (SW28) from Fuse F11.Lights switch (SW28) from Fuse F11.

If not present, check fuse, wiring,If not present, check fuse, wiring,
and connections.and connections.

++2244VV DDCC//DDCC
ConverterConverter

SW28SW28

226600 JJ110000--11 BB++ BB+  +  tto  o  aauuxxiilliiaarry  y  ppoowweer  r  ssttrriip  p  ffrroomm
 J50-11. If not present, check Fuse J50-11. If not present, check Fuse
F2, wiring, and connections.F2, wiring, and connections.

BB++ BBTT11 AAuux  x  PPoowweerr

226611 JJ110000--22 NNOOT  T  UUSSEEDD

226622 JJ110000--33 BB–– BB–  –  tto  o  aauuxxiilliiaarry  y  ppoowweer  r  ssttrriipp.  .  IIf  f  nnoott
present, make sure battery ispresent, make sure battery is
connected. Check wiring andconnected. Check wiring and
connections.connections.

Battery voltageBattery voltage
wrt BT1+wrt BT1+

BB–– AAuux  x  PPoowweerr

226633 JJ110011 LL––,  ,  CCH  H  iinnppuutt CCoonnnneeccttiioon  n  ffoor  r  ooppttiioonnaal  l  LLiifftt--LLiimmiitt
Push Button switch (PB9).Push Button switch (PB9).

Approx. 5VApprox. 5V
open; 0V closedopen; 0V closed

VVMM VVMM

226644 JJ110022--11 GGNNDD BB–  –  ssuupppplly  y  ffrroom  m  bbaatttteerry  y  tto  o  LLPP1  1  aanndd

LP2. If not present, follow backLP2. If not present, follow back
towards B– until loss can betowards B– until loss can be
determined.determined.

Battery voltageBattery voltage

wrt BT1+wrt BT1+

BBTT11 LLPP1  1  aanndd

LP2LP2

226655 JJ110022--22 TTAAIIL  L  LLIIGGHHTT OOuuttppuut  t  ffrroom  m  VVM  M  ((JJ3344--11)  )  tto  o  tthhe  e  RRiigghhtt
Tail Light (LP2). If not present, checkTail Light (LP2). If not present, check
VM, wiring, and connections.VM, wiring, and connections.

++2244VV VVMM TTaaiil  l  LLiigghhttss

226666 JJ110022--33 TTAAIIL  L  LLIIGGHHTT TTiieed  d  tto  o  JJ110022--22.. ++2244VV VVMM TTaaiil  l  LLiigghhttss

226677 JJ110022--44 BBRRAAKKE  E  LLIIGGHHTT OOuuttppuut  t  ffrroom  m  VVM  M  ((JJ3344--1133)  )  tto  o  tthhe  e  RRiigghhtt
Brake Light (LP1) when traveling andBrake Light (LP1) when traveling and
changing direction or traveling andchanging direction or traveling and
pressing brake pedal. Jumper inpressing brake pedal. Jumper in
place to allow voltage at J91-5. Ifplace to allow voltage at J91-5. If
not present, check VM, wiring, andnot present, check VM, wiring, and
connections.connections.

++2244VV VVMM BBrraakke  e  LLiigghhtt

226688 JJ110022--55 BBRRAAKKE  E  LLIIGGHHTT TTiieed  d  tto  o  JJ110022--44.. ++2244VV VVMM BBrraakke  e  LLiigghhtt

226699 JJ110022--66 NNOOT  T  UUSSEEDD

227700 JJ110033 AACC++,  ,  NN–– CCoonnnneeccttiioon  n  ffoor  r  ooppttiioonnaal  l  FFoorrwwaarrdd
Right Work Light (LP6).Right Work Light (LP6).

++2244VV SSWW2288 LLPP66

227711 JJ110044 AACC++,  ,  NN–– CCoonnnneeccttiioon  n  ffoor  r  ooppttiioonnaal  l  FFoorrwwaarrd  d  LLeefftt
WWork Light ork Light (LP7).(LP7).

++2244VV SSWW2288 LLPP77

227722 JJ110055 AAHH++,  ,  NN–– CCoonnnneeccttiioon  n  ffoor  r  ooppttiioonnaal  l  BBaacckkwwaarrdd
Left Work Light (LP9).Left Work Light (LP9).

++2244VV SSWW2299 LLPP99

227733 JJ110066 AAHH++,  ,  NN–– CCoonnnneeccttiioon  n  ffoor  r  ooppttiioonnaal  l  BBaacckkwwaarrdd
Right Work Light (LP8).Right Work Light (LP8).

++2244VV SSWW2299 LLPP88

227744 JJ110077--11 ++VV VVoollttaagge  e  ffrroom  m  tthhe  e  HHCCB  B  ((JJCCMM--22)  )  tto  o  tthhee
Lowering (EVP1) Solenoid If notLowering (EVP1) Solenoid If not

BB++ HHCCBB EEVVPP11

ItemItem ConnectionConnection
FunctionFunction

DescriptionDescription
TThheeoorry  y  oof  f  OOppeerraattiioonn NNoorrmmaal  l  LLeevveell

SignalSignal
SourceSource

SignalSignal
UserUser
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Lowering (EVP1) Solenoid. If notLowering (EVP1) Solenoid. If not
present, check the HCB, Fuse F15,present, check the HCB, Fuse F15,
wiring, and connections.wiring, and connections.

  

SSeeccttiioon  n  88.. TThheeoorry  y  oof  f  OOppeerraattiioonn MMooddeells  s  4444550  0  MMaaiinntteennaanncce  e  MMaannuuaall

Pinout MatrixPinout Matrix

227755 JJ110077--22 LLOOWW VVoollttaagge  e  ffrroom  m  tthhe  e  HHCCB  B  ((JJCCMM--11)  )  tto  o  ttuurrnn
on the Lowering Solenoid (EVP1). Ifon the Lowering Solenoid (EVP1). If

not present, check the HCB, wiring,not present, check the HCB, wiring,
and connections.and connections.

Approx. 2-12VApprox. 2-12V
wrt B+ lowering;wrt B+ lowering;

(appro(approx. x. 1818 ohmsohms
across coil)across coil)

HHCCBB EEVVPP11

227766 JJ110088--11 ++VV VVoollttaagge  e  ffrroom  m  tthhe  e  HHCCB  B  ((JJCCMM--22)  )  tto  o  tthhee
Lifting Solenoid (EV2). If not present,Lifting Solenoid (EV2). If not present,
check the HCB, Fuse F15, wiring,check the HCB, Fuse F15, wiring,
and connections.and connections.

BB++ HHCCBB EEVV22

227777 JJ110088--22 LLIIFFTT VVoollttaagge  e  ffrroom  m  tthhe  e  HHCCB  B  ((JJCCMM--33)  )  tto  o  ttuurrnn
on the Lifting Solenoid (EV2). If noton the Lifting Solenoid (EV2). If not
present, check the HCB, wiring, andpresent, check the HCB, wiring, and
connections.connections.

Approx. 24V wrtApprox. 24V wrt
B+ when liftingB+ when lifting
(appro(approx. x. 2727 ohmsohms
across coil)across coil)

HHCCBB EEVV22

227788 JJ110099--11 ++VV VVoollttaagge  e  ffrroom  m  tthhe  e  HHCCB  B  ((JJCCMM--55)  )  tto  o  tthhee
Tilt Forward Solenoid (EV3). If notTilt Forward Solenoid (EV3). If not
present, check the HCB, Fuse F16,present, check the HCB, Fuse F16,
wiring, and connections.wiring, and connections.

BB++ HHCCBB EEVV33

227799 JJ110099--22 TTIILLT  T  FFWW VVoollttaagge  e  ffrroom  m  tthhe  e  HHCCB  B  ((JJCCMM--44)  )  tto  o  ttuurrnn
on the Tilt Forward Solenoid (EV3). Ifon the Tilt Forward Solenoid (EV3). If
not present, check the HCB, wiring,not present, check the HCB, wiring,
and connections.and connections.

Approx. 15V wrtApprox. 15V wrt
B+ (approx.B+ (approx.
1818 ohms acohms acrosrosss
coil)coil)

HHCCBB EEVV33

228800 JJ111100--11 ++VV VVoollttaagge  e  ffrroom  m  tthhe  e  HHCCB  B  ((JJCCMM--55)  )  tto  o  tthhee
Tilt Backward Solenoid (EV4). If notTilt Backward Solenoid (EV4). If not
present, check the HCB, Fuse F16,present, check the HCB, Fuse F16,
wiring, and connections.wiring, and connections.

BB++ HHCCBB EEVV44

228811 JJ111100--22 TTIILLT  T  BBWW VVoollttaagge  e  ffrroom  m  tthhe  e  HHCCB  B  ((JJCCMM--66)  )  tto  o  ttuurrnn
on the Tilt Backward Solenoid (EV4).on the Tilt Backward Solenoid (EV4).
If not present, check the HCB,If not present, check the HCB,
wiring, and connections.wiring, and connections.

Approx. 15V wrtApprox. 15V wrt
B+ (approx.B+ (approx.
1818 ohms acohms acrosrosss
coil)coil)

HHCCBB EEVV44

228822 JJ111111--11 ++VV VVoollttaagge  e  ffrroom  m  tthhe  e  HHCCB  B  ((JJCCMM--88)  )  tto  o  tthhee
Left Sideshift Solenoid (EV5). If notLeft Sideshift Solenoid (EV5). If not

present, check the HCB, Fuse F17,present, check the HCB, Fuse F17,
wiring, and connections.wiring, and connections.

BB++ HHCCBB EEVV55

228833 JJ111111--22 L  L  SSIIDDEESSHHIIFFTT VVoollttaagge  e  ffrroom  m  tthhe  e  HHCCB  B  ((JJCCMM--77)  )  tto  o  ttuurrnn
on the Left Sideshift Solenoid (EV5).on the Left Sideshift Solenoid (EV5).
If not present, check the HCB,If not present, check the HCB,
wiring, and connections.wiring, and connections.

Approx. 18V wrtApprox. 18V wrt
B+ (approx.B+ (approx.
2222 ohms acohms acrosrosss
coil)coil)

HHCCBB EEVV55

228844 JJ111122--11 ++VV VVoollttaagge  e  ffrroom  m  tthhe  e  HHCCB  B  ((JJCCMM--88)  )  tto  o  tthhee
Right Sideshift Solenoid (EV6). If notRight Sideshift Solenoid (EV6). If not
present, check the HCB, Fuse F17,present, check the HCB, Fuse F17,
wiring, and connections.wiring, and connections.

BB++ HHCCBB EEVV66

228855 JJ111122--22 R  R  SSIIDDEESSHHIIFFTT VVoollttaagge  e  ffrroom  m  tthhe  e  HHCCB  B  ((JJCCMM--1155)  )  ttoo
turn on the Right Sideshift Solenoidturn on the Right Sideshift Solenoid
(EV6). If not present, check the HCB,(EV6). If not present, check the HCB,
wiring, and connections.wiring, and connections.

Approx. 18V wrtApprox. 18V wrt
B+ (approx.B+ (approx.
2222 ohms acohms acrosrosss
coil)coil)

HHCCBB EEVV66

ItemItem ConnectionConnection
FunctionFunction

DescriptionDescription
TThheeoorry  y  oof  f  OOppeerraattiioonn NNoorrmmaal  l  LLeevveell

SignalSignal
SourceSource

SignalSignal
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228866 JJ111133--11 ++VV VVoollttaagge  e  ffrroom  m  tthhe  e  HHCCB  B  ((JJCCMM--1133)  )  ttoo
the 4th Function Solenoid (EV7). Ifthe 4th Function Solenoid (EV7). If
not present, check the HCB, Fusenot present, check the HCB, Fuse
F18, wiring, and connections.F18, wiring, and connections.

BB++ HHCCBB EEVV77
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Pinout MatrixPinout Matrix

228877 JJ111133--22 44tth  h  FFUUNNCCTTIIOONN VVoollttaagge  e  ffrroom  m  tthhe  e  HHCCB  B  ((JJCCMM--1122)  )  ttoo
turn on the 4th Function Solenoidturn on the 4th Function Solenoid

(EV7). If not present, check the HCB,(EV7). If not present, check the HCB,
wiring, and connections.wiring, and connections.

Approx. 18V wrtApprox. 18V wrt
B+ (approx.B+ (approx.

2222 ohmohms across acrosss
coil)coil)

HHCCBB EEVV77

228888 JJ111144--11 ++VV VVoollttaagge  e  ffrroom  m  tthhe  e  HHCCB  B  ((JJCCMM--1133)  )  ttoo
the 4th Function Solenoid (EV8). Ifthe 4th Function Solenoid (EV8). If
not present, check the HCB, Fusenot present, check the HCB, Fuse
F18, wiring, and connections.F18, wiring, and connections.

BB++ HHCCBB EEVV88

228899 JJ111144--22 44tth  h  FFUUNNCCTTIIOONN VVoollttaagge  e  ffrroom  m  tthhe  e  HHCCB  B  ((JJCCMM--1144)  )  ttoo
turn on the 4th Function Solenoidturn on the 4th Function Solenoid
(EV8). If not present, check the HCB,(EV8). If not present, check the HCB,
wiring, and connections.wiring, and connections.

Approx. 18V wrtApprox. 18V wrt
B+ (approx.B+ (approx.
2222 ohmohms across acrosss
coil)coil)

HHCCBB EEVV88

229900 JJ111155--11 AAUUX  X  OOUUT  T  22 OOuuttppuut  t  ffrroom  m  tthhe  e  VVM  M  ((JJ4400--1199)),,
through Fuse F14, to Tilt Limitthrough Fuse F14, to Tilt Limit
Solenoid (EV13). Output depends onSolenoid (EV13). Output depends on
condition of SW16 and SW30.condition of SW16 and SW30.

(Bottler's Tilt Option)(Bottler's Tilt Option)

++2244VV VVMM EEVV1133

229911 JJ111155--22 GGNNDD BB–  –  ssuupppplly  y  ffrroom  m  bbaatttteerry  y  tto  o  tthhe  e  TTiillt  t  LLiimmiitt
Solenoid (EV13). If not present,Solenoid (EV13). If not present,
follow back towards B– until loss canfollow back towards B– until loss can
be determined.be determined.

Battery voltageBattery voltage
wrt BT1+wrt BT1+

BBTT11 EEVV1133

229922 JJ111177--11 DDRRAAIINN VVoollttaagge  e  ffrroom  m  tthhe  e  HHCCB  B  ((JJCCMM--1199)  )  ttoo
turn on the Drain Solenoid (EVP). Ifturn on the Drain Solenoid (EVP). If
not present, check the HCB, wiring,not present, check the HCB, wiring,
and connections.and connections.

Approx. 2-13VApprox. 2-13V
wrt B+ whenwrt B+ when
lifting orlifting or
performing anperforming an
aux functionaux function
(appro(approx. x. 1818 ohmsohms
across coil)across coil)

HHCCBB EEVVPP

229933 JJ111177--22 ++VV VVoollttaagge  e  ffrroom  m  tthhe  e  HHCCB  B  ((JJCCMM--2200)  )  ttoo
turn on the Drain Solenoid (EVP). Ifturn on the Drain Solenoid (EVP). If
not present, check the HCB, Fusenot present, check the HCB, Fuse

F21, wiring, and connections.F21, wiring, and connections.

BB++ HHCCBB EEVVPP

229944 JJ112211--11 AAUUX  X  OOUUT  T  33 OOuuttppuut  t  ffrroom  m  tthhe  e  VVM  M  ((JJ4400--2222)),,
through Fuse F22, to Lift/Lower Limitthrough Fuse F22, to Lift/Lower Limit
Solenoid (EV12 or EV14 at J121-1).Solenoid (EV12 or EV14 at J121-1).
Output depends on condition ofOutput depends on condition of
SW31 and PB9. (SW31 and PB9. (Lift/Lower BypassLift/Lower Bypass
OptionOption))

++2244VV VVMM EEVV112  2  oorr
EV14EV14

229955 JJ112211--22 GGNNDD BB–  –  ssuupppplly  y  ffrroom  m  bbaatttteerry  y  tto  o  tthhee
Lift/Lower Limit Solenoid (EV12 orLift/Lower Limit Solenoid (EV12 or
EV14). If not present, follow backEV14). If not present, follow back
towards B– until loss can betowards B– until loss can be
determined.determined.

Battery voltageBattery voltage
wrt BT1+wrt BT1+

BBTT11 EEVV112  2  oorr
EV14EV14

229966 JJ113311--11 CCAAN  N  LL CCoommmmuunniiccaattiioon  n  lliinne  e  bbeettwweeeen  n  VVMM
(J34-22) and optional Armrest Board(J34-22) and optional Armrest Board

NN//AA VVMM AArrmmrreesstt
Board, PPABoard, PPA

ItemItem ConnectionConnection
FunctionFunction

DescriptionDescription
TThheeoorry  y  oof  f  OOppeerraattiioonn NNoorrmmaal  l  LLeevveell
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( ) p( ) p

(JCAN-1). Without optional Armrest(JCAN-1). Without optional ArmrestBoard, a jumper is installed atBoard, a jumper is installed at
 J131-1 to J131-2. J131-1 to J131-2.

,,
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Pinout MatrixPinout Matrix

229977 JJ113311--22 CCAAN  N  HH CCoommmmuunniiccaattiioon  n  lliinne  e  bbeettwweeeen  n  VVMM
(J34-34) and optional Armrest Board(J34-34) and optional Armrest Board

(JCAN-2). Without optional Armrest(JCAN-2). Without optional Armrest
Board, a jumper is installed atBoard, a jumper is installed at
 J131-1 to J131-2. J131-1 to J131-2.

NN//AA VVMM AArrmmrreesstt
Board, PPABoard, PPA

229988 JJ113377--11 CCAAN  N  LL LLoow  w  ccoommppoonneennt  t  oof  f  tthhe  e  ddiiggiittaall
communications between thecommunications between the
Operator Display and VM (J34-21).Operator Display and VM (J34-21).

NN//AA VVMM OOppeerraattoorr
DisplayDisplay

229999 JJ113377--22 CCAAN  N  HH HHiiggh  h  ccoommppoonneennt  t  oof  f  tthhe  e  ddiiggiittaall
communications between thecommunications between the
Operator Display and VM (J34-33).Operator Display and VM (J34-33).

NN//AA VVMM OOppeerraattoorr
DisplayDisplay

330000 JJ113377--33 GGNNDD BB–  –  ssuupppplly  y  ffrroom  m  bbaatttteerry  y  tto  o  tthhee
Operator Display. If not present,Operator Display. If not present,
follow back towards B– until loss canfollow back towards B– until loss can
be determined.be determined.

Battery voltageBattery voltage
wrt BT1+wrt BT1+

BBTT11 OOppeerraattoorr
DisplayDisplay

330011 JJ113377--44 NNOOT  T  UUSSEEDD

330022 JJ113377--55 ++VV ++2244V  V  ssuupppplly  y  tto  o  OOppeerraattoor  r  DDiissppllaayy
from the VM (J34-12). If not present,from the VM (J34-12). If not present,
check Fuse F23, wiring, andcheck Fuse F23, wiring, and
connections.connections.

++2244VV VVMM OOppeerraattoorr
DisplayDisplay

330033 JJ113377--66 GGNNDD BB–  –  ssuupppplly  y  ffrroom  m  bbaatttteerry  y  tto  o  tthhee
Operator Display. If not present,Operator Display. If not present,
follow back towards B– until loss canfollow back towards B– until loss can
be determined.be determined.

Battery voltageBattery voltage
wrt BT1+wrt BT1+

BBTT11 OOppeerraattoorr
DisplayDisplay

330044 JJ114400--11 BB++ BB+  +  tto  o  HHCCBB.  .  IIf  f  vvoollttaagge  e  iis  s  nnoot  t  pprreesseenntt,,
check Fuse F3, wiring, andcheck Fuse F3, wiring, and
connections.connections.

BB++ FF33 HHCCBB

330055 JJ114400--22 BB++ BB+  +  tto  o  HHCCBB.  .  IIf  f  vvoollttaagge  e  iis  s  nnoot  t  pprreesseenntt,,
check Fuse F3, wiring, andcheck Fuse F3, wiring, and

connections.connections.

BB++ FF33 HHCCBB

330066 JJ114400--33 GGNNDD BB–  –  ssuupppplly  y  ffrroom  m  bbaatttteerry  y  tto  o  tthhee
optional HCB. If not present, followoptional HCB. If not present, follow
back towards B– until loss can beback towards B– until loss can be
determined.determined.

Battery voltageBattery voltage
wrt BT1+wrt BT1+

BBTT11 HHCCBB

330077 JJ114400--44 CCAAN  N  LL LLoow  w  ccoommppoonneennt  t  oof  f  tthhe  e  ddiiggiittaall
communications between the HCBcommunications between the HCB
and VM (J40-8).and VM (J40-8).

NN//AA VVMM HHCCBB

330088 JJ114400--5  5  tthhrru  u  1122 NNOOT  T  UUSSEEDD

330099 JJ114400--1133 CCAAN  N  HH HHiiggh  h  ccoommppoonneennt  t  oof  f  tthhe  e  ddiiggiittaall
communications between the HCBcommunications between the HCB
and VM (J40-15).and VM (J40-15).

NN//AA VVMM HHCCBB

331100 JJ114400--1144 NNOOT  T  UUSSEEDD

ItemItem ConnectionConnection
FunctionFunction

DescriptionDescription
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JJ NN

331111 JJ440066--AA NNOOT  T  UUSSEEDD
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Pinout MatrixPinout Matrix

331122 JJ440066--BB ++V  V  PPOOTT VVoollttaagge  e  tto  o  tthhe  e  LLiiffttiinngg//LLoowweerriinng  g  PPoott
(P4). If not present, check the(P4). If not present, check the

Armrest Board, wiring, andArmrest Board, wiring, and
connections.connections.

AApppprrooxx.  .  55VV AArrmmrreesstt
BoardBoard

Lifting/Lifting/
LoweringLowering

FingertipFingertip
ModuleModule

331133 JJ440066--CC C  C  PPOOTT OOuuttppuut  t  ffrroom  m  tthhe  e  LLiiffttiinngg//LLoowweerriinng  g  PPoott
(P4) wiper to the Armrest Board. If(P4) wiper to the Armrest Board. If
not present, check P4, wiring, andnot present, check P4, wiring, and
connections.connections.
Note:Note: Check P4 by disconnecting it Check P4 by disconnecting it
from the circuit and reading acrossfrom the circuit and reading across
it. Approx. 4 Kohms should be readit. Approx. 4 Kohms should be read
across J406-B and D.across J406-B and D.

Approx. 2.5V inApprox. 2.5V in
neutral; range 0Vneutral; range 0V
to 5Vto 5V

Lifting/Lifting/
LoweringLowering
FingertipFingertip
ModuleModule

ArmrestArmrest
BoardBoard

331144 JJ440066--DD GGNND  D  PPOOTT GGrroouunnd  d  tto  o  tthhe  e  LLiiffttiinngg//LLoowweerriinng  g  PPoott
(P4). If not present, check the(P4). If not present, check the
Armrest Board, wiring, andArmrest Board, wiring, and
connections.connections.

Battery voltageBattery voltage
wrt BT1+wrt BT1+

ArmrestArmrest
BoardBoard

Lifting/Lifting/
LoweringLowering
FingertipFingertip
ModuleModule

331155 JJ440066--EE MMIICCRROO IInnppuut  t  ffrroom  m  LLiiffttiinngg//LLoowweerriinnggDirectional switch (SW17). If notDirectional switch (SW17). If not
present, check switch, wiring, andpresent, check switch, wiring, and
connections.connections.

Approx. 5VApprox. 5Vclosed; 0V openclosed; 0V open Lifting/Lifting/LoweringLowering
FingertipFingertip
ModuleModule

ArmrestArmrestBoardBoard

331166 JJ440066--FF MMIICCRROO IInnppuut  t  ffrroom  m  LLiiffttiinngg//LLoowweerriinngg
Directional switch (SW18). If notDirectional switch (SW18). If not
present, check switch, wiring, andpresent, check switch, wiring, and
connections.connections.

Approx. 5VApprox. 5V
closed; 0V openclosed; 0V open

Lifting/Lifting/
LoweringLowering
FingertipFingertip
ModuleModule

ArmrestArmrest
BoardBoard

331177 JJ440066--GG GGNNDD GGrroouunnd  d  tto  o  LLiiffttiinngg//LLoowweerriinngg
Directional switches (SW17 andDirectional switches (SW17 and
SW18). If not present, check theSW18). If not present, check the
Armrest Board, wiring, andArmrest Board, wiring, and
connections.connections.

Battery voltageBattery voltage
wrt J1+wrt J1+

ArmrestArmrest
BoardBoard

Lifting/Lifting/
LoweringLowering
FingertipFingertip
ModuleModule

331188 JJ440077--AA NNOOT  T  UUSSEEDD

331199 JJ440077--BB ++V  V  PPOOTT VVoollttaagge  e  tto  o  tthhe  e  TTiillt  t  PPoot  t  ((PP55)).  .  IIf  f  nnoott
present, check the Armrest Board,present, check the Armrest Board,
wiring, and connections.wiring, and connections.

AApppprrooxx.  .  55VV AArrmmrreesstt
BoardBoard

TiltTilt
FingertipFingertip
ModuleModule

332200 JJ440077--CC C  C  PPOOTT OOuuttppuut  t  ffrroom  m  tthhe  e  TTiillt  t  PPoot  t  ((PP55)  )  wwiippeer  r  ttoo
the Armrest Board. If not present,the Armrest Board. If not present,
check P5, wiring, and connections.check P5, wiring, and connections.
Note:Note: Check P5 by disconnecting it Check P5 by disconnecting it
from the circuit and reading acrossfrom the circuit and reading across
it. Approx. 4 Kohms should be readit. Approx. 4 Kohms should be read
across J407-B and D.across J407-B and D.

Approx. 2.5 V inApprox. 2.5 V in
neutral; range 0Vneutral; range 0V
to 5Vto 5V

TiltTilt
FingertipFingertip
ModuleModule

ArmrestArmrest
BoardBoard

332211 JJ440077--DD GGNND  D  PPOOTT GGrroouunnd  d  tto  o  tthhe  e  TTiillt  t  PPoot  t  ((PP55)).  .  IIf  f  nnoott
present, check the Armrest Board,present, check the Armrest Board,
wiring, and connections.wiring, and connections.

Battery voltageBattery voltage
wrt BT1+wrt BT1+

ArmrestArmrest
BoardBoard

TiltTilt
FingertipFingertip
ModuleModule

332222 JJ440077--EE MMIICCRROO IInnppuut  t  ffrroom  m  TTiillt  t  PPoot  t  DDiirreeccttiioonnaal  l  sswwiittcchh Approx. 5VApprox. 5V TiltTilt ArmrestArmrest

ItemItem ConnectionConnection
FunctionFunction

DescriptionDescription
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(SW19). If not present, check switch,(SW19). If not present, check switch,wiring, and connections.wiring, and connections. closed; 0V openclosed; 0V open FingertipFingertipModuleModule BoardBoard
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Pinout MatrixPinout Matrix

332233 JJ440077--FF MMIICCRROO IInnppuut  t  ffrroom  m  TTiillt  t  PPoot  t  DDiirreeccttiioonnaal  l  sswwiittcchh
(SW20). If not present, check switch,(SW20). If not present, check switch,

wiring, and connections.wiring, and connections.

Approx. 5VApprox. 5V
closed; 0V openclosed; 0V open

TiltTilt
FingertipFingertip

ModuleModule

ArmrestArmrest
BoardBoard

332244 JJ440077--GG GGNNDD GGrroouunnd  d  tto  o  TTiillt  t  DDiirreeccttiioonnaal  l  sswwiittcchheess
(SW19 and SW20). If not present,(SW19 and SW20). If not present,
check the Armrest Board, wiring,check the Armrest Board, wiring,
and connections.and connections.

Battery voltageBattery voltage
wrt J1+wrt J1+

ArmrestArmrest
BoardBoard

TiltTilt
FingertipFingertip
ModuleModule

332255 JJ440088--AA NNOOT  T  UUSSEEDD

332266 JJ440088--BB ++V  V  PPOOTT VVoollttaagge  e  tto  o  tthhe  e  SSiiddeesshhiifft  t  PPoot  t  ((PP66)).  .  IIff
not present, check the Armrestnot present, check the Armrest
Board, wiring, and connections.Board, wiring, and connections.

AApppprrooxx.  .  55VV AArrmmrreesstt
BoardBoard

SideshiftSideshift
FingertipFingertip
ModuleModule

332277 JJ440088--CC C  C  PPOOTT OOuuttppuut  t  ffrroom  m  tthhe  e  SSiiddeesshhiifft  t  PPoot  t  ((PP66))
wiper to the Armrest Board. If notwiper to the Armrest Board. If not
present, check P6, wiring, andpresent, check P6, wiring, and
connections.connections.
Note:Note: Check P6 by disconnecting it Check P6 by disconnecting it
from the circuit and reading acrossfrom the circuit and reading across
it. Approx. 4 Kohms should be readit. Approx. 4 Kohms should be read
across J406-B and D.across J406-B and D.

Approx. 2.5V inApprox. 2.5V in
neutral; range 0Vneutral; range 0V
to 5Vto 5V

SideshiftSideshift
FingertipFingertip
ModuleModule

ArmrestArmrest
BoardBoard

332288 JJ440088--DD GGNND  D  PPOOTT GGrroouunnd  d  tto  o  tthhe  e  SSiiddeesshhiifft  t  PPoot  t  ((PP66)).  .  IIff
not present, check the Armrestnot present, check the Armrest
Board, wiring, and connections.Board, wiring, and connections.

Battery voltageBattery voltage
wrt BT1+wrt BT1+

ArmrestArmrest
BoardBoard

SideshiftSideshift
FingertipFingertip
ModuleModule

332299 JJ440088--EE MMIICCRROO IInnppuut  t  ffrroom  m  SSiiddeesshhiifft  t  PPoot  t  DDiirreeccttiioonnaall
switch (SW21). If not present, checkswitch (SW21). If not present, check
switch, wiring, and connections.switch, wiring, and connections.

Approx. 5VApprox. 5V
closed; 0V openclosed; 0V open

SideshiftSideshift
FingertipFingertip
ModuleModule

ArmrestArmrest
BoardBoard

333300 JJ440088--FF MMIICCRROO IInnppuut  t  ffrroom  m  SSiiddeesshhiifft  t  PPoot  t  DDiirreeccttiioonnaall
switch (SW22). If not present, checkswitch (SW22). If not present, check
switch, wiring, and connections.switch, wiring, and connections.

Approx. 5VApprox. 5V
closed; 0V openclosed; 0V open

SideshiftSideshift
FingertipFingertip
ModuleModule

ArmrestArmrest
BoardBoard

333311 JJ440088--GG GGNNDD GGrroouunnd  d  tto  o  SSiiddeesshhiifft  t  ddiirreeccttiioonnaall

switches (SW21 and SW22). If notswitches (SW21 and SW22). If notpresent, check the Armrest Board,present, check the Armrest Board,
wiring, and connections.wiring, and connections.

Battery voltageBattery voltage

wrt J1+wrt J1+

ArmrestArmrest

BoardBoard

SideshiftSideshift

FingertipFingertipModuleModule

333322 JJ440099--AA NNOOT  T  UUSSEEDD

333333 JJ440099--BB ++V  V  PPOOTT VVoollttaagge  e  tto  o  tthhe  e  44tth  h  AAuux  x  PPoot  t  ((PP77)).  .  IIf  f  nnoott
present, check the Armrest Board,present, check the Armrest Board,
wiring, and connections.wiring, and connections.

AApppprrooxx.  .  55VV AArrmmrreesstt
BoardBoard

4th Aux4th Aux
FingertipFingertip
ModuleModule

333344 JJ440099--CC C  C  PPOOTT OOuuttppuut  t  ffrroom  m  tthhe  e  44tth  h  AAuux  x  PPoot  t  ((PP77))
wiper to the Armrest Board. If notwiper to the Armrest Board. If not
present, check P7, wiring, andpresent, check P7, wiring, and
connections.connections.
Note:Note: Check P7 by disconnecting it Check P7 by disconnecting it
from the circuit and reading acrossfrom the circuit and reading across
it. Approx. 4 Kohms should be readit. Approx. 4 Kohms should be read

J409 B d DJ409 B d D

Approx. 2.5V inApprox. 2.5V in
neutral; range 0Vneutral; range 0V
to 5V.to 5V.

4th Aux4th Aux
FingertipFingertip
ModuleModule

ArmrestArmrest
BoardBoard

ItemItem ConnectionConnection
FunctionFunction

DescriptionDescription
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across J409-B and D.across J409-B and D.

333355 JJ440099--DD GGNND  D  PPOOTT GGrroouunnd  d  tto  o  tthhe  e  44tth  h  AAuux  x  PPoot  t  ((PP77)).  .  IIf  f  nnoott
present, check the Armrest Board,present, check the Armrest Board,
wiring, and connections.wiring, and connections.

Battery voltageBattery voltage
wrt BT1+wrt BT1+

ArmrestArmrest
BoardBoard

4th Aux4th Aux
FingertipFingertip
ModuleModule
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Pinout MatrixPinout Matrix

333366 JJ440099--EE MMIICCRROO IInnppuut  t  ffrroom  m  44tth  h  AAuux  x  PPoot  t  ((PP77))
Directional switch (SW23). If notDirectional switch (SW23). If not

present, check switch, wiring, andpresent, check switch, wiring, and
connections.connections.

Approx. 5VApprox. 5V
closed; 0V openclosed; 0V open

4th Aux4th Aux
FingertipFingertip

ModuleModule

ArmrestArmrest
BoardBoard

333377 JJ440099--FF MMIICCRROO IInnppuut  t  ffrroom  m  44tth  h  AAuux  x  PPoot  t  ((PP77))
Directional switch (SW24). If notDirectional switch (SW24). If not
present, check switch, wiring, andpresent, check switch, wiring, and
connections.connections.

Approx. 5VApprox. 5V
closed; 0V openclosed; 0V open

4th Aux4th Aux
FingertipFingertip
ModuleModule

ArmrestArmrest
BoardBoard

333388 JJ440099--GG GGNNDD GGrroouunnd  d  tto  o  44tth  h  AAuux  x  PPoot  t  ((PP77))
Directional switches (SW23 andDirectional switches (SW23 and
SW24). If not present, check theSW24). If not present, check the
Armrest Board, wiring, andArmrest Board, wiring, and
connections.connections.

Battery voltageBattery voltage
wrt J1+wrt J1+

ArmrestArmrest
BoardBoard

4th Aux4th Aux
FingertipFingertip
ModuleModule

333399 PPPPA  A  BB++ BB++ BB+  +  tto  o  tthhe  e  PPPPA  A  tthhrroouuggh  h  FFuusse  e  FFPP.  .  IIf  f  nnoott
present, make sure the battery ispresent, make sure the battery is
connected. Check contactor, fuse,connected. Check contactor, fuse,

wiring, and connections.wiring, and connections.

BB+  +  JJ11++ PPPPAA

334400 PPPPA  A  BB–– BB–– BB–  –  ffrroom  m  tthhe  e  bbaatttteerry  y  tto  o  tthhe  e  PPPPAA.  .  IIf  f  nnoott
present, make sure the battery ispresent, make sure the battery is
connected. Check wiring andconnected. Check wiring and
connections.connections.

Battery voltageBattery voltage
wrt BT1+wrt BT1+

 B BTT11 PPPPAA

334411 PPPPA  A  ((UU)) PPPPA  A  ((UU)) OOnne  e  oof  f  tthhrreee  e  pphhaassees  s  ffrroom  m  tthhe  e  PPPPA  A  ttoo
the Pump Motor. Voltage isthe Pump Motor. Voltage is
measured between any two phases.measured between any two phases.
If not present, check the PIf not present, check the PPA, wiring,PA, wiring,
and connections.and connections.

0 to approx.0 to approx.
20V20VAC; AC; Approx.Approx.
200A ramping;200A ramping;
Approx. 250AApprox. 250A
full liftfull lift

PPPPAA PPMM

334422 PPPPA  A  ((VV)) PPPPA  A  ((VV)) OOnne  e  oof  f  tthhrreee  e  pphhaassees  s  ffrroom  m  tthhe  e  PPPPA  A  ttoo
the Pump Motor. Voltage isthe Pump Motor. Voltage is
measured between any two phases.measured between any two phases.
If not present, check the PIf not present, check the PPA, wiring,PA, wiring,
and connections.and connections.

0 to approx.0 to approx.
20V20VAC; AC; Approx.Approx.
200A ramping;200A ramping;
Approx. 250AApprox. 250A
full liftfull lift

PPPPAA PPMM

334433 PPPPA  A  ((WW)) PPPPA  A  ((WW)) OOnne  e  oof  f  tthhrreee  e  pphhaassees  s  ffrroom  m  tthhe  e  PPPPA  A  ttoo
the Pump Motor. Voltage isthe Pump Motor. Voltage is
measured between any two phases.measured between any two phases.
If not present, check the PIf not present, check the PPA, wiring,PA, wiring,
and connections.and connections.

0 to approx.0 to approx.
20V20VAC; AC; Approx.Approx.
200A ramping;200A ramping;
Approx. 250AApprox. 250A
full liftfull lift

PPPPAA PPMM

334444 TTPPA  A  BB++ BB++ BB+  +  tto  o  tthhe  e  TTPPAAs  s  tthhrroouuggh  h  FFuussees  s  FFTT11
and FT2. If not present, make sureand FT2. If not present, make sure
the battery is connected. Checkthe battery is connected. Check
contactor, fuse, wiring, andcontactor, fuse, wiring, and
connections.connections.

BB+  +  JJ11++ TTPPAAss

334455 TTPPA  A  BB–– BB–– BB–  –  ffrroom  m  tthhe  e  bbaatttteerry  y  tto  o  tthhe  e  TTPPAAss.  .  IIf  f  nnoott
present, make sure the battery ispresent, make sure the battery is
connected. Check the wiring andconnected. Check the wiring and
connectionsconnections

Battery voltageBattery voltage
wrt BT1+wrt BT1+

 J J11–– TTPPAAss

ItemItem ConnectionConnection
FunctionFunction

DescriptionDescription
TThheeoorry  y  oof  f  OOppeerraattiioonn NNoorrmmaal  l  LLeevveell

SignalSignal
SourceSource

SignalSignal
UserUser

https://www.forkliftpdfmanuals.com/



PPuubblliiccaattiioon  n  11111133006655,  ,  IIssssuueedd:  :  115  5  MMaar  r  22001100 88--4411

connections.connections.
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Pinout MatrixPinout Matrix

334466 TTPPA  A  ((UUMM)) TTPPA  A  ((UUMM)) OOnne  e  oof  f  tthhrreee  e  pphhaassees  s  ffrroom  m  tthhe  e  MMaasstteerr
TPA to the Right Traction Motor.TPA to the Right Traction Motor.

Voltage is measured between anyVoltage is measured between any
two phases. If not present, check thetwo phases. If not present, check the
TPA, wiring, and connections.TPA, wiring, and connections.

0 to approx.0 to approx.
20V20VAC; AC; Approx.Approx.

50A ramping;50A ramping;
Approx. 35A fullApprox. 35A full
speed on jackspeed on jack

MaMastster er TPTPAA RiRighghtt
TractionTraction

MotorMotor

334477 TTPPA  A  ((VVMM)) TTPPA  A  ((VVMM)) OOnne  e  oof  f  tthhrreee  e  pphhaassees  s  ffrroom  m  tthhe  e  MMaasstteerr
TPA to the Right Traction Motor.TPA to the Right Traction Motor.
Voltage is measured between anyVoltage is measured between any
two phases. If not present, check thetwo phases. If not present, check the
TPA, wiring, and connections.TPA, wiring, and connections.

0 to approx.0 to approx.
20V20VAC; AC; Approx.Approx.
50A ramping;50A ramping;
Approx. 35A fullApprox. 35A full
speed on jackspeed on jack

MaMastster er TPTPAA RiRighghtt
TractionTraction
MotorMotor

334488 TTPPA  A  ((WWMM)) TTPPA  A  ((WWMM)) OOnne  e  oof  f  tthhrreee  e  pphhaassees  s  ffrroom  m  tthhe  e  MMaasstteerr
TPA to the Right Traction Motor.TPA to the Right Traction Motor.
Voltage is measured between anyVoltage is measured between any
two phases. If not present, check thetwo phases. If not present, check the
TPA, wiring, and connections.TPA, wiring, and connections.

0 to approx.0 to approx.
20V20VAC; AC; Approx.Approx.
50A ramping;50A ramping;
Approx. 35A fullApprox. 35A full
speed on jackspeed on jack

MaMastster er TPTPAA RiRighghtt
TractionTraction
MotorMotor

334499 TTPPA  A  ((UUSS)) TTPPA  A  ((UUSS)) OOnne  e  oof  f  tthhrreee  e  pphhaassees  s  ffrroom  m  tthhe  e  SSllaavvee

TPA to the Left Traction Motor.TPA to the Left Traction Motor.Voltage is measured between anyVoltage is measured between any
two phases. If not present, check thetwo phases. If not present, check the
TPA, wiring, and connections.TPA, wiring, and connections.

0 to approx.0 to approx.

20V20VAC; AC; Approx.Approx.50A ramping;50A ramping;
Approx. 35A fullApprox. 35A full
speed on jackspeed on jack

SSllaavve e  TTPPAA LLeefftt

TractionTractionMotorMotor

335500 TTPPA  A  ((VVSS)) TTPPA  A  ((VVSS)) OOnne  e  oof  f  tthhrreee  e  pphhaassees  s  ffrroom  m  tthhe  e  SSllaavvee
TPA to the Left Traction Motor.TPA to the Left Traction Motor.
Voltage is measured between anyVoltage is measured between any
two phases. If not present, check thetwo phases. If not present, check the
TPA, wiring, and connections.TPA, wiring, and connections.

0 to approx.0 to approx.
20V20VAC; AC; Approx.Approx.
50A ramping;50A ramping;
Approx. 35A fullApprox. 35A full
speed on jackspeed on jack

SSllaavve e  TTPPAA LLeefftt
TractionTraction
MotorMotor

335511 TTPPA  A  ((WWSS)) TTPPA  A  ((WWSS)) OOnne  e  oof  f  tthhrreee  e  pphhaassees  s  ffrroom  m  tthhe  e  SSllaavvee
TPA to the Left Traction Motor.TPA to the Left Traction Motor.
Voltage is measured between anyVoltage is measured between any
two phases. If not present, check thetwo phases. If not present, check the
TPA, wiring, and connections.TPA, wiring, and connections.

0 to approx.0 to approx.
20V20VAC; AC; Approx.Approx.
50A ramping;50A ramping;
Approx. 35A fullApprox. 35A full
speed on jackspeed on jack

SSllaavve e  TTPPAA LLeefftt
TractionTraction
MotorMotor

ItemItem ConnectionConnection
FunctionFunction

DescriptionDescription
TThheeoorry  y  oof  f  OOppeerraattiioonn NNoorrmmaal  l  LLeevveell

SignalSignal
SourceSource

SignalSignal
UserUser
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SeSectctioion A.n A. ApAppependndix ix 
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Lubrication Specification ChartLubrication Specification Chart

Lubrication SpecificationLubrication Specification
ChartChart

 Approved Approved Raymond Raymond  Lubricants Lubricants

 Where U Where Usedsed TypeType SpecificatioSpecificationn   Raymond   Raymond  Part Number Part Number

Drive Unit Gear CaseDrive Unit Gear Case
 Transmission Transmission
FluidFluid

 ATF II Type A  ATF II Type A suffix A suffix A 
990-623/001 (1 gal/3.8 liters)990-623/001 (1 gal/3.8 liters)
990-623/004 (1 qt./0.9 liter)990-623/004 (1 qt./0.9 liter)

HHyyddrraauulliic  c  BBrraakkee BBrraakke  e  FFlluuiidd
SAE J1730-JAN80SAE J1730-JAN80
DOT-4DOT-4

990-DOT/004990-DOT/004

Hydraulic Reservoir Hydraulic Reservoir 
(Non-CS trucks(Non-CS trucks
(+50°F to +120°F)(+50°F to +120°F)
(+10°C to +49°C)(+10°C to +49°C)

HydraulicHydraulic
FluidFluid

ISO 46ISO 46
 Anti-W Anti-Wear Hydraulicear Hydraulic
FluidFluid

990-61990-616/04 (1 qt./0.9 6/04 (1 qt./0.9 liter)liter)
990-616/01 (1 gal/3.8 liters)990-616/01 (1 gal/3.8 liters)
990-616/03 (5 gal/18.9 liters)990-616/03 (5 gal/18.9 liters)

Hydraulic Reservoir Hydraulic Reservoir 

(CS trucks)(CS trucks)
((––20°F to 0°F)20°F to 0°F)
((––29°C to29°C to ––18°C)18°C)
(confined to freezer)(confined to freezer)

HydraulicHydraulic
FluidFluid

 M MIILL--HH--55660066EE 999900--661188//001  1  ((1  1  ggaall//33..8  8  lliitteerrss))

Hydraulic Reservoir Hydraulic Reservoir 
(CS trucks)(CS trucks)
(0°F to +50°F)(0°F to +50°F)
((––18°C to +10°C)18°C to +10°C)
(in and out of freezer)(in and out of freezer)

HydraulicHydraulic
FluidFluid

ISO VG32ISO VG32
1017238 (5 gal/18.9 liters)1017238 (5 gal/18.9 liters)
1017238/01 (55 gal/208 liters)1017238/01 (55 gal/208 liters)

LLiifft  t  CChhaaiinnss TTeefflloon  n  GGrreeaassee AAeerroossooll 999900--665522//00001  1  ((sspprraayy))

MMaasst  t  UUpprriigghhttss,  ,  BBeeaarriinnggss GGrreeaassee NNLLGGI  I  GGrraadde  e  22
1012992/011012992/01
(10 (10 cartridges/casecartridges/case))
1012991012992/02 (5 2/02 (5 gal/18.9 liters)gal/18.9 liters)

Mast Uprights, Bearings,Mast Uprights, Bearings,
(CS trucks)(CS trucks)

GreaseGrease
 w/Teflon w/Teflon

NLGI Grade 2NLGI Grade 2
1012992/011012992/01
(10 (10 cartridges/casecartridges/case))
1012991012992/02 (5 2/02 (5 gal/18.9 liters)gal/18.9 liters)
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Thread Adhesives, Sealants, and Thread Adhesives, Sealants, and LubricantsLubricants

Thread Adhesives,Thread Adhesives,
Sealants, and LubricantsSealants, and Lubricants

 Application Application Raymond Raymond P/NP/N
  Loctite   Loctite   

Number/ColorNumber/Color

 Thread-lockin Thread-locking 1/4 in. and belog 1/4 in. and beloww 990-40990-4033 222/Purple222/Purple

 Thread-lockin Thread-locking 1/4 to 3/4 in., cong 1/4 to 3/4 in., contamination toleranttamination tolerant 990-53990-5366 243/Blue243/Blue

 Thread-lockin Thread-locking 1 in. and underg 1 in. and under 990-54990-5444 271/Red271/Red

 Thread-lockin Thread-locking 1 in. and underg 1 in. and under, contamination tole, contamination tolerantrant 990-46990-4633 603/Green603/Green

 Thread-lockin Thread-locking 1 in. and overg 1 in. and over 990-57990-5711 277/Red277/Red

 Thread-lockin Thread-locking Cleaner/Primerg Cleaner/Primer 990-53990-5388 70757075

 Thread-lockin Thread-locking Primerg Primer 990-533990-533 T7471T7471

HHyyddrraauulliic  c  SSeeaallaanntt,  ,  ffiittttiinnggs  s  uup  p  tto  o  2  2  iinn.. 999900--555522 556699

MMoollyybbddeennuum  m  AAnnttii--SSeeiizze  e  CCoommppoouunnd  d  ((MMoollyykkoottee)) 999900--663388 SSiillvveer  r  

GGaasskkeet  t  CCeemmeenntt 999900--555566 PPeerrmmaatteex  x  330000

CCoovveer  r  PPllaatte  e  SSeeaallaanntt 999900--444433 558877//UUllttrraaBBlluuee

CCoorrrroossiioon  n  IInnhhiibbiittoor  r  CCooaattiinngg 999900--445566//000011 NN//A  A  

SSiilliiccoonne  e  SSeeaallaannt  t  ((ccoolld  d  ssttoorraaggee)) 999900--444455 DDoow  w  CCoorrnniinng  g  IIIIII

NNOTEOTE:: Loctite Loctite  is a r is a registered trademark of the Loctite Corporation. Brand endorsegistered trademark of the Loctite Corporation. Brand endorsement is not implied here,ement is not implied here,

 but listed only a but listed only as a commonly ids a commonly identified producentified product.t.
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Component Specific Component Specific TTorque/Information Chartorque/Information Chart

Component SpecificComponent Specific
Torque/InformationTorque/Information

ChartChart
CCoommppoonneenntt SSuubb--CCoommppoonneenntt((ss))

 Thread-L Thread-Lockingocking
CompoundCompound

 Torqu Torque to:e to:

CCoouunntteerrwweeiigghhtt mmoouunnttiinng  g  bboollttss NN//AA 22000  0  fftt.  .  llbb.  .  ((33000  0  NNmm))

Drive Unit Drive Unit 
fflluuiid  d  ffiilll  l  aannd  d  ddrraaiin  n  pplluuggss NN//AA 116  6  fftt.  .  llbb.  .  ((222  2  NNmm))

mmoouunnttiinng  g  bboolltts  s  tto  o  cchhaassssiiss NN//AA 11000  0  fftt.  .  llbb.  .  ((11335  5  NNmm))

HHyyddrraauulliic  c  PPuummpp mmoouunnttiinng  g  bboolltts  s  tto  o  mmoottoorr 999900--553366 333  3  fftt.  .  llbb.  .  ((445  5  NNmm))

Mast Mast 
 bearing  bearing cap cap bolts bolts (secures(secures
mast base to chassis)mast base to chassis)

36 ft36 ft. lb. . lb. (49(49 Nm)Nm)

PPoowweer  r  AAmmpplliiffiieerrss ppoowweer  r  ccaabblleess
NN//AA 88..8  8  tto  o  111  1  fftt.  .  llbb..

(12 to 15 Nm)(12 to 15 Nm)

Pump Motor Pump Motor 

eennd  d  bbeelll  l  rreettaaiinniinng  g  bboollttss NN//AA 8  8  fftt.  .  llbb.  .  ((111  1  NNmm))

ppoowweer  r  ccaabblleess NN//AA 118  8  fftt.  .  llbb.  .  ((2244 NNmm))

Quad Mast CylindersQuad Mast Cylinders

check valves (right sidecheck valves (right side
main lift cylinder)main lift cylinder)

990-403990-403
5050 inin.. lblb. . (5(5.6.655 NmNm))

lift cylinder pistonlift cylinder piston
retainer retainer 

NN//AA 995  5  tto  o  11225  5  fftt.  .  llbb..
(129 to 169 Nm)(129 to 169 Nm)

SSttaattiic  c  SSttrraapp mmoouunnttiinng  g  hhaarrddwwaarree 999900--553366 115  5  fftt.  .  llbb.  .  ((221  1  NNmm))

SStteeeer  r  AAxxllee mmoouunnttiinng  g  bboollttss NN//AA 996  6  fftt.  .  llbb.  .  ((11330  0  NNmm))

SStteeeer  r  WWhheeeellss lluug  g  nnuuttss NN//AA 11333  3  fftt.  .  llbb.  .  ((11880  0  NNmm))

 Traction Motor  Traction Motor 

ppoowweer  r  ccaabblleess NN//AA 118  8  fftt.  .  llbb.  .  ((2244 NNmm))

eennd  d  bbeelll  l  rreettaaiinniinng  g  bboollttss 115  5  fftt.  .  llbb.  .  ((221  1  NNmm))

mounting bolts to drivemounting bolts to drive
unit unit 

NN//AA 117  7  fftt.  .  llbb.  .  ((223  3  NNmm))

 Traction Wheels Traction Wheels lug nutslug nuts N/AN/A 103 ft. lb. (140 N103 ft. lb. (140 Nm)m)

 Tire Replacement  Tire Replacement 
 A minimum  A minimum pressure of pressure of 5 tons (455 tons (453636 kg) is requkg) is required to press ired to press on a new on a new tire. Iftire. If
the minimum pressure is not met, replace the hub.the minimum pressure is not met, replace the hub.
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Torque Chart - Standard (Ferrous)Torque Chart - Standard (Ferrous)

Torque Chart - StandardTorque Chart - Standard
(Ferrous)(Ferrous)

GradeGrade
IdentificationIdentification

MarkingMarking
NoneNone

SizeSize

SAE Grade 2 BoltsSAE Grade 2 Bolts
 Tightening T Tightening Torqueorque

SAE Grade 5 BoltsSAE Grade 5 Bolts
 Tightening T Tightening Torqueorque

SAE Grade 8 BoltsSAE Grade 8 Bolts
 Tightening T Tightening Torqueorque

DDrryy OOiilleedd DDrryy OOiilleedd DDrryy OOiilleedd

iinn.  .  llbb.. iinn.  .  llbb.. iinn.  .  llbb.. iinn.  .  llbb.. iinn.  .  llbb.. iinn.  .  llbb..

44--4400 55 44 88 66 1122 99

44--4488 66 55 99 77 1133 1100

66--3322 1100 88 1166 1122 2233 1177

88--3322 1199 1144 3300 2222 4411 3311

88--3366 2200 1155 3311 2233 4433 3322

1100--2244 2277 2211 4433 3322 6600 4455

1100--3322 3311 2233 4499 3366 6688 5511

11//44--2200 6666 4499 9966 7755 114444 110088
11//44--2288 7788 5566 112200 8866 116688 112200

fftt.  .  llbb.. fftt.  .  llbb.. fftt.  .  llbb.. fftt.  .  llbb.. fftt.  .  llbb.. fftt.  .  llbb..

55//1166--1188 1111 88 1177 1133 2255 1188

55//1166--2244 1122 99 1199 1144 2255 2200

33//88--1166 2200 1155 3300 2233 4455 3355

33//88--2244 2233 1177 3355 2255 5500 3355

77//1166--1144 3300 2244 5500 3355 7700 5555

77//1166--2200 3355 2255 5555 4400 8800 6600

11//22--1133 5500 3355 7755 5555 111100 8800

11//22--2200 5555 4400 9900 6655 112200 9900

99//1166--1122 6655 5500 111100 8800 115500 111100

99//1166--1188 7755 5555 112200 9900 117700 113300

55//88--1111 9900 7700 115500 111100 222200 117700

55//88--1188 111100 8855 118800 113300 224400 118800

33//44--1100 116600 112200 226600 220000 338800 228800

33//44--1166 118800 114400 330000 222200 442200 332200

77//88--99 114400 111100 440000 330000 660000 446600

77//88--1144 115555 112200 444400 332200 666600 550000

11--88 222200 116600 558800 444400 990000 668800

11--1122 224400 117700 664400 448800 11000000 774400

1  1  11//88--77 330000 222200 880000 660000 11228800 996600

1  1  11//88--1122 334400 226600 888800 666600 11444400 11008800

1  1  11//44--77 442200 332200 11112200 884400 11882200 11336600

1  1  11//44--1122 446600 336600 11224400 992200 22000000 11550000

1  1  33//88--66 556600 442200 11446600 11110000 22338800 11778800

1  1  33//88--1122 664400 446600 11668800 11226600 22772200 22004400

1  1  11//22--66 774400 556600 11994400 11446600 33116600 22336600

11 11//22 1122 884400 662200 22220000 11664400 33556600 22666600
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1  1  11//22--1122 884400 662200 22220000 11664400 33556600 22666600

NNOTEOTE:: Use “oiled” values for Use “oiled” values for bolts with thrbolts with thread-lockinead-locking compound.g compound.
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Torque Chart - MetricTorque Chart - Metric

Torque Chart - MetricTorque Chart - Metric

Ferrous Metric Bolts, Coarse ThreadFerrous Metric Bolts, Coarse Thread

(The grade rating is stamped on the head of the bolt)(The grade rating is stamped on the head of the bolt)

DiameterDiameter
(in (in millimetersmillimeters))

GGrraadde  e  88..88 GGrraadde  e  1100..99

 Torqu Torque (with bole (with bolts oiled)ts oiled) TorqTorque (with boue (with bolts oiled)lts oiled)

NNmm fftt.  .  llbb.. NNmm fftt.  .  llbb..

66 88..66 66 1122 99

88 2211 1155 2299 2211

1100 4422 3300 6688 4433

1122 7722 5555 110011 7755

1166 117744 113300 224455 118811

2200 334400 225555 447755 335500

2244 558800 443355 882200 660055

NNOTEOTE:: Use “oiled” values for bolts with Use “oiled” values for bolts with thread-locking compthread-locking compound.ound.

Brass MS63 Metric Bolts, Coarse ThreadBrass MS63 Metric Bolts, Coarse Thread

DiameterDiameter
(in millimeters)(in millimeters)

 Torqu Torque (with bolte (with bolts oiled)s oiled)

NNmm iinn.  .  llbb..

33 00..55 44..44

33..55 00..7799 77..00

44 11..22 1100

55 22..22 1199

66 33..99 3344

88 99 7799

1100 1177 115500

NNOTEOTE:: Use “oiled” values for bolts with Use “oiled” values for bolts with thread-locking compthread-locking compound.ound.
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Torque Chart - Standard (Brass)Torque Chart - Standard (Brass)

Torque Chart - StandardTorque Chart - Standard
(Brass)(Brass)

Brass MS63 Standard Bolts, Coarse ThreadBrass MS63 Standard Bolts, Coarse Thread

SizeSize
 Torq Torque (with bolue (with bolts oiled)ts oiled)

NNmm 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

NNOTEOTE:: Use “oiled” values for Use “oiled” values for bolts with thrbolts with thread-lockinead-locking compound.g compound.
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Decimal Equivalent ChartDecimal Equivalent Chart

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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Decimal Equivalent ChartDecimal Equivalent Chart

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

https://www.forkliftpdfmanuals.com/



PPuubblliiccaattiioon  n  11111133006655,  ,  IIssssuueedd:  :  115  5  MMaar  r  22001100 AA--99

  

SSeeccttiioon  n  AA. A. Appppeennddiixx MMooddeells  s  4444550  0  MMaaiinntteennaanncce  e  MMaannuuaall

Standard/Metric ConversionsStandard/Metric Conversions

Standard/MetricStandard/Metric
ConversionsConversions

 To Co To Convert...nvert... Multiply, Add, or Subtract...Multiply, Add, or Subtract...

 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

 Yard Yards to Meterss to Meters Yards x Yards x 0.9140.914

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 ts to Po Poouunndds ps peer Sr Sqquuaarre Ie Inncch (h (PPSSII)) kkiillooPPaassccaalls x s 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

 Temperature Temperature

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

 Torque Torque

IInncch h PPoouunndds s ((iinn. l. lbbss..) ) to to NNeewwttoon n MMeetteerrs s ((NNmm)) IInncch h PPoouunndds s x x 00..111133

NNeewwttoon n MMeeteterrs s ((NNmm) ) tto o IInncch h PPoouunndds s ((iinn. . llbbss.).) NNeewwttoon n MMeetteerrs s x x 88..8855

FFoooot t PPoouunndds s ((fftt. . llbbss..) ) tto o NNeewwttoon n MMeeteterrs s ((NNmm)) FFoooot t PPoouunndds s x x 11..33556688

NNeewwttoon n MMeeteterrs s ((NNmm) ) tto o FFoooot t PPoouunndds s ((fftt. . llbbss..)) NNeewwttoon n MMeetteerrs s x x 00..773377

ll
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