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#URTIS����CONTROLLERSARESEPARATELYEXCITEDMOTORSPEEDCONTROLLERSDESIGNED
FORUSEINAVARIETYOFTRANSPORTVEHICLES�4HESEPROGRAMMABLECONTROLLERSARE
SIMPLETOINSTALL�EFlCIENT�ANDCOSTEFFECTIVE�4YPICALAPPLICATIONSINCLUDEGOLF
CARTSANDSMALLUTILITYVEHICLES�

4HE����CONTROLLEROFFERSSMOOTH�SILENT�COSTEFFECTIVECONTROLOFMOTOR
SPEEDANDTORQUE�4HESPEEDSENSORINPUTALLOWSSUPERIORCLOSEDLOOPCONTROL
FORREGULATINGVEHICLESPEED�5NIQUEBRAKINGPARAMETERSALLOWSIMPLE�INTUITIVE
DECELERATIONTUNING�!FULLBRIDGElELDWINDINGCONTROLSTAGEISCOMBINEDWITH
AHALFBRIDGEARMATUREPOWERSTAGETOPROVIDESOLIDSTATEMOTORREVERSINGAND
REGENERATIVEBRAKINGPOWERWITHOUTADDITIONALRELAYSORCONTACTORS�

&IG�� #URTIS����
ELECTRONICMOTORCONTROLLER�

4HESECONTROLLERSAREFULLYPROGRAMMABLEBYMEANSOFTHEOPTIONAL����
HANDHELDPROGRAMMEROR����0#PROGRAMMINGSTATION�5SEOFAPROGRAMMER
PROVIDESDIAGNOSTICANDTESTCAPABILITYASWELLASCONlGURATIONmEXIBILITYAND
THEABILITYTOEASILYTRANSFERSETTINGSFROMONECONTROLLERTOANOTHER�
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,IKEALL#URTISMOTORCONTROLLERS�THE����OFFERSSUPERIOROPERATORCONTROLOF
THEVEHICLE�SMOTORDRIVESPEED�&EATURESINCLUDE�

� 2EGENERATIVEBRAKING�PROVIDINGLONGEROPERATIONONASINGLE
BATTERYCHARGEANDREDUCINGMOTORBRUSHWEARANDMOTOR
HEATING

� !DJUSTABLEBRAKERATES�FORSMOOTHPEDALRELEASEBRAKING

� 4WOUSERSELECTABLEVEHICLEOPERATINGPERSONALITIES�WITH
VEHICLETOPSPEEDCONTROLLEDANDLIMITEDINEACHMODE

� -OTORPARAMETERSAREPROGRAMMABLETOMATCHTHE
CHARACTERISTICSOFTHESPECIlCMOTORBEINGUSED

� 6EHICLESPEEDCONTROLISENHANCEDTHROUGHFEEDBACKFROMA
(ALLEFFECTSPEEDSENSOR

� !NTIROLLBACKFUNCTION�PROVIDINGIMPROVEDCONTROLWHEN
THROTTLEISRELEASEDONHILLS

� !NTISTALLFUNCTIONHELPSPREVENTMOTORCOMMUTATORDAMAGE

� (IGHPEDALDISABLE�(0$	ANDSTATICRETURNTOOFF�32/	
INTERLOCKSPREVENTVEHICLERUNAWAYATSTARTUP

� 7ALK!WAY BRAKINGFEATURELIMITSANYSTOPPEDORKEYOFF
ROLLINGTOAVERYLOWSPEED

� !UXILIARYDRIVERCANBEPROGRAMMEDFOREITHERAN
ELECTROMAGNETIC�%-	BRAKEORA7ALK!WAY RELAY

� #OILDRIVERPROVIDESADJUSTABLEPULLINANDHOLDINGVOLTAGES
TO7ALK!WAY RELAYOR%-BRAKE

� 2EVERSESIGNALDRIVERPROVIDESALOWSIGNALANYTIMETHE
VEHICLEISTRAVELINGINREVERSE

��/6%26)%7
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� $RIVEROUTPUTSARESHORTCIRCUITPROTECTEDANDPROVIDEBUILTIN
COILSPIKEPROTECTION

� 7ARNINGBUZZERSOUNDSSTEADYINREVERSE�INTERMITTENTDURING
7ALK!WAY BRAKING

� #OMPLETEDIAGNOSTICSTHROUGHANYOFTHEOPTIONAL
PROGRAMMERSANDTHROUGHTHEBUILTIN3TATUS,%$

� 3PLASHRESISTANTPLASTICCOVER

� -EETSOREXCEEDS%%#FAULTDETECTREQUIREMENTS�

&AMILIARITY WITH YOUR #URTIS CONTROLLER WILL HELP YOU INSTALL AND OPERATE IT
PROPERLY�7EENCOURAGEYOUTOREADTHISMANUALCAREFULLY�)FYOUHAVEQUES
TIONS�PLEASECONTACTTHE#URTISOFlCENEARESTYOU�
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4HEOUTLINEANDMOUNTINGHOLEDIMENSIONSFORTHE����CONTROLLERARESHOWN
IN&IGURE��

4HECONTROLLERCANBEORIENTEDINANYPOSITION�HOWEVER�THELOCATION
SHOULDBECAREFULLYCHOSENTOKEEPTHECONTROLLERASCLEANANDDRYASPOS
SIBLE�)FACLEAN�DRYMOUNTINGLOCATIONCANNOTBEFOUND�ACOVERMUSTBE
USEDTOSHIELDTHECONTROLLERFROMWATERANDCONTAMINANTS�7HENSELECTING
THEMOUNTINGPOSITION�BESURETOALSOTAKEINTOCONSIDERATION��	THATACCESSIS
NEEDEDATTHESIDEOFTHECONTROLLERTOPLUGTHEPROGRAMMERINTOITSCONNECTOR�
AND��	THATTHEBUILTIN3TATUS,%$ISVISIBLEONLYTHROUGHTHEVIEWPORTIN
THELABELONTOPOFTHECONTROLLER�

&IG�� -OUNTING
DIMENSIONS�#URTIS
����CONTROLLER�

$IMENSIONSINMILLIMETERS�ANDINCHES	

��).34!,,!4)/.�7)2).'� #ONTROLLER
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4OENSUREFULLRATEDPOWER�THECONTROLLERSHOULDBEFASTENEDTOACLEAN�mAT
METALSURFACEWITHTHREE�MM�����	DIAMETERSCREWS�USINGTHEHOLESPROVIDED�
!LTHOUGHNOTREQUIRED�ATHERMALJOINTCOMPOUNDCANBEUSEDTOIMPROVEHEAT
CONDUCTIONFROMTHECONTROLLERHEATSINKTOTHEMOUNTINGSURFACE�

9OUWILLNEEDTOTAKESTEPSDURINGTHEDESIGNANDDEVELOPMENTOFYOUR
ENDPRODUCT TO ENSURE THAT ITS%-#PERFORMANCE COMPLIESWITH APPLICABLE
REGULATIONS�SUGGESTIONSAREPRESENTEDIN!PPENDIX!�

4HE����CONTROLLERCONTAINS%3$SENSITIVECOMPONENTS�5SEAPPROPRI
ATE PRECAUTIONS IN CONNECTING� DISCONNECTING� AND HANDLING THE CONTROLLER�
3EEINSTALLATIONSUGGESTIONSIN!PPENDIX!FORPROTECTINGTHECONTROLLERFROM
%3$DAMAGE�

7ORKING ON ELECTRIC VEHICLES IS POTENTIALLY DANGEROUS� 9OU SHOULD
PROTECTYOURSELFAGAINSTRUNAWAYS�HIGHCURRENTARCS�ANDOUTGASSINGFROM
LEADACIDBATTERIES�

25.!7!93�3OMECONDITIONSCOULDCAUSETHEVEHICLETORUNOUTOFCONTROL�
$ISCONNECTTHEMOTORORJACKUPTHEVEHICLEANDGETTHEDRIVEWHEELSOFF
THEGROUNDBEFOREATTEMPTINGANYWORKONTHEMOTORCONTROLCIRCUITRY�

()'(#522%.4!2#3�%LECTRICVEHICLEBATTERIESCANSUPPLYVERYHIGHPOWER�
ANDARCSCANOCCURIFTHEYARESHORTCIRCUITED�!LWAYSOPENTHEBATTERY
CIRCUITBEFOREWORKINGONTHEMOTORCONTROLCIRCUIT�7EARSAFETYGLASSES�
ANDUSEPROPERLYINSULATEDTOOLSTOPREVENTSHORTS�

,%!$!#)$"!44%2)%3�#HARGINGORDISCHARGINGGENERATESHYDROGENGAS�
WHICH CAN BUILD UP IN AND AROUND THE BATTERIES� &OLLOW THE BATTERY
MANUFACTURER�SSAFETYRECOMMENDATIONS�7EARSAFETYGLASSES�

��).34!,,!4)/.�7)2).'� #ONTROLLER
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,OW#URRENT#ONNECTIONS

4WOLOWCURRENTCONNECTORSAREBUILTINTOTHE����CONTROLLER�A��PINCON
NECTORANDA�PINCONNECTOR�4HEYARELOCATEDONTHESIDEOFTHECONTROLLER�

4HE��PINCONNECTORPROVIDESTHELOGICCONTROLCONNECTIONS�4HEMAT
INGCONNECTORISA��PIN-OLEX-INI&IT*R�CONNECTORP�N��������USING
TYPE����TERMINALS�4HEAPPROPRIATEWIREGAUGEIS��n��!7'�

.OTE�4HE���6SUPPLY�0IN��	SHOULDONLYBEUSEDWITHTHESPEED
SENSORANDNOTTOPOWERANYOTHEREXTERNALSYSTEMS�

0IN� (ALL3IGNAL INPUTSIGNALFROMMOTORSPEEDSENSOR
0IN� !UXILIARY$RIVER 7ALK!WAY�%-"DRIVERLOWSIDEOUTPUT
0IN� 2EVERSE!LARM ALARMLOWSIDEDRIVEROUTPUT
0IN� 0OT(IGH ��6SUPPLYTHROUGH���Ω �OR)43INPUT	
0IN� 0OT7IPER THROTTLEWIPERINPUT
0IN� 0OT,OW ���Ω TOGROUND
0IN� -AIN#ONTACTOR CONTACTORCOILDRIVERLOWSIDEOUTPUT
0IN� ,OGIC%NABLE INPUTFROMRUN�STORESWITCH

0IN� (ALL "GROUNDFORMOTORSPEEDSENSOR
0IN�� (ALL� ���6SUPPLYFORMOTORSPEEDSENSOR
0IN�� 2EVERSE INPUTFROMREVERSESWITCH
0IN�� &ORWARD INPUTFROMFORWARDSWITCH
0IN�� 0EDAL)NTERLOCK3WITCH INPUTFROMPEDALSWITCH�WIREDTOTHROTTLE
0IN�� -ODE3WITCH INPUTFROMMODESWITCH
0IN�� +EYSWITCH)NPUT�+3)	 THROTTLEWIPERINPUT�OR)43INPUT	
0IN�� ,OGIC0OWER POWERTOCONTROLLERLOGIC

��).34!,,!4)/.�7)2).'� #ONTROLLER
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!�PINLOWPOWERCONNECTORISPROVIDEDFORANOPTIONALPROGRAMMER�!COM
PLETEHANDHELDPROGRAMMERKIT� INCLUDING THEAPPROPRIATECONNECTINGCABLE
WITHMATINGCONNECTOR�CANBEORDEREDFROM#URTIS�

P�N���������FORTHE5SER0ROGRAMMER�MODEL��������	
 P�N���������FORTHE/%-0ROGRAMMER�MODEL��������	�
)FAHANDHELDPROGRAMMERISALREADYAVAILABLE�SUCHASTHENOWDISCONTINUED
����	BUTHASANINCOMPATIBLECABLE�THEAPPROPRIATECONNECTINGCABLECANBE
ORDEREDASASEPARATEPART�P�N������

)FA����0#PROGRAMMINGSTATIONISUSED�THE����INTERFACEBOXANDCABLE
CONNECTTHECOMPUTERTOTHECONTROLLER�

P�N����������������������0#0ROGRAMMING3TATION�5SER	#$2/-
 P�N����������������������0#0ROGRAMMING3TATION�/%-	#$2/-
 P�N������������)NTERFACE"OX
 P�N�����-OLEXCABLEFOR����)NTERFACE"OX�

(IGH#URRENT#ONNECTIONS

4HREETINPLATEDSOLIDCOPPERBUSBARSAREPROVIDEDFORTHEHIGHCURRENTCON
NECTIONSTOTHEBATTERY�"�AND"	ANDTHEMOTORARMATURE�-	�#ABLESARE
FASTENED TO THE BUS BARS BY -� BOLTS�4HE ���� CASE PROVIDES THE CAPTURE
NUTS REQUIRED FOR THE -� BOLTS�4HE MAXIMUM BOLT INSERTION DEPTH BELOW
THESURFACEOFTHEBUSBARIS��MM�����	�"OLTSHAFTSEXCEEDINGTHISLENGTH
MAYDAMAGETHECONTROLLER�4HETORQUEAPPLIEDTOTHEBOLTSSHOULDNOTEXCEED
����.qM���FTLBS	�

��).34!,,!4)/.�7)2).'� #ONTROLLER
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� ���6

4WO����QUICKCONNECTTERMINALS�3�AND3�	AREPROVIDEDFORTHECON
NECTIONSTOTHEMOTORlELDWINDING�
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7)2).'� 3TANDARD#ONlGURATION

&IGURES�AAND�BSHOWTYPICALWIRING�4HESYSTEMCANINCLUDEANELECTROMAG
NETICBRAKEORA7ALK!WAY RELAY�BUTNOTBOTH�&IGURE�ASHOWSASYSTEMWITH
AN%-BRAKE�&IGURE�BSHOWSASYSTEMWITHA7ALK!WAY RELAY�

3TANDARD0OWER7IRING

-OTORARMATUREWINDINGISSTRAIGHTFORWARD�WITHTHEARMATURE�S!�CONNECTION
GOINGTOTHECONTROLLER�S"�BUSBARANDTHEARMATURE�S!�CONNECTIONGOING
TOTHECONTROLLER�S-BUSBAR�

4HE MOTOR�S lELD CONNECTIONS �&� AND &�	 TO THE CONTROLLER ARE LESS
OBVIOUS�4HEDIRECTIONOF VEHICLE TRAVELWITH THE FORWARDDIRECTION SELECTED
WILLDEPENDONHOWTHE&�AND&�CONNECTIONSAREMADETOTHECONTROLLER�S
TWOlELDTERMINALSANDHOWTHEMOTORSHAFTISCONNECTEDTOTHEDRIVEWHEELS
THROUGHTHEVEHICLE�SDRIVETRAIN�

&IG��A 3TANDARDWIRINGCONlGURATIONFOR#URTIS����CONTROLLER�
 INANAPPLICATIONWITHAN%-BRAKE�

��).34!,,!4)/.�7)2).'� #ONTROLLER
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3TANDARD#ONTROL7IRING

7IRINGISSHOWNIN&IGURES�AAND�BFORTHEMOSTCOMMONLYUSEDCOMPONENTS�
7IRINGFORALTERNATIVETHROTTLESISSHOWNINTHEFOLLOWINGPAGES�

4HEMAINCONTACTORCOILMUSTBEWIREDDIRECTLYTOTHECONTROLLERASSHOWN
IN&IGURES�AAND�B�4HECONTROLLERUSESTHEMAINCONTACTORCOILDRIVEROUTPUT
TOREMOVEPOWERFROMTHECONTROLLERANDMOTORINTHEEVENTOFVARIOUSFAULTS�
)FTHEMAINCONTACTORCOILISNOTWIREDTO0IN��THECONTROLLERWILLNOTBE
ABLETOOPENTHEMAINCONTACTORINSERIOUSFAULTCONDITIONSANDTHESYSTEM
WILLTHEREFORENOTMEET%%#SAFETYREQUIREMENTS�

��).34!,,!4)/.�7)2).'� #ONTROLLER

&IG��B 3TANDARDWIRINGCONlGURATIONFOR#URTIS����CONTROLLER�
 INANAPPLICATIONWITHTHE7ALK!WAY FUNCTION�
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7)2).'�4HROTTLE

6ARIOUSTHROTTLESCANBEUSEDWITHTHE����CONTROLLER�INCLUDING�KΩ�WIRE
POTENTIOMETERSAND�n�6THROTTLES�3OME����CONTROLLERMODELSARESPECIl
CALLYDESIGNEDTOBECOMPATIBLEWITH)43THROTTLES�

4HECONTROLLERLOOKSFORAVOLTAGESIGNALATTHEWIPERINPUT�0IN��	�WITH
VEHICLESPEEDINCREASINGWITHINCREASEDTHROTTLEVOLTAGE�!LLTHROTTLEFAULTPRO
TECTIONISACCOMPLISHEDBYMONITORINGTHEWIPERINPUT�4HISPROVIDESTHROTTLE
FAULTPROTECTIONTHATMEETSALL%%#REQUIREMENTS�4HUS�NOADDITIONAL FAULT
PROTECTIONISREQUIREDONANYTHROTTLETYPEUSEDWITHTHE����CONTROLLER�

)FTHETHROTTLEYOUAREPLANNINGTOUSEISNOTCOVERED�CONTACTTHE#URTIS
OFlCENEARESTYOU�

�7IRE0OTENTIOMETER��KΩn��KΩ	4HROTTLE

4HE�WIREPOTENTIOMETERISUSEDINITSVOLTAGEDIVIDERMODE�WITHTHEVOLTAGE
SOURCEANDRETURNBEINGPROVIDEDBYTHECONTROLLER�0OT(IGH�0IN�	PROVIDES
A CURRENT LIMITED �6 SOURCE TO THE POT� AND 0OT ,OW �0IN �	 PROVIDES THE
RETURN PATH�4HE POT WIPER IS THEN CONNECTED TO THE7IPER )NPUT �0IN �	�
0OTENTIOMETERS WITH TOTAL RESISTANCE VALUES BETWEEN �KΩ AND ��KΩ CAN BE
USED�7IRINGISSHOWNIN&IGURE��

��).34!,,!4)/.�7)2).'� 4HROTTLE

&IG�� 7IRINGFOR�WIRE
POTENTIOMETERTHROTTLE�

4HISWIRINGISALSOSHOWNINTHESTANDARDWIRINGDIAGRAMS�&IGS��AAND�B�

�n�64HROTTLE

4HEACTIVERANGEFORTHE�n�6THROTTLEISSETBYTHEPARAMETERS4HROTTLE��AND
4HROTTLE�����ANDISMEASUREDRELATIVETO"�7IRINGISSHOWNIN&IGURE��

&IG�� 7IRINGFOR�n�6
THROTTLE�
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)434HROTTLE

4HE)43THROTTLEISA�WIREELECTRONICTHROTTLETHATCONNECTSBETWEENTHE0OT
(IGHAND0OT7IPERPINS�0INS�AND�	�ASSHOWNIN&IGURE��4HE(ALLSEN
SORCIRCUITWITHINTHETHROTTLECREATESANOUTPUTCURRENTBETWEEN���M!AND
���M!FROMMINTOMAXTHROTTLE�4HETWOWIRESAREINTERCHANGEABLE�

��).34!,,!4)/.�7)2).'� 4HROTTLE

.OTE�)43THROTTLESCANONLYBEUSEDWITH����MODELSTHATARESPECIl
CALLYDESIGNEDFORTHEM�

&IG�� 7IRINGFOR)43
THROTTLE� 0OT(IGHINPUT�0IN�	

0OT,OWINPUT�0IN�	
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��).34!,,!4)/.�7)2).'� 4HROTTLE

7)2).'� $RIVERS

4HE����CONTROLLERPROVIDESTHREEDRIVERS�AT0INS�����	FORTHEAUXCONTAC
TOR�RELAY�REVERSEALARM�ANDMAINCONTACTOR�4HESETHREEOUTPUTSARELOWSIDE
DRIVERS�DESIGNED TOENERGIZE INDUCTIVECOILSORAPIEZOELECTRIC REVERSEALARM�
4HEREVERSEALARMANDAUXAREOPTIONALFUNCTIONS�

7ITHTHEEXCEPTIONOFTHECOILUSEDATTHEAUXDRIVER�0IN�	�ITISNECESSARY
TOSPECIFYTHECONNECTEDCOILVOLTAGEATTHENOMINALBATTERYPACKVOLTAGE�4HE
AUXDRIVERCANBESETTOEITHER���������OR���OFSYSTEMVOLTAGE�4HESE
lXEDPERCENTAGESAREUSEDFORTHE#OIL0ULL)N6OLTAGEAND(OLDING6OLTAGE�
3EE3ECTION�FORMOREINFORMATIONONPROGRAMMINGTHESEPARAMETERS�

!COILSUPPRESSIONDIODEISPROVIDEDINTERNALLYTOPROTECTTWOOFTHEDRIV
ERS����	FROMINDUCTIVESPIKESGENERATEDATTURNOFF�4OTAKEADVANTAGEOFTHE
CONTROLLER�SINTERNALCOILSUPPRESSIONDIODE�THECOILSMUSTBEWIREDSUCHTHAT
THERETURNPATHTOTHEDRIVERSCANNOTBEOPENEDBYANYSWITCHESORCONTACTORS�
ASSHOWNINTHESTANDARDWIRINGDIAGRAMS�PAGES���	�

 2!4%$ ).4%2.!,
2!4%$ ,/!$ $)/$%

$2)6%2 0). #522%.4 6/,4!'% 02/4%#4)/.

-AIN#ONTACTOR � ���! "� YES

2EVERSE!LARM � ����! "� NO

!UX�%-"�7ALK!WAY 	 � ���! "����6���6 YES

4HEDRIVERLOADSARENOTLIMITEDTOCONTACTORCOILS�!NYLOADCANBECONNECTED
TOA0IN�OR�DRIVERASLONGASITDOESNOTEXCEEDTHECURRENTRATING�

&ORINFORMATIONONPROGRAMMINGTHEVARIOUSDRIVERRELATEDPARAMETERS�
SEE3ECTION��0ROGRAMMABLE0ARAMETERS�

-AIN#ONTACTOR$RIVER

4HEMAINCONTACTORDRIVER �0IN�	PULLS LOWWHEN�A	 THETOW�STORESWITCH�
KEYSWITCH INPUT� AND PEDAL INTERLOCK SWITCH ARE ENABLED� �B	 A DIRECTION IS
SELECTED�AND�C	THROTTLEISAPPLIED�ITSTAYSLOWUNTILNEARZEROSPEEDATZERO
THROTTLE�ORUNTILACRITICALFAULTOCCURS�4HISWIRINGISSHOWNINTHESTANDARD
WIRINGDIAGRAMS�PAGES���	�

2EVERSE!LARM$RIVER

4HEREVERSEALARMDRIVER�0IN�	PULLSLOWWHENTHEREVERSEDIRECTIONSWITCH
IS APPLIED�4HISDRIVER ISDESIGNED TODRIVE A REVERSE SIGNALBEEPERORPIEZO
ELECTRICBUZZERTHATOPERATESWHENTHEVEHICLEISTRAVELINGINREVERSEORDURING
7ALK!WAY OPERATION�)TCANALSOBEPROGRAMMEDTOGIVEAWARNINGDURING
ANTIROLLBACKAND�ORTOWARNOFANOVERVOLTAGECONDITION�SEE7ARNING/PTION
PARAMETER	�
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!UXILIARY$RIVER

4HECONDITIONFORWHICHTHEAUXILIARYDRIVER�0IN�	PULLSLOWDEPENDSONHOW
ITISBEINGUSED�7ITHAN%-BRAKE�THEDRIVERBECOMESACTIVE�LOW	WHENTHE
VEHICLEISCOMMANDEDINTOMOTIONSOASTOACTIVATETHEBRAKECOILANDPULLIN
THEBRAKE�)NA7ALK!WAY SYSTEM�THEDRIVERBECOMESACTIVEWHENTHEVEHICLE
ISROLLINGWHILETHEMAINCONTACTORISNOTENGAGED�

4HE AUX DRIVER�S OUTPUT IS PULSE WIDTH MODULATED AT THE COIL HOLDING
VOLTAGESETBYTHE(OLDING6OLTAGEPARAMETER�4HEPULLINVOLTAGESETBYTHE
0ULL)N6OLTAGEPARAMETERISUSEDINPLACEOFTHEHOLDINGVOLTAGEFORTHElRST
���MILLISECONDS�

7HENTHEAUXDRIVERISUSEDWITHAN%-BRAKE�THE%-"$ELAYPARAM
ETERALLOWSFORTHEADJUSTMENTOFATIMEDELAYBEFORETHEBRAKEENGAGESAFTER
THEVEHICLEISSTOPPEDORHASSLOWEDBELOWTHETHRESHOLDSETBYTHE%-"3PEED
6ALUEPARAMETER�

7)2).'� 0EDAL)NTERLOCK3WITCH

#ONTROLLEROUTPUTISPOSSIBLEONLYWHENTHEPEDALINTERLOCKINPUT�0IN��	IS
PULLEDTO"��4HEPEDALINTERLOCKSWITCHISCONNECTEDTOTHETHROTTLEMECHA
NISM�THUSGUARANTEEINGZEROCONTROLLEROUTPUTWHENTHEOPERATORRELEASESTHE
THROTTLE�4HISADDSASAFETYFEATURETOPROTECTAGAINSTTHROTTLEFAILURESTHATCOULD
OTHERWISECAUSEUNINTENDEDCONTROLLEROUTPUT�VEHICLEMOTION	�

��).34!,,!4)/.�7)2).'� 4HROTTLE
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#/.4!#4/2�37)4#(%3�AND/4(%2(!2$7!2%

-AIN#ONTACTOR

!MAINCONTACTORISREQUIREDFORUSEWITHANY����CONTROLLER�4HEMAINCONTAC
TORALLOWSTHECONTROLLERANDMOTORTOBEDISCONNECTEDFROMTHEBATTERY�4HIS
PROVIDESASIGNIlCANTSAFETYFEATUREINTHATTHEBATTERYPOWERCANBEREMOVED
FROMTHEDRIVESYSTEMIFACONTROLLERORWIRINGFAULTISDETECTED�!SINGLEPOLE�
SINGLETHROW�3034	CONTACTORWITHSILVERALLOYCONTACTSISRECOMMENDEDFOR
USEASTHEMAINCONTACTOR�4HECOILSMUSTBESPECIlEDATTHENOMINALBATTERY
PACKVOLTAGE�WITHACONTINUOUSRATING�

!���Ω�7RESISTORMUSTBEUSEDACROSSTHECONTACTORTOPRECHARGETHE
CAPACITORS�

+EYSWITCHAND2UN�3TORE3WITCH

4HEVEHICLESHOULDHAVEAKEYSWITCHTOENABLE�DISABLEDRIVINGEACHTIMETHE
VEHICLEISUSED�4HERUN�STORESWITCH�ONTHEOTHERHAND�ISTYPICALLYLOCATEDIN
ANOUTOFTHEWAYLOCATIONANDLEFTONEXCEPTWHENTHEVEHICLEWILLBESTORED
�DURINGTHEWINTER�FOREXAMPLE	ORISBEINGTOWED�4HEKEYSWITCHANDTHERUN�
STORESWITCHPROVIDECURRENTTODRIVETHEVARIOUSCOILSASWELLASTHECONTROLLER�S
INTERNALLOGICCIRCUITRYANDMUSTBERATEDTOCARRYTHESECURRENTS�

&ORWARD�2EVERSE�-ODE3ELECT�AND0EDAL)NTERLOCK3WITCHES

4HESEINPUTSWITCHESCANBEANYTYPEOFSINGLEPOLE�SINGLETHROW�3034	SWITCH
CAPABLEOFSWITCHINGTHEBATTERYVOLTAGEAT��M!�

#IRCUITRY0ROTECTION$EVICES

4OPROTECTTHECONTROLCIRCUITRYFROMACCIDENTALSHORTS�ALOWCURRENTFUSE�AP
PROPRIATEFORTHEMAXIMUMCURRENTDRAW	SHOULDBECONNECTEDINSERIESWITH
THEBATTERYFEEDTOTHERUN�STORESWITCH�!DDITIONALLY�AHIGHCURRENTFUSESHOULD
BEWIRED IN SERIESWITH THEMAINCONTACTOR TOPROTECT THEMOTOR� CONTROLLER�
AND BATTERIES FROM ACCIDENTAL SHORTS IN THE POWER SYSTEM�4HE APPROPRIATE
FUSEFOREACHAPPLICATIONSHOULDBESELECTEDWITHTHEHELPOFAREPUTABLEFUSE
MANUFACTURERORDEALER�4HESTANDARDWIRINGDIAGRAMS�SEEPAGES���	SHOW
THERECOMMENDEDFUSELOCATIONS�

3PEED3ENSOR

!SPEEDSENSORISREQUIREDFORUSEWITHANY����CONTROLLER�4HESPEEDSENSOR
MUSTBEOFAPULSETYPE�ANDMUSTINTERFACETOTHECONTROLLERWITHANOPENCOL
LECTOR.0.TRANSISTOROUTPUT�4HEMOSTCOMMONSENSORTYPEWILLBEA(ALL
EFFECT SWITCH )#� SUCHAS THE!LLEGRO TYPE5'.����OR-ICRO3WITCH TYPE
33���THESEWORKWITHANEIGHTPOLE�FOURPULSESPERREVOLUTION	RINGMAGNET
ATTACHEDTOTHEMOTORSHAFT�/THERPOLECONlGURATIONSCANBEACCOMMODATED
BYPROGRAMMINGTHE4ACHO0OLESPARAMETERTOMATCHTHESENSORMAGNET�,INEAR
OUTPUTSENSORSSUCHAS0-TACHOGENERATORSANDVARIABLERELUCTANCEGEARTOOTH
SENSORS�hMAGNETICPICKUPSv	AREUNSUITABLE�

!#URTIS!PPLICATION.OTEISAVAILABLEWITHMOREDETAILEDINFORMATION
ONTHESPEEDSENSORREQUIREMENTS�

��).34!,,!4)/.�7)2).'� 3WITCHES�ETC�
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��02/'2!--!",%0!2!-%4%23

02/'2!--!",%0!2!-%4%23

4HE����CONTROLLER�SPROGRAMMABLEPARAMETERSALLOWTHEVEHICLE�SPERFORMANCE
CHARACTERISTICSTOBECUSTOMIZEDTOlTTHENEEDSOFINDIVIDUALVEHICLESORVEHICLE
OPERATORS�0ROGRAMMINGCANBEDONEWITHA����HANDHELDPROGRAMMERORA
����0#0ROGRAMMING3TATION�4HEDISCONTINUED����HANDHELDPROGRAMMER
ISALSOFULLYCOMPATIBLEWITHTHE����CONTROLLER�

#URTISOFFERSTWOVERSIONSOFTHE����PROGRAMMER�THE��������ISTHE
5SERPROGRAMMER �WHICH CANADJUSTONLY THOSEPARAMETERSWITH5SER ACCESS
RIGHTS	ANDTHE��������ISTHE/%-PROGRAMMER�WHICHCANADJUSTALLTHE
PROGRAMMABLEPARAMETERS	�3IMILARLY�THE����0#0ROGRAMMING3TATIONSOFT
WAREISAVAILABLEINTWOVERSIONS���������AND���������3EE!PPENDIX"
FORMOREINFORMATIONABOUTTHEPROGRAMMERS�

4HE ���� CONTROLLERS ALLOW OPERATION IN TWO DISTINCT MODES� -ODE �
AND-ODE��4HESEMODESCANBEPROGRAMMEDTOPROVIDETWODIFFERENTSETSOF
OPERATINGCHARACTERISTICS�WHICHCANBEUSEFULFOROPERATINGINDIFFERENTCONDI
TIONS�SUCHASSLOWPRECISEINDOORMANEUVERINGINONEMODE�ANDFASTER�LONG
DISTANCE�OUTDOORTRAVELINTHEOTHERMODE�

4ENPARAMETERSCANBECONlGUREDINDEPENDENTLYINTHETWOMODES�

 � -AIN#URRENT,IMIT�-��-�	

 � !CCELERATION2ATE�-��-�	
 � $ECELERATION2ATE�-��-�	

 � "RAKE-INIMUM�-��-�	
 � "RAKE-AXIMUM�-��-�	
 � "RAKE-AP�-��-�	
 � "RAKE3TART�-��-�	
 � "RAKE%ND�-��-�	

 � &ORWARD3PEED�-��-�	

 � &ORWARD&IELD-INIMUM�-��-�	�

)N THE FOLLOWING DESCRIPTIONS� THE �����S PARAMETERS ARE GROUPED INTO
CATEGORIESOFRELATEDPARAMETERS�-ANYOFTHEPARAMETERSAREINTERDEPENDENT�
)NTHEDESCRIPTIONSINTHISSECTION�THESEINTERDEPENDENCIESAREONLYBRIEmY
NOTED�&OR AMORE THOROUGHDISCUSSIONOFHOW THEYWORK TOGETHER� SEE
3ECTION��4UNING'UIDE�

�
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 !##%,�-��-��2%6	

 $%#%,�-��-��2%6	

 &,$"2!+%

 &,$"2!+%30$

 &,$"2!+%-!8

 &,$"2!+%2!4%

&7$30%%$�-��-�	

 2%630%%$

 20-4/30%%$

 4!#(/0/,%3

 4(2/44,%��

 4(2/44,%����

 4(2/44,%-!0

 4(2/4&!5,4,/

 4(2/4&!5,4()

 -!).#�,�-��-�	

 2%'%.#�,

 0,5'#�,

 7!,+!7!9#�,

 "2!+%-).�-��-��2%6	

 "2!+%-!8�-��-��2%6	

 "2!+%34!24�-��-��2%6	

 "2!+%%.$�-��-��2%6	

 "2!+%-!0�-��-��2%6	

&7$&,$-).�-��-�	

 2%6&)%,$-).

 &)%,$-!8

 .%'&)%,$-!8

 &,$-!034!24�.%'&,$-!034

 &)%,$-!0%.$�.%'&,$-!0%.

 &)%,$2!-0�.%'&,$2!-0

 +3)32/%.!",%

 -/$%!&4%2+%9

 /6%26/,4!'%

 ,/76/,4!'%

 7!2.).'/04)/.

 !58$262-/$%

 !5805,,).

 !58(/,$).'

 %-"$%,!9

 %-"30$#(%#+

 %-"30$6!,5%

4HEPARAMETERNAMESARELISTEDHEREINTHEABBREVIATEDFORMSTHATAPPEARON
THEHANDHELDPROGRAMMER�S��CHARACTER,#$SCREEN�.OTALLOFTHESEPARAM
ETERSAREAVAILABLEONALLCONTROLLERS�THEPARAMETERSFORANYGIVENCONTROLLERARE
DEPENDENTONITSSPECIlCATIONS�

&ORALISTOFTHEPARAMETERSINTHEORDERINWHICHTHEYAREDISPLAYEDIN
THE0ROGRAMMENU�SEE!PPENDIX"�

&ORANALPHABETICALLISTANDINDEXOFTHEPARAMETERS�SEE!PPENDIX#�

��02/'2!--!",%0!2!-%4%23
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��02/'2!--!",%0!2!-%4%23� !CCELERATION0ARAMETERS

-��-��2%6!##%,2!4%

4HEACCELERATIONRATEDElNES THE TIME� IN SECONDS� FOR THECONTROLLER TOAC
CELERATEFROM��OUTPUTTO����OUTPUT�!LARGERVALUEREPRESENTSALONGER
ACCELERATIONTIMEANDAGENTLERSTART�&ASTSTARTSCANBEACHIEVEDBYREDUCINGTHE
ACCELERATIONTIME�I�E��BYADJUSTINGTHEACCELRATETOASMALLERVALUE�4HEFORWARD
ACCELRATECANBESETINDEPENDENTLYFOREACHOFTHETWOOPERATINGMODES�THE
REVERSEACCELRATEAPPLIESTOBOTH-�AND-��

-��-��2%6$%#%,2!4%

4HEDECELERATIONRATEDElNESTHETIME�INSECONDS�FORTHECONTROLLERTOREDUCE
THEAVERAGEVOLTAGEATTHEARMATUREOUTPUTFROM����07-TO��07-�
!LARGERVALUEREPRESENTSALONGERDECELERATIONTIMEANDGENTLERVEHICLESLOW
ING�1UICK STOPSCANBEACHIEVEDBY REDUCING THEDECELERATION TIME� I�E��BY
ADJUSTINGTHEDECELRATETOASMALLERVALUE�4HEFORWARDDECELRATECANBESET
INDEPENDENTLYFOREACHOFTHETWOOPERATINGMODES�THEREVERSEDECELRATEAP
PLIESTOBOTH-�AND-��

)FTHEVEHICLEISSLOWINGQUICKERTHANTHEDECELRATE�FOREXAMPLE�ATZERO
THROTTLE�TRAVELINGUPAHILL	THEOUTPUTWILLDECAYATARATEOF���SECONDS�

&,$"2!+%

4HElELDBRAKEPARAMETERENABLESORDISABLESTHElELDBRAKINGFUNCTION�7HEN
SETTO/N�THElELDBRAKEROUTINEISENABLEDANDWILLINCREASETHEVEHICLEBRAK
INGNEARZEROSPEED�

2ELATEDPARAMETERS�7HEN IS/N�THE&IELD"RAKE � �AND
PARAMETERSAPPLY�THEYHAVENOEFFECTWHEN ISPROGRAMMED/FF�

&,$"2!+%30$

4HElELDBRAKESPEEDPARAMETERSETSTHESPEEDTHRESHOLDBELOWWHICHlELD
BRAKINGWILLOCCURWHEN IS/N�7HENTHETHROTTLEHASBEENRELEASED
ANDVEHICLESPEEDISDETECTEDTOHAVEFALLENBELOW �THElELDCURRENT
STARTSTOINCREASETOWARDTHEVALUESPECIlEDBY ATARATESPECIlED
BY �)FTHETHRESHOLDSPEEDISSETVERYLOW�lELDBRAKINGWILLOCCUR
ONLYATTHEVERYENDOFVEHICLEDECELERATION�)FTHEVEHICLEDOESNOTSLOWTOTHE
SPEEDDElNEDBY �DOWNASTEEPHILL�FOREXAMPLE	lELDBRAKING
WILLNOTOCCURASTHETHRESHOLDWILLNOTBEREACHED�
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&,$"2!+%-!8

4HElELDBRAKEMAXPARAMETERSETSTHEMAXIMUMVALUEOFlELDCURRENTPER
MITTEDDURINGlELDBRAKINGWHEN IS/N�4HElELDCURRENTDElNEDBY

OVERRIDESTHESTANDARDlELDMAPCURRENTBELOWTHESPEEDDElNED
BY �

7HENAN%-BRAKEISUSED�THEAMOUNTOFlELDCURRENTPROGRAMMEDBY
ISAPPLIEDFORTHEMAXAMOUNTOFTIMESPECIlEDBY �SEE

/UTPUT$RIVERPARAMETERS	PRIORTOLOCKINGTHE%-BRAKE�!HIGHVALUEOF
HELPSTOENSURETHEVEHICLEUSESSUFlCIENTBRAKINGTOSLOWTOASTOP

BEFORELOCKINGTHE%-BRAKE�
7HENTHEAUXILIARYOUTPUTISUSEDFORA7ALK!WAYRELAY INSTEADOFAN

%-BRAKE� LOWER VALUES AREUSEFUL INPROVIDING SOFTERBRAKING
NEARZEROSPEED�3ETTINGTHEVALUETOOLOWMAYRENDERTHECONTROLLERINCAPABLE
OFSENSINGVEHICLEROLLBACK�(OWEVER�EVENTHOUGHTHEANTIROLLBACKFUNCTION
MAYNOTBEACTIVATED�THEPLUGBRAKINGGENERATEDBYTHElELDCURRENTWILLSTILL
ACTTOSLOWTHEVEHICLE�

&,$"2!+%2!4%

4HElELDBRAKERATEPARAMETERDElNESHOWQUICKLYTHElELDCURRENTRISESDURING
lELDBRAKINGWHEN IS/N�ANDISADJUSTABLEFROM�TO��4HISINDEX
VALUEDElNESTHETIMEFORTHElELDCURRENTTORISETOTHEPROGRAMMED

�ASSHOWNINTHEEXAMPLESBELOW�4HEHIGHERTHESETTING�THEFASTERTHERISE�
�)NTHESEEXAMPLES� �����AMPS�	

 ).$%8 &)%,$#522%.42!.'% 4)-%/&2)3%

 � ���n����! ���SECONDS

 � ���n����! ���SECONDS

7HENAN%-BRAKEISUSED�THElELDCURRENTRISESUNTILITREACHES
�MAINTAINSTHATCURRENTFORTHEDURATIONOF ATTHEENDOFWHICH

THE%-BRAKEDRIVERTURNSOFF�CAUSINGTHEBRAKETOENGAGE�IFITHASNOTALREADY
BEENAPPLIEDDUETOTHEVEHICLEHAVINGSTOPPEDORSTARTEDTOROLLBACK�

��02/'2!--!",%0!2!-%4%23� !CCELERATION0ARAMETERS
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-��-�&7$30%%$

4HEFORWARDSPEEDPARAMETERDElNESTHEMAXIMUMSPEEDLIMITINTHEFORWARD
DIRECTION�)TISADJUSTABLEFROM���TO�����INUNITSOFMPHORKM�H�DEPENDING
ON THESETTING	�

2%630%%$

4HEREVERSESPEEDPARAMETERDElNESTHEMAXIMUMSPEEDLIMITINTHEREVERSE
DIRECTION�)TISADJUSTABLEFROM���TO�����INUNITSOFMPHORKM�H�DEPEND
INGON THESETTING	�

20-4/30%%$

4HERPMTOSPEEDPARAMETERISACONVERSIONFACTORUSEDTOGENERATEAVEHICLE
SPEED ESTIMATE FROM THE SPEED SENSOR INPUT �MOTOR20- SIGNAL	�5SE THESE
EQUATIONSTOCALCULATETHEVALUETOENTERFOR �

 &OR%NGLISHUNITS�MPH	�
TIREDIAMETER�INCHES	 ¾�� GEARRATIO

 &ORMETRICUNITS�KM�H	�
TIREDIAMETER�CM	 ¾�� GEARRATIO

4!#(/0/,%3

4HETACHOMETERPOLESPARAMETERCONlGURESTHESPEEDSENSOR�ANDSHOULDBE
SETTOTHENUMBEROFMAGNETICPOLESINTHESPEEDSENSORMAGNET� IS
ADJUSTABLEFROM�TO���SEESPEEDSENSORDESCRIPTION�PAGE��	FORINFORMATION
ABOUTSENSORTYPES�

��02/'2!--!",%0!2!-%4%23� 3PEED0ARAMETERS
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4(2/44,%��

4HETHROTTLE��PARAMETERDElNESTHETHROTTLEINPUTVOLTAGEATWHICHATHROTTLE
COMMANDBEGINS�6OLTAGESLOWERTHANTHEPROGRAMMEDVALUE�BUTHIGHERTHAN

	AREINTERPRETEDTOBEINA��DEADBAND�

4(2/44,%����

4HETHROTTLE����PARAMETERDElNESTHETHROTTLEINPUTVOLTAGETHATGIVESAFULL
THROTTLECOMMAND�)NPUTVOLTAGESABOVETHISVALUE�BUTLOWERTHAN

	AREINTERPRETEDAS����THROTTLECOMMAND�

4(2/44,%-!0

4HE THROTTLE MAP PARAMETER MODIlES THE VEHICLE�S RESPONSE TO THE THROTTLE
INPUT�!SSHOWNIN&IGURE��THISPARAMETERDETERMINESTHECONTROLLEROUTPUT
FORAGIVENAMOUNTOFAPPLIEDTHROTTLE�4HE SETTINGREFERSTOTHE
CONTROLLEROUTPUTATHALFTHROTTLE�THEMIDPOINTOFTHETHROTTLE�SFULLACTIVERANGE
�THERANGEBETWEEN AND 	�

��02/'2!--!",%0!2!-%4%23� 4HROTTLE0ARAMETERS

&IG�� 4HROTTLEMAPSFOR
CONTROLLERWITHTHE4HROTTLE
-APPARAMETERSETATVARI
OUSVALUES�

3ETTING AT���PROVIDESALINEAROUTPUTRESPONSETOTHROTTLE
POSITION�6ALUESBELOW���REDUCETHECONTROLLEROUTPUTATLOWTHROTTLESETTINGS�
PROVIDINGENHANCEDSLOWSPEEDCONTROL�6ALUESABOVE���GIVETHEVEHICLEA
FASTER�JUMPIERFEELATLOWTHROTTLESETTINGS�

#ONTROLLEROUTPUTBEGINSWHENTHETHROTTLEISMOVEDBEYOND �
ANDCONTINUES TO INCREASE�FOLLOWING THE CURVEDElNEDBY THE
SETTING�AS THE THROTTLE INPUT INCREASES�ANDREACHESMAXIMUMOUTPUTWHEN
THETHROTTLEINPUTCROSSESTHE THRESHOLD�
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4(2/4&!5,4,/

4HETHROTTLEFAULTLOWPARAMETERSETSTHELOWERTHROTTLEFAULTTHRESHOLD�THROTTLE
INPUTVOLTAGESBELOWTHISTHRESHOLDWILLSIGNALATHROTTLEFAULT�

4(2/4&!5,4()

4HETHROTTLEFAULTHIGHPARAMETERSETSTHEUPPERTHROTTLEFAULTTHRESHOLD�THROTTLE
INPUTVOLTAGESABOVETHISTHRESHOLDWILLSIGNALATHROTTLEFAULT�

��02/'2!--!",%0!2!-%4%23� #URRENT,IMIT0ARAMETERS

-��-�-!).#�,

4HEMAINCURRENTLIMITPARAMETERALLOWSADJUSTMENTOFTHEMAXIMUMCURRENT
THECONTROLLERWILLSUPPLYTOTHEMOTORDURINGDRIVEOPERATION�4HISPARAMETER
CANBEUSEDTOREDUCETHEMAXIMUMTORQUEAPPLIEDTOTHEDRIVESYSTEMBYTHE
MOTORINEITHEROFTHEMODES�4HEDRIVECURRENTLIMITISADJUSTABLEFROM���
AMPSUPTOTHECONTROLLER�SFULLRATEDCURRENT�4HEFULLRATEDCURRENTDEPENDS
ONTHECONTROLLERMODEL�

2%'%.#�,

4HEREGENERATIVECURRENTLIMITPARAMETERALLOWSADJUSTMENTOFTHEMAXIMUM
CURRENT THE CONTROLLERWILL SUPPLY TO THEMOTORDURING REGENBRAKINGOPERA
TION�$URINGREGENBRAKING�THISPARAMETERCONTROLSTHEREGENCURRENTFROMTHE
MOTOR�SARMATUREINTOTHEBATTERY�4HEBRAKINGCURRENTLIMITISADJUSTABLEFROM
�AMPSUPTOTHECONTROLLER�SFULLRATEDCURRENT�4HEFULLRATEDCURRENTDEPENDS
ONTHECONTROLLERMODEL�

2EGENISTHENORMALMODEOFBRAKING�

0,5'#�,

4HEPLUGCURRENTLIMITPARAMETERALLOWSADJUSTMENTOFTHEMAXIMUMCURRENT
THECONTROLLERWILLSUPPLYTOTHEMOTORDURINGPLUGBRAKINGOPERATION�$URING
PLUGBRAKING�THISPARAMETERCONTROLSTHEPLUGCURRENTFROMTHEMOTOR�SARMATURE�
4HEPLUGCURRENTLIMITISADJUSTABLEFROM�AMPSUPTOTHECONTROLLER�SFULLRATED
CURRENT�4HEFULLRATEDCURRENTDEPENDSONTHECONTROLLERMODEL�

0LUGBRAKINGISUSEDDURING7ALK!WAY AND!NTI2OLLBACKOPERATION�

7!,+!7!9#�,

4HE7ALK!WAYCURRENTLIMITPARAMETERSETSTHEMAXIMUMlELDCURRENT
APPLIEDDURING7ALK!WAY OPERATION�4HE7ALK!WAY FUNCTIONAPPLIESlELD
CURRENTTOSLOWAVEHICLETHATISDETECTEDASMOVINGWHILETHEMAINCONTACTOR
ISOPEN�4HEMOTORFORCECREATEDFROMTHIS FUNCTIONIS INTENDEDTO LIMITTHE
VEHICLE�SROLLINGSPEED�BUTMAYNOTBESUFlCIENTTOSLOWHEAVYVEHICLESONSTEEP
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SLOPES�4HEWARNINGBUZZERISPULSEDTOCREATEANAUDIBLEINDICATIONTHATTHE
VEHICLEISROLLING�

4HEBRAKEMAPPINGPARAMETERSDETERMINETHEMAXIMUMBRAKINGPOWERTHAT
CANBEAPPLIEDATAGIVENVEHICLESPEED� SHOULDBESETHIGHERTHAN

�AND HIGHERTHAN �

-��-��2%6"2!+%-).

4HEBRAKEMINIMUMPARAMETERSETSTHEMAXREGENCURRENTATLOWSPEEDS�AND
ISAPPLICABLEFROM SPEEDTOZEROSPEED�4HEVALUEISAPERCENTAGEOF
THEFULLREGENCURRENT�

ISUSEDTOSOFTENVEHICLEBRAKINGATLOWSPEEDS�!LOWVALUEWILL
LIMITTHEBRAKINGATLOWSPEEDSTOPROVIDEASOFTDECELERATION�!VERYLOWVALUE
MAYPREVENTTHEVEHICLEFROMCOMINGTOASTOPFROMPEDALUPBRAKINGONAN
INCLINE�WHILEAVERYHIGHVALUEMAYCAUSETHEVEHICLETOBRAKEABRUPTLY�

-��-��2%6"2!+%-!8

4HEBRAKEMAXIMUMPARAMETERISUSEDTOSETTHEMAXREGENCURRENTATHIGH
SPEEDS�ANDISAPPLICABLEATSPEEDSATANDABOVETHE SPEED�4HEVALUE
ISAPERCENTAGEOFTHEFULLREGENCURRENT�

 ISUSED TO STRENGTHENVEHICLEBRAKINGATHIGHSPEEDS�!HIGH
VALUEWILLPROVIDEGREATERBRAKINGPOWERATHIGHSPEEDS�!VERYLOWVALUEMAY
PREVENTTHEVEHICLEFROMSUCCESSFULLYLIMITINGSPEEDDOWNAHILL�WHILEAVERY
HIGHVALUEMAYCAUSEEXCESSIVEBRAKINGFORCEATHIGHSPEEDS�

-��-��2%6"2!+%34!24

4HEBRAKEMAPSTARTPARAMETERDElNESTHEVEHICLESPEEDATWHICHTHEBRAKE
MAPSTARTSTOINCREASEFROMTHE VALUE�)NCREASINGTHE VALUE
INCREASESTHESPEEDATWHICHTHECONTROLLER�SBRAKINGPOWERREACHESTHE

SETTING�RESULTINGINALARGERSPEEDRANGEWITHSOFTBRAKING�

-��-��2%6"2!+%%.$

4HEBRAKEMAPENDPARAMETERDElNESTHEVEHICLESPEEDATWHICHTHEBRAKEMAP
REACHESTHE VALUE�4HISPARAMETERCANBESETTOALLOWTHECONTROLLER
TOUSEAHIGHERBRAKINGPOWERATHIGHERSPEEDS�

$ECREASINGTHE VALUEINCREASESTHEBRAKINGTORQUETHEVEHICLE
CANPRODUCEATMEDIUMSPEEDS�

��02/'2!--!",%0!2!-%4%23� "RAKE-APPING0ARAMETERS
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&IG�� "RAKEMAPSTRUCTURE�

.OTE�"RAKE-AP34!24
AND"RAKE-AP%.$REFER
TOTHEVEHICLESPEEDSAT
WHICHTHEREGENCURRENT
hSTARTSvTOINCREASEAND
hENDSvINCREASING�
&ROMTHEOPERATOR�S
PERSPECTIVE�HOWEVER�
BRAKINGBEGINSATTHE
POINTONTHECURVE
CORRESPONDINGTOTHE
VEHICLE�SSPEEDWHEN
BRAKINGISINITIATED�AND
THENFOLLOWSTHECURVE
TOWARDh"RAKE3TART�v4HE
BRAKINGFORCEISTYPICALLY
SETTODECREASEASTHE
VEHICLESLOWSDOWN�

-��-��2%6"2!+%-!0

4HEBRAKEMAPPARAMETERDElNESTHESHAPEOFTHEBRAKEMAPCURVE�4HEVALUE
SETFORTHISPARAMETERISAPERCENTAGEOFTHEREGENCURRENTBETWEENTHE
AND VALUES�ATTHEPOINTTHATISHALFWAYBETWEENTHE AND

SPEEDS�THEh"RAKE-AP-IDPOINTv	�ASSHOWNIN&IGURE��
4HE CURVE IS THEMAXALLOWEDREGENCURRENT�ANDTHESHADED

GRAYAREABELOWITISTHEOPERATINGRANGE�

7ITHTHE SETAT����THEMOTOR�SREGENCURRENTLIMITDECREASES
LINEARLY WITH DECREASING SPEED �FROM  TO 	� PROVIDING A
CONSISTENTRATEOFSOFTENINGINBRAKINGPOWER�$ECREASINGTHE SETTING
REDUCESTHEREGENCURRENTATTAINABLEATMEDIUMSPEEDS�"ECAUSETHEREGENCUR
RENTLIMITISREDUCEDASTHESPEEDISREDUCED�THEMOTORWILLBRAKEMOREGENTLY
ASTHEVEHICLEAPPROACHESASTOP�
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4HElELDMAPPINGPARAMETERSDETERMINEHOWMUCHlELDCURRENTISAPPLIEDFOR
AGIVENARMATURECURRENT�

-��-�&7$&)%,$-).

4HEFORWARDMINIMUMlELDCURRENTLIMITPARAMETERDElNESTHEMINIMUM
ALLOWEDCURRENT INTHEMOTOR�SlELDWINDINGWHENTHEVEHICLE IS TRAVELINGIN
THEFORWARDDIRECTION�)TSSETTINGMAYAFFECTTHEVEHICLE�SMAXIMUMSPEEDAND�
TOSOMEEXTENT�THESMOOTHNESSWITHWHICHTHEVEHICLESTARTSANDTRANSITIONS
BETWEENDRIVEANDREGEN�)F ISSETHIGH�THEVEHICLE�STOPSPEEDWILL
BEREDUCED�BUTTORQUEBUMPSMAYBEEVIDENTWHENTHEVEHICLEISINCHEDOR
CHANGESDIRECTION�

/NEOFTHEGREATESTADVANTAGESOFTHE PARAMETERISTHATITWILL
PREVENTUNCONTROLLEDACCELERATIONWHENTHEVEHICLEGOESDOWNRAMPSORWHEN
ITISUNLOADEDFROMTRUCKS�ETC�

2%6&)%,$-).

4HEREVERSEMINIMUMlELDCURRENT LIMITPARAMETERDElNES THEMINIMUM
ALLOWEDCURRENT INTHEMOTOR�SlELDWINDINGWHENTHEVEHICLE IS TRAVELINGIN
THEREVERSEDIRECTION�

&)%,$-!8

4HEMAXIMUMlELDCURRENTLIMITPARAMETERDElNESTHEMAXIMUMALLOWED
CURRENT IN THE MOTOR�S lELD WINDING� )TS SETTING WILL DETERMINE THE MOTOR�S
MAXIMUMTORQUEDURINGDRIVEOPERATION�ANDWILLLIMITTHEPOWERDISSIPATION
INTHElELDWINDINGITSELF�

.%'&)%,$-!8

4HENEGATIVEMAXIMUMlELDCURRENTLIMITPARAMETERDElNESMAXIMUMAL
LOWEDCURRENTINTHEMOTOR�SlELDWINDINGDURINGREGENBRAKING�

&,$-!034!24�.%'&,$-!034

4HElELDMAPSTARTPARAMETERDElNESTHEARMATURECURRENTATWHICHTHElELD
CURRENTSTARTSTOINCREASEFROMTHE VALUE�SEECURRENTLIMITPARAMETERS	�
4HENEGATIVElELDMAPSTARTPARAMETERWORKSSIMILARLY�ITDElNESTHENEGATIVE
ARMATURECURRENTATWHICHTHElELDCURRENTSTARTSTOINCREASEFROMTHE 
VALUE�

#ARESHOULDBETAKENTOENSURETHATHIGH VALUESDONOT
MOVETHEMOTOR�SOPERATINGCHARACTERISTICSOUTSIDEITSSAFECOMMUTATIONAREA�

��02/'2!--!",%0!2!-%4%23� &IELD-APPING0ARAMETERS
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&)%,$-!0%.$�.%'&,$-!0%.

4HElELDMAPENDPARAMETERDElNESTHEARMATURECURRENTATWHICHTHElELD
MAPCLAMPSTOTHE VALUE�SEECURRENTLIMITPARAMETERS	�

#ARESHOULDBETAKENTOENSURETHATHIGH VALUESDONOTMOVE
THEMOTOR�SOPERATINGCHARACTERISTICSOUTSIDEITSSAFECOMMUTATIONREGION�

&)%,$2!-0�.%'&,$2!-0

4HElELDRAMPPARAMETERDElNESTHESHAPEOFTHElELDMAPCURVE�)TISSETAS
APERCENTAGEOFTHElELDCURRENTBETWEENTHE AND VALUES�

!SSHOWNIN&IGURE��THE PARAMETERSETSTHElELDCURRENTAT
THEARMATURECURRENTTHATISHALFWAYBETWEENTHE CURRENTAND
THE CURRENT�4HISHALFWAYPOINT IS REFERREDTOAS THE&IELD-AP
-IDPOINT�

��02/'2!--!",%0!2!-%4%23� &IELD-APPING0ARAMETERS

&IG�� &IELDMAPSTRUCTURE�

7ITH SETAT���AND SETATZERO�THEMOTOR�SlELD
CURRENTINCREASESLINEARLYWITHINCREASINGARMATURECURRENT�THUSEMULATINGA
SERIESWOUNDMOTOR�$ECREASINGTHE SETTINGREDUCESTHElELDCURRENT
ATAGIVENARMATURECURRENT� I�E�� ITWEAKENS THElELD�!S THElELDCURRENT IS
REDUCED�THEMOTORWILLBEABLETOACHIEVEHIGHERSPEEDS�

#ARESHOULDBETAKENTOENSURETHATEXCESSIVELYLOW VALUESDO
NOTMOVE THEMOTOR�SOPERATING CHARACTERISTICSOUTSIDE ITS SAFE COMMUTATION
REGION�
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4HEKEYSWITCHSTATICRETURNTOOFF�32/	FEATUREPREVENTSTHEVEHICLEFROMBE
INGSTARTEDWHENhINGEAR�v7HENTHISPARAMETERISENABLED�THECONTROLLERMUST
INITIALLYSENSETHE+3)INPUTINTHE/FFPOSITION�UPONVEHICLEPOWERUP	PRIOR
TOITBEINGSWITCHEDTOTHE/NPOSITION�4HISFEATUREISUSEDTOPREVENTVEHICLE
MOTIONDUETOA+3)SHORTCIRCUITORDUETOTHEKEYSWITCHBEINGPERMANENTLY
LOCKEDINTHE/NPOSITION�

-/$%!&4%2+%9

4HEMODECHANGEAFTERKEYSWITCHPARAMETERDETERMINESWHETHERTHEOPERAT
INGMODE�-��-�	CANBECHANGEDAFTER+3)HASBEENACTIVATED�)F

ISENABLED�THEMODECANBECHANGEDWHILETHEVEHICLEISBEINGOPERATED�
4HESETTINGSAREGRADUALLYSLEWEDBETWEENTHETWOMODESSOASTOREDUCETHE
ABRUPTNESSOFTHETRANSITION�(OWEVER�IFTHESETTINGSFOR-ODE�GREATLYDIFFER
FROMTHOSEOF-ODE��SWITCHINGFROMONEMODETOTHEOTHERWHILEDRIVING
MAYCAUSETHEVEHICLEPERFORMANCETOCHANGEDRASTICALLY�

)F  ISNOT ENABLED� THEMODECANBECHANGEDONLYWHEN
KEYSWITCHISOFF�

/6%26/,4!'%

4HEOVERVOLTAGEPARAMETER SETS THEOVERVOLTAGEPROTECTIONTHRESHOLD FOR THE
ELECTRONICSYSTEM�4HISPARAMETERDETERMINESWHENREGENSHOULDBECUTBACK
TOPREVENTDAMAGETOBATTERIESANDOTHERELECTRICALSYSTEMCOMPONENTSDUETO
OVERVOLTAGE�
 !NONADJUSTABLEINTERNALTHRESHOLDALSOEXISTS�TOPREVENTDAMAGEWITHIN
THECONTROLLER�

,/76/,4!'%

4HELOWVOLTAGEPARAMETERSETSTHEUNDERVOLTAGETHRESHOLDTOPROTECTTHESYSTEM
FROMOPERATINGATVOLTAGESLOWERTHANITSELECTRONICSWEREDESIGNEDFOR�!TTHIS
THRESHOLDVOLTAGE�THEDRIVECURRENTWILLTAPEROFFUNTILITREACHESTHECONTROLLER�S
INTERNALTHRESHOLDFORSAFEOPERATION�4HISWILLENSUREPROPEROPERATIONOFALL
ELECTRONICSWHENEVERTHEVEHICLEISDRIVEN�

��02/'2!--!",%0!2!-%4%23� &AULT0ARAMETERS
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4HE WARNING OPTION PARAMETER SETS THE OUTPUT PATTERN�mASH OR SOLID�OF
THEBUILTIN,%$ANDTHEWARNINGBEEPCONDITIONSDURINGANTIROLLBACKAND
OVERVOLTAGE� ISPROGRAMMABLEFROM�TO��

,%$ !.4)2/,,"!#+ /6%26/,4!'%
3%44).' /54054 "%%0 "%%0

� mASH NO NO

 � mASH NO YES

 � mASH YES NO

 � mASH YES YES

 � SOLID NO NO

 � SOLID NO YES

 � SOLID YES NO

 � SOLID YES YES

��02/'2!--!",%0!2!-%4%23� &AULT0ARAMETERS
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4HEAUXILIARYDRIVERMODEPARAMETERDETERMINESWHETHERTHEAUXILIARYFUNCTION
WILLBEANELECTROMAGNETICBRAKEORA7ALK!WAY RELAYORNEITHER�NOAUXILIARY
FUNCTION	�)TISPROGRAMMABLEFROM�TO��

 � AUXILIARYDRIVER/FF

 � EXTERNAL7ALK!WAYRELAY

 � ELECTROMAGNETICBRAKE

!7ALK!WAY RELAYPROVIDESANALTERNATIVEPATHFORTHECURRENTTOTHE
CONTROLLERSOTHATITCANMAINTAINBRAKINGTOSLOWAVEHICLETHATBEGINSTOROLL
AFTERTHEMAINCONTACTORHASOPENED�

!N%-BRAKEKEEPSTHEVEHICLEFROMMOVINGAFTERCOMINGTOREST�WHICH
CANBEVERYUSEFULWHENSTOPPINGONAHILL�

"OTH OPTIONS REQUIRE APPROPRIATE HARDWARE� 3EE THE WIRING DIAGRAMS�
PAGES�AND��

!5805,,).

4HEAUXILIARYPULLIN VOLTAGE PARAMETER SETS THEPEAK VOLTAGEMOMENTARILY
APPLIEDTOTHELOADCONNECTEDTOTHEAUXDRIVER�4HEPULLINPARAMETERALLOWS
AHIGHINITIALVOLTAGETOBESUPPLIEDFOR���SECONDWHENTHEDRIVERlRSTTURNS
ON�TOENSUREPROPERCLOSURE�6ALUESFORTHISPARAMETERSHOULDBEDETERMINED
FROMRELAY�%-"SPECIlCATIONSORADVICEFROMTHEDEVICEMANUFACTURER�

ISPROGRAMMABLEFROM�TO��REPRESENTINGTHESElXEDBATTERY
VOLTAGEPERCENTAGES�

 � ����BATTERYVOLTAGE

 � ���BATTERYVOLTAGE

 � ���BATTERYVOLTAGE

!58(/,$).'

4HEAUXILIARYHOLDINGVOLTAGEPARAMETERSETSTHECONTINUOUSVOLTAGEAPPLIED
TOTHELOADCONNECTEDTOTHEAUXDRIVER�AFTERTHEINITIAL���SECONDPULLIN�

ISPROGRAMMABLEFROM�TO��4HEDRIVEROUTPUTISPULSEWIDTH
MODULATEDATONEOFTHREEBATTERYVOLTAGEPERCENTAGES�

 � ����BATTERYVOLTAGE

 � ���BATTERYVOLTAGE

 � ���BATTERYVOLTAGE

5SINGTHISPARAMETER�THEAVERAGEAPPLIEDVOLTAGECANBEREDUCEDSOTHATACOIL
THATISNOTRATEDFORTHEFULLBATTERYVOLTAGECANBEUSED�&OREXAMPLE�ARELAY
COIL RATED FOR��6COULDBEUSED IN A��6 SYSTEM IF  IS SET TO�
���6
���������6	� AS ����6 ISWELL ABOVE TYPICAL DROPOUT VOLTAGE�4HE

��02/'2!--!",%0!2!-%4%23� /UTPUT$RIVER0ARAMETERS
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RESULTINGVOLTAGEMUSTBE SETHIGHENOUGHTOHOLD THE RELAYCLOSEDUNDERALL
SHOCKANDVIBRATIONCONDITIONSTHEVEHICLEWILLBESUBJECTEDTO�,OWSETTINGS
MINIMIZETHECURRENTREQUIREDTOPOWERTHECOIL�THEREBYREDUCINGCOILHEATING
ANDINCREASINGBATTERYLIFE�

6ALUESFOR SHOULDBEDETERMINEDWITHSPECIlCATIONSORADVICE
FROMTHERELAYORBRAKEMANUFACTURER�

%XAMPLE�4OUSEA��6BRAKEINA��6VEHICLE�TRY
 �� �����6	

 �� �����6	

%-"$%,!9

4HEELECTROMAGNETICBRAKEDROPOUTDELAY SETSADELAYTIMEBEFORETHE%-
BRAKEDROPS�4HEDELAYCOUNTDOWNBEGINSEITHER��	WHENTHEVEHICLEHASCOME
TORESTANDTHEMAINCONTACTORHASOPENEDOR��	DURINGlELDBRAKING�WHEN
THEVEHICLEHASSLOWEDBELOWTHE �

2ELATEDPARAMETER�4HE PARAMETERDElNESWHENTHE%-BRAKE
DELAYWILLBEGIN�SEE��	AND��	ABOVE�

%-"30$#(%#+

4HE ELECTROMAGNETIC BRAKE SPEED CHECK PARAMETER ADDS EXTRA MEASURES TO
PREVENTTHELOCKINGOFTHE%-BRAKEATHIGHVEHICLESPEEDSUNDERCONDITIONS
WHENTHEMAINCONTACTORISOPEN�FOREXAMPLE�IFTHEKEYSWITCHISTURNEDOFF
DURINGDRIVINGORAFAULTISDETECTED	�7HENITISENABLED�THECONTROLLEROVER
RIDESTHE  INANATTEMPTTOALLOWTHEVEHICLETOSLOWDOWNPRIORTO
ENGAGINGTHE%-BRAKE�

%-"30$6!,5%

4HEELECTROMAGNETICBRAKEATSPEEDVALUEPARAMETERSETSTHESPEEDATWHICH
THE%-BRAKEISPERMITTEDTOLOCK�)TISPROGRAMMABLEFROM�TO����MPH�
ANDISTYPICALLYSETATTHEEXTREMELOWENDOFTHATRANGE�4HEPURPOSEOF

ISTOPREVENTDROPPINGTHE%-BRAKEATHIGHSPEED�WHICHCOULDBE
DANGEROUSONCERTAINTERRAIN�E�G��WETGRASS	�

)NTHEEVENTOFMAINCONTACTORFAILURE�ORFAULTDETECTIONTHATCOMMANDS
THECONTACTORTOOPEN	THE%-BRAKEPARAMETERSCONTROLTHEBRAKEASFOLLOWS�

�OFF

  %-BRAKEDRIVERWILLTURNOFFAFTER TIMEHASEXPIRED�

�ON

  %-BRAKEDRIVERWILLNOTTURNOFFUNTILVEHICLESPEEDISDETECTED
ASHAVINGREDUCEDTOTHESET �

  )F ISSETBELOW���MPH�THE%-BRAKEDRIVERWILL
NOTTURNOFFUNTILTHEVEHICLEREACHESREST�

��02/'2!--!",%0!2!-%4%23� /UTPUT$RIVER0ARAMETERS
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�
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"EFOREOPERATINGTHEVEHICLE�CAREFULLYCOMPLETETHEFOLLOWINGCHECKOUTPROCE
DURE�)FYOUlNDAPROBLEMDURINGTHECHECKOUT�REFERTOTHEDIAGNOSTICSAND
TROUBLESHOOTINGSECTION�3ECTION�	FORFURTHERINFORMATION�

4HEINSTALLATIONCHECKOUTCANBECONDUCTEDWITHORWITHOUTTHEHANDHELD
PROGRAMMER�4HECHECKOUTPROCEDUREISEASIERWITHAPROGRAMMER�/THERWISE�
OBSERVETHE3TATUS,%$�LOCATEDINTHECONTROLLER�S LABELAREA	 FORDIAGNOSTIC
CODES�4HECODESARELISTEDIN3ECTION��

0UTTHEVEHICLEUPONBLOCKSTOGETTHEDRIVEWHEELS
UPOFFTHEGROUNDBEFOREBEGINNINGTHESETESTS�

$ONOTSTAND�ORALLOWANYONEELSETOSTAND�DIRECTLY
INFRONTOFORBEHINDTHEVEHICLEDURINGTHECHECKOUT�

-AKESURETHEKEYSWITCHISOFF�THETHROTTLEISRELEASED�
ANDTHEFORWARDANDREVERSESWITCHESAREOPEN�

7EARSAFETYGLASSESANDUSEWELLINSULATEDTOOLS�

�� )FAPROGRAMMERISAVAILABLE�CONNECTITTOTHEPROGRAMMERCONNECTOR�

�� 4URNTHERUN�STORESWITCHON�4HEPROGRAMMERSHOULDPOWERUPWITH
ANINITIALDISPLAY�)FITDOESNOT�CHECKFORCONTINUITYINTHERUN�STORE
SWITCHCIRCUITANDCONTROLLERGROUND�

  )FAPROGRAMMERISNOTAVAILABLE�CONTROLLERPOWERUPCANBEVERI
lEDBYMOMENTARILYSELECTINGREVERSEANDLISTENINGFORTHESOUNDOFTHE
REVERSEALARM�

�� )F YOUAREUSING APROGRAMMER� GO TO THE&AULTS-ENU�4HEDISPLAY
SHOULDINDICATEh.O+NOWN&AULTS�v

  )FTHEREISAPROBLEM�THE,%$WILLmASHADIAGNOSTICCODEANDTHE
PROGRAMMERWILLDISPLAYADIAGNOSTICMESSAGE�)FYOUARECONDUCTING
THECHECKOUTWITHOUTAPROGRAMMER�LOOKUPTHE,%$DIAGNOSTICCODE
IN3ECTION��$IAGNOSTICSAND4ROUBLESHOOTING�

  7HENTHEPROBLEMHASBEENCORRECTED�ITMAYBENECESSARYTOCYCLE
THERUN�STORESWITCHINORDERTOCLEARTHEFAULT�

 �� 4URN THE KEYSWITCH ON� SELECT A DIRECTION� AND OPERATE THE THROTTLE�
4HEMOTORSHOULDBEGINTOTURNINTHESELECTEDDIRECTION�)FITTURNSIN
THEWRONGDIRECTION�lRSTVERIFYTHEWIRINGTOTHEFORWARDANDREVERSE
SWITCHES�)FTHEWIRINGISCORRECT�TURNOFFTHECONTROLLER�DISCONNECTTHE
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BATTERY�ANDEXCHANGETHEMOTOR�SlELDCONNECTIONS�&�AND&�	ONTHE
CONTROLLER�4HEMOTORSHOULDNOWTURN INTHEPROPERDIRECTION�4HE
MOTORSHOULDRUNPROPORTIONALLYFASTERWITHINCREASINGTHROTTLE�)FNOT�
REFERTO3ECTION��

 �� )FYOUAREUSINGAPROGRAMMER�GOTOTHE-ONITORMENU�3CROLLDOWN
TOOBSERVETHESTATUSOFTHESWITCHES�

   -ODE

   &OOT)NPUT�PEDALSWITCH	
   +EY)NPUT
   &ORWARD)NPUT
   2EVERSE)NPUT
   -ODE3WITCH

  #YCLEEACHSWITCHINTURN�OBSERVINGTHEPROGRAMMER�4HEPROGRAMMER

SHOULDDISPLAYTHECORRECTSTATUSFOREACHSWITCH�

  
h-ODE3WITCHvTELLSYOUTHEPHYSICALSTATUSOFTHEMODESWITCH�OPEN
ORCLOSED	�h-ODEvISAMONITORVALUETHATTELLSYOUTHEMODEINWHICH
THEVEHICLEISCURRENTLYOPERATING�4HISMAYNOTCORRESPONDTOTHESTATUS
OFTHEMODESWITCH�FOREXAMPLE�IFTHE PARAMETERISSET
TO/FFANDTHEMODESWITCHWASmIPPEDWHILETHEVEHICLEWASBEING
OPERATED�

 �� 4AKE THE VEHICLEDOWNOFF THEBLOCKS ANDDRIVE IT IN A CLEAR AREA� )T
SHOULDHAVESMOOTHACCELERATIONANDGOODTOPSPEED�2ECOMMENDED
PROCEDURESFORTUNINGTHEVEHICLE�SDRIVINGCHARACTERISTICSAREPRESENTED
IN3ECTION��4UNING'UIDE�

 �� 4ESTTHEDECELERATIONANDBRAKINGOFTHEVEHICLE�

 �� 6ERIFYTHATALLOPTIONS�SUCHASSTATICRETURNTOOFF�32/	�ELECTROMAGNETIC
BRAKE�OR7ALK!WAY	�ANDREVERSESIGNALAREASDESIRED�

 �� )FYOUUSEDAPROGRAMMER�DISCONNECTITWHENYOUHAVECOMPLETEDTHE
CHECKOUTPROCEDURE�TOMINIMIZEBATTERYDISCHARGE�

��).34!,,!4)/.#(%#+/54
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4HE����CONTROLLERISAVERYPOWERFULVEHICLECONTROLSYSTEM�)TSWIDEVARIETY
OFADJUSTABLEPARAMETERSALLOWMANYASPECTSOFVEHICLEPERFORMANCETOBEOPTI
MIZED�4HISSECTIONPROVIDESEXPLANATIONSOFWHATTHEMAJORTUNINGPARAMETERS
DOANDINSTRUCTIONSONHOWTOUSETHESEPARAMETERSTOOPTIMIZETHEPERFORMANCE
OFYOURVEHICLE�/NCEAVEHICLE�MOTOR�CONTROLLERCOMBINATIONHASBEENTUNED�
THEPARAMETERVALUESCANBEMADESTANDARDFORTHATSYSTEMORVEHICLEMODEL�
!NYCHANGESINTHEMOTOR�THEVEHICLEDRIVESYSTEM�ORTHECONTROLLERWILLREQUIRE
THATTHESYSTEMBETUNEDAGAINTOPROVIDEOPTIMUMPERFORMANCE�

4HETUNINGPROCEDURESSHOULDBECONDUCTEDINTHESEQUENCEGIVEN�BECAUSE
SUCCESSIVESTEPSBUILDUPONTHEONESBEFORE�4HETUNINGPROCEDURESINSTRUCTPER
SONNELHOWTOADJUSTVARIOUSPROGRAMMABLEPARAMETERSTOACCOMPLISHSPECIlC
PERFORMANCEGOALS�)TISIMPORTANTTHATTHEEFFECTOFTHESEPROGRAMMABLEPA
RAMETERSBEUNDERSTOODINORDERTOTAKEFULLADVANTAGEOFTHE����CONTROLLER�S
POWERFULFEATURES�0LEASEREFERTOTHEDESCRIPTIONSOFTHEAPPLICABLEPARAMETERS
IN3ECTION�IFTHEREISANYQUESTIONABOUTWHATANYOFTHEMDO�

-!*/245.).'

&IVEMAJORPERFORMANCECHARACTERISTICSAREUSUALLYTUNEDONAVEHICLE�

  4UNINGTHE!CTIVE4HROTTLE2ANGE

 #ALIBRATINGTHE#ONTROLLER3PEED-EASUREMENT

  4UNINGTHE#ONTROLLERTOTHE-OTOR�&IELD-APPING	

 %QUALIZING,OADED�5NLOADED6EHICLE3PEEDON&LAT'ROUND

  #ONlRMING,OADED6EHICLE3PEEDON$OWNHILL'RADE�

4HESElVECHARACTERISTICSSHOULDBETUNEDINTHEORDERLISTED�

4UNINGTHE!CTIVE4HROTTLE2ANGE

"EFOREATTEMPTINGTOOPTIMIZEANYSPECIlCVEHICLEPERFORMANCECHARACTERISTICS�
ITISIMPORTANTTOENSURETHATTHECONTROLLERINPUTISOPERATINGOVERITSFULLRANGE�
4ODOTHIS�THETHROTTLESHOULDBETUNEDUSINGTHE����HANDHELDPROGRAMMER
ANDA VOLTMETER�4HEPROCEDURES THAT FOLLOWWILL ESTABLISH ZERO THROTTLE� FULL
THROTTLE� AND THROTTLE FAULTPARAMETER VALUES THAT CORRESPOND TO THE ABSOLUTE
FULLRANGEOFYOURPARTICULARTHROTTLEMECHANISM�.OTE�4HESEPARAMETERSARE
EXPRESSEDINABSOLUTEVOLTAGESBETWEEN�AND�VOLTS�

)TISADVISABLETOPROVIDESOMEBUFFERAROUNDTHEABSOLUTEFULLRANGEOF
THETHROTTLEMECHANISMTOALLOWFORTHROTTLERESISTANCEVARIATIONSOVERTIMEAND
TEMPERATUREASWELLASVARIATIONSINTHETOLERANCEOFPOTENTIOMETERVALUESBETWEEN
INDIVIDUALTHROTTLEMECHANISMS�4HISWILLFORMAREASATTHETOPANDBOTTOMOF
THETHROTTLEMOVEMENTRANGETHATTHECONTROLLERREADSAS��AND�����
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34%0�� *ACKTHEVEHICLEWHEELSUPOFFTHEGROUNDSOTHATTHEYSPINFREELY�
.OTE�-OSTOFTHETHROTTLETUNINGCANBEDONEWITHOUTDRIVING
THEMOTOR�BUTITISADVISABLETOCHECKTHATTHETHROTTLERANGEIS
STILLFULLYACTIVEWHENMOTORCURRENTSAREBEINGPRODUCED�

34%0�� 0LUGTHE����PROGRAMMERINTOTHECONTROLLERANDTURNONTHE
CONTROLLERWITHTHERUN�STORESWITCH�

34%0�� 5SING THE PROGRAMMER�S 0ROGRAM MENU� INITIALLY SET THE
 PARAMETER TO ���� 4HIS WILL PROVIDE A LIN

EAR RELATIONSHIP BETWEEN THE THROTTLE INPUT VOLTAGE AND THE
4HROTTLE�DISPLAYEDINTHEPROGRAMMER�S-ONITORMENU� 

 34%0�� 3ELECTTHE-ONITORMENU�4HROTTLE�SHOULDBEVISIBLEATTHETOP
OFTHEDISPLAY�9OUWILLNEEDTOREFERENCETHEVALUEDISPLAYEDHERE�

34%0�� 5SEAVOLTMETERANDTESTCLIPTOMEASURETHETHROTTLEINPUTVOLT
AGEAT0IN��

 34%0�� -EASUREANDNOTETHEVOLTAGEWHENTHETHROTTLEISFULLYRELEASED�

 34%0�� )F THE PEDAL SWITCH IS WIRED INTO THE MECHANICAL THROTTLE
MECHANISM� SCROLL DOWN THE -ONITOR MENU TO &OOT )NPUT�
4HE DISPLAY SHOULD INDICATE THAT THE PEDAL SWITCH IS /FF�
3LOWLY APPLY THROTTLE UNTIL THE DISPLAY INDICATES THAT THE
PEDAL SWITCH IS /N� -EASURE THE THROTTLE VOLTAGE THAT IS BE
INGPRODUCEDATTHISTHRESHOLD�ANDMAKEANOTEOFTHISVALUE�

 34%0�� -EASURE THE VOLTAGEWHEN THE THROTTLE IS FULLYDEPRESSED� AND
MAKEANOTEOFTHISVALUE�

34%0�� 2ETURNTOTHE0ROGRAMMENU�
   3ET LOWERTHANTHEFULLYRELEASEDVOLTAGEMEA

SUREDIN3TEP��
   )F THEPEDALSWITCH ISWIRED INTOTHETHROTTLEMECHANISM�

SET CLOSETOTHEVOLTAGEMEASUREDIN3TEP���3ETTING
TOOFARBELOWTHISVOLTAGEWILLRESULTINLOSSOFLOW

ENDTHROTTLERANGE�	)FTHEPEDALSWITCHISNOTPARTOFTHETHROTTLE
ASSEMBLY�SET ABOVETHEFULLYRELEASEDVOLTAGEMEASURED
IN3TEP��

   3ET  LOWER THAN THE FULLY DEPRESSED VOLTAGE
MEASUREDIN3TEP��3ETTHE PARAMETERABOVETHE
FULLYDEPRESSEDVOLTAGE�BUTNOHIGHERTHAN���6	�

34%0��� !PPLYTHEKEYSWITCHANDFORWARDSWITCHANDDEPRESSTHETHROTTLE
SLOWLYTHROUGHTHEFULLRANGEOFMOTION�CAUSINGTHEWHEELSTO
SPIN�%NSURETHATTHE4HROTTLE�REACHES����WHENTHEPEDALIS
FULLYDEPRESSED�%NSURETHATTHE4HROTTLE�RETURNSTO��WHEN
THETHROTTLEISRELEASEDANDTHATNOTHROTTLEFAULTAPPEARSINTHE
&AULTSMENU�

34%0��� 2EFERTO3ECTION��PAGE���ANDSETTHE PARAMETER
FORDESIREDPERFORMANCE�
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 #ALIBRATINGTHE#ONTROLLER3PEED-EASUREMENT
  TOTHE6EHICLE

4HE PARAMETERISACONVERSIONFACTORUSEDTOGENERATEAVEHICLE
SPEEDESTIMATEFROMTHESPEEDSENSORINPUT�MOTOR20-SIGNAL	�4HISCONVER
SIONFACTORALLOWSTHEVEHICLETOBECONlGUREDFORVARIOUSGEARRATIOSANDTIRE
SIZES�)TCANALSOBEUSEDTOCONVERTTHEDISPLAYEDVEHICLESPEEDVALUES�INTHE
0ROGRAMAND-ONITORMENUS	BETWEEN%NGLISHANDMETRICUNITS�5SETHEEQUA
TIONSBELOWTOCALCULATETHECORRECTVALUEFORTHISPARAMETER�

&OR%NGLISHUNITS�MPH	�
TIREDIAMETER�INCHES	 ¾��  GEARRATIO

 &ORMETRICUNITS�KM�H	�
TIREDIAMETER�CM	 ¾��  GEARRATIO

34%0�� 5SINGTHE0ROGRAMMENU�SET TOTHECORRECTVALUE
FORTHEVEHICLETIRESIZEANDGEARRATIO�

 34%0�� 3ET 4O THE NUMBER OF POLES IN THE MOTOR�S SPEED
SENSOR�TYPICALLY�	�

 34%0�� 3ETTHE � AND TOTHEDESIRED
TOPVEHICLESPEEDS�INEITHERMPHORKM�H	�

4UNINGTHE#ONTROLLERTOTHE-OTOR

4HE���� CONTROLLERHAS THEmEXIBILITY TOBE TUNED TONEARLY ANY SEPARATELY
EXCITEDMOTOR FROMANYMANUFACTURER�4HEPROGRAMMABLEPARAMETERS ALLOW
FULL CONTROL OF THE MOTOR�S MAXIMUM ARMATURE CURRENT DURING DRIVING AND
BRAKING�THEYALSOALLOWFULLCONTROLOFTHEMOTOR�SMAXIMUMANDMINIMUM
lELDCURRENTASWELLASTHElELDCURRENTRELATIONSHIPTOTHEARMATURECURRENT�
4HISmEXIBILITYALLOWSMOTORPERFORMANCETOBEMAXIMIZEDWHILEPROTECTINGIT
FROMOPERATINGOUTSIDEITSSAFECOMMUTATIONREGION�

)NORDERTOPROPERLYTUNETHECONTROLLER�THEFOLLOWINGINFORMATIONSHOULD
BEOBTAINEDFROMTHEMOTORMANUFACTURER�

 -AXIMUM!RMATURE#URRENT2ATING

 -AXIMUM&IELD#URRENT2ATING

 -INIMUM&IELD#URRENT2ATING

 &IELD2ESISTANCE�HOTANDCOLD	

 0OSITIVEAND.EGATIVE&IELD-APS�

4HEPERFORMANCEOF A SEPARATELY EXCITEDMOTOR CHANGESDEPENDINGON TEM
PERATURE�4HIS ISDUE TO THECHANGE INlELDWINDINGRESISTANCEAS THEMOTOR
HEATSUPTHROUGHUSE�7HENTHElELDWINDINGTEMPERATUREINCREASES�SODOES
ITSRESISTANCEANDTHEREFORETHEMAXIMUMCURRENTTHATCANBEFORCEDTHROUGH
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THEWINDINGISREDUCED�2EDUCTIONSINTHElELDCURRENTOVERTHEMOTOR�STYPICAL
OPERATINGTEMPERATURERANGECANBE���TO����3INCETHEMAXIMUMAVAIL
ABLElELDCURRENTDETERMINESTHEMAXIMUMTORQUETHATCANBEPRODUCEDBY
THEMOTOR�THEVEHICLE�SPERFORMANCEUNDERLOADANDUPINCLINESWILLCHANGE
ASTHEMOTORHEATSUP�4HECHANGEINPERFORMANCECANBELIMITEDBYTUNING
THEMOTORWHENITISHOTRATHERTHANCOLD�7ETHEREFORERECOMMENDTHATTHIS
PROCEDUREBEPERFORMEDWITHAHOTMOTOR�

 34%0�� 5SING THEPROGRAMMER�S0ROGRAM-ENU� SET THEDRIVECURRENT
LIMIT� 	FORBOTHMODESTOTHESMALLEROF� �A	THEMOTOR�S
PEAK ARMATURE CURRENT RATING�OR �B	 THEMAXIMUMCONTROLLER
DRIVECURRENTLIMIT�4HISVALUECANLATERBEADJUSTEDTOESTABLISH
THEDESIREDVEHICLEDRIVINGFEELINEACHMODE�

34%0�� 3ETTHE VALUEINEACHMODETOTHESMALLEROF� �A	THE
MAXIMUMMOTORARMATURECURRENTRATING�OR�B	THEMAXIMUM
CONTROLLERBRAKINGCURRENTLIMIT�4HISVALUECANLATERBEADJUSTED
TOESTABLISHTHEDESIREDVEHICLEBRAKINGFEEL�SEE&INE4UNING	�

 34%0�� 4OSET �lRSTDECIDEWHETHERYOUWANTTOMAINTAINCON
SISTENT VEHICLE OPERATION THROUGHOUT THE MOTOR�S TEMPERATURE
RANGE� )F YOU DO� PROCEED TO 3TEP �� )F� HOWEVER� MAINTAINING
OPERATIONALCONSISTENCYACROSSMOTORTEMPERATUREISNOTACONCERN
ANDACHIEVINGMAXIMUMTORQUEIS�SKIPTO3TEP��

 34%0�� &OR THEMOST CONSISTENT OPERATION ACROSS TEMPERATURE� SET THE
TOTHEMAXIMUMlELDCURRENTAVAILABLEATLOWBATTERY

VOLTAGEWITHAHOTMOTOR�4ODETERMINETHISCURRENT�DIVIDETHE
LOWBATTERY VOLTAGE �TYPICALLY ���OFNOMINAL	 BY THEHIGH
TEMPERATURElELDWINDINGRESISTANCESPECIlCATIONPROVIDEDBY
THEMANUFACTURER�3ET TOTHISVALUE�4HISWILLPROVIDE
GOODCONSISTENCYBETWEENMOTORPERFORMANCEINBOTHHOTAND
COLDSTATES�3KIPTO3TEP��

 34%0�� &ORTHEMAXIMUMTORQUEREGARDLESSOFTEMPERATURE�SET
TOTHEMOTOR�SRATEDABSOLUTEMAXIMUMlELDCURRENT�4ODETER
MINETHEABSOLUTEMAXIMUMlELDCURRENT�DIVIDETHENOMINAL
BATTERYVOLTAGEBYTHELOWTEMPERATURElELDWINDINGRESISTANCE
SPECIlCATIONPROVIDEDBYTHEMANUFACTURER�3ET TOTHIS
VALUE�4HISWILLPROVIDETHEMAXIMUMPOSSIBLETORQUEUNDERALL
CONDITIONS�

4HISHASNOWSETTHE PARAMETER�
4HENEXTSTEPISTOSETTHE PARAMETER� SHOULDNEVERBESET
BELOWTHERATEDVALUESPECIlEDBYTHEMANUFACTURER�/PERATINGTHEMOTOR
ATLOWERlELDCURRENTSTHANSPECIlEDWILLRESULTINOPERATIONOUTSIDETHEMOTOR�S
SAFECOMMUTATIONREGIONANDWILLCAUSEARCINGBETWEENTHEBRUSHESANDCOM
MUTATOR�SIGNIlCANTLYREDUCINGMOTORANDBRUSHLIFE�
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34%0�� 3ET ATORBELOWTHE SETTING�
   )FTHECONTROLLERISTUNEDSUCHTHATTHESYSTEMISOPERATING

OUTSIDETHEMOTOR�SSAFECOMMUTATIONREGION�THEREWILLBEAU
DIBLEANDVISUALINDICATIONS�5NDERNORMALOPERATION�THEMO
TORWILLEMITAWHINEWITHAPITCHTHATINCREASESWITHINCREASING
ROTATIONSPEED�)FAhSCRATCHYvSOUNDISALSOHEARD�THISISUSUALLY
ANINDICATIONTHATPINARCINGISOCCURRINGINTHEMOTORANDITIS
OPERATINGOUTSIDEITSSAFECOMMUTATIONREGION�4HISOPERATIONIS
NORMALLYACCOMPANIEDBYASTRONGSMELLFROMTHEMOTOR�)FTHE
BRUSHESANDCOMMUTATORBARSAREVISIBLE�ARCINGMAYBEVISIBLE�
4HEFURTHEROUTSIDETHESAFECOMMUTATIONREGIONTHEMOTORIS
OPERATING�THEWORSETHEARCINGWILLBE�/PERATIONOUTSIDETHE
SAFECOMMUTATIONREGIONISVERYDETRIMENTALTOTHEMOTOR�
4HE ANDPOSSIBLYALSOTHE SHOULDBEINCREASED
UNTILTHEINDICATIONSOFARCINGSTOP�$ECREASING
WILLALSOHELPTOMOVEOPERATIONBACKINTOTHESAFECOMMUTATION
REGION�

  4HETYPICALDEFAULTlELDMAPSETTINGSAREASFOLLOWS�
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 %QUALIZINGTHE,OADED�5NLOADED6EHICLE4OP3PEED
  ON&LAT'ROUND

4HECONTROLLERANDVEHICLESHOULDBECONlGUREDASFOLLOWSPRIORTOSETTINGTHE
MAXIMUMVEHICLESPEED�

s ASESTABLISHEDINTUNINGPROCEDURE

s ����

s ����OFTHESPECIlEDDRIVECURRENTLIMIT

s �MANUFACTURER�SSPECIlEDMINIMUMOR�AMPS

s 4HEVEHICLECANBELOADEDORLOADED

)FFULLCLOSEDLOOPSPEEDCONTROLISREQUIREDINBOTHLOADED
ANDUNLOADEDOPERATION�CONDUCTTHISPROCEDUREWITHTHE
VEHICLELOADED�

s 4HEVEHICLEBATTERYSHOULDBEFULLYCHARGED�

$RIVETHEVEHICLEONAmATSURFACEINACLEARAREADURINGTHISPROCEDURE�0RECAUTIONS
SHOULDBETAKENTOENSURESAFETYOFTESTPERSONNELANDANYONEINTHETESTAREA�

 34%0�� 3ELECTTHEPROGRAMMER�S0ROGRAMMENUANDSCROLLDOWNUNTIL
PARAMETERISDISPLAYED�ANDSETTHISTOTHEDESIRED

TOPFORWARDSPEEDFOR-ODE��#ONlRMTHAT-ODE�ISSELECTED
BYREADINGTHE-ODEVALUEINTHE-ONITORMENU�

 34%0�� 4URN ON THE KEYSWITCH AND THE &ORWARD SWITCH AND APPLY FULL
THROTTLE�7HILEDRIVINGTHEVEHICLEWITHFULLTHROTTLEAPPLIED�OB
SERVETHE3PEED)NAND!RM07-READINGSINTHE-ONITORMENU�
�.OTE�VEHICLESPEEDWILLDISPLAYAS���FORSPEEDSBELOW����	

   )FTHESPEEDISBEINGLIMITEDBYTHElELDMAPPARAMETERS�
THE!RM07-WILLBE�����)NTHISCASE�SKIPTO3TEP��

   )FTHEVEHICLEISTRULYINCLOSEDLOOPSPEEDCONTROL�THE!RM
07-WILLBELESSTHAN�����4HECONTROLLERWILLBELIMITINGTHE
VEHICLESPEEDTOTHEPROGRAMMEDMAXIMUMSPEEDBYREDUCING
THE APPLIED ARMATURE VOLTAGEBELOW THE VALUE COMMANDEDBY
THETHROTTLE�)NTHISCASE�PROCEEDTO3TEP��

 34%0�� /BSERVETHE!RM07-AND!RM#URRENTREADINGSWHILEDRIVING
ATTOPSPEED�3ETTHE TOAVALUEABOVETHE!RM#UR
RENTREADING�7ITHTHEVEHICLEUNLOADED�INCREASETHE

UNTILTHE!RM07-ISBETWEEN��n����7HENTHEVEHICLE
ISLOADEDTHECONTROLLERWILLOUTPUTAHIGHERVALUEOF!RM07-
TOACHIEVETHISSPEED�

   &ORSLOWSPEEDS�AHIGHER ISPREFERABLE�INORDERTO
ENSUREASMOOTHTRANSITIONBETWEENTHEDRIVEANDREGENSTATES�
&ORHIGHSPEEDS�ALOWER ISUSUALLYNECESSARYTOALLOW
THEVEHICLETOACHIEVETRUECLOSEDLOOPSPEEDCONTROLANDNOTBE
LIMITEDBYTHElELDCURRENT�

  3KIPTO3TEP��
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34%0�� )NTHISCASE�THEVEHICLE�STOPSPEEDISBEINGLIMITEDBYTHEFIELD
MAPPINGPARAMETERS�/BSERVETHE!RM#URRENTINTHE-ONITOR
MENU�ANDSETTHE TOAVALUEABOVETHE!RM#UR
RENTREADING�2EDUCETHE UNTILTHE3PEED)NPUT
SHOWSTHEPROGRAMMEDMAXIMUMSPEED�I�E��THESPEEDSETBY

	ANDTHE!RM07-READINGDROPSBELOW�����
INDICATING THAT THE CONTROLLER IS IN CLOSED LOOP SPEED CONTROL�
7HENTHEVEHICLEISUNLOADEDTHECONTROLLERWILLOUTPUTALOWER
VALUEOF!RM07-TOMAINTAINTHISSPEED�

   $ONOTSETTHElELDMAPPINGPARAMETERSOUTSIDETHEMOTOR�S
SAFECOMMUTATIONLIMITS�

 34%0�� 2EPEATFROM3TEP�FORTHE-ODE�FORWARDSPEEDANDFORREVERSE
SPEED�3EPARATElELDMINIMUMPARAMETERSAREPROVIDEDFORALL
THREESPEEDS� � � 	�

 #ONlRMING,OADED6EHICLE3PEEDON$OWNHILL'RADE

 34%0�� 3ETTHEFOLLOWINGPARAMETERS�

 s �MAXIMUMSPECIlEDBYTHEMOTORSPECS

 s �ATORBELOW

 s � �ASSETINPROCEDURE �STEP�	

 s �ATLEAST�n�MPHORKM�HBELOW

 s ������

34%0�� 7ITHTHEVEHICLEFULLYLOADED�DRIVEDOWNTHESTEEPESTREQUIRED
GRADE�/BSERVETHE!RM#URRENTDISPLAYEDINTHE-ONITORMENU
�ITWILLBEANEGATIVEVALUE	�4HISVALUEISTHEREGENCURRENTRE
QUIREDTOPREVENTEXCEEDINGTHEPROGRAMMEDTOPSPEED�)TISAN
IMPORTANTVALUETOBEAWAREOFWHENADJUSTINGTHEBRAKEMAP
PINGPARAMETERSFOROPTIMUMCOMPRESSIONBRAKINGFEEL�

   )FTHEVEHICLETOPSPEEDISEXCEEDED�INCREASETHE
AND ORDECREASE TOHELPPROVIDE

ADDITIONALBRAKINGTORQUEEARLIER�
   3EEBRAKEMAPPINGEXAMPLESONPAGE���

 34%0�� 2EPEAT THE PROCEDURE FOR THE -ODE � FORWARD SPEED AND FOR
REVERSESPEED�3EPARATEBRAKEMAPPINGPARAMETERSAREPROVIDED
FOREACHSPEED� � � 	�
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3EVENADDITIONALVEHICLEPERFORMANCECHARACTERISTICSCANBEADJUSTED�

 2ESPONSETO)NCREASED4HROTTLE

 2ESPONSETO&ULL4HROTTLE2ELEASE�#OMPRESSION"RAKING	

 4RANSITIONINGFROM&LAT'ROUNDTO$OWNHILL

 (ILL#LIMBING

 7ALK!WAY"RAKING

 ,OW3PEED&IELD"RAKING

 !PPLYINGTHE%-"RAKE�

4HESECHARACTERISTICSARERELATEDTOTHEhFEELvOFTHEVEHICLEANDWILLBEDIFFERENT
FORVARIOUSAPPLICATIONS�/NCETHElNETUNINGHASBEENACCOMPLISHED�ITSHOULD
NOTHAVETOBEREPEATEDONEVERYVEHICLE�

 2ESPONSETO)NCREASED4HROTTLE

4HEVEHICLE�S RESPONSE TO THROTTLE INCREASESCANBEMODIlEDUSINGTHE �
�AND PARAMETERS�/PTIMALVEHICLERESPONSEISTUNEDBY

ADJUSTINGTHESEPARAMETERSANDTHENACCELERATINGTHEVEHICLEFROMADEADSTOP
UNDERVARIOUSTHROTTLETRANSITIONCONDITIONS�

 34%0�� 3ET ASDESIRED�)NMOSTAPPLICATIONSASETTINGBELOW
���ISUSEDTOPROVIDEGREATERCONTROLFORLOWSPEEDMANEUVER
ING�

 34%0�� 3ELECT-ODE��7HILEDRIVING THEVEHICLE� ADJUST  FOR
THEBESTOVERALL ACCELERATION RESPONSE� )F THEVEHICLE STARTS TOO
SLOWLYUNDERALLDRIVINGCONDITIONS� SHOULDBEREDUCED�
�2EMEMBER�THEACCELRATEPARAMETERISINUNITSOFTIME�	

 34%0�� )NCREASINGVEHICLEACCELERATION�)FACCELERATIONFEELSGOODFORSLOW
ORMODERATE THROTTLE TRANSITIONSBUT THEVEHICLE INITIALLY STARTS
TOOSLOWLY�SET HIGHER�)FACCELERATIONISNOTSATISFACTORY
WHENTHETHROTTLEISTRANSITIONEDQUICKLYFROMZEROTOFULLSPEED�
DECREASE TOOBTAINTHEDESIREDFASTTHROTTLERESPONSE�

 34%0�� !CHIEVINGBETTERCONTROLATLOWSPEEDS�)FTHEVEHICLERESPONDSWELL
FORFAST�FULLRANGETHROTTLETRANSITIONSBUTISTOOJUMPYDURING
LOWSPEEDMANEUVERING�REDUCETHE �

 34%0�� 3ELECT-ODE�ANDREPEATTHEPROCEDURE�

9OUMAYWISHTODEDICATEONEOFTHETWOMODESFORPRECISIONMANEUVERING�
4HE � �AND PARAMETERSCANBETUNEDEXCLUSIVELYFORTHIS
PRECISIONMANEUVERINGMODETOOBTAINCOMFORTABLEVEHICLERESPONSE�"ECAUSE

AND ARENOTMODESPECIlC�YOUMAYNEEDTORETUNE-ODE�
IFYOUMAKEADJUSTMENTSTOTHESETWOPARAMETERSWHENTUNING-ODE��
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 2ESPONSETO&ULL4HROTTLE2ELEASE�#OMPRESSION"RAKING	

4HEWAYTHEVEHICLERESPONDSWHENTHETHROTTLEISCOMPLETELYRELEASEDCANBE
MODIlEDUSINGTHE � �BRAKEMAPPING�ANDNEGATIVElELDMAPPING
PARAMETERS�"RAKINGPARAMETERSSHOULDBESETFOR-�AND-�FORWARDSPEEDS
ANDFORREVERSESPEED�

7HENTHETHROTTLEISRELEASED�THE RATEACTSTODRIVETHEARMATURE
07-DOWNTOZERO�BUT THE WILLENSURE THAT THEBRAKING�REGEN	
CURRENTISLIMITEDTOTHEVALUEFORTHEPRESENTVEHICLESPEED�4HISALLOWSAPROlLE
TOBESPECIlEDTHATALLOWSHIGH INITIALBRAKINGTORQUE� SOFTENINGTOAMILDER
TORQUEASTHEVEHICLESLOWSDOWN�!LTERNATIVELY�YOUCANSETUPAPROlLEWITH
STRONGBRAKINGDOWNTOZEROSPEED�!LOWER VALUEWILLALSOPROVIDEAMORE
IMMEDIATESTRONGBRAKINGFEEL�

 34%0�� 3ETTHEBRAKEMAPPINGPARAMETERSTOTHEDEFAULTVALUESSHOWN
IN%XAMPLE!ONTHENEXTPAGE�

   .OTE�7ITHTHEDEFAULTSETTINGS�MAXIMUMBRAKINGTORQUE
ISSPECIlEDATTOPSPEED�TAILINGOFFTOAMUCHMILDERTORQUEAT
LOWSPEEDS�

34%0�� $RIVE THE VEHICLE AT FULL SPEEDON FLAT GROUNDAND RELEASE THE
THROTTLE�PAYINGATTENTIONTOTHEFEELOFVEHICLEBRAKING�)FTHE
INITIAL BRAKING IS TOO SUDDEN� INCREASE THE  VALUE� )F THE
INITIALBRAKINGISTOOSTRONG�LOWERTHE ORINCREASETHE

�
   7HENSETTINGAVERYMILDCOMPRESSIONBRAKINGFEEL�BEWARE

OFSETTINGTHE AND TOVALUESTHATWILLINHIBIT
THECONTROLLER�SABILITYTOMAINTAINTOPSPEEDBRAKING�INBOTH
THROTTLEAPPLIEDANDTHROTTLERELEASEDCONDITIONS�ONADOWNHILL
GRADE�

   )FTHEBRAKINGTORQUEREMAINSTOOSTRONGAFTERTHEVEHICLE
HASBEENBROUGHTTOASLOWERSPEED�REDUCETHE AND

PARAMETERS� AND INCREASE THE �4HESE
ADJUSTMENTS WILL ACT TO LIMIT THE BRAKING TORQUE AT THE LOWER
SPEEDS�

   )F�ONTHEOTHERHAND�YOUWANTTOINCREASEBRAKINGTORQUE
ATLOWERSPEEDS�INCREASETHE OR PARAMETERS�
ORREDUCETHE �

.OTE�4HESETTINGOFTHEBRAKEMAPPINGAND PARAMETERSWILLALSOAFFECTTHE
FEELOFTHEVEHICLEDECELERATIONDURINGPARTIALTHROTTLERELEASES�!FTERCOMPLETING
PROCEDURE FORFULLTHROTTLERELEASE�MAKESURETHEDECELERATIONDURINGPARTIAL
THROTTLERELEASEISACCEPTABLE�
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4RANSITIONINGFROM&LAT'ROUNDTO$OWNHILL

4OENSURESMOOTHNESSONTRANSITIONS FROMPOSITIVEDRIVECURRENT TONEGATIVE
REGENCURRENT�SETTHE �NEGATIVElELDMAPSTART	GREATERTHANZERO
TOPROVIDEACONSTANTVALUEOFlELDCURRENTASTHEMOTORTRANSITIONSBETWEEN
DRIVEANDREGENBRAKING�

)FSPEEDhHUNTINGvOROSCILLATIONOCCURSONDOWNHILLGRADES�REDUCETHE
AND PARAMETERSORINCREASETHE PARAMETER

TOENSUREANINITALLYSHALLOWERNEGATIVElELDMAPPROlLE�
.OTE�4HEhNEGATIVElELDMAPvREFERS TOTHElELDANDARMATURE�REGEN

BRAKING	CURRENTRELATIONSHIPREGARDLESSOFFORWARDORREVERSEDIRECTION�

 (ILL#LIMBING

4HEVEHICLE RESPONSE TO INCREASEDGRADIENTS SUCHASHILLS AND LOADING RAMPS
CAN BE TUNED VIA THE  PARAMETER� $ECREASING THE  VALUE
ALLOWSFASTERVEHICLESPEEDSWHILECLIMBING�BUTITWILLALSOHAVETHEEFFECTOF
REDUCINGTHEABILITYOFTHECONTROLLERTOGENERATETORQUE INTHEVEHICLE�SMID
RANGESPEEDS�

 34%0�� )FFASTERVEHICLESPEEDISDESIREDWHENCLIMBINGRAMPS�DECREASE
UNTILTHEDESIREDRAMPCLIMBINGSPEEDISATTAINED�)T

SHOULDBENOTEDTHATIFTHEMOTOR�STORQUECAPABILITYISEXCEEDED
UNDERTHECONDITIONSOFLOADANDRAMPGRADIENT�VEHICLESPEED
WILLBELIMITEDBYTHEMOTOR�SCAPABILITYANDTHEDESIREDVEHICLE
SPEEDMAYNOTBEATTAINABLE�4HESYSTEMWILLlNDACOMPROMISE
POINTATWHICHSUFlCIENTMOTORTORQUEISGENERATEDTOCLIMBTHE
RAMPATANACCEPTABLESPEED�)F ISREDUCEDTO��AND
THEDESIREDSPEEDISSTILLNOTATTAINED�THESYSTEMISBEINGLIMITED
BYTHEMOTOR�STORQUECAPABILITYUNDERTHESECONDITIONS�

   #AUTIONSHOULDBEUSEDINREDUCING SINCEATLOW
VALUESITISPOSSIBLETHATTHEMOTORCOULDBEOPERATED

OUTSIDEITSSAFECOMMUTATIONREGION�

 34%0�� )FTHEDRIVESYSTEMCANNOTPRODUCESUFlCIENTTORQUEFORAFULLY
LOADEDVEHICLETOCLIMBTHEDESIREDRAMP�TRYINCREASINGTHE

� �AND�OR �4HEIMPACTOFINCREASINGTHESE
VALUESONOTHERDRIVINGCHARACTERISTICSMUSTBEEVALUATED�)NCREAS
INGTHE WILLPROVIDEMORElELDCURRENT�ANDINCREASING
THE WILLPROVIDEMOREARMATURECURRENT�)F IS
SETATTHEMANUFACTURER�SSPECIlEDLIMITANDTHE ISSETAT
THERATEDMAXIMUM�THENVEHICLESPEEDUPTHERAMPISLIMITED
BYTHEMOTORORTHEVEHICLE�SGEARINGANDCANNOTBEINCREASED
BYTUNINGTHECONTROLLER�

   .OTE�4ODETERMINEWHETHERTHECONTROLLER�SARMATURECURRENT
ISATITSSETVALUEDURINGRAMPCLIMBING�READTHE!RM#URRENT
INTHEPROGRAMMER�S-ONITORMENU�
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 7ALK!WAY "RAKING

)FTHE7ALK!WAYOPTIONISCONlGURED�7ALK!WAYBRAKINGWILLOCCURWHENEVER
VEHICLEMOVEMENTISDETECTEDWHILETHEMAINCONTACTORISOPEN�)NGENERALTHIS
ISUSEDTOPREVENTUNCONTROLLEDVEHICLEROLLINGAFTERTHEVEHICLEHASREACHEDREST�
)TALSOISUSEDTOSLOWTHEVEHICLEIFITISROLLINGWHENTHEKEYSWITCHISTURNED
OFFORINCERTAINFAULTCONDITIONSTHATCAUSETHEMAINCONTACTORTOOPEN�

4HESTRENGTHOFTHE7ALK!WAYBRAKINGISCONTROLLEDBYTHE
AND PARAMETERS�

 34%0�� $RIVETHEVEHICLEONTOASTEEPGRADE�ANDHOLDITWITHTHEFOOT
BRAKEUNTILYOUHEARTHEMAINCONTACTOROPEN�

34%0�� 2ELEASETHEFOOTBRAKE�4HEVEHICLEWILLBEGINTOROLLATASLOW
PACE�FOLLOWEDBY7ALK!WAYBRAKING�INDICATEDBYABEEPING
TONE	�

   )FTHEVEHICLE ISROLLINGTOOFAST� INCREASETHE
AND�ORTHE �

34%0�� #HECKTHATTHESEBRAKINGPARAMETERADJUSTMENTSDONOTMAKE
THEBRAKINGFEELTOOABRUPTONMILDERSLOPES�

 ,OW3PEED&IELD"RAKING

4HE PARAMETERPROVIDES AN ADDITIONALMECHANISM FOR SLOWING THE
VEHICLEDOWNATSLOWSPEEDS�4HEREARETHREEUSESFORlELDBRAKING�

A� 0ROVIDINGEXTRABRAKINGTORQUEASTHEVEHICLESLOWSTOASTOP�

B�3TRENGTHENINGTHEANTIROLLBACKBRAKINGINVEHICLESTHATDONOTHAVE
AN%-BRAKE�

.OTE�4HEANTIROLLBACKFUNCTIONCANNEVERHOLDA
VEHICLEPERFECTLYSTATIONARYONANINCLINEANDISNOT
INTENDEDTOREPLACEAMECHANICALORELECTROMAGNETIC
BRAKE FOR THIS PURPOSE� (OWEVER� IT WILL PREVENT
UNCONTROLLEDVEHICLECOASTINGINTHISSITUATION�

C�/NVEHICLESEQUIPPEDWITHAN%-BRAKE�lELDBRAKINGANDTHE%-
BRAKECANBEUSEDTOGETHERTOSTOPTHEVEHICLEANDTOPREVENTTHEVEHICLE
FROMROLLINGBACKDOWNAHILL�

.OTE�4HISUSEOFlELDBRAKINGISCOVEREDSEPARATELY
IN0ROCEDURE �

4HISPROCEDURETUNESTHElELDBRAKINGPARAMETERSTOPROVIDEADDITIONALBRAKING
ATLOWSPEEDSINSITUATIONS�A	AND�B	�

��45.).''5)$%
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34%0�� 3ETTHEFOLLOWINGPARAMETERS�

 s �/N

 s �

 s �ALOWVALUE�E�G���MPH	

 s ���

 34%0�� $RIVETHEVEHICLEUPAGRADE�

 34%0�� 2ELEASETHETHROTTLE�4HEVEHICLEWILLSLOWDOWNANDTHENROLL
BACKDOWNTHEHILLUNDERGRAVITY�$EPENDINGONTHESETTINGOF
THE PARAMETER�YOUMAYHEARBEEPING�

   )FTHEVEHICLEISROLLINGTOOFAST�INCREASETHE
SETTING�4HIS WILL CAUSE A HIGHER PLUG BRAKING CURRENT� )T WILL
ALSOINCREASETHEBRAKINGFEELASTHEVEHICLEINITIALLYSLOWSDOWN
BEFORECHANGINGDIRECTION�

   4OMAKETHELOWSPEEDBRAKINGOCCUREARLIER�INCREASETHE
�

   4O INCREASE THE STRENGTHOF THE LOWSPEEDBRAKING AS THE
VEHICLEISBROUGHTTOASTOP�INCREASETHE AND

�

 34%0�� $RIVETHEVEHICLEONFLATGROUNDTOCONlRMTHATTHEEXTRABRAK
INGFEELPROVIDEDBYTHESEADJUSTMENTSISACCEPTABLE�

 %-"RAKE/PERATION�WITHOPTIONAL%-BRAKE	

$URINGNORMALOPERATION� THE%-BRAKE IS APPLIED AT THE EXPIRATIONOF THE
�4HE SETTING�/FFOR/N	DETERMINESWHENTHE

COUNTDOWNBEGINS�
.OTE�&OR%-BRAKECONTROLDURINGFAULTCONDITIONS�SEE �

PAGE���

��	 �/FF
(ERETHE SETSTHELENGTHOFTIMEBETWEENTHEMAINCONTACTOROPENING
ANDTHE%-BRAKEBEINGAPPLIED�

 34%0�� 3ETTHEFOLLOWINGPARAMETERS�

  s �/FF

  s �����SECOND

��	 �/N
(ERETHE SETSTHELENGTHOFTIMETHElELDCURRENTISHELDATTHE

BEFORETHE%-BRAKEISAPPLIED�4HISGUARANTEESTHATTHE%-BRAKE
WILLBEAPPLIEDSOMETIMEAFTERTHEVEHICLEHASSLOWEDBELOWTHE
�EVENTHOUGHTHEMAINCONTACTORMAYSTILLBECLOSED	ANDISUSEFULINPREVENT
INGTHEVEHICLEFROMCONTINUINGTOROLLFORWARD�!DDITIONALLY�IFTHECONTROLLER

��45.).''5)$%
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DETECTSTHATTHEVEHICLEHASREACHEDREST�ORISSTARTINGTOROLLBACK�THE%-BRAKE
WILLBEAPPLIEDIMMEDIATELYTOPREVENTFURTHERVEHICLEMOVEMENT�

34%0�� 3ETTHEFOLLOWINGPARAMETERS�

 s �/N

 s �ALOWVALUE�E�G���SECONDS	

 s � �ORHIGHER

 s �ALOWVALUE�E�G���	�

 34%0�� $RIVEUPAHILLANDRELEASETHETHROTTLE�4HEVEHICLESHOULDSLOW
TOASTOPANDTHE%-BRAKESHOULDDROPJUSTASTHEVEHICLEBE
GINSTOROLLBACKWARDS�)FTHEVEHICLEROLLSBACKWARDSEXCESSIVELY�
INCREASETHE �

 34%0�� $RIVEDOWNAMILDSLOPEANDRELEASETHETHROTTLE�4HEVEHICLEWILL
SLOWDOWNBUTMAYNOTREACHACOMPLETESTOPDEPENDINGONTHE
GRADIENTOFTHESLOPE�9OUSHOULDFEELTHElELDBRAKINGTORQUE�
FOLLOWEDBY THE%-BRAKEBEING APPLIED� )F THE%-BRAKE IS
APPLIEDTOOEARLY�INCREASETHE ANDTHE �

 34%0�� !FTERADJUSTINGTHESEPARAMETERS�DRIVETHEVEHICLEONFLATGROUND
TO CONlRM THAT THE%-BRAKE TIMING IS ACCEPTABLE�4O AVOID
UNNECESSARILYABRUPTSTOPS�THEPARAMETERSSHOULDBESETSOTHAT
WHENDRIVINGONmATGROUNDTHEVEHICLEREACHESRESTBEFORETHE
%-BRAKEISAPPLIED�

��45.).''5)$%
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4HE����CONTROLLERPROVIDESDIAGNOSTICSINFORMATIONTOASSISTTECHNICIANSIN
TROUBLESHOOTINGDRIVESYSTEMPROBLEMS�4HISINFORMATIONISDISPLAYEDONTHE
HANDHELDPROGRAMMER�OR0#0ROGRAMMING3TATION	�ANDITISALSOAVAILABLE
INTHEFORMOFFAULTCODESISSUEDBYTHECONTROLLER�SBUILTIN3TATUS,%$�2EFER
TOTHETROUBLESHOOTINGCHARTFORSUGGESTIONSCOVERINGAWIDERANGEOFPOSSIBLE
FAULTS�

02/'2!--%2$)!'./34)#3

4HEPROGRAMMERPRESENTSCOMPLETEDIAGNOSTICINFORMATIONINPLAINLANGUAGE�
&AULTS AREDISPLAYED IN THE&AULTSMENU �SEE COLUMN� IN THE TROUBLESHOOT
INGCHART	�ANDTHESTATUSOFTHECONTROLLERINPUTS�OUTPUTSISDISPLAYEDINTHE
-ONITOR-ENU�

!CCESSINGTHE&AULT(ISTORYMENUPROVIDESALISTOFTHEFAULTSTHATHAVE
OCCURREDSINCETHEFAULTHISTORYlLEWASLASTCLEARED�#HECKING�ANDCLEARING	
THEFAULTHISTORYlLEISRECOMMENDEDEACHTIMETHEVEHICLEISBROUGHTINFOR
MAINTENANCE�

4HEFOLLOWING�STEPPROCESSISRECOMMENDEDFORDIAGNOSINGANDTROUBLE
SHOOTING AN INOPERATIVE VEHICLE� ��	 VISUALLY INSPECT THE VEHICLE FOR OBVIOUS
PROBLEMS���	DIAGNOSETHEPROBLEM�USINGTHEPROGRAMMER���	TESTTHECIRCUITRY
WITHTHEPROGRAMMER�AND��	CORRECTTHEPROBLEM�2EPEATTHELASTTHREESTEPS
ASNECESSARYUNTILTHEVEHICLEISOPERATIONAL�

%XAMPLE�!VEHICLETHATDOESNOTOPERATEINhFORWARDvISBROUGHTIN
FORREPAIR�

34%0�� %XAMINETHEVEHICLEANDITSWIRINGFORANYOBVIOUSPROBLEMS�
SUCHASBROKENWIRESORLOOSECONNECTIONS�

34%0�� #ONNECTTHEPROGRAMMER�SELECTTHE&AULTSMENU�ANDREAD
THEDISPLAYEDFAULTINFORMATION�)NTHISEXAMPLE�THEDISPLAYSHOWS
h.O+NOWN&AULTS�vINDICATINGTHATTHECONTROLLERHASNOTDETECTED
ANYPROBLEMS�

34%0�� 3ELECTTHE-ONITORMENU�ANDOBSERVETHESTATUSOFTHEINPUTS
ANDOUTPUTSINTHEFORWARDDIRECTION�)NTHISEXAMPLE�THEDISPLAY
SHOWSTHAT THE FORWARDSWITCHDIDNOTCLOSEWHENhFORWARDvWAS
SELECTED�WHICHMEANSTHEPROBLEMISEITHERINTHEFORWARDSWITCH
ORTHESWITCHWIRING�

34%0�� #HECKORREPLACETHEFORWARDSWITCHANDWIRINGANDREPEAT
THETEST�)FTHEPROGRAMMERSHOWSTHEFORWARDSWITCHCLOSINGAND
THEVEHICLENOWDRIVESNORMALLY�THEPROBLEMHASBEENCORRECTED�
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 ���  3ELFTESTORWATCHDOGFAULT� �� #ONTROLLERDEFECTIVE�

 ���  7IPERSIGNALOUTOFRANGE �� 4HROTTLEINPUTWIREOPEN�
   �POTLOWFAULT	� �� 4HROTTLEINPUTWIRESHORTEDTO"�OR"�
    �� 4HROTTLEPOTDEFECTIVE�

 ���  .OPULSESFROMSENSOR� �� 3PEEDSENSORNOTCONNECTED�
    �� 3PEEDSENSORDEFECTIVE�

 ���  (IGH0EDAL$ISABLEFAULT� �� )MPROPERSEQUENCEOFDIRECTIONAND
     THROTTLEINPUTS�

 ���  -OTORSTALLATCURRENT� �� 3LOPETOOSTEEPFORVEHICLEWEIGHT�
    �� -ECHANICALLYLOCKEDMOTOR�
    �� %-BRAKEWIRINGFAILURE�
    �� 3PEEDSENSORDEFECTIVE�

 ���  ,OWBATTERYVOLTAGE� �� "ATTERYVOLTAGE�UNDERVOLTAGECUTBACK
     THRESHOLD�
    �� #ORRODEDBATTERYTERMINAL�
    �� ,OOSEBATTERYORCONTROLLERTERMINAL�

 ���  /VERVOLTAGE� �� "ATTERYVOLTAGE�OVERVOLTAGESHUTDOWN
     THRESHOLD�
    �� 6EHICLEOPERATINGWITHCHARGERATTACHED�
    �� "ATTERYDISCONNECTEDDURINGREGEN
     BRAKING�

 ���  /VER�UNDERTEMPERATURE �� 4EMPERATURE����#OR����#�
   CUTBACK� �� %XCESSIVELOADONVEHICLE�
    �� )MPROPERMOUNTINGOFCONTROLLER
    �� /PERATIONINEXTREMEENVIRONMENTS�

 ���  -AINCONTACTORCOILHELDLOW� �� -AINCONTACTORMISSINGORWIRETOCOIL
     OPEN�
    �� #ONTROLLERDEFECTIVE�

 ���  -ISSINGAUX�BRAKE�RELAY	COIL� �� !UXCOILOPENORNOTCONNECTED�
    �� "REAKER�FUSETRIPPEDOROPEN�
    �� "REAKER�FUSEDEFECTIVE�

 ���  -AINCONTACTORDRIVERHELDHIGH� �� -AINCONTACTORCOILSHORTED�
    �� #ONTROLLERDEFECTIVE�

 ���  -AINCONTACTORWELDED� �� -AINCONTACTORSTUCKCLOSED�
    �� -AINCONTACTORDRIVERSHORTED�

 ���  )NTERNALVOLTAGETOOLOWAT �� %XTERNALPRECHARGERESISTORMISSING�
   STARTUP� �� %XTERNALSHORT�ORLEAKAGEPATHTO"
     ONEXTERNAL"�CONNECTION�
    �� #ONTROLLERDEFECTIVE�

 ���  &IELDWINDINGFAULT� �� -OTORlELDWIRINGLOOSE�
    �� -OTORlELDWIRINGOPEN�

 ���  !UX�BRAKE�RELAY	DRIVERHELD �� !UXCOILSHORTED�
   HIGH� �� #ONTROLLERDEFECTIVE�

 ���  !RMATUREORlELDCURRENT �� #ONTROLLERDEFECTIVE�
   SENSORFAULT�

 ���  #ONTACTORDRIVERORAUXDRIVER �� #ONTACTORORAUXCOILSHORTED�
   OVERCURRENT�

��$)!'./34)#3�42/5",%3(//4).'
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 ���  )NTERNAL-SHORTTO"� �� #ONTROLLERDEFECTIVE�

 ���  !UXRELAYDIDNOTCLOSE� �� !UXRELAYMISSINGORWIRETOCOILOPEN�

 ���  7ELDEDAUXRELAY� �� !UXRELAYSTUCKCLOSED�
    �� !UXRELAYSHORTED�

 ���  32/FAULT� �� +EYWSWITCHNOTOFFATPOWERUP�
    �� +EYSWITCHSHORTED�

 ���  -ISSINGMAINCONTACTOR� �� -AINCONTACTORCOILOPENORNOT
     CONNECTED�

 ���  !UX�%-BRAKEOR7ALK!WAY  �� !UXOUTPUTSHORTTOGROUND�
   RELAY	DRIVERCOILHELDLOW� �� #ONTROLLERDEFECTIVE�

 ���  -AINCONTACTOROPEN� �� -AINCONTACTORDEFECTIVE�

42/5",%3(//4).'#(!24�CONT�D
 ,%$ 02/'2!--%2  
 #/$% ,#$$)30,!9 %80,!.!4)/. 0/33)",%#!53%
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!BUILTIN3TATUS,%$ISVISIBLETHROUGHAWINDOWINTHELABELONTOPOFTHE
CONTROLLER� 7HEN THE CONTROLLER DETECTS A FAULT� THE 3TATUS ,%$ mASHES THE
�DIGITFAULTCODE�4HECODEISmASHEDCONTINUOUSLYUNTILTHEFAULTISCORRECTED�
&OREXAMPLE�CODEh���v�WELDEDMAINCONTACTOR�APPEARSAS�

f f f  f f     f f f  f f     f f f  f f     ETC�
 ����	 ����	 ����	

4HECODESARELISTEDINTHE4ROUBLESHOOTING#HART�/NLYONEFAULTISINDICATED
ATATIME�ANDFAULTSARENOTQUEUEDUP�)FMULTIPLEFAULTSAREACTIVESIMULTANE
OUSLY�THECODEOFTHEHIGHESTPRIORITYFAULTISmASHED�!FTERALLFAULTSHAVEBEEN
CLEARED�THECODEOFTHELASTACTIVEFAULTWILLCONTINUETOmASHFORONEMINUTE�
4HISFEATUREISDESIGNEDTOHELPSERVICEPERSONNELIDENTIFYINTERMITTENTFAULTS
WHENNOPROGRAMMERISAVAILABLE�
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4HEREARENOUSERSERVICEABLEPARTSINTHE#URTIS����CONTROLLER�.OATTEMPT
SHOULDBEMADETOOPEN�REPAIR�OROTHERWISEMODIFYTHECONTROLLER�$OING
SOMAYDAMAGETHECONTROLLERANDWILLVOIDTHEWARRANTY�

)T IS RECOMMENDED THAT THE CONTROLLER BE KEPTCLEAN ANDDRY THAT ITS
DIAGNOSTICSHISTORYlLEBECHECKEDANDCLEAREDPERIODICALLY�

#,%!.).'

0ERIODICALLY CLEANING THE CONTROLLER EXTERIOR WILL HELP PROTECT IT AGAINST COR
ROSION AND POSSIBLE ELECTRICAL CONTROL PROBLEMS CREATED BY DIRT� GRIME� AND
CHEMICALSTHATAREPARTOFTHEOPERATINGENVIRONMENTANDTHATNORMALLYEXIST
IN BATTERY POWERED SYSTEMS� 7HEN WORKING AROUND ANY BATTERY POWERED
VEHICLE�PROPERSAFETYPRECAUTIONSSHOULDBETAKEN�4HESEINCLUDE�BUTARE
NOT LIMITED TO� PROPER TRAINING� WEARING EYE PROTECTION� AND AVOIDING LOOSE
CLOTHINGANDJEWELRY�

5SE THE FOLLOWING CLEANINGPROCEDURE FOR ROUTINEMAINTENANCE�.EVERUSE A
HIGHPRESSUREWASHERTOCLEANTHECONTROLLER�

�� 2EMOVEPOWERBYDISCONNECTINGTHEBATTERY�

�� $ISCHARGETHECAPACITORSINTHECONTROLLERBYCONNECTINGALOAD�SUCHAS
ACONTACTORCOILORAHORN	ACROSSTHECONTROLLER�S"�AND"TERMINALS�

�� 2EMOVEANYDIRTORCORROSIONFROMTHEPOWERANDSIGNALCONNECTORAREAS�
4HECONTROLLERSHOULDBEWIPEDCLEANWITHAMOISTRAG�$RYITBEFORE
RECONNECTINGTHEBATTERY�

�� -AKESURE THECONNECTIONSARE TIGHT�2EFER TO3ECTION��PAGE�� FOR
MAXIMUMTIGHTENINGTORQUESPECIlCATIONSFORTHEBATTERYANDMOTOR
CONNECTIONS�

&!5,4()34/29

4HEPROGRAMMER�S&AULTMENUCANBEUSEDTOACCESSTHECONTROLLER�SFAULTHIS
TORYlLE�4HEPROGRAMMERWILLREADOUTALL THEFAULTSTHATTHECONTROLLERHAS
EXPERIENCEDSINCETHELASTTIMETHEFAULTHISTORYlLEWASCLEARED�4HEFAULTSMAY
BEINTERMITTENTFAULTS�FAULTSCAUSEDBYLOOSEWIRES�ORFAULTSCAUSEDBYOPERATOR
ERRORS�&AULTSSUCHASCONTACTORFAULTSMAYBETHERESULTOFLOOSEWIRES�CONTACTOR
WIRINGSHOULDBECAREFULLYCHECKED�&AULTS SUCHAS(0$OROVERTEMPERATURE
MAYBECAUSEDBYOPERATORHABITSORBYOVERLOADING�

!FTERAPROBLEMHASBEENDIAGNOSEDANDCORRECTED�ITISAGOODIDEATO
CLEARTHEFAULTHISTORYlLE�4HISALLOWSTHECONTROLLERTOACCUMULATEANEWlLE
OFFAULTS�"YCHECKINGTHENEWFAULTHISTORYlLEATALATERDATE�YOUCANREADILY
DETERMINEWHETHERTHEPROBLEMWASINDEEDlXED�

�
��-!).4%.!.#%
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%,%#42/-!'.%4)##/-0!4)"),)49�%-#	

%LECTROMAGNETICCOMPATIBILITY�%-#	ENCOMPASSESTWOAREAS�EMISSIONSAND
IMMUNITY�%MISSIONSARERADIOFREQUENCY�2&	ENERGYGENERATEDBYAPRODUCT�
4HISENERGYHASTHEPOTENTIALTOINTERFEREWITHCOMMUNICATIONSSYSTEMSSUCH
ASRADIO�TELEVISION�CELLULARPHONES�DISPATCHING�AIRCRAFT�ETC�)MMUNITYISTHE
ABILITYOFAPRODUCTTOOPERATENORMALLYINTHEPRESENCEOF2&ENERGY�

%-#ISULTIMATELYASYSTEMDESIGNISSUE�0ARTOFTHE%-#PERFORMANCE
ISDESIGNEDINTOORINHERENTINEACHCOMPONENT�ANOTHERPARTISDESIGNEDINTO
ORINHERENTINENDPRODUCTCHARACTERISTICSSUCHASSHIELDING�WIRING�ANDLAYOUT�
AND�lNALLY�APORTIONISAFUNCTIONOFTHEINTERACTIONSBETWEENALLTHESEPARTS�
4HE DESIGN TECHNIQUES PRESENTED BELOW CAN ENHANCE %-# PERFORMANCE IN
PRODUCTSTHATUSE#URTISMOTORCONTROLLERS�

%MISSIONS

3IGNALSWITHHIGHFREQUENCYCONTENTCANPRODUCESIGNIlCANTEMISSIONSIFCON
NECTEDTOALARGEENOUGHRADIATINGAREA�CREATEDBYLONGWIRESSPACEDFARAPART	�
#ONTACTOR DRIVERS AND THE MOTOR DRIVE OUTPUT FROM #URTIS CONTROLLERS CAN
CONTRIBUTETO2&EMISSIONS�"OTHTYPESOFOUTPUTAREPULSEWIDTHMODULATED
SQUAREWAVESWITH FAST RISEAND FALL TIMES THATARE RICH INHARMONICS� �.OTE�
CONTACTOR DRIVERS THAT ARE NOT MODULATED WILL NOT CONTRIBUTE TO EMISSIONS�	
4HE IMPACTOF THESE SWITCHINGWAVEFORMSCANBEMINIMIZEDBYMAKING THE
WIRESFROMTHECONTROLLERTOTHECONTACTORORMOTORASSHORTASPOSSIBLEANDBY
PLACINGTHEWIRESNEAREACHOTHER�BUNDLECONTACTORWIRESWITH#OIL2ETURN�
BUNDLEMOTORWIRESSEPARATELY	�

&ORAPPLICATIONSREQUIRINGVERYLOWEMISSIONS�THESOLUTIONMAYINVOLVE
ENCLOSINGTHECONTROLLER�INTERCONNECTWIRES�CONTACTORS�ANDMOTORTOGETHERIN
ONESHIELDEDBOX�%MISSIONSCANALSOCOUPLETOBATTERYSUPPLYLEADSANDTHROTTLE
CIRCUITWIRESOUTSIDETHEBOX�SOFERRITEBEADSNEARTHECONTROLLERMAYALSOBE
REQUIREDONTHESEUNSHIELDEDWIRESINSOMEAPPLICATIONS�)TISBESTTOKEEPTHE
NOISYSIGNALSASFARASPOSSIBLEFROMSENSITIVEWIRES�

)MMUNITY

)MMUNITYTORADIATEDELECTRIClELDSCANBEIMPROVEDEITHERBYREDUCINGOVERALL
CIRCUITSENSITIVITYORBYKEEPINGUNDESIREDSIGNALSAWAYFROMTHISCIRCUITRY�4HE
CONTROLLERCIRCUITRYITSELFCANNOTBEMADELESSSENSITIVE�SINCEITMUSTACCURATELY
DETECTANDPROCESSLOWLEVELSIGNALSFROMSENSORSSUCHASTHETHROTTLEPOTENTI
OMETER�4HUS IMMUNITY ISGENERALLYACHIEVEDBYPREVENTING THEEXTERNAL2&
ENERGYFROMCOUPLINGINTOSENSITIVECIRCUITRY�4HIS2&ENERGYCANGETINTOTHE
CONTROLLERCIRCUITRYVIACONDUCTEDPATHSANDRADIATEDPATHS�
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#ONDUCTEDPATHSARECREATEDBY THEWIRESCONNECTED TO THECONTROLLER�
4HESEWIRESACTASANTENNASANDTHEAMOUNTOF2&ENERGYCOUPLEDINTOTHEM
ISGENERALLYPROPORTIONALTOTHEIRLENGTH�4HE2&VOLTAGESANDCURRENTSINDUCED
INEACHWIREAREAPPLIEDTOTHECONTROLLERPINTOWHICHTHEWIREISCONNECTED�
#URTIS CONTROLLERS INCLUDE BYPASS CAPACITORS ON THE PRINTED CIRCUIT BOARD�S
THROTTLEWIRESTOREDUCETHEIMPACTOFTHIS2&ENERGYONTHEINTERNALCIRCUITRY�
)NSOMEAPPLICATIONS�ADDITIONALlLTERINGINTHEFORMOFFERRITEBEADSMAYALSO
BEREQUIREDONVARIOUSWIRESTOACHIEVEDESIREDPERFORMANCELEVELS�

2ADIATEDPATHSARECREATEDWHENTHECONTROLLERCIRCUITRYISIMMERSEDIN
ANEXTERNALlELD�4HISCOUPLINGCANBEREDUCEDBYPLACINGTHECONTROLLERASFAR
ASPOSSIBLEFROMTHENOISESOURCEORBYENCLOSINGTHECONTROLLERINAMETALBOX�
3OME#URTISCONTROLLERSAREENCLOSEDBYAHEATSINKTHATALSOPROVIDESSHIELDING
AROUNDTHECONTROLLERCIRCUITRY�WHILEOTHERSAREPARTIALLYSHIELDEDORUNSHIELDED�
)NSOMEAPPLICATIONS�THEVEHICLEDESIGNERWILLNEEDTOMOUNTTHECONTROLLER
WITHINASHIELDEDBOXONTHEENDPRODUCT�4HEBOXCANBECONSTRUCTEDOFJUST
ABOUTANYMETAL�ALTHOUGHSTEELANDALUMINUMAREMOSTCOMMONLYUSED�

-OSTCOATEDPLASTICSDONOTPROVIDEGOODSHIELDINGBECAUSETHECOATINGS
ARENOTTRUEMETALS�BUTRATHERAMIXTUREOFSMALLMETALPARTICLESINANONCON
DUCTIVEBINDER�4HESERELATIVELYISOLATEDPARTICLESMAYAPPEARTOBEGOODBASED
ONADCRESISTANCEMEASUREMENTBUTDONOTPROVIDEADEQUATEELECTRONMOBILITY
TOYIELDGOODSHIELDINGEFFECTIVENESS�%LECTROLESSPLATINGOFPLASTICWILLYIELDA
TRUEMETAL ANDCAN THUSBEEFFECTIVEAS AN2& SHIELD�BUT IT ISUSUALLYMORE
EXPENSIVETHANTHECOATINGS�

!CONTIGUOUSMETALENCLOSUREWITHOUTANYHOLESORSEAMS�KNOWNASA
&ARADAYCAGE�PROVIDESTHEBESTSHIELDINGFORTHEGIVENMATERIALANDFREQUENCY�
7HENAHOLEORHOLESAREADDED�2&CURRENTSmOWINGONTHEOUTSIDESURFACEOF
THESHIELDMUSTTAKEALONGERPATHTOGETAROUNDTHEHOLETHANIFTHESURFACE
WASCONTIGUOUS�!SMOREhBENDINGvISREQUIREDOFTHESECURRENTS�MOREENERGY
ISCOUPLEDTOTHEINSIDESURFACE�ANDTHUSTHESHIELDINGEFFECTIVENESSISREDUCED�
4HEREDUCTIONINSHIELDINGISAFUNCTIONOFTHELONGESTLINEARDIMENSIONOFA
HOLE RATHER THANTHEAREA�4HISCONCEPT ISOFTENAPPLIEDWHEREVENTILATION IS
NECESSARY�INWHICHCASEMANYSMALLHOLESAREPREFERABLETOAFEWLARGERONES�

!PPLYINGTHISSAMECONCEPTTOSEAMSORJOINTSBETWEENADJACENTPIECESOR
SEGMENTSOFASHIELDEDENCLOSURE�ITISIMPORTANTTOMINIMIZETHEOPENLENGTH
OFTHESESEAMS�3EAMLENGTHISTHEDISTANCEBETWEENPOINTSWHEREGOODOHMIC
CONTACT ISMADE�4HIS CONTACT CANBEPROVIDEDBY SOLDER�WELDS�ORPRESSURE
CONTACT� )FPRESSURECONTACT ISUSED�ATTENTIONMUSTBEPAIDTO THECORROSION
CHARACTERISTICSOFTHESHIELDMATERIALANDANYCORROSIONRESISTANTPROCESSESAPPLIED
TOTHEBASEMATERIAL�)FTHEOHMICCONTACTITSELFISNOTCONTINUOUS�THESHIELDING
EFFECTIVENESSCANBEMAXIMIZEDBYMAKINGTHEJOINTSBETWEENADJACENTPIECES
OVERLAPPINGRATHERTHANABUTTED�

4HESHIELDINGEFFECTIVENESSOFANENCLOSUREISFURTHERREDUCEDWHENAWIRE
PASSESTHROUGHAHOLEINTHEENCLOSURE�2&ENERGYONTHEWIREFROMANEXTERNAL
lELDISRERADIATEDINTOTHEINTERIOROFTHEENCLOSURE�4HISCOUPLINGMECHANISM
CANBEREDUCEDBYlLTERINGTHEWIREWHEREITPASSESTHROUGHTHESHIELDBOUNDARY�
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'IVENTHESAFETYCONSIDERATIONSINVOLVEDINCONNECTINGELECTRICALCOMPONENTS
TOTHECHASSISORFRAMEINBATTERYPOWEREDVEHICLES�SUCHlLTERINGWILLUSUALLY
CONSISTOFASERIESINDUCTOR�ORFERRITEBEAD	RATHERTHANASHUNTCAPACITOR�)FA
CAPACITORISUSED�ITMUSTHAVEAVOLTAGERATINGANDLEAKAGECHARACTERISTICSTHAT
WILLALLOWTHEENDPRODUCTTOMEETAPPLICABLESAFETYREGULATIONS�

4HE"��AND"�IFAPPLICABLE	WIRESTHATSUPPLYPOWERTOCONTROLPAN
ELS�SUCHASANELECTRONICTHROTTLE�ORCONTROLWIRESSUCHASKEYSWITCH�DIRECTION�
ETC��SHOULDBEBUNDLEDWITHTHEOTHERCONTROLWIRESTOTHEPANELSOTHATALL
THESEWIRES ARE ROUTED TOGETHER� )F THEWIRES TO THE CONTROLPANEL ARE ROUTED
SEPARATELY�ALARGERLOOPAREAISFORMED�,ARGERLOOPAREASPRODUCEMOREEFlCIENT
ANTENNASWHICHWILLRESULTINDECREASEDIMMUNITYPERFORMANCE�

+EEPALLLOWPOWER)�/SEPARATEFROMTHEMOTORANDBATTERYLEADS�7HEN
THISISNOTPOSSIBLE�CROSSTHEMATRIGHTANGLES�

%,%#42/34!4)#$)3#(!2'%�%3$	

#URTIS0-#MOTORCONTROLLERSCONTAIN%3$SENSITIVECOMPONENTS�AND IT IS
THEREFORENECESSARYTOPROTECTTHEMFROM%3$�ELECTROSTATICDISCHARGE	DAMAGE�
-OSTOFTHESECONTROLLINESHAVEPROTECTIONFORMODERATE%3$EVENTS�BUTMUST
BEPROTECTEDFROMDAMAGEIFHIGHERLEVELSEXISTINAPARTICULARAPPLICATION�

%3$ IMMUNITY IS ACHIEVED EITHER BY PROVIDING SUFlCIENT DISTANCE BE
TWEENCONDUCTORSANDTHE%3$SOURCESOTHATADISCHARGEWILLNOTOCCUR�ORBY
PROVIDINGANINTENTIONALPATHFORTHEDISCHARGECURRENTSUCHTHATTHECIRCUIT
ISISOLATEDFROMTHEELECTRICANDMAGNETIClELDSPRODUCEDBYTHEDISCHARGE�)N
GENERALTHEGUIDELINESPRESENTEDABOVEFORINCREASINGRADIATEDIMMUNITYWILL
ALSOPROVIDEINCREASED%3$IMMUNITY�

)TISUSUALLYEASIERTOPREVENTTHEDISCHARGEFROMOCCURRINGTHANTODIVERT
THECURRENTPATH�!FUNDAMENTALTECHNIQUEFOR%3$PREVENTIONISTOPROVIDE
ADEQUATELYTHICKINSULATIONBETWEENALLMETALCONDUCTORSANDTHEOUTSIDEENVI
RONMENTSOTHATTHEVOLTAGEGRADIENTDOESNOTEXCEEDTHETHRESHOLDREQUIREDFOR
ADISCHARGETOOCCUR�)FTHECURRENTDIVERSIONAPPROACHISUSED�ALLEXPOSEDMETAL
COMPONENTSMUSTBEGROUNDED�4HESHIELDEDENCLOSURE�IFPROPERLYGROUNDED�
CANBEUSEDTODIVERTTHEDISCHARGECURRENT�ITSHOULDBENOTEDTHATTHELOCA
TIONOFHOLESANDSEAMSCANHAVEASIGNIlCANTIMPACTON%3$SUPPRESSION�)F
THEENCLOSUREISNOTGROUNDED�THEPATHOFTHEDISCHARGECURRENTBECOMESMORE
COMPLEXANDLESSPREDICTABLE�ESPECIALLYIFHOLESANDSEAMSAREINVOLVED�3OME
EXPERIMENTATIONMAYBEREQUIREDTOOPTIMIZETHESELECTIONANDPLACEMENTOF
HOLES�WIRES�ANDGROUNDINGPATHS�#AREFULATTENTIONMUSTBEPAIDTOTHECONTROL
PANELDESIGNSOTHATITCANTOLERATEASTATICDISCHARGE�

-/6�TRANSORBS�OROTHERDEVICESCANBEPLACEDBETWEEN"ANDOFFENDING
WIRES�PLATES�ANDTOUCHPOINTSIF%3$SHOCKCANNOTBEOTHERWISEAVOIDED�
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#URTISPROGRAMMERSPROVIDEPROGRAMMING�DIAGNOSTIC�ANDTESTCAPABILITIESFOR
THE����CONTROLLER�4HEPOWERFOROPERATINGTHEPROGRAMMERISSUPPLIEDBY
THEHOSTCONTROLLERVIAA�PINCONNECTOR�4WOPROGRAMMERSAREAVAILABLE�THE
0#0ROGRAMMING3TATION�����	ANDTHEHANDHELDPROGRAMMER�����	�4HE
0ROGRAMMING3TATIONHASFEATURESNOTAVAILABLEONTHEHANDHELDUNIT�ONTHE
OTHERHAND�THEHANDHELDPROGRAMMERHASTHEADVANTAGEOFBEINGMOREPORTABLE�
4YPICALLYTHE0ROGRAMMING3TATIONISUSEDTOSETUPTHEPARAMETERSINITIALLYAND
THEHANDHELDPROGRAMMERISUSEDTOMADEADJUSTMENTSINTHElELD�

4WOVERSIONSOFEACHPROGRAMMERAREAVAILABLE�THE5SERPROGRAMMERS
CANADJUSTONLY5SERACCESSPARAMETERS�WHEREASTHE/%-PROGRAMMERSCAN
ADJUSTALLTHEPARAMETERS�

(!.$(%,$02/'2!--%2�����	

4HE����PROGRAMMER IS EASY TOUSE�WITH SELFEXPLANATORY FUNCTIONS�!FTER
PLUGGINGINTHEPROGRAMMER�WAITAFEWSECONDSFORITTOBOOTUPANDGATHER

&IG�"� #URTIS����
HANDHELDPROGRAMMER�

"�
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INFORMATIONFROMTHECONTROLLER�&OREXPERIMENTINGWITHSETTINGS�THEPROGRAM
MERCANBELEFTPLUGGEDINWHILETHEVEHICLEISDRIVEN�

4HEBOOKMARKKEYSCANMAKEPARAMETERADJUSTMENTMORECONVENIENT�
&OREXAMPLE�INSETTINGTHETHROTTLEPARAMETERS�YOUMIGHTSETABOOKMARKAT
THElRSTOFTHESEPARAMETERS;0ROGRAMw4HROTTLE����=ANDANOTHERATTHERAW
THROTTLEREADOUT;-ONITORw4HROTTLE=�THISWAYYOUCANEASILYTOGGLEBETWEEN
THEREADOUTANDTHEPARAMETER�

4OSETABOOKMARK�PRESSONEOFTHETHREEBOOKMARKKEYSFORMORETHAN
TWOSECONDS�4OJUMPTOABOOKMARKEDLOCATION�PRESSTHEAPPROPRIATEBOOK
MARKKEYQUICKLY�FORLESSTHANTWOSECONDS	�

4HE BOOKMARK KEYS ALSO HAVE ANOTHER FUNCTION THAT MAKES PROGRAM
MINGEASIER�7HENSETTINGTHEVALUEOFAPARAMETER�YOUCANUSETHESEKEYSTO
ADJUSTTHEINCREMENTSBYWHICHTHEVALUECHANGES�WITH"OOKMARK+EY��THE
VALUECHANGES IN��DIGIT STEPSUPORDOWN�WITH"OOKMARK+EY�PRESSED�
THEVALUECHANGESIN���DIGITSTEPS�ANDWITH"OOKMARK+EY��IN����DIGIT
STEPS�WHICH�FORMOSTPARAMETERS�TAKESYOUFROMTHEMAXIMUMTOTHEMINI
MUM�ORVICEVERSA�



0#02/'2!--).'34!4)/.�����	

4HE0ROGRAMMING3TATIONISAN-37INDOWS��BITAPPLICATIONTHATRUNSONA
STANDARD7INDOWS0#�)TCANDOEVERYTHINGTHEHANDHELDPROGRAMMERCANDO�
ANDMORE�)TSADDITIONALCAPABILITIESINCLUDESAVING�RESTORINGSETSOFPARAMETERS
TO�FROMDISKANDUPDATINGSOFTWARE�)NSTRUCTIONSFORUSINGTHE0ROGRAMMING
3TATIONAREINCLUDEDWITHTHESOFTWARE�

02/'2!--%2-%.53

4HEPROGRAMMERSHAVESIXMENUS�

0ROGRAM�PROVIDESACCESSTOTHEINDIVIDUALPROGRAMMABLEPARAMETERS�

-ONITOR�PRESENTSREALTIMEVALUESDURINGVEHICLEOPERATION�THESEINCLUDEALL
INPUTSANDOUTPUTS�

&AULTS�PRESENTSDIAGNOSTICINFORMATION�ANDALSOAMEANSTOCLEARTHEFAULT
HISTORYlLE�

&UNCTIONS�PROVIDESACCESSTOTHECONTROLLERCLONINGCOMMANDSANDTOTHE
hRESETvCOMMAND�

)NFORMATION�DISPLAYSDATAABOUTTHEHOSTCONTROLLER�MODELANDSERIALNUMBERS�
DATEOFMANUFACTURE�HARDWAREANDSOFTWAREREVISIONS�ANDITEMIZATIONOFOTHER
DEVICESTHATMAYBEASSOCIATEDWITHTHECONTROLLER�SOPERATION�

0ROGRAMMER3ETUP�DISPLAYSDATAABOUTTHEPROGRAMMER�MODELANDSERIAL
NUMBERS�ANDDATEOFMANUFACTURE�

!00%.$)8"� 02/'2!--%2/0%2!4)/.�-%.53
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4HE0ROGRAM-ENUAND-ONITOR-ENUAREPRESENTEDHERE�&OR&AULTS�
SEETHE4ROUBLESHOOTING#HARTIN3ECTION��4HEOTHERTHREEMENUSARESELF
EXPLANATORY�

0ROGRAM-ENU �NOTALLITEMSAVAILABLEONALLCONTROLLERS	

0ARAMETERSARE LISTEDHEREINTHEORDERINWHICHTHEYAPPEARINTHE0ROGRAM
-ENUDISPLAYEDBYTHEPROGRAMMER�

 $RIVECURRENTLIMITIN-ODE��
 $RIVECURRENTLIMITIN-ODE��

 #URRENTLIMITDURINGREGENBRAKING�
 #URRENTLIMITDURINGPLUGBRAKING�

 ��NONE���7ALK!WAY ���%-BRAKE�
 6OLTAGEATAUXDRIVER�PIN��	DURINGlRST���SECOND�
 6OLTAGEATAUXDRIVER�PIN��	AFTERlRST���SECOND�

 $ELAYBEFORE%-BRAKEISAPPLIED�
 %NABLElELDBRAKING�TOSLOWVEHICLENEARZEROSPEED�

 3PEEDTHRESHOLDBELOWWHICHlELDBRAKINGOCCURS�
 -AXlELDCURRENTALLOWEDDURINGlELDBRAKING�
 3ETSHOWQUICKLYlELDCURRENTRISESDURINGlELDBRAKING�

 %NABLECONTROLLERTOATTEMPTTOSTOPVEHICLEBEFORE
LOCKING%-"AFTERMAINCONTACTORFAULT�

 4HRESHOLDSPEEDATWHICH%-"ISALLOWEDTOLOCK
DURINGAMAINCONTACTORFAULT�

 #ONVERSIONFACTORFORMOTORTOVEHICLESPEED�
 .UMBEROFPOLESINSPEEDSENSORMAGNET�

 -ODECHANGEALLOWEDAFTER+3)ACTIVATED�YES�NO	�
 3ETSCONDITIONSFORWARNINGSIGNALS�

 -AXIMUMFORWARDSPEEDIN-ODE��
 &ORWARDACCELERATIONRATEIN-ODE��
 &ORWARDDECELERATIONRATEIN-ODE��

 �OF-AIN#�,ATSTARTOFBRAKEMAP�-ODE��
 �OF-AIN#�,ATENDOFBRAKEMAP�-ODE��
 �OF-AIN#�,ATMIDPOINTOFBRAKEMAP�-ODE��

 6EHICLESPEEDATSTARTOFBRAKEMAP�-ODE��
 6EHICLESPEEDATENDOFBRAKEMAP�-ODE��

 -AXIMUMREVERSESPEED�
 2EVERSEACCELERATIONRATE�
 2EVERSEDECELERATIONRATE�

 �OF-AIN#�,ATSTARTOFREVERSEBRAKEMAP�
 �OF-AIN#�,ATENDOFREVERSEBRAKEMAP�

!00%.$)8"� 02/'2!--%2/0%2!4)/.�-%.53
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 �OF-AIN#�,ATMIDPOINTOFREVERSEBRAKEMAP�
 6EHICLESPEEDATSTARTOFREVERSEBRAKEMAP�
 6EHICLESPEEDATENDOFREVERSEBRAKEMAP�

 -AXIMUMFORWARDSPEEDIN-ODE��
 &ORWARDACCELERATIONRATEIN-ODE��
 &ORWARDDECELERATIONRATEIN-ODE��

 �OF-AIN#�,ATSTARTOFBRAKEMAP�-ODE��
 �OF-AIN#�,ATENDOFBRAKEMAP�-ODE��
 �OF-AIN#�,ATMIDPOINTOFBRAKEMAP�-ODE��

 6EHICLESPEEDATSTARTOFBRAKEMAP�-ODE��
 6EHICLESPEEDATENDOFBRAKEMAP�-ODE��
 4HRESHOLDABOVEWHICHREGENCURRENTDECREASES�
 4HRESHOLDBELOWWHICHDRIVECURRENTDECREASES�
 -IDPOINTVALUETHATSHAPESTHETHROTTLEMAP�

 6OLTAGEATWHICHTHROTTLECOMMANDBEGINS�
 6OLTAGEATWHICHTHROTTLECOMMANDISMAXEDOUT�

 6OLTAGEUNDERWHICHATHROTTLEFAULTOCCURS�
 6OLTAGEOVERWHICHATHROTTLEFAULTOCCURS�
 -INIMUMlELDCURRENT�FORWARDDIRECTION�-ODE��

 -INIMUMlELDCURRENT�REVERSEDIRECTION�
 -INIMUMlELDCURRENT�FORWARDDIRECTION�-ODE��

 0OSITIVEARMATURECURRENTATWHICHlELDMAPBEGINS�
 -IDPOINTVALUETHATSHAPESTHElELDMAP�

 -AXIMUMlELDCURRENTDURINGDRIVE�
 0OSITIVEARMATURECURRENTATWHICHlELDMAPENDS�

 .EG�ARMATURECURRENTATWHICHNEG�lELDMAPBEGINS�
 -IDPOINTVALUETHATSHAPESTHENEGATIVElELDMAP�

 -AXIMUMlELDCURRENTDURINGREGENBRAKING�
 .EG�ARMATURECURRENTATWHICHNEG�lELDMAPENDS�

 &IELDCURRENTDURING7ALK!WAY OPERATION�
 +EYSWITCHMUSTBEOFFATPOWERUP�YES�NO	�

0ROGRAM-ENU�CONT�D
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-ONITOR-ENU

)TEMSARELISTEDHEREINTHEORDERINWHICHTHEYAPPEARINTHE-ONITOR-ENU
DISPLAYEDBYTHEPROGRAMMER�

 3PEEDREADING�
 4HROTTLEREADING�AS�OFFULLTHROTTLE�

 6OLTAGEAT,OGIC0OWER�PIN��	�
 (EATSINKTEMPERATURE�IN�#�

 #ONTROLLEROPERATINGMODE�-ODE�OR-ODE��
 -OTORARMATURECURRENT�INAMPS�

 -OTORlELDCURRENT�INAMPS�
 -OTORARMATUREAPPLIEDDUTYCYCLE�AS��

 -OTORlELDAPPLIEDDUTYCYCLE�AS��
 0EDALINTERLOCKSWITCH�ON�OFF�

 +EYSWITCH�ON�OFF�
 &ORWARDSWITCH�ON�OFF�
 2EVERSESWITCH�ON�OFF�

 -ODESWITCH�ON�OFF�
 7ALK!WAY RELAYOR%-BRAKEATPIN���ON�OFF�

 -AINCONTACTORDRIVER�HIGH�LOW�

!00%.$)8"� 02/'2!--%2/0%2!4)/.�-%.53
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4HE����CONTROLLER�SPROGRAMMABLEPARAMETERSARELISTEDBELOWINALPHABETICALORDER
�BYPROGRAMMERDISPLAYNAME	�WITHREFERENCESPROVIDEDTOTHEPARAMETERDESCRIPTIONS
ANDTOTHEAPPROPRIATE4UNING'UIDEPROCEDURES�  

4HEPARAMETERSAREDESCRIBEDINDIVIDUALLYIN3ECTION��)TISIMPORTANTALSOTOREADTHE
TUNINGPROCEDURES IN3ECTION�� ASMANYPARAMETERS AREHIGHLY INTERDEPENDENTWITH
OTHERPARAMETERS�

.OTE�4HEBULLETEDPARAMETERS�s	ARENOTINCLUDEDINTHE4UNING'UIDE�THEINFORMA
TIONPROVIDEDIN3ECTION�ISSUFlCIENTFORADJUSTINGTHESEPARAMETERS�

!00%.$)8#� 0!2!-%4%2).$%8
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  ./-).!, !2-!452% &)%,$
  "!44%29 �-). �-).
 -/$%, 6/,4!'% 2!4).' 2!4).'
 .5-"%2 �VOLTS	 �AMPS	 �AMPS	
     

 ������88 ��n�� ��� ��

30%#)&)#!4)/.3�����#/.42/,,%2

.OMINALINPUTVOLTAGE ��6OR��6
07-OPERATINGFREQUENCY ��K(Z
%LECTRICALISOLATIONTOHEATSINK ���6AC�MINIMUM	

,OGICENABLEANDLOGICPOWERINPUT
  VOLTAGE�MINIMUM	 ����6
,OGICENABLEANDLOGICPOWERINPUT
  CURRENT�NOCONTACTORSENGAGED	 ���M!WITHOUTPROGRAMMER����M!WITHPROGRAMMER

,OGICINPUTVOLTAGE �����6(IGH�����6,OW
,OGICINPUTCURRENT ��M!

/PERATINGAMBIENTTEMPERATURERANGE ���#TO���#����&TO����&	
(EATSINKOVERTEMPERATURECUTBACK STARTSAT���# �����&	�CUTOFFAT���#�����&	
(EATSINKUNDERTEMPERATURECUTBACK ���ARMATURECURRENTAT���# ����&	

0ACKAGEENVIRONMENTALRATING )0�8
7EIGHT ���KG ����LB	
$IMENSIONS�,¾7¾(	 ���¾���¾��MM �����¾����¾����	


