EV-T6
EV-T6P

INSTRUCTIONS
TROUBLESHOOTING
STATUS CODES

PARTS PRICING/ORDER INFORMATION: 800-333-1194

FSl

FLIGHT SYSTEMS
INDUSTRIAL PRODUCTS






Table of Contents

ORDERING INFORMATION FOR EV-T6 MOSFET 5
EV-T6 ELEMENTARY 6

EV-T6 AND EV-T6P OUTLINE 7
EV-T6 ELEMENTARY (With Regen). 8
EV-T6P ELEMENTARY. 9
EV-T6P COMPONENT IDENTIFICATION 10
EV-T6 COMPONENT IDENTIFICATION 11
EV-T6 INTERNAL WIRING 12
EV-T6P INTERNAL WIRING 13

EV-T6 SPECIFICATIONS 15
BASICS OF CIRCUIT OPERATION 16
CONTROL FEATURES 17
HYDRAULIC CONTROL (EV-T6P) 21
GENERAL MAINTENANCE INSTRUCTIONS 23
TROUBLESHOOTING INSTRUCTIONS 24
STATUS CODES 25
COMPONENT TESTING 55
EV-T6 HANDSET 57

DASH DISPLAY 64




INSTRUCTIONS
EV-T6 MOSFET

@ GE Electric Vehicle

Systems

CONTROL

( GE Electric Vehicie

EV-T6 |

POWER MOSFET CONTROL

n O3
?DME%’
POWER CONNECTION PONTS

The information contained herein is intended to assist truck users and dealers in the servicing of Solid-State
controls furnished by the General Electric Company. It does not purport to cover all variations in equipment
nor to provide for every possible contingency to be met with installation, operation or maintenance.
Should further informativn be desired or should particular problems arise which are not covered suffi-
ciently for the purchaser's purpose, the matter should be referred to the vehicle manufacturer through his
normal service channels, not directly to the General Electric Company.



ORDERING INFORMATION FOR EV-T6 MOSFET

EV-T6 MOSFET CONTROL

EXAMPLE IC3645EVT6 1 TA XA A
ARGUMENT NO. 01 02 03 04

ARGUMENT NO. 01 -BASIC CATALOG NUMBER
ARGUMENT NO. 02 -OPERATING VOLTAGE
1 - 24TO48VDC
ARGUMENT NO. 03 -POWER BASE RATING
TA - TRACTION UNIT: 350 AMP C/L, 450 AMP PLUG
TB - TRACTION UNIT: 450 AMP C/L, 450 AMP PLUG
PC PUMP UNIT: 350 AMP C/L, 450 AMP PLUG
PD - PUMP UNIT: 450 AMP C/L, 450 AMP PLUG
ARGUMENT NO. 04 -OSCILLATOR CARD
XA - STANDARD TRACTION
XC - STANDARD TRACTION WITH BDI OPTION
XE - STANDARD PUMP
ARGUMENT NO. 05 -CURRENT CARD REVISION

A- - ASOF APRIL 1992
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EV-T6 COMPONENT IDENTIFICATION

Part Number Description Part Number Description
119, TP Diode Module, 3/4 REC 046...uneeenrnannn. Shield
007 ceiieeeceeene Transistor Module (02 RO Pot Adjustment Cover
008 wanaass Base 050 .. Logo Nameplate
009 ... Gate Bus Bar D067 e Spacer (NEG)
010 cereeeeeeene Transistor Bus Bar 1% . Spacer (T2)
QLY st amsins Bus Bar (P) (0153 U Spacer (Transistor Bus)
012 ceeineaens Bus Bar (NEG) 070 i Bolt, M6 x 1.0 x 14mm
13 Bus Bar (T2) 2.7/ Lock Washer, M4
QLA ... rmomnsiziiond Bus Bar (A2) 072 e Bolt, 1/4 - 20 x .625" Lg.
018 s Current Shunt Assembly Ol mnamaaa Flat Washer, 1/4"
1§ o . Heat Sink 074 ... Lock Washer, 1/4"
(0} b A Heat Sink Insulation 075 o Screw, M5 x .8 x 30mm
0 Front Bottom End Plate 076 e Screw, M4 x .7 x 8mm
019 .., Rear Bottom End Plate L0 )7 i Screw, M5 x .8 x 55mm
020 s Insulating Bushing ()7 S Screw, M5 x .8 x 20mm
153 [ Bus Bar 079 e Screw, MS x .8 x 14mm
022 iiisassainiiiss ‘Rear Top End Plate O iy Belleville Washer, .375"
A Flexible Bus (7.3 S Flat Washer, M5
024 ... Front Top End Plate (0137 Lock Washer, M5
D28 oo nviiiiss Bus Bar 083 e Screw, M8 x 20mm
028 o e minanieians Bus Bar L0127 SRS Flat Washer, M8
. Bus Bar 08S...cccocveunnnen... Lock Washer, M8
030 s Capacitor 086 ..eeeeeeeeeeanns Bolt, 1/4 - 20 x .44" Lg.
031 Logic Card 088 Bolt, M6 x 1.0 x 28mm
T #10-32 x .5" Lg. Sems Unit 089 e, Bolt, M6 x 1.0 x 20mm
038 e, #10-32 x .375" Lg. Sems 090 e, Flat Washer,M6
B9 samnam Flat Washer #10 0971 e Lock Washer, M6
040 oo Capacitor Mounting Clamp 1 12 7 SO Flat Washer, M5
OB s Top Cover 093 ..o Screw, #6-32 x .25" Lg.
O i Wire Harness 095 e Snubber
177 Nameplate 096 ..o Screw, M4 x 0.7 x 12mm
U8 s Mounting Clamp 097 e Lock Washer, M4
2. R —— Flat Washer, M4
099 Screw, M4 x 0.7 x 21mm
Note: Customer hardware kit — 44A727056-G02 to include Qtys. of parts 045, 083, 084

and 085 as indicated.
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EV-T6 SPECIFICATIONS

FEATURES

Voltage Range (VDC) ..nmeeeieeeeeeeeeeeeaeas 24/36/48 VDC
Mtr Current Limit (Option).......cccceceveeennneeee 450A

Mtr Current Limit (Option).......ccceeveeeeveennne 350A

1 Hour Rating (Amps) ... ciisismimssisiinms 220A

Max. Plug Current (Option) ..........eeeeeeeennenn. 450A

Max. Plug Current (Option)............cccceuun.... 350A

Axibient TEOPEIatine .. oviiisiionssimisinnis -40C +50C
Thermal Pratection . .uassssvissusssioss LINEAR 90C
Accelerator INPUt .......cc.oiiisisssicsassasiisasasss 5k-0,3.5v-0
Dimensions (HXLxW) .................. I - 96x254x161
REPAIL.cocvimivmmisimssssiaimisiossssipissasinis FIELD/RET
Power DEeviCe ...ccccviviieenreeeeeeeeeeeere e MOSFET
LBge i Card o nmmannsaisnismsisinsssiices MICRO
FLEQUENCY ..ottt aessaeens 5KHZ
Modulation v.couuaaviiiisieisssieniain TR PWM and FM
Creep Speed Adj......cccoeveeeeernineenecreneerenes 2-15%

Current Limit Adj .ccccceeeeneiniiiirireceeneeinees 100-Max
Controlled Acceleration Adj ........................ .1-22 SEC
Plugging Adj ...ccccoeveiiieeennineenineceeeeccrenaenes 200A-Max Plug
Pedal PR Al vanansamnnsinsmsin 100A-Max Plug
1A TIme Ad] eooveeeeeicreieiecie e C/A+ .2 SEC
Steer Pump Time Adj ...ccooovveevenenerneeeeens .5-63 SEC

Adj Method .....c.oooeveereieeecieeeeeeeeeeeeeeene SOFTSET
Bypass (1A) Operation ... s OF TIONAL
Arcless (1A) Bypass .....cceceeeeeeeeeeccneeecneennees UP TO Max C/L

Bypass (1A) Dropout.........ccccoeveevevrrnenneenne.. 300-1100A

Field Weakening.......c..coceeveernieeeiiinininneennns User Select
Regenerative Braking .........c.ciiiiniameins OPTIONAL
Chopping Drivers .. cersnrnsnesessssnsasses LN

On-Board Coil Suppressors ......................... YES

PMI cvcaisaisssnsmnnnimanemig YES

RO cscisnanusnsmsasn i v YES

Shorted 3REC Protection..............ccceeuuveeeee.. YES

Shorted Capacitor Protection ....................... YES

Controlled Capacitor Pre-Charge ................. YES

Low Current Control Switches..................... YES
Accelerator Volts Hold-Off ...........cccoreeunee. YES

Speed Limit (Variable) .....cccccocveeereeencercnnnncn. YES

Speed Limit C/A ........oovieeeeeeeeeeeeeee ADJUSTABLE
RAp Sk .o YES

Reversed Battery Protection......................... LINE CTR
DIAPHOBEEE ooy n s s g DISPLAY
Hourmeter ......ccccocveieeviveeencennneenn. RS TWO (wo Regen)
15 Stoved Status Codes wuinmnsenmsi OPTIONAL

Battery Indication ...........ccoeviiieeecciiieciece OPTIONAL



BASICS OF CIRCUIT OPERATION

The control is energized by plugging in the battery. A capacitor charging circuit charges
capacitors (1C) to battery volts in approximately 2 seconds. When thekey and brake switches are closed,
the control then makes the following start-up checks before the control is allowed to operate:

1) Insures that the voltage at T2 is between 12 percent and 88 percent of battery volts. This
checks for shorted forward, reverse, and 1A contactor drivers, shorted 3 REC and power
MOSFETs, welded forward,reverse, and 1A contactors.

2) Checks for open F and R switch inputs, Voltage at PB-3 and PB-4 should be 0 volts.

3) Checks for accelerator volts at PB-8 to be greater than 2.5 volts.

If all the above start-up checks are satisfied and if the capacitor 1C is fully charged, the line
contactor will close and normal vehicle operation can begin.

Selecting either forward orreverse direction will close the proper direction contactor completing
the power circuit to the drive motor. The card then supplies gate voltage to the power transistors, turning
them on. Current flows from the battery through the motor armature, motor field, power transistors back
to battery negative. When gate voltage at the transistors is removed, they turn off. During the off time,
the energy stored in the motor, by virtue of the motors inductance, will cause current to circulate through
the motor around the loop formed by 3REC providing what is called flyback current. The battery current
continues to flow from battery positive through 1C to negative during the entire off time due to the high
frequency of oscillation. The control converts battery current at battery voltage into a higher motor
current at lower motor volts. This is why measured motor current will be greater than battery current
except when control is operating at 100% on time.

The time for the next ON and OFF cycle to start is determined by the time the control card takes to
oscillate. This frequency of oscillation is controlled by the speed input signal in the accelerator and
automatic circuitry in the card. Slow speed is obtained by having maximum ohms or volts from the speed
input signal . As the resistance or voltage decreases, the speed of the motor increases. The transistor
circuit is capable of delivering approximately 100% battery volts . For full speed operation, the 1A
contactor is closed to apply full battery voltage across the motor.

Figure 1 and 2 show battery and motor current paths during the on and off times for a typical running
condition of 100 amps motor at 50% on time (half speed).

ON TIME OFF TIME

— 50 AMPS

50 ! + 1
P o —
T e ' WEC T T o Aseec
Azl
100 AMPS
50 AMPS
<« q

100 AMPS +—

FIG 1 FIG 2



CONTROL FEATURES

Oscillator - The oscillator section of the card has two adjustable features and one fixed feature. With
the accelerator at maximum ohms or volts, the creep speed can be adjusted by Function 2 of the Handset.
Top speed is fixed and is obtained with the accelerator at minimum ohms or volts. The % ON time has
arange of approximately 0 to 95 percent. The center operating condition of the oscillator is at 50 percent
ON time and a 50 percent OFF time. This
corresponds to the maximum control operat-
ing frequency. At creep the ON time will
decrease to approximately 5% while the OFF
MAXIMUM time will become in the order of 95% off. At

s
ST full transistor operation, this condition will be
reversed (short OFF time, long ON time).
This variation of ON and OFF time of the
oscillator produces the optimum frequencies
through the transistors range. The frequency
curve of the oscillator is shown in Figure 3.
Note that depending on the current rating of
MINIMUM - the control, the maximum operating frequency
5% 50% 95%

FREQUENCY
may change.

PERCENT ON TIME )
Plugging - slows the vehicle to a stop when
reversing, by providing a small amount of
" retarding torque for deceleration. The oscil-
Figure iy’ : x
3 lator circuit regulates braking at an adjustable
plug current limit level to bring the vehicle to
[ a smooth stop and reversal.

Pedal Position Plug - regulates plugging distance based on pedal position. Maximum plug current is
obtained with the accelerator in the top speed position.

Ramp Start - provides full control torque to restart a vehicle onan incline. The memory for this function
is the directional switch. When stopping on an incline, the directional switch must be left in its original
or neutral position to allow the control to assure full power when restarted.

Full Power Transition - provides smooth transition from control to 1A bypass. This is accomplished
by the control continuing to pulse until the 1A contactor power tips close.

Control Acceleration and 1A Time - allows for adjustment of the rate of time it takes for the control to
accelerate to 96% applied battery voltage to the motor on hard acceleration. The 1A contactor will

automatically close .2 seconds after the controlled acceleration stops and the accelerator input is less than
.5 volts or less than 50 ohms.

1A Current Dropout - can be set to open the 1A contactor if the traction motor is subject to excessive
currents. Once the control has dropped out the 1A contactor due to excess current, the directional or

accelerator switch must be returned to neutral to unlock the dropout circuit to allow the control to pick
up the 1A contactor again.



Accelerator Volts Hold-Off - checks the voltage level at the accelerator input whenever the key switch
or seat switch is activated. If the voltage is less than 2.5 volts the control will not operate. This is to insure
low speed operation at start up.

Static Return to Off (SRO) - Ifthe seat switch orkey switch is opened, the control will shut off and cannot
be restarted until directional lever is returned to neutral. A time delay of approximately 1.5 seconds is
built into the seat switch input to allow momentary opening of the seat switch if a bump is encountered.

Pulse Monitor Trip ( PMT ) - The PMT circuit will not allow the control to start if main transistors are
shorted or if the 1A contactoris we ed, (uncontrolled top speed conditions), the control will not allow
the F or R contactor to close.

The PMT circuit will shut down operation of the control ( opening of the F or R contactor ), if the main
transistors fail to shut off , or if 1A power tips remain closed when they should be open. When the PMT
circuit prevents F or R contactors from closing, the PMT circuit can be reset only by opening the key
switch.

Thermal Protector (TP) - These are temperature sensitive devices that are mounted on the transistors
heat sink and filter capacitors. If the transistors or capacitors temperature begins to exceed the desi gn
limits, the thermal protector will lower the maximum current limit and not allow the devices to exceed
itstemperature limits. Evenatareduced currentlimit, the vehicle will normally be able toreach sufficient
speed for full 1A operation, thereby allowing the panel to cool. As the panel cools, the thermal protector
will automatically return the control to full power.

Reverse Battery Protection - An external line contactor protects the control if the battery connections
are reversed. Proper operation will begin when the connections are corrected.

Shorted 3REC Protection - prevents the control from operating if the flyback diode (3REC)is in a
shorted condition

Shorted Capacitor Protection - prevents the line contactor from closing if the capacitors are shorted.

Controlled Capacitor Pre-Charge - prevents high in-rush current which could cause battery plug
damage.

Low Current Control Switches - can be used for the directional input switches, the only coil current
carrying switches are the key, brake, seat and start switches.

Coil Driver Modules and Coil Suppression - the drivers are internal to the logic card and are current
limited for short circuit protection. These drivers open or close these coils on command from the logic
card. This feature allows the use of 24 volt contactor coils on through the entire voltage range of the
control (24 voltsto48 volts) forthe F,R, 1A, FW, Line, Regen and SP contactors allowing the contactors
to operate cooler due to less current being applied to the coil after pick-up.

1A Thermal Hold Off - prevents the 1A contactor from closing when the truck is in severe thermal

cutback to avoid torque jumps. When the control goes into severe cutback, this feature will inhibit the
1A timer.



Low Voltage - Batteries under load, particularly if undersized or more than 80 percent discharged, will
produce low voltages at the control terminals. The control is designed for use down to 13V. Lower

battery volts may cause the control to not operate correctly; however the PMT will open the F and R
contactor when battery volts drop below 13 volts.

High Frequency Operation - This feature provides a bell shaped oscillation curve that ranges from
1KHZ at creep speed to SKHZ at mid-speed to 1KHZ at top speed. The high oscillation rate of the control
allows quieter operation, higher average motor current with lower peak motor currents, less ripple current
at the motor, and less motor heating.

Tip Bounce Timer and Arcless 1A - Tip Bounce Timer synchronizes the contactors and the power base
so that under normal operating conditions, the forward and reverse contactors do not make or break
current.

Under normal operating conditions, the 1A contactor makes current but does not have break current.
Arcless interruption greatly increases 1A tip life.

Top Speed (Motor Volts) Limit - provides a means to limit motor volts by a variable resistive input or
by limit switches opening between input points on the control card and negative and inserting a resistive
value. The lower motor volt limit always takes priority when more than one switch input is closed. This
motor volt limit affects top speed of the control, but actual truck speed will vary atany set point depending
on the loading of the vehicle.

Top Speed (Motor Volts) Limit Controlled Acceleration - when a speed limit switch is activated, a new

controlled acceleration rate may also be activated at that time. This new C/A rate is adjustable by the
handset.

Steer Pump Time Delay - provides two options for SP time delay. Option 1 providesa .5 to 63.5 second
time delayed drop out of the steer pump contactor when the Forward or Reverse directional switch is
opened. This is overridden by a 1.5 second time delayed drop-out whenever the seat switch is opened.

Option 2 provides a .5 to 64.5 second time delayed drop out of the SP contactor when the seat switch
1s opened .

Hours of Operation Storage - Two hourmeters ( only one hourmeter if the Regen option is used) record

hours of use of the traction control and one other circuit. These readings are displayed to the dash display
each time the key switch is turned off

Internal Resistance Compensation - isused when the Battery Discharge Indicator is present. Adjustment
of this function will improve the accuracy of the BDI.

Truck Management Module (TMM]I) - is a multi-function accessory card that provides the OEM the
ability to provide status codes or operator warning codes that will ‘be displayed on the dash display
whenever a normally open switch or sensor wire provides a negative signal to the card. Typically the
TMM1 can be used to display over temperature of motors, hydraulic systems or any other switch that
closes at the desired temperature. The TMM1 can also be used to monitor and display motor brush wear
warnings when the motor brushes require replacement.



Truck Management Module (TMM2) - is amulti-fenction accessory card that provides a horn alarm
circuit which blows the horn when the truck is left unattended without the park brake being set, and also
provides an external controlled acceleration adjustment for use by the operator.

15 Stored Status Code - furnishes a function register that contains the last 15 faults that shut down vehicle
operation (PMT type fault that is reset by cycling the key switch). The first of the 15 status codes will
be overwritten each time a new status code occurs. This register can be cleared from memory by using
the handset.

Field Weakening - Field weakening is amethod of attaining higher running speed for the vehicle inlevel
operation.

Regenerative Braking - is activated when the vehicle is moving and the directional lever is moved from
onedirection to the other. Thisinitiates a plugging signal by reversing the motor field. Once the generated
current reaches a particular current level, the plugging mode transitions to regenerative braking maode.
The control will remain in regenerative mode as long as the regen current can maintain regenerative
current limit. When the regener-ative current cannot be maintained and drops below the level set, the
regenerative braking mode transitions back to plugging mode. The major advantage of regen is longer
motor life due to reduced motor heating.

On-board Diagnostics - detects the system's current operating status which can be displayed to either
the Dash Display or the Handset. There are currently over 50 status codesthat are available with systems
using Traction controls and Truck Management Module (TMM). Along with the status code displayed
from the TMM, the logic card is capable of reducing the speed of the vehicle to alert the operator of a
critical fault condition.

Battery Discharge Indication - uses the latest in microprocessor technology to provide accurate battery
state of charge information and supplies passive and active warning signals to the vehicle operator.
Displays 100 to O percent charge
Display blinks at 20% charge
Disables pump circuit with 10% charge
Auto ranging for 36/48 volt operation
Adjustable for use on 24 to 48 volts

Handset - This is a multi-functional tool to be used with the EV-T6 controls. The Handset consist of
a Light Emitting Diode (LED) display and a keyboard for data entry.
Features and functions:

Monitor existing system status code for both traction and pump systems

Monitor intermittent random status code

Monitor battery state of charge

Monitor hourmeter reading on traction and pump systems

Monitor or adjust the control functions.



HYDRAULIC CONTROL ( EV-T6P ) - This hydraulic controller consist of the following fea-
tures:

Four speeds adjustable from 5% volts to full motor volts.
Fixed speeds actuated by switch closure to positive.

1 A bypass contactor ( if required )

Variable resistor input (5K-0 ohms).

PMT functions available with use of pump contactor.
Current limit and controlled acceleration adjustable.
Battery Discharge Indicator interrupt compatible.

Operation of voltage regulator card:

This card provides the basic functions required for controlling the EV-T6P pump control and op-
tional contactors and PMT functions. Battery positive is applied through a main control fuse to the
key switch, energizing the control card power supply input to PB1.

When the pump contactor is used, PMT operation is the same as outlined for the EV-T6 traction
controllers.

The four speed ( motor volts ) reference points PA3, PB2, PB3 and PB4 are selected by connecting
these points independently to battery positive.

The first speed is obtained by closing speed point 1, PA3, to control positive. Speed point 1 is
adjustable by function 11 to adjust motor voltage from 0 to full motor volts. The specified motor
volts will be regulated, however, the magnitude of motor current will vary depending on the loading
of the vehicle.

The second speed is obtained by closing speed point 2, PB2, to control positive. Speed point 2 is
adjustable by function 12 to adjust motor voltage from 0 to full motor volts.

The third speed is obtained by closing speed point 3, PB3, to control positive. Speed point 3 is
adjustable by function 13 to adjust motor voltage from 0 to full motor volts.

The fourth speed is obtained by closing speed point 4, PB4, to control positive. Speed point 4 is
adjustable by function 14 to adjust motor voltage from 0 to full motor volts. 1A will close .2 sec-

onds after C/A is reached control motor volts. Speed input 4 must be activated to enable the optional
1A contactor.

If more than one speed input is activated, the selected speed with the highest motor volts will over-
ride the low motor volt speed.

The current limit circuit is adjustable and operates the same as the traction current limit.

The controlled acceleration circuit is adjustable and operates the same as the traction circuit. Adjust-
ment range is from .1 to 5.5 seconds.



The variable resistor input will override the fixed motor volt limits set by the three adjustable speed
inputs. It will vary motor volts above the set limits up to full motor volts, and closes 1A as resis-
tance is decreased to less than 200 ohms.

The Battery Discharge Indicator ( BDI ) interrupt will disable the hydraulic controller if the connec-
tion at PB10 loses the 12 volt signal from the traction control. BDI interrupt can be disabled by
function 17. Select card type with or without BDI function.

The following are the input/output terminals for the pump control.

| = 5 S — Accelerator pot input
PA3 e SL1 input

3 = . OO SL2 input
PBI........c...ccc.......... Battery Positive

FAZ covssinsisssnsons Key input

B s o SL3 input

& < 7 R O SL4 input and 1A enable
PAI s BDI enable signal

552 - S PMT driver

PAG oo 1A driver
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The control should not be steam cleaned. In dusty areas, use low-pressure air to blow off the
control. In oily or greasy areas, a mild solution of detergent or denatured alcohol can be used

to wash off the control and then blow completely dry with low-pressure air. The control can also
be cleaned with Freon TF degreaser.

For the MOSFET panel to be most effective, it must be mounted against the frame of the truck.
The truck frame, acting as an additional heat sink, will give improved truck performance by

keeping the MOSFET control package cooler. The use of a heat-transfer grease (Dow Corning
340) is recommended.

Control wire plugs and other exposed transistor control parts should be kept free of dirt and paint
that might change the effective resistance between points.

CAUTION: The truck should not be plugged when the truck is jacked up and the drive
wheels arein a free wheeling position. The higher motor speeds can create excessive voltages
that can be harmful to the control.

Do not hipot (or megger) the control. Refer to control manufacturer before hipotting.

Use a lead-acid battery with the voltage and ampere hour rating specified for the vehicle. Follow

normal battery maintenance procedures, recharging before 80 percent discharged and with
periodic equalizing charges.




































































































































