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: GEK-40724C
OPERATING & MAINTENANCE

INSTRUCTIONS

MODELS EV-1A, EV-1B, EV-I1C, EV-1D
VOLTS 24-48, 48-84

EV-1* SCR CONTROL FOR EI.ECTRlC VEHICLES

CONTENTS

Page
What is an8CGR? ; : w v v %2 056 v 0 s v 5w 2
Photos:of Contral « v w v v v v m s ww v ow 2
Elementary Diagram . . . . . ... ... ... 3
Circuit/Operation. : &5 ¢ m ¢« v % s m s & © 5 @ 4
Control Features : w5 ¢ w e v % 2 w5 5 o § i 5
General Maintenance . . . . . ... .. ... 8
Trouble-shooting Instructions . . . . . . . .. 9

Arrangement and Identification of
Components w: ss soe amsms v @3 23
Wiring Diagramis « s w2 s s ¢ 6 @ 3 & @ § & 24

*Trademark of General Electric Company

The information contained herein is intended to assist truck users and dealers in the servicing of SCR control furnished
by the General Electric Company. It does not purport to cover all details or variations in equipment nor to provide for every
possible contingency to be met in connection with installation, operation or maintenance.

Should further information be desired or should particular problems arise which are not covered sufficiently for the -
purchaser’s purpose, the matter should be referred to the truck manufacturer through his normal service channels, not directly
to General Electric Company.

GENERAL @D ELECTRIC



GEK-40724 EV-1 SCR Control

WHAT IS AN SCR?

Since the heart of the control is a silicon
controlled rectifier (SCR), a general understanding
of the characteristics of the device will be helpful.
The SCR is a semi-conductor rectifier used as a
latching switch; i.e., it may assume either a
conducting or nonconducting state (On or Off).

CATHODE (PIGTAILT)

GATE

ANODE (STUD*)

The SCR can be turmmed On by a momentary
application of control current to the gate. To tum
it Off, it is necessary in addition to removing the . ;
turn-on signal from the gate, either to remove all Fig. 2. TYP’CQ’ contactor
power from the SCR or to apply momentary
reverse voltage between cathode and anode.

t Typical of SCR as used in GE control for electric
vehicles.

PHOTOS OF CONTROL

' Fig. 3. Typical accelerator switch with cover
Fig. 1. Typical SCR static panel removed
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@ HOURA METER
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HASH FILTER

Mote: A1 BROKEN LINES DENOTE ACCESSORIES
Bl EV-1 CONTACTOR COILS HAVE INTERNAL SUPPRE
Cl 4 M FILOMMODELS C AND D ONLY
01 ¢ ONREACTOR MODELS OMIT PRIMARY T1.T2

Fig. 4. Elementary diogram, General Eleciric

EV-1 control for typical sit-down truck.
Refer to the monufocturer's instruction book

for diagram for your specific truck.

CIRCUIT OPERATION
(SEE FIG. 4)

The control circuit 15 energized by closing the
Key switch, Seat switch, and moving the Forwand
or Reverse lever to either position and then
depressing the accelerator, thus closing the Start
switch, This applies power to the control card and,
if the static retum to OFF and pulse monitor trip
requirements are satisfied, tums on the PMT driver,
which will close the selected directional contactor,
completing the circuit to the traction motor,

The control card supplies a gate pulse to 2 REC,
tuming it on to a conducting state, allowing
current to flow from the battery through 1C, 2
REC, 1X, motor field, motor ammature, current
sensor, and back to the battery. After 1C charges,
2 REC shuts OFF due to lack of current. The
control card checks that 1C is charged and unlocks
the gates to 1 REC and 5 REC.

The control card then supplies a gate pulse to 1
REC, tuming it ON to a conducting state, allowing
current to flow from the batlery through 1 REC,
motor field, motor armature, sensor, and back to
the battery. 5 REC tums ON and allows current to
flow T4-T3, 1C, 1 REC, 5 REC back to T4-T3.
This current charges 1C positive (card terminal 7 is
now positive). This charge is now stored on the
capacitor until it is time to tum OFF 1 REC. This
charging cyele oceurs in less than 1 millisecond
{(0.001 seconds) and 5 REC shuts OFF.

Current continues to flow in 1 REC until the
control card tums ON 2 REC. When 2 REC
conducts, capacitor 1C discharges around the
circuit composed of 1C, 2 REC, 1X and 1 REC,
This discharge current opposes the battery current
through 1 REC until the resultant current is zero.

PEAK
00%= —— ™7 [ CURRENT

AVERAGE
WRI=T-I" 1~ 1T 1= cukren

CURRENT

O OFF ON OFF ON OFF
TIME

Fig. 5. BoMery current



With reverse voltage across 1 REC, 1 REC is turned
OFF. Current continues to flow in 1C, 2 REC,
motor and the battery loop until the capacitor
(card terminal 7) is fully charged negative. This
charge exceeds battery voltage by an amount
which is a function of motor current, and 2 REC
turns OFF. Figure 5 illustrates the pulsing of
current from the battery.

During the OFF time, the energy stored in the
motor, by virtue of its inductance, will cause
current to circulate through the motor around the
loop formed by 3 REC, thus providing what is
called ‘‘flyback current”. Figure 6 shows the
nature of the motor current, which is composed of
both battery current and the inductive flyback
current. It should be noted that the average motor
current measured will be greater than the average
battery current. The SCR control, in effect, con-
verts battery current at battery volts into a higher
motor current and a lower motor volts.

The time for the next On and Off cycle to start
is determined by the time that the control card
takes to oscillate. The oscillation times are con-
trolled by the potentiometer in the accelerator.
Slow speed is obtained by having maximum ohms
in the potentiometer. As the resistance in the

potentiometer decreases, the speed of the motor -

increases. With level operation, the SCR circuit is
capable of delivering approximately 85 to 90
percent speed. For full-speed operation, the 1A
contactor is closed to apply full battery voltage
across the motor.

CONTROL FEATURES

® OSCILLATOR — The oscillator section of the
card has two adjustable features, creep speed
and controlled acceleration, and one fixed fea-
ture, top speed.

o,
100% — AVERAGE

— CURRENT

CURRENT

ON OFF ON OFF ON OFF
TIME

Fig. 6. Motor current
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Fig. 7. Oscillator frequency curve

With the accelerator potentiometer at maximum
ohms, the creep speed can be adjusted with a
trimpot on the card. Top speed is fixed by card
design, and is obtained with the accelerator poten-
tiometer at minimum ohms.

The rate at which the oscillator may increase its
% ON time is limited by “Controlled Accelera-
tion”. The minimum time required to go from
creep speed to the 1A pickup point may be varied
by an indexed trimpot (C/A) on the card, adjust-
able from approximately 0.5 seconds to 1.0
seconds.

The % ON time has a range of approximately 5
to 95 percent. The center operating condition of
the oscillator is at 50 percent ON time with a
nominal 1.7 milliseconds ON time and 1.7 milli-
second OFF time. This corresponds to a maximum
operating frequency of about 300 hertz. At creep
the ON time will decrease to approximately 0.8
milliseconds while OFF time will become in the
order of 20 milliseconds. At full SCR 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 SCR range. See Fig. 7.

® CURRENT LIMIT — This circuit monitors
motor current by utilizing a sensor in series with
the armature. The information detected across
the sensor is fed back to the card so current may
be limited to a- maximum safe value. If heavy
load currents are detected, this circuit overrides
the oscillator and limits the average current. An
indexed trimpot for the current limit (C/L)
adjustment is provided to maintain the peak
voltage on the capacitor within its rating when
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used on high source inductance and/or low
motor resistance applications. Because of the
flyback current through 3 REC, the motor
current usually runs 2 to 3 times the battery
current. The (C/L) trimpot adjustment will
produce little or no variation of battery current
when used with high resistance motors.

® PLUGGING — Slowdown is accomplished when
reversing by providing a small amount of retard-
ing torque for deceleration. If the vehicle is
moving and the directional lever is moved from
forward to reverse, the motor field is reversed,
the motor armature is driven by the inertia of
the vehicle and acts as generator. This generated
current passes through 4 REC and the current
sensor. When the plug signal is initiated, the
oscillator circuit regulates at a plug current limit
level as set by the Plug trimpot on the control
card. This controls the pulse rate of 1 REC to
regulate the generated motor current and bring
the truck to a smooth stop and reversal.

® RAMP START — This feature provides SCR
torque to restart a vehicle on an incline. The
memory for this function is the directional logic
in the card. When stopping on an incline, the
Directional switch must be left in its original or
OFF position to allow the control to assume full
power when restarting in the same direction.
The “C/L” trimpot affects this torque.

e FULL-POWER TRANSITION — This built-in
feature provides smooth transition from SCR to
1A bypass. This is accomplished by the SCR
continuing to pulse until the 1A contactor
power tips close.

® 1A CONTROL — The 1A contactor has 6 modes
of control:

1. DEMAND PICKUP (fixed feature of the
card) — If the oscillator has attained a %
ON time equivalent to a motor voltage of
80 to 85 percent of the available battery
volts, the 1A contactor will automatically
pick up. The 1A switch in the accelerator is
not necessary for this function. On “H3”
cards, this feature may be eliminated by
adding a jumper from R9 to R4.

2. TIMED PICKUP — This feature works with
the 1A switch in the accelerator. The
time-delay pickup of 1A is provided by a
circuit in the card. This feature allows 1A
to be picked up after a time delay without
reaching the demand point, and is normally
used to apply full power at near stall

conditions. This time delay is adjustable by
means of a 1A time trimpot on the card.

3.1A THERMAL HOLDOFF — This feature
prevents the 1A contactor from closing as a
function of time when the truck is in severe
thermal cutback to avoid torque jumps.
When a truck starts to go into thermal
cutback, the 1A time will rapidly increase
to infinity as the control goes deeper into
thermal cutback. On “E’ and later cards,
this feature may be eliminated by adding a
jumper from R2 to R4.

4.1A CURRENT HOLDOFF — This feature
is obtained by not wiring in the 1A switch
in the accelerator. 1A will not pick up until
the vehicle can accelerate to a point where
the demand pickup will close the 1A
contactor.

5. 1A PLUGGING HOLDOFF — This built-in
feature is designed to prevent 1A closure
anytime during plugging.

6. 1A DROPOUT (1A DO) — This adjustable
feature can be set to open the 1A contactor
if the traction motor is subjected to exces-
sive currents. The dropout is adjustable
with the (1A DO) trimpot. The directional
or Accelerator switch must be returned to
NEUTRAL to unlock the dropout circuit.
Using this feature will reduce the 1A
contactor tip life, thus it should be used
only where needed to protect the motor.

® PULSE MONITOR TRIP — This function con-
tains three features: The look ahead, the look
again, and the automatic look again reset.

If 1 REC is shorted or 1A is welded, PMT will
look ahead and prevent F or R from closing if
either condition exists.

If 1 REC fails to commutate, or if 1A power tips
remain closed when they should be open, the
control will open F or R contactor. PMT will then
look again by testing for a fault and, if none,
reclose F or R. If the fault still exists, the F or R
will reopen and remain open.

If 1A closes before a second commutation
failure, the look again counter will automatically
reset. This eliminates the inconvenience of reset-
ting the PMT with the key switch if the tripping is
due to random noise.

When the PMT circuit prevents F or R from
closing, the PMT circuit can be reset only by
opening the Key switch.
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® STATIC RETURN TO OFF — This built-in | Nt
feature of the control requires the operator to
return the directional lever to NEUTRAL any-
time he leaves the vehicle and returns. If the
Seat switch or Key switch is opened, the control
will shut off and cannot be restarted until the
Directional switch is returned to NEUTRAL. A
time delay (0.5 seconds) is built into the Seat
switch input to allow momentary opening of the
Seat switch. This same delay requires the Direc-
tional switch not be closed until both the Key 'Y 3
switch and the Seat switch have been closed for e 1AD
0.5 seconds. 9
NEG

LA

o>
o FWD

® TIP BOUNCE TIMER — After F or R are closed
or 1A opens, the oscillator card checks that the Fig. 8. FW with current 1A holdoff
capacitor has been charged by 2 REC, thé
battery volts appear across 1 REC, and an functions to operate, the 1A switch has to be
interval of time has elapsed before 1 REC and 5 rewired per Fig. 8.

REC can be gated.
® LOW VOLTAGE — Batteries under load, partic-

® COIL DRIVE MODULES — These modules are ularly if undersized or more than 80 percent
typically located on the contactor portion of the discharged, will produce low voltages at the SCR
control. They are the power devices that operate control terminals. The EV-1* control is designed
F, R, 1A and FW contactor coils. These modules for use down to 50 percent of the nominal
pick up or drop out these coils on command battery volts. Low battery volts may cause the
from the control card. All modules are equipped control to not operate correctly but the PMT
with reverse battery protection so that if the should open the F or R contactor in the event of
battery is connected incorrectly, none of the a commutation failure.

contactors controlled can be closed electrically. G EHSSORIE S Other Tine ionsNandl e ouip:

e THERMAL PROTECTOR (TP) — This tempera- ment available with SCR control for electric
e T vehicles and their instruction references are:
heat sink. If the 1 REC temperature exceeds IC3645 System Analyzer GEK-40725
design limits, the thermal protector will lower IC3645 Pump Time Delay GEK-73400
the maximum current limit and not allow 1 REC IC4482 Contactors GEH-4469
to exceed its temperature limits. Even at a I1C4484 Auxiliary Plugging Control GEK-64881
reduced current limit, the vehicle will normally 1C4484 Battery Discharge Indicator GEK-73401
be able to reach sufficient speed for full 1A 1C4484 Dual Motor Control GEK-64882
operation, thereby allowing the panel to cool. I1C4485 Accelerator Switch GEH-4470

As the panel cools, the thermal protector will
automatically return the control to full power. ® OSCILLATOR CARD CHANGES

® FIELD IWIEAKE}i\HN(f} (lgptionl?}) — If the thitcée @ (Descriii?itl:)fspage 8)
is supplied with a field weakening circuit, the
FW PU and FW DO trimpot adjustments will be e A BRI BRI R
on the SCR control card. Field weakening is a  OSC1A3 24-48 | Yes | X | X | X X | X
method of attaining higher running speed for the A4 48-84 | Yes XX XX
vehicle in level operation. The normal settings B3 24-48 | No XX XX
for this feature are: pickup of FW contactor B4 48-84 | No XXX [|X[|X
from 125 to 150 percent of normal full-load C3 24-48 | Yes X* X
running current (1A), and dropout of FW D3 24-48 | No X* X
contactor from 275 to 300 percent current. The E3 24-48 | Yes
dropout puts the motor back to the 1A range to E4 48-84 | Yes
climb ramps and inclines. F4 48-84 | No

H3 24-48 | No X

® W WITH 1A CURRENT HOLDOFF — The 1A
switch in the accelerator has to close to allow  *Only on cards up to Rev. B-2 (see card name-
the FW circuit to operate. To allow the two plate)
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® OSCILLATOR CARD CHANGE FEATURES

1. Optional reduced current limit.
Adding a connector from R1 to R2 will
reduce motor current (by about 50 amperes
when used with the EV-1B control.)

2. Low thermal cutback.
Reduction in current limit is adequate only
when the panel is mounted on a good heat
sink. 1A thermal holdoff occurs at a low
temperature. The low temperature thermal
protector (group 1) must be used with this
card.

3. No PMT look again reset.
The PMT look again counter will not reset
when 1A closes.

. Motor current output signal location.

IM Output is located at R2 instead of L6.

. 1 REC synch circuit.

1 REC synchronizing circuit shuts off 1 REC
gate pulse causing failure to gate 1 REC with
certain motors.

. Non-optional 1A thermal holdoff.

The provisions for disabling 1A thermal hold-
off by adding a connector from R2 to R4 is
not available.

. Optional no 1A on demand and soft ramp

start. Adding a connector from R9 to R4
softens the initial torque on ramp start on
some applications, and also prevents 1A from
picking up on demand.

GENERAL MAINTENANCE INSTRUCTIONS

The SCR control, like all electrical apparatus,
does have some thermal losses. The semiconductor
junctions have finite temperature limits above
which these devices may be damaged. For these
reasons, normal maintenance should guard against
any action which will expose the components to
excessive heat, such as steam cleaning; or which
will reduce the heat dissipating ability of the
control, such as restricting air flow.

The following DO’S and DON’TS should be
observed:

® Any controls that will be used in ambients of
100 F (40 C) or over should be brought to the
attention of the truck manufacturer.

® All external components having inductive
coils must be filtered. Refer to vehicle manu-
facturer for specifications.

® 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.

tRegistered trademark of the E.|. duPont de Nemours & Company

® [or the SCR panel to be most effective, it

must be mounted against the frame of the
truck. The truck frame, acting as an addi-
tional heat sink, will give improved truck
performance by keeping the SCR control
package cooler. The use of a heat-transfer
grease (Dow Corning 340) is recommended.

Terminal boards and other exposed SCR
control parts should be kept free of dirt and
paint that might change the effective resist-
ance between points.

CAUTION: The truck should not be
plugged when the truck is jacked up
and the drive wheels are in 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. Unless
the terminals of each semiconductor and card
are connected together, the control may be
damaged. 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 proce-
dures, recharging before 80 percent dis-
charged and with periodic equalizing charges.
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TROUBLE-SHOOTING INSTRUCTIONS

The pulsing of the main SCR is too fast for
conventional instruments to measure. When the
control is functioning properly, a low hum can be
heard.

Malfunctions of the SCR will generally fall into
one of two categories. They are either no power
(Table 1) or full power (Table 2), when operating
in the SCR control range.

These simple and easy-to-follow tables outline
the various symptoms and the corrective action to
be taken.

The same device designations have been main-
tained on different controls but the wire numbers
may vary. Refer to the elementary and wiring
diagrams for your specific control. The wire
numbers shown on the elementary diagram will
have identical numbers on the corresponding
wiring diagrams for a specific truck, but these
numbers may be different from the numbers
referenced in this publication.

WARNING: Before trouble-shooting,
jack up wheels, disconnect the battery
and discharge capacitor 1C. Recon-
nect the battery as needed for the
specific check.

If capacitor 1C terminals are not accessible,
discharge capacitor by connecting from SCR POS
terminal to 2 REC anode. Check resistance on
RX1000 scale from frame to SCR power and
control terminals. A resistance of less than 20,000
ohms can cause misleading symptoms. Resistance
less than 1000 ohms should be corrected first.

Before proceeding, visually check for loose
wiring, maladjusted linkage to accelerator switch,
signs of overheating of components, etc.

Tools and test equipment required are: (a) 6-volt
lamp, 6-volt battery, two Al4 diodes (1 Amp
400V), clip leads, volt-ohm meter (20,000 ohms
per volt) and general hand tools, or (b) EV-1
System Analyzer, volt-ohm meter (20,000 ohms
per volt) and general hand tools. If the system
analyzer is used, refer to the analyzer instruction
book.

Note: To test an EV-1 Model D, 1
REC, use a 12-volt battery and test
lamp.

FUNCTION OF EV-1 CARD TERMINALS FOR IC36450SCIE3 AND E4 CARDS

TERMINAL | DESCRIPTION | CONDITION VOLTS
(Voltage measurements with respect to negative, SCR power terminal.) NOMINAL THRESHOLD t
E3 E4
L1 Not presently used
L2 Not presently used
L3 Card power supply input Key open 0 4.1 4.1
must be low to satisfy Key closed BV
PMT reset.
L4 SRO Input. When used Key or seat open 0
ignores open switch Key and seat closed BV
between L4 and L5.
L5 Accelerator Start and Brake | Key, seat, brake, or start 0
switch input. Must be high open.
after L3 and L7 are at
battery volts for over 0.5 Key, seat, brake, and start BV
seconds and while L9 and closed.
L10 are low to complete
SRO logic. Key, seat, and direction 0.07 BV (E3) 4.1 18
closed. 0.17 BV (E4)
Key and seat closed, start 0.9 BV (E3) 4.1 18
and direction open. 0.5 BV (E4)

FThreshold is the voltage *+ approx. 5% below which the logic is the same as for zero volts.
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TERMINAL | DESCRIPTION CONDITION VOLTS
- NOMINAL THRESHOLD +
E3 E4
L6 Motor current sensor output | No current 1.8
500 Amps average motor 3.3
current model “B”’
L7 Seat switch input Key open 0 8.2 19
Key and seat closed. BV
L8 Not presently used
L9 Direction switch input from | Key open 0
positive side of “F” coil. Key, seat, start, brake and BV 8.2 19
direction “F”’ closed.
L10 Direction switch input from | Key open 0
positive side of “R” coil. Key, seat, start, brake and BV 8.2 1.9
direction ‘R’ closed.
R1 Card power supply Key off 0
Key on 8.2
R2 1A thermal holdoff control | Key on, cold T/P 0
jumper to R4 to disable 1A | Key on, thermal cutback 0.66 or more
thermal holdoff.
R3 Output to PMT Driver Key off 0 Volts
Key, seat, start, brake and 5-10 milliamps|
direction selected. See
Note 1.
R4 Common return to card for | Key off, use VOM and read | Less than
accelerator pot and 1A from TBR4 to ‘‘Neg.” 1 ohm
switch
R5 Accelerator pot input Key on and accelerator at 3-4
“‘creep”’.
Key on and accelerator at 0-.2
top speed.
R6 1A switch input Key on, 1A switch open 8
Key on, 1A switch closed 0 2.0 2.0
R7 % ON time output. See Creep speed 22
Note 2. Top speed 6.2
R8 1A driver output 1A contactor open 0 Volts
Top SCR Speed. See 5-10 milliamps|
Note 1.
R9 FW driver output FW contactor open 0 Volts
1A closed high speed. 5-10 milliamp
See Note 1. SI
R10 Plugging output logic Not plugging mode. 0 Volts
Plugging mode. 8 Volts

NOTE 1:

NOTE 2: If B card is used, remove wire to R7 when checking voltage.

+Threshold is the voltage * approx. 5% below which the logic is the same as for zero volts.

Connect milliammeter from terminal to R4. If contactor picks up during this test replace driver. If
zero milliamps open lead and recheck to eliminate possible driver short from terminal 1 to 2.
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ALL TESTING SHOULD BE DONE WITH TRUCK JACKED UP.

TABLE 1

FAILURES WHICH CAUSE REDUCED OR NO MOTOR TORQUE
WITH SCR CONTROL

Trouble-shooting is based on using the voltmeter
to determine if the proper voltages are available to

table pages 9 and 10 for theshold voltages. Check
for leakage in switches if voltage is close to the

permit the control to operate properly. Refer to threshold.
SYMPTOM PROBABLE CAUSE
1A. Contactors do not pickup. No control voltage ® Check power and control fuses.

from positive to negative.

Check battery for low specific gravity and
connections for looseness or broken fittings.

1B. Contactors do not pickup. Control volts
present from positive to negative with proper
polarity.

Plug in battery with Key switch OFF. Volts on
L3 should be less than 4 volts.

Close Key switch.

Check volts at T2 (pin 10). Should be about
50% of battery volts. Above 70% locks out 1
REC. (Control card contains a 10 K bridge from
pin 5 to L3 and pin 6). If near battery volts,
check for shorted 1A tips or a shorted 1 REC. If
near zero volts, check for shorted 3 REC. (4G).

Close Brake, Start switches (all switches needed
to close F or R contactor except the Direction
switch). Volts on L3, L5, L7 should be battery
volts. Volts on L9 and L10 should be near zero.
Wait for one second, then close FORWARD
Direction switch. Volts at L10 should remain
near zero. Volts at L9 and L9 side of F coil
should be battery volts. If not, check wiring and
switches.

Connect milliammeter (10 ma scale) from R3 to
R4. Should read 5-10 milliamps. If not, open
Key switch, open lead from R3 to PMT driver,
reclose all switches except Direction switch, wait
over one second and close FORWARD Direction
switch. If reading is not 5-10 milliamps, replace
control card. If reading is good, the coil or
wiring to the PMT driver is open or the PMT
driver is defective. Check driver. (4E)

1C. Contactors close. NO power and NO SCR hum
with accelerator in SCR range.

Check volts at SCR positive.
Should be battery volts. If not, check power
fuse.

Check volts at T2. Should be zero. If not, check
volts at S1, S2, Al, and A2 to locate open
circuit.

11
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SYMPTOM

PROBABLE CAUSE

1C. Contactors close. NO power and NO SCR hum
with accelerator in SCR range.
(Cont’d.)

Check volts at R5. Should be 3-4 at creep
reducing to 0.2 or less at top speed. If R5
remains about 4 volts, check accelerator. If R5 is
zero, check volts at R1. Should be 8-8.5 volts. If
R1 is above 10 or near zero and L3 is battery
volts, replace control card and check PMT driver
for short. (4E)

Check volts at R7. Should be 2-2.5 when Key
switch closed. When F or R contactor is closed
and accelerator depressed, should increase to
about 6.2 volts. If remains near 2 volts, check
volts at 1C (grey wire or 2 REC anode). If more
than 0.125 BV, check if 2 REC will gate on.
(4G) If less than 0.125 BV, check if 1 REC will
gate on. (4G) Check current sensor green lead to
card input pin 13.

® Check 23 FIL for shorted resistor.

® Replace control card. (4A)
1D. Contactors close. Little or no power. Normal ® Check 3 REC for open circuit. (4H)
SCR hum. ® Check 4 REC for short. (4H)
® Check for open thermal protector. (4J)
1E. Contactors close. Little or no power. Abnormal ® Check 2 REC for short. (4G)
O fpimal e Check 5 REC for short. (4G)
@ Check 22 REC and 25 REC. (4M)
Note: A 25 REC which checks good
with an ohmmeter can cause a mis-
operation of 5 REC under load, and
can cause 1A to close on demand at
lower than normal motor volts.
1F. Contactors close. Little power. No SCR hum. ® Check 1C for low resistance (4B).
1G. One contactor closes with normal operation ® (Close Key, Brake, Start switches (all switches
but opposite contactor will not close. needed to close F or R contactor except the
direction switch.) Volts on L9 and L10 should
be near zero. Wait for one second, then close
Direction switch in the direction that contactor
will not close. Volts at other direction input (L9
or L10) should remain near zero. Volts at
non-closing direction (L9 or L10) and top of
coil should be battery volts. If not, check wiring
and switches.
® Close switches as above.
Check volts at negative side of coil or corre-
sponding terminal of PMT driver. Zero volts
indicates open coil, battery volts indicates open
driver. (4E)
@ Replace control card. (4A)
1H. PMT trips after operating in 1A and accelera- ®

tion is returned to SCR range.

Check for cause of long 1A dropout time, i.e.,
defective 1A driver, low resistance in 1A filter,
shorted turns in 1A coil, or low voltage coil.
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TABLE 2

FAILURES WHICH CAUSE FULL MOTOR TORQUE WITH SCR CONTROL

SYMPTOM

PROBABLE CAUSE

2A. Contactors close. Full SCR speed immediately

with audible hum. NO PMT trip.

Key switch on.
Check volts at R5. Should be 3-4 volts at creep
position. If near zero, check Accelerator poten-
tiometer. (4D)

Replace control card. (4A)

2B.

Contactors close once or twice and then remain
open. PMT trips.

Check 5 REC for open circuit or open gate. (4G)
Check 1C for open and connections. (4B)

Check 1C for dead short. (4B)

Check 5 REC for short.

Check 2 REC for short.

Check 1X choke and transformer T3-T4. (4N)

Replace control card. (4A)

2C.

Contactors close. Stall currents, under SCR
operation, higher than normal and uncon-
trollable with C/L trimpot. Contactors may
open once or twice and then remain open.

Check current sensor yellow lead from negative
end of sensor to card input pin 14.

Replace control card. (4A)

13
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TABLE 3

MISOPERATION OF OTHER FEATURES

SYMPTOM

PROBABLE CAUSE

3A. 1A or FW contactors close with Key switch.

Check drivers for short from terminals 2 to 3 by
disconnecting wires to terminal 1 on the driver.
(4E)

Check resistance from R4 to SCR negative. If
not zero, the control card has been damaged,
probably by a high-current input to R4 burning
open a run on the card. Check for possible
shorts and improper leads being connected to
this terminal. Normally only the accelerator pot,
1A switch from R6, and B card use R4 as a
negative.

Replace control card. (4A)

3B. F or R will close without returning Direction

switch to OFF.

Check location of LL5. Any open switch between
L5 and Direction switch will satisfy SRO.

Open lead from R3 to driver. Close switches
normally used to close F or R. If F or R close,
replace driver.

Reconnect lead from R3. Close Key switch only.
Volts at L3 should be BV, volts at L5, L7, L9,
L10 should be near zero. Close Seat, Brake and
Direction switches. Volts at L7 should be BV.
Volts at L5 should be about 0.07 BV (0.17 BV
on E4 card). If near 4.1 volts, (18 on E4 card)
check Start switch leakage. Close Start switch. If
contactor picks up, replace control card. (4A)

3C. PMT does not open F or R contactor.

Operate traction drive.
Jumper R3 to R4. If contactor does not drop
out, replace PMTD driver.

Operate traction motor in low speed SCR range.
Be sure wheels are turning freely. Push 1A tips
closed manually. F or R should open. If not,
replace control card. (4A)

3D. 1A will not close at run (percent pickup).

14

Connect a milliammeter from R8 to R4. Should
read 5-10 milliamps when 1A should be closed.
If near zero, see later steps for improper inputs
or control card. Check volts at terminal 3 of 1A
driver. Should be battery volts decreasing to
about 2 volts when 1A should be closed. If near
zero, check coil and wiring to terminal 3. If
remains battery volts, check wiring from R8 to
terminal 1 and terminal 2 to negative, then
replace 1AD driver.
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SYMPTOM

PROBABLE CAUSE

3D. 1A will not close at run (percent pickup).
(Cont’d.)

If milliamps from R8 to R4 are near zero when
1A should be closed, open lead from R8 to 1A
driver and recheck. If now good, there is a
wiring short to negative in the lead from R8 or
defective driver. (4E)

Check volts at R7. Should be greater than 6 at
top speed. If less than 5.7 volts, 1A will not
close on demand. Check volts at R5, should
reduce to less than 0.2 volts at top speed. If over
0.2 volts, check accelerator. If less than 0.2
volts, check that creep trimpot is not turned too
far CCW.

Check continuity of violet wire from T2 to pin
10.

Replace control card. (4A)

3E. 1A will not close at SCR stall (time pickup).
(Check truck diagram to see if 1A switch closes

card circuit R4 to R6.)

Check 1A switch circuit. Key switch on. Volts at
R6 should drop to less than 2 volts when 1A
switch is closed.

Check volts at orange lead to TP. If volts are
above 1.6 (0.06 on OSC1A and OSC1B cards),

control is in thermal cutback. Allow to cool, and
recheck 1A function.

Turmn 1A trimpot fully CCW and recheck.

Check continuity of violet wire from T2 to pin
10.

Replace control card. (4A)

3F. 1A will not open until start switch is opened.

Check volts at R6. Should be near 8 volts when
1A switch is open. If not, check wiring and 1A
switch.

3G. FW contactor will not close after 1A pickup.

Check volts at R6. After 1A contactor closes,
this point must be less than 2 volts. If not, check
1A switch and wiring.

Open lead to R9 and connect milliammeter from
R9 to R4. When control signals FW to pick up,
should read 5-10 milliamps. If remains at zero,
turn FW PU trimpot fully CW and recheck. If
remains zero, replace control card. (4A) If reads
5-10 ma, reset FW PU trimpot. (6)
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GEK-40724 EV-1 SCR Control

SYMPTOM

PROBABLE CAUSE

3G.

FW contactor will not close after 1A pickup.
(Cont’d.)

® Reconnect lead to R9 and check volts at R9

when FW should pick up. If near 8 volts, check
lead from R9 to terminal 1 of FW driver and R2
to negative for open, then replace driver. If
about 2 volts, check volts at terminal 3 of FW
driver. Should be battery volts dropping to 2
volts or less when FW should pick up. If volts
are near zero, check wiring from positive to FW
coil, FW coil, and wiring to terminal 3 of FW
driver. If volts remain greater than four volts,
replace driver.

3H.

FW contactor will not drop out with increasing
load.

Check dropout setting on card. (6)

Replace control card. (4A)

3J.

Stiff plug.
Severe reversal.

Check plug adjustment setting on card. (6)
Check 4 REC for open circuit. (4H)

Replace control card. (4A)

3K.

Very soft reversal.

Check plug adjustment setting on card. (6)

Replace control card. (4A)

3L. Blown power fuse. Check 3 REC for short. (4H) (Possible damage
Very hot power cables. also to 1 REC and transformer module.)
3M. Hourmeter feeder faults:

(1) Pump contactor closes when either F or R
direction is selected.

(2) One direction okay; opposite direction
picks up both F and R.

(3) Either direction selected picks up both F
and R.

Diode shorted 3 to 4. (4H)
Replace hourmeter block.

Diode shorted 1 to 4 or 2 to 4. (4H)
Replace hourmeter block.

Diode shorted 1 to 4 and 2 to 4. (4H)
Replace hourmeter block.

16




EV-1 SCR Control GEK-40724

TABLE 4
CHECKING COMPONENTS

4A. Main SCR Control Card

All trouble-shooting is written to check all outside devices and eliminate them as the source of
symptoms. The conclusion being then that the card is faulty.

1. Instructions for Removal of Card
a. Remove the four (4) screws shown in Fig. 9.
b. dJack out the right- and left-hand terminal board, using a screwdriver in the slots, (leaving the
wires intact) as shown in Fig. 10.
¢. Pry open the latches carefully with a screwdriver as shown in Fig. 11.
d. dJack out the bottom plug with a screwdriver as shown in Fig. 12.

The card can be removed by hinging 10 degrees and pulling out, or, if panel components (not related to
card hinge mountings) are to be replaced, disregard all instructions above except “C” and the card will
hinge up to 90 degrees.

Remove T.B.
Retaining Screws

Unlatch Card

Fig. 9. Fig. 11.

- Insert Screwdriver
In Slot and Twist

Insert Screw
Driver in Slot
And Twist

Fig. 10. Fig. 12.
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GEK-40724 EV-1 SCR Control

4B.

4C.

4D.

4E.

Capacitor 1C

Disconnect battery and discharge capacitor. Measure ohms through the capacitor using the R x 10,000
scale. Meter should read zero and then swing slowly to above 100,000 ohms. Replace capacitor if above

reading is not obtained.

Contactors F, R, 1A, and P

75-ampere contactors (see GEH-3099)
150-ampere contactors (see GEH-4469)
300-ampere contactors (see GEH-4469)

NOTE 1. Control is drranged so that F and R do not break current. Check to see that 1A

drops out ahead of F or R.

NOTE 2. Most contactor coils are polarity sensitive. The left-hand terminal must be connected

to positive.

Potentiometer in Accelerator

To check operation of the potentiometer, disconnect battery and disconnect wires at card terminal R4
and R5. Connect a VOM to wire removed with scale set to R x 100. With accelerator in creep speed
position, the ohms reading should be 4800 to 6000 ohms. With accelerator in top speed position,
reading should be 200 ohms or less. With wire disconnected as above, check for resistance of 1 megohm

or higher from pot wires to truck frame.

Driver Module

(IC3645CPM1RDAZ2 and 1C3645CPMIRDB2)

4F.

18

(a) Connect circuit as shown.

(b) Voltmeter should read battery volts with
switch open.

(c) Close switch and meter reading should be 3
volts or less.

(d) Move load to terminal 4 and repeat steps
(b) and (c).

NOTE: For 72 volt, use 8.2 Kohms
2-watt resistor.
Hourmeter Module

Check individual diode circuits with trouble
light or Simpson. (4H)

Sw

4.7Kohms
2 watt

¢ +

24/36/48 volts

coil load

+ 9

3] \+

Simpson
50 volts d-c scale




EV-1 SCR Control GEK-40724

4G. SCRs (1 REC, 2 REC, 5 REC)

These are silicon control rectifiers. Before checking, disconnect battery and discharge capacitor 1C.
Disconnect one power connection on the rectifier. Disconnect gate leads of SCRs at the card plug.

To check an SCR, it is necessary to have a 6-volt battery, a 6-volt lamp and 2 A-14 diodes.
NOTE: Models C and D require 12-volt battery and 12-volt lamp.

Connect the positive lead to the anode (1), connect negative lead to the cathode (3) as shown in Figure
13.

A14 OR EQUAL. 200 V

bt
Anode Cathode Gate (2)
(1 (3)
° Anode (1) Cathode (3)
1
Thick Anode (1)
End ]
AC amp i
i )
} N 000
° l
6 or 12 volts
Gate (2)
(Top View)

Fig. 13.

(a) The lamp should not light. If the lamp does light, the SCR is shorted and must be replaced.

(b) If check (a) was satisfactory, test the SCR for its ability to be turned on by the gate. Connect
positive through two diodes to gate (point 2). If gate is operative, the lamp will come on and should
remain on when the gate is removed. Some SCR’s will operate correctly even if the lamp does not
remain on, particularly with a weak battery.

(c) If lamp cannot be lit under step (b) the SCR is open and must be replaced.

(d) If the SCR is a stud-type device, check continuity between the red and black cathode leads.

NOTE: If you do not have a test light to check the SCRs as described above, they may be
checked for shorts or opens by use of the VOM.

(1) Measure resistance from anode to cathode (R x 100 scale). If SCR is shorted
(zero ohms), it must be replaced.

(2) Measure resistance from gate lead (white lead) to cathode and then from cathode
to gate lead (R x 1 scale). If resistance reads either zero ohms (shorted) or
infinity ohms (open), replace the SCR.

When reassembling SCRs, refer to TABLE 5.

4H. Rectifiers (3 REC, 4 REC, Diode Blocks)

When checking diodes, disconnect battery and discharge capacitor 1C to prevent burning out the
ohmmeter. When replacing rectifiers, refer to TABLE 5. For 3 and 4 REC, disconnect one lead or

19



GEK-40724 EV-1 SCR Control

flexible connection. 3 and 4 REC are diodes with about 7 to 12 ohms in the conducting direction
(+ ———»—— — ) measured on the R x 1 scale, and 10,000 ohms or higher, in the non-conducting
direction (— ——»{— + ) measured on the R x 10,000 scale.

Anode J\| Cathode
Anode Cathode
o Anode
— \
Thick - =1t
End -
AC _—
»
Q

4J. Thermal Protector (TP)
Remove both connections from TP and with a VOM read between 100 and 200 ohms terminal to ter-

minal, if heat sink is at room temperature. Set VOM to highest ohm scale and check pins to heat sink,
reading should be infinity.

4K. Filter Block (HF), 23 FIL, etc.
To check, disconnect all wires from filter block. With VOM on R x 10,000 scale, touch the lead to the
filter terminals to charge the filter. After a few seconds, reverse the meter leads and touch the filter

terminals. The VOM needle will deflect and return to infinity. If this capacitor action is not observed,
replace the filter block.

4L. Filter Block — 23 RES, etc.

Should these filters fail, it will be evidenced visually by severe cracking.

4M. Filter Block — 22 REC, 25 REC.
The capacitor filter test, as in 4K, is valid for 22 REC and 25 REC only to detect an open or shorted
filter. If control has symptoms as in 1E, interchange 22 REC and 25 REC and try again. If problem is
corrected the old 25 REC is marginal. If problem is not corrected, replace both filters with known good
filters.

4N. IX Choke — Transformer Secondary T3-T4

Refer to panel wiring diagrams, page 24 thru 27, to locate windings. With VOMon RX-1 scale, check
choke winding or transformer secondary, reading should be zero ohms.
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TABLE 5
REPLACEMENT OF EV-1 COMPONENTS

When replacing stud semiconductors such as 2, 3, 4, or 5 REC, it is not necessary to torque these

devices to a specific value. However, the device should be screwed into the heat sink and tightened to a snug

fit.

SCR gates, not screw connected, terminate inside card plug. Remove card connector for access to stab

terminals.

5A.

5B.

5C.

5D.

The use of a heat-transfer grease (such as GE Versilube G-350-M or equivalent) is recommended.

When replacing module semiconductors such as 1 REC (Models A and B), 1 REC and 3 REC (Model C),
and 1 REC, 2 REC and 3 REC (Model D):

(1) Remove all module connections.

(2) Remove module by backing out the two screws at the device sides.

(3) If a1l REC, remove the thermal protector.

(4) Clean the insulator surface with a clean rag and isopropyl alcohol.

(5) Inspect insulator surface for tears or cracks. If defective, replace. Wipe a light layer of machine oil
on base and smooth insulator into position.

(6) Coat insulator with a light coat of heat-transfer grease similar to GE-350.

(7) Install thermal protector in new module. Tighten until snug.

(8) Set new module on insulation and start screws back into the base. Be sure to use original screws and
washers. Run screws in to “finger tight.”
Check to see the bottom of the heat sink is flat against the insulator.
Alternately tighten the two screws by 1/4 turm until firm.

(9) Replace all connections removed in Step 1.

Capacitor (EV-1A and B)

(1) Remove card completely.

(2) Remove card box right support.

(3) Remove nuts from capacitor connections and slide capacitor to the right.
(4) Reverse procedure to install new capacitor.

22 REC and 25 REC, 23 FIL (Models C and D)

When replacing these devices, use original hardware in the same holes, as the inserts are used for
electrical connections to the transformer.

Transformer/Choke

(1) Remove card box and card supports.

(2) Remove capacitor (Models A and B).

(3) Disconnect all transformer leads.

(4) Remove 2 REC, 5 REC, and snubbers as needed.
(5) Remove 4 mounting bolts and lift transformer free.
(6) Reverse procedure to reassemble.
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TABLE 6
TUNEUP FOR NEW OR MISTUNED CARD 1

Panels are factory adjusted for a particular motor and truck and should not need adjustment. The card
is supplied with single turn potentiometer with internal stops and the box is marked with ‘‘dial” setting.

The truck manufacturer should supply the ‘“‘combination” setting for the particular model truck. The
following is for explanation only and should not be used for setting your control:

Creep 7, C/A 7, C/L 5-1/2, 1A Time 4, 1A DO 9, Plug 8, FW PU 3-1/2, FW DO 6

FW PU
FW DO

CREEP
C/A

C/L

1A Time
1A DO
Plug

With a new card, turn all pots fully CCW to “1”’. Then set each pot to the setting for the particular
truck.

Turning pots CW increases the particular function (i.e., CW adjustment increases creep speed,
acceleration rate [C/A Pot], C/L, 1A Time, 1A DO, stiffness of plug, FW PU, FW DO).

22




TYPICAL PHYSICAL ARRANGEMENT
AND IDENTIFICATION OF COMPONENTS

(Refer to wiring diagram furnished with truck for precise arrangement of components.)

(1) Main SCR (1 REC)
(2) Thermal Protector
(3) Commutating Capacitor

(9) Flyback Diode (3 REC)

(1

(1

(4) Oscillator Card (1
(1

(1

(1

) Plugging Diode (4 REC)
) Turn-off SCR (2 REC)
) Charging SCR (5 REC)
(5) Card Adjustments Power Connections

(6) Quick Card Release Filters for 2 and 5 REC
(7) Card Connection Block Motor Current Sensor

(8) Card Connector (Located behind middle power connector)

— N —

Transformer and choke (1X) located in encapsulated block under capacitor. 3 REC filter (23 FIL) located
under pigtail of the diode.

Fig. 14. Typical EV-1 SCR panel (Model A or B)
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TWIST

TWIST

TWIST

TWIST

TWIST

i

22 REC

2 REC (A) 03
2 REC

5 REC (A) SNUBBER

T g 1x2
25 REC

O 5
5 'REC
SNUBBER

]U

TRANSFORMER (TRANSF)
(UNDERNEATH IC)

©

SEE DETAIL "C"

PG

7,

H —
}o_.—@@\l@

Oo 4 REC 3 REC
/THERE IS NO
POLARITY
ON TP.
O EITHER
TERMINAL
@ CAN BE | OR 2
%
AT, © 5 \J A U
\ \
PTB SEE DETAIL"B"
TOP VIEW OSC.CARD REMOVED
0SC. CARD PLUG DETAIL "B" DETAIL™C"
GRN YEL
PTB || 2 | HEAT
(A2) SINK
SN —1
182 IF CAPACITOR IS MOUNTED
REAR VIEW WITH SEPARATE ATTACH WIRES
COVER REMOVED AS SHOWN
**REFER TO DETAIL "C" FOR TERMINATION OF WIRES
WHEN CAPACITOR IC IS MOUNTED SEPARATE TO SCR.
RED
WHT BLACK Ix1
WIRE TABLE c
. 22 REC
WIRE NO FROM o
OR SIZE PUREICOLOR DEVICE TERM DEVICE TERM (GATE) A T3 T3
2 REC
8US TRANSF n 1 REC (o
BUS PTB P 1 REC A
BUS PTB T2 T 72
#10 BLK 1 REC A ¢ 1 SECONDARY
2 REC LEAD BLK 2 REC G 22 REC X1
5 REC LEAD BLK 5 REC 9 25 REC T4
\SHUNT LEAD YEL SHUNT 2 T82 14
“SHUNT LEAD GRN SHUNT 1 82 13
#22 8LU PTB A21 182 6
y®22 BRN TP 1 TB2 1
%22 ORN TP 2 782 12
’2 REC LEAD RED 2 REC G ng 3
2 REC LEAD WHT 2 REC GATE T8
#22 GRY e . 182 7 PRIMARY
#22 VIO 1 T2 182 10
)zn BLK 1 REC c 182 5
#22 WHT/BLK 1 REC GATE 182 4
35n£c LEAD RED 5 REC c 182 3
5 REC LEAD WHT 5 REC G T82 2
#22 WHT/RED jGes 1 T82 1 o

Fig. 15. Model A and B wiring diagram (transformer)
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SEE DETAIL "¢

T3 1@ s 4}
Pl = )
22 REC =t
2 REC (A) T3 [{E
; [
5 REC (A) SNURBEBCER @
o REACTOR
@ @ 1 (UNDERNEATH IC) @
1x2 Bmadl
25 REC 7
O ] 1 | O
5 REC
SNUBBER @ @
o

|_THERE IS NO
POLARITY

ON TP.
EITHER
TERMINAL
CAN BE I OR 2

SEE DETAIL"B"

TOP VIEW OSC.CARD REMOVED

0SC. CARD PLUG DETAIL "B" DETAIL"C"
WIRES
GRN YEL
10 1112 13 14
6 78 9 PTB || 2 | HEAT
(A2) SINK
| 2 3 4 5
el e SHUNT E-—:i
B2 IF CAPACITOR IS MOUNTED
REAR VIEW WITH SEPARATE ATTACH WIRES
COVER REMOVED AS SHOWN
**REFER TO DETAIL "C" FOR TERMINATION OF WIRES
WHEN CAPACITOR IC IS MOUNTED SEPARATE TO SCR.
RED
WHT BLACK — x|
(5
WIRE TABLE ((;ATE) A 22 REC
T3 T3
WIRE NO FRQ 10
OR SIZE et e DEVICE TERM | DEVICE TERM 2 REC
BUS REACTOR T 1 REC 6}
8US PTB P 1REC A IX REACTOR
BUS PTB T2 T 72
#10 BLK 1 REC A e 1 1x2 o=
2 REC LEAD BLK 2REC C 22.REC 1X1 o
5 REC LEAD BLK 5 REC G 25 REC T4 et
\SHUNT LEAD YEL SHUNT 2 TB2 14 A -—K\/
TWIST SHUNT LEAD GRN SHUNT 1 TB2 13
)r:n BLU PTB A2-1 TB2 6 WHT 25 REC
#22 BRN M 1 T82 n 5 (GATE) c
TWIST 3322 ORN TP 2 TB2 12 REC BLACK
%2 REC LEAD RED 2 REC & TB82 2] RED
TWIST 2 REC LEAD WHT 2 REC GATE T82 8
#22 GRY 162 2 T82 7
#22 VIO 1 T2 TB2 10 r_
}‘822 BLK 1.REC (e TB82 B
TWIST #22 WHT/BLK 1 REC GATE TB2 4
%SRECLEAD RED 5 REC (45 782 <l ! 4
TWIST 5 REC LEAD WHT 5 REC G TB2 2 REC
*22 WHT/RED G 3] T82 1 L.__
=

Fig. 16. Model A and B wiring diagram (reactor)
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GEK-40724

ROUTE
AS
SHOWN
ABOVE .

DRI

WCST{
TVIST{
‘hllSY{

WISV{
Msr{

LOCATE
2 REC PIGTAIL
AS SHOWN

CORD TIE
TOGETHER

U

ys

REACTOR

o =N
Qe

YK

TOP VICW (OSC CARD REMOVED)

(m

5 REC

el 1p

THERE 1S NO
POLARITY ONTP
EITHER TERMINAL
canBC 1 @ 2,

WIRE TABLE

WIRE NO. WIRE COLOR FROM 10
RoSIE oevice |remd | DEvice  fremm
Bus 4 REC A 3 REC A
BUS [al:] 12 |3 Rec c
BUS 4 REC A P18 N
8us 1 REC c T mn
8US 1 REC A P18 [
BUS 3 REC c T n
7] BLX 22 ReC 11| 1x1
”8 BLK 2 REC A T ]
" BLK 2 REC A 2c 1
"8 BLK 1 REC A 2C 2
4 REC LEAD 4 REC c [ag] Al
2 REC LEAD 2 REC C 22 REC 1x1
5 REC LEAD S REC c 2 ReC | T4
SHUNT LEAD | YEL SHT 2 182 14
SHUNT LEAD | GRN SHT 1 182 13
0”22 8L 3 REC A 182 6
22 RN THY 2 82 12
n22 BRN ™Y 1 T82 "
0”22 vio 3 REC c (-] 10
2 REC LEAD | RED 2 REC c 182 9
2 REC LEAD | wHT 2 REC [ 82 ]
422 GRY 2c 1 182 7
2 BLK 1 REC 4 | H)
22 wHT/BLK 1 REC G 182 4
S REC LEAD | R€D S REC (= -] 3
S REC LEAT | wHT S REC G 182 2
022 wHT/RED 1c 2 182 1
”2 wHT/GRN 23 rFiL |12 |3nrec c

WIRES —~ 0SC CARD PLUG

REAR VIEW WITH
COVER REMOVED

SHIELD

Fig. 18. Model C wiring diagram (reactor)

WHT {GA
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GEK-40724

ROUTE
AS
SHOWH
ABOVE .

DRI

WIST{
TVIST{
TWIST {

WIST{
N|ST{

LOCATE CORD TIE
2 REC PIGTAIL TOGETHER
AS SHOWN > v
S o O U ‘0]
S \ [ ]
g c / L
K AT -
o 2 REACTOR (T)
1c 2C
1 x ¥
o e T3~ @ 5 REC
® @ s '
A
\ -
O © g 5 [
= 9 5
> (=
Snec ¢
e
o
4REC ~
EH
) LI R e THERE 1S NO
” . - T A POLARITY ON TP
Dt m £1THER TERMINAL
FiL - ) CAMEBC | OR 2,
) T (@] [(® NP
TOP VICW (OSC CARD REMOVED)
WIRES T~¢ 0SC CARD PLUG
1 T
AR ARASRABRAS
1011 12 13 14
6L 7 8.0
1 23 45
— I
82
REAR VIEW WITH
COVER REMOVED
WIRE TABLE
WIRE NO. WIRE COLOR FROM 10
o SIzE DEVICE |TERM | DEVICE  [TERM
BUS 4 REC A 3 REC (GATE) WHT {1}
BUS PTB T2 3 REC C _ —_— & = iy e T
BUS 4 ReC A PTB N . R S r 1 I B 1
. v T 3
BUS 1 REC 55 1 T . . |
8us 1 REC A PTB P ’ 4 ) i ‘
BUS 3 REC c Y T o222 x -
Iz} 8LK 22 REC Xt | 1x1 Ve “t"‘ []: [‘ ' ]
”8 8LK 2 REC A T g ) 9
T BLK 2 REC A 2c 1 J = -1 : s | j"
#8 BLK 1 REC A 2C 2 n | I3 {
4 N // , 1 ROC \
4 REC LEAD 4 REC C PTB Al = L -
2 REC LEAD 2 ReC c 2 rec | 1x1 o _ y __ — REACTGR
5 REC LLAD 5 REC c 2 Rec | T4 == ; &
!ﬁ;: _] Inec SHIEDD " |omT soa erw
SHUNT LEAD | YEL SHT 2 782 14 .f!lL : [}
SHUNT LEAD | GRN SHT 1 82 13 y" R A
n22 BLU 3 Rec A 82 6 {g* | &
I § | * ), |
22 RN THY 2 82 12 A i A U
n22 8RN ™Y 1 82 1" 24 on 14 )~ i
v22 vio 3 sec c T8 10 L @
]
2 REC LEAD | RED 2 REC ¢ T82 9 & ®, ! L
REC AD | wHT 2 REC G T
2 REC LE 82 o A1_| [NEo m 12_| ros | I—-»—lg"——-—
422 GRY 2¢ 1 82 7
22 BLK 1 REC 4 T8 5
n22 WHT/BLK 1 REC G 182 4
5 REC LEAD | RED 5 REC C T8 3
5 ReC LEAD | wHT 5 reC G T82 2
v22 WHT /RED e 2 182 1
1”22 WHT/GRN 23 FIL T2 3 REC c

Fig. 18. Model C wiring diagram (reactor)
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ROUTE AS
SHOWN

T\-/IST{
™IST {

™IST <

TWIST {
TWIST <

28

NOTE -

THERE S NO POLARITY ON
THERMAL PROTECTOR (TP).
E£1THER TERMINAL CAN BE
1 R 2.

( OSC CARD REMOVED )

WIRES

TOP VIEW
WIRE TABLE

WIRE NO. COoLoR FROM T0

NO.

LENGTH. DEVICE  JTerM JOEVICE  |TERM
"6 5" LONG 2 REC C T 1x1
"4 31/4" Longl T | 4 1
"6 S" LoNG T 3 2 REC A
#6 9" LONG 25 REC T4 T T4
"6 73/4" Long| S RreC A 1 Rec | c-t
4 9 3/4" Long| 1 REC A 2¢ 2
4 REC LEAD 4 REC c PT8 Al
5 REC LEAD S REC c 25 Rec | T4
SHUNT LEAD YEL SHT 2 82 14
SHUNT LEAD GRN SHT 1 82 13
22 8Ly 3 REC A 82 6
£22 RN ™Y 2 82 12
2 BRN ™Y ! 182 1
122 vio 3 REC c 182 10
2 REC LEAD | RED 2 REC d T82 9
2 REC LEAD | WHT 2 REC G 82 8
122 GRY 4c 1 82 7
r22 BLK 1 REC c 82 5|
#22 WHT/BLK 1 REC G T82 4
5 REC LEAD | RED 5 REC [ I - 3
5 REC LEAD | WHT 5 REC G 82 2
w22 WHT/RED 2c 2 82 1
"2 WHT/GRN 23 FL | 2| 3REc |
8us 4 REC A T8 N
BUS 4 REC A 3REC | A
BUS 3 REC @ PTB T2
8Us 1 REC A PTB P
BUS 3 REC < T T2
BUS 1 REC ¢ T T

REAR VICW WITH
COVER REMOVED

NN
| | " / |
S e

T2 il
|
3 REC

—2 REC
Y ¥ |

FiL!

1©
Y
\_

W_J .
BLU | RED |
4 REC H = |
YEL
X y GRN 7'55'1
WHITE
5:;_ ‘ { ( GATE [GAYE%
Al NEG A2 ) |12 l I POS

Fig. 19. Model D wiring diagram (transformer)



EV-1 SCR Control GEK-40724

0UTE AS
SHOWN

WIST{
T™WIST {

™IST <

TWIST {
TWIST <

NOTE +
THERE IS NO POLARITY ON
THERMAL PROTECTOR (TP).
EITHER TERMINAL CAN BE
1T OrR 2,

TOP VIEW ( OSC CARD REMOVED )

WIRES
0SC CARD PLUG

REAR VIIW W|TH
COVER REMOVED

WIRE TABLE

WIRE NO. coLor FROM To

NO.

LENGTH # DEVICE  Jremm Joevice  |rerm
6 5" LONG 2 REC c T 1x1
14 31/4" Long| T | 4« 1
6 5" LONG T el 2 REC A
16 9" LONG 25 REC T4 T T4
i6 73/4" Long| 5 ReC A 1 ReEC | c-t - - - - [N T
4 9 3/4" Long| 1 ReC A 2¢ 2 /’ Y Y Y I

/
4 REC LEAD 4 REC € P8 Al t
S REC LEAD 5 REC c 25 Rec | T4 ‘ 1c | 26 ' 3c [ 4 T3 T4 x1
SHUNT LEAD YEL SHT 2 T82 14 l
SHUNT LEAD | GRN SHT 1 82 13 1x
i22 BLY 3 REC A T82 6
i22 ORN THY 2 T’ 12 T!
w22 BRN ™Y 1 82 11 2 ReC —
#22 vio 3 REC c TE2 10
2 REC LEAD | RED 2 REC c 782 9 iRt |
2 REC LEAD | WHT 2 REC G TB2 8 . '
#22 GRY 4c 1 82 7 __—J/
422 BLK 1 REC C B2 5 —
i22 WHT/BLK 1 qec G TR 4 RED ]
[}

5 REC LEAD | RED 5 REC ¢ &R 3
5 REC LEAD | WHT 5 REC G B2 L}gf&i&l
22 WHT/RED 2c 2 | ™ 1 25} P \:;gim
122 WHT/GRN BrRc | 12| 3R |c FiL [ ¢ GATE 5 REC
- 4 Ree i — N Al NEG A2 T2 POS
8US 4 REC A 3 REC A
BUS 3 REC [ T T
8US 1 REC A P18 3
8us 3 REC ¢ PTB T2
aus 1 REC c T m

Fig. 20. Model D wiring diagram (reactor)

29



FSIP REBUILDING SERVICES

FOR EV1 SERIES CARDS AND PANELS

EV1B Panel

Black Box Accelerator

EV1D Panel EV1C Panel
Gold Box Accelerator
OEM P/N FUNCTION VOLTAGE
1C36450SC:

1A3 OSCILLATOR/FIELD WEAKENING 24-48V
1A4 OSCILLATOR/FIELD WEAKENING 48-84V
1B3 OSCILLATOR CONTROL CARD 24-48V
1B4 OSCILLATOR CONTROL CARD 84-84V
1C3 OSCILLATOR/FIELD WEAKENING 24-48V
1D3 OSCILLATOR CONTROL CARD 24-48V
1E3 OSCILLATOR/FIELD WEAKENING 24-48V
1E4 OSCILLATOR/FIELD WEAKENING 48-84V

1E5 OSCILLATOR/FIELD WEAKENING 84-144V



OEM P/N

IC36450SC:
1F4

1H3

IC3645AUX:
1L5

IC36450SC:
1T3

174
179
1E9
2E9
3E9
4E9
5E9
1H9
2H9
3H9
4H9
5H9
RGN501

1C4484:
E700

E701

E702

IC448CNV:
1A1

1B1

2B1

ACCELERATORS:
IC4485ACC
IC4485ACC
1C4485ACL

FUNCTION

OSCILLATOR CONTROL CARD
OSCILLATOR/DEMAND 1A DEFEAT

AUXILIARY CONTROL CARD

OSCILLATOR CONTROL CARD
OSCILLATOR CONTROL CARD

NEW DESIGN OSCILLATOR

NEW DESIGN OSC./FIELD WEAKENING
NEW DESIGN OSC./FIELD WEAKENING
NEW DESIGN OSC./FIELD WEAKENING
NEW DESIGN OSC./FIELD WEAKENING
NEW DESIGN OSC./FIELD WEAKENING
NEW DESIGN OSCILLATOR

NEW DESIGN OSCILLATOR

NEW DESIGN OSCILLATOR

NEW DESIGN OSCILLATOR

NEW DESIGN OSCILLATOR
REGENERATIVE BRAKING CONTROL

DUAL MOTOR CONTROL CARD
AUXILIARY PLUGGING CARD
AUXILIARY PLUGGING CARD

DC TO DC CONVERTER
DC TO DC CONVERTER
DC TO DC CONVERTER

EV1 BLACK BOX ACCELERATOR
EV1 BLACK BOX ACCELERATOR
EV1 BLACK BOX ACCELERATOR

VOLTAGE

48-84V

24-48V

84-144V

24-48V
48-84V
24-84V
24-84V
24-84V
24-84V
24-84V
24-84V
24-84V
24-84V
24-84V
24-84V
24-84V

36-80V

24-84V
36-84V

84-144V

36-80V
36-80V

36-80V

COMPLETE EV1A/EV1B PANEL

COMPLETE EV1C PANEL

COMPLETE EV1D PANEL

COMPLETE EV1 PUMP CONTROL

* New cases & covers are free with each
EV1 control card repair (if needed).

RETEST
FULL DISMANTLE & REBUILD

REPAIR & RETEST
FULL DISMANTLE & REBUILD

REPAIR & RETEST
FULL DISMANTLE & REBUILD

REPAIR & RETEST
FULL DISMANTLE & REBUILD

* Rebuilt cards & panels can be purchased
on an exchange oroutright basis
depending upon core availability.

* One year warranty on all repair services
& rebuilt items.
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EV-1Adjustment Characteristics

The GENERAL ELECTRIC EV-1 series of SCR panels have been
designed to make the adjustment procedure as easy as possible for
the electric vehicle dealer or end user. Unlike earlier models where
mal-adjustment could easily cause “lock-up”, shut down, or full
speed ofthe vehicle, the EV-1 control cardis free from pot adjustment
interaction and “lock-up” problems. Single-turn potentiometers are
non-critical to adjust,arereadilyaccessible and for convenience, are
graduated in marks from 1 to 9.

for

EV-1

SCR CONTROL

CREEP
FW PU
FW DO

1A Time

CiA
Cr

The electronics of the card have been designed so that the same
number setting always produces the same response from the card.
Forexample, ifa control card was replaced, and the plugging pot was
setto “6" on the original card, setting the plugging pot to “6” on the
new card will produce the same plugging action on the vehicle. This
same principle also applies to the other adjustments.

EV-1 as Original Equipment

On new electric vehicles and lift trucks using the EV-1 control, the
original equipment manufacturer (O.E.M.) has carefully worked out
the potentiometer settings for each model that give the best perfor-
mance under average conditions. These settings may be used for ini-
tial set-up of the card, and will guarantee that the vehicle will run
satisfactorily. Somefinaltouch-up adjustmentmay havetobedone at
the users plant if job conditions demand. For example, the end user
may demand extra slow creep speed, or fastacceleration, etc. Ifthese
conditions are known in advance, or if the user has other EV-1 equip-
ped trucks in a similar application, it is often possible to pre-set all
adjustments to their final settings on the 1-9 scale prior to delivery. If
no information on proper pot settings is available for this vehicle, you
may use the procedure outlined below as a guide.

EV-1 as a Conversion Installation

The EV-1 SCR system has been fitted to many makes of older lift
trucks in order to provide the advanced features of new equipment at
afraction ofthe costof anew vehicle. Since installation is beyond the
scope ofthis procedure, itwillbe assumed here thatthe installation of
the EV-1 system was done properly and that the panel is working and
ready for adjustment. The exact order in which the adjustments are
made is not critical since interaction has been eliminated from all
adjustments except field weakening. The order of adjustment given
below is preferred for simplicity. The procedure below has been com-
piled from our experience in EV-1 conversions and may be used as a
guide for initial set up. Final adjustment will depend on user prefer-
ence and working conditions.

Creep Speed

The creep speed adjustment has an “off” position when in its full
CCW position. Pulsing is inhibited until the creep potis turned clock-
wise past the number 2 mark. The setting of this pot will depend to a
large extenton user preference and job conditicns. As ageneralrule,
the heavier the vehicle, the higherthe setting for a given creep speed
in M.P.H. It is always safe to start with a setting of 5 and trim up or
down, as required. When adjusting, make sure that the accelerator
has been moved just far enough to close the initial microswitch and
no farther.

C/A (Controlled Acceleraton)

The controlled acceleration adjustment determines how fast the
vehicle accelerates fromrestto top SCR speed when the speed con-
trolis “floored”. The setting of this pot depends on vehicle weight and
to some extent on working conditions. A lighter vehicle (2000 Ib. lift
truck) will use a higher number setting (say 7 or 8), while a heavier lift

32 truck (10,000 Ib. and up) will use a lower number setting, (say 2 or 3).

Lower numbers would also be indicated if the load is stacked or lifted
high or if there isn't much maneuvering space. In a large open ware-
house operation, a higher number setting could probably be used.
Thevehicle should be operated onthefloor, loaded, in orderto obtain
a proper setting.

C/L Current Limit

The design ofthe currentlimitsensing circuitryonthe EV-1 panelis
quite different from previous models, and, with few exceptions, in-
herently protects the panel against overcurrent, even when the C/L
pot is set full clockwise. However, as in the past, the exact setting of
the C/L potis to be done by measuring motor armature current with a
shunt type ammeter (or clip-on type designed for use on pulsating
D.C) The current limit should be set with the 1A contactor blocked
and the drive motor fully stalled, at a value not to exceed the one
minute rating of the motor, or as directed by the vehicle manufacturer.
Start with the pot fully CCW and turn slowly CW. A typical 4000 Ib. lift
truck would be setat275A.to 300A. Due to the effects or variations i
motor characteristics, itisimpossible to give a correlation of potnum-
ber settings vs. current limitamperage. While itis pcashleto getcon-
sistent results from card to card and vehicle to veiicle of the same
make and model using the same number setting, it is definitely not
possibleto getthe same results on different types of vehicles without
re-adjustment.

On older vehicles where drive motor resistance and inductance is
likely to be significantly higher than more recent designs, it is poss-
ibletoencounterasituationwhere the C/L potappears to have little or
no effect on the ammeter reading at stall. This condition wili occur
whenever the SCR “percent on” exceeds 65-70% at stall. When this
condition is present, the C/L pot should be set full CCW and then
adjusted CW, if necessary, to achieve satisfactory ramp start perfor-
mance. Bearin mind thatthe SCR panelitself(primarilythe 1 REC) will
always be protected; butthe drive motor may be in dangerifthe panel
is oversized for the vehicle.

In addition to verifying that the stall currentis limited to a safe value,
itisnecessarytomeasurethe peak 1 C capacitorvoltageatstall. Both
positive and negative peaks are to be measured. These voltages
must be measured with either an oscilloscope or a peak-reading
voltmeter. (A built-in module is available in the MODEL 269 “HANDY
MAN" manufactured by FLIGHT SYSTEMS, INC. that converts any
standard VOM into a peak-reading voltmeter) The positive or nega-
tive peak capacitorvoltage mustnotexceed 200V on Models Athru D
rated at 24-48V or Model A, 48-84V and 230V on Models B, C, or D
rated at 48-84V.

1A Time

This adjustment applies only if the 1A switch in the acceleratoris
wired. (See page 6 of G.E.instruction booklet GEK 40724). This mode
is called “timed pickup” of 1A, and functions exactly as the previous
models; that is, it determines the time delay between closure of
the 1A switch and the pick-up of the 1A contactor. The proper cetting
of the 1A time pot depends on vehicle weight, job conditions, and to
some extent the setting of the C/A pot. A representative setting for an
average 4000 Ib. lifttruck would be about number 4. Heavier vehicles
require higher number settings. The table below gives approximate
values of 1A delay in seconds for each numbersetting.

1A Time Setting 1 2 3 4 5 6 7 8 9

Delay in Seconds | 0.5 .81 1.13 1.44 1.75 2.06 2.38 2.69 3.0

Since the 1A contactor will pick up on DEMAND at 83% of SCR
speed regardless of the operation of the 1A microswitch, itis very dif-
ficult or impossible to adjust the 1A time unless the following pro-
cedure is used:

1) Make sure drive wheels are clear of floor.

2) Disconnect the wire going to terminal R6 (usually wire #45)

3) Accelerate to approx. one-half SCR speed.

4) Jumperterminal R4 toterminal R6 while holding one-half speed

and note time required for 1A contactor to pull in.

5) Adjust 1A TIME for desired delay.

6) Re-connect wire to terminal R6.



1A DO (1A DROP-OUT)

The 1A Drop-out function is unigue to the EV-1 SCR Panel and is
built-in. (This function is available for older GE panels by adding
various auxiliary cards.) The purpose of this feature is to provide full-
time current monitoring and protect the motor from near-stall type
burnouts when operating in 1A. This possibility exists during such
operations as climbing ramps and pushing heavy loads. Since its
primary purpose is to protect the drive motor, adjustment tech-
niques should reflect this philosophy. Remember that loads con-
siderably in excess of the continuous rating of a motor can be safely
handled ifthe loads are shortin duration and the motor is allowed to
cool sufficiently in between such loads. The 1A drop-out feature
allows operation in 1A at a current level above the C/L setting of the
panel, but below some threshold of current as set by the 1A DO

Pot.
T2 POS

[Elle]

SHUNT
AMMETER

Use appropriately rated
Ammater for
Panel Size

OR CLIP-ON
TYPE AMMETER
FOR PULSING D.C.
DO NOT USE
A.C. TYPE
AMMETER

Figure 7

Power Terminal Identification
and Ammeter Connection

Connect a suitable ammeter as you would to set up current limit.
Eitherarmature current or battery current may be used for this test, as
they are almost identical in by-pass. Turn the ‘1A DO full CCW.
Accelerate into 1A, and load the vehicle either by climbing a ramp or
applying the brakes. Note the ammeter reading just before the 1A
contactor drops out and adjust the 1A DO pot clockwise a little at a
time until the desired 1A drop-out amperage is reached. CAUTION:
Sincethereis abuilt-in delay onthe 1A currentsensing, itis important
tobring the load up gradually toward the drop-out point. The final set-
ting should be verified for ramp-climbing performance with the vehi-
cleloadedif possible. Always use the lowest setting possible that will
still give satisfactory vehicle performance underactual working con-
ditions.The 1A DO setting will always be atrade-off between available
H.P.and degree of motor protection. The table below may be used as

a guide:
1A DO Setting 1 2 3 4 5 6 I 7 . 8 9
Approx. D.O. 450 570 685 805 925 1045 1160 1280 1400
Amps EV-18
EV-1C 675 855 | 1080 | 1210 | 1385 | 1565 | 1745 | 1920 | 2100
EV-1D 900 1135 1375 1615 1850 2085 2325 2565 2800
Plugging

The plugging pot on the EV-1 panel is an adjustmentfor“plugging
severity”. What was previously known as "plugging threshold” or
“coarse plugging” is now an internal and automatic function of the
card and requires no adjustment. The number setting of the plug pot
(CWtoincrease severity) will depend on the weight of the vehicle and
the type of loads to be carried. Fragile cargo, slippery objects thatcan
slide off easily, or high lifts are situations demanding a soft plugging
action. A heavier vehicle/load combination will require a higher num-
ber setting for the same stopping distance. If in doubt, start with a set-
ting of 5 and trim up or down as required until the desired plugging
action and stopping distance is achieved. Itis important to simulate
loads when making these tests, as inertia and traction are key factors
in arriving at a satisfactory setting. Note: Larger vehicles may not
accelerate properly after a plug if the plugging pot is set full CCW.

Note: Certain dual motor and high capacity vehicles may not ac-
celerate properly after a plug (or direction change) if the plugging pot
is set full CCW. In these cases, turn the pot CW until satisfactory re-
acceleration after a plug is obtained.

FW PU, FW DO (Field Weakening Pick-Up, Drop-Out)
These adjustments are not required unless vehicle is equipped

" with field weakening.

Field weakening is sometimes added in order to obtain increased
topspeedwhenalreadyin 1A.ltisnotusedduring SCR operation. An
auxiliary F.W. contactor, when energized, connects a F.W. resistor in
parallel with the drive motor field circuit. The F.W. contactor is driven
by a driver module and a special section of the control card. To pro-
tect the drive motor, it is important that the FW. is only allowed to
energize ifthe armature current has fallen below a pre-setvalue. This
valueissetbythe FW.PU Pot.If, afterthe F W.is energized, the current
increases, (such as would occur climbing a ramp) the F.W. contactor

will drop out when the current reaches a second pre-set value. This
value is set by the FW. DO Pot. If the FW.PU and FW. DO are set too

closetogether,itis possible that F.W.contactor“chatter” could result.

The F.W.pick-upvalue of currentis, of course, lower than the drop-out
value. Both must be below the 1A DO value of current.

The following procedure is designed to set the field weakening
pick-up and drop-out points as a percentage of the current drawn
under conditions of running on the level in 1A with a normal load.
Make sure that the battery is charged to at least 1.200 S.G,, and that

thevenhicleis carrying a normal load. Measure the battery orarmature

amperage after fully accelerated in 1A on a level surface.
(Smooth concrete is preferred). This test cannot be done properly
with the wheels jacked up. After obtaining this reading, the vehicle
may be jacked up and the adjustments made using the brakes to
simulate the load. Also,set FWPU full CCW and FWDO full CW. (It may
be necessary to defeat the brake switch). Now set the F.W: PU at a
value between 125% and 150% of the “level running” value by start-
ing with FW. PU at full CCW and dragging brake after 1A is closed
(accelerator must be floor boarded and making the 1A switch). When
the brake has loaded the motor to the desired FW. PU amps, slowly
adjust the F.W. PU pot CW until the FW contactor picks up. Increase
the load on the motor until the desired F.W. DO value is reached and
adjust the FW. DO pot slowly CCW until the FW contactor drops out
{(maximum 300% oflevel running). Recheck both pick up and drop out
settings since there is some interaction of these pots. Itis impossible
to give actual 1-9 “number” settings for these adjustments, since
drive motor characteristics vary widely.
Itis suggested that a record be made of all settings and this infor-
mation kept on the vehicle or in a convenient place for future ref-
erence”*
Installation/Removal of Control Card

The EV-1 control card has been designed to facilitate easy repiace-
ment without the need to disconnect any wires. This feature saves
time and eliminates the chance of an accidental wrong connection.
To remove the card from the panel, proceed as follows:

1. Disconnect battery.

2. Loosen only the two terminal strip hola-down screws located at
theextreme end oftherightand leftterminal strips. These screws
are captive and complete removal is not necessary. (4 screws
total).

3. Using screwdriver slots on side, lift out the right and left ter-
minal strips.

4. Release the spring locking devices at each end of the card.
(These flip out).

5. Swing the card away from the panel and disengage tabs from
panel bracket siots.

6. Discharge Capacitor(s).

7. Release side locking tabs, and with the aid of a screwdriver
withdraw the 14-pin panel plug from the underside of the card.

To install a control card, exactly reverse above procedure.

*For your convenience, pressure sensitive labels have been pro-
vided with this booklet for the purpose of recording the proper con-
trol card settings on the vehicle. We hope you will find these labels a
helpful service aid. Additional labels are available free. Call or write
FLIGHT SYSTEMS at any of our locations.



GEF-4615A
Supersedes GEF-4615

RENEWAL PARTS

1IC4482-CTRA CONTACTORS
EV-1 * SCR CONTROL

Note: Ref. No's. 4, 5, 6, 6A, 7, 10, 11, 18,
21, 23, 24, and 25 may be purchased
as a kit. Refer to back page for kit
listing.

* Trademark of General Electric Co.

When ordering renewal parts, give q ity, log ber, description of each item required, and complete nameplate reading.

GENERAL @D ELECTRIC
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GEF-4615A 1C4482-CTRA CONTACTORS

REF. NO. 1 OPERATING COILS (1 REQUIRED)*

NOTE: The operating coil is identified by the number following the terminal configuration in the IC designation.
EXAMPLE: 1C4482-CTR-A-700-AA-202-A-1 requires coil number 202 Cat. No. 393B258G202.

For IC4882-CTR- For IC4482-CTR- For IC4482-CTR-101, 702, 711, 712,
700, 710 Only 800, 810 Only 801, 802,811, 812 Only

Coil Catalog Coil Catalog Coil Catalog

Number Number Number Number Number Number
202 393B258G202 201 393B257G201 301 393B257G301
203 G203 202 G202 302 G302
204 G204 203 G203 303 G303
205 G205 205 G205 305 G305
206 G206 207 G207 306 G306
207 G207 208 G208 307 G307
208 G208 210 G210 308 G308
210 G210 212 G212 309 G309
212 G212 312 G312
314 G314
315 G315

ELECTRICAL INTERLOCKS (1 REQUIRED WHEN USED)

NOTE: The electrical interlock is determined by the last letter and number in the IC designation.
EXAMPLE: IC4482-CTR-A-700-AA-202-A-1 requires letter A with 1 interlock contact Cat. No. 119A4259P3.

Switch
Form Letter No. of Contacts Catalog Number
A 1 194B6393A1
A 2 194B6393A2
X 0 emeeeeeee--
Ref. Number Required for IC4482-CTR-A- Catalog 5
No. [700]701]702]710]711]712]800]801]802]810]811]812 Number Description
3 1| --f{1v}-4f-1- -] -1 - 245A8482G2 Magnet assembly
3 -l1 11 -f{1f1]1 1({1]1 245A8482G1 Magnet assembly
*4 11-12]1 -12| - -1 -1 -1- 245A8490G2 Movable tip assembly
*4 -12 -] -12 - - - - - - 259A5047G2 Movable tip assembly
*4 - -l - -1 -1 - -12 -1 2 245A8490G1 Movable tip assembly
*4 -l -1 -1-1-1- -1 2 - -12 - 259A5047G1 Movable tip assembly
5 1)1 111 -l1}11]-111]1 259A3238P1 Spring for movable tip (gold)
5 -l -1 -1-1- 1| -1-117]-1- 259A3202P1 Spring for movable tip (red)
16 1 - - 11 -1-11 - -1 1 -1 - 259A1298P1 Retainer for movable tip spring
BA| -] 2|2|-|2|2|-]2|2|-|]2]2 259A8703P1 Spring cup
17 11212 1122 112 (2)11]2]2 259A3200P1 Movable tip carrier
8 2 - -1 2 - -1 2 - -1 2 - - 259A3220P1 Tip clamp, lower
8 -12]2 -1212 -12 ]2 -12 12 259A8702P1 Tip clamp, lower
9 - 11 1 -1 1 - 11 1 -1 1 259A3225P1 Tip clamp, upper
10 1221221212 ]1]2]2 245A8495P2 Tip shim
11 1 - -11v]-f{-1-f1-1-1-1-1- 259A3237G2 |AArmature assembly
11 -111]1 - 1111 1|1 -(1}1 259A3237G6 |AArmature assembly
11 -1 -] - - - - - - - 259A3237G1 |AArmature assembly
11 - - - -] - 259A3237G5 |gArmature assembly
11 - - - 14 - 259A3237G3 |gArmature assembly
11 -] - - -1 1 -1 1] - 259A3237G4 |gArmature assembly
12 1 -1 -11 - - - -1 - - - - 259A5018G1 Core assembly
12 - 1 1 - 1 1 1 1 1 1 1 1 245A84817G1 Core assembly
13 1{-1-11 -1 -11 - -11] -1 - 245A8486G1 Stud and nut assembly
13 - 1 1 - 1 1 - 1 1 - 1 1 245A8486G2 Stud and nut assembly
14 1 1 1 1 1 1 1 1 1 1 1 1 245A8494P1 Core head
15 1 1 1 1 1 1 1 1 1 1 1 1 245A8495P1 Shim for core head
16 1 1 1 1 1 1 1 1 1 1 1 1 245A8494P2 Bumper plate
17 111 f{1v}]1 |11 f1j1}1}1]1 259A5239P1 AGuide and interlock operator
17 1 1 1 1 1 1 1 1 1 1 1 1 259A5239P2 pGuide
*18 1{-1-11-1-f{-1-1-1-1-1-+= 259A3239P1 Return spring for armature (gold)
*18 - 11 1 -1 1 - |1 1 - 11 1 259A8708P1 Return spring for armature (green)
*18 -1 -1-1- -1 - -1 -11 - - 259A3201P1 Return spring for armature (blue) (for 800 AA
or AH only)
19 1{-t-11]-1-1-1-1=-1=-1-1- 259A5014P1 Magnet frame
19 - 1 1 - 1 1 1 1 1 1 1 1 245A8481P1 Magnet frame
120 -]l -1l-12f{212]-1-]-]1212]2 259A8746G1 Arc vane assembly (must be ordered together)
20A | - - - 12|22 -]l -1 -12]2]2 N605P13008C6| Thread cutting screw (6-32, 1/2 in. pan hd,
pro. fin.)
21 1 {11111 (11111111 194B6365P1 Stationary tip carrier
22 4 | - | - -l -1 -1=-|-1-1]-1- N57P15048B6 | Mounting screw fcr lower tip clamp (8-32,
3 in. pan hd slotted)
22 - 141 4] -|14]|4]|-14]|4]|]-]141]4 N57P15075B6 | Mounting screw for lower tip clamp (8-32,
4,68 in, pan hd slotted)
22 -1 - -1 -1 - -] - - - 273A2097P1 Mounting screw for lower tip clamp (8-32,
3.56 in. pan hd slotted)
23 1 1 1 1 1 1 1 1 1 1 1 1 205A4030P3 Lock nut #10-32 hex
24 1 1 1 1 1 1 1 1 1 1 1 1 N405P39C6 Lock washer for No. 10 screw, medium
25 4 ({4 |44 |4 4]|4]4|4)4]|4]|4 N405P38C6 Lock washer for No. 8 screw
26 1 {14111 }1 {1141 f1}1}1]1 N402P9B6 Plain washer for No. 10 screw
<l -l - -1l -] =--e-ee--- Terminals and stationary contacts (see Terminal
Configurations and table on page 3)
A Order when electrical interlock opérator is used. T Not shown,

# Order when no electrical interlock operator is used.

* Parts recommended for normal stock,
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INSTRUCTIONS

GEH-4469

150- AND 300-AMPERE
ELECTRIC-VEHICLE CONTROL CONTACTORS

1C4482-CTR A700, A800 SERIES

Before any adjustments, servicing, parts replace-
ment or any other act is performedvequiving physi-
cal contact with the electrical working components
ov wiring of this equipment, DISCONNECT THE
BATTERY, DISCHARGE CAPACITOR(S), AND
JACK WHEELS OFF FLOOR.

DESCRIPTION
GENERAL

These d-c contactors are designed for low-
voltage, intermittent-duty operation such as found
in battery truck service.

PURPOSE OF INSTRUCTIONS

The purpose of these instructions is to instruct
the user on proper care and maintenance to obtain
satisfac*ory service fromthese devices. The manu-
facturer of the electric vehicle has tested and ap-
plied these contactors according to the require-
ments of his vehicle. No modifications or changes
should be made in the layout, physical arrangement
or electrical connections without his permission.

MOUNTING

These contactors are designed to mount on a
vertical surface or on a horizontal surface.

DISASSEMBLY AND ASSEMBLY

Two main categories of these contactors are
available. The single-pole normally open types,
and the single-pole double-throw types which have
one normally open and one normally closed contact
(Fig. 1). The assembly and disassembly of these
devices will be covered individually.

Single-pole, Double-throw Type
(One Normally Open and One Normally
Closed Contact)

DISASSEMBLY

(Refer to Fig. 2, page 2 for exploded view and
parts index).

Fig. 1. Right - Single-pole, single-thrvow lype
(one novmally open contact)
Left - Single-pole, double-throw type
(one normally open and one
normally closed contact)

1. Remove all electrical connections and remove
the contactor from the vehicle for easier servicing.

2. Loosen the four long bolts in each corner,
remove the top contact retainer, and the long bolts.

3. Removethe two top stationary normally closed
contacts.

4. Remove the two contact spacers.
5. Remove the two bottom stationary contacts.

6. Remove armature and movable-contact

assembly.
7. Remove magnet frame and coil from base.

8. Loosen and remove the 10-32 nut from the
armature and movable-contact assembly using a
3/8-inch socket or nut driver. Note the order in
which the parts are removed from the stud,

The information contained herein is intended fo assist truck users and dealers in the servicing of conirol furnished by the General Electric Compary.
It does 1ot purport to cover all detoils or variations in equipment or provide for every possible contingency to be mef in connection with installation,

oparation or maintenance.

Should further information be desired or should particular problems arise which are not covered sufficiently for the purchaser's purposes, the matfer
should be referred to the truck manufacturer through his normal service channels, not directly to General Electric Company.



GEH-4469, 150- and 300-Ampere Electric-vehicle Control Contactors

PARTS INDEX -

. Top contact retainer 2

f
Top stationary contact e . %
s v g
Contact spacer e - ;\@e% @—69
‘ g \/ : @—Gh L6

- Long bolt with #8 lock washer ﬁ; 6e
g
S

Bottom stationary contact

S
. Armature and movable-contact assembly %%

[ e O R

10-32 nut

No. 10 lock washer

No. 10 flat washer
Movable-contact carrier
Shim

. Movable contact

. Spring cup (snaps into 6f)
Contact spring

. Bottom stationary-contact support
. Armature

. Spiral return spring

. Magnet frame

. Coil

. Base

. Bus connector
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Fig. 2. Assembly of single-pole, double-thvow type

PARTS INDEX

- Long bolt with #8 lock washer
. Contact spacer

. Stationary contacts

. Armature and movable-contact assembly
10-32 nut

. No. 10 lock washer

No. 10 flat washer

Contact spring retainer

. Contact spring

Movable contact

Shim

. Movable-contact carrier

. Stationary-contact support
Armature

. Spiral return spring

. Magnet frame

. Coil

. Base
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Fig. 3. Assembly of single-pole, single-throw type




ASSEMBLY

(Refer to Fig. 2, page 2 for exploded view and
parts index).

Before assembly, all parts should be cleaned,
inspected for wear and replaced if required. Assem-
bly is performed in reverse order from disassem-
bly with the following precautions required:

1. Force the small end of the spiral spring over
the small diameter on the armature assembly. See

Fig. 4, page 3.

2. Reassemble the armature parts 6a to 6k and
tighten the 10-32 nut to 14 to 18 inch-pounds torque
(1.6 to 2.0 Newton meters),

3. Locate the projections on the magnet frame in
the indentations on top of the coil with frame oriented
as in Fig. 2,

4., Add the armature and moveable-contact
assembly.

5. Properly seat the stationary contacts in the
slots of the molded stationary contact support and
add the two contact spacers.

6. Add the two top stationary contacts and top
contact retainer. Insert bus connector before pro-
ceeding to Step 7.

7. Tighten the four long bolts in a uniform man-
ner using a diagonal tightening sequence. Tighten
the bolts with 14 to 18 inch-pounds torgue (1.6 to
2.0 Newton meters).

DISASSEMBLY AND ASSEMBLY
Single-pole, Single-throw Type
(One Normally Open Contact)

DISASSEMBLY

(Refer to Fig. 3, page 2 for exploded view and
parts index).

1. Remove all electrical connections and remove
the contactor from the vehicle for easier servicing,

2. Loosen the four long bolts in each corner and
remove the two contact spacers.

3. Remove the two stationary contacts.

4, Remove armature and movable-contact as-
sembly,

5. Remove magnet frame and coil from the base.

6. Loosen and remove the 10-32 nut from the
armature and movable contact assembly using a
3/8-inch socket or nut driver. Note the order in
which the parts are removed from the stud. See
Fig. 3, page 2.

ASSEMBLY

(Refer to Fig. 3, page 2 for exploded view and
parts index).

Before assembly all parts should be cleaned and
inspected for wear and replaced if required. The
assembly is performed in the reverse order from
the disassembly with the following precautions re-
quired:

1. Force the small end of the spiral spring over
the small diameter on the armature assembly. See

Fig. 4, page 3.

2. Reassemble the armature parts 4a to 4k and
tighten the 10-32 nut to 14 to 18 inch-pounds torque
(1.6 to 2.0 Newton meters).

3. Locate the projections on the magnet frame
in the indentations on top of the coil with frame
oriented as in Fig. 3.

4, Add the armature and moveable-contact as-
sembly.

5. Properly seat the stationary contacts in the
slots of the molded stationary-contact support and
add the two contact spacers.

6. Tighten the four longbolts with 14 to 18 inch-
pounds torque (1.6 to 2.0 Newton meters),

Fig. 4. Spival spring attached to small diameter
on cone head



150- and 300-Ampere Eleciric-vehicle Control Contactors, GEH-4469

AUXILIARY CONTACTS

Auxiliary contacts or electrical interlocks are
available for the contactors as shown mounted on
the contactor inFig. 5. The auxiliary contact block
is operated by de-energizing the contactor. Fig-
ures 6 and 7, page 4, illustrate the operations.

To obtain proper operation of the contact block,
the gap between the auxiliary contact operator and
the button on the contact block should be as shown
in Fig, 7, This gap can be obtained by loosening
the adjustment screws and moving the interlock
support. The slots in the support permit this ad-
justment, The screws should be retightened to
14 to 18 inch-pounds torque (1.6 to 2,0 Newton
meters).

Fig. 5. Contactor with an auxiliary contact

4 Terminals

Auxiliary

contact block

Auxiliary
contact
operator

Auxiliary
contact block

0.03"t00.06"

(07 tol.5mm) .
Auxiliary
contact
operator

Adjustment
screws

Fig. 7. Auxiliary contact shown in the novmal position by the enevgized contactor



GEH-4469, 150- and 300-Ampere Electric-vehicle Control Contactors

Maintenance And Inspection Of Parts

CONTACTS

Contacts must be replaced before they have worn
through contact button to the base copper material.

SPIRAL RETURN SPRING

The free length should be between the limits
shown in the table and should be replaced if it shows
signs of corrosion.

Contactor Free Length "A"
In inches (mm)
700, 710 0.73 to 0,79 (18.5 to 20.1)
701, 711,
712, 801, 2 0.67 to 0.73 (17.3 to 18.5)
702, 802,
811, 812 S
800, 810 0.80 to 1.00 (20.3 to 25.5)-

—

A

4 . >

CONTACT SPRING

The free length should be between the limits
shown in thetable and should be replaced if it shows
signs of having been overheated or of corrosion.

Contactor Free Length "A"
In inches (mm)
700, 701, 711, 0.38 to 0.40 (9.6 to 10)
712, 801, 702,
802, 811, 812
800, 810 0.37t00.39 (9.4 to 9.9)
IOAN |
COILS
CAUTION: The coils have woltage sup-

pression cast integral with the coil. If a
test voltage is applied in the wrong divec-
tion or if the coil is connected backwards,
permanent damage may result. Observe
the polarity mavk on the coil during main-
tenance.

If the contactor fails to operate, measure the
voltage being applied to the coil terminals. The
coils on the contactor have beendesigned to actuate
the contactor on reduced battery voltage and with
approximately three volts drop in the electronic
circuit so that all contactors should operate at or
below 65 percent of rated battery voltage. Replace
the coil if the contactor does not operate to the full
stroke on 65-percent voltage or if the coil shows
signs of being overheated.

RENEWAL PARTS

Only factory specified parts should be used.
These parts should be obtained from the truck man-
ufacturer through his normal service channels.



INSTRUCTIONS — SCR ELECTRIC VEHICLE CONTROL GEK-28809

FIELD WEAKENING SYSTEM

1€C4484B201 FOR 36—48-VOLT OPERATION
1C4484B200 FOR 72-80-VOLT OPERATION

Before any adjustments, servicing, pavts replace-
ment or any other act is performedvequiving physi-
cal contact with the electrical working components
or wiving of this equipment, DISCONNECT THE
BATTERY AND DISCHARGE CAPACITOR 1IC.

GENERAL

Field weakening (FW) is supplied for truck ap- "
plications where more speed is desired than is 375

available with the motor directly across the battery
(with 1A closed).

After 1A isclosed, card 2 senses the truck speed
by sensing the current in the series field. After a
suitable speed has been attained on full field, the | 58.:5/
field current drops to a low value. The FW contac- .
tor is then energized to insert field-weakening re-
sistor 3 RES in parallel with the drive-motor field.
If current in the motor increases, as when going up
a grade, card 2 drops out the FW contactor, re-
applying full field to the motor.

Fig. 1.

KEY SWITCH SEAT SWITCH

CHECKING OPERATION

To check the field-weakening circuit, connect an
ammeter and shunt between battery negative and 1
REC. Connect the battery and depress the accel-
erator slightly to assure that a positive deflection of
the meter is obtained, Follow steps Athru C (below)
to determine full load running current.

ADJUSTMENT

.l DROPOUT
ADJUSTMENT

| Of

3

L3

50

4T PICKUP
[Shy

7

%RF
(A

OSCILLATOR CARD. = FF*;
| REC

(A) Insert a piece of paper between the power 1A
tips of the FW contactor.

(B) Operate the truck with full-rated load in 1A (-)o—o—o
speed to determine the full-load running
amperes, Fig. 2. Typical control connection on diagram

The information contained herein is intended to assist truck users and dealers in the servicing of SCR control furnished
by the General Electric Company. It does not purport to cover all details or variations in equipment nor to provide for every
possible contingency to be met in connection with installation, operation or maintenance.

Should further information be desired or should particular problems arise which are not covered sufficiently for the
purchaser’s purpose, the matter should be referred to the truck manufacturer through his normal service channels, not directly
to General Electric Company.

GENERAL @ ELECTRIC



GEK-28899 , Field Weakening System

CHECKING OPERATION (CONT’D)

(C) Remove the paper from between the power
tips of the FW contactor.

Accelerate the loaded truck on the level. The
FW contactor should close about one second after
1A closes or when the current reduces to about 125
to 150 percent of thefull load running current. See
Fig. 2.

Decelerate the loaded truck by going up a ramp
or by applying the brake (with the brake switch
jumpered out). The FW contactor should drop out
when the current increases to about 300 percent of
loaded-level motor current.

If field weakening is not properly set, the card
should be adjusted as described under tuneup pro-
cedure.

TUNE-UP PROCEDURE

Set up a shunt and ammeter, and determine the
full load running current as described in the
"CHECKING OPERATION" section. Jack the drive
wheels up. Then proceed as follows:

(1) Turn the dropout adjustment fully clockwise.

(2) Turn the pickup adjustment fully counter-
clockwise.

(3) Partially depress the brake and move the
accelerator to full speed.

/-NORMAL FULL LOAD RUNNING CURRENT

{ /-rw PICKUP 125%—150%
FW DROPOUT 275%—300%

o
uw
)
&
FW
A
NN
100% 200%  300%

MOTOR CURRENT

Fig. 3. Pickup and dropout ranges for FW contactor
based on full-load-level running speed (1A)

(4) Load the truck motor to correct pickup am-
peres (usually 135 percent of full load running
amperes), Turn the pickup adjustment clock-
wise until the FW contactor picks up.

(5) Load the truck to the correct drop-out am-
perage (usually about 300 percent of full load
running amperes). Turn the dropout adjust-
ment counterclockwise until the FW contac-
tor drops out.

NOTE: This card contains filters with
long time comstanis. Hold the curvent
about one second before making adjust-
ments. Tuvn the trimpot slowly. The
pickup adjustment affects dropout, but the
dvopout adjustment does not affect pickup.

GENERAL ELECTRIC COMPANY
INDUSTRIAL CONTROL PRODUCTS DEPARTMENT
SALEM, VA. 24153

GENERAL @3 ELECTRIC

8-72 (5M)



GEK-64881A
INSTRUCTIONS — SCR ELECTRIC VEHICLE CONTROL

1C4484 AUXILIARY PLUGGING

CONTROL
E-701 (36-84 VOLTS) E-702 (84-144 VOLTS)
RESISTOR AND NORMALLY OPEN CONTACTORS

WARNING

Before any adjustments, servicing, parts
replacement or any other act is performed
requiring physical contact with the electri-
cal working components or wiring of this
equipment, DISCONNECT THE BAT-
TERY AND DISCHARGE CAPACI-
TOR IC.

“B” RESISTOR

FUNCTION

The function of the auxiliary plugging control, Fig. 1, or
“B” kit is to insert a resistor in series with the motor “B” CARD
armature during a “plugging” operation. This resistor dis-

sipates most of the energy used in stopping the vehicle -

< rorces the field current to approach the armature cur- “B” CONTACTOR
rent thus reducing armature current and improving com-
mutation.

Fig. 1. IC4484 Auxiliary plugging control
OPERATION

The auxiliary plug card is connected in the EV-1 SCR cir- = K AT
cuit as shown in Fig. 2. The logic in the “B” card energizes 12 10
the “B” coil when positive voltage is applied to the “B”
coil, pin 6 of the “B” card and no “plug” signal occurs at I
R10. During normal running, the “B” contactor is closed = 7
and the “B” resistor is by-passed. 50 CONT.
When the truck is plugged, a “plug” signal occurs at R10 S--B?.L 5 _n%s EVH L7
which de-energizes the “B” coil and a negative signal is caro |17 R7  OSC
produced at Al by the motor armature. The logic in the 304 [51]ra RS9 R69
“B” card clamps R7 to zero. Near the end of the plug, the l
negative signal at A1 becomes zero and the logic in the
“B” card puts a positive voltage into R7 (as adjusted by \I'A
the trimpot on the “B” card). CW reduces the speed in
the new direction needed to cancel the plug signal which 20 ace

re-energizes the “B” coil.

134

Fig. 2. EV-1 SCR circuit showing connection of auxiliary plug
card



FUNCTION OF B CARD TERMINALS
FOR E-701 (36-84 VOLT)

GEK-64881A

TERMINAL DESCRIPTION CONDITION VOLTS
1 Common input to card Key off, use VOM and Less than 1 OHM
read from card terminal
1to “NEG”.
2 Plugging input logic. Not plugging mode 0 volts
Plugging mode 8 volts
3 Common return to card Key off, use VOM and Less than 1 OHM
through Oscillator card. read from terminal 3 to
“NEG ”» :
4 Y% on time input running. Not plugging 2.210 6.2 volts
Plugging 1.5 volts
5 “B” contactor common Key or seat switch open 0 volts
input. Key & seat switch closed 0 volts
Plugging Battery volts
6 Card power supply input. Key open 0 volts
Key closed Battery volts
7 “B” contactor hold off Running not plugging POS volts
input. mode
Plugging mode NEG volts
(POS volts will vary
depending on speed
0-BV volts.)
(NEG volts will vary -1
to -15 depending on
plugging current.)

The information contained herein is intended to assist truck users and dealers in the servicing of SCR control furnished by the
General Electric Company. It does not purport to cover all details or variations in equipment nor to provide for every possible
contingency to be met in connection with installation, operation or maintenance.

Should further information be desired or should particular problems arise which are not covered sufficiently for the purchas-
er’s purpose, the matter should be referred to the truck manufacturer through his normal service channels, not directly to

General Electric Company.

INDUSTRIAL CONTROL DEPARTMENT, GENERAL ELECTRIC COMPANY, CHARLOTTESVILLE, VIRGINIA
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