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EV=-10* 5CR Control GER-83451
General Description = Introductiom

CHAPTER 1
GENERAL DESCRIPTION

SECTION 1
INTRODUCTION

SCR VS. RESISTOR CONTROL

Before the iutroduction of the Silicou Controlled Rectifier (SCR), the
traction motor control most widely usea on electric trucks was resistor
stepped coutrel. The cperator using stepped control had & very limited number
of vperating speeds. Moreover, speea change with resistor stepped control was
accompanied by _erky operation and a loss of battery power, being buruned up as
heat im the resistors. Stepless SCR control, however, is smooth from zeru
speed to 90% speed. SCR uses just enough power from the battery to perform
the required task.

Forward and reversing coutactors are still required on SCR-comtrolled trucks.
These contactors reverse the current flow in the series field to control the
truck's direction once power is applied. However, with SCR-equipped trucks,
the operator has more complete control of speed from zero through slow inching
duus on up to maximum speed. All speed changes are smoothly completed because
$CR control operates with a programmed build-up of pulses. Resistor comntrol,
on the other hand, must get the truck to a pre-set our "stepped” speed as soon

as the forward or reverse contactor is closed. Each step causes an abrupt
gump or jerk in the motion of the truck. '

% Trademark of Geueral Electric

Rev. 00, 1/83



EV-10 SCR Comtrol GER-83451
General Description — Introduction

Figure l.l.1 shows the additional range of extended battery life that can be
obtained from a given battery charge when OSCR control is used instead of

resistor control. The savings are greater when the duty cycle is conducted at
lower speeds.

When the accelerator is fully depressed, both SCR and resistor controls use a
bypass contactor to connect the motor directly across the battery. This

bypass technique provides maximum power, speed, and efficiency in respomse to
complete acceleration.

4 E 100
Z
= 75
:; -
- E 50
2 25
.—
5 1
< 0

oL

0 1 2 3 4 5
TRUCK SPEED (MPH)

Figure llllll

ADDITIONAL RANGL OF EXTENDED BATTERY LIFE
WITH SCR CONTROL*

% Assuming that the pump motor utilizes half the battery capacity and that
the truck is rated at 6 mpn.

Hef. gl.TMP-l

Rev. 00, 1/83



EV-10 SCR Control GEK-83451
General Description - Introduction

PERFORMANCE CHARACTERISTICS

The curves iun Figure 1l.l.2 show performance characteristies of a typical
General Electric motor. These curves indicate the currents drawn by the woter
for any speea during the entire range of normal vehicle operatioun.

The upper curve represents performauce with the motor connected to full
voltage un a battery (lA countactor closeu). The lower curve represents motor
performance under SCR control.

With SCH coutrel, the truck wotor can be operated at any given poiut on or
below its top SCR speed curve. For example, SCR control gives an infinite
nuuber of speed-toryue curves between the SCR curve and zero, illustrating the
controllability range of the motor while on SCR control.

TYPICAL SCR
PERFORMANCE
CHARACTERISTICS

Figure 1l.1l.2
PERFORMANCE CHARACTERISTICS OF A TYPICAL MOTUR
Ref. 91.THP.2
1-3
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EV-10 SCR Coutrol

General Description — Introduction

GEk—53451

Table lelel

RESISTOR vs. EV=10 SCR CONTROL

RESIS5TOR CONTROL

EV-10 SCR CONTROL

ENERGY SAVINGS :

An electric vehicle's speed
is proportional to the
motor voltage. With
resistor control, the
battery continuously
provides rated voltage
(24, 36, 48, etc.).

At the slower speed steps,
resistor control only uses
30 to 70 percent of the
avallable voltage. The
remainder is wasted in

the form of heat in the
resistors.

The high efficiency of the
EV-10 SCR control reduces
power bills for recharging
batteries. SCR countrol has
proved to be approximately
90% efficient at reduced
speeds. Trucks equipped
with SCR control operate
from 10 to 40% longer on

a given charge, depending
on the duty cycle. The
more time run at low speeds,
the greater the savings
realized with SCR control.

PERFORMANCE:

Acceleratiou

Reversing

Maneuvering

Acceleration to top speed
is determined by time
delays built into each
speed step.

Either reversal is very
rough, or the operator
loses control of the
vehicle (all contactors
opened) when changing
direction.

Maneuvering can be
difficult when discrete

speed changes OCCUT.

The EV-10 provides swmooth
controlled acceleration to
top speed iu approximately
2 secondss

SCR plugging provides smooth
deceleration ana change in
direction from any operating
speed. Operator movemeuts
are minimized. The only
operation required is to
move the directional lever
or grip. This significantly
reduces maneuvering time.

The truck can be maneuvered,
or even inchea, through
tight aisles or in crowded
storage areas.

Keva Uﬂ, 1!8-1

1-4



EV-10 SCR Control GEK-83451

General Description - Introduction

Table l.1.1 (Contiuued)
BESISTOR vs. EV-10 SCR CONTROL

RESISTUR CONTHOL

EV=10 SCR CONTROL

SAFETY:
Uucontrolleu Contactors which repeatedly | The EV-10 contains
Vehicle make and break loaa currents| circuitry which minimizes
Hovement are susceptible to welding the chances of uncontrolled
theuselves closed at the vehicle movements.
tips.
Load When a load is raised on The smooth speed control
Handling the forks, auy sudden of the EV-10 greatly
' movement of the vehicle reduces this reaction.
will be transmitted to
that load.
PROTECTION

OF COMPONENTS :

Speed Changes/
Reversal

Battery
Counection

Overloading

Discrete speed changes
associated with resistor
control impose shock
loading on drive train
components.

Inadvertent reverse
battery connection can
damage the control
components.

Abuse of the wvehicle can
cause damage or shorten
the life of electrical
components.

Smooth speed control greatly
reduces the wear on the
drive train. In addition,
with plugging, the service
brakes are used less often.

The EV-10 contains reverse

battery counection
protection.

The EV-10 contains a thermal
protector and current limit
circuit which protects

the control from abuse.

Rev. 00, 1/83
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EV-10 SCR Control

General Description — Introduction

GEK-83451

Table l.l.l (Continued)
RESISTOR vs. EV-=10 SCR CONTEOL

RESISTOR CONTROL

EV=-10 SCR CONTROL

MAINTENANCE:

Contactors

System

All contactors require
regular inspection and
replacement of expensive
contact tips.

Control circuits and
replacement parts may vary
from one truck builder to
another. This makes
troubleshooting and parts
inventory more expensive.

Only one contactor makes and
breaks load currents,
reducing this costly
maintenance aspect.

The basic EV-10 circuit

and parts are the same from
one truck builder to
another.

Rev. 00, 1/83



EV-10 SCR Control GER-83451
General Description - Definition of the EV-10

SECTION 2
WHAT IS THE EV-10?

THE EV-10 IS AN SCR CONTROL.

The basic principle used in the EV-10 SCR truck control is the chopping, or
pulsing, of the battery voltage to the motor. The effective voltage at the
motor terminals (thus, the speed of the vehicle) is a functiou uf the number
of pulses over a period of time. The frequency ana duration of these pulses
is varied according to the position of the speed control potentiometer wounted
in the accelerator switch or the control handle.

Below 90%Z of full speed, the SCR control varies motor voltage by alternately
conducting and blocking current at the rate of 50 to 300 Hz.

When the accelerator is fully depressed, the SCR control uses a bypass
contactor to connect the motor directly across the battery. This bypass
technique provides maxiwmum power, speed, and efficiency in response to
complete acceleration.

The EV-10 is the major element of a complete drive system. Other components
include:

A directional switch.
An accelerator switch.

Forward/reverse contactors.
A bypass contactor.

1-7
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EV-10 SCR Control GEK-83451
General Description — Definition of the EV-10

COMPONENTS

The EV-10 itself consists of several major groups of components, which are
described below. (For a complete description of these components, see Section
6, Circuit Operation.)

Table l.2.1
EV-10 COMPONENTS

COMPONENT GROUP FUNCTION
Main SCR (1 REC) Switches battery power to the motor.
3 REC and 4 REC Carry motor currents during

P power devices prescribed times, during 1 REC off

time, and during plugging.

Commutation circuit Consists of the 2 REC, the 5 REC
capacitor, and the transformer oI
the reactor. Turns off the 1 REC
for each pulse.

Heat sink Holds 1 REC through 5 REC. helps to
keep these devices within their

temperature ratings.

Logic card Performs all control functioms:
controls the rate of pulsing of 1
REC, turns on or off the directional
and 1A contactors, maintains
currents within prescribed limits,
and initiates a shutdown in case of
a component failure.

Rev. 00, 1/83



EVv-10 SCK Control

GEK-83451

General Description = Glossary

SECTION 3
GLOSSARY

This glossary of commouly used terms will make it easier to understand this
publication and other material on the EV-10 SCR control for electric trucks.

1A CONTACTOR
(BYPASS)

ACCELERATOR

Rev. 00, 1/83

During gradual acceleration (ramp operation) or
high-speed travel, the drive motor may need a large
current beyond the rating of the SCR to overcome the
increase of the traveling load. To meet this
requirement, an additional contactor having a large
current capacity is installed in parallel to 1 REC.
This contactor, when closed, applies full battery
voltage and current to the drive motor. The 1A
contactor is closed automatically when either of the
following conditions occurs:

1. The accelerator potentiometer ohms fall below 500
ohms (.5 volts), and the 1A timer times out.

2. The accelerator potentiometer ohms fall below 500
ohms (.5 volts) after the truck is stopped by
plugging and starts traveling back and after the 1A
timer times out. (The truck is prevented f£from
being subjected to a shock caused by energizing the
1A contactor immediately after plugging even when
the accelerator pedal is fully depressed during

plugging.)

The accelerator consists of the start switch, which
closes the traveling signal circuit, and the
potentiometer (precise variable resistor), which turns
in proportion to the angle of the control handle.
Travel speed 1is controlled by variation of the
resistance of the potentiometer. In standup vehicles
the accelerator also contains airectional switches.

1~9



EV-10 SCR Control GEK-83451
General Description — Glossary

ANODE - The positive terminal of a semiconductor uevice through
which current flows into the device.

CURRENT S;Ez-ANDDE-'E;Z

FLOW
‘ SCR DIODE

Figure 1l.3.1

ANODE
AVERAGE - On a pulsed system, the effective value of current that
CURBENT performs work. Average current can bLe read with a
conventional dc ammeter.
CAPACITOR — A device which stores an electric charge in 2z metal

sheets on opposite sides of an insulator (similar to a
quick-charge and discharge battery).

Ref. 91.TMF. 3
1-10
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EV-10 SCR Control GER=63451
General Description = Glossary

CATHUDE - The negative terminal of a semicouductor device through
which current flows out of the device.

CURRENT ’y
FLOW ¥<CATHDDE

* SCR DIODE

Figul‘& 1. 3 l

CATHODE
CHARGING - A transformer which uses its primary winding to increase
TRANSFORMER the charge on commutation capacitor 1C. Its secondary

winding reverses the charge on commutation capacitor 1C.

COMMUTATE - To turn off.

CONTROL CARD - A printed circuit board containing electronic
components which control all circuit functions.

RE.E- gl-Tl"IP-EI-
1-11
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EV-10 SCR Countrol

GEK-83451

General Description - Glossary

CONTROLLED
REVERSING
PLUGGING)

Ref. 91.TMP.5

Rev. 00, 1/83

To brake a motor electrically and allow it to rotate

in reverse. During Forward (F) to Reverse (R)

traveling or (R to F), one contactor which is closed
(energized) opens; and the other contactor which is
open (ae-energized) closes. The reversal of the
connection of the field coil causes the motor to act as
a generator which delivers current to 3 REC. This
causes the motor to stop quickly. To prevent
excessively quick braking, which gives a larpe shock to
the truck and its operator, 4 REC is installed in
parallel to the armature of the motor. This forus a
shunt circuit, which effectively restricts the
excessive increase of current so that reversal in the
direction of travel is made smoothly.

The potential difference (voltage) produced between the
cathode and the anode of 4 REC is input to the SCR
control to restrict the conduction rate of 1 REC during
plugging, so that current sent to the motor from the
battery through the SCR control is minimized in order
to regulate the armature current to a preset value.

BATTERY

|

1REC

Figure 1.3.3
CONTROLLED REVERSING (PLUGGING)

1-12



EV=10 SCKR Control GEK-83451
General Description - Glossary

DIODE - A semiconductor consisting of an anode and a cathode.
A diode passes current in the direction from the anode
to the cathode and blocks the flow of current in the
other direction.

*
DIODE H
Figure l.3.4
DIODE

DIRECTIONAL - A device which contains switches that actuate the

SWITCH forward or reverse contactors in order to change the
vehicle's direction.

DRIVE MOTOR - The series dc motor that provides large starting torque

and allows a wide variation of travel speeds.

REf - gl .Tl‘i.Pi Eﬁ
1-13
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EV=-10 SCR Control

GEK-83451

General Description - Glossary

F AND R
CONTACTORS

FILTERING

FREQUENCY
MODULATION

FUSE

Ref. gl-THP-?

Rev. 00, 1/83

A magnetic switch which determines the direction of
motor rotatiom.

Figure l.3.5
F AND R CONTACTORS

By reversing field current flow, the motor rotates in
the opposite direction.

The use of a circuit (typically a resistor ana aiode)
to remove spikes of voltage from the control. These
spikes are generated by switching contactors omn and off
or by switching other circuit devices, such as the horme.

The methoa of obtaining adjustable speed coutrol by
varying the number of pulses per seconde

The fuse serves to protect the electrical system
against excessive current flow. Whenever an excessive
current flows, the fuse melts down to open the circuit.

1-14



EV-10 SCR Coutrol GER-863451
General Description - Glossary

GATE - The control element of an 5CR. A small sigual applied
to this element causes the SCR to conduct large amounts
of curreut between the anode and the cathode.

HEAT SINK - A mounting device for a semiconductor which dissipates
any heat generated within the semiconductor.

KEYSWITCH - The keyswitch cuts off the control power supply to the
control system. Electrical control devices will not
operate unless the keyswitch is turned on.

NOTE
The power transmitting line is directly

connnected to the battery, not through
the keyswitch.

POTENTIOMETER - A small variable resistor.

PULSE - Electrical energy which flows for a very brief interval.
REACTOR - Reverses the charge on the commutating capacitor.
SEMICONDUCTOR - Any of a family of solid state electronic devices, such

as diodes, transistors, and SCR's.

1-15
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EV-10 SCR Control GER=-83451
General Description - Glossary

SILICON -  Functions as an on/off current switch by allowing a very
CONTROLLED small amount of current from the cathode to the gate

RECTIFIER to switch the SCR on. When current flows into the

' gate, the SCR is switched on to allow a large currentl
flow from the anode to the cathode. Once switched on,
the SCR continues to conduct, even after the gate pulse
current is stopped.

To switch off the SCR, it is necessary to reduce
current flowing through the SCR to zero (or below the
holding current nearby =zero) or to apply a counter
voltage to the cathode against the anode (called
reverse bias.) This transference from on to off is
called “turn off."” Once turned off, the SCR does not
? allow current to pass. SCR's are able to switch on and

conduct several hundred amperes of current by applying
a very small pulse current to the gate.

TRANSISTOR - A semiconductor device which carries varying amounts of
current, depending on the applied control signal.

Transistors are used as switches on the EV-10 circuit
to turn contactors on and off (i.e., PMT driver and 1A
driver).

1-16
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EV-10 SCR Control GEk=-83451
General Descriptiou - Elementary Diagram Symbols :

SECTION 4
ELEMENTARY DIAGRAM SYMBOLS

1=17
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EV-10 SCR Control

General Description - Elementary Diagram Symbols

GER-83451

TYPICAL ELEMENTARY DIAGRAM SYMBOLS

SYMBOL DEVICE EXAMPLE
__ LONG LINE IS ALWAYS
‘MW‘ BATTER _WMW_ POSITIVE.
—I |— _\H: CONTACTORS F_ NORMALLY CLOSED
(CONTACTOR TIPS) I ‘k FORWARD CONTACTOR
NORMALLY OPEN NORMALLY CLOSED
R A e CONTROL SWITCHES ¥ NORMALLY OPEN BRAKE
T o\ o (HC- HELD CLOSEDI. SHITCH.

NORMALLY OPEN
1

L.

NORMALLY CLOSED

CONTROL SWITCHES
{HO - HELD OPEN).

NORMALLY CLOSED BRAKE
SWITCH.

WIRING
(1) CONTROL WIRE.
{2) POWER WIRE.

(1) NORMALLY |8 GUAGE FOR PANELS
AND 16 GUAGE FOR TRUCK WIRING.
(2) 0 TO SIZE 4 WIRE FOR MOTOR LEADS.

=

—y—

CONNECTED INTERSECTION
OF CONDUCTORS.

NOT CONNECTED CROSSING
0C CONDUCTORS.

MECHANICAL CONNECTION.

AS USED IN SCHEMATIC DRAWINGS.

AS USED IN SCHEMATIC DRAWINGS.

BATTERY PLUG.

‘aanl

MOTOR
MOTOR ARMATURE
MOTOR FIELD

SERIES FIELD

PUMP MOTOR AS IT MAY APPEAR ON
SCHEMATIC DRAWING

Figure l.4.1

ELEMENTARY DIAGRAM SYMBOLS

Ref. 91.TMP.8

Rev. 00, 1/83
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EV-10 SCE Control

General Description — Elementary Diagram Symbols

GEK-83451

TYPICAL ELEMENTARY DIAGRAM SYMBOLS

SYMBOL DEVICE EXAMPLE
¥ = E CoumuTaTING CapACITOR FOR
It WNAGITE TURN OFF OF | REC. MAY BE USED
AS SUPPRESSORS OR DEVICE FILTERS,
—(O coIL —()— FORWARD CONTACTOR COIL
—_ [+ FUSE —{[Fue[}—  controL CIRCUIT FUSE
RESISTOR .
—1__|— FIXED
E VARIABLE -11—

k=)

POTENTIOMETER

ACC.
_@T ACCELERATOR
POTENTIOMETER

(VARIABLE)
METER SCR CONTROL
3 REC
ALLOWS CURRENT TO
* RECTIFIER OR DIODE * * FLOW FROM POSITIVE TO
NEGATIVE ONLY
SILICON CONTROLLED IREC
AVERY FAST SWITCH
RECTIFIER (WITH NO MOVING PARTS)
(SCRI USED TO TURN CURRENT ON

AND OFF UP TO 350 TIMES
PER SECOND

Ref. gliTHP-BﬁL

Rev. 00, 1/83

Figure l.4.1 (Continued)
ELEMENTARY DIAGEAM SYMBOLS
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EV-10 SCR Control GER-83451
General Description — Elementary

SECTION 5
EV-10 ELEMENTARY
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EV-10 SCR Control

General Description - Elementary

GEK-83451

2
2 3Rec [ Ln
lJ ?E‘E " 2
Stlrrenil g

He

;nl ;
r"‘“]_TI!
| RES

o
'* " ‘2 X mec
E [ L)
= S
iy =t

2
3
¥
LB
._"UJ' N
24
e 4”'
48y
*
N

H nﬂ.--—-—-
T4 i e

: R

i 2| lwek Vme| :

T roBRN W . REC
H M

SREC +oRED  VIp®T

i

16

SUPPLIED BY CUSTOMER NOTE: ALL ACCESSORIES MUST
* X T o ourTeD A S8 JaIT o
ON 72¥ GONTROL.

FILTERED PER INSTRUCTIONS
FOUND IN GEX-25381,

NOTE

Heavy lines are power circuits;
light lines are control circuits.

Figure l.5.1
EV-10 ELEMENTARY

Ref. 91.TMP.9
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EV-10 SCR Control GEk-83451
General Description - Circuit Operatiomn

SECTION 6
EV-10 CIRCUIT OPERATION
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EV-10 SCR Control GEK-83451
General Description - Circuit Operation

The control circuit is energized by closing the keyswitch and actuating the
control handle which closes either directional switch and the start switch.
The control checks for more than 7 volts at terminal board point BLU. (0
volts would indicate a welded 1A or shorted 1 REC.) If Pulse Monitor Trip
(PMT) requirements are met, the PMT driver turns on with a control signal
applied to PMTD terminal 1. This will allow the selected directional
contactor to close, completing the traction motor circuit.

—

—
11|
il
——i>m

3o
1m

UH_H 13 *

Figure 1l.6.1
INITIAL DIRECTIONAL CLOSURE

Ref. 91.TMP.10
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EV-10 SCE Control GEK-83451

General Description = Circuit Operation

The control card supplies a gate pulse to 2 REC, turning it om. This
recharges the commutating capacitor (1C). The current path is from 2 REC, 1C;
through the battery, motor field and armature; and back to 2 REC. After 1C
charges, 2 REC shuts off due to lack of current. The control card checks that
1C is charged and then unlocks the gate circuits to 1 REC and 5 REC, allowing
the current to flow through 1 REC and 5 REC.

&

Figure 1.6.2
CAPACITOR FREE CHARGE CIRCUIT

Ref. gl-TMP'-ll
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EV-10 SCR Control GEK-83451
General Description - Circuit Operation

The control card then supplies a gate pulse to 1 REC, turning it on and
allowing current to flow from the battery through the motor field and
armature, 1 REC, and back to the battery. 5 REC turns on in order to turn the
charge on 1C around. The turn-around current path is T3 - T4, 1 REC, T2 - Tl,
1C, and back to 5 REC. This charging cycle occurs in less than 1 ms. The
charge is stored until it is time to turn 1 REC off.

— -
&

Figure l.6.3
1l REC AND 5 REC TURN-ON
Ref. 91.TMP.12
1-25
Rev. 00, 1/83









































































































































































































































































































































































































