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GEK-14769
DIGITAL RATIO CONTROL

GENERAL DESCRIPTION

The 357506NA300 series Multi-Channel Digital Speed Ratio Control develops a digital
controlled “Reference Frequency” used to accurately and independently control the
speed of several adjustable frequency ST-100% static AC motor controls.

The Speed Ratio Control utilizes a pulse rate multiplier and ratio adjuster
for each channel;, in conjunction with a high accuracy frequency reference. This
signal becomes the input or reference frequency to the ST-100 discriminator circuit.

ENCLOSURE

The Multi-Channel Speed Ratio Control is housed in an enclosure which is approximately
28" wide, 22" deep and 46" minimum high (see outline for exact dimensions). The

entire top front of the enclosure is an operator's control station and the number of
operator's devices required will determine the height of the enclosure for a specific
application. As shown in the outlines, the front door which swings out 90°, is located
below the operator’s control station and may be locked by key.

A door at the rear of the enclosure allows access to the printed eircuit modules.

VENTILATION

Three fan assemblies are mounted under the logic stack; across the bottom area of
the enclosure. The fans draw air into the control through a replaceable filter '
which is located behind a ventilating grille on the bottom portion of the rear door.
The air is forced upward through the logic stack and expelled through another filter
at the top of the rear doors. The operating temperature of the control is monitored
by a thermostat mounted on the top of the logic stack. The thermostat automatically
switches off the control power if the stack temperature reaches 124°F + 5°F.

ELECTRICAL CONNECTIONS

Control connections are brought into the control through removable plates on the
bottom left and right sides of the enclosure. Input power should enter through the
removgble plate on the top left side of the enclosure.

CONDITIONS FOR OPERATION OF CONTROL

The control operates with:

A power input of either 115 volts or 230 velts (not both), 60 Hz, single phase,
0.8 KVA. Check nameplate to determine proper input voltage.

Ambient temperature from SOOF to 1109F {control overtemperature cutoff is provided).

SOLID-STATE LOGIC

Logic circuit boards using transistors and diodes are bullt on plug-in circuit boards
which slide into slots in metal racks. Each rack contains twenty-four siots. Fach
board has an identifying symbol which also appears below the particular slot where

it belongs. Thus, a board which has been removed may be easily returned to its progper
loecation in the rack.

#Trademark of General Electric Company



LOGIC WIRING

Where possible, the racks are wired with #22 501id wire. The wire is wrapped around
the socket pins of the logic board. If stranded wire must be used, as in the case of
shielded cables, a miniature fast-on terminal is soldered to the socket pins.

The color code of the logic wiring used is as follows:

Color of

Logic Wire Where Used
Black Master Reference Frequency (Clock)
Blue -18V Logic Supply Voltage
Brown +6V Légic Shpply Voltage
Red ' +12V Logic éﬁpply Voltage
Yellow Logic wiring'leadihg from logic stack
Green Logic wiring between sockets in the same rack
Violet Logie wiring between therpins on the same socket
Gray Logic wiring between the racks in the loglc stack
White Logic ground (OV)

Logic power is carried by bug conductors for each logic voltage and ground. The
conductors, which are sandwiched together between insulators, run vertically along
the side of the logic stack. Other connecting conductors fan out horizontally across
the. power connections of the logle boards.

There are four pins on each logic board which are reserved for power supply voltages
as indicated on the following page. Those through which the same voltage is supplied
bear the same pin numbers. -

Pin Number Power Supply Voltages‘
1 | -18v
3 |  Ground (OV)
5 +12V
7 +6V

GROUND CIRCUITS

All ground circuits in the control are brought together at the grounding stud (also
called the "enclosure ground"). The grounding stud is located on the left wall of
the enclosure below the line filters.
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MAGNETICS FOR THE CONTROL POWER SUPPLY

The magnetic components used in the initial application of power to the control are
shown in Figure 1.

The dropout of the Logic Power Timing Relay (LPTR) is delayed long enough to permit
the voltages of the logic power supply to come to their proper values. This permits
the undervoltage relay to energize; consequently, PWC will stay energized after LPTR
has dropped out.

LOGIC POWER SUPPLIES

The power supplies used for the various logic circuits are filtered +12, +6 and
‘lSVDC °

Regulated power for the logic power supply is furnished by a constant voltage trans-
former located on the floor of the coantrol. The loglie power supply is mounted above
the logic stack.

The +12, +6, -18 and 0 volt (ground) power buses in the control are actually large
conductor sandwiched together with separating insulators and located vertically on
the side of the logic stack. Connecting strips fanning out from these main buses
make connections to smaller horizontal buses located across each rack section. These
horizontal buses are connected to all logic board sockets. The maximum variation in
DC voltage, including peak to peak ripple voltage, is not greater than +h% for a
change in line voltage of +10% and for a change in load of 20%.

An undervoltage relay UVR, is included in the power supply to interrupt the AC
voltage coming from the constant voltage transformer when an undervoltage condition
exists in any of the +12, +6, or -18 volt buses. The undervoltage relay is
connected to a relay-puller output from an undervoltage detection circuit which is
located on a special undervoltage (UV) logic board.

UNDERVOLTAGE CIRCUIT 1UV1

The lﬁVl board contains the undervoltage detection circuit for the +6, +12 and -18
volt power supply. 13 CN (control network) elements are also included on the 1UV1
board.

The undervoltage circuit on the 1UV1 board energizes the undervoltage relay (UVR) in
the logic power supply when the +12, +6, and ~18 volt buses are all greater than the
minimum bus voltages shown below.

BUS # MINIMUM BUS VOLTAGE
+12 0.7
+6 L.6
-18 16.3

The drop-out time for UVR is approximately 65 milliseconds. Tests have shown that a
short circuit on any bus will drop the undervoltage relay before the power supply
fuses blow.



INSTALLATION

The Multi-Chanunel Digital Speed Ratic Control should be installed in accordance
with the following directions:

1. Locate the contrel in ap environment which does not contain corrosive gsses or
liquids as these could adversely affect the components.

2. Leave enough space around the control to permit all doors to be opened; with
sufficient additional space to permit walking around it when the doors are open.
This insures easy access to the various parts of the control.

3. Install the control near the power units in a dry location where the ambient
temperature does not exceed the limits (5OOF to 110°F).

L. Be sure not to expose the comtrol to coolant or other kinds of liquid or spray,
flying chips, dust or any other foreign matter. Give particular attention to
the operator's panel, since all devices are not 100% oiltight.

5. Whenever possible, avoid exposing the control to an atmosphere having a high
foreign matter content; otherwise, the ventilating air filters will have to be
changed more frequently than would normally be required. :

6. Whenever possible, mount the comtrol in a location which is not subject to
vibration, otherwise, the unit will have to be suitable shock mounted.

INTERCONNECTIONS

For information concerning wires going from the console to the power units and from
the control to customer's devices or power source; refer to the elementary diagrams
and interconnection diagrams supplied with the equipment. Be sure to observe the
following directions when making interconnections:

l. Keep the wiring between the logic consocle and remote locations =s short as

practical.
2. PRun motor leads snd wires from A0#power circuits in separate conduits from the

conduits conmtaining the signal leads which are in separate shielded cables as
shown on interconnection diasgrams.
3. Power wiring must be kept separated from all comtrol wiring.

LINE VOLTAGE

Whatever equipment is required to provide proper line voltage must be supplied by
the customer. The power required for the comtrol will be in the order of 0.8 KVA.
Sudden changes in line wvoltages, such as could occur when a welder or large motor
load is applied; may adversely affect the operation of the control and must be
gvoided.
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QPERATION OF MULTI-CHANNEL DIGITAL SPEED RATIO CONTROL

The function of the Digital Speed Ratio Control is to accurately set, using a stable
reference frequency, the signal ratio between several ST-100 Static AC motor control
units. In essence, this unit is an electronic gear.

Referring to Sheet 2 of the elementary diagram, we see a functional block diagram
showing the major blocks in the system. This diagram will help you understand the
system as a whole as we proceed to our detailed discussion of the various parts of

the Digital Speed Ratio Control system.

MASTER REFERENCE FREQUENCY

The master reference freguency is geherally developed by use of a low frequency temper-
ature controlled oscillator (primary osc.) and a secondary oscillator which steps up
the frequency by use of a voltage controlled oscillator and discriminator circuit. A
timed acceleration and deceleration circuit is used in conjunction with the oscillator
and discriminator circuits to control the rate of change in frequency of the secondary
oscillator. This is necesgsary so that the St-100 static AC motor controllers will
stay in synchronism with the master reference (output of secondary oscillator).

Other reference frequency sources may also be used; such as crystal oscillator,
non-temperature controlled oscillator or digital pulse tachometer.

Only the temperature controlled oscillator spproach will be covered in this sectlono
See auxiliary section for all others.

TEMPERATURE CONTROLLED OSCILLATOR

The oscillator with a 10 turn potentiometer is a completely encapsulated unit and is
enclosed in a small insulated box. Temperature deviations inside of the box is held
to a minimum by a proportional type temperature regulator and assoc1ated heater.
Drift accuracy will be plus or minus .05% of set frequency. :

The oscillator and temperature regulator circuits will operate as follows, refer to
Figure 2. Voltage set at the slider of 200P will determine the magnitude of current
supplied through 20CQ and 205R to capacitor 201C. When the voltage across capacitor
201C increases to approximately 9 volts, the emitter to base 1 junction of 200UJT will
change from a high impedance to a very low impedance discharging 201C through 207R.
The emitter to base 1 junction of 200UJT will then change back to a high impedance
allowing the voltage across 201C to start increasing again. The charging rate of
201C and the frequency of the voltage pulses across 207TR will be determined by the

- magnitude of current supplied through transistor 200Q. The voltage across 200P and
‘the resulting maximum frequency range can be adjusted by rheostat 201P. The 18 volt
supply is held constant by zener diode 20CBD and capacitor 202C.

The temperature inside of the enclosure is controlled by a proportional type regulator
using a thermistor to sense temperature changes. Transistor 201Q supplies current to
the base of power transistor 202Q which in turn controls the heater current.

Zener diodes 201BD and 202BD hold the voltage constant across the divider consisting of
22UR, 202P and the thermistor. The supply voltage for transistor 201Q is also held
congstant by zener 202BD. Voltage at the base of 201Q will be determined by the
resistance of rheostat 202P plus the resistance of the thermistor. Rheostat 202P is
used to set the temperasture regulating point.
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The thermistor resistance change for °5°C temperature change will be sufficient to

owurn transistor 202Q from off to full on. As the temperature increases, the thermistor
resistance will increase, which is in the direction to reduce the current flowing in
202Q and the heater. A decrease in temperature will have the opposite effect.

DISCRIMINATOR CIRCUIT

The discriminator circuit shown on elementary diagram 44C300888 is used to lock the

high frequency voltage controlled coscillator thru a divide by 200 circuit, consisting

of a hundred counter and one flip-flop, to an external reference (temperature con-
trolled oscillator). The voltage controlled oscillator will increase in frequency

at a controlled rate determined by the timed acceleration circuit (upper left hand

side) until the output of the divide by 200 circuit reaches the frequency set by

the temperature controlled oscillator. At this point, the voltage controlled oscillator
will lock on to this frequency and thereafter will ogeillate at a frequency 200 times
the temperature controlled frequency.

The circuit can be divided into the following parts:

1. Power supply buses and filters which includes the following components:
24R, 25R, 26R, 27R, 3BD, 13C and 1% . The DC voltage bus is supplied by a full
wave bridge rectifier consisting cf T, 8, 9 and 10D which in turn draws its
power from the 230 VAC line thru a step down transformer. The DC voltage out of
the bridge is approximately 48 volts. The bus voltage of the discrlmlnator '
circuit is filtered and zener regulated at 24 VDC + 10%.

2. Basic digital discriminator consisting of transistors 8 - 139, diodes 12 - 17D,
capacitors 6-11C and resistor blocks 1 - 6RB. o

3. Feedback pulse amplifier circuit consisting of transistor 7Q and resistor 18 - 20R.
The purpose of this circuit is to develop a negative going pulse of known amplitude
at 6, 8 and 10C for each positive pulse generated at the output of the divide by
200 circuit.

k. Reference pulse amplifier circuit consisting of transistor 14Q and resistors
21 - 23R. This circuit will develcop a negative going pulse at 7, 9 and 11C
for each positive pulse supplied by the temperature controlled oscillator.

OPERATION OF DIGITAL DISCRIMINATOR

This circuit comsists of three flip-flops which are interconnected by steering lines -
and which as a group, receive reference pulses at T, 9 and 11C and feedback pulses

at 6, 8 and 10C. Outputs are fed back into the voltage controlled oscillator in a
way which affects the pulse rate supplied to transistor 7Q and thus 6, 8 and 10C.
Each collector of the center flip-fiop also supplies a base signal to an auxilisry’
transistor in whose collector circuit & lamp can be connected in order to indicate
the state of that particular collector. For example, 190 is the auxiliary transistor
associated with collector of tramsistor 11Q in ihe center flip-flop. When 11Q is
non-conducting, 15Q will be conducting and Lne associated lamp will be turned on.
Transistors 15Q and 16Q thus can provide a visual indication of the states of the
transistors in the center flip-flop.

The logic states at the collectors of 8 - 13Q will be defined as follows: when a
transistor is non-conducting and as a result, its collector is positive, we will say
that the collector is at a logic "one". Also, when a transistor is turned on and

ag a result, its collector is almost at ground potential, we will say that the
collector is at logic "zero".



First, let us assume that the collectors of 8-13Q are in the initial order 1, 0, 1,
0, 1, 0. Let us assume for the time being that there are pulses on (7, 9 and 11C)
but not on 6, 8 and 10C. The steering between flip-flops is arranged such that on
successive pulses; the collector states will change as shown in Table 1.

Table 1. (Ref. Pulse Input)

80 99 108 118 120 130
i 0

Initial Condition

After First Pulse

After Becond Pulse
ATter Third Pulse

After Fourth Pulse
After nth Pulse

OO Ol = =i
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To summarize the above; if pulses come only into T, 9 and 11C, the collectors cof the
flip-flops will go to, and stay in the states shown in the last entry in Table 1.

If we now assume that pulses stop coming into T, 9 and 11C and appear only at 6, 8
and 10C, the collector states will chenge as shown in Table 2.

Table 2. (Feedback Pulse Input)

B4 9a 10 119 120 13

Initial Condition
After First Pulse
After Second Pulse
After Third Pulse
After Fourth Pulse
After nth pulse
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Table 2. indicates that if pulses come only into 6, 8 and 10C, the collector will go
to and stay in the states shown in the last entry of Table 2. :

For the condition where there are pulses on both the reference pulse line {7, 9
and 11C) and on the f:edback line (6, 8 and 10C) but with the feedback pulse rate
being lower than the master pulse rate, 1t will be seen that the two right hand
flip-flops will stay in the logic states where collectors of 10Q and 12Q are zeros
and 11Q and 13Q are ones. The lef: hand flip-flop will alternate, however, from
one state to another as pulses arrive on the two input pulse lines.

~ The output of the center flip-flop is supplied to the base of tramsistor 1Q. Since
this output is very nearly zero for the operating conditions assumed above, transistor
1Q is non-Conducting and voltage will be applied to the timed acceleration circuit.

As a result, the pulse rate generated in the Ffrequeney control circuit will increase.
These pulses not only determine the master reference frequency, but alsc constitute
the feedback to the digital discriminator thru the divide by 200 circuit. As long as
the feedback rate is lower than tb- reference pulse rate, the above conditions will
prevall and the feedback pulse raie will increass at a rate set by the acceleration
circuit.



" GENERAL 5 ELECTRIC

REV
NO.

TITLE

CONT ON SHEET

SH NO.

SECTION %) GATES

FIRST MADE FOR

CONT ON SHEET

2MG/

SH NO,

BO

INTERNAL LOGIC DIAGRAM

aor i AND
2¢ PULSE RATE
CARRY /6 oCTRYr
ZNPUT ¢ (OEPEND ENT)
/7 CARRY |
THNPUT 2

Y
CARRY /15
INROT i
(DEPENDENT) |
CARRY | !
QUV7TPYT
/8 20
# /7 z/ /3 24
3
‘\ \\ \\ ", .
5 N LY S X §£9
LS AN A8 Y 8 §§
3 R £ NN i
N N N W
Now ] e e 0 g
Y N Y o4 ¥ Y%
o L‘t " T v X D
T % N S S N
N

OUTPUT PULSE PATTERN

T T UL L L L oweercare
0 I 0 I S O I O O - Y RV

ﬁ ﬂ m ]——] 4 OF /O PULSES
,_‘_.J—I m ZOF /0 PULSES
l__—l J OF 10 PUASES
| CARRY OF /0 PULSES
F1G. 4

REVISIONS

PRINTS TO

MADE BY

ISSUED

APPROVALS

DIV OR
DEPT,
LOCATION

CONT ON SHEET SH NO.

FF-803-WF (11-68)
PRINTED IN U.S.A.

CODE IDENT NO.



GATES 116k, 1165, 1166

Logic gates are used to amplify a logic signal, to the required level for a given
load and/or to perform a logic function. These gates are used in the circuit as
required.

Bach of the gate boards listed above contains eleven separate gates. These are

two input "Fast Gates". Fast gates are identified with the letters GF in the
elementary diagrams. The fast gate circuit has two transistors {one for each input)
which have a common collector resistor. Each gate can be used as a "Not And“ gate
or as an "Or Not" gate.

The only difference between the 1164, 11G5, and 11066 boards is the difference in the
number of independent gates versus dependent gates on each board. The same pin
numbers are used for correspondingly numbered elements on each of the three boards.
In other words,. gate element number 1 on each of the three boards uses pius 10 and
11 as inputs and pin 9 as the output; gate element #2 on each of the three voards
uses pins 12 and 13 as inputs and pin 20 as the output, etc. The pin numbers
assigned to each element are shown on Sheet 1A of the elementary diagram as well as
the combination of independent gates versus dependent gates on each of the three
boards.

MULTIPLIER GATE (2MGl)

The 2MG1l board contains two groups of 12 gates, arranged to gate non-concurrent pulses
at a reference rate. Fach gate series will gate 1 pulse per 10, 2 pulses per 10,
4 pulses per 10, or 8 pulses per 10. The pulse total cannot exceed 9 pulses per 10.

Using the 2MGl, with the 1HCl as a reference counter to distribute the gate input
in proper sequence, the pulse rate control will gate these "gate input pulses” at a
rate commanded by the setting of the ratio switches. The pulse rate commanded may
vary from O oui of 10 to 9 out of 10 pulses per decade.

The purpose of the multiplier gate or "pulse rate multiplier” is to act as an adjus-
table digital frequency reducer. The adjustment, typically, is made by use of a
thumbvheel switch. The pulse rate multiplier, alsc known as a "fractional multiplier’
produces at its output, a train of pulses whose repetition rate is equal to the input
pulse rate from the high frequency oscillator multiplied by the decimal fraction
represented by the thumbwheel switch setting. The decimal point is to the left of the
first thumbwheel digit. Internal gating in the pulse rate multiplier is arranged to
produce a relatively uniformly spaced output pulse train for any thumbwheel setting.

¢

For any given thumbwheel setting, the relationship between the reference frequency
and multiplier gate output frequency is absolute when considered over the averaging
period of the multiplier. This period would be .05 seconds using a 200K Hz refer-
ence frequency and four-digit thumbwheel switch: Bven within this short period,

the perturbations around the set ratio would be very small. While the high frequency
input signal could be considered the frequency reference, the output of the pulse
rate mulitplier is the actual reference that is supplied to the digital discriminator
of the ST-100 power unit through a divide-by circuit. It is this secondary ref-
erence to which the power unit is locked. '

As you can see, if each power unit is required to run at any frequency independent of
the speeds of the other units, a separate pulse rate multiplier must be used for each.

10
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they are amplified and inverted for use in driving the required logic gates. This
signal is used as the master reference frequency or clock for the Multi-Channel
Speed Ratio Control and in turn through a ratio and divider circuit, the ST-100
static AC motor controllers. The amplitude of the pulses at the collector of 6Q
are limited to a logic level of 6 volts by 6D and 1BD. 2BD and 4C regulate and
filter the 12 volt supply bus. »

HIGH FREQUENCY OSCILIATOR FEEDBACK CIRCUIT (DIVIDE BY N)

Typically, the feedback circuit consists of a hundred counter and a flip-flop which
divides the signal by 200. This signal which is fed back to discriminator circuit
will cause the high frequency oscillator to operate at a frequency 200 times the
frequency of the temperature controlled oscillator. This divider may vary depending
on the application. '

HUNDRED COUNTER 1HCL

The hundred counter consists of eight flip~flops and necessary gates to form a
two-decade counter. In each decade, the flip-flops are weighted 1, 2, 4 and 5.
The outputs of both decades (ie, the outputs of FFS5 and FF50) form a train of
pulses which are evenly spaced.

The hundred counter has a reset input and s manual reset connection. It counts"
when logic O is applied to its count input (pin 15) and subsequent pulses are
supplied to its trigger input (Pin 17).

FLIP-FLOP _L4F1

The WF1 flip-flop board contains four separate flip-flops, one of which is used in
the feedback circuit, while the remaining units may or may not be used for other
functions depending on the application. The manual reset connection to the board
is common for all four flip-flops.

A flip-flop goes to the set state when:

1. A logic 1 is applied to its set input.

2. A logic O is applied to the set steering and a subsequent positive-going trigger
pulse is applied to the set trigger. (The set steering must go to logic 0 at
least two microseconds before the set trigger goes to logic 0).

A flip-flop goes to the reset state when:

1. A logic 1 is applied to reset input.

2. A logic O is applied to the reset steering and a subsequent positive-going
trigger pulse is applied to the reset trigger. (The reset steering must go to
logic O at least two microseconds before the reset trigger goes to logic 0).

FREQUENCY COUNT DOWN

The frequency count down circuit consists of two hundred counter boards (described
earlier) and shown on block diagrem as four decade counters. These counters are
used to distribute in proper sequence the gating to the Multiplier gate boards (2MG1).



ACCURACY AND SETTABILITY

Two types of sccuracy are involved. One is the drift accuracy of the master reference
frequency + .05% of set frequency for temperature controlled oscillator. The other

is the fineness of adjustment steps or the "settability”. Settability is related to
the number of digits. If it is 4, the output frequency can be set in steps of
approximately .01% if a setting of 9999 represents top frequency.

Frequency adjustment - The means of adjusting the frequency out of the pulse rate
multiplier is the ratio switch. It is desirable to give a specific meaning to the
number setting of this switch; for example, it may be desirable for it to read Teet
per minute, percent of outpub Trequency, output freguency in hertz or whatever
quantity happens to be of special significance in a particular application. In order
to implement this desire with clreuitry, it is necessary only to add a divide by
block (divide-by M) at the output of the pulse rate multiplier.

DIVIDE BY (N)

The purpose of this block as stated earlier, is to smooth out the perturbations of
the pulse rate multiplier and to give specific meaning to the reading of the ratio
switches. In terms of the hardware required, it is one decade of s hundred counter
board {operation described earlier) and N quantity of flip-flops depending on the
specific application.

OUTPUT ISOLATION

To isolate the logic circuitry from the power units and also to transform the square
wave output of the logic into a pulse, a pulse transformer is used. The pulse out .
of this transformer is approximately 4 volts in amplitude and 80 to 100 microseconds
in width measured at the base of the signal.

—~—

b.5v
{

QUTFUT WAVEFORM

D

80-100 micro-sec.

This isolating transformer is mounted on a general purpose plug-in board which hag’
four such transformers and associated components and is referred to as the "output”
board.

OPTIONAL FEATURES

See auxiliary section for operating description of all optional features.

11



Excessive vibrations and shock (e. g. during transportation) may shake one or
more printed circuit boards partially out of their sockets. The boards may
have been incompletely inserted during troubleshcoting by substitution of

boards.

Note that an incompletely inserted board which may be partially energized
may cause an intermittent malfunction.

C. Wires and Sockets’

Wires and sockets may be broken due to mishandling of the control. Usually
a broken wire or connector is fairly obvious after a few minutes inspection

(with power switched off).
D, Power line transients

A malfunction which starts or coincides with the operation of any machinery
or apparatus connected to the same AC power line as the control may be caused
by excessive line transgients.

ISOLATING THE TROUBLE AREA

The following list contains some of the typical questions that should be answered
when the performance of a malfunctioning system is being observed.

1. Is the trouble area in the ratio control, power units, or associated
magnetics?

2. Does the control repeat the malfunction consistently every time, or is
the malfunction intermittent?

3. Does the malfunction occur in one or all of the channels?

Since the above list is not complste, further examination of the control may be
necegsary. The waveforms and voltage level in the suspected trouble area should be
observed and compared with the expected behavior of the control as described in the
elementary diagrams and in this Instruction Beok. Further troubleshootingwwill
then entail the available evidence and the formulation of a set of possible causes
for the malfunction. Each possible cause should be proved or disproved by further
observation and measurements,

FAULTY LOGIC ELEMENTS

A malfunctioning logic element does not necessarily represent a faulty element at
the point of observation. The trouble may be due to one of three reasons:

1, A1l or some of the input signals to the element have failed to arrive.
This may be due to a faulty logic element in the input signal path or may
be caused by broken wires or bent pins due to mishandling of the control.

2. A logic element under observation may be prevented from assuming the
correct state because its outpul is connected to a faulty logic element or
to a wrong polnt in the circult due to bent pins or broken wires.

3. The logic element under observation is faulty., This occurs most often due
to the failure of a transistor or diode. Replacing the board containing
the faulty element will cure the malfunction, except in cases where the
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PREVENTIVE MATNTENANCE

Because the Ratio control uses solid-state logic and hermetically sealed relays,
very 1little control maintenance is required. The ailr filters are the only units
in the control which require a maintenance program. The Ratio control enclosure
should be opened only when necessary for service or inspection, then only by
qualified personnel.

ATR FILTERS

Air filters, located in the rear door of the enclosure must be removed and cleaned
periodically. The degree of cleanliness of the surrounding air has a direct
bearing on the frequency of cleaning required. Unclean air will cause the filters
1o become clogged so that the air passage into the contrcl becomes restricted.
Reduction in ventilating efficiency may cause the control to overheat. In dusty
or dirty locations, therefore, the filters should be checked daily.

Clean air filters with hot water and a detergent or similar type of solvent and
then wiring them as dry as possible. Do not oil the filters. Replacement filters
(No. 44A235705-008) may be ordered from the Communication and Control Devices
Department., General Electric Company, Waynesboro, Virginia.

12



circuit fault which caused the original failure will damage the replace-
ment element (e. g., output of a gate or flip-flop comnected to ground).

Ttems 1, 2 and 3 should be kept firmly in mind whenever a decision is made to sub-
stitute an apparently faulty board.

If a defective logic element is suspected and it appears easy to prove this fact

by 1lifting a wire from that element, it should be remembered that if an input to a
NOR element is disconnected, that input will assume 6 volts and its operation will
be the same as if 6 volts were connected to it. This may give the same symptoms

as before or it may change some other circult operation depending upon whether the
open terminal is an input or an output. Since this may confuse the facts, a further
study of the circuit should be made before any wires are removed.

CHECKS ON HUNDRED COUNTER BOARDS (1HCT BDS)

To check the 1HC1 Boards, observe each decade output waveforms on the oscilloscope
and compare these with expected waveforms in Figure 3. Although this figure depicts
the waveforms for a particular frequency, the time base will be the only change for
any other frequency.

Once the reference frequency counters have been checked, the output of the driver
gates distributing this reference to sach digital ratio channel should be checked
for proper freguency and waveshape,

RATIQ. SWITCHES

The ratio switches are BCD (Binary Coded Decimal)type with a weight of 8-j-2-1
and are used %o command a pulse output from the multiplier gates. This command
may vary from O out of 10 to 9 out of 10 pulses per decade.

These switches may be checked by using a multimeter for continuity checks from the
common terminal to each of the BCD outputs.

CHECKS ON MULTIPLIER GATES (2MG1 BOARDS)

To check the multiplier gates set the ratio switch controlling the channel in
question to gzero, With the top trace of an oscilloscope on the input to the first de-
cade of reference counter, obtain 10 pulses of this frequency. With the bottom
trace on the summation point of the multiplier gates (pin 26 or 41), turn the most
significant digit on the switch from O thru 9, Observe waveforms and compare these
with expected waveforms in Figure 4., "Return the thumbwheel to zero and move the
top trace of the scope to the input of the second decade (pin 20) on the hundred
counter board. With the bottom trace still on the summation point, again.observe
the expected waveforms as shown in Figure 4 by turning the second most significant
digit on the thumbwheel. Repeat the above for each decade. Note that the switch
section for all other decades other than the one under test must be on zero to ob-
tain correct waveforms and that the pulse width at summation point is always the
same as the input to the first decade counter.

CHECKS ON DIVIDE BY (N) GIRCUIT

The Divide By N Circuit utilizes one decade of a hundreds counter board and the
16
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Static Exciter-Regulator F juipment GEK-14772

STATIC EQUIPMENT

If vibration is present, all screw type connections
should be checked regularly. Normally, the static
components should require no further attention.

OTHER EQUIPMENT

All contactors and relays should be regularly inspected
and maintained in accordance with applicable instruc-
tions. The automatic and manual regulator voltage ad-

juster contact brushes should be inspected annually and -

the brushes should be reset by working them back and
forth across the total winding surface many times. I
arcing is present, or if brush becomes worn, a com-
plete brush assembly should be installed, Since it is
made of special material, it should be obtained from
the rheostat manufacturer. In addition, where dis~
coloration is present, clean the confact surface with
crocus cloth. ‘

Silicon diodes are used in the power circuit of the
gtatic exciter. These diodes are not at this time known
to age; therefore, they are either good or should be
replaced. Individual diodes can be checked as shown
in Figure 12, With switch in position 1, the ammeter
should read approximately 12 amperes. With switch

in position 2, the ammeter should read zero, The

DC source should be a battery, rather than a rotating
exciter, since the latter may have voltage spikes that
may damage the diode.

If the diode is open, the ammeter- will read zero in
both switch positions. If the diode is shorted, it will
read approximately 12 amps in both switch positions.

Bad diodes can be found with the equipment in service
with a voltmeter and a clamp-on ammeter,

The shorted diode can be found by measuring the in-
verse voltage across the dlodes, since the shorted
dlode will have no inverse voltage drop, and the other
diode in the leg will have all the inverse voltage drop.

The leg containing an open diode can be found by
clamping a clamp-on ammeter around one diode pig-
tail in each leg. Upon ascertaining that an open diode
exists in a leg the faulty diode can be found by shorting
each individual diode in that leg. When current flows,
the open diode has been shorted.

An oscilloscope may also be used to check for an open
dlode.

+0 { }

| U
[ 1
12 Eac
VOLTS l
SWITCH
[, -

Figure 12. Diode Test Circuit

If it becomes necessary to replace a faulty diode, use
the following procedure:

1. Shut down the equipment.

2. Discharge all capacitors in the AC machine
field circuit.

3. Disconnect Ground Detecting relay.

4, Remove diode.

5. Screw in new diode after first applying a small
amount of Wakefield type 120 thermal compound to
approximately the first three threads. Also apply

a little to the rectifier base, Refer to the manufacturers
specifications for the required mounting torque.

RENEWAL PARTS
When ordering renewal parts, the following infor -
mation should be given,

1, Catalog number, stamped on the part, with a
complete description, including use and location.

2. Complete nameplate data appearing on the as~
sembly of which the part is a component.

3. If possible, data on original order on which

equipment was first supplied including all numerical
references.
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TROUBLESHOOTING

SYMPTOM

POSSIBLE CAUSE

POSSIBLE CURE

Voltage fails to build
up after flashing (Regulator
on Manual.)

Insufficient Flashing Current

Shorted Power Diode

Insufficient Resistance in off-

line control
Loose Connections

Short C3R
Replace Diode
Increase C6R and/or 90R5

Tighten ALL Power Circuit
Connections

Generator Armature
Voltage goes to ceiling
after flashing (Regulator
on Manual.)

Excessive resistance in 90R5,

C6R, SCT circuit.

Incorrect PPT Secondary

voltage

SCT control windings nat

in the circuit-

Insufficient Reactance in X‘LS

Decrease C6R or 0R5

Check to see that PPT is on
the correct tap.

Look for wiring error involving
SCT control windings. Check
contacts of 83SR**

Change Taps

Generator Armature
Voltage goes to zero
after transfer to auto.

Incorrect Sensing Voltage

Incorrect Zener Voltage

Open Potentiometer A5P

Open diode A11D

" Adjust A3P and A4P

Check Zener and replace if
necessary.

Check and replace if faulty.
Check and replace if faulty.

Generator Armature
Voltage goes to ceiling
{or higher than desired)
after transfer to Auto,

Incorrect sensing voltage

Incorrect Operation of 83SR

Incorrect Zener Voltage

Insufficient supply Voltage

to SCR's
Faulty SCR

Adjust A3P and A4P

Check and adjust or replace
Check and replace if necessary
Check AIT

Check output of regulator with

Oscilloscope and replace the SCR

if faulty.

Generator unstable at
No-Load

Incorrect Stabilization

Feedback circuit connected

with wrong polarity
Excessive Gain

Adjust A2P, A5R and/or A2C
Swap leads to A15 and Al8

Increase AlP and/or A4R

Generator unstable
at Load but stable at
No-Load

Change in Gain caused
by Excessive Ambient

Change in Gain caused by

Phasing Error between
SCT and PPT

Decrease Gain or Ambient
Temperature

Check control current as load is

changed. If approaches zero or

maximum, then check phasing of

PPT and SCT.

|

mr— sy
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IHE FOLLOWING IYENS ARE FURNISHED ON THE RECTIFIER ASSEMSLY 3S70(FSI4jAL

SHUNT FIELD SHUNT, 100MY,, 600 ANP
POA POTTED BLOCK ASSEMBLY, 44B314558-G01
AECTIFIERS POMER RECTIFIERS, IN3T41 AND INITAIR
Tic,T2¢ CAPACITORS, 25UFD., 600WYDC
TiR, TR RESISTORS , 'S60HM, 435 WATT
THYRITE THyRITE RESISTOR, 9RVEA230
ELEN-CONN 40303257
OQUTLINE prrécid .
hs A 7 A
az 2ENER DIODE, 36 VOLT, 125 UA, 4432127580
AT TRANSFORMER, 240 voL? PRI., 160 vOLT SEC., $ 12831 2078-00
AICD,ACD AECTIFIERS, 448212741-009, C38E
A28X,A25X SATURABLE GEACTORS, a452|9901-uu|
AX REACTOR, 3358584P Hao 28 U
AXX AEACTOR uezwsu-om. 8 H.. 5w o
90R AREOSTAT, 78 OHM, 78 ¥
AGR,A9R AESISTOR, 100 OHY, 10 T
ARA AESISTOR, 4700 OHN, [0 WATT
A4RB,ASRA
ASRB,ARC RESISTOR, 10,000 OHM, 10 WATT
A78,A88 RESISTOR, 22,000 OHM, [0 WATT
Al RESISTOR, 1,000 OHM, ' 10 WATT
AR RESISTOR, 600 OHM, 30 WATT
A2R RESISTOR, 200 OHM, 20 WATT
A3R RESISTOR, 1,200 OKM, 20 WATT
AP POTENTIONETER, 3000 ail, 50 wATT
Azp POTENTIOMETER, 10,000 OfiM, 50 WATT
A3p POTENTIOMETER, 2 15 OHM, 25 WATT
Adp POTENTIOMETER, 250 OHM, 25 WATT
Asp POTENTIONETER; 75 OHM, 25 WATT
A POTENTIOMETER, 2 OHM, 75 WATT
CAPACITOR, 50 WFD., 400 WVDG

ach A8 azc CAPACTTOR, 10 MFD., 600 #VOC

D A0 CAPACITOR 20, WFD. | 600 WWOC
AID Agp-A11D RECTIFIER, IN169
A2D2ASD RECTIFIER, N 1206
AlX REACTOR, 448219991-001, 1,5 K,, 200 WA DC
4358 PUSHEBUTTON, CA 104A8102
ELEN-CONN 44p209431
OUTLINE 448204757

JHE FOLLOWING ITEMS ARE FURNISHED ON THE CONTROL PANEL JS7932CDI418( (PANEL C):

ELEM=-CONN 440303223
415

CONTACTOR, 44A315565-001
4iF CONTACTOR, 44A315568-00 |
tiD RECTIFIER, 20 AMP., 400 P.1.V., 44K35120H1ADI
CIR,C2R,CIRA,C2RA  RESISTOR, 5.4 OHM, 710 WAT
cR RESISTOR, 3.5 onu, 710 :ATT TAPPED

C4R AESISTOR, 33 OHM, 735 #ATT, ADJ.
¢3R RESISTOR, 42 OHMy 755 WATT

c6R RESISTOR, 26 Ok, 158 WATT, Adu.
30R% GHEQSTAT, 15 OMM, 300

90R6 RMEQLTAT! 28 oW 300 WATT
OUTLINE 444302630

CUR - CWA3 . 4dA -

gua) - caad RESISTOR ASM. 44A316002-G02
OUTLINE DIAGRAM 44¢303201

2 -
108 TEST RESISTOR, 200 OHMS, 130 WATTS W
LaBalabs PANEL 3579 32KALISGL ON WHICH IS MOUNTER:

) 10 POSITION TAP SWITCH
£IR,ER RESISTOR, 700 OHS, tho warrs
£R RESISTOR, 8,6 O

ER1 RESISTOR, 10, 206 ouus, 95 WATTS

g4R2 RESISTOR, 207000 OHMS, 85 WATTS
€50 RESISTOR, 240 OHNS, 85 WATTS
€68 RESISTOR; 47 OHNS, 20 WATTS
€M azs:stoa, 510 0HUS, a8 WATTS
£8R AESISTOR, 390 OHMS, 88 WATTS

Rss:sroa 190 onué B5 WATTS

E1C,E2C CAPACITOR, 0,5 WFD, 2000 WyDC

£3c1-g309 EApACITOR ! 355 Uep! 350 wene

164 CAPACTTOR, 30 WFD, 600 WwYDC

£402,£483 CAPACITOR, 10 WFD, 600 WvDG

£1p,03p FOTENTIONETER , 500 Ol 50 WATTS, WIAE WOUND
£3rl POTENTIONETER, 3300 onnd, B¢ WATTS, WIRE W0UND
£3r2 POTENTIOMETER, 300 OHMS, 50 WATTS, wIRE WOUND
P POTENTIOMETER, 150 OHMS, 50 YATTS, WIAE AOUND
£5p POTENTIOMETER, 0K OHMS, 30 WATTS, WIRE WOUND
E1D,E2D AECTIFTER, 370, PIV, 1,28 ANPS 5¢, 6RS2SPDSACF
£30 AECTIFIER, 37V, PIV, 1.25 AUPS DC, €ASZSPD IADF
£4D SECTIFIER, 490V, PIV, 3 AWPS 0G, 4uAd|iEBIADI

R PANEL 35TII2KALI8G) (CONTY;

€5D
EIVY

£iT,E27

E;X GE2X4ETX
E(X LESX,E6X

€12
E22

2E
2EX

14HAX
140X
14HSX

14HSY
276
526%
59¢
866G
86T
94
835R

+

RECTIFIER, 430V, PIV, 3 AWPS DC, 4JA4[IENIADI
TRANSFORUER, VARTABLE, 115¥, INPUT, 0-140V,
oUTPUT, 50760 C

;g;gssgnuen, ||5v, PRI., 115V, SEC., 073 KVA,
CAPACITOR, | MED, 600 wuD

CAPACITOR, 2 MFD woe

POTENTZOMETER 5600 ouus 50 WATTS

WETER, 30-0-30 W

METER, 250 YADC

TRANSFORMER, {30V, PRI,, 102/668/34 SEC., L0OKAV
50/60 GYCLE

REACTOR, 2.5 HENAIES, L8206585

REACTOR ; L =3206504

AEACTOR, 10 HENAIE

UANGETIC IMFL!F!ER, .090 KVA, 60 CYCLES

ZENER DIODE, SVJ10,9-12 VOLT, (0 NATTS

ZENER DIODE, SV912, 10-14 VOUT, 10 WATT

—LUSTOMEA RELAY FUNGTIONS

MASTER CONTROL RELAY-TIME DELAY

EXCITER VOLTAGE TIMER

AUX. RELAY T0 2¢

VASTER CONTROL RELAY

PICKUP AT 50% SPEED, DROPOUT AT 255 SPEED
PICKUP AT 20§ SPEED, DROPOUT AT 2§ SPEED
PICKUP AT 95§ SPEED, NORMAL TRIP AT 735§
SPEED & CUTS OFF FUEL, IMMEDIATE DROPOUT
ON EMERGENCY TRIP,

PICKUP AT 958 SPEED, DAOPOUT AT 908 SPEED
GENERATOR UMDERVOLTAGE RELAY

GENERATOR BREAKER AUXILIARY RELAY
OVERVOLTAGE AELAY

GENERATOR DIFFERENTIAL RELAY

TRANSFORMER DIFFERENTIAL RELAY

PICKUP ON RORMAL SHUTDOWN

VOLTAGE REGULATOR CONTROL - TRANSFER RELAY

~LEY.
IF USED
INSTRUMENT TRANSFORMERS ARE SHOWN CONNECTED
FOR PHASE SEQUENCE |-2-3, IF GENERATOR HAS
SEK%SITE PHASE SEQUENCE, REVERSE CT SECONDARY

NOT FURNISHED BY G.E, CO., WAYNESBORO

INDICATES STUD END OF RECTIFIER CONNECTED TO
HEAT SINK.

INDICATES CUSTOMER'S TEAMINAL S0ARD CONNECTION

Figure 13 - Typical Elementary Diagrams of 3S7501FS141
Static Exciter Regulator Equipment

{Sheet 4 of 4)



GEK-14772 Static Exciter -Regulator Equipment
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Figure 11, Calibration of Reactive-Ampere Power Recalibration Limit Circuit

NORMAL OPERATION

General

The complete voltage-regulator equipment should be
placed in normal service with the AC machine only
after the control circuits, regulators, and the re-
active current compensator have been properly tested
" in general conformance with the previous described
instructions. Final adjustment of these units may,
of course, be delayed until operating experience
has been obtained, but circuits which have not been
thoroughly tested must not be employed with the auto-
matic regulator in service if the possibilities of
damage to the equipment and disturbance of the system
are to be avolded.

With the automatic regulator in control of the AC
machine excitation, the manual regulator voltage
adjuster 90R8 is ineffective. However, additional
excitation system reliability may be secured by pro-
per adjustment of 90R68 when the automatic regulator
is in control of a AC machine excitation.

For this purpose, it is recommended that a pre-
determined position be such that the AC machine
excitation will he sufficient under all normal loads,
give stable operation and avoid serious operating

18

disturbances if the exeitation system should be sudden-
ly returned to manual control resulting in loss of the
automatic regulator. It is suggested that this voltage
adjuster position be selected so that when the exeitation
system is under manual control, it will produce rated
AC machine current. It is essential that under any
sustained load condition, 90R6 must be set to main-
tain sufficient excitation in the event of a sudden re-
turn to manual control.

The automatic regulator may be removed from service
and the AC machine excitatlon returned to manual con-
trol under any load condition,

The proper adjustment of 90R5 is equally important
when transferring from "on-line" to "off-line" condition
and vice versa to prevent excessive generator armature
voltages.

MAINTENANCE
PPT's and SCT's

These devices normally require little or no mainte-
nance. It is suggested, however, that the air passages
be inspected during shut down periods. Exposed con-
nections should be inspected for corrosion and tight-
ness,
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" FIELD SERVICE OFFICE CODE KEY

*  Mechanical & Nuclear Service
+ Electrical & Electwronic Service

*! Marine Service
Transportation

FOR YQOUR LASTING SAIISIA:‘I(ON Ve wnh lhv pnrfnrmcn« and availebility of your Gen-

of fisld service offices, serving

aral Electric GE p this

{atian, stont-up, smploy

utitity, industrial, rrummﬁul and munno usars, Qualitied Held enginesrs provide instal-

and other services, throughout

training, i
Eor fuil in

ALABAMA

T Birmingham 35205 . . .. 2151 Highland Ave.

=+ ¢ Mobile 36808 . , . . .1111 S. Beltline Highway
ALASKA

T Anchorage #9801, .. ... .. 115 Whitney Rd.
ARIZONA

-t Phoenix 83012 . .. ... 3350 N. Central Ave.
T Tucson 85718, ... ....151 5, Tucson Blvd.

ARKANSAS
t North Little Rock 72118, . ., . ,120 Main St,

CALIFORNIA

*“ 1 los Angelss 90054 .. ....212 N.Vignes St.
T Palo Alto 94303 .. ... 960 San Antonia Rd,
T Sacramento 95808. .., ........ 24077 St
T San Diego 93103 ........ 2560 First Ave.

= f San Francisco 84118 .... 5§ Hawthorne St.
- Vernon 30068, .........3035 E. 46th St,
COLORADO

-t Denver 80208. ... ... 201 University Blvd.
CONNECTICUT

*t Meriden 08450 .. ........ 1Prestige Dr.
FLORIDA

. . 4040 Woodcock Dr.
.. 4100 W, Flagler St.

t 1 Jacksonville 32203
+ 3§ Miami33134 .....

*+ 1 TampaB33809......... 21088, Lois Ave.
GEORGIA
= ¢ 1 Atlanta 30309. . .. .1860 Peachtrea Rd., NW
+ 1t Savannah 31405 ........5002 Paulgen St.
HAWAIL
*t t Honolulu96813...........440 Coral St.
ILLINOIS °
*t 1 X Chicago 60680 ..........840 S.Canal St.
INDIANA
t Evansville 47705 ... 2709 Washington Ave.
t Fort Wayne 46807 . ... 3600 S, Calhoun St.

-t Indianapolis 46207 ... 3750 N. Meridian St.
owaA
T Davenpon 52805
. P.O. Box 830, 1039 State St., Bettendorf

KENTUCKY

t Louisville 40218 2300 Meadow Dr.

WHEN YOU NEED SERVICE .

condition, and rebuild your elecmc apparatus. The facilities are available
day and night, seven days a week, for work in the shops or on your prem-

ALABAMA
e « Birmingham 35211 . . 1500 Mims Ave,,S. W.
& Mobile 36609 . ........ 721 Lakeside Dr.
ARIZONA
@ (Phoenix) Glendale 85019 4011 W, Colter St.
® DPhoenix 85019 . . ... 3840 W.Clarendon St.
¢ Tucson 85713. ... 2942 So, Palo Verde Ave,
CALIFORNIA

® 105 Angeles 90301 . . .. 6900 Stanford Ave.
® (Los Angeles) Anahelm 92805
weve.... 3601 E.LaPalma Ave.
* (Los Angales) Inglewood 90301
<.+ .. 228W, Florence Ave.
. sacramenm 95814. .. ... 99 North 17th St.
® * (San Francisco) Oakland 94608
f et eieeseiaeees e e.. 1650 Jdth St
COLORADO
® * Denver 80205......... 3353 Larimer St.
CONNECTICUT
. (Southmgton) Plantsville 08479
. 370 Atwater St.

FLORIDA
e+ Jacksonville 32208 .
® Miamy Hiaieah 33010. ..
&+ Tampa33601.........

. 2020 W, Beaver 3t.
1062 East 28th St.
19th & Grant Sts.

GEORGIA
¢ {Atlanta) Chamblee 30341
. 5035 Peachtree Industrial-8lvd.

* Aﬂa.nm wv e s 2379 John Glean Dr.
ILLINOIS

® = Chicago 60638 .., 6045 S. Nottingham Ave,
INDIANA

+ Evansville 47711 ... 401 N.Congress Ave.

® Tt. Wayne 46803. . . 1731 Edsall ave,

® Hammond 46320 . . .. 1138 164th Place

® = Indianapolis 46222 ... 1740 W. Vermont St.

Iowa
s :Davenpart) Bettendorf §2722 . 1025 State St.

KENTUCKY

¢ Loulsville 40209. . . , 3800 Crittenden Drive

. These GE Service Shops will repair. re- ises.
malntain performance of your equipment.
services, contact vour nearest service shop or sales office.

the productive life of the i
vice Enginesring office.
LOUISIANA

t Baton Rouge 70806 . .. ..3312 Florida Blvd.
1t New Orleans 70125 . ... 4747 EarharcBlvd,
T Shreveport 71104 . .. 2620 Centenary Blvd,
T Monroe 71201 . 1028 North 6th St.

AND
Balumou 2120t........ 1 N.Charlas St.

MASSACHUSETTS

=t 3 Welleslay 02181........1 Washington St
MICHIGAN
* 1+t Detroit 48202 . 100 Antoinette St.

4 Jackson 49201 . . 210 W, Franitin 8t
1 Stzhmv 48607

... .. 1008 Second National Bank Bldg.

MINNESOTA

+t Duluth35802........ 300 W, Superior St.
=+ 1 Minneapolis 55416 ., . 1300 Lilac Drive So.
MISSQURI
-t Kansas City 64189, ,....... 911 Maln St.
-t St. Louis 63101 .........1015 Locust St.
MONTANA i

t Butte 59701 ... ...... 103 N, Wyoming St.
NEBRASKA
-t Omaha 68102 . .......... 4088.17th St.
NEW JERSEY

-1 Millburn 07041. .. ...... 25 E. Willow St.
NEW YORK

t 1 Albany 12205. .
*t i  Buffalo 14205 .......
=t tx New York 10022, .....
4 Rochester 14604, , .

. . 18 Computer Drive. West
825 Delaware Ave,
641 Lexington Ave.
89 East Ave,

*+} Syracuse 13206 ........ . 3532 James St.
NORTH CAROLINA
= ¢t Charlotte 28207 ... ... 141 Providence Rd.
- Wilmington

Reigelwond 28456 . . .. ... P.O.Box 186
OHIO
-t Cincinnatt 45206. . . , . . 2621 Victory Pkwy.
»+ 1 Cleveland 44104 . .. . . . 1000 Lakeside Ave.

«vo .. 1110 Morse Rd,
. .. 3123 Douglas Rd.
272 Indianola Ave,

t Columbus 43229 . .
t§ Toledo 43606 .
T Youngstown 44507. e

LOUISIANA
* Baton Rouge 70814 . . . 10935 North Dual St
® « New Orleans T0114..... 1115 DeArmas St.

MARYLAND
® * Baltimore 21230, ...... 920 E., Fort Ave,

MASSACHUSETTS
® * A (Boston) Medford 02155
. 3960 Mystic Vailey Pkwy.

MICHIGAN
e * > (Detroit) Riverview. ... 18075 Krause Ave.
* Flint 48505 . ... ... 1506 E, Carpenter Rd,

MINNESOTA
e Duluth 55807
® = Minneapolis 55430 . .

MISSOURL
® * Kansas City 64120.. ...
» * St Louwis 63110 . ..... P

NEW JERSEY
® New Branswick 08902 ... .. 3 Lawrence St.

.. .50th Ave. W & StLouis Bay
. 2025 49th Ave.,N.

3525 Gardner Ave.
1115 East Rd.

NEW MEXICO
# Albuguerque 87108 . . .

NEW YORK
Albany 12205 ......... 1097 Cenwral Ave.
L i \Buifalo) Tonawanda 14150 . . 175 Milens Rd.
s (Long Island) Old Bethpage 11804
...... 183 Bethpage-Sweet Hollow Rd.
L3 /New York City) North Bergen. N. J, 07012
........... 6001 Tonnelle Ave.
New York C!tyl ClLfton, N.J. 07012
e e 9 Brighton Rd.
+......1River Rd.
1015 E Hxawatha Blvd.

4420 McLeod Rd. NE

¢ .
® syracuse 12208. ...
\ORTH CAROLINA

Charlotte 28208 . ....... 2328 Thrift Rd.

OHIO
8 akron iCantom 44720

7900 Whipple Ave.N. W,
.. .444 West 3rd St.
. 4477 East 49th St

. 9660 Huntley Rd.
. 403 Dearvorn Ave.
. 272 E. Indiancia Ave,

® * Cincinnati $5202. .
e« . Cleveland 44125 . .
Columbus 43229 . .
Toledo 43605 . . . .
Youngstown 44307. . .

GENERAL ELECTRIC SERVICE SHOPS

Latest factory methods and genuine GE renewal parts are used o

call your negrast installation & Ser-

OKLAHOMA
-t Oklzahoma Clty 73106, . . 2000 Classen Blvd,
* Tulsa 74105. . P.0.Box 7848, Southside 5ta.

OREGON
T Eugene 97401, .......... 1170 Pearl St.

= r 1 Portland 97210....., . 2928 NW 25th Ave.
PENNSYLVANIA

- Allentown 18202, .. .... 1444 Hamilton 3t.
*+ 1 DPhiladelphia 19102 ., . 3 Penn Center Plaza
-t Pittsburgh 15222 . ... 300 &h Avenue Bldg.

SOUTH CAROLINA
t 1 Columbia 29204 , ... . 2700 Middleburg Dr.
t Graanvilie 20607, . 41 No. Pleasantburg Dr.

TENNESSE

=1 Chattancoga 3'1“1.

«e4. ... 5800 Bldg, Easigata Center

L4 Memphll 35130. o e oo .3386 Alrways Blvd,
TEXAS )
-1 Amarillo 78101 . ....,.....303 Polk St
=t I Beaumont 77704 ........1385 Calder Ava
= 1 Corpus Christi 78401, . 205 N. Chaparral St.
=1 Daliag 75222 . ... 8101 Stemmcns Fresway
.t ElPaso 79845 ...... . 215 N, Stanton

T Fort Worth 76102 . ... ..408 W. Seventh St.
*“+ 1 Houston 77027 . .. 4218 Richmond Ave.

t San Antonio 78204. ... .. .. 43 S. Main 8t.
UTAH

t Salt Lake City 84111 .., 431 S, Third East St.
VIRGINIA
*= t Newport News 23601 ...... 311 Main St.

1t Richmond 23230. ... 1508 Willcw Lawn Dr.
1 Roanoke 24015, .. 2018 Colonial Ave.

WASHINGTON
*tt  Seattle 98188
... 112 Andover Park East, Tukwila
* Spokane 99202 ....... E.1BOS Trent Ave,

WEST VIRGINIA

-t Charleston 26328 . .306 MacCorkle Ave.,SE

WISCONSIN

hd Appleton 54911. . . . 3003 West College Dr.
t 1 Milwaukee 53202 ... .. 815 E. Michigan St.

For {ull information about these

OKLAHOMA .
® Tulsa 74145...... 5220 S. 100th East Ave.
OREGON
& Eugene 97402

vees s, .. 570 Wilson St
® * Portland 97210

wee e 2T2TXW 28th Ave.
4
PENNSYLVANIA
o Allentown 18103 ... ... 668 E.Highland St.
(Delaware Valley) Cherry Hill, N.J., 08034
“ereeaa. . 1190 E, Marlton Pike
Johnstown 15802 e 841 Oak St,
Philadelphia 19124 . .. 1040 East Erie Ave.
(Pittsburgh) West Mifflin 15122
. . 4930 Buttermilx Hollow Rd.
.54 N.Harrison St.

r e

York 17803 ..
SOUTH CAROLINA

+ iCharleston) No. Charleston 29401
2490 Debonair St.

TENNESSEE
® Knoxville 37914
...... 2621 Governor John Sevier Hwy.
’v[emphis 38101. .. . 708 North Main St.

TEXAS
® Beaumont 77705 . . . . . 1490 W.Cardinal Dr.
@ Corpus Christt 78401 ...... 115 Waco St.
-+ Dallas 75235 .......... 3202 Manor Way
® Houston 77036 . . . . 35534 Harvey Wilson Dr.
* Houston 77036 . ........ 6915 Harwin Dr.
* Midland 79701 ... .... 704 S Johnston St.
UTAH
@ = Salt Lake City 84110 ... 3018, 7th West St.
VIRGINIA
o * Richmond 23224 ., ... .. 1403 [ngram Ave.
@ Roanoke 24013 ...... 1004 River Ave.,SE
WASHINGTON

® * Seattle 9813¢ ..... 3422 First Ave., South
® Spokane 99211 ....... E.4323 Misswon St.

WEST VIRGINIA
¢ * Charleston 25328

WISCONSIN
- Appletan) Menasha 54910 . . 1725 Racine St.
¢ Milwaukee 33207 ... 235 W.Cklanoma Ave.

. .306 MacCorkie Ave.,SE

! e ElectricalMechanical Service Shop * Instrumentatton Shop  _ Specizl Manufacturing Shop l
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i DRIVE SYSTEMS PRODUCT DEPARTMENT
GENERAL ELECTRIC COMPANY, WAYNESBORO, VIRGINIA 22980
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