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Instruction Leaflet
L. 41-161.1B

Type SOQ
Negative Sequence
Time Overcurrent Relay

CAUTION: Before putting protective relays into
service, remove all blocking which may have been
inserted for the purpose of securing parts during
shipment, make sure that all moving parts operate
freely, inspect the contacts to see that they are
clean and close properly, and operate the relay to
check the settings and electrical connections.

APPLICATION

The SOQ relay is a solid state time overcurrent
device intended for use in protecting rotating
machinery against excessive heating due to pro-
longed unbalanced current. It is suitable for use
with directly-cooled or indirectly-cooled turbine
generators, salient pole generators, synchronous
condensers, or any rotating machine having a
known I5’t limit.

The SOQ relay has settings that are com-
patible with the ANSI standard requirements for
It limits for generators covering the range of
2 to 40. It has a per unit adjustment that allows
the relay to be related to the full load current of
the machine. I trip pickup can be independently
adjusted from 0.1 to 1.0 per unit, allowing time
delayed tripping to occur at any I, level above this.

The alarm feature in the SOQ relay allows
an operator to be alerted to the presence of an
abnormal I level in the machine. It can be set to
0.03 to 0.2 per unit.

The SOQ relay is equipped with provision for
remote indication of per unit I level flowing in
the machine. Using this, an operator can estimate

the severity of the unbalanced loading and take
appropriate action.

The exponential resetting action of the timer
has been made compatible with that of typical
air cooled and hydrogen cooled turbine generator.

CONSTRUCTION

The SOQ relay is mounted in the semi-flush
FT-32 flexitest case and is shown in Fig. 1.

The relay consists of two input current trans-
formers, four printed circuit boards, an output
telephone relay, an indicating contactor switch
and a front panel with two potentiometers, three
indicating lights (LED) and a reset push button.

Input Transformers — The two input current
transformers are electrically identical. Each
transformer contains three windings — two for
primary input currents and one for secondary
voltage output. A ten ohms load on the Input
board is connected to the secondary.

Front Panel and Dial Plate — The front panel
is made of Micarta with an aluminum scale plate
on it. A digital ten-turn linear potentiometer is
used for the K-setting. Another single turn poten-
tiometer is used for trip pickup level setting. Three
light-emitting-diodes (LED) indicate the timer-on,
trip and alarm conditions respectively. A reset
push button resets the timer and its LED; this
function is used for relay test or acceptance test.

All possible contingencies which may arise during instaliation, operation or maintenance, and all details and
variations of this equipment do not purport to be covered by these instructions. If further information is desired
by purchaser regarding this particular installation, operation or maintenance of this equipment, the local ABB
Power T&D Company Inc. representative should be contacted.

Printed in U.S.A.



I.L.41-161.1B

Output Contacts — A telephone type relay
equipped with 2-A type contacts is provided. One
of the normally open contacts is used with a target
seal-in unit for tripping. In addition, there are two
auxiliary normally open contact reed relays on the
printed circuit board and their contacts are used
for the alarm and oscillograph start unit.

Indicating Contactor Switch (ICS) — The in-
dicating contactor switch is a small dc operated
clapper type device. A magnetic armature, to
which leaf-spring mounted contacts are attached,
is attracted to the magnetic core upon energization
of the switch. When the switch closes, the moving
contacts bridge two stationary contacts, com-
pleting the trip circuit. Also during this operation,
two fingers on the armature deflects a spring
located on the front of the switch which allows the
target to drop. The target is reset from the outside
of the case by a push rod located at the bottom of
the cover.

Remote Readout Meter — An optional meter
may be provided to permit monitoring the neg-
ative sequence current (Iy) level at a remote
location. The meter is a switchboard mounting
Westinghouse type KX-241. It is a 1 milliampere
dc meter to represent a full scale of 0.2 per unit.

Printed Circuit Boards — Four printed circuit
boards are used in SOQ relay:

1. Input Board (slot A)

2. Timer Board (siot B)

3. Control Board (slot C)

4. Power Supply Board (slot D)

All of the printed circuit boards slide into
position to engage four terminal blocks at the rear
of the relay. Each board and terminal block are
keyed so that they cannot be accidentially inserted
into the wrong slot location. The boards may be
for replacement or for use in conjunction with a
board extender (style no. 644B315G0) which per-
mits access to the boards test points and terminals
for making measurement while the relay is
energized.

OPERATION

The SOQ relay simulates a generator’s charac-
tertistic, e.g. I»’t=K where Iy is the negative-
sequence current per unit, t is the duration of the
unbalanced condition and K is a machine constant.
For SOQ relay, t is the delay time for tripping.

With reference to the logic diagram 1334D69
(fig. 2) and the internal schematics associated

with the printed circuit boards for understanding
the SOQ logic.

NOTE: In the description of the integrated cir-
cuits, the number in parenthesis following
the IC number will refer to the output pin
of one of the two operational amplifiers
contained in the linear IC package, e.g.
IC1(12) refers to the op. amp. in ICl
whose output pin is 12. Digital I1C’s will
be identified in the same manner.

1. Input Board (Slot A)

The input board contains the following func-
tion blocks.

a. Negative sequence filter — A voltage
(Ve-Vp) from transformer T2 is shifted by
60° in phase, e.g. the voltage at TP1l is
equal to -(Vo-VB) /-60°. Another voltage
(VA-VB) from transformer T1 is added
with the voltage at TP1 by an operational
amplifier IC1(10). The resultant voltage at
TP2 is equal to A e [(V A-VB) - (VC-VR)
L—60] which is an expression for negative
sequence voltage and the constant A is a
predetermined weight.

b. Per unit setting — A single-pole 16-position
rotary thumb wheel switch is used for per
unit setting. Thirteen positions from #0 to
#12 are provided in 0.25 ampere steps
from 2.0 to 5.0 amperes/unit for matching
to the CT secondary current corresponding
to one per unit generator current. Setting
at positions from 13 to 15 is not permissible.
The different setting position actually varies
the negative feedback of the op-amp
IC2(12); therefore, the gain of the amplifier
is changed.



LL.41-161.1B

c. Band-pass (60 Hz) filter — The operational

amplifier IC2(10) and its associated com-
ponents are used as a band-pass filter. The
gain of this filter at 60 Hz and 180 Hz
is approximately equal to 1 and 0.25
respectively.

. Full wave rectifier and ac to dc converter —
The amplifiers IC3(10) and IC3(12) are
used as an absolute value circuit. This means
that the gain of the circuit is equal to 1 or
-1 for a positive or negative waveform res-
pectively. The amplifiers 1C4(10) and IC5
combined with the resistor R34 and cap-
acitor C7 are a peak value dc amplifier. The
IC4(12) is an average value dc amplifier
with a gain of 1.6.

The dc output voltages at pin 10 and 9 are
adjusted so that one volt represents one per
unit of the negative-sequence input current I.

Fig. 7 shows the schematic of this board and
Fig. 8 shows the component location on the
board.

2. Timer Board (Slot B)
a. Square Function — The IC1(10) combined

with a K-setting potentiometer on front
panel is used for scaling K adjustment. The
IC2 is a square function amplifier. For the
same input I, if the higher value of K is
set, the lower voltage at TP2 will be
obtained.

. Ramp timer and trip level detector — The
voltage at TP2 is integrated by IC3 with a
time constant of C4e (R10+R13). The
wave-form at TP4 is a negative going ramp
type and is connected to a level detector
IC6(12). As soon as the voltage at TP4 is
lower than the setting voltage at pin 2 of
I1C6(12), the trip condition will be occurred.

. High current Iy compensation — Because
of the loss in current transformers T1 and
T2 a level detector 1C6(10) is used as high
current Iy compensation. If the voltage at
TP2 exceeds a certain level, a reed relay
RY3 will operate; therefore, some addi-

tional current will flow though the contacts
of RY3 to speed up the charging time of the
capacitor C4.

. Low current I5 compensation — Because

a low input current I, will cause a very
low voltage at TP2, the offset or drift
voltage of IC2 cannot be neglected. The IC5
and reed relay RY4 are used to compensate
this effect. Normally, the output transistor
of IC5 is turned on and the RY4 is ener-
gized. The biasing voltage of IC3 is the
same as the offset voltage of IC2. Once the
input Iy exceeds the setting of the trip pick-
up level detector (on board C), the IC5 will
generate a series of negative pulses and to
energize the RY4 for 2 milliseconds per
every one second (approx.). During this 2
milliseconds, the capacitor C3 is charged
to the same offset voltage of IC2. The
voltage on C3 will be held to bias the IC3.

. Reset Cycle — At normal condition, a reed

relay RY2 is energized, RY is de-energized
and capacitor C4 is shorted. As soon as the
input I exceeds the set point level of trip
pickup (on front panel) the RY2 will be de-
energized and RY1 will be energized. The
ramp timer will start to operate. If I falls
below the set point of Trip Pickup before
the trip time has been reached, the RY! and
RY2 are both deenergized, and a reset
period is started. During the reset cycle,
the ramp timer integrator will be held and
the capacitor C4 is discharged through
resistors R18, R19, R20 and R21 in an
exponential decaying form. The reset time
constant is determined by a link (jumper).
It is approximately 80 seconds for the link
out or 38 seconds for the link in. If Iy in-
creases above pickup, the integrator will
again be initiated, beginning at whatever
value the reset function has reduced it to.

f. Trip Pickup amplifier — An ICI(12) is used

as an amplifier with a gain of 10. Its input
is a full wave rectifier (on Bd. A) and its
output is connected to an alarm amplifier
(on Bd. D) and to a trip pickup level detector
(on Bd. O).
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Fig. 9 shows the schematic of this board
and Fig. 10 shows the component location
on the board.

3. Control Board (Slot C)

a.

Timer Start (Trip Pickup) level detector —
The IC1(12) combined with a potentiometer
P2 (on front panel) is used as a level de-
tector. If I increases above the set point,
the logic state at TP1 is *“1”* which is a low
voltage due to using a negative logic symbol.
The IC2(3) and IC3(8) are used to start the
ramp timer by energizing a DIP relay RY1
(on Bd. B) and to start an oscillograph by
energizing a reed relay OSCG.

. Initial disabled timer 0.2 sec./0 — The trip

signal from Bd. B is connected to IC3(6)
in “AND” form. Normally, the voltage at
pin 6 of IC3(6) is zero. If I, increases above
the set point of the trip pickup, the voltage
at pin 6 of IC3(6) will stay zero to inhibit
trip for 0.2 second due to the time delay
from IC1(10), R4 and Cl.

Final Trip Timer 250 sec./0 — If I is above
the set point, capacitor C2 will be charged
through R9, R10 and R11. After a long time
delay (250 seconds), the voltage at TP3 will
become zero and trip transistor Q1.

Reset timer 0/250 sec. — If I3 is to de-
crease under the set point again, the voltage
at TP1 will be 30 volts and the capacitor
C6 will be charged through R25, R26 and
R27. After a long time delay (250 seconds),
the voltage at TP6 drops to energize in a
DIP relay RY2 and Bd. B.

. Power-on and manual reset circuits — In

order to reset the reset timer IC5 (0/250)
when the dc power is turned on, a transistor
Q2 and its associated components are used
as an automatic reset circuit.

A large current, in a short period, flows
through Q2 to charge C6 to full voltage.
Another way to reset the timer (0/250) is
to use the push button (on front panel) to
speed up capacitor C6’s charging time.

This way may be used during the relay test
to avoid a long waiting time in order to
take the data of trip delay time for different
K setting. Fig. 11 shows the schematic of
this board and Fig. 12 shows the component
location on the board.

4. Power Supply Board (Slot D)
a. DC Power Supply — A DIP header in front

of the board can be unplugged and turned
over for 48 or 125 wvolts power supply
selection. The IC1, IC2(12), Q1, Q2 and Q3
are used as a voltage regulator to generate
+15 and +30 volts.

b. Alarm Function — The IC3(12) is an alarm

amplifier with a gain of 5, and IC3(10) is
an alarm level detector. A trimpot R14 is
used for alarm level setting. Once I exceeds
the set point of alarm, the voltage at TP3
will drop from high to low. After a two-
second time delay due to C8, R15 and Z3,
transistor Q4 will turn on to energize the
alarm reed relay.

c. Voltage to current converter — The output

of alarm amplifier IC3(12) also applies to
1C2(10) which is used as a voltage to current
converter. The output current is propor-
tional to the voltage at TP2 and is used to
drive a remote instrument.

Fig. 13 shows the schematic of this board
and Fig. 14 shows the component location
on the board.

5. K-Setting (on front panel)

A precision ten-turn digital potentiometer
on the front panel is used for K-setting.
Aithough there are only six K numbers — 2,
3, 10,.20, 30 and 40 — indicated on front
panel, any K value between 2 and 40 can be
set with an accuracy of 2%.

The relationship between K and the digital
reading can be expressed as follows:

152 /8
Digital Number Setting =___ K x 100
20

X
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A typical time — current curve diagram with
different K setting is shown in Fig. 4.

6. Trip Function

The Trip Pickup (on front panel) can be set
between 0.1 and 1.0 per unit. If 15 is below
the set point, the ramp timer (on Bd. B) will
not be started, e.g. the trip action can not
occur. If I exceeds the set point, a timer-on
lamp will be turned on and the following
three timers will be energized.

a. Ramp Timer (on Bd. B) — The trip time de-
lay is determined by Iy and K-setting ac-
cording to the curves shown in Fig. 4. A trip
indicating lamp will show the trip action, if
it occurs.

b. Initially Disabled Timer (on Bd. C) — This
timer will prevent the relay from tripping
for 0.2 second since system relay may give
some proper actions.

c. Final Trip Timer — After a long time delay
of 250 seconds, if Iy still exceeds the set
point of trip pickup, the relay will be tripped
automatically.

7. Reset Function

Once I, falls below the set point of Trip
Pickup before the trip time has been reach-
ed, the trip ramp timer integrator will be
held and the reset cycle will be started. The
relay’s reset is in an exponential decaying
form with a time constant of either 80 or
38 seconds which simulates a heat dis-
sipation in an air cooled or a hydrogen
cooled machine respectively. If Iy is to
increase above pickup level again the in-
tegrator will again be initiated, beginning
at whatever value the reset function has
reduced it to. The reset characteristics are
shown in Fig. 5 and 6 for time constant of
80 and 38 seconds respectively. The voltage
of the trip level detector is set at 6 volts.

The following two methods can be used to
determine the total time for tripping.

a. Calculation from formula

Define the symbols as follows

t; -integrator charging time (linear)

i, -discharging time (exponential decaying)

ty -charging time after reset period

I, - negative-sequence current per unit

Iy -negative sequence current per unit after
reset period.

K -machine constant (I°t=K)

T -reset time constant

142 __t_2_
KI_—zK—'tl'e T

t3 = 2

122
Total time for tripping = t] + ty + t3
Assume: Set K=2 and apply I = 0.2 amps/unit
for t; = 41.7 seconds, then turn off
for t5 = 73.3 seconds. After the reset

time ty, reapply In» = 0.2 unit. The
total time delay for tripping should be:

t=t1+t2+t3=

K{1—=%--tl-e

t1+t2+

If the reset link is for T = 80 seconds, the total
time delay is:

~73.3
2 1—9;%3-41.7-e 80

t=41.7+733 +

0.2?

=115+ 133 _ 115 +33.3 = 148.3 seconds
0.04

b. Graphic Method (Fig. 5)

The output voltage (V) of the ramp timer
(intergrator) is
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122

or
_(V=VDK
1,2 V,

where Vi is the initial voltage and Vy is the
trip voltage which has been set at 6 volts.

For the example shown in part (a), the
following procedures can be used.

At the time t=ty, the integrating capacitor
is charged to voltage Vi . (V;=0)

Iy? 0.22

O Vi=Vix ty =6-"75 - 41.7=5 volts

During the reset period, the capacitor will
be discharged from the point (ty, Vi) to
(t;+ty, Vo) as shown in Fig. S, eg. from
41.7, 5) to (115, 2). This means that the
capacitor’s voltage will drop from 5 volts
to 2 volts between t=41.7 and t=115
seconds. When the capacitor is recharged
again, until voltage reaches to the trip
voltage Vi, the charging time t3 should be:

_K(V-V)
t3 - I 2 Vv
22 't
where V = V; = 6 volts, V; = 2 volts, K = 2
and Iy = I = 0.2
= 2(6-2) _
3= 5T e 33 seconds
the total time delay for tripping is
t= tl + t2 + t3 =

41.7 +73.3 + 33 = 148 seconds

8. Remote Readout (Optional)

An optional meter may be provided to permit
monitoring the negative sequence current (I7)
level at a remote location. The meter is a
switchboard mounting Westinghouse  type
KX-241. It is a dc | millilampere meter to
represent a full scale of 0.2 per unit.

CHARACTERISTIC
Ambient Temperature: -20° to +55°C
Current Transformer: Continuous rating - 10
amperes
One second rating - 300
amperes

Constant K Setting:
Current Range Setting:

Operating Time:

(Fig. 4)

Timer Start Pickup:

Alarm Pickup:

Alarm Time Delay:

Initial Disable Trip
Time:

Final Trip Time:

Reset Exponential
Time Constant:

Frequency Response:

DC Power Supply:
DC Current Drain:
Burden (ac):

Indicating Contactor
Switch (ICS):
Contact Rating:

2t040-2%

2 to 5 amperes per umit
with 0.25 ampere per step
0.2 to 50 seconds - 5%

50 to 250 seconds - 10%
0.1to 1.0 per unit - 5%
0.03t0 0.2 per unit - 5%

2 seconds - 25%

0.2 second - 10%
250 second - 10%

38 or 80 seconds - 10%
No response to 57 Hz.
positive sequence current
at 5 amperes

48/125 Volts

0.17 ampere (max.)

1.6 volt - ampere (max.)
at 5 amperes and 60 Hz.

0.2/2 amperes

1. Trip contacts with ICS
— 30 amperes at 250
volts dc for 0.2 second.

2. Trip contacts (tele-
phone relay) - 0.1
ampere at 125 Vdc.

3. Alarm contacts (reed
relay) — 0.1 ampere
at 125 Vdc.

4. Oscillograph start
(reed relay) — 0.1 am-
pere at 125 Vdc.

INSTALLATION

The relays should be mounted on switchboard

panels or their equivalent in a location free from
dirt, moisture, excessive vibration, and heat.
Mount the relay vertically by means of the four
mounting holes on the flange for semi-flush moun-
ting or by means of the rear mounting stud or
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studs for projection mounting. Either a mounting
stud or the mounting screws may be utilized for
grounding the relay. The electrical connections
may be made directly to the terminals by means of
screws for steel panel mounting or to the terminal
studs furnished with the relay for thick panel
mounting. The terminal studs may be easily
removed or inserted by locking two nuts on the
stud and then turning the proper nut with a
wrench.

For detailed FT case information, refer to I.L.
41-076.

SETTINGS

The SOQ requires settings of:
. Per unit

. K

. Trip Pickup

. Alarm level

. Reset time constant

(O P R

1. Per unit — choose the setting nearest to, but
less than the full load current of the machine
converted to relay amperes. For hydrogen
cooled machines, this setting should be related
to the capability of the machine for the parti-
cular hydrogen pressure involved.

2. The K setting is chosen to correspond to the
I>t limit for the particular machine. These
are typically:

Type of Machine It=K Dial Setting
Salient Pole 40 860.7
Synchronous condenser 30 718.5
Cylindrical rotor
Indirectly Cooled 30 718.5
Directly Cooled 10 (or less) 330.3 (or less)

3. The trip-pickup level is the lowest level of I at
which tripping will be permitted. That level
of sustained I that could produce tripping at
250 seconds is a reasonable level to consider.
This would be~/ K/250. If, for example, K
were 10 for the particular machine the level
would be adjusted for:

I, = /10/250 = 0.2 per unit

4. The alarm level should be set at the lowest level
consistent with normal load unbalance but in
no case greater than the maximum continuous
I> level for the machine. Typical values for
generators are:

Type of Machine Permissible 15(%)
Salient Pole
with connected amortisseir
windings 10
with non-connected amor-
tisseir windings 5
Cylindrical Rotor
Indirectly cooled 10
Directly cooled
0to 960 MVA 8
961 to 1200 MVA 6
1201 to 1500 MVA 5

For a machine with a continuous I capability
of 10%, a reasonable alarm level setting is 0.05
(that is, 5%).

5. The SOQ timer has an inverse resetting
characteristic similar to that of typical
generators to allow for any cumulative effects
that take place due to reclosing, for example.
Two conservative values are available and may
be chosen by a link on the “Timer Board”.
Cooling time constant for hydrogen cooled tur-
bo-generators, are typically less than 40 seconds
and for air cooled turbo-generators are typically
less than 80 seconds. With the link *““in”, a timer
constant of 38 seconds is chosen. With the link
“out”, a time constant of 80 seconds is chosen.
In the absence of specific information the link
should be removed and the 80 second time cons-
tant used. Where the actual cooling time cons-
tant is known, the lowest value that is higer
than the machine time constant should be
selected. Where reclosing is not applied,
remove the link.

ADJUSTMENT AND MAINTENANCE

The proper adjustments to insure correct oper-
ation of this relay have been made at the factory
and should not be disturbed after receipt by the
customer.
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Acceptance Tests

The following check is recommended to insure ©
that the relay is in proper working order.

1. Power Supply

a. Check the power selector and select the
proper input voltage rating. Itis a DIP type
plug on power supply board.

b. Apply rated dc input voltage to relay ter-
minals 20 and 11 (com). The dc voltage
between p.c. board terminals D11 and D10
(com.), D3 and D10 should be between 14
and 16 volts. The dc voltage between pc
board terminals D12 and D10 (com.), D2
and D10 should be between 29 and 31 volts.

2. Per Unit Setting

Use single phase current to simulate the
negative-sequence current. Note Ip =\/§II¢

a. Set the thumbwheel switch (on Bd. A) on

3K

— Setting

a. Set K = 20, e.g. dial setting of 550.0 K-

f.

setting potentiometer can be locked or
released by pushing the lever under the dial
to the right or left respectively.

Set the thumbwheel switch (on Bd. A)
on position #12, e.g. I»=5 amps/unit.

. Set the Trip Pickup at 0.1 unit (on front

panel).

. Connect the test circuit as shown in Fig. 15.

. Reset the timer by pushing the reset button

for every following reading.

Apply an input current and measure the
time delay for tripping per the following
table.

position #12.
. With relay terminals 5, 7 & 9 connected

Input (5 amps/unit) Time Delay
Units Amperes Seconds (+5%)
0.5 4.33 80
1.0 8.66 20
20 17.32 b

together, apply a single phase current
per the following table to relay terminals
4 and 6 or 6 and 8 or 8 and 4 and measure
the dc voltage between pc board terminals
A10 and A3 (com.). The voltage reading
should be less than +5% from nominal
value.

NOTE: For more accurate K-setting, change

the dial number slightly to obtain the
right time delay.

g. Repeat the test except set K=2, e.g. dial

setting at 037.2 and test according to the
following table.

Input (5 Amps/Units) Voltage at A10
Unit Amps Volts (+5%)
0.1 0.86 0.1
0.5 433 0.5
1.0 8.66 1.0
2.0 17.32 20

c. Set the thumbwheel switch (on Bd.A) on
position #0 and repeat step (b) per follow-
ing Table.

Input (2 Amps/Unit) Voltage at A10
Unit Amps Volts (+5%)
0.1 0.346 0.1
0.5 1.73 0.5
1.0 3.46 1.0
2.0 6.92 2.0

Input (5 amps/unit) Time Delay
Units Amperes Seconds (+5%)
0.2 1.732 50
0.5 4.33 8
1.0 8.66 2
2.0 17.32 0.5

4. Reset Check

The following test is based on the example
. shown in Section 7 of paragraph ““Operation”.

a.

b.

Set the thumbwheel switch at position #12
and K=2 (dial number 037.2).

Use the test circuit shown in Fig. 15 and
use a watch (or stop watch) to count the
time.
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¢. Reset the timer by pushing the reset button.

d. Apply an input current of 1.73 amps
(0.2 unit) to the relay and start to count
the time delay. After 41.7 seconds, turn off
the input current for 73.3 seconds. After
the total time of 115 seconds, turn on the
input current again until the trip light is
on and measure the total trip time. It
should be 148 seconds with an error of
+10%.

5. Alarm Check

a. Intest circuit shown in Fig. 15, connect the
scope probe to the alarm contacts.

b. Adjust input current above the aiarm set-
ting, e.g. 0.05 unit or 0.43 ampere for per
unit setting at position #12.

¢. Turn on the input switch. The alarm relay
should be picked up in 2 seconds (+25%).

d. For alarm level setting other than the
factory setting (0.05 unit), the following
procedures can be used.

(i) Apply an input current
Iin=v 3¢ Iue (per unit setting) where
Iu is the desired alarm current in unit.

(i) Adjust trimpot R14 on power supply
board to the extreme clockwise posi-
tion.

(iii) Slowly adjust R14 counterclockwise
until the alarm reed relay is picked up.

. Trip Pickup

Trip pickup can be set between 0.1 and 1.0
unit. Setting in between the scale mark can
be made as follows.

a. Apply an input current
lip=v'3e I,e (Per unit setting) where
I, is the desired trip pick current in unit.

b. Connect the scope probe to the contacts
of oscillograph start as shown in Fig. 15.

c. Slowly turn the trip pickup potentiometer
counterclockwise from it extreme clockwise
position until the oscg. reed relay picks up.

©

7.

10.

Timer 0.2 Sec/0

a. Connect the scope probe to the trip contacts
as shown in Fig. 15.

b. Set Per Unit Setting at position #12 and
K-setting at 2 (dial on 037.2).

c. Suddenly apply 30 amperes to SOQ relay.
The relay should be tripped in 0.2 second
(£10%).

. Timer 250 sec/0

a. Set Per Unit Setting at position #12, K-
Setting at 40 (dial on 860.7) and Trip
Pickup at 0.1 Unit.

b. Use a watch or stop-watch to count the
time delay and reset all the lights.

c. Apply a single phase current 1.5 amperes
to terminals 4 and 6 and start to count
delay time until the trip light is tumned
on. The time delay should be 250 sec-
onds (x10%).

. Timer 0/250 sec.

a. Set Per Unit Setting at position #12,
K-setting at 2 (dial on 037.2) and Trip
Pickup at 0.1 unit.

b. Use a watch or stop-watch to count the
time delay.

c. Apply a single phase current of 5 amperes
to terminais 4 and 6. The alarm and timer
lights will be turned on. After a few sec-
onds, the trip light will be turned on.

d. Turn off the input current and start to
count the time delay until the timer light
goes off. It should be 250 seconds (+10%).

Remote Meter (Optional)
a. Set Per Unit Setting at position #12.

b. Connect a dc 1 milliampere meter (sup-
plied) to relay terminals 12 (+) and 13 (-).

¢. Apply a single phase current of 1.73 ampere
(0.2 unit) to terminals 4 and 6. The meter’s
reading should be 0.2 unit (full scale) with
a maximum error of 2%.
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d. Change input current to 0.86 and 043
ampere. The meter’s reading should be 0.1
and 0.05 unit respectively with a maximum
2% error of full scale.

11. Indicating Contactor Switch (ICS)

a. Apply an ac input current of 5 amperes
until the SOQ telephone relay is picked up.

b. Apply 200% of ICS’s rated tap value dc
current through ICS coil. The target should
drop freely and both moving contacts
should be closed simultaneously with a wipe
from 1/64to 3/64”.

c. De-energize the input current. The tele-
phone relay should drop out but ICS
should stay picked up.

Routine Maintenance

The relay’s calibration should be checked and
the contacts should be cleaned at least every year.
A contact burnisher S#182A836H01 is
recommended for cleaning purposes.

CALIBRATION

Use the following procedure for calibrating the
relay if the relay adjustments have been disturbed.
This procedure should not be used until it is ap-
parent that the relay is not in proper working
order.

Before making any adjustment, make sure that
the power supply selector is selected for rated in-
put dc voltage (48 or 125 volts). The output of the
power supply board should be +15 and +30
volts with an error less than +1 volt.

A. Input Board (Slot A)
1. Negative Sequence Filter
a. Apply three phase current source I,
Ig and I to terminals 4, 6 and 8 re-
spectively and set Io=Ig=Ic=5 amps.
Connect terminals 5, 7 and 9 together.

b. Use a phase angle meter to compare the
phase between PC board terminal Al8
and TP1 with common lead on terminal
A12. It should be 180° + 1°. Adjust-
ment can be made by trimpot RS.
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c. Connect a scope probe on TP2 with
common lead on pc board terminal 14.

d. Adjust trimpot R7 to minimize the larg-
est amplitude.

NOTE: If a phase angle meter is not
available, alternately adjust
trimpots R5 and R7 to mini-
mize the amplitude on TP2.

. DC Offset Adjustment

a. Set the rotary thumbwheel switch at
position #12 and connect the common
lead of a dc digitai voltmeter to pc bd.
terminal A3.

b. With ac input switch on OFF position
and dc switch on ON position, measure
the voltages at TP4, TPS5, TP6 and ter-
minal A10 and adjust R27, R30, R33
and R36 respectively; they should be less
than 0.5 millivolt.

. Input Range Check

Steps (a) to (c) can be omitted if cutomers
have difficulty to obtain a balanced three-
phase current source.

a. With the same setting as shown in steps
1, 2 and input current IA = IB = IC =5
amps, turn on the dc and ac switches.

b. Measure the voltage between A10 and
A3 (com.).

c. Adjust trimpot R9 until the reading is
1.000 volt.

d. Turn off the ac current and reconnect
the input as shown in Fig. 15.

e. Apply single phase current of 8.66
amperes to relay terminals 4 and 5. The
dc voltage between A10 and A3 (com.)
should be closed to 1.000 volt. Adjust-
ment can be made by trimpot R9. The
voltage between A9 and A3 should be
less than 5% of the voltage at A10.

f. Adjust the input current to 0.866 am-
pere. Adjust trimpot R36 until the dc
voltage at terminal Al0 is equal to
0.100 volt.
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g. Repeat steps (e) and (). 1. Calibration for Trip Pickup

h. Adjust the input current to 3.464 am-
peres and select the rotary thumbwheel
switch to position #0. The dc voltage at
terminal A10 should be between 0.980
and 1.020 volts.

i. Repeat step (h) except connect the ac
input to relay terminals 8 and 4 instead
of 4 and 6.

j. Connect the ac input to terminals 6 and
8 instead of 8 and 4 and adjust the input
current to 8.66 amperes. Set the rotary
thumbwheel switch to position #12. The
dc voltage at terminal A10 should be
between 0.980 and 1.020 volts.

k. Connect the ac input back to relay ter-
minals 4 and 6.

B. Control Board (Slot C)

Use the single phase current test circuit shown
in Fig. 15 for the following test. Set the thumb-
wheel rotary switch (on Bd. A) at position #12.

Input(Amps) | 866 | 736 | 606 |

a. Connect a scope probe to TP1 on Bd. C.

b. Turn on the ac and dc switch, and adjust
the input current to 0.866 ampere.

c. Adjust the Trip Pickup knob on the front
panel counterclockwise from extreme
clockwise position such that the white
pointer directs at the lowest scale mark
(0.1 unit) and the scope trace just jumps
from high ( 29V) to low ( 5V).

d. Turn the trip pickup knob fully clock-

wise.

e. Apply ac input current of 8.66 amperes
and turn the knob CCW until the scope
trace jumps from high to low. Mark
dial (1.0 unit).

f. Repeat step (e) and calibrate dial plate
per following information.

476 | 346 | 206 | 086

Dial (Unit) 10 [ 08 | 070 |
2. Timer 0.2 Sec/0
a. Apply an ac input current of 8.66
amperes.

b. Connect a scope probe to TP2 (Bd. C)
and set scope trigger at positive pulse. {*]

c. Close the input ac switch. The delay time

055 | 040 | 025 | o0.10

d. Turn off the input ac switch and start
to count the time until the timer light
goes off. It should be between 225 and
275 seconds.

NOTE: Adjustment of this timer can be
made by changing R29 (Bd. C)
if time is close to limits.

on scope should be between 180 and 220 4. Timer 250 Sec/0

MS.

NOTE: Adjustment of this timer can be
made by changing R4 (Bd. C)
if time is close to limits.

3. Timer 0/250 Sec.

a. Use a watch or stop watch to count the
time delay.

b. Push the reset button on the front panel
to reset the timer light.

c. Suddenly apply a current of 8.66 am- (]
peres and the timer light will be on.

a. Use a watch or stop watch to count the
time delay.

b. Connect a jumper between pc board
terminals C17 and C10.

c. Push the reset button to reset the timer
light.

d. Suddenly apply a current of 8.66 am-
peres. The trip light should be on be-
tween 225 and 275 seconds.

NOTE: Adjustment of this timer can be
made by changing R13 (Bd. C)
if time is close to limits.

1



I.L.41-161.1B

€.

Turn off the ac and dc switches and dis-
connect the jumper between C17 and
C10.

. Power-On Reset (Auto)

Turn off the dc power supply switch for 2
seconds and then turn it back on again.
None of the lights should be on.

C. Timer Board (Slot B)

Use single phase current test circuit shown in
Fig. 15 for the following test. Set the thumb-
wheel rotary switch (on Bd. A) at position #12
and the Trip Pickup setting slightly below 0.1
unit.

12

1. Offset Adjustment

2.

a.

Turn off the ac input switch and turn on
the dc power switch. Set the K-setting
potentiometer (on front panel) to mid-
position.

. Connect a jumper between PC board

terminals B13 and B3.

. Use a digital voltmeter to measure the

voltage between TP1 (Bd. B) and ter-
minal B3 (com). Adjust trimpot R4 to
obtain the reading of 0 + 0.2 millivolt

. Disconnect the jumper between ter-

minals B13 and B3.

Oscillator Circuit

a.

Connect the test circuit as shown in
Fig. 15 except connect the scope probe
to TPS (Bd. B). The voltage at TP should
be between 14 and 16 volts.

. Apply ac current of 8.66 amperes to the

relay. A series of pulses should be seen
on the scope. The pulse width should
be between 1.5 and 4.0 milliseconds and
the pulse period should be between 700
and 1400 milliseconds.

. K-Setting Potentiometer and

Square Function

. Turn the K-setting potentiometer on

front panel to the extreme counter-
clockwise position.

. Pull out the knob from K-setting po-

tentiometer’s shaft.

. Free the shaft by loosening the set screw.
. Set the digital number at 037.2(K=2).
. Apply an input current of 8.66 amperes.

Use a digital dc voltmeter to measure
the voltage between terminal A10 and
B3 (com.). It should be 1.000 volt (slight
adjustment of input current may be
necessary).

. Use the same digital voltmeter to mea-

sure the voltage between TP1 (on Bd. B)
and terminal B3. Calibrate to -3.162
volts at TP1 by adjusting the K-setting
potentiometer while maintaining the
digital number at 037.2.

. Lock the set screw and shaft of the K-

setting potentiometer.

. Recheck the steps (e) and (f). Push

back the knob on the shaft of the po-
tentiometer.

i. Apply ac input current of 0.866 ampere.

The dc voltage at TP2 (on Bd. B) should
be 0.010+0.001 volt.

. High Current Compensation

CAUTION: When using current greater
than 12 amperes, DO NOT leave trans-
formers energized for more than 5
seconds.

. Set K-setting at K=2 (dial at 037.2) and

connect a dc digital voltmeter between
TP6 (Bd. B) and terminal B11 (com.).

. Turn the dc and ac switches on and

adjust the ac current to 9 amperes. The
voltmeter’s reading should be greater
than 14 volts.

. Adjust ac input current to 11 amperes.

The voltmeter’s reading should be a
negative voltage. The DIP relay RY3
should be picked up.
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d. Move the dc voltmeter’s probe from TP6

to TP3 and adjust the ac input current
to 27.4 amperes.

e. Adjust trimpot R7 to read 10 volts at

TP3.

5. Ramp Timer

NOTE: Before making any new time delay

reading, reset the timer light by
pushing the reset button on the
front panel. Use a digital timer to
measure the time delay. If it is
not available, a scope and a stop-
watch can be used.

a. Make sure that the rotary switch (on

Bd. A) is set on position #12. The dial of
K-setting is set at 037.2 and the trip
pickup (on panel) is set slightly below
0.1 unit.

b. Turn on the dc power supply switch.

None of the LED lights should be on.

c. Suddenly apply an ac input current of

8.66 amperes. The digital timer should
start and stop after a time delay of 2

seconds. The time delay can be increased
or decreased by adjusting the trimpot
R10 (Bd. B) clockwise or counterclock-
wise respectively.

. Adjust the ac input current to 1.732

amperes. Turn off the ac input switch
and reset the relay.

. Turn on the ac input switch. The digital

timer should start and stop after a time
delay of 50 + 1 seconds. The time delay
can be increased or decreased by adjust-
ing the trimpot R24 counterclockwise or
clockwise respectively.

. Adjust ac input current to 17.32 amp-

eres. Turn off the ac switch and reset
the relay.

. Turn on the ac input switch. The digital

timer should start and stop after a time
delay of 500 + 25 milliseconds. Adjust-
ment of this time delay can be made by
slightly adjusting the trimpot R7, if
time is close to limits.

. Check the time delay per the following

table.
Input Current (a) 25.98 17.32 12.28 8.66 4.33 1.732 0.866
Time Delay (sec) 0.222 0.500 1.000 2.000 8.000 50.00 200.00
Error (+ sec.) 0.011 0.025 0.050 0.010 0.400 1.28 20.00
Adjustment R7 R10 R24

i. Adjust the ac input current to 17.32

b. Set the rotary switch (Bd. A) on position

J.

amperes and turn off the input switch.
Set K-setting dial to 860.7 and reset the
relay.

Turn on ac input switch. The digital
timer should start and stop after a time
delay of 10+ 0.2 seconds. Adjustment
can be made by changing the dial num-
ber of K-setting potentiometer but the
dial number should be within the range
of 845.7 and 875.7.

D. Power Supply Board (Slot D)

1. Alarm level and range

a. Connect the test circuit as shown in Fig.

15 and connect the scope probe to alarm
contacts (relay terminals 14 and 15).

#12 and ajust the trimpot R14 on Bd. D
to the extreme clockwise position.

. Apply ac input current of 1.732 amperes

(0.2 unit). The alarm relay should not
operate, e.g. the scope trace should be
at low level (zero volt).

. Slowly adjust the trimpot R14 counter-

clockwise until the alarm relay operates,
e.g. the scope trace should jump from
low to high and the alarm LED should
be on.

. Adjust the ac input current to the desired

current which is the product of V' 3x5
xI5, e.g. the input current of 0.432
ampere represents that Iy is equal to
0.05 unit.

13
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f. Repeat step (d) to obtain the final
setting.

2. Alarm Timer 2 sec/0

a. Connect the same test circuit as step
(1) and set the scope trigger on positive
pulse.

b. Suddenly apply an input current of 5
amperes, the timer (scope) should read a
time delay between 1.5 and 2.5 seconds.
(NOTE: If time is outside and close to
limits, resistor R15 may be changed).

3. Voltage to Current Inverter (Optional)

a. Connect the input current circuit as
shown in Fig. 15 and an one milliampere
(optional) dc meter to relay terminals
12(+) amd 13(-).

b. With an input current of 1.732 amperes,
adjust the trimpot R12 (Bd. D) to obtain
full scale reading (1ma).

¢. Adjust the ac input current to 0.433
ampere, and adjust the trimpot R4l
(Bd. D) to obtain one quarter of full
scale reading (0.25 ma).

d. Repeat steps (b) and (c) to satisfy both
readings with an error less than 0.02 ma.

E. Indicating Contactor Switch (ICS)

Close the main relay contacts and pass suf-
ficient dc current through the trip circuit to close
the contacts of the ICS. This value of current
should be not greater than the particular ICS tap
setting being used. The operation indicator target
should drop freely.

The contact wipe should be approximately
between 1/64” and 3/64”. The bridging moving
contact should touch both stationary contacts
simultaneously.

RENEWAL PARTS

Repair work can be done most satisfactorily at
the factory. However, interchangeable parts can be
furnished to customers who are equipped for doing
repair work. When ordering parts, always give the
complete nameplate data.
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7 6 L 5 4% 3 \ y] i ]
1463 C 34 |
1
E i , 3
1
COMPONENT DESCRIPTI@N STYLE N@. COMPONENT DESCRIPTIGN STYLE N@.
(431 CAPACITBR «A4T70UF 00V 3I508AB9HOI R13 RESISTER 1000.0 +SOH 11X BASABI9H4AS [~
ce CAPACITOR “.004TUF 100V  753AAT7THIS R14 RESISTOR 1000.0 +5NW 12T BABABI9HA4B8
€3 CAPACITOR -220UF 100V 3S0BAB9HOR R1S RESISTBR 1000.0 .50W 12 848AB1°HA8
Ca CAPACITOR +220UF 100V J3SOBABYHO2 R16 RESISTOR 1000.0 -S0W 1T B4BAB19HAB -
CS CAPACITBR +JO00UF SOV J3509A34HD3 R17? RESISTER 1000.0 .SOW 1T B8A4BA8B19H4S
Ccé CAPACITBR +100UF 50V 3S509A34H03 R18 RESIST2R 1000.0 .S50W 1X B8BaBABI9H4B
[ § CAPACITBR 2.000UF 50V 863AS1BHOS R19 RESISTBR 1000.0 «S0W 1% BA4BABI9H48
D [»:] CAPACITBR «100UF 100V 3510A83HO02 3 R20 RESISTOR 1:000.0 +50W 1X BABAB19HAS
ce CAPACITBR 1.000UF 50V 3512A0BHO1 RrR21 RESISTOGR 1000.0 +S50W 12 B4ABABIIH4AS ID
. . R22 RESISTOR 1000.0 +S0W 1T BABABI9HAS
. B R23 RESISTOR B806D.C .50W 1% B4B8AB20HIS6
Dt DI@DE 1N9t1 A BI6A92BHO1 R24 RES{STOR S510.0 .SOW 11X B8ABAB20H1T '
D2 DI®DE 1N914 B836A928HO1 R2S RESIST2R 24.8K .50W 1X BABAB20H97
D3 DI®DE - INSI4 836A928HO01 RE6 RESISTOR 34.8K .SOW }2 BABAB20HS7
DA DIODE 1IN914 836A928H01 R28 RESISTOR 20.0K +50W 12 B4BAB20R74
[»}3 DIGDE 1N914 836A928HO! R29 RESISTOR 10.0X .50W 1Z BABAB20HAS
p— - D6 DIPDE IN914 836A92BHO1 R31 RESIST@R 10.0K -S04 1% BABAB20HAS
R32 RESISTOR 20.0K +SOW 1X B4ABAB20OH74 -
t . R34 RESISTOR 1.0M .SO0W 1% 84BA8B22HJI9
1Cy INT CKT TATDM 1443CS2HO1 R3S RESIST8R 2.0k .50W 1% 84BAB19H7??
1C2 IN‘I: CKT 747DM 1443C52K01 R37 RESISTOR 10.0K -SO0W 12 B4BAB20HAS
IC3 INT CKT 747DM 1443C52H01 R38 RESISTER 16.5K +50W 1T 84BAB20HE6
I1C4 INT CKT TATDM 1443CS2R01 ' - ) R
) €04 INT CKT CA3140 147881 4HO1 - -?"a IIIIIPE' A O-GHM—REGISTOR—BE3ASTEROE
' N
i HMPERO-GnuRESER . c

‘PeT

RS . S.0K  .T5W B80AB2 6HO9
(3] poT 2O.OK 75w B830AB26M01
B R9 PoT 5.0k +T5¢ £730A826H09
R27 PoT 200K <75V 580AB26HB1 B
R30 POT 20.0K .75W  BBOASREHM v
R33 POT 20.0K -75W 880AB26HOL '
R36 peT 100.0K +75W  880ABR26HOT g i
. P i
Rl RESISTER 10.0 S.00% 3T 829A923H1S :
. R2 RESISTER 10.0 5-00W 3% 629A923H1S |
. R3 RESISTOR 12.1K .50W 12 84BAB20HS3 - -
R4 RESISTOR 8060.0 .50W 1% B4BAS20HI6 !
R6 RESIST@R 15.0K .SOW §X B84BAB20HE2 :
RS RES1STeR 2.0K -50W 1% -B48ASI9RTT ’
R10 RESIST@R 17-8K -S0W 1T  B4SABROHE9 i
R11 RESISTGR 1000.0 <S0W 1X BABABIIH4S ’
R12 'RESISTOR 1000.0 +50W 1% B48ABI9H48
A
1
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! 6 I 1 2 1 1
1463 C 36 |
|E
COMPONENT DESCRIPTION  STYLE Ne. COMPBNENT DESCRIPTION  STYLE NO.
(1} CAPACITSR «100UF SOV 3S09A34H03 R2 RESIST@R 7.5 .SOW 1X B4BAB20H33
c2 CAPACITOR «100UF S0V 3509A34H03 R3 RESISTOR 3010.0 .S50W 1Z B84BAB19HIA
c3 CAPACITOR «100UF 100V  T63A219H2S RS RESISTER 11.3K .SOW 12 B48AB20HSO
ca CAPACITOR 2.000UF S0V 863A518HOS R6 RESISTOR _ 2.0k .50W 1T B4BABI9HTT -
cs CAPACITOR 100.000PF 500V, 762A7STHO1L RS RESISTOR 11.3K .SOW 12 B4BAB20HSO
cé CAPACIT@R «100UF SOV 3S09A34HO3 R9 _ RESISTOR S1.1K .SOW 1% B4aBAB21K14
c? CAPACITOR +100UF SOV 3509A34HO3 R1t RESISTER 2.0k -SOW |2 8485819 K77
cs CAPACIT@R 1.000UF SOV 3512A08HOL R12 RESISTOR 20.0K -S50W 1T BABAB20HTA
ce CAPACIT@R +100UF SOV 3509A34H03 R13 - RESISTER 121.0K .50W 12 84BAB21KSO
€10 CAPACITOR 2.000UF S0V E63ASIBHOS Ria RESISTER 20.0K .SOW ]t BABAB20HT4
. R1S RESIST@R 2.2M -50W 1T ISTA290H268
: R16 RESIST@R  100.0 .SOW 1 84B8A818HSI
o1 DIODE FD333 837A942H03 [3%; RESISTOR  681.0 .50W 1% B4SASB19H32 1D
o2 - PI®DE FD333 837A942H03 RS RESIST@R 15.0M 50K 3% 187A290H40
D3 DIODE INSASA 837A692K03 R19 °  RESIST@R 2.2M .50W S%  187A290H26
Da DIODE IN6aSA 83TAE92HOI R20 RESISTZR  10.0M .50W ST 1B87A290H27
DS DI0ODE IN64SA 83TAE92HO3 _R21  RESISTOR 10.0M .SOW ST 1BTA290H27
Dé DIODE IN6ASA .837A692H03 R22 RESISTOR 20.0M .50W 5% 187A290HA1
r23 RESIST2R 20.0M .50W ST 18TA290HAl
R2S RESISTBR 681.0 .SOW iX B4aBASISH32
1c1 INT CKT T470M 1443CS52H01 R26 RESISTAR 5110.0 +50W 1% B4BAS20H17 =
1c2 INT CKT BB4204J 1478812H01 R27 RESISTAR 1000.0 .SOW 1T S4BA819H48
1c3 INT CKT CA3130AT 147881 4H02 Res RESISTOR 12.1K +50W 1% 84BAB20HS3
1Ca INT CKT 747DM 1443C52H01 R29 RESISTOR 8.8K -50W 2T 629A331H52
1Cc5 INT CKT SESS5CV 774B956H01 R RG-S TR B4 e S Dot GABABHBH OB
1C6 INT CKT 747pM 1443CS2HO1L R31 RESISTOR  681.0K .SOW 1% 848AS22H23
R32 RESISTOR 2.0K -SOW 1T B848ASIOHTT
R33 RESISTOR 10.0K .SOW 1% B48AB20H4S
—H———— MR BRI RE S-S TOR—O LA FIHO R34 RESISTOR 30.1K .SOW 12 BABAB20H 81
I UMP SR —SHM-RESL ETOR-—G6344IHOL R3S RESISTOR 2940.0 .50 1% 84BAB19HI3 ic
e d MBS SHN-RE SIS TR 8424428501 R36 RESISTOR 681.0 .SOW 1Z BABASI9HI2
GNP E R~ G P HN—R - S T OR——G COASTEH O — R37 RESISTOR  150.0 +50W 2% 629AS31HI2
WG S MP PR 0~ SHM-REN T STOR— B CRANTOHE— R38 RESISTOR  150.0 .SOW 2% 629AS31iHIZ
e PP ER——— O~ R E ST OR-—0-60AATHO+— R39 RESISTER A49.9K .SOW 1T B48A821H13
— P dMRER G- RE S STOR— 8 60A4IEHO— R40 RESISTOR 4990.0 .50W 1% 848AB20H16
ISP GO —SHI—RE S ST IR B CAAAIFHO— R42 RESISTOR 2000 .50W 2% 629AS3IHIS —
PP ER———0—OHI—RES BT OR—BCRARTGHO— ’
—~HO————dUMPER—————PHMRES S TOR—E60A4T0HO— F 4} ZENER IN9STB 6.8V 186AT9THOGE
B JUNRER————OHN-REEI ST IR —B6AAATEHO z2 ZENER 1N748A 3.9V 1B6AT9THII =
SR ER——G—OHN—RES ST IR RAAIEHO— z3 ZENER INS23SB 6.8V B62A288HOT
PG R G BN RE S-S TR — S 6AAIGHO I za ZENER INS23SB 6.8V B&2A2B8HOT
il MA R JHN-RESI-$TOR—863A42BMOL
AH——— MR ————G~GHM—RES I TR G 6 RAATER—
ARG SHN—RE ST 5 TIOR8 6BA AT RY) REED RELAY DIP RELAY 12V  1478BI3HOI
HP————JUMPER————0—OHN—REEI-ETOR—86AAAIGHON RY2 REED RELAY DIP RELAY {2V  |478B13H03
RGO~ GH M- RESI-BTOR— B4 BAA TGO RY3 REED RELAY DIP RELAY §2V  1478Bi3HOI
I PIMPE R G- OHM—RE S-S TOR—G 6 BTG HO— RY4 REED RELAY DIP RELAY 12V  1478BI3H02 - B
RO JUMPER———O— P RE S ETOR—E6RAAIGHO
R IMPER———C—OHM-REHEFOR-——B S 2AA TR
R4 PoT . 20.0K .75 880A826HA)
R7 PotT 10.0K +75W BBOAS26HCS
R10 POT S0.0K .75W BB0AB26H0E
R24 POT 100.0K .7SW 880AB26HOT
Ral POT 20.0K .75W 880AB26HO1
Rl RESIST@R 20K +SOW 1T 848ABIO HT?
A
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#1020 CLEARPRINY

7 \ 5 ) 4% 3 , 2 \
14G3C 40 |
E
CaNMPINENT DESCRIPTI3N  STYLE NO. CBMPONENT DESCRIPTISN  STYLE N@.
c1 CAPACITER +4TOUF SOV  T62A680H04 o2 TRANSISTOR  2N4063  878A432H01
c2 CAPACIT@R 100.000PF SO0V 762ATSTHOIL o3 TRANSISTER  2N4903 187A673H13
c3 CAPACITOR .220UF 300V 3512A08HO2 Qa TRANSISTER  2N3645 B49Aea1HO1
Ca CAPACITOR  22.000UF 35V 184A661H16 —
cs CAPACITOR 22.000UF 35V 184A661H16
cé CAPACITER +100UF SOV 3509A34HO03 z1 ZENER INA47T  33.0V B62A435HO}
€7 CAPACITER <100UF S0V 3509A34HO3 za ZENER IN96SB  15.0V 1B6AT9THOB
cs CAPACITBR  47.000UF 35V 187ASO8H12 32 ZENER INTS9A 126V 1869 IH
[ CAPACITOR -022UF 100V 3508A16HO2 2 R IN29998 56 v 239*’%3“8‘
ALM  REED RELAY 600N 12V  [436C85H04
D1 D18DE INGASA 837A692H03 ID
b2 DI1GDE IN6ASA 837A692H03
D3 D1GDE INSASA 83TA692HOD
Da DIRDE 1N64SA 837A692H03
1 INT CKT UA723 6277D61HO9
1ce INT CKT 747DM 1443C52H01
1c3 INT CKT 7470M 1443C52H01
- —H————JUMRER———— O HM—RE S ST IR— B CRANIGHH—
- O SMAER—— OG- AR S TR —E COAA I H—
O HUMPER——— O PHM-RES O TIR— OS2 AN IOHO+—
e NP ER— - PHU-RESF ST R-— B 6 QA4 TOHO——
S HMAER e GGG G - ST IR~ G 6 DAATH O —
BB D H RS- G TOR—B DA TOHO
T PER——— O SHN-RE SIS TOR—E A TEHO
NP RN -RE SIS TOR—E6RAA TSN — C
R14 POT 10.0K .75¢  BB0AB26HOS
. R18 PoT 10K  +75W 880AB26HO3
) -
R1 RESISTOR 10.0K5.00W 1% 763A130H02
R2 RESISTER 1.5K .50W 1% B4BAS19H6S N
R3 RESISTOR 3.0K7.00% ST 878A330HO1
R4 RESISTGR 75.0 5.00W 1T 763A130H2}
RS RESISTOR 22.1K .SOW 13 BABAB20H78
R6 RESISTER 6810.0 .SOW 1T B84BAS20H29
R7 RESISTOR 20.0K +50W 1% B4ABAS20HT4
RS RESISTOR 20.0K +50W 12 848AB20K74
R9 RESISTOR 10.0K .50W 1% B4BAS20H4S
R10 RESISTOR 20.0K .50W 1% B48AB20HT4
R11 RESIST@R 5110.0 +50W 12 848AB20H17 B
R12 RESISTOR 10.0K <504 % B4BAS20H4S
R13 RESIST@R 4020.0 .50W 13 848A820HO7
RIS RESISTOR 43.2K .50W 1T B4BASZIHO?
R16 RES1STOR 10.0K .S0W 13 BABAS20HAS
R17 RESISTBR 150.0 .S0W 2% &29AS31HIZ
R19 RESISTOR 9530.0 +50W 13 B48AS20H43
R20 RESISTOR 5110.0 +S0W 13 S48AS20M17
R2) RESISTOR 5110.0 -50W 13 848A820H17 L
S, .
1) TRANSISTOR  2N3055 187A673H08
A
PART NAME APPAR. TYPE PART DESCRIPTION
IiNnT SCHIRELAY | SO
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5.563% /=250 piA, 4 HOLES FOR
1594 —s  1+6.063 (141.30) (6.35)j00.- .
{40.49) | [t154.00) 2.78I na 190-32 MTG. SCREWS
- b - (70.64 4
8.250 :
& 15,125 15.750
(209.55) (384.18 ) £ {400.05)
l — 5.875
£ - _ | #2923 )
= ! =1
¢ 16.500 7,563 7.875
(419.1) (192.10) (200.03 )
. e |
-] 3.188 R. 8 O T PP
(80.98) (74.63 )
6,375+ PANEL CUTOUT & DRILLING
el o5) FOR SEMI-FLUSH MTG.

PANEL LOCATION

SEMI-FLUSH MTG.
PROJECTION MTG

DIMENSIONS IN INCHES

DIMENSIONS IN MM N\ /N NN NP2 NS
e el
NA J
TOOTH WASHER ERN N )
4.375 — 25 563
> SMALL (i) (8:28) ¢ (330) " 2HOLES
TOOTHED | (136.53)
WASHERS i y'a p50 +.016(.397)
190-32 SCREW 7 (6.35)~ 0 375
: 4.375 LO3I 1031 1031 == 1031+ 30 R
SPACERS FOR (l11.13) Eze.xs) (26.19) (26.19) (26.19) (9.53)
v‘-“'\___\_/-

THIN PANELS l

5/16-18 SCREW 594
(FOR THICK PANELS (|5 09)
USE 5/16-18 STUDS) '—

INTERNAL-EXTERNAL
TOOTHED WASHERS ;g3

L

.641<J

ie.2g) OIA

J TERMINAL AND
MOUNTING DETAILS

190-32 SCREw (46.04)

FOR THICK PANELS
USE .190-32 STUDS

20 HOLES OR
CUTOUT

03
(26.19) (26.19)

103! —+-1.031 =+ 1.03|
(26.19) (26.19)

PANEL DRILLING OR CUTOUT FOR—
PROJECTION MTG.(FRONT VIEW)

NUMBER

Sub. 9
5707903

Fig. 16. Outline and Drilling Plan for SOQ Relay in the Type of
FT-32 Case
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1463 C38] L 3 L 2 ! 1
E
ComPONENT DESCRIPTION  STYLE Nd. CEMPENENT DESCRIPTION  STYLE N@
seensss- L i P .
c1 CAPACITER  10.000UF 20V 134A661HR4 ooonTTTT == meesmeccces eccecesss
c2 CnAcITon oo Aoy erasianae R22 RESISTOR  20.0K .50¥ 1% B4BAS20KTA |
3 CAPACITOR  .100UF SOV 350943403 REr  TESiSTen 4900 -sow 2% c9nEdiHe
¢s R Ao oy Taaacans R2S RESISTER  20.0M .50W 5% 187A290V41
cs CAPACITOR  5.000UF 100V T63A219M12 gg: :gg{:}g: 28-0" » 50w 5: 187A290H4(
.OM .50¥ 5% 187A290H4I
k28 RESISTOR  20.0K +50W 1T BABAB20HT4
1 DI@DE N&ASA R29 RESIST@R  20.0K 50W 1% B4SAB20H7A
p2 DIGDE INGaA S Acyonoa R30 RESISTBR  200.0K +S0W 13 B4BAB21HTL
pa DI1ODE INGASA 837A692H03 R31 RESISTOR 1-5K .S0W 1T B84BAB19HES |D
D4 DI@DE FD333 837A942H03 R32 RESISTBR  150.0 .50W 2% 629A531H1E
bs DI1@DE 1N645A 837A692HO3
6 DISDE IN645A
D7 DI8DE 1NE4SA s o1 TRANSISTER  2N4063 878R432HO1
P D19DE IN6ASA Ao 02 TRANSISTOR  2N3645 849A441HO1
D D1@DE FD333 837A9 42H03
1 DI8DE .
D11 - DIGDE :322; gg;::;::gg 2 ZENER IN9STB 6.8V 186A79THOS
D12 OIODE INeasa S neanos z2 ZENER INJOSOB 180.0V 187A936HIT -~
' _ * 22 ZENER 1.5KE300 878A619HOT {GROUP 2 ONLY)
0SCG  REED RELAY 600N 12V  1436C85HO4
1c INT CKT neITATL 1443C52H04
ice INT CKT MC668L 6296D58H05
1C3 INT CKT MC6T9L 6296DS8HO2
1Ca INT CKT CA3140 147881 4HO1
1Cs INT CKT CA3140 147881 4HO1 R
Ics INT CKT MC679L 629 6D58H02 #=GROUP 2 ONLY C
e MR O GHN—REES STOR— B 6AAA RO —
MR ER——— O G- 6T OR—B 6RAATEHO
s
e PP ER @O HH—REGHOFIR -G GRANIGHO— -
MR ER——— OO —RE G STIR— B SRAIGH—
R3 RESISTGR  10.0K -50W 1T 848AB20HAS
R2 RESISTOR 3.3K .50W 21 629AB3IHAA
R3 RESISTOR  10.0K «50W 13 BASAS20HAS
RA RESISTOR 18.0K -SOW 2% 629A53| K62
RS RESISTOR  10.0K .SOW 12 BA4BAB20HAS
R6 RESISTBR  20.0K <50M 1T B4BAB20HTA
R7 RESISTOR  100-0K .S0W 1% B48AB21HA2
R8 RESISTOR  100.0 -50W 13 S848AB18HSL ) s
R9 RESISTER  22.0M .50W 5% 1BTA290H36 -
R10 RESIST@R  22.0M .50W ST 18TAR90H36
R11 RESISTOR  22.0M -50W SX 187AZ90H34
r12 RESISTOR  20.0K +50W 1% BABAB20HT4
R13 RESISTOR  20.0K -50W 1T B4SAB20HTA
R14 RESISTBR  200.0K -S50W 1T B48AS21HT1
RIS RESISTOR 4300.0 +S0W 2% 629AB3IH47
R16 RESISTOR  10.0K +SOW X B43AB20H4S
R7 RESISTOR 1.5K -50W 1% B4BAS19HES -
RS RESISTOR  10.0K .50W 13 SABAG20HAS
R19 RESISTAR  20.0K .50W 1% SABAB20HTA
R20 RESISTER  100.0K .SOW 13 848AS21H42
Re1 RESIST@R  10.0K -50W 1T G4BAB20HAS
A
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ABB Power T&D Company Inc.
Relay Divisions Addendum to
Coral Springs, FL 33065 I.L. 41-161.1B

Type SOQ Negative
Sequence Time

Effective: April 1993

This Addendum Supersedes Overcurrent Relay

All Previous Addenda

A - Add New Information « C - Change Existing Information + D - Delete Information

A

For any references to the ICS unit, the following note applies:

NOTE: For some styles the ICS unit is replaced by an ACS unit, which is an ac indicating
unit. This is for use in applications where the SOQ trip contact is in an ac voltage
circuit instead of dc.

Effective February 1990, a Slide Switch replaced the Thumbwheel Switch (SW): change all refer-
ences from Thumbwheel Switch to Slide Switch.

The Thumbwheel switch was numbered from 0 to12. Slide Switch nameplate reads from 1 to 13:
Increment by one (1) all references to the old Thumbwheel Switch, in order to make it correspond
with the new positions.

Page 14

Under Item 3. Voltage to Current Inverter (Optional), change:
FROM: b. “..adjust the trimpot R12 (Bd. D) ..”
TO: b.  *“..adjustthe trimpot R18 (Bd. D) ...”
FROM: c. “..adjustthe trimpot R41 (Bd. D) .."
TO: c.  “..adjust the trimpot R41 (Bd. B) ...”

All possible contingencies which may arise during installation, operation or maintenance, and all details and
variations of this equipment do not purport to be covered by these instructions. If further information is desired
by purchaser regarding this particular instaliation, operation or maintenance of this equipment, the local ABB
Power T&D Company Inc. representative should be contacted.

Printed inUS.A.




Addendum to L.L. 41-161.1B

A Under above change, add additional descriptor to photo:
ALARM LEVEL ADJUST
See attached for location of item.

Attachments: Schematics and Component Location Drawings:
 Drawing Number 1501B78, Sub 1

» Drawing Number 1610C83, Sub 3

» Drawing Number 1610C82, Sub 4

Photo, Figure 1. SOQ Relay

Drawing No. 1463C34, Sub 5, (Sheet 1 and 2):

Figure 7. Internal Schematic of Input Board (A)
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E conp DESCRIPTION STYLE ]
CAPACITORS
4] 0.470 xf, 100V, 2 1% 35268483106
¥ 0.0047 uf, 100V 763M07H13
0 0.220 pf, 100V 3500489102
@ 0.220 pf, 100V 3508489402
11 0.100 pf, 315320391113
A I3 0.100 pf, SOV 1532A39H13 R
7] 2.6 uF, S0V * 86IA518HOS
. 11 0.100 xf, 100V 3510A63H02
i o 1.0 af, 50¢ 5124081101
i ]
i DI00ES .
: 0l 759, .01A {INA148 BI6A928H06 J‘
D D2 15V, .OIA {1H4)48 BI6A928H06
(1] 8V, .01A {IN(140 BI6A926H06 .
M 789, .0IA {IN0140 BIGADZBI106
0§ 15V, .OIA {IN€1e8 836A9261106
06 15y, .03A {INdM4D 836A928H06
INT CIRCUIT . . .
7 T4 TAIOH 1443¢ 82101 [
133 I 1432100 : {
10 I 1440820000 )
1] 20 . 14430820101
e ¢A3140 . . 1420834100
RESISIOR
€ 4
i —f——ee 00— B I A M
I n 0 K SW I8 84ma520H83
| R 806K, .BW, 1% 848AB20H38
] RS 8.0 K, .J5W, 10T POTENTIOMETER 8B0AB26HO9
> [ 15.0 K, B W, I8 B4BAB20HS2 :
n 20.0 K, .I5M, 108 POTENTIOMETER BS0A326HO1
a RS 2.0 K, 5N, 9% B4BAB1OHTY
x 5.0 K, .75M, 10% POTENT|ONETER BSO0AB26H0D
Mo 1.8 K, BN, )% 84848201169
R4 AT T 848AS20H17
28 Mh K 5N I8 8484820H9) .
R26 3.8 K, .8, % B48ABZ0HS?
027 20.0 ¥, .)5M, 10% POTENTIONETER 880AB261101 !
n28 20.0 K, .SW, 1% B48A820174 .
R29 10.0 K, B, 1% B4BABZOINS
) RO 20,0 K, 259, 10% POTENTIONETER B50AB26H0) s
Rl 10.0 K, $¥, X B48AB20HAS
2 200 K, .$W, X BARAB20H7 4
11 20.0 K, .J5W, 10% POTENTIONETER B30AB261101
AN 1.0 M, BV, 1% B4BAO22II3Y
s 2.0 K, .6W, I 848AB1SIT7
0 100.0 K, .75M, 10% POTENTIONETER B8OAB26HOY .
'Y 0.0 K, .5¥ 1% 24BAB20IS
RES NET. (DIPS)
R MK, % 352468108
RN2 oK, 28 352468108
A '
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H S st o DLSCAPIION AOILE S I i REQ ' : - } 8' o
__lcaraciTor , 220.ut, 100V 3s508489'H02| 2 t 3 - ? s, €6
2[caPACITOR L47_uf, 100V, 1% |3526A65 HOG - R -
| a|cAPACITOR .100.uf, S0V 3532AZ9N 7 z se298e82s t§- 1 O
SICAPACITO, 1004P, 100V |3510A63H0: ; T - e
1 [ _sicAPACIToA 1.000u¥, SOV 512A08 HO) : 8 - 6 D1, D2, D3, D4, DS, D6
i~ J_slcaraciTor 2,000uf, 50V 63A5/81§05 ‘ 9 - &I, i, i0,'16 -
7|CAPACITOR 00474100V |763A487H13 }g - ; ] .
| |_sloiobE 14188 75V, O |836A925 HOE [y D- &R, R, W0, 3
G[INT cxT 7670M 1443C5 21401 37 32 W- 2 R, RO
GINT CKT ICASI4D r4758/¢ Wol B} ? 15 1 S
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14|75, 5 K, .75W, /0 % |BBOABZGNOI [ n-- 1 0w :
| \8|ResI3TOR 1 M, SON, 1. |848AB2ZIH3Y Z 2- 2 Rl M2
16 RES pip SR IK, 22.13524A681H0: . e n- 1 R, m
17|RESISTOR 511K, . 50W, (% |84BAB20HI7 / T n. 2 :}o
| 18|reSisTOR 10K, SOWs [ 7o 4owzaw 3 H] - -2 RS, R .
13 RESISTOR 16.5K, .50W, 17 3V beseusaesersane !
. _Z'ED [RESISTOR 75K, .50W, h; 2 AN RNZ =
RESISTOR 12,1 30 53 8 /0
RESISTOR 20K, . 500, o
RESISTOR 06K, 50N, 1% [Be8AB2ZOHI6] STAMP COMPLETE *
I 24lresrsror 2 K, .50W, 1%|B4BAOIDIHZT| CROUP WO. PER s.o./ oo o9emency
RE315T0R 70K, .SON, /%% |848A8 20|16 i ’
| | 26lresistox 34.5K, .50, _]% |8¢46AB20197 2 ! LATEST 2
gESL WS et IAE gt s .
| 281B¢. 804RD 3 ‘of s owe.——T
¢ lconust rar| £LCO 19 PV 8 [ i
0\ YESY PONT 6 : T
WITCH 7 ! it
CALE 7 ; )
| CREW 086-36 %, 25FAHD|8 T TA S e
34jnuT (086-56 NEX STL.|877A : s s
IB\LJWASHER £85 1834 !
Frm... s tax Ao D] . H
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(%3 AN Inguwes should be dr
: = HAND SOLDER P.S. 250309-20 AND CLEAN PIR P.S. BJIIRS, | fors conters At " A
® NOYCH AT POSiTION 2.
§ THIAD ANGLE PROJECTION  |/"3TMA foRAssTOva.
i fo mnuu%l:m
| _@% UNLESS DL ITSL
1 SPaneo
! . N
& » ’ .
A halty ¥ g\ 2 be 2 nne -MODULE ASSEMBLY
t 2 M RN RS I (So)
IR R [l (ke 2 o BT (2B
~ S . MY orw A Ay il Laall VA TN
SRS k3 - 3 e RN =I510C 82
5 : §? : LW ) Wi ] LA |
§ §3 g £ ¥ D PRINGS, FLORIDA USA. | ©~
kil é. X IX X 23D ] | RELAY AND TELECOMMUNICATIONS DIV. - COAAL SPAINGS, .
— 7 \ I3 T AR T Q 1 L] ] 1 e



LL. 41-161.1B

EXT. METER
CALBRATION

ALARM LEVEL
ADJUST
DC POWER
SUPPLY
SELECTOR

CURRENT=""" ﬂ »

SELECTOR

(Per Unit Setting)

TIMER
OxN

TRID
INDICATOR

ALARM
INODTCATOR

1Cs

TRIP UNIT

Fig. 1. SOQ Relay
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1463C 34|
, .
COMPONENT DESCRIPTION STYLE N@. . COMPANENT DESCRIPTION STYLE NO.
[4] CAPACITOR »ATOUF 130V 3IS0BABIHOI . R13 RESISTOR 10000 +350W )% BABASI9HAS
ce CAPACIIBR * H042UF 100V TESAARTHIS . Ria RESISTOR 1000.0 .50% 1% BABASIFH4AS
c3 CAPACIT2R +220UF J00V JI508A89HO2 RIS RESISTOR 1000.0 .50W 1% B43A819H48
Ca CAPACITOR «220UF 00V J508A89%HOR2 . R16 RESISI3R 1000.0 +50W 12 848ABIFPHAS b
cs CAPACITRR +100UF SOV 3509AJ4HO) a1 RESISTOR 1000.0 +50W 1% 848ABI19H4B . ’
ce CAPACITRR +100UF 50V  3509AJ4H0) ) Ris RESISTOR 1000.0 .50V 12 B48ABIFHAS
[} CAPACITOR 2.000UF SOV 86JAS18HOS . Rt9 RESISTOR 1000.0 <350V §2 GaBABI9H4E
ce CAPACITER «Y00UF 100V JS10A63HO2 . RO RESISIOR 1000.0 .30W I B4BABI9HAS
[44 CAPACITER 1.000UF SOV 3512408401 ° . . "R21 RESISTOR 1000.0 .350W 1% GABAB|9H4B
. . . R22 RESISTOR 1000.0 .50 1% BABABI9HAS
A . . R23 RESISTOR 6060.0 .50W 1% B4ASAB20HIS
n D1eDE INSYA B836A928HON . Rea RESISTOR S110.0 .50W 1% BASAS20HIT
o2 DIODE INYLA - BI6A928HO) . R23 RESISTOR 34.8K .S0W 1T @4B8AB20H9T
03 DIOOE - tNOL A 836A928H0) . . R26 RESISTOR 34.8K .50% I3 G4BAB20HY?
DA D190k [LIAR) 836A928HO1 . A28 RESISTOR 20.08 .S0W 1T BABABR20HTA
0s bi1ant 1N9 1 4 836A928HO0 . . 3 R2e RESISTOR 10.0K SOV §8 B84BAB20H4S
De plLeor 914 836A928HO1L he . LEL] RESISTOR 10,04 .S0M 12 BA4BAB20M4AS
R32 RESISTOR 20.0K +S0W 1% QG4BAB20H?T4
T D . . RIA RESISTOR 1.0M .30¥ 12 848AB22HIY -
[ {4 ] INT CKT T470M 1443C52H0L LN . R3S RESISTOR 2.0K .50¥ 1T G48ABIPHIT o '
1c2 INT Cxt 14704 1 443C52HON ' N R3? RESISTOR $0.0K «50W 1% B4BAB20HAS
1) Nt cKY T4T0M . 1443C52H0) . . RYS RESIST@R 16,38 S0W 1T B48AB20HESE
1C4 INT CKT 74704 1443CS2H00 . . . i L .
* NP ER~—O-GHM-—RESISFOR—BSIALTENI—

1cs INT CKY CAd140 If103|4"0|

& Oi-RESIEIIR—B SBASIBHOE . l

e IHRER——
5 JUHPE o GHH-REGHEIOR—B
NP ER— O P RE G BTIR—B (OAATOHO——
AP ER——— 8- SHH—RES LS FOR-— B 6 2A4TOHO—
rid O o _oson H
perte *> RE 6t '
Y v - Ot -REEHEFOR—BLLA418110+—
P JUHRE R OHI-RE G 5TOR—B6LAATOHO—
e 0—0HH-RESHSTIR—BSLALIOHOT
’ e . ¥
RS . POI $S.0K +154  BBOAB26HOY
'Y pot 20.0K +15%  BOOAB26HOY ,
n Pat $.0K 754 ° E30AB26HOY
R27 por 20.0K <158  B60AB26HOL
R30 ror 20.0K .754  BBOAB2EHE -
833 Pt 20.0K o754 BBOAB26HEL ,
R3S rot 100.0K +¥5% B80AB26HOT
“m RESISTOR 10.0 5.00W 3t 629A923HIS )
R2 RESISIGR 0.0 5.00M 3T 629A923HIS
R3 © RESISIBR  12.1K .SOV It 04BAB20HSD * .
Re RESIST@R 8060.0 .50W 1t 84BAB20HI6 - -
RS RESISTOR  15.0K «30W 11 84B8AB2OH6R .
RS RESISTOR 2.0K .SOM 11 848ABIIHTT A
R10 RESISTBR  17.6K <50V |1 B848AB20HEY
RHY RESISTOR  1000.0 <50W 11 843A419H4B ,
R12  RESISTOR 1000.0 +30M 11 843n819H48
A ) ' ' .
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