
Westinghouse I.L. 41-112B 

INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCTIONS 

TYPE COD 
CURRENT SENSING RELAY 

CAUTION: Before putting relays into service, remove 

all blocking which may have been inserted for the 

purpose of securing the 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 elec­

trical connections. 

APPLICATION 

These relays are used to initiate switching or 

control operations when the line current rises above 

a preset value, or falls below a preset value. Thus the 

relay is a current sensing device with high and low 

current settings. 

CONSTRUCTION 

The relay consists of an induction disc type cur­
rent sensing unit. 

Current Sensing Unit 

The electromagnet is an "E" type laminated 

structure with a current coil, which may be tapped, 

mounted on the center leg that produces a flux which 

divides and returns through the outer legs. A shading 

coil on the right leg, front view, causes the flux to 

lag the main pole flux. The out-of-phase fluxes, thus 

produced in the air gap cause torque on the disc. 

When the current sensing unit contact closes to 

the right this indicates that the line current is at or 

above the value of current desired. Conversely when 

the current sensing unit contact closes to the left 

this indicates that the line current is at or below 

value of current desired. 

* Indicating Contactor Switch Unit (ICS) (Optional) 

The d-e indicating contactor switch is a small 
clapper type device. A magnetic armature, to which 
leaf-spring mounted contacts are attrached, is attract­
ed to the magnetic core upon energization of the 

switch. When the switch closes the moving contacts 
bridge two stationary contacts, completing the trip 
circuit. Also during this operation two fingers on 
the armature deflect a spring located on the front of 

the switch, which allows the operation indicator 
target to drop. 

* The front spring, in addition to holding the 
target, provides restraint for the armature and thus 
controls the pickup value of the switch. 

CHARACTERIS TICS 

The type COD current sensing relay has adjust­

able high and low current contacts that can be set 

around a 150° arc which is calibrated in amperes on 

non-tapped relays, or in percent of tap value current 

on tapped relays. These values represent the tripping 

position of the moving contacts when that value of 

current is applied to the relay. For the tapped relays 

the percent scale markings are 80, 85, 90, 95, 100, 
105 and 110. 

The relays are available in the following ranges: 

Range Taps 
* ---

.5- 2.5 0.5 0.6 0.8 1.0 1.5 2.0 2.5 

2- 6 2 2.5 3 3.5 4 5 6 

4- 12 4 5 6 7 8 10 12 

.2- .8 none 

.5-2 none 

1.5-6 none 
The moving contacts will assume a position cor­

responding to the current applied to the relay and will 
stay in that position until the current changes. If the 
current changes either gradually or sudden! y, the con­
tact will assume a new position corresponding to the 
change unless the travel is limited by the setting of 
the adjustable contacts. If the contacts are set to 
close for a particular value of current, and if a current 
of that exact amount is applied, then the relay is oper­
ating at its minimum trip point and the times on re­
peated operations are not repetitive within close 
tolerances. However, currents appreciably greater 
than the overcurrent setting, or appreciably less than 

the undercurrent setting, result in relay timing opera­
tions which are consistent for repeated trials. 

A II 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 

in/(m11ation is desired by purchaser regarding his particular installation, operation or maintenance of 

his equipment. the local Westinghouse Electric Corporation representative should be contacted. 

SUPERSEDES I.L. 41-112A EF FECTIVE MAY 1971 
*Denotes change from superseded issue. www . 
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TYPE COD RELAY----------------------------------------------------------

OYERCURREMT COIITACT �-

INTERNAL SCHEIIIATlC 

184A3'(1 
Fig. 1 Internal Schematic of the Tapped Type COD 

Relay in the Type FT 11 Case. 

The induction unit has inverse timing; that is, 
the greater the change in current the faster the relay 
contact will travel. 

INSTALLAT ION 
The relays should be mounted on switchboard 

panels or.their equivalent in a location free from dirt, 
moisture, excess� ve vibration, and heat. Mount the 
relay vertically by means of the four mounting holes 
on the flange for semi-flush mounting or by means of 
the rear mounting stud or studs for projection mount­
ing. 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 m ounting 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. See F _g. 4 for outline & drilling plan. 

SETTINGS 
The current sensing unit settings can be defined 

either by contact settings or tap setting. The high and 

low current contact settings are described under 

"Characteristics". 

Relays which are tapped have a connector screw 

on the terminal plate above the scale which makes 

connections to various turns on the operating coil. 

The tap setting is made by placing this screw in the 

desired tap as marked on the terminal plate. 

Caution 

Since the tap block connector screw carries 

2 

INTERNAL SCHEMATIC 

Fig. 2 Internal Schematic of the Non-Tapped Type 

COD Relay in the Type FT 11 Case. 

operating current, be sure that the sere w is turned 

tight. In order to avoid opening the current transformer 

circuits when changing taps under load, connect the 

spare connector screw in the desired tap position be­

fore removing the other tap screw from the original 

tap position. 

* Indicating Contactor Switch (ICS) (Optional) 

The only setting required on the ICS unit, is the 
selection of the 0. 2 or 2.0 ampere tap setting. This 
selection is made by connecting the lead located in 
front of the tap block to the desired set ting by means 
of the connecting screw. 

ADJUSTMENTS AND MAl NTENANCE 

The proper adjustments to insure correct opera­

tion of this relay have been made at the factory. Upon 

receipt of the relay no customer adjustments, other 

than those covered under "SETTING" should be 
required. 

Acceptance Check 

The following check is recommended to insure 

that the relay is in proper working order: 

A. Current Sensing Unit 

1. Contact Adjustment Check - Set the left-hand 

contact in the center of the scale and adjust the cur­

rent until the moving contact just makes. Move the 

left-hand contact out of the way and bring the right­

hand contact up until the contacts just make. The 

right pointer should be within ± 1/32" of where the 

left-hand pointer was. 
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TYPE COD RELA Y---------------------------�I:.:.!.L:.:.·..:4..!.:1-.!..11�2B 

OVERCURREMT 

COMTACT 

UMDERCURREMT 

CONTACT 

IMOICATIMG 

CONTACTOR 

SWITCH 

ItS 

coo 

INTERNAL SCHEMATIC 

CHASSIS OPERATED 

SHORTING SWITCH 

TEST SWITCH 

TERM I MAL 

185A430 
Fig. 3 Internal Schematic of the Non- Tapped Type COD 

Relay with ICS Unit in overcurrent circuit in the 
Type FT-11 case. 

2. Calibration Check - Check the scale mark­

ings by setting either of the two contacts at a value 

marked on the scale, then alternately apply this cur­

rent plus 0.1 amp and minus 0.1 amp for non-tapped 

relays, and plus and minus 3% .for tapped relays. The 
undercurrent contact should make at the lower current 
and break at the higher current. For the overcurrent 
contact check, the contact will make for the higher 
current and break at the lower current. 

-If B. Indicating Contactor Switch (ICS) (Optional) 

Close the main relay contacts in over current 
circuit and pass sufficient d-e current through the 
trip circuit to close the contacts of the ICS. This 
value of current should be not greater than the 
particular res tap setting being used. The operation 
indicator target should drop freely. 

Routine Maintenance 

All relays should be inspected periodically and 

the time of o peration should be checked at least once 
every year or at such other time intervals as may be 
dicatated by experience to be suitable to the par ticular 
a pplication. The use of phantom loads, in teBting 
induction-type relays, should be avoided, since the 
resulting distorted current wave farm will produce an 
error in operation. 

All contacts should be periodically cleaned. A 

contact burnisher #l82A836H01 is recommended for 

this purpose. The use of abrasive material for clean-

ing contacts is not recommended, because of the dan­

ger of embedding small particles in the face of the 
soft silver and thus impairing the contact. 

CALl BRATION 

Use the following procedure for calibrating the 

relay if the relay has been taken ap art for repairs or 

the adjustments disturbed. This procedure should not 

be used until it is apparent that the relay is not in 

proper working order. (See "Acceptance Check"). 

A. Current Sensing Unit 

1. Contacts - Apply sufficient current to the 
relay, to make the disc float in the center of its travel. 
Move both of the adjustable contacts until they just 
make with the m oving contact. If the two contact 
pointers do not meet at the same point on the seale 
(± 1/32"), adjust the follow on both adjustable con­
tacts. Approximately the same follow should be in 
each of the adjustable stationary contacts. 

2. Calibration Check -The adjustment of the 

spring tension in calibrating the relay is most conven­

iently made with the damping magnet removed. 

Set either of the adjustable stationary contacts in 

the center of its travel and apply this current to the 

relay, Wind up the spiral spring by means of the spring 

adjuster until the stationary contact and moving con­

tact just make. 

Check the other markings by setting the adjust­

able contact on these markings and applying the cor­

responding current to the relay. The contacts should 

make within plus or minus .1 amp of contact setting 

for non-tapped relays and plus or minus 3% of contact 

setting for tapped relays. 

* B. Indicating Contactor Switch (ICS) (Optional) 

* 

Close the main relay contacts in overcurrent 
circuit and pass sufficient d-e current through the 
trip circuit to close the c ontacts of the res. This 
value of current should be not greater than the 
particular res tap setting being used. The operation 
indicator target should drop freely. 

The contact gap should be approximately .047" 

between the bridging moving contact and the adjust­
able stationary contacts. The bridging moving con­
tact should touch both stationary contacts simul­
taneously. 

RENEWAL PARTS 

Repair work can be done most satisfactorily at 

the factory. However, interchangeable parts can be 

furnished to the customers who are equipped for doing 

repair work. When ordering parts, always give the 

complete nameplate data. 
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TYPE COD RELAY--
---------------------------

Tapped Relays 

AMPERE 

RANGE TAP 

(0.5 

(0. 6 

(0.8 

0.5/2. 5 (1.0 

(1.5 

(2.0 

(2.5 

(2 

(2.5 

(3 

2/6 (3.5 

(4 

(5 

(6 

(4 

(5 

(6 

4/12 (7 

(8 

(10 

(12 

ENERGY REQUI REMENTS 

The 60 cycle burdens for the COD relay are as 

follows: 

VOLT AMPERES** 

CONTINUOUS ONE SECOND POWER AT AT 3 TIMES AT 10 TIMES 

RATING RATING• FACTOR TAP VALUE TAP VALUE TAP VALUE 

(AMPERES) (AMPERES) ANGLE¢ CURRENT CURRENT CURRENT 

2.7 88 72 2.38 21 132 
3. 1 88 71 2.38 21 134 
3. 7 88 69 2.40 21.1 142 
4.1 88 67 2.42 21. 2 150 
5.7 88 62 2.51 22 170 

6.8 88 57 2.65 23.5 200 
7.7 88 53 2.74 24.8 228 

8 230 70 2.38 21 136 

8. 8 230 66 2.40 21.1 142 

9.7 230 64 2.42 21.5 149 

10.4 230 62 2.48 22 157 
11.2 230 60 2.53 22. 7 164 
12.5 230 58 2.64 24 180 
13.7 230 56 2. 75 25.2 198 

16 460 68 2.38 21.3 146 

18.8 460 63 2.46 21.8 158 
19.3 460 60 2.54 22.6 172 
20.8 460 57 2.62 23.6 190 

22.5 460 54 2.73 24.8 207 
25 460 48 3.00 27. 8 248 
28 460 45 3.46 31.4 292 

AT 20 TIMES 

TAP VALUE 

CURRENT 

350 

365 

400 

440 

530 

675 

800 

360 

395 

430 

470 

500 

580 

660 

420 

480 

550 

620 

700 

850 

1020 

Non-Tapped Relays VOLT AMPERES** 

CONTINUOUS POWER AT AT AT 

AMPERE RATING FACTOR MINIMUM MAXIMUM 5 AMPERES 

RANGE (AMPERES) ANGLE¢ SETTING SETTING 

. 5/2 5 76 0.48 7. 6 42.5 

1.5/6 12 74 0. 48 7.6 4.7 

• Thermal capacities for short t imes other than one second may be calculated on the basis of time being inve'rsely 

proportional to the square of the current. 

¢Degrees current lags voltage at tap value current. 

••voltages taken with Rectox type voltmeter. 
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TYPE COD RELAY -----------------------------1· L_._4_1·_1_12_s 

i6.375 (161.93) 

.563 
(14.30) (l��)DIA. 4 HOLES FOR ' 

, 190-32 MTG. SCREWS 

1---+- 2.938 
(74.63) 

PANEL CUTOUT 8 DRILLING 
FOR SEM 1- FLUSH MTG. 

57-D-79')0 

Fig, 4 Outline one/ Drilling Pion for the Type COD Relay in the Type FT 11 Case. 
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WESTINGHOUSE ELECTRIC CORPORATION 
RELAY·INSTRUMENT DIVISION NEWARK, N. J. 
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Westinghouse I.L. 41-111C 

TYPE SCO-T SOLID STATE SINGLE PHASE 
OVERCURRENT RELAY 

CAUTION: It is recommended that the user 
become acquainted with the information in this in­
struction leaflet before energizing the equipment. 
Failure to observe this precaution may result in 
damage to the equipment. 

APPLICATION 
The SCO-T relay 1s a single phase solid state 

non-directional time over-current device. It is used 

RELAY 
TYPE 

SC0-2T 

CURVE TIME 
MODULE CURVE 

A02 Short 

to sense current level above the setting and nor­
mally is used to trip a circuit breaker to clear 
faults. A wide range of characteristics permit 
applications involving coordination with fuses, 
reclosers, cold load pickup, motor starting, or es­
sentially fixed time applications. 

The following describes typical applications of 
the SCO-T Relay: 

TYPICAL APPLICATIONS 

1 )  Differential protection where saturation of current 
transformers is not expected, or where delayed 
tripping is permissible. 

2) Overcurrent protection, phase or ground, where 
coordination with downstream devices is not in­
volved and 2 to 60 cycle tripping is allowable. 

SC0-5T AOS Long Motor locked rotor protection where allowable 
locked rotor time is approximately between 10 and 
70 seconds. 

SC0-6T A06 Definite Overcurrent protection where coordination with 
downstream devices is not involved and SC0-2T is 
too fast. The operating time of this relay does not 
vary greatly as current level varies. 

SC0-7T A07 Moderately Inverse 1 )  Overcurrent protection where coordination with 
other devices is required, and generation varies. 

SC0-8T A08 Inverse 2) Backup protection for relays on other circuits. 
����------�77----�--�---------
SC0-91 A09 Very Inverse 

SCO- l lT  A l l Extremely Inverse 1 )  Motor protection where allowable locked rotor 
time is less than l 0 sec. 

2) Overcurrent protection where coordination with 
fuses and reclosers is involved, or where cold load 
pickup or transformer inrush are factors. 

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 his particular installation, operation or maintenance of 
his equipment, the local Westinghouse Electric Corporation representative should be contacted. 

SUPERSEDES I.L. 41-1118 DATED JULY 1982 

0 DENOTES CHANGED SINCE PREVIOUS ISSUE EFFECTIVE APRIL 1984 www . 
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TYPE SCO-T SINGLE PHASE RELAY----------------------

2 

For Removal 
or Insertion of 
Curve Module 

Last Three Digits of 
Relay Style Number an1t:1----' 
Curve Identification 

Fig. 1. Type SCO-T Relay-Front Left Side View 

Tap Setting 
----for Time 

Delay Unit 

.--- Reset Lever 
for Indicators 

Potentiometer 
1---- Setting for 

Instantaneous 
Unit 
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TYPE SCO-T SINGLE PHASE RELAY __________________ __......I.:....L...:...._ 4...:...1·...:... 11.:...:1:..=.C 

Time Dial Selltin1gs------L-...J 
Operation lndicators----------...1--' 

Fig. 2. Type SCO-T Relay-Front Right Side View 
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TYPE SCO-T SINGLE PHASE RELAY----------------------

The SCO-T relay is equipped with an instan­
taneous trip feature with separate trip output 
to provide high speed tripping for high current 
faults. 

Instantaneous trip units can be applied effec­
tively where wide variations in fault currents occur 
for different fault locations, but have limited 
applications where wide variations in fault 
currents occur for a fixed fault location. It 
responds to total current and must be set to include 
the effect of de current and to override the con­
ditions that should be ignored such as transformer 
inrush, motor locked rotor, and faults outside of 
the desired trip zone. 

Independent contact trip outputs and separate 
indication are provided for the instantaneous and 
time delay trip outputs. No indication occurs un­
less there is current flow in the trip circuit.

. 
In­

dicator reset is accomplished manually. 

The relay is self contained in that the power 
supply for the solid state logic is derived from the 
current transformer. There is no continuous drain 
on the tripping battery. 

See SETTINGS Section for further applica­
tion data. 

4 

CONSTRUCTION 

The SCO-T relay is a static relay consisting Qf 
2 printed circuit modules, a time curve plug-in 
module, and a front panel assembly, packaged in a 
FT- 1 1 case. For detailed information on the flex­
itest case, referred to I .L.  4 1 -076. 

The photographs in Figures 1 and 2 show the 
front left and front right view of the SCO-T reay 
removed from the case. 

All of the circuitry suitable for mounting on 
printed circuit boards is contained on the two 
modules horizontally mounted on posts behind the 
front panel . The top module contains the 
transformer and "front-end" circuitry and the trip 
output relays for the SCO-T while the bottom 
module contains the power supply, information 
sensing, curve shaping, tripping and indication cir­
cuitry, as well as the plug-in curve module. Ter­
minals for current input and trip output are 
located on the rear of the case, and all inputs and 
outputs pass through the FT switchjaws on the 
lower front part of the relay, below the front panel. 
The front panel, in addition to showing all perti­
nent style and setting information, has the 
minimum pickup indicator located on the upper 
left-hand side. 
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TYPE PHASE RELAY SCO-T SINGLE 

® 

OPERATED �����:�G SWITCH RED HANDLE 
����::�T�ST JACK 

TERMINAL 

I 
L_ 

--------------:,.9. 3. �SCO-T lntt�rr Ftg. 3. 
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PRINTED CIRCUIT MODULES 

Following is a description of the printed circuit 
modules used in the SCO-T relay. Refer to the in­
ternal schematic shown in Figure 3. This 
schematic contains a detailed scheme for un­
derstanding of the circuitry and a complete list and 
description of the components for renewal parts. 

For those users not generally acquainted with 
circuit notation or with device symbols of those 
components used in the SCO-T drawings, it is 
recommended that a copy of Westinghouse in­
struction leaflet I .L .  4 1 -000. 1 entitled "Symbols 
for Solid State Protective Relaying" be consulted. 

TRANSFORMER MODULE 

Component Location Figure 5 .  

TIME CURVE MODULE (IC-1) 
The time curve module is a 24 pin plug-in 

module containing the specific circuitry and com­
ponents for each particular curve style. There are 
seven different curve module styles corresponding 
to the SC0-2, SC0-5, SC0-6, SC0-7, SC0-8, 
SC0-9 and SC0- 1 1  curves. This module plugs 
into the 24 pin socket on the sensing-trip module 
and is visible to the front of the relay through a 
window in the front panel. There the front label on 
the module completes the last 3 digits of the style 
of the relay (printed on the front panel), and also 
shows which curve the relay is set for i.e. "SC0-2 
curve" . See Figure 1 front photograph and Figure 
6 for exact location. For further information on 
time curve modules see Plug-in Curve M odules 
section in Renewal Parts of this instruction leaflet 
and also I .L .  4 1 - 1 10 .2 instruction leaflet for Type 
SCO Time Curve Plug-in Modules. 

The transformer module, mounted at the top of FRONT PANEL 
the relay, contains the current transformer for ob- The front panel, which is attached to the two 
taining the line current information and also tap block brackets on the transformer module, 
supplies the power to operate the electronic cir- shows all pertinent style and setting information. 
cuits. A tap block with 14 taps covering the range It also has the minimum pick-up indicator mount-
of 0 .5-12 amperes, is contained at the front of the ed on the upper left hand side. See Figure 1 for 
module and extends through the front panel. A P-x:act location. 
full-wave-bridge for the power supply winding and MINIMUM PICKUP INDICATOR TIMING 
two diodes for the information winding of the The minimum pickup indicator is mounted on 
transformer a�e

-
a�so m

_
o�nted on this circuit the upper left-hand comer of the front panel. It 

module to mtmmtz
.
e wmng between the two consists of a light-emitting diode which is dimly 

modules. 
_
Th� two tr!p output relays and the ree

_
d 0 lit at 99% of pickup value current and fully ener-

relay for mdtcator ptckup are also located on th1s gized when curren t exceeds the minimum pickup 
module. value. It is visible from the front of the relay 

SENSING & TRIP MODULE 

Component location Figure 6. 

The sensing and trip module is mounted at 
the bottom of the relay, beneath the transformer 
module. It contains the circuitry for power supply 
voltages V + and VR, information sensing, curve 
shaping, tripping and indication. It also contains 
two decade thumb wheel switches for setting the 
time-dial, the potentiometer for setting the instan­
taneous trip, the instantaneous trip cut-out 
jumper, the reset lever assembly for resetting the 
time delay and instantaneous trip indicators, and 
the socket for the plug-in curve module. It also 
contains the two multi-turn trimpot calibration 
controls for setting minimum pickup and 
calibrating the curve. 

which facilitates monitoring and testing. See Fig­
ure 1 for exact location. 

THEORY OF OPERATION 

The basic operation of the SCO-T relay will 
be described with the aid of Figure 3 internal 
schematic 6706067, and Figure 4 external scheme. 

The SCO-T relay derives both its power and its 
sensing information from a single transformer. 
The type of transformer used is of the linear 
current transformer design consisting of a tapped 
primary winding and two secondary windings. The 
tapped primary winding allows 14 different pickup 
current settings from 0.5 to 1 2  amperes. One of the 
two secondary windings is a high current power 
supply winding (low number of turns) and the 
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Fig. 5. Transformer Module Component Location Single Phase 

Fig. 6. Sens;ng-Trip Module Component wcatton Single Phase 

10 

Sub 5 

3515A64 

Sub 7 
35 12A41 
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other one is a low current information winding 
(high number of turns). The circuit operation is 
based on the transformer ampere-turns balance 
principle between the primary and the secondary. 
Following each zero crossing of the line current, 
balancing of the primary ampere-turns is first 
achieved by the high current winding. During this 
time thyristors SCR-1 and SCR-2 are both off and 
the power supply regulator circuit is the only load 
imposed at the transformer's secondary. When the 
regulator reaches the specified regulated voltage 
based on zener diodes Z 1 and Z 10, transistor Q 1 
generates a signal to turn SCR-1 and SCR-2 on. 
Since these thyristors form a full wave bridge with 
diodes D 1 and D2 on the transformer module, only 
the respective forward-biased thyristor will fire. 
Upon firing, an instant voltage drop is seen at the 
power supply winding output. 

This action forces the diode bridge FWB-1 into 
a back-biased condition cutting off the power 
supply winding current flow. Balancing of the 
primary ampere-turns is, therefore, carried out in 
the low current, or information winding circuit. 
From this switching point the next zero crossing, 
the line current represented in voltage form is ob­
tained across the burden resistor R 19. When the 
line current experiences the next zero-crossing the 
thyristor is turned off automatically, again allow­
ing the current flow in the power supply winding to 
charge the regulator circuit. The transformer is 
designed to allow a large enough current flow in 
the power supply winding at the pickup level so 
that the regulated voltage can be established very 
quickly. Once the regulated supply voltage is ob­
tained, the subsequent replenishment uses only the 

very initial portion of each half cycle of the 
current. Therefore, the flux build-up due to the 
power supply replenishment is very low and the 
design is capable of providing a linear current in­
formation transfer up to 40 times pickup current. 

The line current information obtained across 
burden resistor R 19 in voltage form is then uti­
lized using the technique of RC approximation 
and digital time multiplication for time-current 
curve sensing. The time current curves generated 
by this design are closely matched to the ones 
presently obtained from the electromechanical 
induction disc type relays. This technique utilizes 
a short, precision time-constant network for time-

current curve shaping, and then uses digital count­
ing and decoding techniques to provide time 
multiplication and precision time dial section. 
This has an advantage over a straight RC ap­
proximation scheme since long delay times are 
required at low multiples of pickup current. 
Component leakage and other design factors that 
make the straight RC network type of timing 
unattractive and complicated are not considered 
a problem in this digital approach. Thus, the 
information across resistor R 19 is fed through 
transistor Q4 to this precision multi-branch RC 
network housed in the plug-in curve module IC-1. 
Depending upon the degree of inverseness of the 
desired time-current curve, the number of RC 
branches may vary from 2 to 4 branches. Each 
RC branch contains a first order RC circuit 
with a time-constant different from other branch­
es. The branches are then combined to give a 
common weighted output. The weighted RC out­
put is then compared with the reference VR 
by IC-6. This operational amplifier maintains a 
closed-loop operation through Z5 and D8 before 
the equivalent voltage of the RC network reaches 
the reference level V R. This reference level is 
set at the minimum pickup condition through the 
comparator IC-8 (pin 2 output) and potentio­
meter R5. Once this V R reference level is ex­
ceeded, I C-6 outputs a negative-going signal 
which triggers the one-shot circuit (IC-5). The 
one-shot signal, which has a pulse width adjusted 
to supply the proper definite delay time (potenio­
meter R6), resets the multi-branch RC network 
by turning transistor Q4 off, through Q5 and Q6, 
and by turning Q7 on to discharge the RC ca­
pacitors. 

The one-shot signal also advances the binary 
counter circuit IC-4. This counter, which is en­
abled (logic 0 on pin 11) when the input current 
is above the minimum pickup level and reset or 
kept inactive when below minimum pickup level 
(MPU IC-8 pin 2), counts the negative going 
signals from the one-shot output. When the 

corroct count is attained, up to 212 power or 
4096 counts, depending upon which binary out-
put is used per respective curve connection in 
IC-1, the counter output is inverted by compar­
ator IC-9 (pin 13) and then drives the two time­
dial decade counter/ decorder circuits, I C-3 and 
IC-2. These two counters, one for tenth time-
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TYPE SCO-T SINGLE PHASE RELAY-----------------------

dial pos1t10ns and one for unit time-dial posi­
tions, are connected to a dual decade thumbwheel 
switch to provide ninety-nine distinct time-dial 
settings, which means up to 99 count outputs 
from the binary counter IC-4. Thus, for example, 

if the 2 1 0( 1 024) output of IC-4 is used, up to 
2 1 Ox time dial setting (from 1 to 99) actual 
counts of the RC network takes place before 
generation of a trip signal. These decade counters, 
as in the previous case of the binary counter 
IC-4, are kept inoperative and reset whenever 
the minimum pickup signal on pin 1 5  of IC-3 and 
IC-2 goes to a logic 1 ,  indicating that the input 
current dropped below pickup level. 

occurs within 50 milliseconds pi us an additional 1 5  
to 20 milliseconds dropout time of the trip relay. 
Reset of the indicator is accomplished manually 
through use of the reset lever actuated from the 
outside of the case. This lever magnetically flips 
the indicator back to its reset state. 

The instantaneous trip circuitry also derives 
its information from the voltage across resistor 
R 1 9. This information is taken from the cathode 
side of diode 02, through the instantaneous trip 
cutout link jumper, .12, to the level control and 
filter circuitry on the input of the instantaneous 
trip comparator, IC-8 (pin 6). This input is then 
compared with the minimum pickup reference 

Thus, when the set time dial count has elapsed, level VR by IC-8. The potentiometer R l 8  allows 
a positive output occurs from both the decade 0 a continuous range of setting from 1 .3 to 3 5  
counters. These are applied through the time dial times the minimum pickup tap setting of the 
switches to the cathode ends of 09 and 0 1 0, relay. Once the VR reference level is exceeded, 
reverse biasing them. This allows the signal pre- IC-8 (pin I) outputs a negative-going instantaneous 
sent on pin 8 of comparator IC-8 to now become a trip signal. This signal is then applied through 
logic 1 (through R8) generating a trip signal (IC-8 IC-9 and Z8 to the base of Q2, turning it on. This, 
pin 1 4). Prior to this, the signal on pin 8 of com- in turn, applies 3 distinct branch signals; one is 
parator IC-8 was kept at a logic 0 level by the through 0 1 5  and IC-7 to immediately seal-in the 
shorting of this input, in accordance with the logic instantaneous input on IC-8 pin 6, the second is 
0 outputs of IC-3 and IC-2, through either or both through R2 1 ,  0 1 4  and 034 to the base of Q8 and 
of diodes 09 and 0 1 0. thereby energizing the IN ST. relay, and the third 

This trip signal is then applied through IC-9 
012 and Z6 to the base of Q3, turning it on. This, 
in turn, applies 2 distinct branch signals; one is 
through IC-9 and 0 1 8  to gate thyristor SCR-4, the 
second is through 0 1 6, C28 and R26 to IN 0- 1 ,  the 

time-delay trip indicator. With the turn on of 
SCR-4 the T.O. relay on the top module is ener­
gized and a trip output occurs between terminals 1 
and 1 0  of the SCO-T relay. The turn-on of SCR-4 
also forces the turn off of the IN ST unit by short 
circuiting the current through diode 035 that 
would otherwise flow into the base of Q8 and cause 
the IN ST unit to be energized. The turn on of the 
indicator can only occur when the reed relay RR 
picks up, concurrent with the flow of trip coil cur­
rent. This happens when the normally open RR 
contact closes completing the path to, and al­
lowing the indicator current to thereby flow to, 
power supply negative. 

The trip of the breaker will interrupt the 
current input, and total reset of the relay circuitry 

12 

is through 0 1 7, C32 and R30, and the IN0-2, 
the instantaneous trip indicator. 

With the energization of the IN ST. relay a trip 
output occurs through similar paths as previously 
described when initiated by the time delay circuit. 
If the fault current magnitude is made to drop 
below tap value before the breaker is tripped, tran­
sistor Q9 and its associated components force 
IC8-J and Q2 to turn off (reset) and allow IN ST 
to drop out. 

Similarly to the time delay trip indicator, 
turn on of the instantaneous trip indicator can 
only occur when the reed relay RR turns on, 
and is concurrent with the flow of trip coil current. 

CHARACTERISTICS 
RAN GE 

The SCO-T has taps covering the range of 0.5 
to 12 amperes. The tap values are: 0.5, 1 .0, 1 .5, 
2.0, 2.5, 3.0, 3.5, 4, 5, 6, 7, 8, 1 0  and 1 2  amperes. 
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Tap values are based on the sensing circuit 
having an operate threshold which is a constant 
ampere-turns (AT). In some cases the tap value 
will have a I or 2 percent error resulting from 
rounding off the ampere value as compared to the 
actual value. The actual value is obtained by divi­
ding AT by the coil turns (T) .  This error is normal­
ly insignificant, however, when checking the 
operate time at "2X TAP value" in some relays, a 
2 percent error in the true threshold current will be 
reflected as a 5 percent error in time delay . 

Table III  shows correction factors which apply 
to each tap based on standard calibration using 
the I ampere tap. 

Pickup accuracy ± 5  percent of tap value for 
all taps. 

0 The instantaneous circuit has a range of 1.3 to 
35 times the tap value selection with a continuous 
adjustable pickup. Settings of less than 1.3 times 
tap value may not produce an indicator target 
when the unit trips. 

TIME-OVERC U RRENT CHARACTE RISTICS 

The time vs. current characteristics are shown 
in Figures 7 to 1 3 .  These characteristics give 
the trip time for the various time dial settings 
when the indicated multiples of tap value current 
are applied to the relay. 8 milliseconds T.D.  relay 
pickup time delay must be added to these curves 
for total operate time of the SCO-T relay. 

Timing accuracy ±I 0% of the characteristics 
curve for any combination of time dial setting 
and tap value. Operating time repeatability ±2% 
at 25°C.  for any given time dial and tap setting. 

N OTE: A higher percentage value may occur on 
the 0. 1 time dial position when the SCO-T relay 
is suddenly energized due to angle of incidence 
and delay in power supply turn-on. 
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Fig. 12. Typical Time Curves of the Type SC0-9T Relay 
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INSTANTANEOUS CHARACTERISTICS 

The time vs. current characteristics are shown 0 
in Figure 14 .  These characteristics give the. trip 
time when the indicated multiples of instantaneous 
pickup current are applied to the relay. 8 
milliseconds inst. relay pickup time must be added 
to this curve for total time of the SCO-T instan­
taneous. 

TRIP CIRCUIT 

The SCO-T relay energizes the breaker trip 
coil by means of an output contact. This contact 
will safely carry 30 amperes on a 250 de system, or 
less, long enough to trip a circuit breaker ( 10  
cycles). I f  the trip current requirement exceeds 30 
amperes an auxiliary relay should be used and con­
nected so that tripping current is not conducted 
through the output contact. A 52a contact, or 
similar contact, should be used to interrupt the trip 
coil current. Refer to the external scheme Figure 4 
for proper trip connections. 

Resistance of the RR relay coil, shown in the 
circuit between terminal I 0 and terminals 1 or 2 
is not greater than 0. 1 ohms. At least 0 .5  amp trip 
current is required to produce a target. 

DIMENSIONS 

See Figure 1 8  for outline dimensions. 

WEIGHT 

Single Phase SCO-T Approximately 8 lbs. 6 
ozs. (3.8 kilograms). 

TEMPERATURE RANGE 

- 20°C to + 55°C chassis ambient (outside 
the relay case) without departure from the +25°C 
operating accuracy by more than ± 5%.  

- 30°C to  + 70°C chassis ambient (outside the 
the relay case) without failure and with no more 
than 5% additional timing departure. Continuous 
current ratings must be derated at temperatures 
above + 55°C. 

RESET TIME 

The reset time of the SCO-T relay circuitry is 
less than 50 milliseconds, and the reset of the out­
put relays is approx. 25 milliseconds for a total 
reset time at 75 milliseconds max. 

OVERTRAVEL TIME 

SURGE WITHSTAND CAPABILITY 

Withstand SWC test per ANSI Standard 
C37 .90A. 

The typical overtravel characteristics of the 0 
SCO-T relay is shown in Figure 1 5 .  
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TABLE I 
ENERGY REQUI REMENTS (60 H ERTZ)1 

TYPE SCO-T R ELAY WITH I NSTANTANEOUS TRIP CI RCU ITRY 

B U RDENS AT BURDENS 

TAP VALUE C U RRENT IN OHMS' 

CON- ONE 

TINUOUS SECO N D  AT 3 TIMES AT 1 0 TIMES AT 20 TIMES 

RATING RATI NG" A X z TAP VALUE TAP VALUE TAP VALUE 

TAP (AMPERES) (AMPERES) O H M S  O H M S  O H M S  C URRENT C URRENT C U RRENT 

0.5 1 .6 44 1 2 .4 0 1 2.4 3 .78 2 .32 2 .08 

1 .0 3 . 3  44 3 .0 0 3 .0 0.96 0 .62 0.58 

1 .5 4.9 1 85 1 .29 0 1 .29 0.4 1  0 .27 0.26 

2.0 6 . 5  1 85 0.73 0 0.73 0.25 0 . 1 7  0 . 1 7  

2 .5  8 . 1 1 85 0.48 0 0.48 0. 1 7  0 . 1 2  0 . 1 2  

3 .0 9 .8  1 85 0.32 0 0.32 0 . 1 2  0 .09 0 .08 

3 .5  1 1 .4 1 85 0.25 0 0.25 0 .09 0 .06 0 .06 

4.0 1 3 .0 1 85 0. 19 0 0 . 1 9  0.07 0.05 0.05 

5 .0 16 .3  460 0. 1 3  0 0. 1 3  0.05 0 .04 0 .04 

6.0 19.5 460 0.09 0 0 .09 0.04 0 .03 0 .03 

7.0 22.8 460 0 .08 0 0 .08 0.04 0 .03 0 .03 

8 .0 25.0 460 0.06 0 0.06 0.03 0.03 0 .03 

lO  29.0 460 0.05 0 0 .05 0.03 0 .03 0.03 

12  29.0 460 0 .04 0 0 .04 0.02 0 .02 0 .02 

1 Burdens are approximately 10% lower at 50 hertz. 

'Thermal capacities for short times other than l second may be calculated on the basis of time being inversely 
proportional to the square of the current (i.e. K = Pt) 
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SETTINGS 

TIME DELAY 

The overcurrent time delay settings can be 
defined either by tap setting and time dial setting 
or by tap setting and a specific time of operation at 
some current multiple of the tap setting (e.g. 4 tap 
setting, 2 .6 time dial setting or 4 tap setting, 0.6 
seconds at 6 times tap value current). 

The connector screw on the terminal plate of 
the tap block makes connections to various turns 
on the input current transformer. By placing this 
screw in the various terminal plate holes, the tap 
desired can be set and the relay will respond to 
multiples of tap value currents in accordance with 
the various typical time-current curves. 

CAUTION 

Since the tap block connector screw carries 
operating current, be sure that the screw is turned 
tight. In order to avoid opening the current 
transformer circuits when changing taps under 
load, connect the spare connector screw in the 
desired tap position before removing the other tap 
screw from the original tap position. 

The time dial should be set to the desired set­
ting on the two decade time dial thumbwheel 
switches on the front panel in accordance with the 
various typical time-current curves. 

The time delay must be set to overide the nor­
mal conditions to which the relay can be subjected, 
such as motor starting current, cold load pickup, 
emergency circuit load and transformer inrush. 

1 .  Differential protection 

For small transformers and less important 
buses the SCO-T differential scheme can be us­
ed. A pickup setting above maximum load of 
any circuit connected to the bus, and a time 
delay setting for maximum fault current in ex­
cess of three times the primary circuit de time 
constant, will generally prove to be suitable. 

2. Motor protection 

For locked rotor protection, the pickup of the 
SCO-T is typically set at one half locked rotor 
current, and the time delay is set to allow the 
motor to start without exceeding the allowable 

locked rotor time for the particular motor. 

3 .  Circuit protection 

A pickup setting of two times maximum circuit 
loading is typical for the phase relay. The cir­
cuit load may reach 5 times normal when 
reenergized after a long time. It may not drop 
below 2 times normal for approximately 7 
seconds. The relay should not trip for this con­
d i t i o n .  T h i s  i s  the  co ld  l o a d  pickup 
phenomenon and varies widely with the type of 
load. 

Devices farther away from the source than the 
SCO-T and located between the SCO-T and a 
fault should be allowed to clear the fault. For 
all currents seen by both devices, the SCO-T 
curve should be approximately 0.3 seconds 
above the total clearing time of the remote 
device. Where consideration to ct performance, 
fault current variation and relay accuracy a 
coordinating time equal to or less than 0.2 se­
cond plus breaker clearing time may be used. 

Ground relay pickup must be above the max­
imum residual load unbalance, including the 
effect of switching single phase laterals. A 
pickup setting corresponding to 0.4 of max­
imum phase load current is typical. The time 
curve must be above that of all devices farther 
away from the source than the SCO-T. This in­
cludes fuses and recloses even though they may 
respond to phase current only. 0.3 second co­
ordinating time is adequate. Lower coordina­
ting times may be used as described above. 

Similar SCO characteristics curve shapes at a 
given system voltage level can generally be 
more efficiently co-ordinated than dissimilar 
curve shapes. 

I N STANTANEOUS TRIP 

The instantaneous circuit should be set to the 
desired setting on the instantaneous tap multiplier 
potentiometer on the front panel (see CALIBRA­
TION section). CAUTION: This potentiometer 
requires only light finger pressure with a thin blade 
screw driver which fits into the slot. Excessive pres­
sure might damage both the potentiometer mount­
ing as well as the end-of-travel stops. This section 
is in multiples of tap setting (e.g. with a tap setting 
of 4 amps. and an instantaneous multiple setting at 
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20 times, the instantaneous pickup setting will be 
80 amps). The relay will respond to currents above 
this setting per typical time curve Figure 14 .  

The instantaneous unit i s  responsive to  total 
current including de component, and an allowance 
must be made in the setting to avoid overtripping. 
Normally a setting of 1 .25 times the maximum 
symmetrical current for which the unit should not 
trip will provide an adequate margin to prevent un­
desired tripping due to de offset. 

If an instantaneous trip is not desired in a style 
relay where it is included, it can be removed from 
service by cutting out the instantaneous trip cutout 
jumper J2 located on the right side of the circuit 
module. 

I NSTALLATION 

The relays should be mounted on switchboard 
panels or their equivalent in a location free from 
dirt, moisture, excessive vibration, corrosive fumes 
and heat. The maximum temperature outside the 
relay case should not exceed + 55°C for normal 
operation (See C H A RACTERISTICS for 
temperature range specifications). 

Mount the relay vertically by means of the four 
mounting holes on the flanges for semi-flush 
mounting or by means of the rear stud or studs for 
projection mounting. Either a mounting stud or 
the mounting screws may be utilized for grounding 
the relay. External toothed washers are provided 
for use in the locations shown on the outline and 
drilling plan to facilitate making a good electrical 
connection between the relay case, its mounting 
screws or studs, and the relay panel. Ground wires 
are affixed to the mounting screws or studs as re­
quired for poorly grounded or insulating panels. 
Other electrical connections may be made directly 
to the terminals by means of sgews for steel panel 
mounting or the terminal stuas 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 

0 with a wrench. See Figure 1 8  for Outline and 
Drilling Plan. For detailed FT case information 
refer to I .L. 4 1 -076.  

26 

ADJUSTM ENTS AN D MAINTENANCE 

The proper adjustments to insure correct 
operation of this relay have been made at the fac· 
tory. Upon receipt o f  the relay, no customer ad­
justments other than those covered under "SET­
TINGS " should be required. 

0 PE R FO R MANC E C H ECK 

It is recommended that a performance check 
be applied to the SCO-T relay to verify that the 
circuits are functioning properly. The SCO-T test 

0 diagram shown in Figure 1 6  aids in test o f  the 
relay. Proper energization of the relay is also 
shown in this figure. 

A. Minimum Trip Current 
Set the time dial at 0. 1 ,  the tap block at 1 amp 

and the instantaneous trip potentiometer at max­
imum setting (35X). Apply current to the relay, 
starting with a current below the set pickup, and 
very gradually increase the current applied to 5% 
below pickup value. The relay should not trip (See 
characteristic curves for approximate timing). In­
crease current 5% above pickup value and the relay 
should trip. The timing indicator (light emitting 
diode) begins to light in a dim manner at ap­
proximately 1 %  below the pickup point and attains 
full brightness at the actual minimum pickup leyel 
(tap block setting). This same procedure may be 
used to check the minimum trip current at other 
tap block settings .  

If  a more accurate check i s  desired, an os­
cilloscope may be used to view the minimum 
pickup signal. This signal is present on terminal 1 2  
o f  the sensing-trip module, and i s  also easily 
accessible on the top lead of the TIM ING light 
emitting diode by pulling back the insulated sleev­
ing and attaching the scope probe to this point. 
The current where this signal becomes a solid logic 
0 (complete absence of any positive pulses) is the 
actual minimum pickup point. 

B. Time Cune 
The time curve calibration points for the 

various types of relays are shown in Table I I .  With 
the time dial set to the indicated position, apply the 
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currents specified by Table I I  (e.g. for the SC0-
8T, 2 and 20 times tap value current) and measure 
the operating time of the relay. The operating 
times should equal those of Table II plus or minus 
10%. 

0 C. Instantaneous Trip 

operate with the desired current applied (instan­
taneous trip indicator operates) . The instanta­
neous will then respond to currents above this 
setting per the typical time curve Figure 1 4 .  

0 Make sure the jumper is removed from across 
R 1 5  when the check or setting of the in stan ta­
neous unit is completed. 

D. Trip Indication 

The time trip indicator should operate (orange) 

on time curve trip and be resettable (black) with 

the reset lever. The instantaneous trip indicator 
should operate (orange) on instantaneous trip and 
be resettable (black) with the reset lever. 

Connect a jumper across resistor R 1 5  to block 
the tum on of SCR-4 which operates to tum off 
the instantaneous unit. Exercise care when adjust­

ing the "INSTANT TAP MULTIPLIER" poten­

tiometer, to use a thin-blade screwdriver which 
fits into the slot and use only light finger pres­

sure. High multiples of current may be involved 

in the following test,  there fore ,  caution should be 

taken not to exceed the thermal limits specified 

under CHARACTERISTICS . 0 At completion of the performance check re-

turn all settings to desired position. 

Starting with the instantaneous trip potentiom­

e ter set at minimum, a procedure of raising the 

0 potentiometer and applying the desired pickup 

current should be tried until the instantaneous 

unit does not operate with the desired current 

applied. The instantaneous unit setting should 

then be "backed down and tried " until it does 

ROUTINE MAINTENANCE 

All relays should be inspected periodically and 
all settings and times of operation should be check­
ed at least once every year or at such other inter­
vals as may be indicated by experience to be 
suitable to the particular application. 

TABLE I I  

LOW C U RRENT TESTS HIGH CU RRENT TESTS 

CU RRENT CU RRENT 
APPLIED OPERATI NG APPLIED 

TIM E  TIM ES TIM E  TIM ES 
RELAY DIAL TAP IN TAP 
TYPE POSITION VALUE SECONDS VALUE 

SC0-2T 5 .0 2X .888 20X 

SC0-5T 5 .0 2X 33.5  l OX 

SC0-6T 5 .0 2X 2.42 20X 

SC0-7T 5 .0 2X 4 .50 20X 

SC0-8T 5 .0 2X 9.66 20X 

SC0-9T 5 .0 2X 7 .50 20X 

SCO- l lT 5 .0 2X 10 .5  20X 

Note : 8 milliseconds pickup time for the T.D. relay must be added to the above operate 

times for total operate time of the SCO-T relay. 

OPERATING 
TIM E  

I N  
SECO NDS 

.222 

1 4.0 

1 .28 

1 .36 

1 .00 

.675 

. 3 10 
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SCO-T RELAY (FRONT VIEW) 

BATTERY 
POSITIVE 

= WESTINGHOUSE TYPE WL 
RELAY OR EQUIVALENT. 

6. = t CONTACT MAY ALSO BE USED FOR 
TIMER STOP IF"Wt:' PICKUP DELAY 
TIME IS SUBTRACTED FOR CORRECT 
OPERATING TIME OF SCO-T RELAY 

� TIMER l '!!!. STOP 
T b (MAKE OF 
� CONTACT) 

(250Vdc 
NOMINAL 

MAXIMUM) 

BATTERY 
NEGATIVE 

WL 
a 

Sub 2 

1479856 

Fig. 16. Diagram of Test Connections for Type SCO-T Relay 

CALIBRATION 

The proper adjustments to insure correct 
operation of the relay have been made at the fac­
tory and should not be disturbed after receipt by 
the customer. However, recalibration may be re­
quired if the adjustments or any components have 

been changed or SCO-T curve plug-in modules in­

terchanged . This procedure should not be used 
until it is apparent that the relay is not in proper 

0 working order (See "Performance Check").  The 
SCO-T test diagram shown in Figure 1 6  aids in 
test of the relay. Proper energization of the relay 
is also shown in this figure. 

A. Minimum Trip Curve 

0 Multi-tum trimpot RS serves two functions. 
It establishes the minimum pickup point and also 

affects the time curve calibration point for 2X 
pickup. Use the following procedure for making 
a preliminary setting of RS . 

Set the time dial at 0. 1 setting, the tap block 

at a 1 amp. setting, and the instantaneous trip 

potentiometer at maximum setting (3 5 X) .  Apply 

minimum current ( l  amp . )  to the relay (terminals 

8 and 9). Adjust multi-turn trimpot RS so that 

28 

0 the relay will trip at tap value +3% and not trip 

at tap value - 1 %. Counterclockwise rotation of 

trimpot RS increases the pickup point, (increases 

VR) and clockwise rotation of trimpot RS de­

creases it. See Figure 2, front photograph, and 

Figure 6, module component location , for exact 
location of trimpot RS . 

0 TABLE III 
Tap Value Correction Factors 

Tap Calculated 
Value Value 

.5 0.50 
1 .  1 .00 
1 . 5 1 .48 
2 .  1 .96 
2.5  2.45 
3. 3 .06 
3 . 5  3 .50 
4.  4.08 
5. 4.90 
6. 6. 1 3  
7. 7.00 
8.  8 . 1 7  

1 0 .  9.80 
1 2. 1 2 .25 
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Note that the TIMING indicator (light emit­
ting diode) begins to light in a dim manner at ap­
proximately 1 %  below the pickup and attains full 
brightness at the actual minimum pickup level. 

An oscilloscope may be used to view the mini­
mum pickup signal. This signal is present on ter­
minal 1 2  of the sensing and trip module, and is 
also easily accessible on the top lead of the 

TIMING light emitting diode by pulling back the 
insulated sleeving and attaching the scope probe 
to this point. The current where this signal be­
comes solid logic 0 (complete absence of any 
positive pulses) is the actual minimum pickup 

0 point. This method is recommended to avoid 
overadjusting the trimpot during the timing delay. 

B. Time Curve 

Caution should be taken at these higher multi­
ples of current not to exceed the thermal limits 
of the relay specified under CHARACTERISTICS. 

A contact to interrupt the input current upon trip 

of the relay is recommended in testing the SCO-T 

relay. 

Note :  Trimmer capacitor C l 9  has been factory 
set for correct operation of IC-6 and 
should not be readjusted . However, if 
IC-6 is ever replaced , capacitor C l 9  and 
trimpot R6 must both be adjusted with 
a SC0- 1 1 curve module plugged in the 
relay to obtain correct compensation for 
IC-6 and correct SC0-1 1 curve 20X timing 
value. 

C .  Instantaneous Trip 

0 Connect a jumper across resistor R 1 5  to block 
Set the tap block at a 1 amp.  setting, and set 

tum on of SCR-4 which operates to tum off the 
the instantaneous trip at m aximum or above 20 

instantaneous unit. 
times setting so it will not interfere with the time 
curve trip . 

The time curve calibration points for the vari­

ous types of relays are shown in Table II .  Apply 
current per Table II for l OX or 20X pickup and 

adjust multi-tum trimpot R6 for the appro­
priate operating time ± 5%. Clockwise rotation 

of trimpot R6 increases the trip time and counter­
clockwise rotation decreases it. See Figure 2 ,  
front photograph,  and Figure 6 ,  module com­
ponent location , for exact location of trimpot 
R6. Apply current per Table II  for 2X pickup and 

0 check for appropriate operating time ± 1 0%.  Ad­
just trimpot R5 if necessary to get this operating 
time to fall within these limits. 

0 Check the Minimum Trip level after readjusting 
R5 to make sure the relay will trip at tap value 
+5% and will not trip at tap value - 1 %.  Note that 
a change in R5 will also affect the 1 OX or 20X 
test point  and the R6 adjustment should be re­

checked . Likewise , a change in the R6 adjustment 
has a small affect on the 2X operating time so 

it may be necessary to make a slight additional 

adjustment to R5 . 

0 Exercise care , when adjusting the "INSTANT 

TAP MULTIPLIER" paten tiometer, to use a thin 
blade screwdriver which fits into the slot and use 

only light finger pressure. High multiples o f  cur­

ren t m ay be involved in the following test, there­

fore , caution should be taken not to exceed the 
thermal limits specified under CHARACTER­
ISTICS .  

Starting with the instantaneous trip potentiom­
eter R 1 8  set at minimum, (fully coun terclock­
wise) a procedure of raising the potentiometer 

0 and applying the desired pickup current should 
be tried until the instantaneous unit does not 
operate with the desired current applied. The 
instantaneous unit setting should then be "backed 
down and tried " until it does operate with the 
desired current applied. (Instantaneous trip indi­
cator operates) .  The instantaneous unit will then 
respond to currents above this setting per the 
typical time curve Figure 1 4. 

0 Make sure the jumper is removed from across 

R 1 5  when the check or setting of the in stan ta­

neous unit is completed. No other calibration is 

necessary other than desired changes in settings. 
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30 

3 

... ....... 
' ' 

' 
\ 

\ 
\ 

0 Fig. 1 7.  Disassembly of Type SCO-T Relay 
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TROUBLESHOOT ING 

The components in the SCO-T relay are op­
erated well within their ratings and normally 

will give long and trouble-free service. However, if 

a relay has given indication of trouble in service 
or during routine checks, then using the internal 
schematic Figure 3 , component location Figures 5 
and 6 ,  and the theory of operation the faulty 
component, connection , or circuit can be iden­
tified. 

Voltage levels for "0 " and " I "  logic states in 
the theory of operation are : 

Logic "0 " is equivalent to less than 1 Vdc positive. 

Logic " 1 "  is equivalent to 5 to 1 1  Vdc positive . 

For those users not generally acquainted with 
circuit notation or with device symbols of those 
components used in the SCO-T drawings, it is 

recommended that a copy of Westinghouse 

Instruction Leaflet I .L. 4 1 -000. 1 entitled, "Sym­

bols for Solid State Protective Relaying" be con­
sulted. 

The SCO-T relay can easily be disassembled to 
gain accessibility to all components for ease in 

troubleshooting. The following procedure should 
be followed to mechanically detach and slide 
back the top transformer module when accessi­
bility to components on the bottom module is 

0 desired (reference Figure 1 7) :  

1 .  Remove the two nameplate screws. 

2 .  Remove both the tap block screw and spare 
tap screw. 

3. Slide back rear retaining ring on TIMING 

light emitting diode snap bushing (onto 

wires), and push light emitting diode back 

through panel. 

4. Remove the four screws holding the top 
module to posts. 

0 5 .  Cut the wire ties which holds the leads in 
the rear to the rear post. 

6.  Slide the top module backwards for accessi­
bility to components on bottom module. 

Reassembly of the relay is  accomplished by 
reassembling everything disassembled in steps 1 
through 7 above in reverse order (7 through 1 ) .  
Reposition intermodule connecting lead wires in 
rear of relay back to original routing. 

RENEWAL PARTS 

Repair work can be done most satisfactorily at 
the factory. However, interchangeable parts can be 
furnished to the customers who are equipped for 
doing repair work. Internal Schematic Figure 3 
contains a complete list and description of the 
components for renewal parts. When ordering 
parts, always give complete nameplate data and 
appropriate Westinghouse style numbers. 

PLUG-IN C U RVE MODULES {IC-1 ) 

Plug-in curve modules are available to change 
the particular style and time-overcurrent 
characteristic curve of the relay. The time curve 
module is a 24 pin plug-in module containing the 
specific circuitry and components for each par­
ticular curve style. There are seven different curve 
module styles corresponding to the SC0-2, SC0-
5, SC0-6, SC0-7 , SC0-8, SC0-9 and SC0- 1 1 
curves. This module plugs into the 24 pin socket on 
the sensing-trip module and is visible to the front 
of the relay through a window in the front panel. 
There the front label on the module completes the 
last three digits of the style of the relay (printed on 
the front panel), and also shows which curve the 
relay is set for i .e. "SC0-2 curve" . Thus, changing 
this module automatically changes the style of the 
relay. 

When changing plug-in curve modules, the 
relay should be recalibrated for minimum pickup 
and time curve specifications per the Calibration 
Section of this instruction leaflet. 
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TYPE SCO-T SINGLE PHASE RELAY----------------------

The following are the style numbers of the 
plug-in curve modules available: 

Relay Curve Time Curve Module 
Type Module Curve Plug-In Style 

SC0-2T A02 Short 1 442C29G02 

SC0-5T A05 Long 1442C29G05 

SC0-6T A06 Definite 1442C29G06 

SC0-7T A07 M oderately 1442C29G07 
Inverse 

SC0-8T A08 Inverse 1442C29G08 

SC0-9T A09 Very Inverse 1442C29G09 

SCO- l lT A l l Extremely 1442C29G l l  
Inverse 
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i .. 375 
(161.93) 

• 
7.250 
( 184.15) 

. 563 
( 14.30) {l��)D IA. 4 HOLES FOR ' 

. 190-32 MTG. SCREWS 

1----4- 2 .938 
(74.63) 

PANEL CUTOUT 8 DRILLING 
FOR SEMI - FLUSH MTG . 

51D7900 

0 Fig. 18. Outline and Drilling Plan for Type SCO-T Relay Single Phase in fT- 1 1  Case 
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I N S T A L L A TI O N  • O PE R A T I O N  • M A I N T E N A N C E  

TYPE SCO-T SOLI D STATE SI N G L E  PHASE 
OVERC U RR E NT RELAY 

CAUTION: It is recommended that the user 
become acquainted with the information in this in­
struction leaflet before energizing the equipment. 
Failure to observe this precaution may result in 
damage to the equipment. 

to sense current level above the setting and nor­
mally is used to trip a circuit breaker to clear 
faults . A wide range of characteristics permit 
applications involving coordination with fuses, 
reclosers, cold load pickup, motor starting, or es­
sentially fixed time applications. 

APPLICATION 
The SCO-T relay i s  a single phase solid state 

non-directional time over-current device. It is used 
The following describes typical applications of 

the SCO-T Relay: 

RELAY 
TYPE 

SC0-2T 

SCO-ST 

SC0-6T 

SC0-7T 

C U RVE 
MODULE 

A02 

AOS 

A06 

A07 

TIM E  
C U RVE TYPICAL APPLICATIONS 

Short 1) Differential protection where saturation of current 
transformers is not expected, or where delayed 
tripping is permissible. 

2) Overcurrent protection, phase or ground, where 
coordination with downstream devices is not in­
volved and 2 to 60 cycle tripping is allowable. 

Long Motor locked rotor protection where allowable 
locked rotor time is approximately between 10 and 
70 seconds. 

Definite Overcurrent protection where coordination with 
downstream devices is not involved and SC0-2T is 
too fast . Tre operating time of this relay does not 
vary greatly as current level varies. 

M oderately Inverse 1 )  Overcurrent protection where coordination with 
other devices is required, and generation varies. 

SC0-8T A08 Inverse 2) Backup protection for relays on other circuits. 
------------------------�--�---------
SC0-9T A09 Very Inverse 

SCO- l l T  A l l Extremely Inverse 1 )  Motor protection where allowable locked rotor 
time is less than 10 sec. 

2) Overcurrent protection where coordination with 
fuses and reclosers is involved, or where cold load 
pickup or transformer inrush are factors . 

. I ll {JU I I ih/c continf;encies �t ·hich m a l' arise during installat ion , operatio n .  or main tenance,  and all 
detoi/1 ond \'(/riot ions o/ this eq u ipment  do not  purport to be Co\·ered hy these ins truc t ions.  !/further 
in/u m w t iun is desired h 1 · purchaser regarding his particular ins talla tion.  operation or main tenance of 
h i 1  1'Lf l l i{J I I I C! I t .  the local Wes tinghouse Flectric Corporation representati\ 'e should he contacted. 

Supersedes I .L. 41 -1 1 1 ,  dated July 1 978 
and addendum to I .L. 41-1 1 1  dated December 1 978 

0 Changes since previous Issue. EFFECTIVE SEPTEMBER 1 979 www . 
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TYPE SCO-T SINGLE PHASE RELAY-----------------------

Fig. 1. Type SCO-T Relay-Front Left Side View 
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Fig. 2. Type SCO-T Relay-Front Right Side View 
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TYPE SCO-T SINGLE PHASE RELAY-----------------------

The SCO-T relay is equipped with an instan­
taneous trip feature with separate trip output 
to provide high speed tripping for high current 
faults. 

Instantaneous trip units can be applied effec­
tively where wide variations in fault currents occur 
for different fault locations, but have limited 
applications where wide variations in fault 
currents occur for a fixed fault location. It 
responds to total current and must be set to include 
the effect of de current and to override the con­
ditions that should be ignored such as transformer 
inrush, motor locked rotor, and faults outside of 
the desired trip zone. 

Independant contact trip outputs and separate 
indication are provided for the instantaneous and 
time delay tirp outputs. No indication occurs un­
less there is current flow in the trip circuit. In­
dicator reset is accomplished manually. 

The relay is self contained in that the power 
supply for the solid state logic is derived from the 
current transformer. There is no continuous drain 
on the tripping battery. 

See SETTINGS Section for further applica­
tion data. 

4 

CONSTRUCTION 

The SCO-T relay is a static relay consisting of 
2 printed circuit modules, a time curve plug-in 
module, and a front panel assembly, packaged in a 
FT- 1 1  case. For detailed information on the flex­
itest case, referred to I .L. 4 1 -076. 

The photographs in Figures 1 and 2 show the 
front left and front right view of the SCO-T reay 
removed from the case. 

All of the circuitry suitable for mounting on 
printed circuit boards is contained on the two 
modules horizontally mounted on posts behind the 
front panel . The top module contains the 
transformer and "front-end" circuitry and the trip 
output relays for the SCO-T while the bottom 
module contains the power supply, information 
sensing, curve shaping, tripping and indication cir­
cuitry, as well as the plug-in curve module. Ter­
minals for current input and trip output are 
located on the rear of the case, and all inputs and 
outputs pass through the FT switchjaws on the 
lower front part of the relay, below the front panel. 
The front panel, in addition to showing all perti­
nent style and setting information, has the 
minimum pickup indicator and the trip test switch 
located on the upper left-hand side. 
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0 Fig. 3. SCO-T Intel 
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t -i 45C26G0t see I PHI\S£ 

COMPONENT OESCR I P T I Q N  STYLE NO . COMPONENT DESCRIPTION STYLE NO • 

.�f ��l?:R . ;s\��� �v A\��';j·�� r3 
C2 CAPACI TOR IOOO o OOOPF I OOV 3509AJ4H01 ·" .IUMPER 0 IHM RESISTBR 162Aoi78HOI 
C3 CAPAC I TOR o 050UF 500V S79A9 1 1 H 13 .II .JUMPER 0 IHH RESI STOR 862A476HOI 
c� CAPACI TOR IOOO· OOOPF I OOV 3509A34UOI n JUMP£R \  0- - RESISTOR 152A478HOI 
cs CAPAC I TBR IOOOo OOOPF I OOV 3S09A34HOI RS PeT SD•OK e'75W 180A826H06 
C6 CAPAC I TeR o O I OUF sov 3509A34H02 R6 I'IT lOoOIC e '7 5 W  IIOAB26H05 
C1 CAPACI TOR 22oOOOUF l 6V 3509A32HOI RIB POT JEJO K  . 75W 3512A37HOI Cl CAPAC I TOR eeo.ooour l 6V 3509A32H02 Rl RESI STIR 3 o 0K .sow as 629A53 1 H 4 3  
C9 CAPAC I TOR �70 , OOOPF I OOOV 879A9 1 1 H I O  ... RESI STIR 1 00 0 · 0  . 2 5 .,  51 136A908H63 
C l l  CAPAC I TOR o O I OUF SOV 3509A34H02 R3 RUISTIR 1 50 · 0  .sow 21 629.A53 1 H I 2  
C l 2  CAPACI TOR .15lo OOOPF I OO V  3509A34H04 R� RESI STIR S l o OIC .sow II 629AS31H73 
Cl3 CAPACI TBR . toour sov 3.509A34H03 ., RESI STeR 300· 011 .asw ss 1 3 6A909H23 
C l �  CAPACI T8R o i OOU� SOV 3509A34H03 ... RESI STIR 1 00 · 011 e50W II 129A53lHIO 

-� 
C I S  CAPAC I TeR • I OOUF sov 1 t 7B694H07 .. RESIS,.R 1 00 · 011 .sow 21 629A531H80 
CIS CAPACI TBR I OO O o OOOPF IOOV 3509A34HOI .,. RESI STOR U o 3H  . sow I I  862A377H38 
C i t  CAPACI TiJR 5 .5-30PF 5 0 V  3516A79HOI au RESI STIR I OO o OK . sow 21 629A53tH80 
C20 CAPACITBR e .ooour 2oov 3509A33HO I . , �  Rtsi ST8R 1 · 511 .sow 1 1  1 &2A316H85 C29 ce� CAPACITBR IOOOo OOOPF I OOV 3509A3o4HOI RI S RESI STIR aoo.o o25V Sl . 1 3 6A908H46 
Cl 7 CAPilCITOR .02MFD SOOV 762A680HOI Rlt RESI STIR so.o s.oow I I  763AI30H31 C25 CAPIICI TOR .02 MFD SOOV 762A6eoHOI Jlal Rtsi STIR 1000.0 .eow ,, . -MOIH-41 Clli CAPAC! TOR .470UF 50 V 762A680HOC 

.R22 RESISTIR uo.o .- � UI-HI4 C2J CAPAC! TOR .470UF 35 V 137A241H21 1123 RESIST Oil 1 00 · 0  , !lO W  2' 829A531H08 C28 CAFIICI TOR n uF ts v � ·! R24 IIESISTOR 100 • 0 .sow 2% 629A531H08 NEG. C29 CAPilCITOR .oro u� soov 879A911HI2 R25 RESISTOR 1.0 MEG .50W 1 %  848A822H39 §P .mf�t81l �f.�, m n««ru�i 1126 RESIST Oil �:g .. ::g: l� B48A8 19H48 
RZ7 RES! S TOll 529A531H73 

02 Oil DE IN5406 1 88A342H21 m RESISTOR .u� = �� 117A290H26 
IIESIITOII 52tA531HIM 

03 Oil DE IN .. .. J 88A342H06 JaD 11[51STOII 1000.0 .!lOW 1% ...... ,.� 
0� DUDE JN48 1 8 I BIA342H06 

OJ TRANS! ST0R 2N2907A '762A6i2H 1 7  
06 DI80E IN48 11  1 88A342H06 02 TRANS I ST0R 2N2901A 762A672H 1 7  DT DUDE IN�81 8 1 88A342H06 03 TRANSI STOR 2N2907A 162A672H 1 7  Dl DUDE ' " "' 1 41 136A928H06 0� TRANSI STBR 2N5401 3509A35H01 Dt Oil DE I N 4 1 "'1 136A928H06 OS TRANS! ST0R 2N5551 3509A35H02 
0 1 0  Oil DE I N411 1 48 136A928H06 06 TRANSI STBR 2N2222A 762A6-72Ht 5 

01 TRANSI Sf8R 2N2222A 7 62A672H 1 5  Dl l DIIDE JN�I41 136A928H06 
Z l  ZENER I N 7 52A 5 o 6V 1 8  6A19-'!H 1 2  

Dl �  Oil DE JN4122 181A3 .. 2H I I  ze ZENER UZBI20 200.0V 837A693H1.6 
Z3 ZENER IN5235B & .8V  862A288H07 D l 5  O i l  DE IN�I48 136A928H06 
zs ZENER J N 7 50A o4 . 7 V OJ7A398H03 0 1 6  OIIOE I N48 1 8 I I8A342H06 
Z6 ZENER IN5235B &·B Y 862A288H07 Dl7 OIBDE IN�B I B  IIBA3 ... 2H06 
Z8 ZENER IN5235B 6 •BV 862A28BH07 Dll DIIDE IN4822 188A342H I I  
Z 9  ZENER IN959 8 o 2V 837A398 H 1 2  0 1 9  DUDE IN4822 118A342H I I 
Z J O ZENER I N 7 52A S o 6 V  1 8 6A797H I 2  oeo Oil DE JN4822 118A342H I I 

031 OIIDE 1114 1 �8 136A92BH06 SCR-f RECTIFIER So4003LS2 3509A!50HOI D32 DIOD£ 1 114148 836A928H06 SCR-2 R£CTIFIER S4003LS2 3509A50HOI D33 DIODE IN4148 136A92BH06 SCR-a RECTIFIER S40031.52 3509A!50HOI 
ICI INT CKT �O I TAE 3494AO I H I S  

SCR� RECTIFIER S4003LS2 350!1A!50HOI 
IC3 INT CKT 4011AE 3"'9 AAO I H 1 5 

SCR-8 RECTIFIER S4003LS2 "3509A!50HOI 
IC� INT CKT 4040AE 3 .. 9 .. AO I H I  .. I C I  CURVE 1100. SC0-2 1442C29G02 
I C5 INT CKT SE555CV 114B956HOI SC0-5 . 5 

SC0-6 I 
IC6 INT CICT UI 30 1 AN 17 S1106 1 HO I  SCD-7 7 
I CS lilT CKT IIC33021" 1 7 580,2HOI SC0-8 • 
JC7 INT CKT 7758106HOI  SC0-9 9 
Jet I N T  CKT 7758107HOI SCO·II I I 

sw-1.2 SWITCH 2A216001G 3509A52HOI 
tND·l, IND-2 INDICATOR 3513A71GOI 

Z l l  ZENER IN752A 5.6 V 186A797H12 
Z IZ ZENER IN752A 5,6V 186 A797H12 

1445C60GOI sco I PHASE 
COMPOHENT DESCRIPTION STYLE NO. 
Cl -CAPACITOR 220Uf 16V 5509A32H02 
C2 CAPACITOR 220UF 16V 3509A32H02 
Dl DIODE IN4822 188A342HI I  

V+ 02 DIODE IN4822 188A342HI I  
D3 DIODE IN4822 188A342HII 
D4 DIODE IN4822 188A�2HII 
D5 DIODE IN4822 188A342HII 

V+ 05 DIODE IN4822 IIIA�ZHII 
D1' DIODE IN482Z IIIA�ZHII 

Rl RESISTOR 200.0 5W 5% l&3AI29H32 
RZ RESISTOR 68.0 3W s•t. 763A I27H18 

I R3 RESISTOR 680 3W 5% 763AI27HI8 

_ _  j 
Zl ZENER IN5352B ISV 862A288H� 

Ll INDUCTOR 150...., H 351U41GOI 

Tl TRANS�ORMER 1440CIIG04 

,WB-1 RECTI�IER VM48 3511A90HOI 

T .D. RELAY 1�5C27HOI 
IN ST. RELAi 1�5C27HOI 
R.R. RELAY 1442C62GOI 

IIOV-1 VARISTOR ERZ-CIODK-471 3509A31H02 

MOUNTED ON FRONT PANEL 

LED LAIIP 879A774H02 Sub . l O 
sw-3 SWITCH 3510A06HOI 6 7 06D6 7  

·nal Schematic 
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PRINTED CIRC UIT MODU LES 

Following is a description of the printed circuit 
modules used in the SCO-T relay. Refer to the in­
ternal schematic shown in Figure 3. This 
schematic contains a detailed scheme for un­
derstanding of the circuitry and a complete list and 
description of the components for renewal parts. 

For those users not generally acquainted with 
circuit notation or with device symbols of those 
components used in the SCO-T drawings, it is 
recommended that a copy of Westinghouse in­
struction leaflet I .L. 4 1 -000. 1 entitled "Symbols 
for Solid State Protective Relaying" be consulted. 

TRANSFORMER MO DULE 

Component Location Figure 5 .  

The transformer module, mounted at the top of  
the relay, contains the current transformer for ob­
taining the line current information and also 
supplies the power to operate the electronic cir­
cuits. A tap block with 14 taps covering the range 
of 0 .5- 1 2  amperes, is contained at the front of the 
module and extends through the front panel. A 
full-wave-bridge for the power supply winding and 
two diodes for the information winding of the 
transformer are also mounted on this circuit 
module to minimize wiring between the two 
modules. The two trip output relays and the reed 
relay for indicator pickup are also located on this 
module. 

SENSING & TRIP MODULE 

Component location Figure 6 .  

The sensing and trip module i s  mounted at 
the bottom of the relay, beneath the transformer 
module. It contains the circuitry for power supply 
voltages V + and V R· information sensing, curve 
shaping, tripping and indication. It also contains 
two decade thumb wheel switches for setting the 
time-dial, the potentiometer for setting the instan­
taneous trip, the instantaneous trip cut-out 
jumper, the reset lever assembly for resetting the 
time delay and instantaneous trip indicators, and 
the socket for the plug-in curve module. It also 
contains the two multi-turn trimpot calibration 
controls for setting minimum pickup and 
calibrating the curve. 

TIME C U RVE MODULE (IC-1 ) 
The time curve module is a 24 pin plug-in 

module containing the specific circuitry and com­
ponents for each particular curve style. There are 
seven different curve module styles corresponding 
to the SC0-2, SC0-5, SC0-6, SC0-7, SC0-8, 
SC0-9 and SC0- 1 1  curves. This module plugs 
into the 24 pin socket on the sensing-trip module 
and is visible to the front of the relay through a 
window in the front panel . There the front label on 
the module completes the last 3 digits of the style 
of the relay (printed on the front panel), and also 
shows which curve the relay is set for i .e .  "SC0-2 
curve" . See Figure 1 front photograph and Figure 
6 for exact location. For further information on 
time curve modules see Plug-in Curve Modules 
section in Renewal Parts of this instruction leaflet 
and also I .L .  4 1 - 1 10 .2 instruction leaflet for Type 
SCO Time Curve Plug-in Modules. 

FRONT PANEL 
The front panel, which is attached to the two 

tap block brackets on the transformer module, 
shows all pertinent style and setting information. 
It also has the minimum pick-up indicator and the 
trip test switch mounted on the upper left hand 
side. See Figure 1 for exact location. 

MINIM U M  PIC K U P  IN DICATOR TIMING 

The minimum pickup indicator is mounted on 
the upper left-hand corner of the front panel. It 
consists of a light-emitting diode which is dimly lit 
at 99% tap value current and fully energized when 
current exceeds the minimum tap value. It is visi­
ble from the front of the relay which facilitates 
monitoring and testing. See Figure 1 for exact 
location. 

TRIP TEST SWITCH 

The trip test switch is mounted on the upper 
left-hand side of the front panel. It consists of a 
push-to-test switch protected from accidental ac­
tivation by a shield guard which requires a definite 
depression of the switch by some device that fits in­
side the guard, i .e .  pencil, slender rod, etc. See 
Figure 1 for exact location. The trip test function 
derives its power from the station battery to 
pickup both the time delay and instantaneous trip 
relays simultaneously. Battery positive must be 
present on terminal 10  and a return path to battery 
negative must be provided from terminal 1 
(through a trip coil with at least .5 amp loading). 
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Fig. 5. Transformer Module Component Location Single Phase 
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0 Fig. 6. Sensing-Trip Module Component Loca tion Single Phase 
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THEORY O F  OPERATION 

The basic operation of the SCO-T relay will 
be described with the aid of Figure 3 internal 
schematic 6706D67, and Figure 4 external scheme. 

The SCO-T relay derives both its power and its 
sensing information from a single transformer. 
The type of transformer used is of the linear 
current transformer design consisting of a tapped 
primary winding and two secondary windings. The 
tapped primary winding allows 14 different pickup 
current settings from 0.5 to 1 2  amperes. One of the 
two secondary windings is a high current power 
supply winding (low number of turns) and the 
other one is a low current information winding 
(high number of turns). The circuit operation is 
based on the transformer ampere-turns balance 
principle between the primary and the secondary. 
Following each zero crossing of the line current, 
balancing of the primary ampere-turns is first 
achieved by the high current winding. During this 
time thyristors SCR- 1 and SCR-2 are both off and 
the power supply regulator circuit is the only load 
imposed at the transformer's secondary. When the 
regulator reaches the specified regulated voltage 
based on zener diodes Z 1  and Z lO, transistor Q 1  
generates a signal to turn SCR- 1 and SCR-2 on. 
Since these thyristors form a full wave bridge with 
diodes D 1 and D2 on the transformer module, only 
the respective forward-biased thyristor will fire. 
U pan firing, an instant voltage drop is seen at the 
power supply winding output. 

This action forces the diode bridge FWB- 1 into 
a back-biased condition cutting off the power 
supply winding current flow. Balancing of the 
primary ampere-turns is, therefore, carried out in 
the low current, or information winding circuit. 
From this switching point the next zero crossing, 
the line current represented in voltage form is ob­
tained across the burden resistor R 19 .  When the 
line current experiences the next zero-crossing the 
thyristor is turned off automatically, again allow­
ing the current flow in the power supply winding to 
charge the regulator circuit. The transformer is 
designed to allow a large enough current flow in 
the power supply winding at the pickup level so 
that the regulated voltage can be established very 
quickly. Once the regulated supply voltage is ob­
tained, the subsequent replenishment uses only the 

very initial portion of each half cycle of the 
current. Therefore, the flux build-up due to the 
power supply replenishment is very low and the 
design is capable of providing a linear current in­
formation transfer up to 40 times pickup current. 

The line current information obtained across 
burden resistor R 19 in voltage form is then uti­
lized using the technique of RC approximation 
and digital time multiplication for time-current 
curve sensing. The time current curves generated 
by this design are closely matched to the ones 
presently obtained from the electromechanical 
induction disc type relays . This technique utilizes 
a short, precision time-constant network for time­
current curve shaping, and then uses digital count­
ing and decoding techniques to provide time 
multiplication and precision time dial section. 
This has an advantage over a straight RC ap­
proximation scheme since long delay times are 
required at low multiples of pickup current. 
Component leakage and other design factors that 
make the straight RC network type of timing 
unattractive and complicated are not considered 
a problem in this digital approach. Thus, the 
information across resistor R 1 9  is fed through 
transistor Q4 to this precision multi-branch RC 
network housed in the plug-in curve module IC- 1 .  
Depending upon the degree of inverseness of the 
desired time-current curve, the number of RC 
branches may vary from 2 to 4 branches. Each 
RC branch contains a first order RC circuit 
with a time-constant different from other branch­
es . The branches are then combined to give a 
common weighted output. The weighted RC out­
put is then compared with the reference VR 
by IC-6. This operational amplifier maintains a 
closed-loop operation through Z5 and D8 before 
the equivalent voltage of the RC network reaches 
the reference level V R. This reference level is 
set at the minimum pickup condition through the 
comparator IC-8 (pin 2 output) and potentio­
meter R5.  Once this VR reference level is ex­
ceeded, IC-6 outputs a negative-going signal 
which triggers the one-shot circuit {IC-5). The 
one-shot signal, which has a pulse width adjusted 
to supply the proper definite delay time (potenio­
meter R6), resets the multi-branch RC network 
by turning transistor Q4 off, through Q5 and Q6, 
and by turning Q7 on to discharge the RC ca­
pacitors. 
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The one-shot signal also advances the binary 
counter circuit IC-4 . This counter, which is en­
abled (logic 0 on pin 1 1 ) when the input current 
is above the minimum pickup level and reset or 
kept inactive when below minimum pickup level 
(MPU IC-8 pin 2), counts the negative going 
signals from the one-shot output. When the 

correct count is attained, up to 2 1 2  power or 
4096 counts, depending upon which binary out-
put is used per respective curve connection in 
IC- 1 ,  the counter output is inverted by compar­
ator IC-9 (pin 1 3) and then drives the two time­
dial decade counterjdecorder circuits, IC-3 and 
IC-2 . These two counters, one for tenth time­
dial positions and one for unit time-dial posi­
tions, are connected to a dual decade thumbwheel 
switch to provide ninety-nine distinct time-dial 
settings, which means up to 99 count outputs 
from the binary counter IC-4.  Thus, for example, 

if the 2 1 0( 1024) output of IC-4 is used, up to 
2 10x time dial setting (from 1 to 99) actual 
counts of the RC network takes place before 
generation of a trip signal. These decade counters, 
as in the previous case of the binary counter 
IC-4, are kept inoperative and reset whenever 
the minimum pickup signal on pin 1 5  of IC-3 and 
IC-2 goes to a logic 1 ,  indicating that the input 
current dropped below pickup level. 

Thus, when the set time dial count has elapsed, 
a positive output occurs from both the decade 
counters. These are applied through the time dial 
switches to the cathode ends of 09 and 0 10, 
reverse biasing them. This allows the signal pre­
sent on pin 8 of comparator IC-8 to now become a 
logic 1 (through R8) generating a trip signal (IC-8 
pin 14). Prior to this, the signal on pin 8 of com­
parator IC-8 was kept at a logic 0 level by the 
shorting of this input, in accordance with the logic 
0 outputs of IC-3 and IC-2, through either or both 
of diodes 09 and 0 10. 

This trip signal is then applied through IC-9 
0 1 2  and Z6 to the base of Q3, turning it on. This, 
in turn, applies 2 distinct branch signals; one is 
through IC-9 and 0 1 8  to gate thyristor SCR-4, the 
second is through 0 1 6, C28 and R26 to IN 0- 1 ,  the 
time-delay trip indicator. Thus, with the turn on of 
SCR-4 the T.O. relay on the top module is energiz­
ed and a trip output occurs between terminals 1 

1 2  

and 1 0  o f  the SCO-T relay. The turn on of the in­
dicator can only occur when the reed relay R R  
picks up, concurrent with the flow o f  trip coil 
current. This happens when the normally open R R  
contact closes completing the path to, and allow­
ing the indicator current to thereby flow to, power 
supply negative. 

The trip of the breaker will interrupt the 
current input, and total reset of the relay circuitry 
occurs within 50 milliseconds plus an additional 1 5  
to 20 milliseconds dropout time of the trip relay. 
Reset of the indicator is accomplished manually 
through use of the reset lever actuated from the 
outside of the case. This lever magnetically flips 
the indicator back to its reset state. 

The instantaneous trip circuitry also derives 
its information from the voltage across resistor 
R 19.  This information is taken from the cathode 
side of diode 0 1 ,  through the instantaneous trip 
cutout link jumper, to the level control and 
filter circuitry on the input of the instantaneous 
trip comparator, IC-8 (pin 6). This input is then 
compared with the minimum pickup reference 
level VR by IC-8 . The potentiometer R 1 8  allows 
a continuous range of setting from 1 to 40 times 
the minimum pickup tap setting of the relay. 
Once the V R reference level is exceeded, IC-8 
(pin 1) outputs a negative-going instantaneous 
trip signal. This signal is then applied through 
IC-9 and Z8 to the base of Q2, turning it on. This, 
in turn, applies 3 distinct branch signals; one is 
through 0 1 5  and I C-7 to immediately seal-in 
the instantaneous input on IC-8 pin 6, the second 
is through R2 1 and 0 1 4  to gate thyristor SCR-8, 
thereby energizing the INST. relay, and the third 
is through 0 1 7  the IN0-2, the instantaneous 
trip indicator.  With the energization of the INST. 
relay a trip output occurs through similar paths 
as previously described when initiated by the 
time delay circuit. 

Similarly to the time delay trip indicator, 
turn on of the instantaneous trip indicator can 
only occur when the reed relay RR turns on, 
and is concurrent with the flow of trip coil current. 
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CHARACTERISTICS 

RANGE 

The SCO-T has taps covering the range of 0 .5  
to 12 amperes. The tap values are: 0 .5 ,  1 .0, 1 .5 ,  
2.0, 2 . 5 ,  3 .0, 3 .5 ,  4, 5 ,  6, 7, 8 ,  10  and 1 2  amperes. 

Pickup accuracy ± 5  percent of tap value for 
all taps. 

The instantaneous circuit has a range of 1 to 
40 times the tap value selection with a contin­
uously adjustable pickup. 

TIM E-OVERCURRENT CHARACTERISTICS 

The time vs. current characteristics are shown 
in Figures 7 to 1 3 .  These characteristics give 

the trip time for the various time dial settings 
when the indicated multiples of tap value current 
are applied to the relay. 8 milliseconds T.D .  relay 
pickup time delay must be added to these curves 
for total operate time of the SCO-T relay. 

Timing accuracy ± 10% of the characteristics 
curve for any combination of time dial setting 
and tap value. Operating time repeatability ±2% 
at 25°C. for any given time dial and tap setting. 

N OTE: A higher percentage value may occur on 
the 0. 1 time dial position when the SCO-T relay 
is suddenly energized due to angle of incidence 
and delay in power supply turn-on. 
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INSTANTANEOUS CHARACTERISTICS 

The time vs. current characteristics are shown 
in Figure 14.  These characteristics give the trip 
time when the indicated multiples of instantaneous 
pickup current are applied to the relay. 8 
milliseconds inst. relay pickup time must be added 
to this curve for total time of the SCO-T instan­
taneous. 

TRIP CIRCUIT 

The SCO-T relay energizes the breaker trip 
coil by means of an output contact. This contact 
will safely carry 30 amperes on a 250 de system, or 
less, long enough to trip a circuit breaker ( 10  
cycles). I f  the trip current requirement exceeds 30 
amperes an auxiliary relay should be used and con­
nected so that tripping current is not conducted 
through the output contact. A 52a contact, or 
similar contact, should be used to interrupt the trip 
coil current. Refer to the external scheme Figure 4 
for proper trip connections. 

S U RG E  WITHSTAND CAPABILITY 

Withstand SWC test per ANSI Standard 
C37 .90A. 

DIMENSIO N S  

See Figure 20  for outline dimensions. 

22 

WEIGHT 

Single Phase SCO-T Approximately 8 lbs. 6 
ozs . (3 .8 kilograms). 

TEMPERATU RE RAN G E  

- 20°C to  +55°C chassis ambient (outside 
the relay case) without departure from the + 25 ° C  
operating accuracy b y  more than ± 5%.  

- 30°C to  + 70°C chassis ambient (outside the 
the relay case) without failure and with no more 
than 5% additional timing departure. Continuous 
current ratings must be derated at temperatures 
above + 55°C.  

FREQU ENCY 

The typical frequency characteristics of the 
SCO-T relay are shown in Figure 1 5 .  

HARMONIC RESPONSE 

The typical response of the SCO-T relay to 
harmonics is shown in Figure 1 6 .  

RESET TIM E 

The reset time of the SCO-T relay circuitry is 
less than 50 milliseconds, and the reset of the out­
put relays is approx. 25 milliseconds for a total 
reset time at 75 milliseconds max. 

OVERTRAVEL TIM E  

The typical overtravel characteristics of  the 
SCO-T relay is shown in Figure 1 7 .  

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYPE SCO-T SINGLE PHASE RELAV ______________________ 1·_L._4_1 -_1 1_1_A 

0 
0 
1.0 

0 
0 
'o:t 

0 
0 
C") 

-
� 

0 
0 
N 

) 
v 

0 
0 
� 

d n >I O id ZH 09 .:10 1N3 0�3d 

Fig. 15. Typical Frequency Characteristic of the Type SCO-T Relay 

0 

-

0 
Q) 

0 
U> ..... 

0 
� 

0 
(\J 

0 
0 

0 
co 

0 
1./) 

0 
(\J 

0 

iQ 
:::r:: 

>-
u 
z 
w 
::::> 
0 
w 
a::: 
..... 

(619500) 

23 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



N 
� 

100 
90 

LLJ 
:!: 80 
� 
� 70 
� 
ffi 60 
a 
0 

� 50 
0 
(D 

!J.; 40 
0 
1-� 30 
0 
a:: 
w 
a 20 

10 
0 

........ -

....____� 

0 1 0  20 

1--- L....--· -

30 40 50 
% HARMONIC 

Fig. 1 6. Typical Harmonic Response of the Type SCO-T Relay 

3RD HARM 5TH HARM 7TH HARM 
I 

60 70 

..... 
< 
, 
m 
(/j 
0 
0 I 
..... 
(/j 
z 
C) 
r 
m 
, 
:I: 
,.. 
(/j 
m 

ONIC I :u 
ONIC m 

r ONI C  ,.. 
I < 

(61 9499) 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



N 
Ul 

en 
o eo 
z 
0 
0 
w 
en 
...J 
...J 
i 60 
z 
H 
w 
::::!: 
� 40 
...J 
w � 
a:: 
� a:: 
w 
> 20 
0 

0 

/ 
V" 

v 
2 4 

I 

..,.... H 

6 e 10 12 14 

MULT I PLES O F  TAP VALUE CUR RENT 

Fig. 1 7. Typical Overtravel Time of the Type SCO-T Relay 

1 6  18 20 

(619501) 

-1 
< 
'U 
m 
en 
0 
0 I 
-1 
en 
z 
C) 
r 
m 
'U 
:::z:: 
,.. 
en 
m 
:D 
m 
r 
,.. 
< 

r-
� .. 

' .. 
.. 

;: 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYPE SCO-T SINGLE PHASE RELAY _____________________ _ 

TA BLE I 
EN ERGY REQUI REM ENTS (60 H ERTZ)1 

T Y P E  SCO-T R ELAY WITH INSTANTANEOUS TRIP C I RCU ITRY 

BURDENS AT BURDENS 

TAP VALUE C U RRENT IN O HMS' 

CON- ONE 

TINUOUS SECO N D  AT 3 TIMES AT 1 0 TIMES AT 20 TIMES 

RATING RATING• R X z TAP VALUE TAP VALUE TAP VALUE 

TAP (AM PERES) (AMPERES) O H M S  O H M S  OHMS C U RRENT CURRENT C U RRENT 

0.5 1 .6 44 1 2 .4 0 1 2 .4 3 .78 2.32 2 .08 

1 .0 3 . 3  44 3 .0 0 3.0 0.96 0.62 0 .58 

1 . 5 4 .9 1 85 1 .29 0 1 .29 0.4 1 0.27 0 .26 

2 .0 6 .5  185 0.73 0 0.73 0.25 0. 1 7  0 . 1 7  

2 .5  8 . 1 1 85 0.48 0 0.48 0. 1 7  0 . 1 2  0. 1 2  

3 .0 9 .8  1 85 0.32 0 0.32 0. 1 2  0.09 0.08 

3 . 5  1 1 .4 1 85 0.25 0 0.25 0.09 0 .06 0.06 

4.0 1 3 .0 1 85 0 . 1 9  0 0. 1 9  0.07 0 .05 0.05 

5 .0 16 .3  460 0 . 1 3  0 0. 1 3  0.05 0 .04 0 .04 

6.0 19 .5  460 0 .09 0 0.09 0.04 0.03 0 .03 

7.0 22.8 460 0 .08 0 0.08 0.04 0 .03 0.03 

8 .0 25.0 460 0 .06 0 0.06 0.03 0 .03 0.03 

10 29.0 460 0 .05 0 0.05 0 .03 0.03 0 .03 

12  29.0 460 0 .04 0 0.04 0 .02 0.02 0.02 

1 Burdens are approximately I 0% lower at 50 hertz. 

2Thermal capacities for short times other than 1 second may be ca 'culated on the basis of time being inversely 
proportional to the square of the current (i .e. K = Ft) 
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S ETT I N G S  

T I M E  DELAY 

The overcurrent time delay settings can be 
defined either by tap setting and time dial setting 
or by tap setting and a specific time of operation at 
some current multiple of the tap setting (e.g.  4 tap 
setting, 2 .6 time dial setting or 4 tap setting, 0 .6 
seconds at 6 times tap value current) . 

The connector screw on the terminal plate of 
the tap block makes connections to various turns 
on the input current transformer. By placing this 
screw in the various terminal plate holes, the tap 
desired can be set and the relay will respond to 
multiples of tap value currents in accordance with 
the various typical time-current curves. 

CAUTIO N  

Since the tap block connector screw carries 
operating current, be sure that the screw is turned 
tight. In order to avoid opening the current 
transformer circuits when changing taps under 
load, connect the spare connector screw in the 
desired tap position before removing the other tap 
screw from the original tap position. 

The time dial should be set to the desired set­
ting on the two decade time dial thumbwheel 
switches on the front panel in accordance with the 
various typical time-current curves. 

The time delay must be set to overide the nor­
mal conditions to which the relay can be subjected, 
such as motor starting current, cold load pickup, 
emergency circuit load and transformer inrush. 

l .  Differential protection 

For small transformers and less important 
buses the SCO-T differential scheme can be us­
ed. A pickup setting above maximum load of 
any circuit connected to the bus, and a time 
delay setting for maximum fault current in ex­
cess of three times the primary circuit de time 
constant, will generally prove to be suitable. 

2. Motor protection 

For locked rotor protection, the pickup of the 
SCO-T is typically set at one half locked rotor 

current, and the time delay is set to allow the 
motor to start without exceeding the allowable 
locked rotor time for the particular motor. 

3 .  Circuit protection 
A pickup setting of two times maximum circ�it 
loading is typical for the phase relay. The cir­
cuit load may reach 5 times normal when 
reenergized after a long time. It may not drop 
below 2 times normal for approximately 7 
seconds. The relay should not trip for this con­
dit i on . Thi s  is the  co ld  load  p ick u p  
phenomenon and varies widely with the type of 
load. 

Devices farther away from the source than the 
SCO-T and located between the SCO-T and a 
fault should be allowed to clear the fault . For 
all currents seen by both devices, the SCO-T 
curve should be approximately 0 .3  seconds 
above the total clearing time of the remote 
device. Where consideration to ct performance, 
fault current variation and relay accuracy a 
coordinating time equal to or less than 0.2 se­
cond plus breaker clearing time may be used. 

Ground relay pickup must be above the max­
imum residual load unbalance, including the 
effect of switching single phase laterals. A 
pickup setting corresponding to 0.4 of max­
imum phase load current is typical .  The time 
curve must be above that of all devices farther 
away from the source than the SCO-T. This in­
cludes fuses and recloses even though they may 
respond to phase current only . 0.3 second co­
ordinating time is adequate. Lower coordina­
ting times may be used as described above. 

Similar SCO characteristics curve shapes at a 
given system voltage level can generally be 
more efficiently co-ordinated than dissimilar 
curve shapes. 

I NSTANTANEOUS TRIP 

The instantaneous circuit should be set to the 
desired setting on the instantaneous tap multiplier 
p o ten t i o m eter  o n  t h e  fr o n t  p a n e l  ( s ee 
CALIBRATION section) . This section is  in mul­
tiples of tap setting (e.g .  with a tap setting of 4 
amps. and an instantaneous multiple setting at 20 
times, the instantaneous pickup setting will be 80 
amps). The relay will respond to currents above 
this setting per typical time curve Figure 14 .  
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The instantaneous unit is responsive to total 
current including de component, and an allowance 
must be made in the setting to avoid overtripping. 
Normally a setting of 1 .25 times the maximum 
symmetrical current for which the unit should not 
trip will provide an adequate margin to prevent un­
desired tripping due to de offset. 

If an instantaneous trip is not desired in a style 
relay where it is included, it can be removed from 
service by cutting out the instantaneous trip cutout 

0 jumper J2 located on the right side of the circuit 
module. 

I N STALLATION 

The relays should be mounted on switchboard 
panels or their equivalent in a location free from 
dirt, moisture, excessive vibration, corrosive fumes 
and heat. The maximum temperature outside the 
relay case should not exceed + 55°C for normal 
operation (See C H A RACTERISTICS for 
temperature range specifications) . 

M ount the relay vertically by means of the four 
mounting holes on the flanges for semi-flush 
mounting or by means of the rear stud or studs for 
projection mounting. Either a mounting stud or 
the mounting screws may be utilized for grounding 
the relay. External toothed washers are provided 
for use in the locations shown on the outline and 
drilling plan to facilitate making a good electrical 
connection between the relay case, its mounting 
screws or studs, and the relay panel. Ground wires 
are affixed to the mounting screws or studs as re­
quired for poorly grounded or insulating panels. 
Other electrical connections may be made directly 
to the terminals by means of screws for steel panel 
mounting or 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. See Figure 20 for Outline and Drill­
ing Plan. For detailed FT case information refer to 
I .L.  4 1 -076. 

ADJUSTM E NTS AND MAINTENANCE 

The proper adjustments to insure correct 
operation of this realy have been made at the fac­
tory. Upon receipt of the relay, no customer ad-

28 

justments other than those covered under 
"SETTINGS" should be required. 

ACCEPTANCE CHECK 

It  i s  recommended that an acceptance check be 
applied to the SCO-T relay to verify that the cir­
cuits are functioning properly. The SCO-T test 
diagram shown in Figure 1 8  aids in test of the 
relay. Proper energization of the relay is also 
shown in this figure. 

A. Minimum Trip Current 
Set the time dial at 0. 1 ,  the tap block at 1 amp. 

and the instantaneous trip potentiometer at max­
imum setting (40X). Apply current to the relay, 
starting with a current below the set pickup, and 
very gradually increase the current applied to 5% 
below pickup value. The relay should not trip (See 
characteristic curves for approximate timing). In­
crease current 5% above pickup value and the relay 
should trip. The timing indicator (light emitting 
diode) begins to light in a dim manner at ap­
proximately 1 %  below the pickup point and attains 
full brightness at the actual minimum pickup level 
(tap block setting). This same procedure may be 
used to check the minimum trip current at other 
tap block settings. 

If a more accurate check is desired, an os­
cilloscope may be used to view the minimum 
pickup signal. This signal is present on terminal l 2  
o f  the sensing-trip module, and is also easily 
accessible on the top lead of the TIMING light 
emitting diode by pulling back the insulated sleev­
ing and attaching the scope probe to this point. 
The current where this signal becomes a solid logic 
0 (complete absence of any positive pulses) is the 
actual minimum pickup point. 
B. Time Curve 

The time curve calibration points for the 
various types of relays are shown in Table I I .  With 
the time dial set to the indicated position, apply the 
currents specified by Table II (e.g. for the SC0-
8T, 2 and 20 times tap value current) and measure 
the operating time of the relay. The operating 
times should equal those of Table II plus or minus 
10%. 

C. Instantaneous Trip 
High multiples of current may be involved in 

the following test, therefore, caution should be 
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taken not to exceed the thermal limits specified un­
der CHARACTERISTICS. Starting with the in­
stantaneous trip potentiometer set at minimum, a 
procedure of raising the potentiometer and apply­
ing the desired pickup current should be tried until 
the instantaneous unit does not operate with the 
desired current applied (time delay trip may 
operate). The instantaneous unit setting should 
then be "backed down and tried" until it does 
operate with the desired current applied (instan­
taneous trip indicator operates). The instan­
taneous will then respond to currents above this 
setting per the typical time curve Figure 14.  I f  
testing the instantaneous trip at higher multiples of 
pickup where the instantaneous and time delay 
curves may overlap, the time dial setting should be 

raised to the 9 .9 setting to give maximum time 
delay time. 
D. Trip Indication 

The time trip indicator should operate (orange) 
on time curve trip and be resettable (black) with 
the reset lever. The instantaneous trip indicator 
should operate (orange) on instantaneous trip and 
be resettable (black) with the reset lever. 
E. Test Trip Switch 

The trip test switch, when pushed, should trip 
the breaker. (Note: No indication occurs on this 
trip). Note that connection through terminal ( 1 )  to 
Battery Negative through a trip coil must be 
provided for the trip test to operate. 

At completion of the acceptance test return all 
settings to desired position. 

TABL E  I I  

LOW C U RRENT TESTS HIGH CU RRENT TESTS 

C U RRENT C U RRENT 
APPLIED O PERATING APPLIED OPERAT I N G  

T I M E  T I M ES TIME TIMES TIM E  
RELAY DIAL TAP I N  TAP IN 
TYPE POSITION VALUE S EC O N DS VALUE S ECO NDS 

SC0-2T 5 .0 2X .888 20X .222 

SC0-5T 5 .0 2X 33 .5  lOX 14 .0 

SC0-6T 5 .0 2X 2 .42 20X 1 .28 

SC0-7T 5 .0 2X 4.50 20X 1 .36 

SC0-8T 5 .0 2X 9 .66 20X 1 .00 

SC0-9T 5 .0 2X 7 .50 20X .675 

SCO- l l T  5 .0 2X 10 .5  20X .3 10 

(Note: 8 milliseconds pickup time for the T.D. relay must be added to the above operate times for total operate 
time of the SCO-T relay). 

ROUTI N E  MAI NTE NAN C E  

All relays should be  inspected periodically and 
all settings and times of operation should be check­
ed at least once every year or at such other inter­
vals as may be indicated by experience to be 
suitable to the particular application. 

CALIB RATION 

The proper adjustments to insure correct 
operation of the relay have been made at the fac­
tory and should not be disturbed after receipt by 
the customer. However, recalibration may be re­
quired if the adjustments or any components have 
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SCO-T RELAY ( FRONT VIEW) 

BATTERY 
NEGATIVE 

WL 
a 

BATTERY 
POSITIVE 

(250Vdc 
NOMINAL 

MAXIMUM) 

= WESTINGHOUSE TYPE WL 
RELAY OR EQUIVALENT. 

!::,. = �L CONTACT MAY ALSO BE USED FOR 

TIMER STOP IF "WC PICKUP DELAY 
TIME IS SUBTRACTED FOR CORRECT 
OPERATING TIME OF SCO -T RELAY 

,----7 TIMER l't& STOP 
T b (MAKE OF 
� CONTACT) 

S ub  l 
l 4 7 9 B 5 6  

Fig. 18 .  Diagram of Test Connections for Type SCO-T Relay 

been changed or SCO-T curve plug-in modules in­
terchanged. This procedure should not be used un­
til it is apparent that the relay is not in proper 
working order (See "Acceptance Check"). The 
SCO-T test diagram shown in Figure 1 8  aids in 
test of the relay. Proper energization of the relay is 
also shown in this figure. 

A. Minimum Trip Curve 
Set the time dial at 0. 1 setting, the tap block 

at a I amp. setting, and the instantaneous trip 
potentiometer at maximum setting (40X). Apply 
minimum current ( I  amp.) to the relay (terminals 
8 and 9). Adjust multi-turn trimpot RS so that 
the relay will trip at tap value + 1 %  and not trip 
at tap value - 1 %.  Counterclockwise rotation of 
trimpot RS increases the pickup point, (increases 
V R) and clockwise rotation of trim pot RS de­
creases it. See Figure 2, front photograph, and 
Figure 6, module component location, for exact 
location of trimpot RS.  

30 

Note that the TIMING indicator (light emit­
ting diode) begins to light in a dim manner at ap­
proximately 1 %  below the pickup and attains full 
brightness at the actual minimum pickup level. 

An oscilloscope may be used to view the 
minimum pickup signal. This signal is present on 
terminal 1 2  of the sensing and trip module, and is 
also easily accessible on the top lead of the 
TIMING light emitting diode by pulling back the 
insulated sleeving and attaching the scope probe to 
this point. The current where this signal becomes 
solid logic 0 (complete absence of any positive 
pulses) is the actual minimum pickup point. This 
method is recommended for type SCO-ST and 
SC0- 1 1 T relays which have appreciable trip 
delays at pickup value. 

B. Time Curve 
Set the tap block at a 1 amp. setting, and set 

the instantaneous trip at maximum or above 20 
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times setting so it  will not interfere with the time 
curve trip. 

The time curve calibration points for the 
various types of relays are shown in Table I I .  
Apply current per Table I I  for lOX or  20X pickup 
and adjust multi-turn trimpot R6 for the appro­
priate operating time ±2%. Clockwise rotation of 
trimpot R6 increases the trip time and counter­
clockwise rotation decreases it. See Figure 2, 
front photograph, and Figure 6, module com­
ponent location, for exact location of trimpot 
R6. Apply current per Table II for 2X pickup and 
check for appropriate operating time ±7% .  
Caution should be taken at these higher multiples 
of current not to exceed the thermal limits of the 
relay specified under CHARACTERISTICS. A 
contact to interrupt the input current upon trip of 
the relay is recommended in testing the SCO-T 
relay. 

Note: Trimmer capacitor C 19 has been factory 
set for correct operation of IC-6 and should 
not be readjusted. However, if IC-6 is ever 
replaced, capacitor C l 9  and trimpot R6 
must both be adjusted with a SC0- 1 1 curve 
module plugged in the relay to obtain cor­
rect compensation for IC-6 and correct 
SC0- 1 1 curve 20X timing value. 

C. Instantaneous Trip 
High multiples of current may be involved in 

the following test, therefore, caution should be 
taken not to exceed the thermal limits specified un­
der CHARACTERISTICS. Starting with the in­
stantaneous trip potentiometer R 1 8  set at 
minimum, (fully counterclockwise) a procedure of 
raising the potentiometer and applying the desired 
pickup current should be tried until the instan­
taneous unit does not operate with the desired 
current applied (Time delay trip may operate). The 

instantaneous unit setting shou ld then be "backed 
down and tried" until it does operate with the 
desired current applied. (Instantaneous trip in­
dicator operates). The instantaneous unit will then 
respond to currents above this setting per the 
typical time curve Figure 14 .  If testing the instan­
taneous trip at higher multiples of pickup where 
the instantaneous and time delay curves may 
overlap, the time dial setting should be raised to 
the 9.9 setting to give a maximum time delay time. 

No other calibration is necessary other than 
desired changes in settings. 

TROUBLE SHOOTI NG 

The components in the SCO-T relay are 
operated well within their ratings and normally 
will give long and trouble free service. However, if 
a relay has given indication of trouble in service or 
during routine checks, then using the internal 
schematic Figure 3, component location Figures 5 
and 6, and the theory of operation the faulty com­
ponent, connection, or circuit can be identified . 

Voltage levels for "0" and " 1 "  logic states in 
the theory of operation are: 

Logic "0" is equivalent to less than 1 Vdc 
positive. 

Logic " 1 "  is equivalent to 5 to 1 1  V de 
positive. 

For those users not generally acquainted with cir­
cuit notation or with device symbols of those com­
ponents used in the SCO-T drawings, it is 
recommended that a copy of Westinghouse 
Instruction Leaflet I .L .  4 1 -000 . 1  entitled, "Sym­
bols for Solid State Protective Relaying" be con­
sulted. 
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Fig. 1 9. Disassembly of Type SCO-T Relay 
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The SCO-T relay can easily be disassembled to 
gain accessibility to all components for ease in 
trouble shooting. The following procedure should 
be followed to mechanically detach and slide back 
the top transformer module when accessibility to 
components on the bottom module is desired 
(reference Figure 19): 

l .  Remove the two nameplate screws. 

2. Remove both the tap block screw and spare 
tap screw. 

3. Slide back rear retaining ring on TIMING 
light emitting diode snap bushing (onto 
wires), and push light emitting diode back 
through panel. 

4. Unscrew shield guard from trip test switch 
(counterclockwise rotation). Front panel is 
now free to remove. 

5. Remove the four screws holding the top 
module to posts . 

6. Slip the wire tie, which holds the leads in the 
rear, up over the left rear post. 

7. Slide the top module backwards for 
accessibility to components on bottom 
module. 

Reassembly of the relay is accomplished by 
reassembling everything disassembled in steps 1 
through 7 above in reverse order (7 through 1) .  
Reposition intermodule connecting lead wires in 
rear of relay back to original routing. 

R E N EWAL PARTS 

Repair work can be done most satisfactorily at 
the factory. However, interchangeable parts can be 
furnished to the customers who are equipped for 
doing repair work. Internal Schematic Figure 3 
contains a complete list and description of the 
components for renewal parts. When ordering 
parts, always give complete nameplate data and 
appropriate Westinghouse style numbers. 

PLUG- I N  C U RVE MODU LES (IC-1 ) 

Plug-in curve modules are available to change 
the p articular style and time-overcurrent 
characteristic curve of the relay. The time curve 
module is a 24 pin plug-in module containing the 
specific circuitry and components for each par­
ticular curve style. There are seven different curve 
module styles corresponding to the SC0-2, SC0-
5, SC0-6, SC0-7 , SC0-8, SC0-9 and SC0- 1 1  
curves. This module plugs into the 24 pin socket on 
the sensing-trip module and is visible to the front 
of the relay through a window in the front panel. 
There the front label on the module completes the 
last three digits of the style of the relay (printed on 
the front panel), and also shows which curve the 
relay is set for i.e. "SC0-2 curve" . Thus, changing 
this module automatically changes the style of the 
relay. 

When changing plug-in curve modules, the 
relay should be recalibrated for minimum pickup 
and time curve specifications per the Calibration 
Section of this instruction leaflet. 

The following are the style numbers of the 
plug-in curve modules available: 

Relay Curve Time Curve Module 
Type Module Curve Plug-In Style 

SC0-2T A02 Short 1 442C29G02 

SC0-5T A05 Long l 442C29G05 

SC0-6T A06 Definite l 442C29G06 

SC0-7T A07 Moderately 1442C29G07 
Inverse 

SC0-8T A08 Inverse l 442C29G08 

SC0-9T A09 Very Inverse l 442C29G09 

SCO- l l T A l l Extremely 1 442C29G1 1 
Inverse 

Consult Type SCO Time Curve Plug-in 
Modules Instruction Leaflet I .L. 4 1 - 1 10 .2 for 
further information on SCO-T plug-in curve 
modules. 
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i6. 375 
(161 .93) 

. 563 
(14.30 ) . 250 DIA. 4 HOLES FOR 16• 351 . 190-32 MTG. SCREWS 

PAN E L  CUTO U T  8 DRILLI N G  
FOR SEM I - F LUSH MTG.  

5 7D7900 

Fig. 20. Outline and Drilling Plan for Type SCO-T Relay Single Phase in FT- 1 1  Case 

W E S T IN G HOU S E E L E C T RIC CORPORATION 
R E LAY- I N STR U M E N T D I VI S I O N  N EWAR K ,  N .  J.  

Printed i n  U.S.A. 
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