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CAUTION 

Before cutting protective 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 are frictionless, and check the 

settings and electrical connections. 

Relay Type 

Table No.1 

BURDEN PLACE D ON CURRENT TRANSFORMERS 

5 Amps. Flowing 
In Winding 

60 Cycles 

Volt 
Amperes Watts P.F. 

CO ............. . ............ . 5 Amp. Tap.. . ........ 17. . ........ 8.0... . ........ 47% 

COA.... . ...... 5 Amp. Tap . .. . .... . ........ 17 ...... 8.0.... . ...... 47% 

Low Energy CO.. . ...... 5 Amp. Tap... .. . . . . .. ... 2.............. .8.. .. .40% 

CR ............ . . .............. 5 Amp. Tap. .. . .... . .  ., .. 18 .............. 8.5.... . .... .47% 

CRA .... . ...... . . .... ........ 5 Amp. Tap ................. 18 .............. 8.5 .... ......... .47% 

Low Energy CR ............. . ... 5 Amp. Tap . . . ............... 3 .............. 1. 2 ............... 40% 

25 Cycles 

CO........ . .............. 5 Amp. Tap.. . ....... 16 ...... ....... 10 ................ 62.5% 

COA.... .... .. ....... 5 Amp. Tap..... .. .16 .............. 10... .. .... 62.5% 

Low Energy CO .. . ......... . .... 5 Amp. Tap. . . . . . . . . . . . . . . .. 2.............. 1.0 .............. 50% 

CR ......... . . . ................ 5 Amp. Tap ... . ....... .. . ... 17 .............. 10 ................ 59% 

CRA......... . ............ 5 Amp. Tap........... . ... 17 .............. 10 ... ........... 59% 

Low-Energy CR...... ...5 Amp. Tap .. . . . ... . . ...... 3 .............. 15 .... ......... 50% 

Table No.2 

BURDEN PLACED ON POTENTIAL TRANSFORMER 

Relay Voltage Volt Amperes Watts P.F. 

60 Cycles 

CR . ..... . .. . . ... . ...... . ...... 110 .................. ...... 25 .............. 2.75 .............. 11 % 

CRA. . . . . . . . . . . . . . . . 110. . . . . . ............. 25 .............. 2 . 75 .............. 11 % 

Low-Energy CR .......... . .. . .. . 110. . . . . . . .............. 25 .............. 2.75 .............. 11 % 

25 Cycles 

CR ........... . .. . ... . .... . . . . 110... . .. 11 .. .. ..... 1 6 .......... .... 14.5% 

CRA.................. . .. . 110 ......................... 11. .. .......... 1.6 ............. 14.5% 

Low-Energy CR ................. 110...... . . ........ 11 .............. 1.6. . ........... 14.5% 

.. -� .. --.. -� ... -� .. -� .. ---� .. -� .. -� .. ---
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Westinghouse 
Induction Type Relays 

Over-Current and 
Directional Over-Current 

Type CO Over-Current Relay 
Type CO (Low-Energy) Over-Current Relay 
Type COA Over-Current Relay 
Type CR Directional Over-Current Relay 
Type CR (Low-Energy) Directional Over-Current Relay 
Type CRA Directional Over-Current Relay 

General Information 
The Westinghouse Type CO Over-Cur­

rent Helay is an induction type instrument 
and the most reliable over-current relay 
on the market at the present time. It is 
essentially an induction meter with mov­
ing parts so arranged that it closes con­
tacts on an excess amount of current. The 
Type COA Over-Current Relay is closely 
related to the Type CO inasmuch as the 
protective feature is exactly the same. 
The Type COA Helays are, in addition to 
the protective feature equipped with 
a self contained current indicating ele­
ment so that they give, at all times, 
an indication of the current flowing 
in the line to which the relay is con­
nected. The Low-Energy Type CO Relay 
is also a slight modification of the stand­
ard Type CO. Its operating characteristics 
and construction are practically the same, 
but due to some minor changes, it requires 
but a fractional part of the energy which 

is needed by the standard CO Over-Cur­
rent Relay to operate. 

As in the case of the three types of re­
lated over-current relays there are also 
three parallel types of similarly related 
directional over-current relays. The Type 
CR Directional Over-Current Relay is the 
standard and consists of a Type CO 
over-current element and a directional 
element so constructed that its contacts 
close only with current flow i.n the direc­
tion for which the relay is connected. The 
Type CRA Relay as is the case with the 
Type COA is simply the standard direc­
tional over-current relay with a separate 
current indicating element added. In other 
words the Type CRA Relay consists of the 
directional element used in the Type CR 
and the over-current element used in the 
Type COA Relay. The Low-Energy Type 
CR Relay consists of the standard CR 
directional element with the over-current 
element of the Low-Energy Type CO 
Relay. 

Type CO Over-Current Relay 
APPLICATION (2) Over-current protection of motors, 

The standard form of the Type CO transformers, etc. 
Over-Current Relay is applicable wherever (3) For use with the pilot wire sys­
it is desired to have contacts closed after terns of relay protection. Special relays are 
the lapse of a certain period of time when desirable for this purpose. 
some predetermined amount of excess cur-
rent is flowing. The following specific ap- The standard Type CO Relay is also 

plications are in general the uses to which used for differential protection of trans­

the CO Relay may be put. formers. However, the Type CA Ratio 
(1) Over-current protection for auto- Differential Relay has been designed for 

matic sectionalizing of transmission sys- this application, and is now recommended 
terns. in place of the Type CO Relay. 
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Westinghouse Induction Type Over-Current and Directional Over-Current Relays 

Fig. l-Type CO Over-Current Relay 

CONSTRUCTION 
The relay is similar in construction to 

the Westinghouse Type OA Watthour 
Meter and uses many of its parts. The 
important elements are: 

(1) The field producing element, 
(2) The moving element, 
(3) The timing or damping magnet, 
(4) The contact assembly, 
(5) The auxiliary contactor switch, 
(6) The mounting frame and bearings, 
(7) The torque compensator, 
(8) The time index lever and scale, 
(9) The base and cover. 
Field Producing Element-The field pro­

ducing element consists of a magnetic cir­
cuit and three driving coils. The magnetic 
circuit is made up of punchings of the type 
shown in figure 7. The main coil, figure 7, 
is wound to be connected in series with 
the main circuit to be protected. In most 
installations this is accomplished through 
the medium of a current transformer. The 

Fig. 2-Complete Electro-Magnet of Type CO Over-Current 
Relay (Rear View) 

4 

Fig. 3-Type CO Over-Current Relay (Cover Removed) 

two auxiliary coils situated on the upper 
poles of the magnetic circuit are wound 
to be energized from the secondary of the 
torque .compensator, a small transformer. 
The prImary of the torque compensator is 
fed inductively from the main coil bv 
means of a small winding located on th

'
e 

same pole with the main coil (figure 7) . 
The current terminal block is mounted 

above the windings and serves as a ter­
minal for taps brought out of the main 
curre�t winding �t va�ious points. By 
changmg connectIOns m the terminal 
block, the number of effective turns in the 
winding is changed and thus the minimum 
value of current at which the relay will 
operate is changed. 

. The various windings are so propor­
tIoned that a phase angle of approximatelv 
90 degrees is produced between the cur­
rent flowing in the main coil and the cur­
rent flowing in the two upper coils. 

The Moying Element-The moving ele­
ment consists of a thin aluminum disc 
mounted on a small brass shaft. The uppel' 
portion of this shaft is covered by an 
insulating sleeve or hub, and the moving 
contact and one end of a spiral spring are 
attached to this sleeve. The other end 
of the spiral spring is permanently fixed 
to the relay frame. The ends of the disc 
shaft are supported in special bearings as 
shown in figure 8. 

Damping Magnet-The damping or tim­
ing magnet is a permanent magnet 
mounted as shown in figure 5, in such a 
way that the disc when rotating passes 
between its poles. 

Contact Assemblv-The contacts are 
composed of chemicaiIy pure silver approxi. 
mately 14" in diameter. The stationary 
contact is spring mounted so that it is self­
aligning with the moving one. An insulat-

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



VVestingholtse Induction Type Over-Current and Direct'ional Ot'er-Currenl Relays 

Fig. 4-Type CO Over-Current Relay 
with Double-Trip Circuit 

ing shield is mounted between the con­
tacts and the control spring to prevent 
them from touching when the relay is 
mounted in a place where the vibration 
is severe. The relay may be equipped with 
double contacts for installations where 
two circuit breakers are to be tripped by 
one relay. 

Auxiliary Contactor Switch-The auxil­
iary contactor switch is a small solenoid 
operated switch which serves to shunt the 
main contacts of the relay. This switch 
relieves the main contacts of practically 
all duty after they have once closed and 

Current Termi"aIBlo,"k---� 

Connector Screw 

Time Scale --____. 

COlltrol·Vnpmn·---; 

Disc 

Torque Con'nel,snl'or--� 

, Contact 
(Contactor Switch) 

�-------Confrol Cif'CIJli Terminals 

AUXlillI1'f Contactor 
I SWitch 

---...F=tlI-t-+------Prlnckill!J 

L.-E:=:!j:;z:::==-_ _ ___ Torqull CompefUlahu 

Fig. 6-Diagram of Internal Connections for 
Type CO Relay with Double-Trip Circuit (Rear View) 

also insures a good contact in the tripping 
circuit regardless of the manner in which 
the main contact has been closed. The 
auxiliary switch also insures that the trip­
ping circuit will remain closed until the 
circuit breaker opens, whether the main 
contacts remain closed or not. As shown 
in the wiring diagram, figure 7, when the 
switch operates it seals itself in, and the 
contacts will remain closed until the trip 
circuit is opened external to the relay. 

The Mounting Frame and Bearing-The 
lower bearing of the Type CO Relay is an 
especially designed ball bearing as shown 

Insulating Bushing 

Current Terminal Block 

� ___ Groundin,q Stud 

;:t......t:...-�·mv"m!i Contact Mounting 

�-- Terminal Stud 

.:...:::::!!'f-----.. Control Spring Support 
"'--l:+--------11nn,er Coil 

=:--t+------Control Spring 

!!!III.......,,!---- Lower Jewel Bearing 

ln�- ----- mounljngFrame 

-:=:l"'----... --. Mam' Coil 

Torque Compensator Punchings 

'-------/ ,arg"e Compell$ator Coil 

Fig. 5-Front and Side Sectional View of Type CO Over-Current Relay 

5 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



Westinghouse Induction Type Over-Current and Directional Over-Current Relays 

I 
Contacts J 

t---1rF.>'f---! J 
_ � · :r 

C 

Torql.lf! Compensator B 
Fig. 7-Diagram of Internal Connections for Type CO Relay 

(Rear View) 

in the cross section view, figure 8. It con­
sists of a steel ball resting between two 
hemispherical cup jewels, one fixed in the 
end of the bearing screw and the other 
mounted in a removable sleeve on the end 
of the shaft. The bearing on the upper end 
of the shaft is only a guide bearing to 
keep the shaft in a vertical position and 
is subject to virtually no pressure. It con­
sists of a steel pin fastened to a movable 
screw proj ecting down into a bushing in a 
recess drilled in the shaft. The bottom of 
this recess is filled with chamois discs 
saturated with watch oil. A film of oil 
is thus maintained around the pin at all 
times. 

Torque Compensator-The torque com­
pensator is a small saturating transformer 
with a primary coil and a secondary coil 
as shown in figure 7. 

Time Index Lever-The time index lever 
and scale consist of a lever carrying a 
micarta stop for the moving contact and 
a pointer which travels over the scale. 

Base and Cover-The complete assembly 
of electro-magnet, damping magnet, mov­
ing element, auxiliary contactor switch 
and torque compensator is mounted on a 
cast frame which in turn is mounted on the 
cast iron base of the relay. A glass cover 
fits the base and makes a dust proof en­
closure. 

OPERATING PRINCIPLE 

The actual operation of the relay is sim­
ply that when a certain amount of current 
is flowing in the relay coil, sufficient torque 
is exerted on the disc to start it to rotate. 

6 

Steel 

DISCS oj ChamOIS 
soaked In .Jeweitf!rS 
Oil 

:Fig. S-Standard Bearing Used in the We.tinghou"e Ind"c' 
tion Type Relays (Cross Section View) 

The rotation of the disc is caused by the 
same action as that causing the rotation 
of the disc in any of the present day induc­
tion type instruments such as the Watt­
hour Meter. A detailed explanation of this 
induction principle may be obtained by re­
ferring to any standard electrical hand 
book. 

4()!� 
.ii 

li-+--.----1-ao ";, -t--l--,A---bl'­
s; 

8 16 

Fig. 9-Characteristic Curves of 4 to 12 Ampere. 60 Cycle. 
Type CO Over·Current Relay Showing Burden Placod 

on Current Transformer with Various Current 

F!owing in th� Rela)' Windings 
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Westinghouse Induction Type O�'er-Cllrrent and Directional Over-Cllrrent Relays 

The construction of the disc and the 
contact arrangement is such that the disc 
must rotate through a given distance be­
fore the contacts are closed. Since the 
disc rotates between the poles of the damp­
ing magnet its speed is held constant at 
all times for any given current flowing in 
the winding. The damping magnet also 
serves to prevent the disc from over­
traveling when the overload is suddenly 
removed after the disc has begun to rotate. 
The action of this magnet therefore makes 
the accurate time adjustment possible 
with the high torque obtained in the disc. 

The relay disc has a number of holes 
punched in it so placed that they assume 
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Fig. IG-Charact�'ri.tic Cur",'s of 4 to 12 Ampere, 25 Cydo, 

Type CO Over-Current Relay Showing Burden Placed 

on the Current Transformer with Various Cur­

rents Flowing in the Relay Windings 

different relative positions beneath the 
poles of the electro magnet as the disc 
rotates from its initial position. As the 
disc rotates the spiral spring is wound up 
and thus the torque necessary to cause the 
disc to continue to rotate becomes some­
what greater. The action of the holes in 
the disc as they pass under the electro­
magnet is such that the additionl torque 
required as the spring winds up is pro­
vided, thus making the starting current 
uniform for all initial positions of the disc. 
In reality the relay requires slightly more 
current to close the contacts than is re­
quired to start the disc in motion from the 
initial extreme position. This serves to 
prevent the disc from creeping on fluctu­
ating loads, where there are frequent 
peaks above the relay setting. This fea­
ture is a very important advantage of the 
present type of induction relay. 

7 

Inverse Time Characteristic-As is evi­
dent from the preceding description the 
speed with which the disc rotates depends 
upon the amount of current flowing in the 
winding. Thus, the greater the amount 
of current flowing in the relay winding, 
the more rapidly the disc will rotate and 
the shorter time will be required to close 
the contacts. This constitutes the inverse 
time characteristic of the relay. 

Definite Minimum Time Characteristic­
Carrying the principle of the preceding 
pamgraph still further it is evident that 
with an excessive amount of current flow­
ing in the relay winding the speed of the 
relay will become very fast and the con­
tacts will close almost instantly. The pur­
pose of the torque compensator is to give 
a definite minimum time characteristic to 
the CO Relay when a predetermined over­
load condition is reached. At moderate 
overloads the current in the upper coil of 
the relay will increase in proportion to the 
current in the main coil but the iron in the 
coil of the torque compensator is of such 
cross section that after the current in the 
main coil passes a certain value it be­
comes saturated, and consequently the 
current in the upper coil of the relay can­
not increase no matter what the overload 
may be. The torque on heavy overloads 
therefore becomes constant resulting in a 
definite minimum time required for the 
relay to trip regardless of the magnitude 
of the current. This is termed the definite 
minimum time characteristics of the relay. 
This definite minimum time as shown on 
the time current curves of the standard 
relay is two seconds when the time lever 
is set on the number 10 mark. Relays 
equipped with special electro-magnets 
which give a definite minimum time of 
four seconds instead of two can be supplied. 

2 0 400 600 800 1000.12001400 1600 1800 
Per Cent Current re'1uirea to clos8 Contacts. 

Fig. l l-Load-Time Curves of Type CO Relay Showing the 

Inverse and Definite Time Characteristics 
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Westinghouse Indllction Type Over-Current and Directional Over-Current Relays 

,l 
To D. C Tf!pt1� Cm:rnt FflI' (/f!t/rtN/11et/ l/evtrtll. Thre, J'fJoJe Ctrrofll [<llfs 111 {(1St (}/�rf)fjl1d(JnlJ. (}nd uea. dtn/(JI �rQund Ifl qenergtqr DIllie J(}me lIme 

Fig. 12-D;agrams of Typical External Connections for Type CO Over-Current Relays 

INSTALLATION which may have been inserted for the 
purpose of securing the parts during Relays which are shipped unmounted 
shipment, make sure that all moving parts should be carefully unpacked and in-
are frictionless, and check the settings spected before they are mounted perma-
and electrical connections. It is very often nently on the switchboard panel. In 
convenient to make a preliminary test of unpacking and subsequent handling it 
the relay before final connections have should always be remembered that relays 
been made. Such a test should include a should never be subjected to any unneces-
checking of several points on the time sary or excessive knocks or severe usage. 
current curve given on relay name plate The relays are carefully packed for ship-
and also a very careful check for any ment, but when received should be care-
friction which may exist in the moving fully inspected for any damage such as 

f th I broken terminals, misaligned parts, etc.. parts 0 e re ay. 

due to rough handling in shipment. All ADJUSTMENTS 
dust and dirt accumulating in shipment 

All adjustments of the permanent mag-should be removed from the relay. 
net, spiral springs, and other adjustable 

The relays should be mounted vertically parts are made at the factory for the best 
by means of the terminal studs. Plans for possible operation and should not be dis­
drilling and mounting panel are usually turbed unless found absolutely necessary. 
supplied with the relay or may be obtained Any re-adjustment found necessary should 
upon request. After the relay has been be made in accordance with the instruc­
properly mounted connections should be tions outlined in the paragraph under head­
made to the terminals on the rear of the ing Factory Adjustment and Tests, see 
panel according to the diagram furnished pages 10 and 1I. 
with the relay, or in accord with some of The Type CO Relay has two separate 
the standard connections as shown in and independent adjustments: First, for 
figures 12, 13, and 14. the value of operating current and second, 

J n some cases relays are mounted on the the time setting. In arriving at the proper 
swit.chboard panel before they are shipped settings required on any relay two things 
from the factory. Relays received already must be predetermined: (it should be re­
mounted should be inspected carefully for membered when making the settings of 
damage done in shipment and any con- the Type CO Relay for use on a trans­
nections already on the rear of the panel mission or distribution system that it is 
should be carefully checked out to see that intended for protection against extreme 
there are no loose joints or broken wires. conditions such as short circuit or other 

Owing to the extreme importance of faults causing excess current, and not to 
proper functioning of relays too many protect against ordinary overload condi­
precautions cannot be taken to have the tions.) 
installation in perfect condition before it First-The minimum amperes flowing in 
is put into use. Before cutting a protect

,
ive th

,
e Ii

,
ne at which the relay is required to 

relay into service, remove all blockmg trIP, IS reduced to terms of the secondary 

8 
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-Westinghouse Induction Type Over-Current and Directional Over-Current Relays 

circuit of the current transformers used 
with the relay. This current must be 
higher than the maximum current due to 
service loads. Under short circuit condi­
tions the maximum current which will 
flow to any fault will be determined by 
the equivalent impedance of the system 
at the point where the fault occurs and 
can only be determined exactly by a short 
circuit study of the system. However, 
when it is known that the short-circuit 
current is large compared to the load cur­
rent and when it is not desired to set the 
relay to operate on the inverse part of the 
load-time curve, it is usually satisfactory 
to set the relay to operate on a current 
equal to 200 or 300 per cent of the full load 
current of the line which it is to protect. 
When the value of secondary current at 
which the relay is to trip has been deter­
mined, the relay may be set to operate at 
this value of current by placing the con­
nector screw in the tap of the connector 
block with the number corresponding to 
the number of amperes. With the connector 
screw placed in any tap, the 8 ampere tap 
for instance, it means that the relay will 
just close its contacts with this amount 
of current flowing in the winding. 

Second-The definite time for which 
the relay is to be set is determined by 
considering the sequence in which the 
breakers on the system should trip, suffi­
cient time being allowed between succes­
sive relay settings to allow the breaker 
mechanism to open the switch and thus 
give the proper selective action through­
out the system as a whole. In line with 
these considerations the relay is designed 
to have the current adjustment indepen­
dent of the time adjustment. It should be 
remembered, however, in checking up the 
time settings of the relays of any system 
that advantages may be gained by making 
use of the inverse portion of the relay 
curve, thus taking into account the cur­
rent flowing under any conditions when 
checking the time in which the relay will 
actually close its contact. 

Current Setting-The small machine 
screw on the current terminal block located 
above the time scale makes connection so 
as to include various numbers of turns in 
the main winding, and by placing this 
screw in the different holes, the relay will 
close its contacts at the corresponding 
currents. The numbers above the differ­
ent holes represent the current values in 
amperes. Four different current ranges 
can be supplied. These are as follows: 

9 

.5-.7-.9-1.2-1.5 amperes special range; 
sometimes used for pilot wire schemes. 

2-2.5-3-3.5-4-5-6 special range. 
4- 5- 6- 7- 8- 10- 12 amperes. Standard 

range ordinarily used. 
4- 6- 8- 10- 12- 14- 16 amperes. Special 

range. 

Caution-It should be remembered that 
some method must be used to short circuit 
the current transformer when any changes 
are being made in the current setting of 
the relay. This short-circuiting can be 
done either by connecting the current bind­
ing posts. (the two lower posts) together 
outside of the relay, or by making use of 
the extra connector screw supplied in the 
recent design of relay. This extra connector 
screw may be placed in the new or desired 
tap before the old connector screw is re­
moved. The screw should be turned up 
tight so as to make good connection as 
the operating current passes through it. 

Time Setting-The time index lever, as 
is seen by referrng to figure 3, serves to 
determine the distance through which the 
disc must rotate before the contacts are 
closed. The load time curve given on the 
nameplate shows the time in which the 
contacts will close with various amounts 
of curent flowing in the winding and with 
the time index lever at the number 10 set­
ting. This curve shows a definite minimum 
time of two or four seconds, depending on 
whether the relay is equipped with a two­
second or a four-second eJectl'O-magnet. 

The characteristic time curve given on 
the name plate is drawn for each individ­
ual relay when it is tested and so applies 
to the relay on which it appears. The time 
setting is proportional to the time lever 
position and by changing the position of 
the lever various times of operation can 
be secured for a given value of current 
through the relay. Example: Assuming 
the current connection screw is in the num­
ber 4 tap and assuming a short-circuit cur­
rent such as will give 40 amperes in the 
transformer secondary or in the relay cir­
cuit, the relay will trip at ten times the 
tripping current or 1000 per cent on the 
curve. At this point the curve shows two 
seconds trippir.g time with the time index 
lever on the number 10 setting. If it is 
desired to obtain a one-second time setting 
under these conditions the time index lever 
should be set at number 5 on the scale. If 
0.2 seconds time is desired the lever should 
be set on number one setting. To deter­
mine any time setting with current and 
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Westinghouse Induction Type Over-Current and Directional Over-Current Relays 

required time given, multiply the required 
time by 10 and divide by the time required 
for the relay to trip at the given current 
as read from the name plate curve (No. 10 
setting). Stating this in mathematical 
form: 

Req. time Req. time setting 

Time read from curve or 10 
or ( Req. time ) _ 10 x Req. time 

Setting - Time read from curve 

CARE AND MAINTENANCE 

Initial Tests-On installations of any im­
portance, as mentioned before, it is highly 
advisable, after the desired current and 
time settings of the relays have been de­
termined, to make a final check on the 
operation of the relay to see that it oper­
ates on the desired current and in the 
desired time. This test may be made with 
the usual tester's outfit, the time being 
measured by the Westinghouse Cycle 
Counter as illustrated in figures 45 and 46. 

The following paragraphs give an out­
line of the tests to which the relay is sub­
ject at the factory. This same outline may 
be adapted for use in inspections and 
initial or periodic testing. 

FACTORY ADJUSTMENTS AND 
TESTS 

The following adjustments and tests are 
made on the Type CO Over-Current Relay 
at the factory. No adjustments other than 
those described above for making the 
current and time settings should be neces­
sary on new relays, but if the factory 
adjustment has been disturbed for some 
cause or other, the following directions 
should be followed in making the re­
adj ustments. 

Insulation-All relays are built to stand 
a 1500 volt insulation test between upper 
and lower terminals and between all ter­
minals and the case. 

Spring Adjustment-The spiral spring, 
one end of which is mounted on the shaft 
of the disc and the other end attached to 
a fixed support, should be so mounted that 
it tends to hold the contact open at all 
times. When the movable contact is 
turned back 1800 away from the stationary 
contacts this spring should have approxi­
mately % 9f a turn tension. With this 

10 

condition when the relay closes its contacts 
the spring will be under approximately 11A, 
turns tension. 

Spring Setting to Give Proper Tripping 
Current-With the time index lever on the 
No. 10 setting and the connector screw in 
the No. 4 tap, the contacts should close 
when 4 amperes is flowing in the winding. 
The same condition should be true with the 
connector screw in each of the other cur­
rent taps, the contacts closing when the 
respective value of current is flowing in 
the winding. If such is not found to be the 
case, the outer end of the spiral spring 
may be adjusted slightly to obtain this 
condition. After any adjustments are 
made the screws should again be placed 
in the No. 4 tap and with the time index 
lever at No. 10, the disc should not start 
to rotate until 3.5 amperes or more are 
applied to the winding. If the disc starts 
at less current than this it is an indication 
that the disc is not in the correct position 
on the shaft or that the spring is not 
under sufficient tension at this point. 

The allowable limits for minimum trip 
current values are or - 5%. 

Timing Magnet Setting-It will be noted 
that the timing magnet may be adjusted 
by loosening the two set screws at each 
side of the relay and shifting the magnet 
in or out. The magnet is selected at the 
factory with a strength such as will give 
the minimum time required when set in 
approximately the mid-position. If ser­
vice tests on the relay show that the time 
of operation does not correspond with the 
calibration curve on the name plate, the 
timing magnet may be shifted slightly to 
remedy the difference. 

Moving the timing magnet in towards 
the axis of the disc tends to decrease the 
delay effect on the motion of the disc and 
make the minimum time less. Moving the 
timing magnet outward or away from the 
axis of the disc tends to increase the delay 
action on the motion of the disc until the 
outer edge of the magnet is approximately 
% inch from the edge of the disc. Any 
movement past this point tends also to 
decrease the delay action of the magnet. 
If, when adjusting the magnet, a two­
second time adj ustment cannot be secured 
between the limits of movement of the 
magnet with the setting as mentioned 
above. it indicates that the mag-net is 
not of the correct strength and a different 
magnet must be used. 

After all adjustments have been made 
as above with the connector screws in the 
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Westinghouse Induction Type Over-Current and Directional Over-Current Relays 

four ampere tap and the time index lever 
on the number 10 setting and time of opera­
tion with 150, 200, 300, 500, 1000, 2000 
per cent current in the relay winding is 
measured with a Cycle Counter and the 
curve is plotted on the name plate of the 
relay. The test should be made when the 
relays are in a cooled condition. [The time 
current curve for different relays may 
vary in time between the following limit, 
the time index lever being on the number 
10 setting in all cases. 

150 per cent load-5 to 6.8 seconds. 
200 per cent load-3.5 to 4.4 seconds. 
300 per cent load-2.6 to 3.2 seconds. 
500 per cent load-2.1 to 2.5 seconds. 

1000 per cent load-1.9 to 2.1 seconds. 
2000 per cent load-1.9 to 2.1 seconds. 
(2 seconds is desirable) 

The above values are given for stand­
ard 60-cycle two-second relays. When the 
test applies to relays with four-second 
magnet, the above values are approxi­
mately doubled.] 

Relays having current ranges other than 
4 to 12 or 4 to 16 amperes are checked on 
the same time setting, the most conven­
ient current taps being used. The outer 
end of the spiral spring is always soldered 
at the factory after the calibration is com­
plete. 

Miscellaneous-The following conditions 
should always be checked up before the 
relay is calibrated. These same conditions 
should be checked up in periodic inspec­
tions. 

(1) The adjustment of the time index 
lever micarta bracket and the stationary 
contact should be such that when the pointer 
of the arm is on the zero position the con­
tacts barely touch. If the adjustment is 
otherwise the time action of the relay will 
not be in exact proportion to the time divi­
sions on the dial. Any defect in this re­
spect may be remedied by shifting the 
position of the brackets on the time index 
lever so that the contacts will just barely 
touch when the time index lever is placed 
on the zero position. 

(2) With the pointer on the number 10 
setting there should be sufficient clearing 
between the moving contact and the spring 
support so that the contact will assume its 
proper position without danger of binding. 
(This refers particularly to double contact 
relays.) 

(3) The moving contact should assume 
its proper position at all settings of the 
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time index lever. Sometimes the micarta 
angle on the time index lever is displaced, 
and at some points is liable to interfere 
with the screw on the back of the moving 
contact. Care should be taken to see that 
the moving contact cannot bind on the 
micarta angle. 

(4) The stationary contact spring 
should be so adjusted that the free end 
barely touches the hooked end which 
serves as a stop. If this contact spring 
bears too strongly against the stop, a stiff 
contact results causing the Cycle Counter 
to jump when the relay is being checked 
for time. To check this adjustment a 
Cycle Counter may be used without any 
other load or signal lamp which would be 
likely to give the slightest arc. The spring 
should be so adjusted that a satisfactory 
contact results and the counter does not 
jump. 

(5) The control spring should be so 
adjusted that none of the convolutions 
touch each other when the contacts are 
together, and the spring is wound up. 

(6) For definite instructions for using 
the Westinghouse Cycle Counter in test­
ing relays for time calibration see pages 
26 and 27 of this book. 

Double-Trip Circuit Styles-If this relay 
has a third terminal on the upper side 
(trip circuit) it is arranged for tripping 
two circuit-breakers simUltaneously, oper­
ating a bell alarm, or for any purpose 
where it is desired to have two circuits 
closed at the same time by the relay and 
yet have them independent when the relay 
is not operated. A typical case would be 
for generator protection where armature 
and field would be opened together by the 
relay but would have to be entirely sepa­
rate at all times. Another case ils on double 
bus systems where each feeder has two 
circuit-breakers, one connecting it to each 

D.C. Control Bus. 

Fill'. la-Diagram of Connections for Double·Trip Type CO 

Relays Used on Tl"ip Two Breakers Simultaneously 
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'Westinghouse Induction Type Over-Current and Directional Over-Current Relays 

Fig. 14-Diagram of Connections for Double-Trip Type CO Relays Used t o  

Trip One Circuit-Breaker and Energizing a Bell Alarm Circuit 

bus. Double contacts on the relay are 
necessary so that either breaker may be 
opened independently of the other for 

ordinary switching operations and allowing 
both to be tripped if both are closed when 
trouble occurs. 

Type COA Over-Current Relay 
APPLICATION 

The Type COA Relay is a simple modifi­
cation of the Type CO as already treated 
in this instruction book. It is simply the 
Type CO Relay with a current indicating 
element added. It is applicable wherever 
supervision of the current flowing in the 
circuit to which the relay is connected is 
desired, and where, either because of lack 
of switchboard room or for economic 
reasons, it is not desirable to have am­
meters installed. The COA Relay was 
primarily designed for the purpose of 
showing the amount of current flowing in 
the circuit to which the relay is connected. 
The current indicating element, however, 
serves a double purpose. It not only shows 
the current flowing in the circuit but also 
furnishes a visible indication as to whether 
or not the relay circuit is in good condi­
tion. 

Adjustment Current Settm9 5cren 
Cumnt Tap Block 
Time Scale 

Fig_ I.-Type COA Over-Current Relay with Operation 

Indicator, Single Phase (Cover Removed) 
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CONSTRUCTION 

The current indicating element consists 
of a thin copper disc mounted on a sepa­
rate shaft and having its own jewel bear­
ing and control spring, but actuated by 
the same flux which passes through the 
main relay disc. Therefore, any action 
which occurs either inside or outside of 
the relay, to prevent the main electro­
magnet from operating the main disc, will 
also keep the indicator disc from operat­
ing. The construction of the current indi­
cating element and the method of adding 
it to the CO Relay is shown in figures 15, 
16 and 17. 

The indicating element instead of being 
equipped with a pointer as is the usual 
ammeter practice, is equipped with a mov­
ing scale. The entire moving element is 
quite rugged and well balanced and is fitted 
with a zero adjustment. The indicating 
disc occupies the same air gap as the main 
relay disc under the electro-magnet, but 
it does not use the same air gap in the 
timing magnet. For damping purposes 
a small vane of aluminum is placed above 
the permanent magnet and a small mag­
netic shunt draws enough flux from the 
permanent magnet to secure the necessary 
damping. This damping of the current 
indicating element is only sufficient to 
make it dead beat. 

The current indicator is very rugged in 
its construction and cannot be injured by 
any excessive overloads to which the relay 
may be subj ected. 
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"Westinghouse Induction Type Over-Current and Directional Over-Current Relays 

Fig. Hi--Partial Assembly of Type COA Relay Showing 

Current Indicator Mounted Complete 

OPERATION AND CHARACTERISTICS 

The operation and characteristics of the 
Type eOA Relay as far as the protective 
element is concerned are exactly the same 
as the Type CO. The addition of the cur­
rent indicating element makes no differ­
ence whatever in the calibration of the 
protective element. The same flux which 
serves to produce torque in the relay disc 
also produces torque in the ammeter disc, 
causing it to rotate against the torque 
exerted on it by the control spring. The 
distance through which the torque is able 
to rotate the ammeter disc is an indication 
of the amount of current which is flowing 
in the coils. 

ADJUSTMEN T OF CURREN T IN· 
DI CATING ELEMEN T 

An adjustments and tests for the Type 
eOA Relay are just the same as those de­
scribed for the Type CO. The adjustment 
of the current indicating element is the 
only different feature. The control spring 
used in the current indicator is of such 
strength that full scale deflection is 
secured when approximately 75 per cent 
of the tap value of current is flowing in the 
relay. For instance, if the relay current 
screw is set in the 8 ampere tap when 
approximately 6 amperes is flowing in the 
winding the current indicator will show full 
scale deflection. This is the standard 
spring used, but when desired or when 
more convenient for any given calibration, 
springs of different strengths may be sup­
plied. 

13 

In calibrating the current indicator scale 
in amperes it is necessary to know the cur­
rent tap at which the relay is to be oper­
ated and also the current transformer 
ratio. For example, supposing the relay 
is to be used operating on the 8 ampere 
current tap and with a 250 to 5 ratio 
current transformer. The current indicat­
ing scale will then be calibrated to full scale 
deflection as 300 amperes. This will mean 
that when the scale shows 300 amperes 
there will be 300 amperes flowing in the 
primary circuit and 6 amperes in the 
secondary circuit of the current trans­
former. 

The current indicating scale may be 
given a universal calibration by marking 
it in per cent. Thus with the 75 per cent 
spring the full scale deflection is marked 
75 per cent and the scale is divided into 
suitable divisions and marked accordingly. 
In order to read the current value with 
such a calibration it is necessal'y to take the 

Fig. 17-Type COA Over-Current Relay, Three-Phase 

(Cover Removed) 
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Westinghouse Induction Type Over-Current and Directional Over-Current Rel-ays 

percentage reading of the indicator scale, 
multiply it by the current tap setting of 
the relay and again by the ratio of the 
current transformer. 

The scale is made of bristol board and 
may easily be removed and a new cali-

brated scale added. This feature is valu­
able where the relay is liable to be changed 
from one installation to another or where 
the current capacity of its circuit is 
changed or the current tap setting 
changed. 

Low-Energy Type CO Over-Current Relay 

APPLICATION 

This relay is listed separately because 
its application is somewhat different from 
the standard type. It is made with two 
standard ranges of current adj ustments, 
each of which has its own particular appli­
cation. The main uses to which the Low­
Energy Type CO Relays are applied are 
as follows: 

(1) The 4 to 12 ampere range is to be 
used where low ratio bushing type trans­
formers are the only convenient means for 
supplying the energy to relays. The burden 
placed upon the transformer by this type 
of relay is approximately two volt amperes 
at the tripping point. This relay should 
be used for line sectionalizing and the over­
load protection of power transformers where 
the low energy consumption is necessary, 
but should not be used for the differential 
protection of power transformers because 
it is too sensitive. Relays for the above 
applications can also be supplied with a 
special current range of 2 to 6 amperes. 

Fig. 18-Low-Energy Type CO Relay 

(Cover Removed) 
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321 

Current 
Trans!. 

3 Phase 
Generator 

Oil Cir 
Breaker. 

Resistor 

Graund .". 

... Graund 

Fig. 19-Diagram of Connections for Low-Energy Type CO 

Relays Used for DilIerential Protection of a Three-Phase 
Generator 

(2) The .5 to 2.5 ampere relay is suit­
able for use as a ground relay for the 
automatic sectionalizing of a system with 
its neutral grounded through a resistance 
which limits the ground current to a low 
value. 

Although the Low-Energy Type CO Re­
lay having an 0.5 to 2.5 ampere current 
range is sometimes used for differential 
protection of generators and large motors, 
the Type CA Ratio Differential Relay is 
more suitable for this purpose. 

Generota. 
[ndof 
feeder 

Contra/Bus 

l4--lH-'-"-+'---{�i-<-·4 to 12 
Ampere 

1r1rt==��a=�r=r CORefoy 

Fig. 20-Dlagram of Connections Showing Application of 

Low-Energy Type CO Relays for Ground Proteetion 
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Westinghouse Induction Type Over-Current and Directional Over-Current Relays 

In sulating Bushing 

Moving Contact 
,----- Connector Screw 

Time Index Lever 

Time Scale -�-__ , 

Stationary Cor.rtact---..��::::=;r::r::� 
Control Spring 

Gear --��=ti$5� 
Disc ---lll-

C ontactor Switch 
Contact 

Gontactor Switch 

Current Terminal Block 

Grounding Stl1d 

'----- Main Coil 

'------ Base 
Al1xiliaq Contactor Switch 

Glass Cover 

Fig. 21-Front and Sid. Sectional View of Low-Energy Type CO Over-Current Relay 

CONSTRUCTION 

Figure 18 shows the Low-Energy Type 
CO Relay with cover removed while figure 
21  shows a Cl'OSS section view. The con­
struction of the magnetic element, the 
disc, the case and the cover are exactly the 
same as the Type CO Relay. 'fhe method 
of mounting the contacts is different, how­
ever, inasmuch as they are mounted on a 
separate shaft which is geared to the main 
disc shaft. With this arrangement a very 
small amount of energy is all that is neces­
sary to cause the disc to rotate. The num­
ber of turns in the winding of both the 
main and the auxiliary coils is different 
from that on the standard energy Type 
CO Relay. The torque compensator is also 
omitted and the definite minimum time 
characteristic is obtained by having the 
disc run at synchronous speed with exces­
sive overload. This is possible inasmuch 
as the gearing makes it necessary for the 
disc to make a number of revolutions be­
fore the contacts are closed. 

OPERATION AND CHARACTERISTICS 

The operation of the Low-Energy Type 
CO Relay is the same as that already de­
scribed for the high energy type. Inas­
much as it requires such a low amount of 
energy for operation it is consequently 
much more sensitive than the standard 
type. The gearing makes it somewhat 

15 

slower in resetting than the standard type 
of relay. 

The inverse time characteristic and the 
definite minimum time are similar to those 
of the standard CO Relay. As will be 
noted by figure 22 showing the time cur­
rent curves of the low energy relay, the 
curves are somewhat more inverse and do 
not flatten out as quickly as those of the 
standard Type CO. 

The relay is also equipped with an 
internal contactor switch and it may be 
supplied with either single or double trip­
ping circuits and with either two or four­
second minimum time characteristics. 

12 I-HClIiH--t--l-+-+ 

Fig. 2 2-Current-Time Curves of Low-Energy Type CO 

Over-Current Relays 
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Westinghouse Induction Type Over-Current and Directional Over-Current Relays 

Fig. 23-Characteristic Curves of Low-Energy Type CO 

Over-Current Relay, Showing the Burden Placed on 

the Current Transformer with Various Currents 

in the Relay Windings 

INSTALLATION, ADJUSTMENT 

AND TESTING 

The instructions for installing, adjust­
ing and for the care and maintenance of 
the Low-Energy Type CO Relay are the 
same as those already given for the stand­
ard Type CO. Also the same general test 
information is applicable. 

C
. Trip Circuit Terminals � 

Operation Indicator 

'" Auxiliary Con/acto,. 
Contacts " """"-- Swjtch " "" " �-. -- � ---.v''J'JV'-cr-- :J 

""..,....."....,:;-::--,--;-"1..'''_--- Current Termina! 
r-: Block 

Fig. 24-Diagram of Internal Connections for Low-Energy 

Type CO Over-Current Relay 

The current tap values of the 4 to 12 
ampere range are the same as the stand­
ard relay, namely, 4-5-6-7-8-10-12 amperes. 
The tap values of the .5 to 2.5 amperes 
range are .5-.6-.8-1.0- 1.5-2.0-2.5. 

Type CR Directional Over-Current Relay 
APPLICATION 

The line of Type CR Directional Over­
Current Relays is designed to protect or 
disconnect transmission lines when there 
is a short circuit or other fault on the 
system of such a nature that the current 
flow is excessive in the direction for which 

Line Potentiol Trons, 
Prim Sec, 

A A, i�, 
the relays are connected to operate. In Vector /?elotions of Current and Potentiol Circuit� -s, < B. 
general practice the direction in which the � lib totlOn liS, 
current flows in order to have the direc- � .� C 8 
tional relay trip is away from the station !::: 13 
bus bars inasmuch as in most applications � .� 
the relays are connected so as to hold their � .� 1---1 ---1"-' 
contacts open as long as the flow is to- � ,� 
ward the substation. The Type CR Relay � � 
may be depended upon to discriminate as � � 
to the direction of current flow under all � � ,-tr=���d:::l.-lJ 
conditions of low voltage which are likely � � I 
to occur in cases of severe short circuits. ,;;; � 

Parallel Transmission Lines-The Type c:::, so L--f'-,t+----!------'--..1 
CR Relays are suitable for use at the 
receiving end of lines whel'e a fault on any 
line will cause the power to reverse and 
flow back to the point of the trouble on the 
defective line. Figure 25 shows a typical 
application of the directional over-current 
relay for the protection of parallel feeders. 

16 

C 8 A 

Fig. 25-0rdinary Method of Connecting Type CR Directional 

Over-Cnrrent Relays on Three-Phase System. Voltage Vec­

tors Shown. Connections give Current 30° Lead at 100% P.F. 
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Fig. 26-Type CR Directional Over·Current Relay 

Ring Systems--A ring system such as 
shown in figure 28 is  similar to the case 
of two parallel feeders supplying a sub­
station except that each feeder is made to 
loop through a number of substations. On 
such a system definite time limit direc­
tional over-current relays such as the Type 
CR must be used. The time limit of each 
sucessive relay is increased by a sufficient 
amount to allow time for the circuit 
breaker in the preceding substation to 
open. Relays applied on such a system 
are usually installed in such a way that at 
each substation the normal direction of 
power is assumed to be into the substation. 
The relays will trip only when the current 
is flowing out of a given substation and 
exceeds the amount for which the over­
current element of the Type CR Relay is 
set to close its contact. 

Fig, 27-Type CR Directional Over-Current Relay 

(Cover Removed) 

Special Application-There are many 
special applications in which the Type CR 
Relay is used. Among these might be 
mentioned the cross connection system of 
protection as used on parallel feeders 
shown in figure 29. Another application is 
the use of the Type CR Duo-Directional 
Relay for the protection of two parallel 
feeders. A schematic diagram of this is  
shown in figure 30. 

CONSTRUCTION 

Figures 26 and 27 show the general 
appearance and arrangement of the parts 
of the Type eR Directional Relays. Each 
relay consists of two separate and dis­
tinct parts, excess current element and 

lJoltIncetl lood- Two ,orallel lines. 
:��======�+=====�+ 
c���Jn���r±�----�;-r 

j Pllou 
Bus 

Power may flow 
JI.r7=��eilher direetion 

ReltIys trip ollly when power in 
lilies Is IIllb{lIOllcM. 

Fill'. 28-Typlcal Ring System Protected by Means of Type Fig. 29-Diagram of Cross-Connected Type CR Relays for 

CO and Type CR Relays Parallel Line Protection 
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01/ 
Cireult 9 

B!7?aker , • 

lnp Clrelllt - Trtp 
COIl 

_.-----l 

I • 

Wott 
[/emRflt·�-.rr-- OllerClfrrent 

1!4===9=I1[Jement 
Contacts 

ClJr!7?nt 1--­
Trans It---------'--

Fig. aU-Diagram of Connections for Type CR Duo-Direc­
tional Relays for the Protection of Two Parallel Lines 

the directional or wattmeter element. The 
over-current element is identical with the 
Type CO Overload Relay as already de­
scribed, and is mounted on the lower part 
of the base with the wattmeter element 
mounted directly above it. 

Directional Element--The wattmeter or 
directional element is composed of an elec­
tro-magnet, the moving element, contact 
assembly, and mounting frame and bear­
ings, mounted in the upper half of the relay 
base. The electro-magnet resembles that 
of the standard Westinghouse Watthour 
Meter and operates in exactly the same 
way as the Watthour Meter element. The 
current coils are wound on the two upper 

Con!1fJcior St:rew 

Moring Contact 
Stop 

I Insulating 
Bushing =--�4i---+-

/A/caria Shield -fr'1@���������j 

\ 
StatiolJor,C(mtacts MoYing Contact 

( ConlaclorSw1ich) (Conlaclor Swilch) 

Thumb 

poles and the potential coil on the main 
lower pole. 

Moving Parts-The moving parts of the 
directional element are practically the 
same as those already described under the 
Type CO Relay. The disc differs from that 
of the Type CO inasmuch as it is copper 
and there are no holes punched in it. The 
special type of ball bearings as used in the 
over-current element is not used in the 
directional element but instead a rigid 
steel shaft with a hemispherical bottom 
rests on a sapphire cup j ewel. At the top 
of the shaft is an adj ustable pivot bearing. 
This construction gives a means of adjust­
ment for end play and allows very little so 
that heavy short circuits will not cause 
undue vibration. 

The moving element is carefully bal­
anced and is controlled by a light spring 
so that its action in closing the directional 
contacts will be as nearly simultaneous 
with the reversal of current as possible. 
With the standard adj ustment there should 
be practically no torque placed on the disc 
by the spring. The spring is used mainly 
for a current conductor for the moving 
contact. 

Contact Assembly-The contact assem­
bly consists of a stationary contact screw 
mounted and a moving contact spring 
mounted on an insulating sleeve on the 
disc sh aft. The moving contact closes a 

MOl/nt/ng Frame 
Upper Coil (Oir. Elemenl) 

1i1lg..�-- Terminal Stud 

1.Y==lt-�--.��-. Punchings: 

��" wer Jewel Beartng (Oir. Elemenl� 

¥-. . .jl...--- P.lonlial Coil (Oir. Elomenl) 

_�_.{l._�-··CUJ'renl Terminal Bloek 

:,;,,, 41l l!l--l=�i--·- MQunting Frame 

,,·-==:g.--_·Unt,or Coil (Cur. Element)' 

*--H-----t·xlrn Connector$crew 

TlLoworJewel Beartna (Cur. Elamonli 

1IC---.-,-- Punchings! 

�����i��f�S��' Coil (Curronl Elemenl) 

6roundi"g Siud 

COlfer Auxi//ary Contac/or Switch 
TOf'que Compensator 

Fig. 3I-Front and Side Sectional View of Type CR Directional Over-Current Relay 
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lIirectiOfUfI EJ.ment ContmrlR 

o,-,i6n lndi .. ,., l-�------=;£,/ r::::;7; 
.... n $q""ied� 
'"xilis". Contacror 
rw;"" 

Cllfflml Teh1IlnQI'IocA--im����DJr-n 

--T------4-.:L. Current 
Tttrmi� 

Fig. 32-Internal Wiring DialJ1"am of Type CR Relay Showing 

Standard Connections With Six Terminals (Rear View) 

circuit in one direction or both directions 
of travel according to whether it is a uni­
directional or a duo-directional relay. Its 
motion is small, being only about 3/16 of 
an inch either way. As shown by the wir­
ing diagram in figures 32, 33, 34, and 39, 
the contacts of the directional element are 
connected in series with those of the over­
current element and the contactor switch 
as used in the Type CO Current Relay is 
so connected in the tripping circuit that 
the contacts are relieved of practically all 
duty. 

Latest Design-In the latest design of 
the CR Directional Relay as shown in fig­
ure 26, the stationary contact, or contacts, 
as the case may be are made screw 
mounted and located in the front of the 
case instead of at one side as in the former 
design. The moving contact is spring 
mounted. In this design the contactor 
switch is located at the bottom of the base 
to the rear of the overload element thus 
insuring it against accidental tripping 
when the cover is being removed. 

It is sometimes desirable to install stand­
ard CR Directional Relays inasmuch as 
future additions to the system will make 
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___ �_<;r/--Direct;onal Contacts 
Canlactar Switch cOn.. ---- --=-�I Potential Terminals 

Potential Winding 
i,Direct Element 

Excess Current 
�- Contacts 

;=ff)�:�����l ___ !TriP Circuit I Terminals 

Connection Sloclt 

Puncllings, O�er� 
Current Element 

�+!---+"""Current Terminals 

'orgue C.mpen$ato�r=�;;��='J 
Rear View 

Fig. 3S-Internal Wiring Diagram of Type CR Relay with 

Special Terminal in Trip Circuit between Element. 

(7 Terminals, 2 Contactor Switches) 

them necessary, but at the time of installa­
tion it is desirable to have them operate as 
straight overload relays. With the new 
design of the Type CR this is easily 
accomplished inasmuch as the directional 
element contacts may be locked shut by 
closing the screw mounted stationary 
contact firmly against the moving contact. 
This eliminates the action of the directional 
element from the action of the relay as 
a whole. 

� _ Pllnchmgs Ore,. 
I ! Curront £lomont '�����-�-(�. Main Current Coil 

i'--__ ____ 1+--"---CUl·r •• t Terminal. 

� ____ Torque Compensator 

Fig. 34-Internal Wiring Diagram of Type CR Relay with 

Double-Trip Circuit (7 Terminals) 
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Westinghouse Induction Type Over-Current and D'irectional Over-Current Relays 

OPERATION AND CHARACTERISTICS 
The directional element of the Type CR 

Relay is so constructed that it i s  extremely 
sensitive and quick acting. It will close 
its contacts with a reasonable excess cur­
rent flowing and a voltage as low as one 
per cent of normal. The contacts of the 
directional element will only close, how­
ever, with the current flow in the direction 
for which the relay is connected to act. No 
amount of excess current flowing in the 
other direction will operate this element. 
As stated in the preceding paragraph 
the spiral spring on the directional element 
exerts practically no torque on the disc 
shaft, its main purpose being to conduct 
the current of the tripping circuit. In the 
uni-directional relays as soon as there is  
any current flowing in the proper direction 
there will be a torque exerted on the disc 
tending to hold the contacts open. With 
no current flowing in the line the directional 
element contact may close, but this is of 
no consequence, as the overload element 
contacts will remain open. 

INSTALLATION 
Caution-As already mentioned, too 

much care cannot be exercised in the hand­
ling of the relays, as, although they are 
of sufficiently rugged construction to stand 
all ordinary handling, they are sensitive 
instruments and will not stand the exces­
sive bumps and knocks to which other 
apparatus is sometimes subjected. 

Line & Power P{)wer Trans, Polenlio/ Trans 

Trons, Prim SEc �nm. Sec. 

� )0-. \- A L 
6 A IJ a () 

8 Veclor Re/otion:! of Currellt ana Po/entio/ Circuits 

� ,� C /J A 

� �  
O<R(J "" t A o � .� 0 5 " , -r! "" :s c "" � 

€£ ,s; pilm\ \ 
� ;;:  "", I  
'" � J<C, f"T""""""'I:Lr::::-n ,= 
� .... A ;/"  >;: "" 
� � """ Prim 
"" ",,-
� :s  � � 

C /J A 
line 

Fig. 3S-Type CR Directional Over-Current Relay Connec­

tions with Y-6 Power Transformer between Line and S tation. 

Connections as Shown Give Current 30· Lead at 160% P. F. 
20 

Line "Power Power Tr(Jns 
TranSPrim. Sec 

Potential Trans 
Prim, Sec: 

C C 

�8<J 
[j A � ,-< -{ 

� Vector Helatloos of Currellt aod Potential CirCUIts 

'§ §  C B A O 0 Y) :;:;  
'b � 
� �  
� .� 
!:: � � ,� 
§;: � 
� �  
� .... 
"" � .� � <:;j ""- �-t=+---P. "' <::: 
� .� 

C B A 
lille 

This scheme of connec tions requires three �oltage 
tlansformers, but enables the standard 125-volt relays 
to be used. 

Fig. 36-Proper Connections for Type CR Directions over­

Current Relay used on Three-Phase System with 6 -Y 
Power Transformers between Line and Substation 

If the relay is not already mounted on 
a slate panel when received it should be 
mounted by means of the terminal studs. 
Drilling plans for preparing the panel for 
mounting the relay are either supplied 
with the relay or may be obtained from 
the nearest district office. 

After the relay has been permanently 
mounted it should be thoroughly cleaned 
by means of a small brush and cloth. The 
cover should be removed and the interior 
part of the I'elay carefully inspected for 
any damage which might have been done 
in shipment. This i nspection should espe­
cially include a test of the moving parts to 
see that they have not become mis­
aligned and that there is no friction 
existing. The presence of friction can 
usually be determined by moving the disc 
w ith the hand and allowing it to return 
to the normal position. The auxiliary con­
tactor switch plunger should also be 
moved up and down with the finger in 
order to insure against any sticking or 
friction. 

CONNECTIONS 

After the relay has been properly 
mounted as described above, connections 
should be made to terminals on the rear 
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Westinghouse Induction Type Over-Current and Directional Over-Current Relays 

of the panel either according to the dia­
grams of connections accompanying the 
relay or according to standard diagrams as 
shown in figures 25, 29, 35, 36, and 37. All 
connections made to the terminals should 
be well tightened and where it is neces­
sary to make connections where there is 
no connecting stud, all joints should be 
well soldered. Poor or loose connections are 
very often the cause of a great amount 
of trouble. 

In applying the Type CR Directional Re­
lays to polyphase systems consideration 
must be given to the varying effects of 
short circuits involving two, three or 
four conductors or to ground on the phase 
relation of the current and the voltage 
applied to the relay. The characteristics 
of the ordinary wattmeter element are 
such that the disc will reverse its direction 
or rotation when the phase relation be­
tween the voltage and current becomes 
90 degrees or greater. As many faults 
very greatly disturb the relation of the 
voltage and current, care must be taken 
to connect the directional relay in such 
a way that the voltage and current phase 
relation may never become more than 90 
degrees apart. 

Connections must therefore be made so 
that with unity power factor on the line 

the current in the relay directional ele­
ment will be 30 degrees ahead of the 
potential supplying the directional element. 
This will allow the current to lag a con­
siderable amount during time of short 
circuit without placing a 90 degree angle 
between the voltage and current. This will 
enable the relay to operate properly upon 
the occurrence of unbalanced short cir­
cuits such as result where only two wires 
of a three phase system are short circuited 
and also on other faults of a similar nature. 

The following methods should be used in 
checking up the correct connections to the 
directional element of the relay. 

Wattmeter Method-With the power 
flowing in either direction, if the current 
is lagging, so that power factor is between 
50 and 100 per cent, connect the current 
coils of a single phase wattmeter in series 
with the current winding of the relay. 
Then select a pair of voltage leads which 
give the highest reading on the wattmeter. 
The two leads should be connected to the 
relay potential terminal. Inspect the con­
tact of the directional element, which 
should be open when the power is flowing 
towards the bus-bars. If the contacts are 
closed when the current flows towards the 
bus-bars, then the potential leads of the 
relay should be reversed. 

line &: Power Power Trans, Potential TtanJ. 
Trons. Prim, Sec. Prim Sec. 

Power Factor Meter Meth­
od-A second method is to 
connect the current coils of 
a single phase power factor 
meter in series with the 
current coils of the relay. 
A pair of potential leads are 
then selected which will 
give 86.6 per cent power 
factor leading on the power 
factor meter when the line 
pqwer factor is 100 per 
cent. These two leads 
should be connected to the 
relay potential terminals. 
The upper contact should b e  
inspected, a s  before men­
tioned in the preceding 
paragraph and checked for 
proper operation. 

� <J ,<]c ,�' 
!J A A A a 

c fJ A 

NOTE- These connections require yoltage transformers with 200 yolt 
secondary, the star yoltage on the relay in such case being 1 16-yolts. If 
standard I I O- yolt secondary trans formers are used, special 58- yolt re lays 
or extra 58- fIB-yolt s tep up transformers are necessary. 

Fig. 37-Proper Connections for Type CR Directional Over-Current Relay 

When rsed on Three-Phase System with 0. -Y Power Tran.formers between Line 

Bud Substation Connections. Use only Two Voltage Transformers ami as Shown 

Give Current 30· Lead at 100';0 P.F. 

21 

Phase Meter Method-A 
third method of checking 
the proper connections of 
the relay is by means of the 
Westinghouse Phase Meter. 
It is a portable instrument 
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Westinghouse Induction Type Over-Current and Directional (f,;er-Current Relays 

Fig. 3S-Portable Phase Indicator for Use 
in Making Connections 

built on very much the same principle as 
a power factor meter but calibrated to 
read in degrees and show precisely the 
phase relation between any current and 
voltage sources to which it may be con­
nected. Full directions for the use of the 
portable phase meter are supplied with 
the instrument, which is shown in fig­
ure 38. 

Characteristics-The operating char­
acteristics of the over-current element are 
the same as those of the Type CO Relay. 
The sam� time current curves therefore 
apply as shown in figure 11. 

With the contacts of the directional 
element and those of the overload element 
connected in series several conditions are 
necessary before the relay will completely 
close the tripping circuit : 

A-Excess current must be flowing 
(1)  I n  the direction for which the 

relay is connected to operate. 
(2) For a length of time sufficient 

to close the excess current ele­
ment contacts. 

The sensitivity of the directional element 
is such that it may close its contacts on 
momentary surges of current in the re­
verse direction, but unless the excess cur­
rent is maintained a sufficient length of 
time to operate the over-current element 
the tripping circuit is not completed. Con­
versely, the contacts of the overload ele­
ment may be closed by excess current 
flowing in the normal direction but the 
directional element contact will remain 
open. 

Type CR Duo-Directional Relays-Th e 
Type CR Duo-Directional Relays as already 
mentioned under special applications are 

22 

Operatum Indicator 
when used 

DirectIonal Element Contacts 

Polentio/ W/ndmg 
(Oil', Element) 

bi=-k-t7 PnteniJoJ Termma/a 

Punchings 

Terminals 

----�--- Torque Compensatl)r 

Fig. 39-Internal Wiring Diagram Type CR Duo-Directional 

Relay. (7 Terminals, 2 Conta.tor Switches) 

used in cross connected relay schemes 
where practically no current flows in the 
windings unless trouble exists. This relay 
is exactly the same as the standard single 
contact relay except that there is a station­
ary contact on each side of the moving 
contact, thus allowing the tripping circuit 
to be made in either direction. The con­
tact arrangement, spiral spring, and all 
mountings are exactly the same as in the 
standard relay. Under ordinary conditions 
either contact may be closed by the float­
ing of the disc in either direction, but 
under such conditions the over-current 
element contact will remain open. During 
any faulty condition, however, the flow of 
current will be such that torque will be 
produced in the directional disc to close 
the contact in the proper direction and 
thus have the tripping circuit completed 
as soon as the over-current element con­
tacts are closed. 

CURRENTS AND TIME SETTINGS 

Current Setting-These settings of the 
Type CR Directional Over-Current Relay 
are practically the same as those already 
described for the Type CO Over-Current 
Relay. The only possible current adjust­
ment of the CR Relay is that of the over­
current element which is obtained by 
changing the current screw in the contact 
block located above the element proper. 
Full directions for the proper setting of 
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Westinghouse Induction Type Over-Current and Directionat Uver-Current Relays 

the over-current elements have been given. 
See pages 8 and 9. 

Caution-Care should be taken when­
ever the current adjustment is being 
changed that the secondary circuit of the 
current transformer is not opened. When 
changing the current screw from one cur­
rent tapped hole to another the transformer 
secondary circuit may be closed either by 
shorting the current terminals on the rear 
of the relay, (the two lower current ter­
minals) or by inserting the extra screw 
in the tapped hole desired before removing 
the screw from the existing setting. One 
extra screw for this purpose is supplied 
in a hole in one of the bosses on which 
the mounting frame is fastened. 

Time Setting-The time setting of the 
over-current element of the Type CR Relay 
is exactly the same as that allready de­
scribed for the Type CO. The directional 
element contacts are so arranged that they 
close almost instantly when there is a 
reversal in the flow of current so that all 
time adj ustments for the complete opera­
tion of the relay are taken care of by the 
time adjustment of the overload element. 

CARE AND l\:lAINTEN AN CE 

tion of the directional element, however, 
should be checked out to insure that it closes 
the contacts when the current is flowing 
in the desired direction. This check, of 
course, can be made by observing the 
action of the directional element when 
there is power flowing in the line. For in­
stance, if the directional element is con­
nected to close its contact whenever the 
current is flowing away from the sub­
station bus-bars, then with the current 
flow towards th e substation bus-bars the 
directional element contacts should remain 
open. When the current flow is in the oppo­
site direction, the contact should close 
immediately even upon a very small volt­
age. The over-current element may be 
tested as already described under testing 
in the Type CO Relay. See pages 10 and 11. 

Routine Test-In installations of any 
importance, it is the common practice to 
subj ect all relays to periodic test. These 
tests are usuaJly much the same as the 
initial test and it is recommended that each 
test be made to include all the features 
as described in the initial test. As noted 
under the testing of the Type CO Relay, 
it is also recommended that record cards 
be kept whereon all information gained 
at each test can be recorded and thus a 
life record of th e relay kept readily acces­
sible. 

Inspections and Care-Inasmuch as the 
working part of all relays are inclosed in a 
practically dust-proof case, few inspections 
are necessary other than those which may 
be made at the time of the routine testing. 
As the operation of the ordinary protective 
relay is rather infrequent, and the con­
struction is relatively rugged, little care 
is necessary after the initial installation is 
properly made. 

ADJUSTMENTS 

Initial Test-After the relays have been 
properly installed, they should be given 
an initial inspection and test to insure 
that the operation of the relay is going to 
be as desired. Inspect the moving parts of 
both the over-current and the directional 
element and also the plunger of the auxil­
iary contactor switch to see that no stick­
ing or unnecessary friction exists. The 
discs of both elements should be turned 
through their complete travel and it should 
be noted that they run true, or, in other 
words, remain at all points in their travel 
approximately in the center of the air gap 
through which they pass. The discs are 
carefully adjusted at the factory so that The following adjustments are those 
they rotate exactly in the center of the made in the factory when the relay is 
air gap and such a condition is necessary assembled and the same instructions 
for the proper operation of the relay. should be followed out in case occasion 

The plunger of the auxiliary contact or arises where any adjustments of the me­
switch should be moved up and down with chanical features of the relay are neces­
the finger in order to insure it against sary. 
sticking. It should be observed that the Over-Current Element-The over-cur­
Type CR Duo-Directional Relay contains rent element of the Type CR Directional 
two auxiliary contactor switches, one Over-Current Relay is tested and cali­
being connected to shunt each of the direc- brated in the same way as the Type CO 
tional element contacts and the over- Over-Current Relay. All mechanical ad­
current contacts. j ustments and current time settings are 

Electrical Test-The initial electrical therefore the same for the Type CR over­
test of the relay varies somewhat with current element as for the Type CO Over­
different operating companies. The opera- Current Relay. See pages 8, 9 and 10. 

23 
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Westinghouse Induction Type Over-Current and Directional Over-Current Relays 

DIRECTIONAL ELEMENT 

Adjustment of JeweJ Screws--The top 
jewel screws should be turned down far 
enough to reduce the play of the disc shaft 
to a minimum. These screws should not, 
however, be tightened so much that fric­
tion is introduced. With some care the 
j ewel screw may easily be adj usted so that 
no appreciable end play can be detected 
by pushing up and down on the edge of 
the disc and at the same time no friction 
will be present. The lock nut on the j ewel 
screw should be well tightened after any 
adjustment has been made. 

The proper adj ustment of the jewel 
screw is very important and great care 
should be taken to i nsure that the disc 
will vibrate the minimum amount on high 
current. 

Contact Adjustment-In the latest de­
sign of directional element contacts, the 
contact stop should be so adj usted that 
the moving contact arm when against the 
stop is approximately 90° from the move­
ment frame, and then the fixed contact 
should be adjusted so that there is a 3/16" 
gap between the contacts. For the duo­
directional type relay, the spring should be 
so adjusted that the movable contact arm 
is at right angles to the plane of the move­
ment frame and then the fixed contacts 

should be adj usted to give approximately 
a 3/16" gap between the moving contact 
and each stationary contact. 

Spiral Spring Adjustment-The spiral 
spring should be so adj usted that the con­
tacts are j ust barely held open with zero 
current and voltage. 

Electrical Test-The directional ele­
ment disc should not tend to creep in 
either direction when 30 amperes is  
passed through the winding with zero volt­
age on the potential coil, and the spring 
disconnected. If the disc creeps in either 
direction on current alone the position of 
the magnetic shunts situated above the 
disc on either side of the main pole should 
be changed until the disc stops creeping. 
This adj ustment is manipulated with a 
screw driver in the same manner as the 
light load adj uster on the Type OA Watt­
hour Meter. Turning either one of the 
adjusters in toward the main pole causes 
the movable contact to move in the direc­
tion that the adj uster is being turned. 

With one volt impressed on the voltage 
coil of the directional element, and 40 
amperes or less flowing in the series coil, 
the contact should close on a reversal of 
direction of the current flow, and remain 
open on the normal direction of current 
flow. 

Type CRA Directional O ver-Current Relay 

The type CRA Relay consists of the 
standard Type CR directional element with 
the Type COA over-current element in­
stead of the standard Type CO over-cur­
rent element. Its characteristics and oper­
ation are therefore exactly the same as the 
Type COA Relay. Its application is also the 
same as the standard Type CR Relay 
where it is desired to have supervision of 
the current flowing in the relay circuit 
without going to the extent of supplying 
separate ammeters for the circuit. 

For the calibration of the current indi­
cating elements see description under 
Type COA Relay. See pages 13 and 14. Fig. 40-Typc CRA Directional Over-Current Relay 

Low-Energy Type CR Directional O ver-Current Relay 
APPLICATION 

The Low-Energy Type CR Directional 
Over-Current Relay consists of the stand­
ard directional element and the low-energy 
Type CO over-current element mounted 
in the same case. The relay s are made in 

24 

two standard ranges, each being suitable 
for a different application as follows : 

The relay having a current range of 4 
to 12 amperes is used for line sectionalizing 
to protect against short circuits in exactly 
the same way as standard Type CR Relay 
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TVestinghouse Induction Type Over-Current and DirecHonal Over-Current Relays 

StatiQnarJ Confact� 
(Cur. Element) 

Time Index Lever 

Top Bearing Screw 
'" Connector Screw �_ Current Terminal Blod 

Moving Contact SloPl " ". f C:S���=::�����=�;:<� T,{{le Scale �==��!;,zz,=Z¢=:q" Insulated Terminal 

Control Spring-

Cear------tr---t: 

Disc--­
(Current Elem6l1� 
Damping Magnet 
(Current Element) 
Name Plate---
StationaryContacts'-+f--__ '_"''-

ContactorSwltch 
Stationar! Contact-tr--ii��'" 
(Oir. Element) 

L.wer JeweI 8earing'+i1-1Ht---th 
Adjustment Screws 
(Jaml ing MagnetJ-

I Glass Window ="Ti 
Auxiliary Contactlr I ; .  
Switch ---Til'''--------

,,:;:::::::;::=.-;: __ trMoving Contact'--Hl-------r 
L Contactor Switch 

_. Terminal Stud 

------Punchings 

�8ase 

Insulating Dushing--tl--±.a= 
"'W1lS!1C�-L_..JJ T (JP Dearing Screw'-_ '"'H"-t--:-':-�;:!r--,;i'i4:! !/n�JE1����Z�:�����MOVlflq Contact Stop -, 

Control Spring - Disc (Oir_ Element) 
Element) 

GroundinlJ Stud 

Fig. 4l-Frollt alld Side Sectional View of Low-Energy Type CR Relay 

except that the low energy type is neces­
sary where the current transformers are 
of the bushing type or of such other types 
that they can carry only a sman secondary 
burden. The relay can also be supplied with 

Operoti011 
i"dicotor 
when Supplied 

Auxi/ial'l Con/ac/Dr 
hltcb 

E.rces$ Currenr 
Contacts 

Element 
Conil1(:(/s 

1::li�1-+ __ -t-r- PotenflQI Coil 

Fig. 42-lnternal Wiring Diagram of 

Low-Energy Type eft Relay. 

(6 Terminals-Rear View) 
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a special current range of 2 to 6 amperes. 
The relay having a range of .5 to 2.5 

amperes is intended for the automatic 
sectionalizing of transmission lines when 
used as a ground relay. 

CONSTRUCTION 
The construction of the Low-Energy 

Type CR Relay differs from that of the 
standard CR only inasmuch as the low­
energy CO over-current element is used in 
place of the standard CO over-current ele-

Potential Terminals E zcess Current 
;::;--;;:;::_=:::::;::=,----- Contacts 

Connector Block -fmli����F=nl. When Using Oper. 
Indicator, connect 

.._____- as shown 

Special 
Terminal 

Contactor Switch 

'
--------�:::f�;;.....�==J�-+_-1_.-HDir8ctionaJ Contacts r np C irctIJ1 

Terminals 
-
-1F

F1iOF�:d.-+l-
� Current Coils 

,Direct E lemont, 

Punchings--
t1===+Ji--Potential Winding 

o 
ReoI' View 

Fig. 43-lnternal Wiring Diagram of Low-Energy Type CR 

Relay with Extra Terminal in Trip Circuit Between 

Elements. (7 Terminals, 2 Contactor Switches) 
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Westinghouse Induction Type Over-Current and Directional Over-Current Relays 

ment, and that the over-current element 
is mounted in the top of the case instead of 
in the lower part of the case as in the 
standard Type CR Relay. 

OPERATION AND CHARACTERISTICS 

As the directional element is practically 
instantaneous in its operation and operates 
on a very small amount of current and 
voltage, the characteristics of the entire 
relay depend upon those of the over-cur­
rent element. The characteristics and 
operation of the Low-Energy Type CR 
Relay are therefore exactly the same as 
those of the Low-Energy Type CO Relay. 
Fig. 22 gives the current time character­
istics at various settings of the time index 
lever. 

All instructions as already stated for 
the standard Types CO and CR Relays for 
installation, adjustment, care and mainte­
nance apply to the Low-Energy Type CR. 

Connector B lOCK 1-;:;;;;�924rfw-l-.l+!. 

Special Terminal 

Contactor Switch 

When Using Oper. 
Ind/cator, connect 
as shown 

Current Coils 
(Direct £ lemont! 

Potential Coil--

Rear View 

Current 
Contact. 

Trip CircUli 
Terminals 

Middle Contact 

Fig. 44-Internal Wiring Diagram of Low-Energy 

Type CR Relay With Double-

Trip Circuit 

Repairing 
Repairing can be done most satisfactorily 

at our Works. Interchangeable renewal 
parts can be furnished, however, and cus-

tomeI's equipped for doing repair work will 
find that the construction of the relays 
facilitates this. 

Testing 
TESTING WITH CYCLE COUNTER 

The calibration of the CO Relay and of 
the over-current element of the CR Relay 
i s  remarkably constant, but, because of 
the importance of accurate operation, it is 
advisable to test the relays on the system 
at frequent intervals. If possible, this test 
should be made on the complete relay 
installation, thus testing the operation of 
the tripping circuit of the circuit-breaker, 
and the condition of the control wiring. 

The method of testing relays by means 
of a stop-watch is not sufficiently accurate 
when short time intervals are used, and 
it is,  therefore, recommended that the 
Cycle Counter be used. This is a device 
for indicating definitely the number of 
cycles which have elapsed, between the 
time that cun'ent is  sent through the 
relay and the time when relay contacts are 
closed. 

Operation-The Cycle Counter (figure 
45) is connected in circuit with the relay as 
shown on the diagram (figure 46) , when 
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Fig. 45-{;yde Counter 

the load is adj usted to 
give the desired cur­
rent through the relay 
and the testing switch 
is closed, the "cycle" 
pointer begins to re­
volve one step per 
cycle, and continues to 
do so until the relay 
contacts are closed. 
The instrument acts as 
though it had no in­
ertia ; that is, it starts 
the instant power is  
applied and stops the 
instant power disap­
pears. 

Construction-The mechanism is vir­
tually an electric self-winding clock with 
the escapement operated by an alternating­
current oscillating magnet instead of a 
pendulum or balance wheel. At each cycle, 
one tooth of the escapement is released. 
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nTestingho1{Se Induction Type Over-Current and Directional Over-Cu rrent Relays 

The self-winding clock periodically rewinds 
from power supplied from a shunt connec­
tion to the circuit when the cycle pointer 
has made 60 revolutions (3600 cycles) . This 
arrangement keeps an even tension on the 
escapement. Thus the escapement magnet 
is not depended on to drive the i ndicator, 
but simply to regulate its speed ; power 
for driving is furnished by the clock 
mechanism. 

Other Applications-Although primarily 
designed for use in testing or adjusting 
time-element relays, this instrument is 
obviously suitable for a great variety of 
testing and should have a broad field of 
application. Its particular field of useful­
ness is for measuring elapsed intervals of 
time too short to be satisfactorily observed 
with a stop-watch and where readings in 
steps of one alternation are sufficiently 
accurate, thus obviating the use of com­
plicated and expensive apparatus such as 
chronographs or oscillographs. Given a 
known frequency, the readings can, of 
course, be reduced to seconds if desired. 
Conversely, by connecting the instrument 
to a circuit for a definite period of time the 
frequency can be determined. By adding 
contacts to machine tools, elevator ma­
chinery, etc., the time required for vari­
ous functions can be determined. It will 
be found to be useful in many laboratories 
and test rooms for timing purposes. 

DIRE CTIONS FOR TESTING RELAYS 

Connect as shown in Fig. 46, unless a 
different diagram is furnished with the 
Cycle Counter. Adjust the pointer on the 
Cycle Counter by hand to zero before each 
test. Adjust the artificial load on the relay 

Lomps Or Ol/Jur Tesli!7fj Llod 

to the desired amount. Close the testing 
switch which will start the relay and keep 
the circuit closed until the contacts on the 
relay have come together which will stop 
the Cycle Counter. Then open the switch 
and read the number of cycles which have 
been recorded by the counter. When test­
ing the relays for heavy overloads, keep 
the switch closed as little as possible and 
do not repeat often enough to overheat 
the relay. It should be borne in mind that 
the relay i s  intended to carry only 5 am­
peres normally, and the passage of a cur­
rent of 100 or 200 an1peres through the 
winding should not be continued for more 
than a few seconds. 

GENERAL TESTING INFORMATION 

Relays testing as referring to operating 
companies may be divided into two divi­
sions : 

( 1 )  Initial tests including aU tests and 
inspections made before the relay i s  first 
placed in control of the tripping circuit. 

(2) Periodic tests which include all 
tests and inspections made at stated inter­
vals after the relay has been placed in 
service. 

Initial Tests-The initial tests should in­
clude a close inspection of all mechanical 
features of the relay as outlined on pager.; 
10 and 11 . The electrical or operating tests 
should include the checking of several 
points on the calibration curve given on 
the nameplate of the relay as to time and 
tripping current and if possible the circuit­
breakers should be tripped out by the re­
lay, thus insuring the proper connections 
of the control circuit. In many cases it is  
also highly desirable to time the combined 

lilsfl!7q Swl/cll 

OfoqromliJrCvcle (oonfer 

Fig. 46-Diagram of Connections for Using the Cyc:e Counter 

In Testing the Types CO and CR Relays 

ry� - I  www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



Westinghouse Induction Type O,/}er-Current and Directional Over-Current Relays 

operation of the relay and circuit-breaker 
and thus check the time intervals between 
successive relays as allowed in the applica­
tion. 

Some operating companies use low volt­
age high current testing transformers for 
the initial tests and energize the current 
transformers from the primary side. This 
tests out all relay and transformer con­
nections. 

The initial tests of directional over­
current relays should include a careful 
check of the potential connections as to 
whether or not the proper phase relation 
between the current and voltage exists. 
This is outlined fully on pages 21 and 22. 

Periodic Tests-All primary relays on a 
system should be tested at least once every 
six months. In addition to this a thorough 
inspection should be made once every three 
months or oftener. These tests and inspec­
tions should be similar to the initial tests 
and inspections and should be carried on 
by a competent man. 

Circuits should be taken out of service 
wherever possible when the relays are be­
ing tested and the entire relay wiring 
should be included in the test. In cases 
where the circuits cannot be taken out 
of service it should be remembered that 
the circuits are without protection during 
the test. 

Another feature carried out by some 
operating companies in their relay testing 
schedule is to have the oil circuit-breakers 
tripped by their respective relays at least 
once every month. Such procedure is not 
possible in all cases but is highly desirable 
inasmuch as it insures the proper func­
tioning of the circuit-breaker in connection 
with the relay and serves to prevent any 
sluggishness in the action of the breaker 
due to gummed oil or dirt in the mech­
anism. 

A stitch in time saves nine, and so 
serious and expensive service interrup­
tions may be averted by the proper skillful 
attention being given to keeping the relays 
and circuit-breakers in the very best oper­
ating condition. This can only be done by 
frequent tests and inspections. 

28 

Systematic records of all tests and in­
spections should be kept for each relay 
and breaker. 

TESTING RELAYS WITH RESISTANCE 
OR WITH PHANTOM LOADING 

It is often found that an induction type 
over-current relay which functions satis­
factorily while being calibrated does not 
give the same performance when in actual 
service. This is particularly true of timing 
calibration when phantom loading has been 
used in calibrating. Actual tests have 
shown that as high as .15 seconds more 
time is required for the relay to trip at a 
given amount of over-current (300% and 
upwards) when tested with a phantom 
load than when tested with a resistance 
load. The resistance loading represents 
actual conditions very closely and i s  there­
fore recommended for use in all check­
ing, testing and calibrating. This is the 
method used at the factory. 

Errors in the time of operation of the 
Types CO and CR Relays in practice may 
be due to this cause. If tested with a phan­
tom load, the relay may be expected to trip 
from .1 to .2 seconds quicker in actual ser­
vice than it did on test. This applies to 
overloads, the error decreasing as the cur­
rent decreases. 

The reason for this difference in opera­
tion, as shown by oscillographic studies, is 
that the saturation of the iron in the torque 
compensator causes a variation in the 
impedance of the relay. This variation in 
impedance may cause voltage distortion, 
current distortion or both. With the actual 
operating conditions or resistance loading, 
the current in the relay maintains the 
sinusoidal wave form while the voltage 
across the terminals is somewhat distorted 
from this wave form. With phantom load­
ing, both the current and voltage wave 
forms are somewhat distorted and thus 
the effective flux is less, decreasing the 
torque on the disc slightly, and thus re­
quiring a longer time for operation. 

The diagram of connections as shown 
in Fig. 46 illustrates the recommended 
method of testing with a resistance load. 
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'Westinghouse Induction Type Over-Cu r rent and Directionul o-tJer-Current Relays 

RENEWAL PARTS 
Parts of a relay seldom wear out but are subject to loss or damage 

during repair or test work. Due to the number and types of relays covered 
in the text it is difficult to recommend the exact number of parts to be 
carried. 

Recommended List of Renewal Parts that should be carried in Stock. 

Common Parts 
Hef. 
:'\0. Xame of Part 

4 Large Terminal and Stud . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

1 7  Lower Jewel Bearing-Lower Half . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

15 Damping Magnet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

21 Contactor Switch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

22 Coil Complete . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

23 Moving Contact Complete . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

24 Contact Base and Contacts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

25 Operation Indicator-l.O Ampere . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

26 Operation Indicator-O.l Ampere . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . 

Overload Elements 

1 Moulded Connector Block . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

2 Brass Connector Block . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

3 Connector Screw . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

1 9  Stationary Contact Spring and Contact . . . . . . . . . . . . . . . . . . . . .  . . .  . 

20 Stationary Contact Spring Stop . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
10 Moving Contact, Support and Spring . . . . . . . . . . . . . . . . . . . . . . . . . . . 
1 1  Contact and Support . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
1 2  Control Spring . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

7 Moving Element Complete-Standard Energy . . . . . . . . . . . . . . . . . .  . 
8 Moving Element Complete--Low Energy . . . . . . . . . . . . . . . . . . . . . . .  . 
9 Lower Jewel Bearing-Upper Half . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
5 Index Lever and Stop-Standard Energy . . . . . . . . . . . . . . . . . . . . . .  . 
6 Index Lever and Stop-Low Energy . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

13 M icarta Spring Guard . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
16 Top Bearing Screw . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , . . . . . .  . 
14 Coils and Iron Complete . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
27 Glass Cover . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
1 8  Steel Ball . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
28 Thumb Nut (Relays without Operation Indicator) . . . . . . . . . . . . . . .  . 
29 Thumb Nut ( Relays with Operation Indicator) . . . . . . . . . . . . . . . . .  . 

Directional Elements 

% Coils and Iron Complete . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Style 
:\"umber 

1 83038 

289762 

300342 

285398 

289765 

285196 

289767 

376251 

376252 

375566 

375323 

274812 

321018 

214870 

214554 

333697 

242590 

214429 

152389 

25463 

289840 

376333 

36 Stationary Contact and Block Complete . . . . . . . . . . . . . . . . . . . . . . . . . 393483 

37 Contact Screw and Contact . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  376531 

38 Stationary Stop and Block Complete . . . . . . . . . . . . . . . . . . . . . . . . . . . . 393484 

39 Torque Adjuster Bracket- -Right Hand . . . . . . . . . . .  . . . . . . . . . . . . . . 438569 

40 Torque Adjuster Bracket-Left Hand . . . . . . . . . . . . . . . . . . . . . . . . . . . 438570 

30 "Moving Element Complete . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  477343 

31 Moving Contact Complete . . . .  . . . . . .  . . .  . . . . . . . . . . . . . . . . . . . . . . 393477 

32 Control Spring . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  273012 

41 Glass Cover ( Without Operation Indicator ) .  . . . . . . . . . . . . . . . .  . . . .  376019 
42 Glass Cover ( With Operation Indicator ) .  . .  . . .  . . . . . . .  . . . . . . . . . . . . 376020 

43 Thumb Nuts ( Glass Cover) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  289840 

44 Thumb Nuts ( M etal Cover) . . . . . . . . . . . . . . .  " . . . . . . . . . .  . . .  . . . . . . 226261 

33 Top Bearing Screw . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  253322 

34 Adjusting Nut . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  203056 

45 Glass Front for Metal Cover Relays . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 222178 

Parts indented are included in part under which they are indented. 
Style Numbers not given are dependent on the frequency, range or type of relay 

and can be furnished by stating the style number of the relay. 
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The Company's Works at East Pittsburgh , Pa. 

Westinghouse Products 
A few of the Westinghouse Products are listed below and will furnish some idea of 

the great variety of electrical apparatus manu factured by the Company and the many ex­
tensive fields for their use. 

For Industrial Use 

Instruments 
Motors and controllers for every 

application, the more im portant o f  
which are : Machine shops, wood­
working plants, textile mills, steel 
mills, flour mills, cement mills, brick 
and clay plants, printing plants, 
bakeries, laundries, irrigation, ele­
vators and pumps. 

Welding outfits 
Gears 
Industrial heating devices, such 

as: Glue pots, immersion heaters, 
solder pots, hat-making machinery 
and electric ovens. 

Lighting systems 
Safety switches 

For Power Plants and Transmission 
Lines 

Carrier current equipment 
Circuit-breakers and switches 
Condensers 
Controllers 
Control switches 
Frequency changers 
Fuses and fuse hlocks 
G e nerators 
Insulating material 
Instruments 
Lamps, incandescent and arc 
Lightning arresters 
Line m aterial 
Locomotives 
Meters 
Motors 
Motor-generators 
Portable Power Stands, 1 10 volts 
Rectifiers 
Regulators 

Rel ays 
Solder and soldering fluids 
Stokers 
Substations, portahle and auto-

matic 
Switchboards 
Synchronous converters 
Transformers 
Turbine-generators 

For Transportation 
Locomotives 
Railway equipment 
Marine equipment 

For Mines 
Automatic substations 
Lamps 
Locomotives 
Motor for ho'ists and pumps 
Iviotopgenerators 
Portable substations 
Switchboards 
Line material 
Ventilating outfits 

For Farms 
Fans 
Household appliances 
Motors for driving churns, Cream 

separators, corn shellers, feed grind­
ers, pumps, air compressors, grind­
stones, fruit cleaning machines and 
sorting machines. 

Generators for light, power and 
heating apparatus, 

Portable Power Stands, 32 Volts 
Radio Apparatus 
Transformers 

For Office and Store 
Electric radiators 
Fans 

Arc lam ps 
Incandesc.ent lamps 
Sol·Lux lighting fixtures 
Small motors for driving address­

i n g  machines, dictaphones, adding 
machines. cash carriers, moving win­
dow displays, signs, flashers, envel­
ope sealers, duplicators, etc. 

Ventilating outfits 

For Electric and Gasoline Automo· 
biles and the Garage 

Battery charging outfits 
Charging plugs and receptacles 
Lamps 
Instruments 
Motors and controllers 
Small m otors for driving lathes. 

tire pumps, machine tools, polish­
ing and grinding lathes. 

Solder and soldering fluids 
T ire vulcanizers 

For the Hottle 

Electric ware, including : Table 
stoves, toasters, irons, warming 
pads, curlmg irons, coffee p ercola­
tors, chafing dishes, disc stoves, 
radiators and sterilizers. 

Automatic electric ranges 
Fans 
Incandescent lamps 
Radio apparatus 
Sol-Lux lighting fixtures 
Small motors for driving coffee 

grinders, ice cream freezers, ironing 
machines. washing machines, vac­
uum cleaners, sewing machines, 
small lathes, polishing and grinding 
wheels, pumps and piano players. 

Sew-motors. 
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Westinghouse Electric &: Manufacturing Company 
East Pittsburgh, Pa. 

�----�--------

WESTINGHOUSE SALES OmCES 
A BILENE. KAN •• 300 N. Cedar St, MIAMI. FLA .. 908 Huntington Bldg .. 168 S. E. First St. 
A BILENE, TEX .. 109 N. 2nd. St. MIDDLESBORO, KY., P. O. Box 518 
AKRON, OHIO, 714 United Bldg .. Main and Market Sts. MILW AUKEE, WIS .. First Wisconsin Nat. Bk. Bldg ..  425 E. Water St. 
ALBANY, N. Yo, 184 State St., Home Savings Bank Bldg. ·MINNEAPOLIS. MINN .. Northwestern Terminal. 2303 Kennedy St. N.E. 
"ATLANTA, GA .. Westinghouse Elcc. Bldg ..  426 Marietta St. NASHVILLE, TENN., 109 9th Ave .. South 
BAKERSFIELD, CALIF., 2224 San Emedio St. NEWARK, N. J., Academy Bldg., 17·25 Academy St. 
"BALTIMORE, MD., Westinghouse Elec. Bldg., 121 E. Baltimore at. NEW HAVEN, CONN., Liberty Bldg., 152 Temple St. 
BEAUMONT, TEX., 2008 McFadden St. "NEW ORLEANS, LA., 708 Masonic Teml,le Bldg., 333 St. Chari .... ih. 

BIRMINGHAM, ALA., 1407 Age-Herald Bldg .. 2030-2nd Ave. 'NEW YORK, N. Y., Westinghouse Elec. Bldg .. 150 Broadway 
BLUEFIELD, W. VA .. Peery Bldg., Bland & Federal Sts. NIAGARA FALLS, N. Y., Gluck Bldg., 205 Falls St. . 
"BOSTON, MASS .. Rice Bldg .. 10 High St. NORFOLK, VA .. National Bank of Commerce Bldg., 300 Mam St. 
BRIDGEPORT, CONN., Bruce Ave. & Seymour St. OKLAHOMA CITY, OKLA., Main and Broadway Sts. 
"BUFFALO, N. Y., Ellicott Square Bldg., Ellicott Square OMAHA, NEB .. 7 1 2  Electric Bldg .. 409 S. 17th St. 
BURLINGTON, lOW A, 315 North Third St. PEORIA, ILL .. 104 Chestnut St .. P. O. Box 227 
"BUTTE, MONT., Montana Elec. Co. Bldg., 52 East Broadway. 'PHILADELPHIA, PA .. Westinghouse Elec. Bldg .. :lOth and Walnut Sts. 

CANTON, OHIO, First Nat. Bank Bldg .. Market Ave & Tuscarawas St. 'PHOENIX, ARIZ .. 4 1 2  Luhrs Bldg., 1 1  West Jefferson St. 
CEDA R  RAPIDS, IOWA, 1314 3rd Ave .. East. PINE BLUFF, ARK., 1603 W. 17th Ave .. P. O. 753 
CHARLESTON, W. VA., . I & Virginia Sts. 'PITTSBURGH, PA., Commerce Bldg .. 7th Ave. &; Smithfield St. 

"CHARLOTTE, N. C., house Elec. Bldg .. 210 E. 6th St. PORTLAND, MAINE, 61 Woodford St. 
CHATTANOOGA, TENN . Elec. Power Bldg., 536-S4'a Market St. 'PORTLAND, ORE .• 901-2-3 Porter Bldg., Sixth and Oak Sts. 

'CHICAGO, ILL., Conway Bldg., 1 1 1  W. Washington St. POUGHKEEPSIE, N. Y .• Bardavon Bldg .. 35 Market St. 
'CINCINNATI, OHIO, Westinghouse Elec. Bldg .. Third and Elm Sts. PROVIDENCE. R. I" 393 Harris Ave. 
'CLEVELAND, OHIO, Station "B" Westinghouse Electric Bldg., 2209 PUEBLO, COL .. 222 Colorado Bldg .. 4th and Main St •• 

Ashland Rd., S. E. RALEIGH. N. C., 803 N. Person St. 
COLUMBUS GA., 2 1 6  Eleventh St., P. O Box 1 1 1 4  RICHMOND. VA., Electric Bldg .. 7th and Franklin Sts. 

'COLUMBUS, OHIO, Interul'ban Termin'al Bldg .. Third and Rich S:8. ROCHESTER. N. Y .. Gas & Electric Bldg ..  89 East Ave. 

'DALLAS TEX., Magnolia Bldg .. Akard and Commerce St.. ROCKFORD ILL. 414 Stewart Bldg .. 206 South Main St. 
DAVENPORT, IA., 208 E. Second St .. United Light and Powe!' Bodg. 'SALT LAKE Cl'rY, UTAH. Interurban Terminal Bldg .• W. Tem!>le 

DAYTON, OHIO, Realty Bldg., 132 N. Main St, and S. Temple Sts. 
"DENVER, COLO., Gas & Electric Bldg .. 910 Fifteenth St. SAN ANTONIO. TEX .. 403 Frost National Bank Bldg. 
DES MOINES, lOW A, Equitable Bldg., W. 6th and Locust St.. SAN DIEGO. CALIF .. 411 Electric Bldg .. 863 Sixth St. 
'DETROIT, MICH .. Westinghouse Bldg .. 5747 Trumbull Ave. "SAN FRANCISCO, CALIF •• Crocker First Nat. Bank Bldg., 1 Mont-

DUBUQUE. lOW A, P. O. Box 199, J. C. Flynn gomery St. 
DULUTH, MINN., Bradley Bldg .. Lake Ave & Superior St. 'SEATTLE, WASH., Lloyd Bldg .. 6th Ave. and Stewart St. 
ELMIRA, N. Y . .  Hulett Bldg., 338-342 E. Water St. SHREVEPORT. LA., 2 1 9  Wilkinson St, 

M 'EL PASO, TEX., 9 10 Mm. Bldg., Oregon and Mills Sts. SIOUX CITY, IOWA, 19th and Pierce Sts ..  P. O. Box 294, W.P. eyer 

ERIE, PA., 1013 State St. SOUTH BEND, IND., 803 Sheri and Bldg. 
EVANSVILLE, IND., P. O. Box 457 SPOKANE, WASH., 1322-23 Old Nat. Bank Bldg ..  Riverside and 

FAIRMONT, W. VA., 602 Cleveland Ave. Stevens Sts. 
FERGUS FALLS, MINN .. P. O. Box 101 SPRINGFIELD, ILL., Public Service Bldg., 130 S. Sixth St. 
FORT WAYNE, IND .. lOl10 Packard Ave. SPRINGFIELD, MASS .. 395 Liberty St, 
FRESNO, CALIF .. Griffith-McKenzie Bldg., J and Mariposa Sts. " ST. LOUIS, MO .. Ambassador Bldg .. 4 1 1  N. 7th St. 
GARY, IND., 545 Garfield St •. V. S. Acton STOCKTON, CALIF., 22 S. Sutter St. 
GRAND RAPIDS, MICH., Grand Rapid. National Bank BId,. SYRACUSE, N. Y. University Bldg., S. Warren and E. Wash. Sts. 
HAMMOND, IND., 135 Oakwood Ave. TACOMA. WASH.: 1 1 17 W. R. Rust Bldg .. 954 Pacific Ave . 
• HOUSTON, TEX., Main St. and Congress Ave. "TAMPA, FLA., Westinghouse Elcc. Bldg., 417 Ellamae Ave. 
'HUNTINGTON, W. VA., Westinghouse Elec. Bldg., 2nd Ave. &; 9th St. TERRE HAUTE, IND.. 309 Terre Haute Trust Bldg .. Seventh & 
"INDIANAPOLIS, IND., Westinghouse Elec. Bldg., 820 N. Senate Ave. Wabash Sts. 
ISHPEMING. MICH .. 607 N. 5th St. TOLEDO, OHIO, Ohio Bldg., Madison Ave and Superior St. 
JACKSON, MICH .. 704 Peoples National Bank Bldg. TULSA. OKLA., Mid Continent Bldg., Fifth St. & Boston Ave. 
JACKSON. MISS., 820 Carlisle St., P. O. Box 1 4 1  ·UTICA, N. Y .. 4 0 8  Pine S t  .. Utica Gas and Electric Bldg. 
'JACKSONVILLE, FLA., 1223 Barnett National Bank Bldg. WASHINGTON, D. C., Hibbs Bldg .. 723 Fifteenth St., N. W .  
JOHNSTOWN, P A  .. 4 7  Me_nger St. WATERLOO, IOWA, P.O. Box 585 
JOPLIN .. MO., P. O. Box 653 WATERTOWN, N. Y., 254 Woolworth Bldg., Public Square 
·KANSAS CITY, MO., Westinghouse Elec. Bldg .. 2 1 24 Wyandotte St.. WI(,HITA, KAN., P. O. Box 1226 
KNOXVILLE, TENN .. 413 Bankers Trust Bldg. WILKES BARRE, PA., 267 N. Pennsylvania Ave., West. Elce. Bldg. 
LOUISVILLE, KY .. Citizens Bldg., 6th and Jefferson Sts. WORCESTER. MASS .. Park Bldg .. 507 Main St. 
·LOS ANGELES, CALIF .. Westinghouse Elec. Bldg .. 420 S. San Pedro St. YOUNGSTOWN. OHIO, 8 1 0  First National Bank Bldg .. Federal and 
MADISON, WIS .. P. O. Box 222. Chestnut Sts. 
MARSHALL, TEX .. 507 N. Boliver St. The HAWAIIAN ELECTRIC CO .. Ltd., Honolulu, T. H.-Agent 
MEMPHIS, TENN., Exchange Bldg., 130 Madison Ave. "Warehouse located in this city. 

BROADCASTING STATIONS 
KDKA, EAST PITTSBURGH, PA, 
WBZA, SPRINGFIELD. MASS. 

KYW. CHICAOO. ILL. ( KDKA-The Pioneer Radio Broadcasting Station of the World) 
KFKX, HASTINGS, NEB. (KFKX-The Pioneer Radio Repeating Station ) 

ABILENE, KAN., Union Electric Co. 
ALBANY,N.Y., H.C.Roberta Electric Supply Co. 
ATLANTA, GA., Gilham Electric Co. 
BALTIMORE, MD .. H. C. Roberts Electric Sup-

ply Co. 
BINGHAMTON, N. Y., H. C. Roberts Electric 

Supply Co. 
BIRMINGHAM,ALA., Moore-Handley Hdw. Co. 
BLUEFIELD, WEST VA., Superior Supply Co. 
BOSTON, MASS., Wetmore-Savage Electric 

Supply Co. 
BROOKLYN, N.Y., Alpha Elec. Co. 
BUFFALO, N. Y., McCarthy Bros. &: Ford 
BUTTE, MONT., Fobes Supply Co. 
CANTON, OHIO, The Moock Elec. Supply Co. 
CHARLOTTE, N. C., Carolina States Elec. Co. 
CHATTANOOGA, TENN., Mills and Lupton 

SUpply Co. 
CHICAGO, ILL., Illinois Electric Co. 
CINCINNATI, 0 .. The Johnson Elec. Sup. Co. 
CLEVELAND, OHIO, The ErneI' Electric Co. 
COLUMBIA. S.C .. Mann Elec. Supply Co .. Inc. 
COLUMBUS, 0 .. The Hughes-Peters Elec. Corp. 
DALLAS, TEX." Electric Appliance Co. 
DENVER, COLO .. The Mine &. Smelter Sup. Co. 
DETROIT, MICH., Commercial Elec. SuP. Co. 
DULUTH, MINN .. Duluth Elecl. Supplies Co. 
EL PASO, TEX .. The Mine & Smelter Sup. Co. 
ERIE, P A., Star Electrical Co. 
EVANSVI LLE, IND .. The Varney Eled. Sup-

ply Co. 

WESTINGHOUSE AGENT.JOBBERS 
FARGO, N. D., St. Paul Elec. Co. 
GREENVILLE. S.C .. Mann Elec. Sup. Co. 
GREENSBORO, N. C., Carolina States Elec. Co. 
HARLINGEN, TEX., Tel-Electric Co. 
HOU::;'l'ON, 'I'EX , 'l'el-i'lectrlc <Jo. 
HUNTINGTON, W. V A .. Banks-Miller Sup. Co. 
INDIANAPOLIS, IND., The Varney Electrical 

Supply Co. 
JACKSONVILLE. FLA .. Pierce Electric Co. 
JERSEY N.J., Newark Elee!. Supply Co. 
KANSAS MO .. Columbian Electrical Co. 
LOS ANG CALIF., Illinois Electric Co. 
LOUISVILLE, Y., Tafel Electric Co. 

MASON CITY. WA, Julius Andrae & Sons Co. 
MEMPHIS, TENN .. McGrawElec. Appliance Co. 
MIAMI, FLA.. Pierce Electric Co. 
MILWAUKEE, WIS., Julius Andrae & Sons Co. 
MINNEAPOLIS, MINN., R. M. Laird Elec. Co. 
NEW ARK, N.J., Newark Electrical Supply Co. 
NEW HAVEN, CONN .. The Hessel & Hoppen Co. 
NEW ORLEANS, LA., Electrical Supply Co. 
NEW YORK, N. Y., Alpha Electric Co. 
OAKLAND, CALIF., Fobes Supply Co. 
OKLAHOMA CITY, OKLA., The Peabody Elec-

tric Co. 
OMAHA, NEB., McGraw Electric Co. 
PEORIA, ILL., Illinol. Electric Co. 
PHILADELPHIA, P A., H. C. Roberts Electric 

Supply Co. 
PHOENIX, ARIZ .. Illinois Electric Co. 
PITTSBURGH, PA., Iron City Electric CO. 

WESTINGHOUSE SERVICE SHOPS 

POCATELLO, IDA .. Inter-Mountain Elec. Co. 
PORTLAND, ORE., Fobes Supply Co. 
PROVIDENCE, R.I.. Wetmore-Savage Electric 

Supply Co. 
READING, PA., H. C. Roberts Elec. Sup, Co. 
RICHMOND, VA., Tower-Binford Elee. &Mf,l.Co. 
ROCHESTER, N. Y .. Rochester Elect'l Sup. Co. 
ST. JOSEPH, MO .. Columbian Electrical Co. 
ST. LOUIS, MO., M cGraw Eice. Appliance Co. 
ST. PAUL MINN., St. Paul Electric Co. 
SALT LAKE CITY, UTAH, Inter-Mountain 

Electric Co. 
SAN ANTONIO, TEX., Electric Appliance Co. 
SAN FRANCISCO, CALIF., Fobe. Supply Co. 
SCRANTON, PA .. Penn Elect'l Engineering Co. 
SEATTLE, WASH .. Fobes Supply Co. 
SIOUX CITY. lOW A, McGraw Electric Co. 
SPOKANE, WASH., Fobes Supply Co. 
SPRINGFIELD, MASS., Wetmore-Savalre Elec. 

tric Supply Co. 
SYRACUSE, N.Y .. H. C. Robert. Elec. Sup. Co. 
TAMP A, FLA.. Pierce Electric Co. 
TRENTON. N. J., H. C. Roberts Elec. Sup. Co. 
TULSA. OKLA .. The Peabody Electric Co. 
UTICA, N.Y .. H. C. Roberts Elee. Sup. Co, 
WASHINGTON, D.C .. H.C.Roberts Elcc. Sup. Co. 
WILMINGTON,DEL .. H. C.Roberts Elec. Sup. Co. 
WORCESTER, M9SS., Wetmore-Savage Elec-

tric Supply Co� 
YOUNGSTOWN, 0., The Moock Elec. Sup. Co. 

PITTSBURGH, P A., 6905 Susquehanna St. 
ATLANTA, GA., 426 Marietta St. DETROIT. MICH .. 1535 Sixth St. T'ROVIDF.N()E. R. I .. 393 Harri. Ave. 
BALTIMORE, MD., 501 East Preston St. FAIRMONT, W. VA., 602 Cleveland Ave. SALT LAKE CITY, WAH. 573W. 2nd South St, 
BOSTON, MASS .. 12 Farnsworth St. HUNTINGTON. W. VA., 9th St. & Second Ave. SAN FRANCISCO, CALIF., 1466 Powell St .. 
BRIDGEPORT, CONN., Bruce AVe. and Sey- INDIANAPOLIS, IND .. 814-82';) N. Senate Ave. Emeryville, Calif. 

mour St. JOHNSTOWN, PA., (7 Me_nger St. SEAT'l'LE. WASH., 3451 East Marginal Way 
BUFFALO, N.Y., 1 4 1-157 M ilton St. KANSAS CITY, MO .. 2124 Wyandotte St. SPRINGFIELD, MASS., 396 Liberty St. 
CHARLOTTE, N. C., 2 10 E. 6th St. LOS ANGELES, CALIF .. 420 S. San Pedro St. ST. LOUIS. MO., 717 South Twelfth St. 
CHICAGO, ILL .• 2201 W. Pershing Road MILWAUKEE, WIS., 37 Erie St. TOLEDO, OHIO, 205-207 First St. 
CINCINNATI, OHIO, Third and Elm St.. MINNEAPOLIS,MINN .. 2303 Kennedy St .. N.E. lTTICA. N. Y .. (08 Pine St. 
CLEVELAND, OHIO, 2209 Ashland Rd., S. E. NEW YORK, N. Y., 467 Tenth Ave. WILKES BARRE, PA., 267 N. Pennsylvania 
DENVER, COLO., 1909-11-13-15 Blake St. PHILADELPHIA, PA., 30th and Walnut St.. Ave. 

WESTINGHOUSE MARINE SERVICE PORT ENGINEERS 
NEW ORLEANS, 631 Tchoupetoulas St. PHILADELPHIA, 30th and Walnut Sts. SEATTLE, 3451 E. Marginal Way 
NEW YORK, 467 Tenth Ave. SAN FRANCISCO (Eme,.,.ville), 1466 Powell St. 

WESTINGHOUSE ELECTRIC INTERNATIONAL COMPANY CANADIAN WESTINGHOUSE CO .. Limited 
150 BROADWAY, NEW YORK, U. S. A. HAMILTON, ONTARIO 

Westinl!hou,*, Press Printed in U. S. A. 
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