INSTALLATION

Westinghouse  1.L. 41-284%
OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPE CVN VOLTAGE RELAY FOR MARINE SERVICE

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

APPLICATION

The type CVN relay is a single-phase induction-
disc type relay operating on voltage. This relay is
applied as a voltage fault detector operating in
conjunction with other protective relays. The relay
is also used as a timing device for various auto-
matic operations. Either geared or non-geared typé
relays are available. The non-geared relay_gives
short time operation with quick reset. The geared
relay gives longer time of operation with, lofiger
reset. The contacts are single-pole, double=throw
operating on both over and under voltages. The
relay is designed to withstand the 20000ft./Ib. class
HI shock test.

CONSTRUCTION AND _ORERATION

The relay element is am\ indu€tion-disc type
voltage element. The induetion ‘disc is four inches
in diameter, mounted onga ventieal shaft. A steel
bearing pin at the bottom of €he shaft is supported
by a steel ball bearing. Thisgall is spring mounted.
The upper end of the &haft has a phosphor bronze
olive jewel, andythis rides on a steel bearing pin,
held by a crew ‘meunted on the main movement
frame.

The moving“eontact is a small silver hemispnere
fastened on the end of an arm. The other end of
this arm isgclamped to an insulating shaft geared
to 4¥he disc shaft. The electrical connection is
made “from the moving contact thru the arm and a
spiral “spring. One end of the spring is fastened to
the®arm, and the other, to a slotted spring adjuster
disc which in turn fastens to the moulded insulation
block mounted on the element frame.

SUPERSEDES I.L. 41-284

*Denotes change from superseded issue.

The stationary comntaet assembly consists of a
silver contact attached/'to“the free end of a leaf
spring. This spring ispfastened to the moulded
block. A smallgset serew provides adjustment of
the contact follow.

Torque_ isyproduced to rotate the disc by an
electromagnet, in the rear of the relay. A permanent
damping” magnet is mounted in the front. In the
non-geaned relay the disc rotates only a fraction of
ay revolution and has graduated perforations in the
disc which gives the relay a constant pick-up value
regar@less of the time lever setting. The lower pole
ofWthe electromagnet is energized by voltage. In
order to produce torque the upper pole circuit is
energized with the voltage induced across a few
secondary turns wound on the lower pole as shown
in Figure 1.

The permanent magnet is mounted on the move-
ment frame by means of four mounting screws —
two at the front and two at the under side of the
magnet mounting clamp. Above the two side screws
and between the magnet clamp and the movement
frame, are two adjusting hex-headed screws. With
the mounting screws loose, by means of the hex-
head screws the position of the permanent magnet
is adjusted so that the disc rides midway in the
air gap. The locking nut on the hex-headed screws
are screwed down first and then the four mounting
screws securely tightened.

The magnetic shunt in the center of the perm-
anent magnet assembly can be rotated up or down
to calibrate the timer element. It is locked in place
by a small set screw.

Mechanical Balance

The moving element of the Type CVN relay is
balanced in the factory. This insures proper opera-
tion of the relay in tilted positions up to 45 degrees
from the vertical.

EFFECTIVE AUGUST 1968
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Fig. 1—Flux and Current Relations in a Non-Geared Type
Voltage Element. For the Geared Voltage Elements
the Upper Pole Connections and Disc Rotation are
Reversed.

CHARACTERISTICS

The timer element is rated at 115 volts, 460
cycles. The minimum trip value is 80 volts, or 70
percent of rated voltage. The continuous rafing
is 127 volts, or 110 percent of rated voltage.\ The
characteristic time curves are shown in Fifgures<3
to 6 for various voltage and time-lewer Settings.

INSTALLATION

The relays should be mounted’ omyswitchboard
panels, or their equivalent, in a location free from
dirt, moisture, excessive vibratiom, and heat. Mount
the relay vertically by meams of the four mounting
holes at top and bottonipof thé case flange. One of
the mounting screwsgmay be utilized for grounding
the relay case. Thé ele€trical connections may be
made direct to theWtefminals by means of screws.
Typical external conneetions are shown in Figure 7.

Trip Circuit

The contacts will safely close 30 amperes at
250 voltstd=e.,), and will safely carry this current
long egéughvto trip a breaker. Preferred practice is
to use “a contact of the energized device, to seal
around ™the relay contacts, and relieve them of
further duty.

Fig. 2=Internal Schematic of the Single Pole Double
Throw Type CVN Relay.

TFhe time for the contacts to break after opera-
tion can be decreased by eliminating the follow.
This is done by screwing in the small set screw on
the stationary contact assembly until the contact
rivet rests solidly on the moulded support. When
this is done, the position of the contact stop on the
time level should be shifted so that the moving and
stationary contacts just touch when the time lever
is set on zero. The stop screw in the time lever
scale should be temporarily removed for this adjust-
ment.

Voltage Element Connections

Connect the relay coil directly to the potential
transformer. For phase-to-phase operation, either
delta or star voltages may be used as desired. For
phase-to-ground operation, the broken delta second-
ary of a grounded star connected potential trans-
former primary will provide the required residual
voltage.

SETTINGS

There is only one setting to be determined.
This is the time delay of the voltage element, and
it is adjusted by the position of the time lever
along the time lever scale. This scale has ten
divisions, and Figures 3 to 6 give a curve of time

g,
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delay vs. lever setting for various impressed volt-
ages. Time is approximately proportional toghever
setting.

In order to prevent operation of the relay during
shock, the minimum setting of the time Tewer“is
limited by a screw in the scale to the #1 time lever
setting on the geared relay. The non-ggared relay
has the stop in the scale to limit fhe minimum set-
ting to the #4 time lever setting.

ADJUSTMENTS AND MAINTENANCE

The proper adjustments, to%insure correct opera-
tion of this relay have heen made at the factory and
should not be disturbed “after’ the relay is received
by the customer. fIf #he adjustments have been
changed, the rebay ‘taken apart for repairs, or if it
is desired 40 cheek the adjustments at regular
maintenanege periods, the instructions below should
be followed:

NOTE: Since the moving element of the non-geared
relay is balanced, no parts in this assembly can be
replaced separately. The complete element, includ-
ing, spring, spring adjuster, moving contact, shaft,
dise, and lower bearing pinholder must be replaced
asS‘@complete unit.

All contacts should be periodically cleaned with
a fine file. S#1002110 file is recommended for this

Fig. 8> Diagram of Test Connections for the Type CVN
Relay.

purpose. The use of abrasive material for cleaning
contacts is not recommended because of the danger
of embedding small particles in the face of the soft
silver and thus impairing the contact.

The time of operation can be checked with a
timer using the test diagram of Figure 8.

The upper bearing screws of thetimer element
should be screwed down until there is four to five
thousandths inch clearance between the end of the
bearing screw and the top of the shaft. The bearing
screw should then be locked in place by tightening
the locknut.

Voltage Element

Adjust the back stop on the time lever so that
the moving contact just touches the stationary
contact when the time lever is in the zero position.
The stop screw on the time lever scale may be
temporarily removed for this purpose. The small
adjustment screw on the stationary contact should
not be screwed in far enough to limit the follow of
the stationary contact.

The spiral spring should have approximately
1% turns initial tension with the moving contact in
the #10 time lever position. The convolutions of the
spring should not touch each other for any position
of the moving contacts. Adjust the tension of the
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spiral spring so that the contacts will just close at
80 volts. Adjust the position of the damping magnet
shunt, so that the time characteristics of the relay,
as shown by test with a cycle counter, are the
same as shown on the calibration curve.

RENEWAL PARTS

Repair work can be done most satisfactorily at
the factory. However, interchangeable parts can be
furnished to the customers who are equipped for
doing repair work. When ordering parts, always give

the complete nameplate data. O S
ENERGY REQUIREMENTS O

Burdens of the relays at 115 volts, 60 cycles
are as follows: @

Volt % Factor
Amperes WattN Lagging)

IO =

Geared 8.6
Non-Geared 8.5
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INSTALLATION
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OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPES CO AND COH OVERCURRENT RELAYS

CAUTION Before putting protective relays
into all blocking which may
have been 1nserted for the purpose of securing
Make sure that all

Inspect the

service, remove

the parts during shipment.
moving parts operate freely.

that they are
the relay to check

contacts to see clean and can

close properly. Operate

the settings and electrical connectlons.

APPLICATION

These
to disconnect

Induction-overcurrent relays are used
when the
Where
over) 14

circuilts or apparatus
current in them
a station battery (48
avallable, the circult closing type relays are
trip the

or no

exceeds a glven value.
volts or
normally used to circult breaker.

Where 1low voltage station battery
exlsts, the circult openling type relayg in)con-
can be

Jjunction with a-c seriles trip coils

used to open the breaker.

time
1s used 1n preference
time

qulrements

(low-energy) type relay
to thejdefinite minimum
relay

The inverse
(standard energy) where the re-
necessitate (1) 8, lower burden on
the current transformefy orW(2) a more inverse
curve for selectivity, or \(3) a very low cur-
rent range as forgexample, ground protection
of transmission systens.

The very-inversejtime (low-energy) relay is
similar €e the inverse relay and 1s used where
a still

more lnverse curve 1s desired. The

term "low energy" refers to the burden at tap
value that 1s placed on the current trans-
formers and does not refer to the current
rating.

The long time
to protect motors against overloads.

(40 second) relay 1s designed
This can

be equipped with an Instantaneous attachment

SUPERSEDES I.L. 41-280 H

¥ Denotes change from superseded issue

that will operate, 1if“a, short-circuit occurs

in the motor.

The type
phase and ground protection where a high speed

COH relay,, finds application for
induction typé relay 1s desired. It 1s some-
times used 1n“differential protective schemes.

The above relays can be supplied with the
secondary electromagnet circuit brought out to
separate ‘terminals.

themtype)CO or COH Torque Control Relay.

This variety 1s known as
Thus
the“eontacts of a separate relay can be used
tojcontrol the operation of the torque control

relay. For example, a three phase directional

sultable
directionally

relay plus auxliliary relays can be

used to control three torque

control relays.

CONSTRUCTION AND OPERATION

Circuit-Closing Relay

The circult-closing types CO and COH relays
conslist of an overcurrent element, an
tion
instantaneous trip attachment where required.

opera-

indicator, a contactor switch, and an

Overcurrent Element

This element 1s an 1nduction-disc type ele-
ment operating on overcurrent. The induction
disc 1s a thin four-inch diameter, aluminum
disc The shaft
1s supported on the lower end by a steel ball

mounted on a vertical shaft.
bearing riding between concave sapphire jewel
surfaces, and on the upper end by a stainless
steel pin.

silver hemi-

The moving contact 1s a small

sphere fastened on the end of an arm. The
other end of this arm 1s clamped to an insu-
lated section of the disc shaft 1in the non-

geared type relays, or to an auxlliary shaft

EFFECTIVE SEPTEMBER 1956



TYPES CO AND COH OVERCURRENT

RELAYS

Electromagnet
Disc Rotation

Upper Pole
Flux y

i ‘—\_A« /L Disc

0
I{o ol
4o
SC::?::::W‘ ’ N Main Pole Flux
) 4>
ToSource
o— C Main Pole Current
Front View 11-D-9497

Fig. 1—Flux And Current Relations in The Type OOH. Type
CO Inverse and Very Inverse Time Relays Without
The Torque Compensator.

Operation
Indicator

R —
Trip circuit CS
interlock for p—i

detachable

relays -r—‘lb—@
C

Contactor L

Switch

For trip currents
less thon 2.25omps;

disconnect and <
dead end’ this lead

—

Reor View

T7-D-721

Fig. 3—Internal Schematic Of Thé"Doubleé’ Trip Circuit
Closing Types CO And COH Relays In The Stand-
ard Case. The Single Trip Relays Have Terminal 3
And Associated Circuits Omitted.

geared to the disc“shaft, in the geared type
relays. The ele€trical‘connection 1is made
from the movdng geontact through the arm
and spiral spring., Ome end of the spring is
fastened to the arm, and the other to a
slotted spring gdjuster disc which in turn

fastens to the element frame.

The ‘stafionary contact assembly consists of
a sigvew, contact attached to the free end of
a,leaf spring. This spring is fastened to a

Miearta» block and mounted on the element

Electromagnet 11-D-9411
Disc Rototion
Upper Pole
tux \
Disc
Main Pole Flux —] l ?
Secondary /—""“
rrent | —e—1
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To Source [ 2 »
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Fig. 2—Flux And Current Relations In The Long Time and
Definite Minimum)Time Relays With The Torque
Compensator.

/_ Coatactor Switch Operation Indicator

D= 2——0O

Fig. 4—Internal Schematic Of The Single Trip Circuit
Closing Types CO And COH Relays With Instan-
taneous Trip Attachment In The Standard Case.

the ad-
When double trip

A small set
justment of contact follow.

frame. screw permits

is required, another leaf spring is mounted on

the Micarta block and a double contact 1is
mounted on the rigid moving arm. Then the
stationary contact set screws permit

ad justment so that both
simultaneously.

circuits will be made

The moving disc is rotated by an electro-
magnet in the rear and damped by a permanent
magnet in the front. The operating torque of

the inverse or very inverse relays is obtained
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Fig. 6—Internal Schematic Of The Double Trip Circuit
Closing ‘Definite Minimum Time Type CO Relay
With  Torgue Control Terminals In The Standard
Case. The Single Trip Relays Have Terminal 3
And Associated Circuits Omitted.
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Fig. 7—Internal Schematic Of The Circuit Opening Inverse
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by the circuit arrangement shown in Figure 1.

The main pole geoil“6f the relay acts as a
in a secon-
coil

and thus

transformer ,and{induces a voltage
dary coil, Current’ from this secondary
flows through the, upper pole coils
tOrquePon the disc by the

the, fluxes of the

produceés reaction

between upper and lower

poles.

The definite-time relay obtains its flat
characteristic curve Dbecause of a small
saturating transformer that 1is interposed

between the secondary coil and the upper pole
This is called the torque
and it slows down the disc movement to such an

coils. conpensator

Fig. 8—Internal Schematic Of The Circuit Opening Definite
Minimum Time Type CO Relays With Instantaneous
Trip Attachment In The Standard Case.

extent that no
(See Figure 2).

gearing is required.

The long time relay is a geared relay with a

torque compensator.

The type COH

without a torque compensator.

relay 1is a non-geared relay

Contactor Switch

The d-c. contactor switch in the relay is a
switch. A cylindrical
disc on its

core of the

small solenoid type
with a silver

lower end moves in the

plunger mounted

solenoid.

3
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As the plunger travels upward. the disc

bridges three sil¥ver stationary contacts. The
with the main contacts of
with the

coil 1s 1n, series

the relaygy and trip coil of the

breaietr When the relay contacts close, the
coil \becomes energized and closes the switch
congacts. This shunts the main relay

4
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contacts, thereby relieving them of the duty

of carrying trisping current. These contacts
remain closed until the trip circuit 1is opened

by the auxiliary switch on the breaker.

Operation Indicator

The operation indicator is a small solenoid
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coll connected in the trip circuit. When the De-ion Contactor Switch

coil is energized. a spring-restrained arma-

ture releases the white target which falls by This switch is a small a-c. solgnoid@switch
gravity to indicate completion of the trip whose <coll is energized from a f s on
circuit. The indicator is reset from outside the lower pole of the overcurrent element in
of the case by a push rod 1in the cover or the standard-energy type relays, and from a
cover stud. small transformer connected i the main
current circuit in the low- gy type relays.
Instantaneous Trip (When Supplied) Its construction 1is™sd the d-c. type
switch except that _t plunger operates a
The instantaneous trip attachment is a small spring leaf arm wit ilver contact surface
solenoid type element. A cylindrical plunger on one end and rig ixed to the frame at
rides up and down on a vertical guide rod in the other end.
the center of the solenoid coil. The guide
rod is fastened to the stationary core, which The overcdrr element contacts are in the
in turn screws 1into the element frame. A contactor tch coll circuit and when they
silver disc 1s fastened to the moving plunger close, @ oid plunger moves wupward to
through a helical spring. When the coil 1is h on contacts which normally short
energized, the plunger moves upward carrying trip coil. These contacts are

the silver disc which bridges three conical- ransfer the heavy current due to a

shaped stationary contacts. In this position,

the helical spring 1s compressed and the &.
plunger 1s free to move while the contact

remains stationary. Thus, a-c. vibrations

ircuit and permit this current to
ze the breaker trip coil.

The transformer coil on the 1lower pole of
the plunger are prevented from causing contac ns n b

the overcurrent element and the contactor

bouncing. A Micarta disc screws on t t
. . switch circuits in the standard energy type
of the guide rod and is locked 1in by ) ) X
L. relays are connected to the main circuits as
a small nut. Its position det i the .
shown 1in Figures 8 and 14%. When the over-
pick-up current of the element.

is impressed on the transformer and contactor

Instantaneous Lock-0Out Attach
(When Supplied) gswitch coils. This voltage acts to seal-in
the contactor switch, and to feed energy
&

through the transformer coil to the main over-

current contact closes, the contactor switch
@ operates, and the voltage across the trip coil

The 1lock-out attachme ed to prevent

the relay from trippi o, cuit breaker when current winding which produces contact closing
current 1is too hilghsab its interrupting torque. This arrangement provides a definite
capacity. minimum pick-up value largely independent of

the value of trip coil impedance.

Operation Indicator

ning type CO Relay consists The operation indicator is in series with

element, a de-ion contactor the breaker trip coil. Its construction 1is as

switch, eration indicator and an instan-

described above.
taneous trip attachment where required.

¢ CHARACTERISTICS

vercurrent Element

The type CO definite minimum time (standard

he overcurrent construction and operation energy) or long time (40 second) circuit
is similar +to that described for the circuit closing relay is available 1in either of the
closing relays. following current ranges.



TYPES CO AND COH OVERCURRENT RELAYS

Uperotion
Indicator \
Cc ]
@ )F A® <—)‘
Aumligry Current co
Transtormer
Secondary T
cge-lon
- ntactor
Upper Pole Coils — / Switch
Transformer
Coil on CO
PAuailigry CUHL
Transformer —_—”C_O”\ H
Primary e s
nstantaneous Trip —Lﬁ/ \J
Rear View Short Circuit
"
Test Swilch S'T':;m
B © !
{ __Current Test
Jock
01 C - 5 ToBase
Front View Terminals
8'D'5657 Chassis ooeroled shorting switch

Operation ™~
Indicator
¢ . 8
: [s) v R
Upper Pole _.ﬂu
Coils ———a De-ion

—— Contactor
Transformer coils @S)" 7 Switch

on CO moin coil {

Torque
compensalor

)21

/
" 1 _co T cs/
@_F/Q:—L_/\, > (11
N 4

Reor View Short Circuit
Switch
y4
O

Test Switch f ToReloy
- Current Test
%% 8 JGCk
A ha
Chassis operated shorting switch

M ToBose
FrontView  \ Terminols

8-D-5655

Fig. 13—Internal Schematic Of The Circuit Opening Inverse
And Very Inverse Time Type CO Relays With In-
stantaneous Trip Attachment In The Type FT Case.
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used

! T H Short
NN —® Circuit
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Chassis operoted shorting switch

Fig. 15—Internal ‘Schematic Of The Three Element Double
TripaCircuit Closing Types CO And COH Relays
With Instantaneous Trip Attachment In The Type
FT Case. The Single Trip Relays Have Terminal 3
And Associated Circuits Omitted.

Fig. 14—Internal Schematic Of The Circuit Opening Definite
Minimum, Time Type CO Relays With Instantaneous
Trip, Attachment In The Type FT Case.
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TEST LORD
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Fig. 16—Diagram Of Test Connections For Circuit Closing
Types CO And COH.
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The type CO inverse (low

or the type COH circuilt closing relay

inverse, very
energy)
is available in the following current ranges.

0.5 0.6 0.3 1.0 1.5 2.0 2.5

2 2,53 3.5 5 €

Yy 5 6 & 10 12 15

The type CO circuit-opening relay 1is made
only in the 4 to 15 ampere range. A lower

range 1s not desirable because the burden of a

low-range trip coil is too heavy on the

current transformer. One trip coil is re-
quired for each relay.
current

The tap minimum

required to just close the relay contacts. 1In

value is the

addition to the taps. the initial position of

the moving contact 1s adjustable around a

semicircular 1lever scale calibrated in 11
divisions.

Thesc relays may have eilther
double circuit closing contacts

either one or two breakers. or
contacts {for

from the

cult-opening

breakers by current

formers.

. Q
The characteristics of t &y s varieties
of type CO and COH relay sua
as shown on page 13. \

The burdens and

supplied are

ratings are listed
under Energy Re nts.

Ns trip attachment has a 1
. ypical ranges are 10-40 or 20-80
n

but othe a

a
£ may be supplied as ordered.

The De-ion

opening Qelays has a minimum pick-up

contactor switch on the circuit
of 4

amperes a-c.

e instantaneous 1lock-out attachment has
a 3 to 1 range with typical ranges similar to

the instantaneous trip attachment.

LL 41-

safel@e 30
and the switc ntacts

Trip Circult
The main contacts will

amperes at 250v. d-c,

will safely carry this current long enough to

trip a breaker. @

The relay without _th antaneous trip
attachment 1is shipped h operation indi-
cator and the cont itch connected 1in

This clr

trip currents ab

for all
If the
trip current us le than 2.25 amperes, there

parallel. s suiltable

amperes d-c.
1s no need contactor switch and 1t
should be is ected. To disconnect the
coil in e andard case relays, remove the
short 1lgad the coil on the front stationary

This lead
under- the

e contactor switch.
(dead ended)
located in the
For the

relays, the coil is disconnected by

fastened
ilisterhead screv
ta " base of the contactor switch.
exItest
removing the coil lead at the spring adjuster
d dead-ending 1t under a =screw at the top of

the Micarta support.

with the

a two ampere

The relay instantaneous trip

attachment has contactor switch

in series with a one ampere operation indi-

cator in each trip path.

Relay with Quick Opening Contacts

When the with
breakers that are instantaneously reclosed, it

relays are used circuit

is necessary to arrange the relay contacts to
be quick opening. This is done by screwing in
the small set screw on the stationary contact
assembly until the contact rivet rests solidly
When

the position of the contact

on the Micarta support. this is done.
stop on the time
lever should be shifted so that the moving and
stationary contacts barely touch when the time

lever is set on zero.

CONTACT CIRCUIT CONSTANTS

Universal Trip Circuit
Resistance of 0.2 ampere Target......2.8 ohms
Resistance of 2.0 ampere Contact

Switcheov'eeweann tetee et 0.25 ohms
Resistance of Target and Switch in
Parallel........c... C et et +0.23 ohms

1
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RELAYS

Escapement

Magnet Clock
Cycle Counter
JopView

63-D-836
Aux Reloy

-

L

Cucwt opening type COrelay

2C. . .B
”O“—\"‘— Res Front
1
|
[
1
8{} c5 |
i
1
|
|0 H, CO [ 1lg
ROV =0 —)
Rear View

Top ferminal no tor std case
Boltom lerminal no B dotted
circuts for type FTcase

Ammeter
Test Load

|I5 Vol! A-C
[ Source

Fig. 17—Diagram Of Test Connection For Circuit Opening
Type CO Relay.

Phaze!
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L ]CI'CUI' LQH ] CO:COH
Breaker 2J CO A |
D o i

Top terminal no

for std.case
o L,CO Hg
j S A = 1 .
414 12 ”_1 Bottom terminaj
4|4 Rear View no.B\testswitches
I 4 for type F T case
1 ]

8T7=p-228

Fig. 19—External Connections Of The Ciréuit Closing Types
CO And COH Relays For Ovércurrent Protection
On A Two-Phase System.

Trip Circuilt with InstantameouswmTrip

Resistance of 1.0 ampere Tawrget...... 0.16 ohms
Resistance of 2.0 ampgre“@entactor

Switch....... 45, .4.... P ........... 0.25 ohms
Resistance of Target, awd Switch in
7% =Y SRR N 0.41 ohms

INSTALLATION

The relays should be mounted on switchboard

panels Omptheir equivalent in a location free

from ‘@irt, moisture, excessive vibration and

heath “Mount the relay vertically by means of

A
(]
Pos
Neg
6 ° o CQ.COH J
\ atcon | (20, CO A ||
! -°“D’2,\ gcs P ‘
glr'ec(;;\le'r I Topderminal no
for stdeCase
0l,0 _H 9]
$ 2" : g Bo!tomiterminal
4 Rear View noBitest switches
for fype FT case
87-D-228

Fig. 18—External Connections, Of The/Circuit Closing Types
CO And COH Relays‘For Overcurrent Protection
On A Single Phase)System.

PO @ »

‘
Z3a
aa

Trip T
Coul

COCOH-A
2J .

O
O
P

COCOR-C JL CQ.COH-B J

)
o
w%

1 CO H
o 19, -9
o o |-0'-——’|2,\ (;‘—;0- ]

1]
Rear View |

£ —i CO,COH-GND

-
‘%l °

Top terminal no.
for st’d case

Bottom terminal
o4Jn0.B test switches

for type FTcase

=
L7V~

87-D-227

Fig. 20—External Connections Of The Circuit Closing Types
CO And COH Relays For Phase And Ground Over-
current Protection On A Three-Phase System.

the two mounting studs for the standard cases
and the type FT projection case or by means of
the four

semi-{lush type FT case.

mounting holes on the (liange for the
Either of the studs

or the mounting screws may be utilized {or

grounding the relay. The electrical con-

nections may be made direct to the terminals

by means of screws for steel panel mounting or
to terminal studs furnished with the relay for

ebony asbestos or slate panel mounting. The

terminal studs may be easily removed or in-

serted by locking two nuts on the studs and

then turning the proper nut with a wrench.

Because the circuit-opening relay contacts

short circuit the trip coil, it is important

that the relay be mounted where it will not be
sub ject

to shocks which may jar the contacts
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l N Coil \—
€0.COH-C €O.COH A 1 . . .
I 0‘] 53 .COA,I:I H }(2) co-c Iz co-B CO-A
LR o] LA—— 1o
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Fig. 21—External Connections Of The Circuit Closing Types 87-D-226 SWITCHES FOR TYPE FT CASE.
CO And COH Relays For Phase Overcurrent Pro-

tection On An Ungrounded Three-Phase System.

open and thereby allow current to flow through
of this
jars to the switchboard

the trip coil. Trouble kind can be

avoided by preventing
and also by setting the trip
so that it will not

This is

coil high enough
load
so that

an excessive

operate on normal

current. an extra safeguard

there 1is no danger from even

shock unless the current is also heavy.
Typical external connections arefd shown in
13 to 22.

relays for phase

Figures When using the“gcdrcuit -

opening protectlom, “ground

protection may be secured by asing“a, low-
energy circuit-closing relay operatiingwon a-c.

voltage trip coil, as shown ip@Figure 22.

SETTINGS

There are two seftings-namely the current
its contacts
When the
protect equipment
be de-
termined bythe mature of the load, the magni-
tude ofjthé€

occurrences

value at which thejrelay closes
and the time reg@iiped to close them.
relay 1s g4o (bed used to

against verleady® the setting must

pe@ks and the frequency of their

For sectionalizing transmission systems the
eurrent and time setting must be determined by
calculation, due consideration being given to
theltime required for circuit breakers to open
so that

obtained throughout the system.

proper selective action can be

Fig. 22—External Connections Of The Circuit Opening Type
CO RelayFor Phase Overcurrent Protection And Of
The Circuit Closing Types CO And COH Relays For
Ground Protection On A Three-Phase System.

CuFrentySetting

The” connector screw on the términal plate
above the time scale makes connections to
various turns on the operating coil. By

Placing this screw 1in the various holes, the

relay will just close contacts at the corre-
sponding current, 4-5-€-8-10-12 or 15 amperes,
or as marked on the terminal plate.

The tripping value of the relay on any tap
may be altered by changing the initial tension
of the This

accomplished by turning the spring adjuster by

spiral spring. can be

means of a screwdriver inserted in one of the

notches of the plate to which the outside
convolution of the spring is fastened. An
adjustment of tripping current approximately

15 percent above or below any tap value. can

be secured.

CAUTION Be sure that the
turned up tight so as to make
for the

Since

connector screw is
a good contact,

operating
the

current passes through it.

overload element is connected
directly 1in the current transformer circuits
the latter should be

changing the connector

short-circuited before
screw. This can be
done conveniently by inserting the extra con-

nector screw, in the new tap and removing the

old screw from its original setting.
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Time Lever Setting

The index or time lever limits the motion of

the disc and thus varies the time of
operation. The latter decreases with lower
lever settings as shown in the typical time

éurves of Figures 23 to 27.

ADJUSTMENTS AND MAINTENANCE

All relays should be
and the time of operation should be checked at
this
employed,

inspected periodically

least once every six months. For

purpose, a cycle counter should be
because of 1ts convenience and
Phantom 1loads shoudl
induction-type relays because of the resulting
distorted

error in timing.

accuracy.
not be used in testing

current wave form which produces an

All contacts should be cleaned periodically.
A contact burnisher S#182A836HO01 is recommended
for this purpose. The use of abrasive material
for cleaning contacts is not recommended, be-

cause of the danger of embedding small parti-
cles 1n the face of the soft silver and thus
impairing the contact.

The proper adjustments to insure correes

operation of this relay have been made atgthe
should not be disturbed [after
If the adjuStments
have been changed or the relay taken apart |for

factory and
receipt by the customer.

repairs, the following instructiong“ghould” be
followed 1n reassembling and setting itQ

(Overcurrent Element Circuit@losingyRelays)

Shift the rofition of the stop on
the time lever and adjust theficontacts so that
they barely touch when the time

contact

lever 1is set
on zero.

Adjust the tensionOf the
that the relay will close its
rated current, as shown by the position of the
ongthe tap block. Check the time curve
as shown byatest with a cycle

spiral spring so
contacts at its

screw
counter, to be
typical time curves. In the
factory the relay is tested from the No. 10
The calibration is intended

as shownjon® the

lewer “\position.

10

to be on the basis of the cool or normal oper-

ation condition inasmuch as overloads are of
short duration. When checking a number [Of
points on the +time curves, it will be neces®

sary to cool the relay coils between points
particularly after operating at high currents.

An air hose may be used for this purpose.

of the
element

The position torque “Yecompensator on

the overload is adjustable. influ-
of the

and the
compensator should net be changed in
the field.

this cover must be infplaee when making tests.

encing the shape curyvea This is a

factory ad ustment location of the
torque

If the relay@ghag a metal cover,

The relays control terminals
will

short-circuited

with “torque
untll these
either by a

not operate terminals are
jumper or by the

external geontrol coentacts.

ContactoP,Switeh (Circuit-Closing Relays)

Adjustihthe stationary core of the switch for

a glearance between the stationary core and

the movdng core when the switch 1s picked-up.
This can be most conveniently done by discon-
necting the switch and turning it or the relay
upside-down. S8crew up the core screw until
Now back off

moving core

the moving core starts rotating.
the core screw until the stops
This indicates the points where the

play in the moving contact assembly is

rotating.
taken
up. and where the moving core just separates

Back off the
this
prevents the

from the stationary core screw.
stationary core screw one turn beyond
This

moving core from striking and

point and lock in place.
sticking to the
stationary core because of residual magnetism.
Adjust the contact clearance for 3/32 inch by
means of the two small nuts on either side of
the Micarta disc. The switch should pick up
at 2 amperes d-c. Test for sticking after 30
amperes d-c. have been passed through the

coil.

Operation Indicator (Circuit-Closing Relays)

Adjust the indicator to at 0.2 or
1.0 ampere d-c. as supplied gradually applied

operate

by loosening the two screws on the under side
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of the assembly, and moving the bracket for-
Test for sticking after 10

times rated pick-up current has been applied.

ward or backward.

Overcurrent Element (Circuit Opening Relays)

Adjust the relay with the instructions given
(Circuit
connection of Figure

under "Overcurrent Element Closing
Relays)"
17 except that for the

circuit

using the test
definite minimum time
opening relay the following caution

should be observed:

CAUTION When a signal lamp or other voltage
operated device is to be connected in series
with the relay contacts, disconnect the 1in-

ternal leads of the element from the station-

ary and moving contacts respectfully and dead

end them. Then the 1lamp or other device can

be connected to the stationary and moving
contacts.
De-ion Contactor Switch (Circuilt Opening
Relays)
Adjust the core stop on the top asgmigh"as
possible without, allowing the Jinsulating

bushing at the
the Micarta angle.
rated from the Micarta
1/16". Adjust the contact gap
slightly less than 1/16 of an dmch.
the contact springs so that

bottom of the plungerdtoftouch
The contact wild, be“8epa-
1/32" to
spaeing to

angle b¥

Bend down
a firm contact is
made but not so strong thdfythemminimum pick-
obtaineds The
tension should be aboutf 15 “grams.

up value cannot be spring

Hold the relay
relay collfeennected

and with an

across termi-

contacts closed
auxiliary
to simulate 4theé circuit breaker
coil, note, that the

fhan 4 amperes on the

nals trip
contactor switch picks up
on less 4 ampere over-

currentf tapdsetting.

In the

opening

case of the standard energy circuit
should

pick-up dhd seal itself open at 75% of minimum

relay the contactor switgh

trdp current.

Operation Indicator (Circuit Opening Relays)

Adjust the 1indicator similar to that de-

RELAYS

L. 41.280")

scribed for the circult closing relay except

to operate at 4 amperes a-c.

Instantaneous Trip Attachment

The position Micarta disc at the
bottom of the with reference to the
calibrated guide indicatgs
current required to opekate the element.

of the
element
the minimum over-
This
disc should be loweredgpor ‘raised to the proper
position by loosening /theylocknut which locks
the Micarta discgy and rotating the Micarta
disc. The nominal “mange of adjustments is 1
to 4, for exampleWlO/to 40 amperes, and it has
an accuracy withim the 1limits of approximately
10%.
The dr¥op-out_ value is varied by raising or
the top of the
adjustment 1is

loweéring (the screw at

switch,“9and after the final
made, the core screw should be securely locked
lock nut. It should be
adjusted for about 2/3 of the minimum pick-up.

core

inYplace with the

This element will not fit in the round-type

case.

Instantaneous Lock-Out Attachment

The position
with reference

of the bottom of the plunger
to the calibrated guide indi-
cates the minimum current required to open the
To change the setting hold the top

of the plunger rod fixed with a

Then with a second screwdriver
of the

current pick-up desired.

contacts.

slotted head
screwdriver.
the lower end

adjust plunger for the

These
because

contacts must be given special care
with the main
tripping circuit and may prevent proper relay
if they become dirty.

range of adjustment is 3 to 1.

they are 1in series

operation The nominal

RENEWAL PARTS

Repair work can be
at the

parts can be furnished to the

done most satisfactorily

factory. However, interchangeable
customers who
When

complete

are equipped for dolng repair work.

ordering parts, always give the

nameplate data.

11
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TYPES CO AND COH OVERCURRENT RELAYS

LL. 41-2807J

ENERGY REQUIREMENTS

The burdens and thermal capacities of the various circuits of the relay are as follows:

DEFINITE MINIMUM TIME CO RELAYS
AT 60 CYCLES

Con- One*
V.A. at tinuous  Second
Ampere V.A.at 5 Tap Power Rating  Rating
Range Tap Amperes Current  Pactor (Amperes) (Amperes)
2 108 17 60° lag 4 140
2.5 68 17 60° lag 5 140
3 47 17 60° lag 5 140
2/6 35 35 17 60° lag 6 140
4 26 17 60° lag 7 140
s 17 17 60° lag 8 140
6 12 17 60° lag 10 140
4 26 17 60° lag 8 250
5 17 17 60° lag 8 250
6 12 17 60° lag 9 250
4/18 8 6.5 17 60° lag 10 250
10 4.5 17 60° lag 12 250
12 3 17 60° lag 13 250
15 2 17 60° lag 15 250

INVERSE TIME CO RELAYS AT 60 CYCLES

VA at tivams | Sneh

A a inuous econ
Ampere V.A.at § Tap Power Rating Rating

Range Tap Amperes Current Pactor (Amperes) (Amperes)

0.5 200 2 66° lag 2 70

0.6 140 2 66° lag 2 70

0.8 78 2 66° lag 2 70

0.5/2.5 1.0 50 2 66° lag 3 70

1.3 22 2 66° lag 3 70

2.0 12.5 2 66° lag 4 70

2.5 8 2 66° lag 5 70

2 12.4 2 66 .4° lag 8 250

2.5 8 2 66.4° lag 8 250

3 5.6 2 66.4° lag 8 250

2/6 3.5 4.1 2 66 .4° lag 8 250

4 3.1 2 66.4: lag 9 250

5 2 2 66.4° lag 9 250

6 13 2 66 .4° lag 10 250

4 3.1 2 66.4° lag 16 250

5 14 7 cedonas L Ao 3%

. .4° lag
4/15 | 8 0.8 2 66.4° lag 17 250
£ 5 1 e W o
. 4% 1lag
15 0.2 2 66.4% lag 20 250

VERY INVERSE TIME CO RELAYS AT 60 CYCLES

Con- One*
VA.at tinuous  Second
Ampere V.A.at § Tap Power Rating  Rating
Range Tap Amperes Current /| Pactor (Amperes) (Amperes)
0.5 125 1.25 66.4° lag 2 100
0.6 87 1225 66.4° lag 2 100
0.8 49 1.25 66.4° lag 2 100
0.5/2.5 1.0 31 1:25 66.4° lag 3 100
1.5 14 1.25 66 .4° lag 3 100
240 8 1.25 66.4° lag 4 100
2.5 S 1.25 66.4° lag 5 100
2 8 1.25 66 .4° lag 8 250
2.5 $ 1.25 66.4° lag 8 250
3 3.5 1.25 66 .4° lag 8 250
2/6 3.5 2.5 1.25 66.4° lag 8 250
4 1.9 1.25 66 .4° lag 9 250
S 1.25 1.25 66.4° lag 9 250
6 0.9 1.25 66 .4° lag 10 250
4 ) 1.25  66.4°lag 16 250
S 1.25 1.25 66 .4° 16 250
6 0.9 1.25 66 .4° lag 16 250
4/18 8 0.5 1.25 66 .4° 17 250
10 0.3 1.25 66.4° 18 250
12 0.2 1.25 66.4° lag 19 250
15 0.15 1.25 66 .4° lag 20 250

®Thermal capacities for other than one second may be calculated on the
basis of time being inversely proportional to the square of the current.,

LONG TIME CO RELAYS AT 60 CYCLES

Ampere V.A at 5
Range Tap Amperes
4 26
5 17
6 12
4/15 8 6.5
10 4.5
12 3
15 2

V.A. at
Tap
Current

Power
Pdctor,

60° lag,
602 lag
60° lag
60° lag
60°lag
60° lag
60° lag

Con- One*
tinuous  Second
Rating  Rating
(Amperes)(Amperes)
8 250
8 250
9 250
10 250
12 250
13 250
15 250

SHORT TIME"COH"RELAYS AT 60 CYCLES

V.A. at
Ampere V. Anat § Tap
Range Tap  Amperes Current
0.5 400 4
0.6 280 4
08 156 4
0.5/2.5 1.0 100 4
1.5 44 4
2°0 25 4
2.5 16 4
2 25 4
2.5 16 4
3 11 4
2/6 3.5 8 4
4 6.3 4
5 4 4
6 238 4
4 6.3 4
5 4.0 4
6 3.0 4
4/15 8 1.6 4
10 1.0 4
12 0.7 4
15 0.4 4

Power
Pactor

60° lag
60° lag
60° lag
60° lag

60° lag
60° lag
60° ag

60° lag
60° lag
60° lag
60° lag

60° lag
60° lag
60° lag

60° lag
60° lag
60° lag
60° lag
60° lag
60° lag

BURDENS AT TAP CURRENT ON 25

Definite Minimum Time CO. ..
Inverse Time CO.............
Very Inverse Time CO........
Long TimeCO...............
Short Time COH.............

25 CycLEs
V.A Power
Pactor
16 53° lag
2 60° lag
1.25 60° lag
16 53° lag
4 53° lag

Con- One*
tinuous Second
Rating Rating

(Amperes) (Amperes)
2 56
2 56
2 56
3 56
3 56
4 56
5 56
8 250
8 250
8 250
8 250
9 250
9 250

10 250
16 250
16 250
16 250
17 250
18 250
19 250
20 250

AND 50 CYCLES

50 CvcLes

V.A. ower
Pactor

17 60° lag

2 60° lag

1.25 66.4° lag
17 60° lag
4 60° lag

BURDENS FOR SATURATION DATA

Voltage taken with Rectox type voltmeter.

Multiples ¢of Tap Values of Current

Definite Time V.A. Burden
Inverse Time V.A. Burden
Very Inverse Time V.A. Burden
COH Time V.A. Burden

1.25

3 10 20
100 490 1300

20 183 136 351
10.75 97 254

374 198 506
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TYPES CO AND COH OVERCURRENT RELAYS

Characteristics of Types CO and COH Relays

Approx. #10 Tymical
Lever Time Torque 60 Cycle
at 20 x Tap Compen- Schematic Time Curwve
I'ype Energy Time Value Gearing sator per Figure "No. per Fig. No.
co sStd. Definite Time 2 Sec. Non-geared Yes 3,4,6,8,9,10,12,14&15 23
co Std. Definite Time 4 sec. Non- gee.red Yes 3,4,6,8,9,10,12,14&15 ..
co Low Inverse 2 Sec. Geared No 3,%,5,7,9,10,11,13&15 24
co Low Inverse 4 sec. Geared Yes 3,4,6,8,9,10,12,14&15 ..
co Low Very Inverse 1 + Sec. Geared No 3,%4,5,7,9,10,11,13&15 25
co Std. Definite Time 40 Sec. Geared Yes 3,4,6,8,9,10,12,14&15 27
COH . Inverse 18 Cyc. Non-Geared No 3,%4,5,9,10,11&15 26

Three element relay characteristics are the same as in single element forms.

3 ; e 32 Cut out for
2 Bidholedrill per 3 C
Panel location for — Panel location 4 iaternal sche,ﬁo.;c R 2533_”_ o5 semi-flush
semi flush type mig: i‘ :or pro,'ecnon for projection mig. %R. L mounting
! e mtg, i —]
o7 23__{ ypP 9 onythick panels } -
SR Cut_ou'!‘ for \ 7 A % T
projection mtg. 434 5 1" &
[ on thin panels 32 T | \\r') P G LY
e |l YW ag]
103 190-32 Term.screw el et p
16 use.190-32stud for ? <Y .:/. +/
X thick ‘panel mig. T4 V7 ‘- 3 _lg:'? t 43I_2
| 5. 32433 . i ie s | 427
l]lm : ie 18Mlg.stud 2 Req. 55 b oo | 3f_2 4%
b 32 i S + l
NS D |
o 5 g b A 2,'—6With screw { 5'\,1, = ?‘ TJ
—p2 7. L B T Sp /14 Za i~
6is ~lier— 53 =1 22 With stud VAN 31 holes for
U Studs for projection type/ o | £ |« semi flush type
6 ! S
' mig. 2dia hole (2Req) _fgg* mig.(4Holes)
9-B-2020

Fig. 28—Outline And Drilling Plan For The Single Element Types CO And COH Relays In The S10 Projection Or Semi-Flush
Type FT Flexitest Case. See The Internal Schematics For The Terminals Supplied. For Reference Only.
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Fig. 29— Outline And Drilling Plan For The Single Element

Types CO And COH Relays In The Projection Type
See The Internal Schematics For
The Terminals Supplied. For Reference Only.

Standard Case.

Fig. 30~ QutlinefAnd Drilling Plan For The Three Element
Types CO And COH Relays In The Projection Type
Standard Case. See The Internal Schematics For
The Terminals Supplied. For Reference Only.
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Fig.” 31— Outline And Drilling Plan For The Three Element Types CO And COH Relays In The L10 Projection Or Semi-Flush
Type FT Flexitest Case. See The Internal Schematics For The Terminals Supplied. For Reference Only.
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INSTALLATION

l. L. 41-28078

OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPE CO ADJUSTABLE INVERSE
TIME OVERCURRENT RELAY

CAUTION

Before putting protective relays into ser-
vice, remove all blocking which may have been
Inserted for the purpose of securing the parts
that

Inspect the contacts to

during shipment. Make sure all moving
parts operate freely.
see that they are clean and can close proper-
ly. Operate the

and electrical connectlons.

relay to check the settings

APPLICATION

These
to disconnect

Induction-overcurrent relays @are-used
circults or apparatus when the
Where

a station battery (48 volts or over) 1§ avail-

current 1n them exceeds a glven value.
able, the clrcult closing type relaysjare nor-
mally used to trip the clrcult breaker., Where
no sultable station battery 1Is avallable, the
circult opening type relay in ‘@enjunction with
a-c serles trip colls canf’be‘used to trip the

breaker.
CONSTRUCTION AND OPERATION

Circult-Closing Relay,

The ciréult-clheslng type
of an gvercurrent element, an operation indil-

CO relays consist

cator, ‘“ajeontaCtor switch, and an Ilnstantane-

ous trip attachment when required.

Circult-Opening Relay

The cilrcult-openlng type CO Relay conslsts
of “an overcurrent element, a de-lon contactor
small

swltch, a transformer to energilze the

de-lion contactor switch, an operation indica-
tor and an instantaneous trip attachment when

required.

SUPERSEDES |I. L. 41-280.7 A

% Denotes change from superseded issue.

OVERCURRENT ELEMENT

Electromagnet

The electromagnet 1s shown 1n the schematilc
of Blg.V1.
a flux jwhich splits and returns through

diagram The maln tapped coll pro-
duces
the ‘outer “Tegs. A shading coll causes the
flux through the left hand leg to lag the maln
pole, fTux. The out of phase fluxes thus pro-
The tap
1s a single turn shading coll
right hand leg. It 1s short
elrculted through an adjJustable length of wire
and tends to partilally neutralize the effect
of the shading coilil. The function of the tap
adjuster 1s fully described under Ad-
AdJustable
magnetlic circult are held in position by means
of elastic clinch

the electromagnet.

duced“gause a contact closing torque.
valu€ adJjuster

meunted on the

value

Justments. magnetic plugs 1n the

nuts located on the rear of

Disc, Shaft and Bearings

The spiral shaped disc 1s fastened to a
vertical shaft supported on the lower end by a
bearing and on the up-
The upper

shaft bearings are removable,

pln and end stone type
per end by a pin and olive bearing.
and lower disc
and the corresponding upper and lower bearing
pins are removable and adjustable. The bottom
bearing piln 1s securely locked 1n position by
means of a set screw and nylon plug, and the
top bearing pin by a shoulder nut that holds

the time dial in positilon.

Damping Magnet

The dampling magnet 1s an Alnico 5 permanent
magnet with an adjustable keeper. The keeper
1s locked 1n position by means of a set screw
and nylon plug in the casting that secures the

damping magnet to the movement frame.

EFFECTIVE NOVEMBER 1953



TYPE CO RELAY
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Fig. 1—Schematic Diagram of the Overcurrent Element
Electromagnet.

Tap Block Assembly

The tap block assembly conslists of elght
spring loaded tap terminals housed i1n a mould-
ed tap block, a tap plate secured to the front
of the moulded block, and a tap screw. The
tap screw engages the tap termlnal and pulls
the termlnal forward to cause a direct metal
Whenthe

tap screw 1s removed, the terminal 1s pushed

to metal contact with the tap plate.

back by a spring so that 1t willl no longerybe
in contact with the tap plate. &he 8ap sgrew
1s equipped with an 1nsulating nylonysleéve.

Contacts

The moving contact 1s a small, sflver hemis-
phere fastened on the end%ef an arm. The
other end of this arm 18 clamped to an insul-
ated section of theqdise,s8hafit. The electric-
al connectlion 1sdmadefrom the moving contact
One end of
and the
other to a slottedWspring adJuster disc which

through the armdand Spiral spring.
the spring 1s fasténed /to the arm,

in turn fastens to the element frame.

The statlonary contact assembly consists of

a silver @ontact attached to the free end of

a leaf" ‘spring.

a Miearta block
frame,., A small set screw permits the adjust-
When double trip is
another leaf spring 1s mounted on

This spring 1s fastened to
mounted on the element

mentiy of contact follow.
reguired,

2

Fig. 2—Internal\Schematic of the Double Trip Circuit Clos-
ing, Relay, in“the Type FT Case. The Single Trip
Relay has)\Terminal 3 and Associated Circuits
Omitted.

the Miearta block. Then the statlonary con-

tact 'set screws permit adjustment so that both

circulits“will be made simultaneously.

Time Dial_

The time dilal 1s a moulded adjustable con-
tact stop with 11 equal scale divisions marked
through a 270 degree arc. The time dial 1is
held 1n position at the top of the disc shaft
by means of a star cupped spring washer and a
shoulder nut.

An adJustable 1ndex pointer 1s located on
the movement frame top bearing mount.

Contactor Switch (Circuilt Closing)

The d-c contactor switch 1n the relay 1s a
small solenold type switch. A cylindrical
plunger with a silver disc mounted on 1ts

lower end moves 1n the core of the solenoid.

As the plunger travels upward, the disc
bridges three silver stationary contacts. The
coll 1s 1n serlies wilth the maln contacts of
the relay and with the trip coll of the break-
er. When the relay contacts close, the coil
becomes energlzed and closes the switch con-
tacts. Thils shunts the maln relay contacts,
thereby relieving them of the duty of carrying
These

tripping current. contacts remain
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TYPE CO RELAY

l. L. 41-280.7B
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Fig. 3—Internal Schematic of the Single Trip Circuit Clos-
ing Relay with Instantaneous Trip Attachment in
the Type FT Case.

closed until the trip circult 1s opened by the
auxlliary switch on the breaker.

De-ion Contactor Switch (Circuit Opening)

This switch 1s a small a-c solenogdd swiltch
whose coll 1s energized from a smadl trans-
former connected 1n the maln currentWelrcuit.
Its construction 1s similar to fhepd-cvtype
swlitch except that the plunger [operates a
spring leaf arm with a silvergcontaet surface
on one end and rigidly fixed \\to the frame at
the other end.

The overcurrent element contacts are in the
contactor switch cod1" cIreult and when they
close, the solenold plunger moves upward to
open the de-lon @6ntacts which normally short
circuit the, tripgd coll. These contacts are
able to fransfer®mtfhe heavy current due to a
short cipeultgand“permit this current to ener-
glze thégbregakerdtrip coill.

Operation Indicator

The operatlion 1ndicator 1s a small solenold
coll) connected in the trip circuilt. When the
coll®?ds energlzed a spring-restrained armature
releases the white target which falls by grav-
ity to 1ndicate completion of the trip cir-
cult. The 1ndicator may be reset from outside
of the case.

Fig. 4—InternalfSchematic of the Circuit Opening Relay
in the, Type FT Case.

Instantaneous Trip (When Supplied)

The 1nstantaneous trip attachment 1s a small
solenold type element. A cylindrical plunger
rides up and down on a vertical guilde rod in
the center of the solenoid coil. The guide
rod 1s fastened to the stationary core, which
in turn screws 1nto the element frame. A sil-
ver disc 1s fastened to the moving plunger
through a hellcal spring. When the coil 1is
energized, the plunger moves upward carrying
the sllver disc which bridges three conical-
shaped stationary contacts. In thils position,
the hellcal spring 1s compressed and the
plunger 1s free to move while the contact re-
mains stationary. Thus, a-c vibrations of the
plunger are prevented from causing contact
bouncing. A Micarta disc screws on the bottom
of the gulde rod and 1s locked 1n position by
a small nut. Its position determines the
pick~-up current of the element.

CHARACTERISTICS

The type CO adjustable inverse time circuit
closing relay 1s avallable in the following
current ranges:

0.5 0.6 0.8 1.0 1.5 2.0 2.5
2 2.5 3 3.5 4 5
4 5 6 7 8 10 12
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Fig. 5—Internal Schematic of the Double Trip Circuit Clos-

ing Relay in the Standard Case. The Single Trip

Relay has Terminal 3 and Associated Circuits
Omitted.

The type CO adjustable inverse time circuit-

opening relay 1s recommended only in the 4 to
12 ampere range. A 1lower range 1s not desir-
able because the burden of a low-range trip
coll 1s too heavy on the current transformer.
One trip coll 1s required for each relay.

The tap value 1# the minimum current requir-
ed to Just close the relay contacts. The mov#s
ing contacts wi1lll 1leave the time dial stép,
regardless of the time dial setting, and<“move
to touch the statlonary contacts at tap value
current.

These relays may have elther single orgdou-
ble circult closing contacts for tripping
elther one or two breakers, or @aythave cir-
cult-opening contacts for tpippIng the break-

ers by current from the currentitransformers.

The time vs current characterdstics for the
style callibration of inverse or very inverse
are shown in Fig. 10 and#ig. 11 respectively.
The term "style c@libration” 1s used as there
1s no differencé begfween’the 1nverse and very
Inverse relays“gexcept 1n thelr calibration.
Relays carrying a s€yle number which 1ndicates
the 1nverse callbration may be changed to the
very 1nverse calibration or vice versa through
two simple adjustments. This 1s outlined in
detall (andér AdJjustments.

In,addition to the one relay covering the
inverse or the very inverse curves, the relay
characteristic
other) than elther of these. An example of the

may), be» re-callbrated for a

Fig. 6—Internal Schematic of‘the Single Trip Circuit Clos-
ing Relay with Instantaneous Trip Attachment in
the StandardCase.

different
curve shapes) s shown by Fig. 8 wherein all

spread of @a@jJustments to provide

curves {are, passed through 27 seconds at 2
times minImum trlp current. The curves may be
passed {fhrough’ a common polnt other than 27
seconds by “adjustment of the damping magnet
keeper serew. The range of adjustability in-
dicafedwat 20 times minimum trip current 1s
obtalned by means of the magnetlic plugs. The
upper limit curve 1s obtalned with the right
hand plug "all in" and the left hand plug "all
out" (approximately 20 turns of the screw).
The lower 1limlt 1s obtailned with the left hand
plug "all in" and the right hand plug "all-
out". Various adjustments of the plugs parti-
ally withdrawn from the magnetic circuit may
be used as desired to obtain a curve within
the band shown, 1ncluding the standard or
"pattern" curve to which the relay is calibra-
ted at the factory. Thus, one or the other
of the plugs will be partially withdrawn in
the factory callibration to one or the other of
the 1nverse or very 1inverse standard curves.
Similarly, the factory set position of the
damping magnet keeper screw will depend upon
the "style calibration".

The burdens and thermal ratings are listed
under Energy Requirements. The 1nstantaneous
trip attachment has a 1 to 4 ratio. Typical
ranges are 10-40 or 20-80, but other ranges

are also avallable.

The De-ion contactor switch on the circuilt
opening relays has a minimum pick-up of 4 am-
peres a-c.

Q



TYPE CO RELAY

Trip Circult

The maln contacts wlll safely close
peres at 250 V. d-c, and the switch
wl1lll safely carry thls current long enough to
trip a breaker.

The relay without
attachment 1s
dicator

30 am-
contacts

the trip
shipped with the operation in-
and the contactor switch connected 1n

This 1s sultable for all
currents above 2.25 amperes d.c. If the
less than 2.25 amperes, there
the switch and 1t
disconnected. To the
remove the short lead to the coll on the
of the contactor

should be fastened (dead-
small

Instantaneous

parallel.
trip
trip current 1s

circult

1s no need for
should be
coil
front
switch.
ended)
located 1n the
switch.
The
tachment has a

contactor
disconnect
statlonary contact
This 1lead
under the

Micarta base of the contactor

filister head screw

relay wilth the 1nstantaneous trip at-
two ampere contactor switch in
serles wilth a one or 0.2 ampere operation in-

dicator in each trip path.

Relay wilth Qulck Opening Contacts

When the relays are used with cilpcultjbreak-
ers that
necessary to

are 1nstantaneously reclosed, 1P is
arrange the relay contfaets“to be
This

the small set screw on the staflonary

quick opening. 1s done by )sgérewing i1n
contact
assembly untll the contacty rivet rests solidly
on the contact back stop.g When this 1s done,
of the ,Index polnter should be
shifted so that the moving and statlonary con-

tacts barely touch when fhHe time dial 1s set

the position

on zero.

CONTACT [CIRCUIT CONSTANTS
Univérsal“@rip Circuilt

Reslstdnce 0f 0,2 ampere Target....... 2.8 ohms
Reslstancejef £2.0 ampere Con-

tactor Switech ......... ... i 0.250hms
Reslstance of Target and Switch
In Parallel ........ciiiieeeneeenneas 0.23ohms

Trip Circult with Instantaneous Trip

Resistance of 1.0 ampere Target...... 0.16ohms
Reslistance of 0.2 ampere Target...... 2.8 ohms
Reslistance of 2.0 ampere Con-

tactor Switch ....... [P veseass. 0.250hms

RELAYS IN TYPE FT CASE

The type FT cases are dust-proof enclosures
elements and knife-blade test
This comblnation

flexlble assembly easy to

combining relay
swltches 1n the same case.
provides a compact
malntaln, 1nspect, test and adgust. There are
of "the “type FT the
and chassls.§,The case 1s an all
welded steel housingfcontalning the hinge half
of the knife-blade, teS8t switches and the ter-

minals for external ‘eennections.

three maln units case:

case, cover,

The cover 1s
with a clear window which
with the
The chassls 1s a frame that

elements and the

a drawn steel frame
fits the
switches closed.

over front of the case
supports gthey relay
Jaw halfUof the test switches.
The
befween the base and chassls are
pletedathrough the closed-knife blades.

contact
This slides 1n
electrical

and outyef “the case. connec -

tions com-

Removing Chassis

To remove the chassls, first remove the cov-
er by unscrewing the captive nuts at the cor-
ners. This exposes the relay element and all
the test switches for 1nspection and testing.
The next step 1s to open the test switches.
Always open the elongated red handle switches
first before opening any of the black handle
the
trip circult to prevent accldental trip out.
Then all the The
order of opening the remaining switches 1s not

they

or the cam actlion latches. Thils opens

open remalning switches.
Important.
should be moved all the way back agalnst the
With all the switches fully opened,
the two cam action latch arms and pull
outward. This

Using the
the chassis out

In opening the test switches

stops.
grasp
releases the chassis from the

case. latch arms as handles, pull

of the case. The chassis can
be set on a test bench 1n a normal upright po-
sition for test

sldes for easy 1nspection and malntenance.

as well as on 1ts back or

After
chassis
blade
and the cover put 1n place without the chas-
; The switch
located behind the current test switch pre-
vents open circulting the current transformers

5

removing the chassls a duplicate

may be 1inserted 1n the case or the

portion of the switches can be closed

sis. chassls operated shorting
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when the current type test swiltches are
closed.

When the chasslis 1s to be put back in the
case, the above procedure 1s to be followed
iIn the reversed order. The elongated red han-
dle switch should not be closed until after
the chasslis has been latched in place and all
of the black handle switches closed.

Electrical Circuilts

Each terminal 1n the base connects thru a
test swiltch to the relay elements in the chas-
sls as shown on the 1nternal schematic dia-
grams. The relay terminal 1s identified by
numbers marked on both the inside and outside
of the base. The test switch positions are
identified by 1letters marked on the top and
bottom surface of the moulded blocks. These
letters can be seen when the chassis 1s remov-
ed from the case.

The potential and control circuits thru the
relay are disconnected from the external cir-
cult by opening the assoclated test switches,
Opening the current test switch short-circuilfs
the current transformer secondary and dis-
connects one side of the relay coll but leaves
the other side of the coill connected tg¢ the
external cilrcults thru the current test JaCk-
Jaws. This circult can be isolated by insert-
ing the current test plug (witfiout‘external
connections), by inserting thegeny, circuit
test plug, or by inserting a plece,of Insulat-
ing material approximately 1#/32" “thick into
the current test Jack Jaws.f Both“switches of
the current test switch palr must/ be open when
using the current testgFplug or insulating
materlal 1n thils manner 4o short-circult the
current transformer se¢endary.

A cover operateddswiteh can be supplied with
1ts contacts wired@in series with the trip
circuit. Thils switch opens the trip circuit
when the cover 1s_removed. Thils switch can be
added to the exlisting type FT cases at any
time.

TESTING

The “relays can be tested in service, in the
casey )but with the external circults isolated,

6

or out of the case as follows:

Testing In Service

The ammeter test plug can be inserted in the
current test Jjaws after opening the knife-
blade switch to check the current thru the
relay. This plug consists of twol cefiduc:ing
strips separated by an insulating strip. The
ammeter 1s connected to thesegstrips by term-
inal screws and the leads are carried out thru
holes in the back of the imsulated handle.

Voltages between the potentdal circults can
be measured convenientiy bysfclamping #2 clip
leads on the projecting glip lead lug on the

contact Jaw.

Testing In Case

With all blades®in the full open positiion,
the ten “elreuit test plug can be inserted in
the contact “Jaws. This connects the relay
elements tolj@ set of binding posts and com-
pletelyidisolates the relay circults from the
external connectlions by means of an insulating
barrder,on the plug. The external test cir-
cultsare connected to these binding posts.
The plug 1s 1nserted in the bottom test jJaws
with the binding posts up and in the top test
switch Jaws with the binding posts down.

The external test cilrcuits may be made to
the relay elements by #2 test clip leads in-
stead of the test plug. When connecting an
external test cilrcult to the current elements
using c¢lip leads, care should be taken to see
that the current test Jack Jaws are open so
that the relay 1s completely 1solated from the
external circuits. Suggested means for 1sol-
ating this circuit are outlined above urder
"Electrical Circuits".

Testing Out of Case

With the chassis removed from the base, re-
lay elements may be tested by using the ten
circult test plug or by #2 test clip leads as
described above. The factory calibration is
made with the chassis 1n the case and removing
the chassls from the case willl change the cal-
ibration values by a small percentage. It 1s
recommended that the relay be checked in posi-
tion as a final check on the calibration.
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Fig. 7—Internal Schematic of the Circuit Opening Relay
in the Standard Case.

INSTALLATION

The relays should be mounted on switchboard
panels or thelr equlvalent 1n a location free
from dirt, moilsture, excesslve vibration and
heat. Mount the relay vertically by means of
the two mounting studs for the standard cases
and the type FT projection case or by medns
of the four mounting holes on the flange), for
the semi-flush type FT case. Elther of 'the
studs or the mounting screws may be utdlized
for grounding the relay. The electrieal “¢on-
nections may be made dlrect to the terminals
by means of screws for steel panel mounting or
studs furnishedéwith“wthe relay
for ebony-asbestos or slate (\panel mounting.

to terminal

The termlnal studs may Jbe“easlly removed or
inserted by 1locklng two fiuts on” the studs and
then turning the proper nut with a wrench.

SETTINGS

There are two settingsf- namely the current
value at which [the &elay closes 1ts contacts
and the time“mequlred to close them. When the
relay 1s to begused to protect equipment
agalnst{ overloads; the s2ttings must be deter-
mined by the ndfure of the load, the magnitude
of the peaks“and the frequency of thelr occur-

ence.

For sectionalilzing transmission systems the
current and time setting must be determined by
calculation, due consideration being given to
the time required for circult breakers to open
so that proper selective actlon can be obtain-
ed throughout the system.

Current Setting

The connector screw on the terminal plate
above the time dlal makes connectlons to varil-
ous turns on the operating coll. By placing
thls screw 1n the varlous holesy the relay
wlll Just close contacts aff“the corresponding
current 4.0 - 5.0 6.07.0 -8 - 10 - 12
amperes, or as marked on ‘the “€erminal plate.

CAUTION

Be sure that the,comméctor screw 1s turned
up tight so as t,makeda good contact, for the
operating curpent passes through 1t. Since
the overloady' element 1s connected directly 1n
the currengptransformer cilrcults, the latter
should be ghont-circulted before changing the
connector seréw. Thls can be done convenlent-
ly by dnserting the extra connector screw in
the new) tap and removing the old screw from
Yts “Original setting.

Time Dial Setting

The time dilal 1limits the motlon of the disc
and thus varles the time of operation. The
latter decreases with lower time dilal settings
as shown 1n the typlcal time curves.

ADJUSTMENTS AND MAINTENANCE

All relays should be 1nspected perlodically
and the time of operation should be checked
at least once every slx months or at such
other time Intervals as may be dlctated by ex-
perience to be sultable to the particular ap-
plication. Phantom 1loads should not be used
in testing 1nduction-type relays because of
the resulting distorted current wave form
which produces an error 1n timing.

All contacts should be periodically cleaned
with a fine file. S#1002110 file 1s recom-
mended for thls purpose. The use of abrasive
materlal for cleaning contacts 1s not recom-
mended, because of the danger of embedding
small particles 1n the face of the soft silver
and thus impalring the contact.

The proper adJustments to insure correct
operation of thils relay have been made at the

factory and should not require readJustment

1
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Fig. 8—Example of the Range of Adjustability of the Time Curves by Means of the Adjustable Magnetic Plugs.
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Fig. 9—Time VS Time Dial Setting for Inverse and Very Inverse Calibration at 2 Times Minimum Trip.
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Fig. 10—Typical 60 Cycle Time Curves for the Inverse Calibration.



TYPE CO RELAY I L 41-280.78

7 T T
1 1‘ ! TN TYPICAL TIME CURVES
] | A VIR A VI { TYPE CO ADJUSTABLE JINVERSE TIME
{ i OVER CURRENT (RELAY
l'\ \‘ VERY INVERSE CALIBRATION
+ \ 60 CYCLES
6 \ \ T ™
- Tt T T T i
WA AR RS M
Y3 * N
1 bl
T { LAY LAt
i | R RRERE ENAN
U ! ! ] T
| 1 ! T T
E i
5 ! 1 \ T
; 1 \ \ ]
; | \ \ \ ‘
— \ \ \
3 Iy \
j 1 1}
— V- \
4“ \ \ \ \
a b \
2 1 ! T ERRERN AR NG
o [— Vo e \ TIME DIAL SETTING
u \ \ \ l
\ N1 j
3 4 ! Y b9|?| ;
B \ 8. N
\ 1\ \ \ 7 A
\ \ 6 ¥
[ \ 5 N
B A NN Y |
o \\ . 4, N i !
= \ A 8 3 i Y ». N
\ N N Nl
AN 2 A § ST TR ~
\ N N s |
b f N N N " T _—
— \ |<_ N N NG - ~ Iy S
N \ . N . —
' \' b . ™ B b‘ A e
_ N N Ny NN N
2‘\ g 'y b ~ = -~ T ] —
T lL B L] P T
ot I
| 2 3 4 5 6 7 8 910 12 14 |16 18 20
MULTIPLES OF MINIMUM CLOSING CURRENT
Curve 367686

Fig. 11—Typical 60 Cycle Time Curves for the Very Inverse Calibration.

11



TYPE CO RELAY

ACTUAL MINIMUM TRIP IN PERCENT OF TAP VALUE CURRENT

L

¥
!

-1+

T
MU
T i
.
|

A o

116

TYPE CO ADJUSTA

1 1
I :
T

—i

VERSUS

BLE INVERSE TIME
OVERCURRENT RELAY

T PERCENT TAP VALUE CURRENT

tr/tq AT 2 TIMES TAP VALUE CURRENT ;

§

]

o bt —

114

T

t T
! |

_‘_’Aﬁ

W SO N S

112

110 |

108 . i

106

104

102 !

100

(ad
“
~
o~
o :
T‘Iﬁ\

w4

98 [ i

S S G S S N N IO 0 N U O Y

96 |

V4

oy

92

90 n T

I

ftet-

> |

OLL

{
2. 2.2 2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8 4.0

tr/tq = RESET TIME / OPERATING TIME

Curve 396052

12

%7 Fig. 12—Curve For Determining Actual Minimum Trip Current In Percent Of Tap Value Current.

‘*mﬁ:



e

TYPE CO RELAY

I L. 41-280.7B

TIMER STOPS WHEN
}ro :IMER AUX.RELAY GON\‘AG‘)
STOP \ opENS

|

= |70 TIMER{TIMER STARTS WHEN

1 s | START | SWITCH "S" CLOSES
24 o GOAI
L 2 2

AUX. osr_]
RELAY 9 1 co g 9
. n
RESISTANGE I—
LOAD REAR VIEW

TOP TERM.NO.-FOR STD.CASE
BOTTOM TERM.NO.8 TEST SW.
FOR TYPE FT CASE.

SWITCH
-g*

+—AMMETER vy
120 VOLTS
N 60 CYC.
\J

17-D-3546

17-D-3547 ‘
[ TOTIMER ((TIMER STOPS WHEN
STOP AUXRELAYCONTACT
o} & OPENS
OAN-O TOTIMER /TIMER START'S
AUX.RELAY ™ START ‘gfgg‘é‘f"““ s

RESISTANCE
LOAD
REAR VIEW

TOP TERM.~FOR STD. CASEl

BOTTOM TERM.NO.B TEST SW.
FOR TYPE FT CASE.
SWITCH

AMMETER
120 VOLTS
60 Cyc.
»—O o

*~—

Fig. 13—Diagram Of Test Connections For The Circuit
Closing Type CO Relay

after receipt by the customer. If the adJust-
ments have been changed, the relay taken apart
for repairs, or if 1t 1s desired to change the
operating characteristic, such as from inverse
to very 1inverse, the instructions below should
be followed.

For relays that are used with cilrcuift“break-
ers that are not instantaneously reglosed, ad-
Just the statlionary contact by meansjof 1ts
adJusting screw such that the contaet spring
1s Just free of the front spring,stop. By
means of the time dial, move the/moyling con-
tacts until they deflect thé stati®nary con-
tacts approximately 1/644inchs Set the index
pointer such that 1t pointsWo the "0" mark on
the time dial. AdJjust the stationary contact
by means of 1ts adJusfing serew untlil the mov-
ing and stationarygeontaefs Just touch. This
adjJustment 1s to set "O" on the time dial and
provide follow foerathe“contacts.

For relays ‘thatWare used with circult break-
ers that ape instantaneously reclosed, adjJust
the sfatidnary’” contact for quick opening.
This 1s doénel by screwing 1n the contact ad-
Justing screw until the stationary contact
rests solldly against the contact back stop.
By means of the time dial, move the moving
contacts until they Just touch the stationary
contact. Set the index pointer such that 1t
points to the "0O'" mark on the time dial.

The adjustment of the spring tenslon and the

Fig. 14—Diagram30f Test Connections For The Circuit
Qpening Type CO Relay

tap “walue“adjuster are most conveniently made
width “the “damping magnet removed. The reason
fop, thlis 1s both adJustments require the bal-
ance ©f two torques which can best be recog-
nizéd with no damping magnet to retard the
motion of the disc.

With the time dial still set on "0", wind up
the spiral spring by means of the spring ad-
Juster until approximately 6-3/4 convolutions
show. This 1s an 1nitial rough ad.justment.
From this preliminary setting, and using mini-
mum tap setting, adjust the spring tension so
that the electrical torque balances the spring
torque at a fixed value of current at #10*1/2
and #1/2 time dial settings. The best way to
do thls 1s to first measure the actual current
required to balance the spring torque at the
#1/2 and #10-1/2 time dial settings. If 1less
current 1s required to Dbalance the spring
torque at the #10-1/2 position than at the
#1/2 position, 1t 1s an 1ndication that the
spring needs to be wound up more, and vice-
versa. All spring convolutions must be free.
This setting of the spring will not necessari-
ly be at tap value of current. By winding up
or unwinding the spring as required, the cur-
rent required to move the disc at the extreme
limits of its travel (and consequently through
the entire range of travel) may be made con-
stant within very close tolerances.

After having balanced the spring torque and
the electrical torque as above to match at a

13
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Fig. 15—External Connections of the Circuit Closing Type
CO Relay for Overcurrent Protection on a Single
Phase System.
substantlally constant value of current, then
adJust thils constant current value up or down
as required to match the tap value current by
means of the tap value adJuster located on the
right hand leg, front view, of the electromag-
net. Moving the slider toward the top de-
creases minimum trip current and moving the
slider toward the bottom 1ncreases minimum
trip current. The slider must be
tight when checkling thls adjustment.

clamped

Time Curve Calibration

After checklng the adjustments as outlined
above replace the permanent magnet and adjust
1t to <callbrate the relay at 2 times/tap
value current. Thils adjustment 1sfimade, by
means of the damping magnet keéepewr, screw.
Adjust the keeper screw positign such that
the relay willl operate in the tIme as defined
by the curve of Flg. 9 fordmverse or very
inverse depending upon tHe callbration de-
sired. For example, If the 1nverse calibra-
tion 1s desired, the damping magnet may be
adjusted for 27 secends|\ from the #11 time
dial setting. 1f& the, very inverse calibra-
tlon 1s desiredfthefadjustment may be made for
18.3 seconds ‘frofm thel#11l time dlal setting.
Time values somewhat! greater than those shown
for the 1nverse callbration and somewhat less
that those shown for the very inverse call-
bration may be obtalned 1f particular prob-
lems regulre them.

The, tIme® of operation at 20 times tap value

cirpent 1s adJusted by means of the two ad-

Justable magnetic plugs. AdJjust the plug po-

14

Fig. 16—External Connections@of the| Circuit Closing Type
CO Relay for OvercurrentfProtection on a Two-
Phase System.
sition such that thejrelay will operate in
the time as defined by the current vs time
curves of flgure 10 or 11 for 1nverse or very
inverse calibration depending upon the char-
acteristichdeslred for which the 2 times tap
value @adgustment” of time was made. For ex-
ample, < 1f, the Inverse callbration 1s desired,
the 4%elay may be calibrated for 2.18 seconds
frofigthe P#11 time dilal position at 20 times
minimum ¥ trip current by screwing the right
handyplug all the way 1n and adJusting the
left hand plug for 2.18 seconds. If the very
inverse callbration 1s desired, screw the
Yeft hand plug all the way in and adjust the
right hand plug for 1.28 seconds from the #11
time dilal position at 20 times minimum trip
current.

Curve shapes that are different from the in-
verse or very lnverse may be obtained by ad-
Justable magnetic plugs. An example of this
adjustment has been rererred to under "Char-
acteristics", and whereln one range of possi-
bilities 1s shown by Fig. 8.

Minimum Trip Current

The minimum trip current for a calibrated
relay may be checked to an accuracy of tB% by
the use of the followlng formula:

I
I-= 2

Vi 4 tp/ty

where:

I = Actual minimum trip current.

P
@
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Fig. 17—External Connections of the Circuit Closing Type
CO Relay for Phase and Ground Overcurrent Pro-
tection on a Three-Phase System.

multiple of 2 times the
minimum tap setting.

12 = Current at a

to = Operating time at the

setting with Ip applied.
tpr = Reset time of the relay to the #11 time
dial position.

#11 time dial

To aid in determining the minimum tripicurs
rent Fig. 12 has been provided in whieh a/plot
has been made of the minimum trip, curként in
percent

tr/tq-

of tap value current versus walues of

Example: I, = 8 amperes
to = 27 second$§

t, = 8l seconds

tr/tq = 3
I = 100% @TAP “VABUE CURRENT, Fig.
12,

TRIP CIRCUIT

For Relays with Universal Trip

This combdnation wuses a 2.0 amp. contactor
switch and a 0.2 amp. operation indicator con-
AdJust the

switch and indicator as outlined below:

nected 1in parallel. contactor

Céntactor Switch -
down .
tact
core until the

Turn the relay up side
Screw up the core screw untll the con-
Now Dback off the

rotating.

ring starts rotating.
contact ring stops

Fig. 18—External Connections of the Circuit Closing Type
CO Relay¥for Phase Overcurrent Protection on an
Ungrounded Three-Phase System.

Back of fjthe core screw one more turn and lock

inwplace. Adjust the two nuts at the bottom
of ‘Gthe “switch so that there is 3/32 inch
clearance between the moving contact ring and

the “stationary contacts 1in the open position.
The guide rod may be used as a scale as 1t has
52 threads per inch, therefore, 5 turns of the

nuts will equal approximately 3/32 inch.

Combination Test - Close the main relay con-

tacts and pass 2.25 amps d.c. through the trip
circuit. The
AdJust the
flag holder

contactor switch must pick-up.
operation indicator by moving the

such that the indicator operates

co_(3) ‘- co (2)

»0m

18 -
1 REAR VIEW

r’”“i—on
1

[R5

=0w
— |

3

=QQ

35 e
qag e

l_ li2” 2 roe NO. FOR ST'D CASE.

REAR VIEW
BOTTOM TERMINAL NO. AND TEST
SWITCHES FOR TYPE FT CASE.

17-D-3549

Fig. 19—External Connections of the Circuit Opening Type
CO Relay for Phase Overcurrent Protection and of
the Circuit Closing Type CO Relay for Ground Pro-
tection on a Three-Phase System.
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TYPE CO RELAY

with the application of the 2.25 amps. Pass
30 amps d.c. through the trip circuit. The
indicator and contactor switch must not stick
in the operated position when the current 1is
interrupted.

For Relays with Series Trip

This combination wuses a 2.0 amp. contactor
switch and either a 1.0 amp or a 0.2 amp oper-
ation indicator connected in series. Adjust
the contactor switch and operation indicator
as outlined below:

Contactor Switch Adjust the same as above for
Contactor Switch.

Operation Indicator Close the main relay con-
tacts and pass 95% of rated indicator current
d.c. through the ¢trip circuit. Adjust the
operation 1indicator by moving the flag holder

such that the indicator operates with the ap-
plication of the 95% current.

Combination Test Pass 30 times indicator rat-

and indicator must not stick in

Hold the relay contacts closed and with an
auxiliary relay coil connected across termi
als to simulate the circuilt breaker trip coil,
note that the contactor switch picks up on

L 4

less than 4 amperes.

Operation Indicator (Circuit Openin s

Adjust the 1indicator simil t hat de-
scribed for the cilrcuit clogin ay except

to operate at 2 amperes a.c

Instantaneous Trip Attachm

The position of
bottom of the e
calibrated

disc at the
reference to the

disc sho

positio ing the locknut which locks
the Mica and rotating the Micarta
disc. en nal ratio of adjustments is 1
to 4 o ample 10 to 40 amperes, and it has

a c within the 1limits of apprcximately

itch, and after the final adjustment is

n

ing through the trip circuit. The contactor

switch and indicator must operate with th

application of the current and the contac\The drop-out value 1s varled by ralsinz or

switch t lowering the core screw at the top of the
er,

operated position when the current 1s 1
rupted.

De-ion Contactor Switch & O
(Circult - Opening Relays) \
Adjust the core stop on the%high as

possible without allowing the

u
ing at the bottom of the pl er o touch the

lMicarta angle. The cont be separated

from the Micarta angle b 2" to 1/16". Ad-
Jjust the contact c to slightly less
than 1/16 of an Be down the contact

springs so that tact 1s made but not

so strong that the um pick-up value can-
1oy he obtalned. The spring tension should be

L 4

sbout 15 grams.

made, the core screw should be securely locked
in place with the lock nut. It should be ad-
justed for about 2/3 of the minimum pickums.

RENEWAL PARTS

Repalr work can be done most satisfactorily
at the factory. However, interchangeable
parts &an be furnished to the customers who
are equipped for doing repair work. When
ordering parts, always give the complete name-
plate datsa.

ENERGY REQUIREMENTS

The 60 cycle burdens and thermal capacities
of the wvarious cilrcuits of the relay are as
follcws:

“«m’%ﬁg

_—ry



TYPE CO RELAY

I L. 41-28

Continuous One Second Power
e Ampere Rating Rating* Factor
Range Tap (Amperes) (Amperes) Anglegd
0.5 2 56 72
0.6 2.2 56 71
0.8 2.5 56 69
0.5/2.5< 1.0 2.8 56 67
1.5 3.4 56 62
2.0 4.0 56 57
2.5 4oy 56 53
2 8 230 70
2.5 8.8 230 66
3 9.7 230 64
2/6 3.5 10.4 230 62
4 11.2 230 60
5 12.5 230 58
\6 13.7 230 56
" 16 460 68
5 18.8 460 63
6 19.3 460 60
4/12 7 20.8 460 57
8 22.5 460 54
10 25 460 48
12 28 460 45

*Thermal capacities for short times other than one

inversely proportional to the square of the
@ Degrees current lags voltage at tap value
QD Voltages taken with Rectox Type Volt

N
903
&

L 4

Q
o
&

L 4

C
C

Volt AmperesA

At At 3 Times At 10 Times At 20 T1
Tap Value Tap Value Tap Value Tap Value
Current Current Current Curren
2.38 21 132 350

2.38 21 134 365’

2.40 21.1 142 4oo
2.42 2l.2 150 440
2.51 22 17! 530
2.65 23.5 200 675
2.74 24.8 800

2.38 21 360

2

136
2.40 21.1 2 395
2.42 21.5 1 430
2.48 22 470
2.53 22.7 164 500
2.64 24 180 580
2.75 2 198 660
1. 158 480

2.38
2.46

2,54 172 550
190 620

207 700

. 248 850

3.4 31.4 292 1020

d may be calculated on the basls of time being

17



TYPE CO RELAY

190-32 TERM. SCREW
USE .190-32 5TUD FOR CUT OUT FOR
THICK PANEL MTG. SEM) -FLUSH

FDIA. HOLE DRILL }__351 — MOUNTING.

PANEL LOCATION
FOR PROJECTION

4§

d

a'_—*‘j;

L

4

PER INTERNAL L—s5 oy
TYPE MTG. SCHEMATIC FOR z_iu ] CUT OUT FoR
1 PROJECTION MTG. © PROJECTION
q 28 ON THICK PANELS. 2+ MTE ON THIN
: t 3R b1 PANELS.
9 | /= L . ﬁﬁi D
| N
‘ T Y .
‘ ’ B3 4§
Y I t]
oL e% L 8
, i ! L4
‘ T i
0% i | | ’ §
| | ARy
\ |
« i

|

]
N STUDS FOR PROJ = T L 4 DIA. HOLES FOR
Se TYPE MTG. & DIA! SEMI FLUSH TYPE
PANEL LOCATION FOR HOLE. (2 REQY. MTG. (4 HOLES).
SEMI FLUSH TYPE MTG. 2% WITH SCREW 2% —
22 Wi STUD $i-18 mra. 700 (2Req)

16-B-2470

Fig. 20—Outline And Drilling Plan For The Type CO Relay In Thé S10" Projection Or Semi-Flush Type FT Flexitest
Case. See The Internal Schematics For The TermifialsiSupplied. For Reference Only.

512 — = 755 USE SCREWS
OR THIN PANEL
OPENING FOR | 222 .1
THIN PANEL MTG, 2, 7 J—
~<—IE——-<-I e
i
ta | ot |

9

\njoo USE STuDS

|00
/ \
AR “h3/\ ST
o Y | g e _TUS FOR THICK PANELS

153 ) |
() 4
M
TT N | \:?’4'%”?” 3
|/ &l NN 22 |
\ { : 4
o D‘.L 4{?9/ _*_“O/T ]

® l @ } ”\A——.—L('/IZ}{' —
4 __—-\_—#/l ittt
l \ P /j ) ° )

A} ! h
% DIA-DRlLLJ — 3—92 DIA.DRILL  .190-32 TERM SCREWS & STUDS b \\J|
(2-HOLES)  L-20 MOUNTING SCREWS

& STUDS

3

63-D-301

Fig. 21—Outline And Drilling Plan For The Type CO Relay In The Projection Type Standard Case. See The Internal
Schematics For The Terminals Supplied. For Reference Only.
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I. L. 41-280/7A
INSTALLATION e OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE CO ADJUSTABLE INVERSE
TIME OVERCURRENT RELAY

CAUTION OVERCURRENT ELEMENT

Electromagnet
Before putting protective relays into ser- —_—

vice, remove all blockling which may have been
The electromagnet 1s shown 1in the schematic

Inserted for the purpose of securling the parts
dlagram of, FIgs 1. The maln tapped coll pro-

during shipment. Make sure that all moving
duces a flux which splits and returns through

parts operate freely. Inspect the contacts to
the Wouter , degs. A shadlng coll causes the

flux through the left hand leg to lag the mailn
polefgflux. The out of phase fluxes thus pro-

see that they are clean and can close proper-
ly. Operate the relay to check the settings

and electrical connections.
duced, cause a contact closing torque. The tap

value, adjuster 1s a single turn shading coll

APPLICATION mounted on the right hand leg. It 1is short

circulted through an adjustable length of wire

These 1induction-overcurrent relays afe,used and tends to partlally neutralize the effect

to disconnect ¢ apparatud when the of the shading coll. The function of the tap

en valuémd Where value adjuster 1s fully described under Ad-

\over Jis avail- Justments. AdJustable magnetlc plugs in the

current in them
a station battery (4
able, the cilrcult closin
mally used to trip the ci

type rel@ys ate nor- magnetic clrcult are held in position by means
ult breaker® Where of elastic clinch nuts located on the rear of

4 the electromagnet.
3 s
Jun ‘f%héﬁfﬁisby Shaft and Bearings
e % v s
a-c seriles trip coils can. %ﬁwusgd trip the et

M,

4f%”*“ﬂMw@ The spiralxshggzd @gisc lg# Tastened to a
T
1 shaft suppqrted 0] the lower end by a

CONSTRUCTION~AND OPERATION pin and ef type béaring and on the up-

per end by a pin an ¥E, bearing. The upper
/}«-" Z ¢ ai haft b wﬁ?ﬁm
Circuit-Closing Aelay e /fﬂ // - ;l ;,_‘/E !Ew sc  sha earin agg T removable,
N : £

- e corresponding wupper and loweY*pearing

breaker.

The cireult®eclosifig type CO relays consist Plns are removable and adjustable. The bottom

of an dvercurrens element, an operation indi- bearing pln 1s securely locked in positlon by
cator,“Qa @ontaftor switch, and an instantane- Mmeans of a set screw and nylon plug, and the
ous trip attaé¢hment when required. top bearing pin by a shoulder nut that holds
/ 7 theftime dial in position.
Do s Btd A
Circuit-Opening Relay - ‘:9(*4* /!Ll/’*"/{/ u’;{t
“ Damping Magnet

The circult-opening type CO Relay consists
Ofy an overcurrent element, a de-ion contactor The damping magnet is an Alnico 5 permanent
switch, a small transformer to energize the magnet with an adjustable keeper. The keeper
de-lon contactor swltch, an operation indica- 1s locked 1n position by means of a set screw
tor and an 1nstantaneous trilp attachment when and nylon plug in the casting that secures the

required. damping magnet to the movement frame.

SUPERSEDES 1. L. 41-280.7 EFFECTIVE JULY 1953

%*Denotes change from superseded issue.



TYPE CO RELAY

SIDE POLES — MAIN POLE

KEEPER
pisc
MAIN
///////* coiL

J el TaPvaLuE
N ADJUSTER

SHADING
colL

2| -6

ADJUSTABLE [ TO RELAY
MAGNETIC PLUGS T TERMINALS

FRONT VIEW

COVER OPERATED OPERATION INDICA TOR.

SWITCH WHEN USED
XTESY SWITCH
J a co A
@F—N——+ T ®
cs
C5)r—
CONTACTOR SWITCH —] co B
—
FOR TRIP CURRENTS
LESS THAN2.25A MPS,_1 [£]
DISCONNECT & DEAD L—

END THIS LEAD

co co
TAP VALUE ADJUSTER "'tA: L:g‘sL FV,
RH. LEG F.V. o y

1 H
ere— &g
K SHORT CIRCUIT

REAR VIEW SWITCH

TEST SWITCH RED HANDLE
Jht—T0 RELAY
—CURRENT TEST JACK
T0 BASE TERMS.

&7 VN gcm\ssm OPERATED

SHORTING SWITCH

04—l

Fig. 1—Schematic Diagram of the Overcurrent Element
Electromagnet.

Tap Block Assembly

The tap block assembly conslsts of eight
spring loaded tap terminals housed in a mould-
ed tap block, a tap plate secured to the front
of the moulded block, and a tap screw. The
tap screw engages the tap termlnal and pulls
the terminal forward to cause a direct metal
to metal contact with the tap plate. When the
tap screw 1s removed, the terminal 1s pushed
back by a spring so that 1t will no longer be
in contact with the tap plate. The tap screw
1s equlpped wilth an 1nsulating nylongsleeved

Contacts

The moving contact 1s a smadidy sIlver hemis-
phere fastened on the end of anjarm. The
other end of this arm 1s cdampedsto an 1nsul-
ated sectlion of the disc ghaft{y The electric-
al connectlion 1s made“fromythe moving contact
through the arm and splralfspring. One end of
the spring 1s fastenegd t@ the arm, and the
other to a slotted“spring adjuster disc which
In turn fastens to the“element frame.

The statlonary contact assembly consists of

a sllver céntact attached to the free end of

This spring 1s fastened to
mounted on the element

a leaf gpring.
a Mlcarta, bBlock

frame\ ), A“WSmall set screw permits the adjust-
mentn, Of, contact follow. When double trip 1s
requlred, another leaf spring 1s mounted on

2

Fig. 2—Internal ‘Schematicsof the Double Trip Circuit Clos-
ing Relay'in the Type FT Case. The Single Trip
Relaywhas ‘Terminal 3 and Associated Circuits
Omitted.

the Mlcarta bloek. Then the statlonary con-
tact segt screws permit adjustment so that both
circudlts“will be made simultaneously.

Tinie Diak,

The time dial 1s a moulded adjustable con-
fact stop with 11 equal scale divisions marked
through a 270 degree arc. The time dial 1is
held in position at the top of the disc shaft
by means of a star cupped spring washer and a
shoulder nut.

[

An adJjustable 1ndex poilnter 1s located on

the movement frame top bearing mount.

Contactor Switch (Circuit Closing)

The d-c¢ contactor switch in the relay 1s a
small solenold type switch. A cylindrical
plunger with a silver disc mounted on 1ts

lower end moves in the core of the solenoid.

As the plunger travels upward, the disc
bridges three sllver stationary contacts. The
coll 1s 1n serles wlth the maln contacts of
the relay and with the trip coll of the break-
er. When the relay contacts close, the coll
becomes energlzed and closes the switch con-
tacts. Thils shunts the maln relay contacts,
thereby relleving them of the duty of carrying

tripping current. These contacts remaln

-~




TYPE CO RELAY

I. L. 41/280.2A

COVER OPERATED

SWITCH WHEN USED
TEST SWITCH
J )(
Vi
®/«“*.@1—J\r* :r*@

OPERATION INDICATOR — ]
co co

//{f} T

1 o 17 H
\ SHORT CIRCUIT

REAR VIEW SWITCH
TEST SWITCH RED HANDLE

B AR ——TO RELAY

I ﬂCURRENT TEST Jacx
. D O To BASE TERMS,

FRONT V\EW

CONTACTOR SWITCH

LAG ColL

TAP VALUE ADJUSTER L.H. LEG F.V.

RH.LEG F.v.

CHASS‘S OPERATED
SHORTING SWITCH

+—OPERATION INDICATOR
c A 8
¥
AUXILIARY CURRENT co
TRANSFORMER \
SECONDARY

TAP VALUE
ADJUSTER codco
(RIGHT HAND LEG
FRONT VIEW )

DE-ION
CONTACTOR SWITCH

AG COIL
(LEFT HAND LEG
FRONT VIEW )

1. Cg e H
@ ’V\7A e 0
AUXILIARY CURRENT: \/
TRANSFORMER g = /)/snom' CIRCUIT SWITCH
o TEST SWITCH - 7O RELAY
- CURRENT TEST JACK
45 TO BASE TERMINALS

FRONT VIEW \———anssm OPERATED

SHORTING SWITCH

Fig. 3—Internal Schematic of the Single Trip Circuit Clos-
ing Relay with Instantaneous Trip Attachment in
the Type FT Case.

closed until the trip circuit is opened by the
auxliliary switch on the breaker.

De-ion Contactor Switch (Circuit Opening)

This switch 1s a small a-c solenoid)switeh

whose coill 1s energized from a small trans-
in the main current “@ircuit.

thefjd-c type

former connected
Its construction is similar to
switch

spring leaf

except that the plunger /operates a
arm with a silves,contact surface
on one end and rigidly ,fixed t9 the frame at

the other end.

The overcurrent elément, contacts are in the
switch coil

solenold plunger

contactor gircult and when they

close, the moves upward to

open the de-ion_contaé¢ts which normally short
circuit the [£rip gcoil. These contacts are
able to "tmansfer  'the heavy current due to a

short cdrcuit™and permit this current to ener-
gize fhe breaker trip coill.

Operation Imdicator

The operation 1indicator is a small solenoid
coil When the

eeodl 1is energized a spring-restrained armature

connected in the trip circuit.

releases the white target which falls by grav-
ity to 1indicate the trip cir-
cult. The indicator may be reset from outside
of the case.

completion of

Fig. 4—Internal Schematic of the Circuit Opening Relay
in the Type FT Case.

Ingtantaneous Trip (When Supplied)

The instantaneous trip attachment is a small
solenoid type element. A cylindrical plunger
rides up and down on a vertical guide rod in
the center of the solenoid coll. The guide
rod 1s fastened to the stationary core, which
A sil-
ver disc 1s fastened to the moving plunger
helical When the coil is
energized, the moves upward carrying
the silver disc
shaped stationary contacts.
the helical

plunger 1is free to

in turn screws into the element frame.
through a spring.
plunger

which bridges three conical-
In this position,
spring 1s compressed and the
move while the contact re-
mains statlionary. Thus, a-c vibrations of the

plunger are prevented from causing contact

bouncing. A Micarta disc screws on the bottom
of the guide rod and is locked in position by
determines the

a small nut. Its position

pick-up current of the element.

CHARACTERISTICS

The type CO
relay 1s

adjustable inverse time circuit
closing avallable in the following

current ranges:

0.5 0.6 0.8 1.0 1.5 2.0 2.5
2 2.5 3 3.5 4 5 6
4 5 6 7 8 10 12



TYPE CO RELAY

OPERATION
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- a,ﬁ:jg/,

cs
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CONTACTOR SWITCH— co

——i
FOR TRIP CURRENTS
LESS THAN2.25 4 cs
AMDPES.DISCONNECT

a D END THIS
Lead ' c0 €0
| LAG con
TAP VALUE L.H.LEGF. V.
ADJUSTER
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co
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co IT
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REAR VIEW

Fig. 5—Internal Schematic of the Double Trip Circuit Clos-

ing Relay in the Standard Case. The Single Trip

Relay has Terminal 3 and Associated Circuits
Omitted.

The type CO adJustable 1nverse time circuilt-

opening relay 1s recommended only in the 4 to
12 ampere range. A lower range 1s not desir-
able because the burden of a low-range trip
coll 1s too heavy on the current transformer.
One trip coll 1s required for each relay.

The tap value 1f the minimum current requir-
ed to Just close the relay contacts. The mov-
Ing contacts will 1leave the time dilal stop,
regardless of the time dlal setting, and move
to touch the stationary contacts at tap value
current.

These relays may have elther single @rvdous
ble circuilt closing contacts fon tripping
elther one or two breakers, or may have®elr-
cult-opening contacts for tripping the break-
ers by current from the current fransfermers.

The time vs current characgeristics for the
style callbration of invemse ‘omfvery lnverse
are shown in Fig. 10 and Eig. 11 respectively.
The term "style calibration!yyfs used as there
1s no difference between the inverse and very
Inverse relays “excegpt 4An thelr calibration.
Relays carrylng a stylednumber which indicates
the 1nverse callbration may be changed to the
very 1nverse callbration or vice versa through
two simpley adjustments. Thils 1s outlined in
detall under©GAdjustments.

In additlen to the one relay covering the
inverse) or the very inverse curves, the relay
may ‘bey re-calibrated for a characteristic
ofher than elther of these. An example of the

Fig. 6—Internal Schematic of the Single Trip Circuit Clos-
ing Relay with Instantaneous Trip Attachment in
the Standard Case.

spread of adjustmenfs |f6 provide different
curve shapes \I§,shown by Fig. 8 wherein all
curves are_pasgsed®) through 27 seconds at 2
times minimum t€¥ip) current. The curves may be
passed throughia common polnt other than 27
seconds (by “adgustment of the dampling magnet
keeper serew. The range of adjustability in-
dicated'at 20 times minimum trip current is
Obtalned/ by means of the magnetic plugs. The
upper limit curve 1s obtalned with the right
hand plug "all in" and the left hand plug "all
out" (approximately 20 turns of the screw).
The lower 1limit 1s obtalned with the left hand
plug "all in" and the right hand plug "all-
out". Various adjustments of the plugs parti-
ally wilthdrawn from the magnetic cilrcuilt may
be used as desired to obtaln a curve within
the band shown, 1ncluding the standard or
"pattern" curve to which the relay is calibra-
ted at the factory. Thus, one or the other
of the plugs wlll be partially withdrawn in
the factory calilbration to one or the other of
the 1nverse or very inverse standard curves.
Simllarly, the factory set position of the
damping magnet keeper screw wlill depend upon
the "style calibration".

The burdens and thermal ratings are listed
under Energy Requirements. The 1instantanecus
trip attachment has a 1 to 4 ratio. Typical
ranges are 10-40 or 20-80, but other ranges

are also avallable.

The De-ion contactor switch on the circulilt
opening relays has a minimum pick-up of 4 am-

peres a-c.

P



TYyPE co RELAY

I. L. 41-280.7A

Trip Circult

The maln contacts will safely close
peres at 250 V. d-c, and the switch
will safely

trip a breaker.

30 am-
contacts
carry thls current long enough to

The relay without the
attachment 1s

Instantaneous trip
shipped with the operation 1n-
dicator and the contactor switch connected 1in
parallel. This circult 1s sultable for all
trip currents above 2.25 amperes d.c. If the
less than 2.25 amperes, there
1s no need for the switch and 1t
should be disconnect the
coll remove the short lead to the coll on the
front stationary of the contactor
switch. This 1lead should be fastened (dead-
ended) under the small
located 1n the
switch.

The relay wilth

tachment has a two ampere contactor switch in

trip current 1s
contactor
disconnected. To

contact

filister head screw
Micarta base of the contactor

the instantaneous trip at-

serles with a one or 0.2 ampere operation in-

dicator 1n each trip path.

Relay with Quick Opening Contacts

When the relays are used with circultybreak-

ers that are 1nstantaneously reclosed, 1t 1s
arrange the relay cgntactsdto be
This

the small set screw on the stafionarny

necessary to

quick opening. 1s done by s€rewing 1n
contact
assembly untll the contact rivet rests solidly
contact back stop. When"this 1s done,
of the  index pofnter should be
shifted so that the movlng and stationary con-

the time dial 1s set

on the
the position

tacts barely touch mwhén

on ZzZero.

CONTACT [CIRQUIT CONSTANTS

UniversalWTrip Circult

Reslstdnce fof 042 ampere Target....... 2.8 ohms
Resistancejof 42.0 ampere Con-

tactor Switch .......cii it 0.25o0hms
Resistance of Target and Switch

In Paral¥el ........ciiiiiiieeennnnnn 0.23ochms

Trip Circult with Instantaneous Trip

Resistance of 1.0 ampere Target...... 0.16ohms
Resistance of 0.2 ampere Target...... 2.8 ohms
Resistance of 2.0 ampere Con-

tactor Switch ... eei i inennens ... 0.250hms

RELAYS IN TYPE FT CASE

The type FT cases are dust-prooftencl®osures

combining relay elements and knife-blade test
This combination

flexible assembly easy to

switches 1n the same case.

provides a compact
mailntaln, inspect, test add adjust.
of “the“Wtype FT

cover, and chassisqy, The case 1s an all

There are
three maln units case: the
case,
welded steel housing containing the hinge half
of the knife-blade <¥est /switches and the ter-
minals for external“eonnections. The cover 1s
a drawn steel frame
fits

switches

with a clear window which
with the
The chassls 1s a frame that

over ftheg,front of the case
cTosed.
supportsgthe, relay elements and the
Jaw dhalfof the test swiltches.
and ‘outy of'athe case. The
tions \\between the base and chassls are

pletedythrough the closed-knife blades.

contact
This slides in
electrical connec-

com-~

Reémoying Chassis

To remove the chassis, first remove the cov-
er by unscrewlng the captive nuts at the cor-

ners. Thils exposes the relay element and all
the test switches for 1nspectlion and testing.
The next step 1s to open the test switches.
Always open the elongated red handle
first before opening any of the black handle
or the cam actlon latches.

trip circuit

swiltches

This opens the

to prevent acclidental trip out.

Then open all the remaining switches. The
order of opening the remaining switches 1s not
Important. 1In opening the test switches they
should be moved all the way back agalnst the

stops. With all the switches fully opened,
grasp the two cam action latch arms and pull
outward. Thils releases the chassis from the
case. Usling the 1latch arms as handles, pull

the chassis out of the case. The chassis can
be set on a test bench 1n a normal upright po-
sition for test

as well as on 1ts back or

sldes for easy 1nspection and malntenance.

After
chassis
blade
and the cover put
sis. The
located Dbehind the current

removing the chassis a duplicate

may be 1inserted 1n the case or the
of the switches can be closed
in place without the chas-
switch

test switch pre-

portion

chassls operated shorting

vents open circulting the current transformers

5



TYPE CO RELAY

when the current type test switches are
closed.

When the chassis 1s to be put back in the
case, the above procedure 1s to be followed
In the reversed order. The elongated red han-
dle switch should not be closed until after
the chassls has been latched 1n place and all
of the black handle switches closed.

Electrical Circults

Each terminal 1n the base connects thru a
test swltch to the relay elements 1in the chas-
sls as shown on the 1nternal schematic dla-
grams. The relay terminal 1s identified by
numbers marked on both the inside and outside
of the base. The test swiltch positions are
l1dentified by 1letters marked on the top and
bottom surface of the moulded blocks. These
letters can be seen when the chassis 1s remov-
ed from the case.

The potentlial and control circuilts thru the
relay are dilsconnected from the external cir-
cult by opening the assoclated test switches.
Opening the current test switch short-circuits
the current transformer secondary and dis=
connects one side of the relay coll but leaves
the other side of the coll connected to _gthe
external cilrcults thru the current test Jack-
Jaws. Thils circult can be 1solated by dmsert-
ing the current test plug (without (external
connections), by inserting the ten, @irduit
test plug, or by inserting a plecg of Thsulat-
ing material approximately 1)/32" “hick into
the current test Jjack Jaws. _Bothjswitches of
the current test switch palr/{must{be open when
using the current test _plug,or insulating
material 1n this manner to short-circult the
current transformer se€eondarys

A cover operated switchycan be supplied with
1ts contacts wired , ind series with the trip
circult. Thils switch™ opens the trip circult
when the cover 1s removed. Thls switch can be
added to the existing type FT cases at any
time.

TESTING

Thégprelays can be tested in service, in the
dase Gbut with the external circults 1solated,

6

or out of the case as follows:

Testing In Service

The ammeter test plug can be 1nserted in the
current test Jaws after opening the knife-
blade switch to check the current thru the
relay. This plug consists of two g@obnducting
strips separated by an insulating(st®rip. The
ammeter 1s connected to these stripsaby term-
1nal screws and the leads are arried» out thru
holes in the back of the 1insulated handle.

Voltages between the potential circults can
be measured convenientlyWby glamping #2 clip
leads on the projectingycllip lead lug on the
contact Jaw.

Testing In Case

With all blades,in the full open position,
the tend{ ¢inrcult test plug can be lnserted in
the congact Jaws’. Thls connects the relay
elementg®to, a “set of binding posts and com-
pletel§y \1solates the relay circults from the
external eoennections by means of an insulating
barrier ‘on the plug. The external test cir-
cultsjare connected to these binding posts.
The plug 1s 1nserted 1n the bottom test Jaws
wlth the binding posts up and in the top test
switch Jaws with the binding posts down.

The external test circults may be made to
the relay elements by #2 test clip leads in-
stead of the test plug. When connecting an
external test circult to the current elements
using clip leads, care should be taken to see
that the current test Jack Jaws are open so
that the relay 1s completely 1solated from the
external circults. Suggested means for 1sol-
ating this circult are outllned above under
"Electrical Circuits".

Testing Out of Case

With the chassls removed from the base, re-
lay elements may be tested by using the ten
circult test plug or by #2 test clip leads as
described above. The factory callbration is
made with the chassls 1n the case and removing
the chassls from the case willl change the cal-
ibration values by a small percentage. It is
recommended that the relay be checked 1n posi-
tion as a final check on the callbration.

ey
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4 /———AVOPERATION INDICATOR
@..__I\r“_
ILIARY CURRENT—} co P — v DE-ION
AU);'IEAANSFggMER CONTACTOR SWITCH
SECONDARY
1 LAG COlL
“ABIUSTER co €0 (LEFT HAND LEG
FRONT VIEW )

ADJUSTER
<o cs

{RIGHT HAND LEG
AUXILIARY CURRENT‘W
TRANSFORMER

FRONT VIEW )
PRIMARY

REAR VIEW

Fig. 7—Internal Schematic of the Circuit Opening Relay
in the Standard Case.

INSTALLATION

The relays should be mounted on switchboard
panels or thelr equivalent 1n a locatlon free

from dirt, moisture, excessive vibration and
heat.
the two

and the type FT projection

Mount the relay vertically by means of

mounting studs for the standard cases
case or by meaus
of the four mounting holes on the flange for
the semi-flush type FT Eilther of) the
studs or utidized

The electrilcalicon-

case.
the mounting screws may be
for grounding the relay.
nections may be made direct to the,terminals
by means of screws for steel panel mounting or
studs furnished width( the relay

for ebony-asbestos or

to terminal
slate [ panél mounting.
The termlinal studs may befjeasily removed or
inserted by 1locklng two nuts on, the studs and

then turning the propemdiut with a wrench.

SETTINGS

There are two settings ~ namely the current
value at which fhe
and the timefrequired/to close them.

relay closes 1ts contacts
When the
to"be used to equipment

relay 1s protect

agalnst ©Overload, “the s>ttings must be deter-
mined by“th€ nature of the load, the magnitude
of the peaks@and the frequency of thelr occur-

ence.

Bor sectlonallzing transmission systems the
current and time setting must be determined by
calculation, due conslideration belng given to
the’time required for circult breakers to open
so that proper selective actlon can be obtaln-

ed throughout the system.

Current Settilng

The connector screw on the termlnal plate
above the time dial makes connectlions“tesvari-
ous turns on the operating coil.
this
willl Just close contacts at__ the corresponding
4.0 - 5.0 - 6.0/-4% - 8 - 10 - 12

amperes, or as marked onjthe terminal plate.

By placing
screw 1n the varilous holes, the relay

current

CAUTION

Be sure that the connector screw 1s turned
up tight so as to make,a good contact, for the
through 1it.
element 1s connected directly 1n
the latter

shert=circuited before changing the

operating current“passes Since
the overload
the current transformer
should be,

conngetor” serew.

circults,

This can be done convenlent-

ly by ingerting the extra connector screw in

the, new, tap and removing the o0ld screw from

1tsQeriginal setting.

Time®Dlal Setting

The time dial 1imits the motlon of the disc
and thus
latter decreases wilth lower time dial settings

varies the time of operation. The

as shown 1n the typlcal time curves.

ADJUSTMENTS AND MAINTENANCE

All relays should be 1nspected perilodically
and the time of operatlon should be checked
at least once every six months or at such

other time intervals as may be dictated by ex-
perlence
plication.

to be sultable to the particular ap-

Phantom 1loads should not be used
in testing 1nduction-type relays because of
the resulting distorted current wave form

which produces an error in timing.

All contacts should be periodically cleaned
with a fine file. S#1002110 file
mended for this The use of abrasive

material for

1s recom-
purpose.
cleaning contacts 1s not recom-

mended, because of the danger of embedding
small particles 1n the face of the soft silver
and thus 1mpalring the contact.

The proper adjustments to insure correct
operation of this relay have been made at the
factory and should not

require readjustment

1
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Fig. 8—Example of the Range of Adjustability of the Time Curves by Means of the Adjustable Magnetic Plugs.
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Fig. 9—Time VS Time Dial Setting for Inverse and Very Inverse Calibration at 2 Times Minimum Trip.
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- IMER STOPS WHEN
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o J START |SWITCH “s” cLOSES

It 4

2 o COAI

M F
aUX. e “,J !
RELAY o3 c0 52
e il

L.OAD REAR VIEW
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\
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TOP TERM.—FOR STD. CASE
BOTTOM TERM.NO.& TEST SW.

FOR TYPE FT CASE.
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g
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R 120 VOLTS
60 CYC.
—0

Fig. 12—Diagram of Test Connections for the Circuit Clos-
ing Type CO Relay.

after receipt by the customer. If the adjust-
ments have been changed, the relay taken apart
for repairs, or 1f it 1s desired to change the
operating characteristic, such as from inverse
to very 1nverse, the 1instructions below should

be followed.

For relays that are used with circult break-
ers that are not 1nstantaneously reclosed, ad-
Just the statlonary contact by means of 1ts
adjusting screw
1s Just

means of

such that the contact spring
of the front
the time dial, move the moving con+

free spring stop. By

tacts untill they deflect the stationary con-
tacts approximately 1/64 inch. Set@thelindex
pointer such that 1t points to the "@"“mark on
the time dial. AdJust the
by means of 1ts adjusting screw until the mov-
ing and This
is to set "O" on the time dial and
provide follow for the contgets.

statlionarpy contact

statlonary contacts JuSt' toueh.
adJustment

For relays that argyused with clrcult break-
ers that are instantanéously reclosed, adjust
the stationary
Thils 1s

Justing

contact A£or quick opening.

done by screwdng in the contact ad-

screw until the stationary contact
rests solidly agalinst the
of¢, the time
unt ¥l they Just touch the statlonary
Set the 1ndex pointer such that 1t

points %o the»"0" mark on the time dial.

contact back stop.

By means 1al, move the moving
contacts

contact.

Themadjustment of the spring tension and the

12

Fig. 13—Diagram of Test Connections for the Circuit Open-
ing Type CO Relay.

tap value adJustem are most convenlently made
with the damplngtmagnet
for this 1s both “adjustments require the bal-
ance of twojgtorques which can best be
nized with no¥damplng magnet to retard the
motlongof the disc.

removed. The reason

recog-

With(the time dial still set on "O", wind up
the splral spring by means of the spring ad-
Juster until approximately 6-3/4 convolutions
This 1s an 1nitial
From this preliminary setting, and using mini-
mum tap setting, adjust the spring tension so

show. rough adjustment.

that the electrical torque balances the spring
torque at a fixed value of current at #1C-1/2
and #1/2 time dial settings.
do thils 1s to first measure the actual current

The best way to

requlred to balance the spring torque at the
#1/2 and #10-1/2 time dlal settings. 1If
current 1s required to balance the

torque at the #10-1/2 position than at the
#1/2 position, 1t 1s an 1ndication that the
spring needs to be wound up more, and vice-

less
spring

versa. All spring convolutlons must be free.
This setting of the spring will not necessari-
ly be at tap value of

current. By winding up

or unwlnding the spring as required, the cur-
rent required to move the disc at the extreme
limits of 1ts travel (and consequently through
the entire range of tfavel) may be made con-

stant wilthin very close tolerances.

After having balanced the spring torque and

the electrical torque as above to match at a
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Fig. 14—External Connections of the Circuit Closing Type
CO Relay for Overcurrent Protection on a Single
Phase System.
substantlally constant value of
adjJust thils constant
as required to match the tap value current by

current, then

current value up or down

means of the tap value adjuster located on the
right hand leg, front view, of the electromag-
net. Moving the slider toward the top de-
creases minimum trip and moving the
slider toward the

current

bottom 1ncreases minimum

trip current. The slider must be clamped
tight when checklng thls adjustment.
Time Curve Calilbration

After checklng the adjustments a8W, outlined

replace the permanent magnet/andvadjust
calibrate the
This
damping magnet “keeper

above
it to
value

relay A4%" 2ytlimes tap
current. 1s made by
means of the
Adjust the keeper screwy posi®lon such that

the relay will operate in the tim= as defilned

adgustment
screw.

by the curve of Figw 9 Gfor inverse or very

inverse depending fupon {\the calibration de-
sired. For example, Wf" the 1inverse calibra-
tion 1s desired, fthe dampling magnet may be
adjusted for 27 seecends from the #11 time
dial segting., Tf the very inverse callbra-

tion 18l desired, he adjustment may be made for

18.3 seconds 4from the #l1 time dilal setting.
Time values ‘somewhat greater than those shown
for the 1nverse callbration and somewhat less
that those shown for the very inverse call-

bration may be obtalned 1f particular prob-
lems require them.

The time of operation at 20 times tap value

current 1s adjusted by means of the two ad-

Justable magnetic plugs. AdJust the plug po-

Fig. 15—External Connections of the Circuit Closing Type
CO Relay for Overcurrent Protection on a Two-
PhasedSystem.

sition stich, that the relay will operate in

the , time fas| Vdefined by the current vs time

curvesgef figure 10 or 11 for 1nverse or very
inverse calibration depending upon the char-
acter¥atic desired for which the
of time

1f the inverse callbration 1s desired,

2 times tap

valuepadJustment was made. For ex-
ample,
the relay may be calibrated for 2.18 seconds
from the #11 time dial position at 20 times
minimum trip current by

hand plug all the way in

screwing the right
and adjusting the
left hand plug for 2.18 seconds. If the very
inverse calibration 18 desired, screw the
left hand plug all the way in and adJust the
right hand plug for 1.28 seconds from the #11
time dial position at 20 times

current.

minimum trip

Curve shapes that are different from the in-
verse or very lnverse may be obtalned by ad-
Justable magnetic plugs. An example of this
adjJustment has Dbeen referred to under "Char-
acteristics", and wherein one range of possi-

bilities 1s shown by Fig. 8.

TRIP CIRCUIT

For Relays with Universal Trip

This comblnation uses
swiltch and a 0.2 amp. operation indicator con-
AdJust the
switch and indicator asAoutlined below:

a 2.0 amp. contactor

nected 1n parallel. contactor

Contactor Switch_ -
Screw up the core screw until the con-
Now back off the
rotating.

13

Turn the relay up slde
down.
tact

core untill the

ring starts rotating.
contact ring stops
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Fig. 16—External Connections of the Circuit Closing Type
CO Relay for Phase and Ground Overcurrent Pro-
tection on a Three-Phase System.

Back off the core screw one more turn and lock
in place. AdJjust the two nuts at the bottom
of the switch so that there is 3/32 inch
clearance between the moving contact ring and
the stationary contacts 1n the open position.
The gulde rod may be used as a scale as 1t has
52 threads per 1inch, therefore, 5 turns of the
nuts will equal approximately 3/32 inch.

Comblnation Test - Close the maln relay con=
tacts and pass 2.25 amps d.c. through the trip
circult. The contactor switch must pilckslp.

AdJust the operation indicator by moving fthe
flag holder such that the indicator opeérates
wilth the application of the 2.2% amps. Pass
30 amps d.c. through the trip circualte The
Indicator and contactor switch must no® stick
In the operated position when the“eurrent 1s
Interrupted.

For Relays wilth Serles Trip

This combilnation, uses ‘ap2féO amp. contactor
switch and eithera 1,0 amp or a 0.2 amp oper-
atlon indicator@jconnectéd 1n series. Adjust
the contactor switeh fand operation indicator
as outlined below:

Contactor Switch gAdjust the same as above for
Contactor ‘Switch.

Operatién,Indicator Close the main relay con-
tacts Band pass 95% of rated indicator current
d.cW through the trip circult. Adjust the
eperation 1ndicator by moving the flag holder

14

Fig. 17—External Connections of ‘the Circuit Closing Type
CO Relay for PhaselOvercurrent Protection on an
Ungrounded(Three-Phase System.

such that the“indleator operates with the ap-
plication of the 95% current.

CombinationiTest™ Pass 30 times indicator rat-
ing thfough “the trip circult. The contactor
switchy, and “1ndicator must operate with the
appddieation of the current and the contactor
swit¢eh Y1 @nd 1ndicator must not stick in the
operated position when the current 1s inter-
rupted.

De-1ion Contactor Switch

(Circuit - Opening Relays)

AdJust the core stop on the top as high as
possible without allowlng the 1nsulating bush-

1
2
3
TRIP cOILS
N
1 Go_3) co (2) co (1}
8 L B e
4 4 4 ;
a “Fg K 9 0] 'I."OO cs <3‘,\‘9 »
i2 wj] [l ul (e i
REAR VIEW
o -; CO_GND.
4 TPEXY
| — 01—
% gé T 2 z cs| 1
L\ 197 OO'V“ M
1 12”7 7l rop TERMINAL NO.FOR ST'D CASE.
= REAR ViEW BOTTOM TERMINAL NO. AND TEST
123 SWITCHES FOR TYPE FT CASE .

% Fig. 18—External Connections of the Circuit Opening Type

CO Relay for Phase Overcurrent Protection and of
the Circuit Closing Type CO Relay for Ground Pro-
tection on a Three-Phase System.
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ing at the bottom of the plunger to touch the
Micarta angle. The contact wlll be separated
from the Micarta angle by 1/32" to 1/16". Ad-
Just the contact gap spacing to slightly less
than 1/16 of an inch. the contact
springs so that a firm contact 1s made but not

Bend down

so strong that the minimum pick-up value can-
not be obtalned.
about 15 grams.
Hold the relay
auxiliary

The spring tenslon should be

contacts closed and with an
relay coll connected across termin-
als to simulate the circult breaker trip coil,
that
less than 4 amperes.

note the contactor switch picks up on

Operation Indicator (Circuit Opening Relays)

indicator
the
to operate at 2 amperes a.c.

to that de-
circult closing relay except

AdJjust the similar

scribed for

Instantaneous Trip Attachment

The position of the Milcarta disc at

bottom of the element with reference to
calibrated gulde 1ndicates the min ve
current required to operate the ele This
Continuous Power
Ampere Rating actor T
Range Tap (Amperes) Angled
0.5 2 72
0.6 2.2" 71
0.8 2.5 ‘.~.. 69
0.5/2.5< 1.0 2 61
1.5 62
2.0 .,QS..', 57
2 230 70
8.8 230 66
3 9.7 230 64
2 < 10.4 230 62
I 11.2 230 60
12.5 230 58
13.7 230 56
"y 16 460 68
5 18.8 460 63
L 4 6 19.3 460 60
4/12 << 7 20.8 460 57
8 22.5 460 5k
10 25 460 48
12 28 460 45

disc should be lowered or raised to th
position by 1loosening the locknut w
the Micarta disc rotating the
disc. The nominal ratlio of adjustm 1s 1
to 4, for example 10 to 40 amperes, and 1t has
an accuracy wlthin the 1limits of aggroximately
10%.

and

arta

The drop-out value v d) by ralsing or

the top of the
1 adJustment 1s
d be securely locked
ut . It should be ad-

the minimum pickup.

lowering the
switch,
made, the core scre
in place with the
Justed for abou

core

sc

and after

3

WAL PARTS

an be done most satlisfactorily

ry. However,
furnished to

ed for

Interchangeable
the
repalr work.

customers who
When
always glve the complete name-

dolng
parts,

ENERGY REQUIREMENTS

The 60 cycle burdens and thermal capacities
of the various -cilrcuilts of the relay are as
follows:

Volt AmperesA
At At 3 Times At 10 Times At 20 Times
ap Value Tap Value Tap Value Tap Value
Current Current Current Current
2.38 o1 132 350
2.38 21 134 365
2.40 21.1 142 4oo
2.42 21.2 150 440
2.51 22 170 530
2.65 23.5 200 675
2.74 24.8 228 800
2.38 21 136 360
2.40 21.1 142 395
2.42 21.5 149 430
2.48 22 157 470
2.53 22.7 164 500
2.64 24 180 580
2.75 25.2 198 660
2.38 21.3 146 420
2.46 21.8 158 480
2.54 22.6 172 550
2.62 23.6 190 620
2.73 24.8 207 700
3.00 27.8 248 850
3.46 31.4 292 1020

*Thermal capacities for short times other than one second may be calculated on the basis of time being

inversely proportional to the square of the current.
@ Degrees current lags voltage at tap value current.
AVoltages taken with Rectox Type Voltmeter.

15
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‘an overcurrent relay that 1s to

INSTALLATION

I.L. 41-280.6

OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE CO-4 STEP-TIME OVERCURRENT RELAY

CAUTION Before
into
have been 1nserted for the purpose of securing
Make sure that all

Inspect the con-

putting protective relays

service, remove all blocking which may

the parts durling shipment.
moving parts operate freely.
to see

tacts that they are clean and close

properly. Operate the relay to check the

settings and electrical connections.

APPLICATION

The type CO-4 relay 1s used 1n application$§

that requlre a step-type current vs time

characteristics. A typlcal application is as
ecoordlinate,
with Westinghouse type DB cilrcultgbreaker or
circult breaker with similar tripping charac-

teristics.

CONSTRUCTION AND OPERATION

The type CO-4 relay censists of an induction
disc long time overcurreng, element, two 1n-
stantaneous trip
tion indicators and gontactor switch.

attachmentsy a timer, opera-

Overcurrent Element

This element 4s an induction-disc type ele-
The induction
four-inch dlameter, aluminum

shaft. The shaft
end by a steel ball
concave sapphire Jewel

ment operatingon’overcurrent,
disc 18 a 4thin
disc ‘mounted oft a vertical
1s supportedion the lower
bearing riding between

surfaces, and on the upper end by a stalnless

steel pin.
The moving contact 1s a small sllver heml-
sphere fastened on the end of an arm. The

other end of this arm is clamped to an auxil-

iary shaft geared to the disc shaft. The

NEW INFORMATION

electrical connection 1s made from the moving

contact throughWthe™ arm and spiral
of the spring 1s fastened to the arm,
and the othew, to a slotted spring

disc which, 1n “turn fastens to the

frame

spring.
One* end
adJjuster
element

The, statlonary contact assembly consists of
a silver contact attached to the free end of a
leafy spring. This- spring 1s fastened to a
Miearta block and mounted
frame. A small set screw permits the adjust-
ment of contact follow.

on the element

The moving disc 1s rotated by an electro-
magnet 1n the rear and damped by a permanent

magnet in the front.

Instantaneous Trip

The instantaneous trip attachments are small
solenold type elements. A cylindrical plunger
rides up and down on a vertical gulde rod in
the center of the solenold coll. The gulde

rod 1s fastened to the statlonary core, which

in turn screws 1nto the element frame. A
silver disc 1s fastened to the moving plunger
through a helical When the coll is
energlzed, the plunger moves upward carrying
the slilver disc which bridges three conlcal-
shaped statlionary contacts. In this position,
the helical compressed and the
plunger 1is while

Thus, a-c.

spring.

spring 1s

free to move the contact

remalns statlonary. vibrations of
the plunger are prevented from causing contact
bouncing. A Mlcarta disc screws on the bottom
of the gulde rod

a small nut. 1Its

and 1s locked in position by

position determines the

plck-up current of the element.

The 1left hand 1instantaneous trip (IT-1)

EFFECTIVE JUNE 1953
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I.L. 41=280.6

contacts are connected 1n serles with a timer
to allow an adjustable definite time
delay after IT-1 pick-up. The right-hand in-
stantaneous trip (IT-2) contacts are connected

motor

in the trip circult to trip instantaneously.

Synchronous Timer

The timer 1s a small synchronous motor which
operates from the current
and drives
The contact

circuit through a
saturating transformer, a moving
contact arm through a gear train.
on the moving arm i1s a cylindrical silver
loosely fitted on the moving arm. 1In
this strikes
vertically projecting statlonary butt contacts
to bridge the gap between them. The loose fit
of the sleeve permits a positive alignment 1n

bridging these contacts, and, therefore,

sleeve,

making contact, sleeve two

cor-

rect contact action 1s not greatly dependent

on thelr adjustment. The stationary contacts
are mounted on a Milcarta 1nsulating block
which 1s adjustable around a semicircular

calibrated guilde.
the timer 1s three seconds.

The maximum time setting, of

The synchronous motor has a

which 1s 1n mesh with the gear tralinionly when

fdoating rotor
energlized. The rotor falls out instantly when
the motor 1s deenerglzed, allowingpa spring to
reset the moving arm.

All tripping contacts are connected 1n par-
allel which allows trdpping by the CO long
time element, IT-1 plus time delay, or IT-2
instantaneously, depending on the relative
element settings and current magnitude.

Operation Indi€ater

solenold
When the
energlized, a spring-restralned arma-
ture releases the white target which falls by

indicate trip
The indicator 1s reset from outside

The operation®ndicator 1s a small
coll gonngeted@in the trip circult.
colIl“is
gravity to completion of the
circuit.
of the
cover stud.

case by a push rod in the cover or

Contactor Switch

The d-c contactor switch in the relay 1s a

small solenold type swlitch. A c¢ylindrical
with a disc
lower end moves in the core of the ®olenold.
As the upwardy.sthe disc
bridges three silver stationary contacts. The
coll 1s 1n series wilth the maln contacts of
the relay. and with the coll of the
breaker. contacts close, the
coll Dbecomes energized and/ closes the switch
This shuntsy, the

tacts, thereby relieving them

plunger silver mounted, on’ 1ts

plunger travels

trip
when the relay

main relay con-

of the duty of
carrying tripping These
remaln closed unti®l the trip circult 1is opened
by the auxiliary switch on the breaker.

contacts.

current. contacts

CHARACTERISTICS

The typlcal
of ®he type CO-4 relays are as follows:

current ranges of the elements

Long time overcyrrent element 4 to 15 am-
peres with taps at 4-5-6-8-10-12 and 15
amperes.

IT-1 instantaneous element 10 to 40 amperes.

Current range of timer 10 to 100 amperes.

IT-2 instantaneous element 20 to 80 amperes.

The typlcal operating curves of the Long
time element are shown by figure 1.

The typlcal band curves of the overall
operating characteristic of the type CO-4
relay are shown by figure 2.

Trip Circuit

The maln contacts willl safely close 30

amperes at 250 V. d.c., and the switch con-

tacts will safely current long

enough to trip a breaker.

carry this

The trip clrcult consists of a 2 ampere con-
tactor switch with the
contact and two one ampere operation

connected 1n seriles
tripping

indicators. One operation indicator indicates

tripping that takes place through the Long
time CO element or IT-1, plus time delay and
the other indicator 1ndicates tripping by

means of the IT-2 contacts.
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Reslistance of the operation indicator 1s
0.16 ohms and of the contacts switch is 0.25
ohms.

SETTINGS

The settings to be made to obtaln an opera-
ting characteristic simllar to that 1ndicated
by the example curve of flgure 2 are: tap and
time lever position of the CO long time ele-
ment for the low current, IT-1 plck up and
timer contact position for Intermedlate

currents and IT-2 pick up for high currents.

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to 1nsure correct
operation of thils relay have been made at the
factory and should not be disturbed after re-
celpt by the customer. If the adjustments
have been changed, the relay taken apart for
repalrs, or 1f 1t 1s desired to check the
adJustments at regular malntenance perlods,
the instructions below should be followed.

All contacts should be perliodically cleaned
with a fine file. S#1002110 file is recom-
mended for thls purpose. The use of abrasive
materlal for cleanlng contacts 1s not recom-
mended, because of the danger of embedding
small particles 1n the face of the soft sllvern
and thus 1mpairing the contact.

Overcurrent Element (Long Time)

Shift the position of the contact “stop on
the time lever and adjust the comtacts@so that
they barely touch when the time lever 1s set
on zero.

Adjust the tension offjthejspiral spring so
that the relay willf{close I8 contacts at 1its
rated current, as4gshown bysthe position of the
screw on the tap block. 4Shift the position of
the damping magnets so that the time charac-
teristics of the relay, as shown by test are
as shown on,the typlcal time curves. In the
factory the melay 1s tested from the No. 10
lever positions ) The callbration 1s 1ntended
to be n “%the basls of the cool or normal
operation)condition ilnasmuch as overloads are
of ,shomt duration. When checking a number of

points on the time curves, 1t wlll be neces-
sary to cool the relay colls between points
particularly after operating at high currents.
An alr hose may be used for thls purpose.

The poslition of the torque compensator on
the overload element 1s adJustable, dmfluenc-
ing the shape of the curve. Thilg 1s agfactory
adJustment and the 1location of ‘Ythemtorque
compensator should not be changed “iIn the
field.

Instantaneous Trip Attachmént (IT-1 and IT-2)

The poslition of the Mlearta disc at the
bottom of the element wlith reference to the
callbrated gulde indicates the minimum over-
current requlredito operate the element. This
disc should be lowered or ralsed to the proper
position by loesening the locknut and rotating
the Micarta “disc. The nomlnal range of
adjJustments Wis,1l to 4, for example 10 to 40
amperes, jand 1t has an accuracy wlthin the
limit$é of approximately i.lo%.

The deop-out value 1s varied by raising or
lowering the core screw at the top of the
switch and after the flnal adjustment is
made, the core screw should be securely locked
in place with the lock nut. It should be ad-
Justed for about 2/3 of the minimum pick-up.

Synchronous Timer

When testing the synchronous timer, complete
the transformer cilrcult by a Jumper around the
contacts of the IT-1 element. Test the motor
at 10 amperes (or the current indicated by the
minimum possible setting of the IT-1 element)
thru the current circult that includes the
auxlliary transformer primary. This 1s the
minimum current at which the timer will run in

synchronism.

Contactor Switch

AdJust the statlonary core of the switch for
a clearance between the statlionary core and
the moving core when the switch 1s pilcked-up.
This can be most convenlently done by discon-
necting the switch and turning 1t or the relay

o,
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LONG TIME CO ELEMENT.

TIME VALUES BELOW 1.5
TIMES MINIMUM TRIP ARE
APPROXIMATE VALUES ONLY
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upside-down. Screw up the core screw until
the moving core starts rotating. Now back off
the core screw until the moving core stops
rotating. Thils indicates the polnts where the
play in the moving contact assembly 1s taken
up, and where the moving core Just separates
from the statlonary core screw. Back off the
statlonary core screw one turn beyond this
point and lock 1n place. Thils prevents the
moving core from striking and sticking to the
statlonary core because of residual magnetism.
AdJjust the contact clearance for 3/32 inch by
means of the two small ‘nuts on elther side of
the Micarta disc. The switch should pick up
at 2 amperes d.c. Test for sticking after 30
amperes d-c have been passed through the coil.

Operation Indicator

AdJust the 1ndicator to operate at 1.0
ampere d-c. as supplled gradually applied by
loosenling the two screws on the under side of
the assembly, and moving the bracket forward
or backward. Test for stickling after 10 times
rated pick~up current has been applied.

RENEWAL PARTS

Repalr work can be done most satisfactorily
at the factory. However, Interchangeable
parts can be furnished to the customers who
are equlpped for dolng repailr work. Whén
ordering parts, always glve the complete“name-

plate data.

ENERGY REQUIREMENTS

The burden of each off“the Instantaneous
elements (IT-1 and IT-2)\ 4t 5 amperes 60

cycles 1s as follows®

GCONTACTOR—_ |
SWITCH

OPERATION TEST SWITCH
INDICATOR

TIMER CONTACT
TIMER MOTOR /‘E’

PPER POLEICOILS
/gn GO

TRANSFORMER
WINDING ON CO
| COWER POLE

* AUXILARY
TRANSFQRMER

TORQUE
[“"COMPENSATOR

INSTANTANEOUS
| ATTACHMENTS

SHORT GiRoUIT L N H |
WITCH @7 ®)

REAR VIEW RED HANDLE

TEST SWITCH TO RELAY
CURRENT TEST
JACK
TO BASE TERMS

ERONTIVIEW  \
CHASSIS OPERATED
SHORTING SWITCH

Fig. 3 —Internal“Schematic of the Type CO-4 Relay in
the'Type FT Case.

Voltamperes P.F. Angle
Ampere \Range

Min. Setting (Lag)
10-40 0.13 26°
20=80 0.03 26°

The saturation data for the 1long time CO
element at 60 cycles 1s as follows:

Multiples of tap value current 1 3 10 20
V.A. Burden 17 100 490 1300

The burden of the timer and auxillary trans-
former at 5 amperes 60 cycles 1s as follows
for IT-1 range of 10 to 40.

0.7 VA at 80° lag.
0.6 VA at 65° lag.

IT-1 contact open
IT-1 contact close
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INSTALLATION

I.L. 41-280.6

OPERATION e MAINTENANCE

INSTRUCTIONS

V

TYPE CO-4 STEP-TIME OVERCURRENT RELAY

CAUTION Before
into service, remove all blocking which may

putting protective relays
have been 1nserted for the purpose of securing
Make sure that all

Inspect the con-

the parts during shipment.

moving parts operate freely.
and close
check the

tacts to see that they are clean

properly. Operate the relay to

settings and electrical connectlons.

APPLICATION

The type CO-4 relay 1s used 1n applications

that require a step-type current vs time

characteristics. A typlcal application 1sfas
relay that 1s to coomrdinate

with Westinghouse type

an overcurrent
DB circult breaker or
circult breaker with similar trippingycharac-
teristics.

CONSTRUCTION AND OPERATION

The type CO-4 relay congists8 of an induction
disc long time overcurrentWelement, two 1n-
stantaneous trip attachments,“a timer, opera-
tion indicators and contactor switch.

Overcurrent Element

This element [1sdaninduction-disc type ele-
The induction
four-inch diameter,

ment operatlng on,overcurrent,
disc 1s @ thin
disc mounted on g vertical

aluminum

shaft. The shaft
end by a steel ball
concave sapphire Jewel

1s supported on the lower
bearing riding between

surfaces, and on the upper end by a stalnless

steel pin.

The moving contact 1s a small silver hemil-
sphere fastened on the end of an arm. The
other end of this arm 1s clamped to an auxil-
lary shaft geared to the disc shaft. The

NEW INFORMATION

electrical connection/l1s made from the moving

contact through the “arm and spiral spring.

Onecend of théyspring 1s fastened to the arm,
and the other §to 'a” slotted spring adJuster
disc which4 in turn fastens to the element

frame.

Thegstationary contact assembly consists of
a silwverdeontact attached to the free end of a
leafmspring. This spring 1s fastened to a
Micarta block and mounted on the
frame. A small set screw permits the adjust-
ment of contact follow.

element

The moving disc 1s rotated by an electro-

magnet 1n the rear and damped by a permanent

magnet 1n the front.

Instantaneous Trip

The instantaneous trip attachments are small
solenold type elements. A cylindrical plunger
rides up and down on a vertical gulde rod in
of the The gulde

fastened to the stationary core, which

the center solenoid coil.

rod 1is
element frame. A
silver disc 1s fastened to the moving plunger
through a helilcal When the coll is
energlzed, the plunger moves upward carrying
the silver disc which bridges three conical-
shaped statlonary contacts. In thls position,
the helical spring 1s compressed and the
plunger 1s free to the contact

In turn screws 1nto the

spring.

move while

remalns statlonary. Thus, a-c. vibrations of
the plunger are prevented from causing contact
bouncing. A Milcarta disc screws on the bottom
of the gulde rod and 1s locked 1n position by
determines the

a small nut. Its position

plck-up current of the element.

The left hand 1instantaneous trip (IT-1)

EFFECTIVE NOVEMBER 1956
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with a timer
to allow an adjustable definite time
delay after IT-1 pick-up. The right-hand in-
stantaneous trip (IT-2) contacts are connected

contacts are connected in seriles
motor

in the trip circult to trip instantaneously.

Synchronous Timer

The timer 1s a small synchronous motor which

operates from the current clrcult through a

saturating transformer, and drives a moving
contact arm through a gear train. The contact
on the moving arm 1s a cylindrical silver

sleeve, 1loosely fitted on the moving arm. In
this
vertically projecting statlonary butt contacts
to bridge the gap between them. The loose fit

of the sleeve permits a positive alignment in

making contact, sleeve strikes two

bridging these contacts, and, therefore,
rect contact action 1s not greatly dependent
on thelr adjustment.

cor-
The stationary contacts
are mounted on a Milcarta 1nsulating block
which 1s adJjustable
calibrated guilde.

around a semicircular
The maximum time settinggof

the timer 1s three seconds.

The synchronous motor has a floatingdrotor
which 1s in mesh with the gear tralmyonly, when
energlzed. The rotor falls out 1instantly when
the motor 1s deenerglzed, allowing a spring to

reset the moving arm.

All tripping contacts arge connected in par-
allel which allows trippling by the CO long
time time delay, or IT-2
instantaneously, on the

element, IT-1 plus
depending
element settings and current magnitude.

relative

Operation Indicdtor

solenoid
When the
energized, a spring-restralned arma-
white target which falls by

The operationjindicator 1s a small
coll cofinected in the
coll 1is
ture releases the

trip circuilt.

gravity to 4indicate completion of the trip
circult. g The 1ndicator 1s reset from outside
of, the case by a push rod in the cover or

cover stud.

Contactor Switch

The d-c contactor switch in the relay 1s a

switch. A
disc
end moves 1in the core of the

small solenold type
plunger with a
lower solenold.
As the upward, the disc
bridges three silver statlionary contacts. The
coll 1s 1n serles wilth the maln
the relay and with the g%rip

breaker.
coll becomes energized ‘and &€loses the switch
contacts. This
tacts, thereby rellevimg fthem of the duty of
carrying tripping These
remain closed ufitil the trip circult 1s opened
by the auxiliamy switch on the breaker.

cylindrical
silver mounted on"1ts

plunger travels

éontacts of
coll of the

When the relday eontacts close, the

shunts) the maln relay con-

current. contacts

CHARACTERISTICS

The, typical
of the ‘type CO-4 relays are as follows:

current ranges of the elements

Long “time overcurrent element 4 to 15 am-
with taps at 4-5-6-8-10-12 and 15
amperes.

peres

IT-1 instantaneous element 10 to 40 amperes.

Current range of timer 10 to 100 amperes.

IT-2 instantaneous element 20 to 80 amperes.

The typilcal of the
time element are shown by figure 1.

operating curves Long

The typlcal band curves of the overall
operating characteristic of the type CO-4
relay are shown by figure 2.

Trip Circuilt
The mailn contacts willl safely close 30

amperes at 250 V.
wlll safely

enough to trip a breaker.

d.c., and the switch
carry this

con-

tacts current long

The trip circult consists of a 2 ampere con-
with the
contact and two one ampere operation

tactor switch connected 1n serles
tripping
indicators. One operation 1ndicator indicates
tripping that takes place

time CO element or IT-1, plus
the other indicator 1indicates

means of the IT-2 contacts.

through the Long
time delay and
tripping by
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Resistance of the operation 1indicator 1s
0.16 ohms and of the contacts switch 1s 0.25
ohms.

SETTINGS

The settings to be made to obtaln an opera-
ting characteristic similar to that indicated
by the example curve of figure 2 are: tap and
time lever position of the CO long time ele-
ment for the low current, IT-1 pick up and
timer contact position for Intermediate

currents and IT-2 pick up for high currents.

ADJUSTMENTS AND MAINTENANCE

The proper adJjustments to insure correct
operation of thils relay have been made at the
factory and should not be disturbed after re-
celpt by the customer. If the adjustments
have been changed, the relay taken apart for
repairs, or 1f 1t 1s desired to check the
adjustments at regular malntenance perlods,

the instructions below should be followed.

All contacts should be cleaned periodically.
A contact burnisher S#182A836H01 is recommendéd
for this purpose. The use of abrasive material
for cleaning contacts 1s not recommended, be-
cause of the danger of embedding small parti-
cles in the face of the soft silver and thus
impairing the contact.

Overcurrent Element (Long Time)

Shift the position of the contaet, stop on
the time lever and adjust the®eontacts so that
they barely touch when thel time lever 1s set

on zero.

AdJjust the tenslonfjeof “the’ spiral spring so
that the relay wdll ecloseypits contacts at its
rated current,“as showngby the position of the
screw on the tap bleck. Shift the position of
the dampling magnets so that the time charac-
teristics of the relay, as shown by test are
as shown gon the "typlcal time curves. 1In the
factory, the relay 1s tested from the No. 10
lever pogition. The callbration 1s 1ntended
to be om )the basls of the cool or normal
operation condition 1nasmuch as overloads are
of ‘short duration. When checkling a number of

points on the time curves, 1t wlll be neces-
sary to cool the relay colls between polnts
particularly after operating at high currents.
An alr hose may be used for thils purpose.

The position of the torque compensatorion
the overload element 1s adJustable,”influenc-
ing the shape of the curve. Thlstig a factory
adjJustment and the 1location of, fthe torque
compensator should not Dbef'changed in the
field.

Instantaneous Trip Attaéhment) (IT-1 and IT-2)

The position of4 the "Micarta disc at the
bottom of the element“wlth reference to the
calibrated gulde indIcates the minimum over-
current required to,operate the element. This
disc should be)lowered or ralsed to the proper
position“by ToeesSening the locknut and rotating
the Mieéarta) disc.
adjustments, o1s 1 to 4, for example 10 to 40
amperes, and 1t has an accuracy within the
11ifi1ts, of Vapproximately + 10%.

The nomlnal range of

The¥drop-out value 1s varied by raising or
lowering the core screw at the top of the
switch and after the final adjustment is
made, the core screw should be securely locked
in place with the lock nut. It should be ad-
Justed for about 2/3 of the minimum pick-up.

Synchronous Timer

When testing the synchronous timer, complete
the transformer circult by a Jumper around the
contacts of the IT-1 element. Test the motor
at 10 amperes (or the current indicated by the
minimum possible setting of the IT-1 element)
thru the current circuilt that 1ncludes the
auxiliary transformer primary. This 1s the
minimum current at which the timer will run in

synchronlsm.

Contactor Switch

AdJust the stationary core of the switch for
a clearance between the statlonary core and
the moving core when the switch 1s picked-up.
This can be most convenlently done by discon-
necting the switch and turning 1t or the relay

AR,



TYPE CO-4 RELAY 1L 41-2°%
- 300
)
v 200
\\
1y
AN\ 100
] 80
LONG TIME CO ELEMENT— P \C 60
TIME VALUES BELOW 1.5 N —£-NUMBER 10 17150
TIMES MINIMUM TRIP ARE LA ¥ - TIME LEVER 1140
APPROXIMATE VALUES ONLY [\ \ EEETEN
| 3 & e
% N[ EXAMPLE 1H 20
\ L% CURVE |11
v\ \
\¢ 10
A O PICK-UP ZONE IT-I ELEMENT N NUMBER I I]8
4 TO | CURRENT RANGE — o T iy TIME LEVER i
a &
. 3 &
L4 9
2 (7]
O % TIMER ELEMENT g z
025 TO 3 SECONDS——— 7| .- | w
I0 TO | CURRENT RANGE N 1 ' §
Y t .8
N ~HH
| .6
\\ i .5
= .4
A PICK-UP ZONE IT-2 ELEMENT N A 3
4 TO | CURRENTSRANGE—— [ ' 0
\‘;\::.n *
S
A
A = RELATIVE POSITIONOF IT:I AND IT-2 .08
PICK-UP ZONES WILLWARY DEPENDING 06
ON ACTUAL AMPERE RANGE AND TAP ‘08
USED ON CO ELEMENT ‘
.04
O = OPERATIONJOFJXT-I STARTS TIMER. . .03
% = MAXIMUMCURRENT FOR TIMER .02
OPERATION'SHOULD NOT EXCEED 10
TIMES MINIMUM POSIBLE SETTING OF
1T, .
- o N T NOW 0O (o] O OO0 OO ot
- N mToO ©®O
MULTIPLES OF MINIMUM TRIP FOR CO ELEMENT
Curve 267680
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upside-down. Screw up the core screw until
the moving core starts rotating. Now back off
the core screw untlil the moving core stops
rotating. Thils indicates the polnts where the
play in the moving contact assembly 1s taken
up, and where the moving core Just separates
from the stationary core screw. Back off the
statlionary core screw one turn beyond this
point and lock 1n place. Thls prevents the
moving core from striking and sticking to the
statlonary core because of residual magnetism.
AdJust the contact clearance for 3/32 inch by
means of the two small snuts on elther side of
the Micarta disc. The switch should pick wup
at 2 amperes d.c. Test for sticking after 30
amperes d-c have been passed through the coil.

Operation Indicator

AdJjust the 1ndicator to operate at 1.0
ampere d-c. as supplled gradually applied by
loosenlng the two screws on the under side of
the assembly, and moving the bracket forward
or backward. Test for sticking after 10 times
rated pilck-up current has been appliled.

RENEWAL PARTS

Repalr work can be done most satlsfacteorily
at the factory. However, interchangeable
parts can be furnished to the customers who
are equlpped for dolng repalrdwork. When
ordering parts, always glve the complete mname-

plate data.

ENERGY REQUIREMENTS

The burden of each [off &he instantaneous
elements (IT-1 and“E&T-2) af 5 amperes 60
cycles 18 as follows:

GONTACTOR_____ |
SWITCH
OPERATION TESTy SWITCH
INDICATOR
TIMER CONTACT
TIMER MOTOR | =
PPERPOLE COILS
/gN )
AUXILARY TRANSFORMER
WINDING ON CO
TRANSFORMER BCTERA
_TORQUE
-~ COMPENSATOR
INSTANTANEOUS
SHORT CIRGUIT I fr2 ‘H\"‘ATTAGHMENTS
SWITCH © \ =X®
REAR VIEW RED HANDLE
TEST SWITCH 0 RELAY
CURRENT TEST
JACK
~TO BASE TERMS

FRONT VIEW  \

CHASSIS OPERATED
SHORTING SWITCH

26-D-1141

Fig. 3 —Internal Schematic of the Type CO-4 Relay in
thelType FT Case.

Voltamperes P.F. Angle
Ampere Range

Min. Setting (Lag)
10-40 0.13 26°
20-80 0.03 26°

The saturation data for the 1long time CO
element at 60 cycles 1s as follows:

Multiples of tap value current 1 3 10 20
V.A. Burden 17 100 490 1300

The burden of the timer and auxiliary trans-
former at 5 amperes 60 cycles 1s as follows
for IT-1 range of 10 to 40.

IT-1 contact open 0.7 VA at 80° 1lag.

IT-1 contact close 0.6 VA at 65° lag.

P
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INSTALLATION

I.L. 41-280.5€
OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE CO-10 OVERCURRENT RELAY

CAUTION Before putting relays 1nto service,
remove all blockling which may have been 1n-
serted for the purpose of securing the parts
during shipment, make sure that all moving
parts operate freely, lnspect the contacts to
see that they are clean and close properly,
and operate the relay to check the settings
and electrical connectlons.

APPLICATION

These 1Inductlon-overcurrent relays are used
to disconnect clrcults or apparatus when the
current 1n them exceeds a glven value forga
speclfic length of time.

The type C€0-10 relay current vs time chara-
cteristic make 1t particularly suitable for
applicatlions that require the coordination
between fuses and relays, also fas/an_ over-
current relay for distribution circults.

CONSTRUCTION AND OPERATION

The type CO0-10 relay consists of an over-
current element, and “operation 1indicator, a
contactor swiltch, and am Instantaneous trip
attachment where requireds.

Overcurrent Element

This edemendt 1s “an 1nductlon-disc type ele-
ment operatlingdon overcurrent. The inductlon
disc 1s a thin four inch diameter, aluminum
disc mounted on a vertlcal shaft. The shaft
1s supported on the lower end by a steel ball
bearing riding between concave sapphire jewel
surfaces, and on the upper end by a stalnless

steel pin.

The moving contacts 1s a small sllver hemi-
sphere fastened on the end of an arm. The

*SUPERSEDES |. L. 41-280.5B

% Denotes change from superseded issue.

other end of thils {apm 18" clamped to an 1in-
sulated sectlon of“ghe ‘@lsc shaft.

The electrieal comhectlon 1s made from the
moving contact “through the arm and splral
spring. One end of the spring 1s fastened to
the armj; andjythe other to a slotted spring
adjuster dis¢ which iIn turn fastens to the

element frame.

The, statlionary contact assembly consists of
alsllver contact attached to the free end of a
leaf spring. Thils spring 1s fastened to a
Miearta block and mounted on the element
frame. A small set screw permlts the adjust-
ment of contact follow.

The moving disc 1s rotated by an electro-
magnet 1n the rear and damped by a permanent

magnet 1n the front.

Contactor Switch

The d-c contactor swiltch in the relay 1s a
small solenold type switch. A cylindrical
plunger with a silver dlsc mounted on 1ts
lower end moves In the core of the solenoid.
As the plunger travels upward, the disc
brldges three sllver statlonary contacts. The
coll 1s In serles with the maln contacts of
the relay and with the trip\ coll of the
breaker. When the relay contacts close, the
coll becomes energlzed and closes the switch
contacts. Thils shunts the maln relay con-
tacts, thereby relieving them of the duty of
carryling tripplng current. These contacts
remaln closed until the trlp clircult 1s opened
by the auxlillary switch on the breaker.

Operation Indicator

The operation indlcator 1s a small solenold

EFFECTIVE AUGUST 1956
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OPERATION

INDICATOR
TRIP CiRCUIT
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FOR DETACHRBIE i _ R 1
RELAYS s
S —)

CONTRCTOR
SwW/TCH — —
cs
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]
L£nD. ~—
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OPERATION INDICATOR

CONTACTOR
SWITCH

TRANSFORMER
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I N
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COMNS

REARVIEW

13-D-5843

Fig. 1—Internal Schematic Of The Double Trip Circuit

Closing Type CO-10 Relays In The Standard Case.

The Single Trip Relays Have Terminal 3 And
Associated Circuits Omitted.

coll connected 1n the trip circult. When the

coll 1s energlzed, a spring-restralned arma-

ture releases the whilte target which falls by

gravity to 1ndicate completion of the trip

circult. The 1indlcator 1s reset from outslde

of the case by a push rod 1n the cover or

cover stud.

- Instantaneous Trip (When Supplied)

The 1nstantaneous trip attachment 1s a maill
solenold swiltch whose coll 1s connected In/the
maln current clrcult. It functlons £to ener-
glze the breaker trip coll instardbaneously and
1ndependently of power directlon‘Gwhen the
fault current 1s exceptlonally heavy.

A cylindrical plunger rideSs“up amd down on a
vertical gulde rod 1n the centerjof a solenoild
core, which 1n turn screwSplnté the element
frame. A silver disc dsgfastened to the mov-
Ing plunger thruga hellcal® spring. When the
coll 1s energlzed, sthe “plunger moves upward
carrylng the 83lver dise which brldges three
conlcal-shaped statlienary contacts. In this
position, the hellcal spring 1s compressed and
the plunger 1s free to move whille the contacts
remaln st&tlonary. Thus a-c vibratlons of the
plungeny, are prevented from causing contact
bouncdngi), A“Micarta disc screws 1n the bottom
of the gulde rod and 1s locked 1n place by a
sm@ll Wnut. Tts position determines the pilck-
up current of the element.

Fig. 2—Internal Schématic'©f The Single Trip Circuit
Closing Type €010 Relays With Instantaneous
Trip Attachment In The Standard Case.

CHARACTERISTICS

The type CO0-10 relay 1s avallable 1n the
follewlng current ranges:

.5 /.6~ .8 -1.0-1.5 -2.0 -2.5
2.0 - 2.5 -3.0 -3.6 -4.0-5.2 -6.0
.0 - 5.2 -6.0 - 7.2 -8 -9 -12

The tap value 1s the minimum current requir-
ed to - just close the relay contacts. In
addition to the taps, the initial position of
the moving contact 1s adjustable around a
semicircular 1lever scale callbrated 1n 11

divisilon.

Trip Clircuilt

The maln contacts w1ll safely close 30 am-
peres at 250 v. d-c, and the swltch contacts
wlll safely carry thils current long enough to
trip a breaker.

The relay without the 1nstantaneous trip
attachment 1s shipped with the operatlon in-
dlcator and the contactor switch connected 1n
parallel. This circult 1s sultable for all
trlp currents above 2.25 amperes d-c. If the
trlp current 1s less than 2.25 amperes, there
1s no need for the contactor switch and 1t
should be disconnected. To dilsconnect the

o~
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Fig. 3—Internal Schematic Of The Single Trip Circuit
Opening Type CO-10 Relay In The Type FT Case.

coll in the standard case relays, remove theg
short lead to the coll on the front statlonary
contact of the contactor switch. Thils “lead
should be fastened (dead ended) Wnderd the
small filisterhead screw located in the
Micarta base of the contactor switch. “Eor the
Flexitest relays, the coll 1s digeonnected by
removing the coll lead at the sprimg adjuster
and dead-ending 1t under a scnéw atygthe top of
the Micarta support.

The relay with the
tachment has a two ampere, contactor switch 1n

instantaneous trip at-

serles with a one apgpere_, operation indicator

in each trip path.

Relay WithfQuick=0pcning Contacts

When the circuilt

breakers thathare Ilnstantaneously reclosed, it

relays are used with

1s necessary to arrange the relay contacts to
be quick opening. This 1s done by screwing in
the, small
assembly untll the contact rivet rests solidly

on, the Micarta support. When this 1s done,

set screw on the stationary contact

the? position of the contact stop on the time
lever should be shifted so that the moving and

Fig. 4=Internal Schematic Of The Single Trip Circuit
Opening Type CO-10 Relay With Instantaneous
Trip Attachment In The Type FT Case.

sfatlonary contacts barely touch when the time

lever 1s set on zero.

CONTACT CIRCUIT CONSTANTS

Universal Trip Cilrcuit

+00.2.8 ohms
Reslstance of 2.0 ampere Contactor Switch.....

0.25 ohm
Reslistance of Target and Switch in Parallel...
0.23 ohm

Resistance of 0.2 ampere target...

Trip Circuilt With Instantaneous Trip

Resistance of 1.0 ampere target.......0.16 ohm
Reslstance of 2.0 ampere Contactor Switch.....
0.25 ohm
Resistance of Target and Switch 1n Seriles....-.
0.41 ohm

INSTALLATION

The relays should be mounted on switchboard
panels or thelr equivalent in a location free
from dirt, molsture, excessive vibration and
heat.

the two mounting studs for the standard cases

Mount the relay vertically by means of

and the type FT projectlon case or by means of
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Fig. 5—Internal Schematic Of The Double Trip Circuit
Closing Type CO-10 Relays In The Type FT Case.
The Single Trip Relays Have Terminal 3 And
Associated Circuits Omitted.

the four mounting holes on the flange for the
seml-flush type FT case. Either of the studs
or the mounting screws may be utilized for
grounding the relay. The electrical conne€ec-
tlons may be made direct to the terminals,by
means of screws for steel panel mountilng/ on’ to
terminal studs furnlished with the reday | for
ebony-asbestos or slate panel mounting. The
terminal studs may be easily remOuedmor in-
serted by lockling two nuts on ghe stads and
then turning the proper nut with a“wrench.

SETTINGS

There are two settings /& fiamely the current
value at which the "®elay,clioses 1ts contacts
and the time req@iired tojclose them. When the
relay 1s to £{be disedy to protect equipment
agalnst overloadj)thel'setting nust be deter-
mined by the nature of the load, the magnitude
of the peaks and the frequency of thelr occur-

rence.

For sectdionalizing transmission systems the
currént®and time settling must be determlned by
caikculation, due consideration being gilven to

thetIme required for cilrcult breakers to open

Fig. 6 —Intexnal®Schematic Of The Single Trip Circuit
Closing, Type CO-10 Relays With Instantaneous
Trip Attachment In The Type FT Case.

30 /that proper selective action can be obtain-
ed throughout the system.

Current Setting

The connector screw on the terminal plate
above the tlme scale makes connectlons to
varlous turns on the operating coil. By plac-
ing this screw in the various holes, the relay
will just close contacts at the corresponding
current 4.0 - 5.2 - 6.0 -7.2 8 -9 - 12
amperes, or as marked on the terminal plate.

CAUTION Be sure that the connector screw is
turned up tight so as to make a good contact,
for the operating current passes through it.
Since the overload element 1s connected direc-
tly 1n the current transformer circults the
latter should be short-circulted before chang-
1ng the connector screw. Thls can be done
convenlently by inserting the extra connector
screw, located on the right-hand mounting
boss, 1n the new tap and removing the old
screw from 1ts original setting.

Time Lever Setting

The index or time lever limits the motion of
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the disc and thus varles the time of opera-
tlon. The latter decreases with lower lever
settings as shown 1n the typlical time curves
of Flgure.5.

ADJUSTMENTS AND MAINTENANCE

All relays should be 1nspected periodically
and the time of operation should be checked
at least once every six months. Phantom loads
should not be wused 1n testing 1nductlon-type
relays because of the resulting distorted
current wave form which produces an error in

timing.

All contacts should be cleaned periodically.
A contact burnisher S#132A33@HO0l is recommended

for -this purpose. The use of abrasive materi-
al for cleaning contacts 1is not recommended,
because of the danger of embedding small parti-
cles 1In the face of the soft silver and thus

Impairing the contact.

The proper adjustments to Insure correct
operation of thils relay have been made at the
factory and should not be disturbed after re-
celpt by the customer. If the adjdstments
have been changed, the relay takendapart for
repalrs, or 1f 1t 1s desired to check the ad-
Justments at regular malntenance perlads, ‘the
Instructions below should be followed.:

Overcurrent Element

Shift the position of the, ‘eentact stop on
the time lever and adjust, the contacts so that
they barely touch whenythe Gtime lever 1s set

on zero.

Adjust the tenslon,of the spiral spring so
that the relay wdllypclose 1ts contacts at 1its
rated curreng,, as shown by the positlon of the
screw on the tap, ble€ek. Shift the position of
the damping magnets so that the time charac-
teristics)y of the’relay, are as shown on the
typical timefecurves. In the factory the relay
1s tested from the No. 10 lever position. The
ad justment, of spring tension has a great
effect on the time curve for values, below 1.5
times minimum trip. Therefore slight changes
of) spring tenslon 1s an adjustment that may be
used when recalibrating a type CO-10 relay.
The callbration 1s intended to be on the basis

of the cool or normal operatlon condition

1nasmuch as overloads are of short duratilon.
When checking a number of polnts on the ®Ime
curves, 1t will be necessary to cool,the relay
colls between polnts particularly after“opera-
ting at high currents. An alr hose may be
used for thils purpose.

Contactor Switch

Adjust the stationary ‘eere of the swiltch
for a clearance between the statlonary core
and the moving core,when the switch 1s picked-
up. This can bg most convenlently done by
disconnecting the“switch and turnling 1t or the
relay upside-down. Screw up the core screw
until the movdng core starts rotating. Now
back off f£he §core screw until the moving core
stopg g rotating. This 1ndicates the polnts
where ‘theyp play in the movling contact assembly
¥swytaken up, and where the moving core just
separates’ from the statlonary core SCrew.
Back off the statlonary core screw one turn
beyond this point and 1lock in place. This
prevents the moving core from striking and
sticking to the statlonary core because of
resldual magnetism. Adjust the contact clear-
ance for 3/32 1inch by means of the two small
nuts on elther side of the Micarta disc. The
switch should pick up at 2 amperes d-c. Test
for sticking after 30 amperes d-c have been
passed through the coll.

Operation Indicator

Adjust the indicator to operate at 0.2 or
1.0 ampere d-c as supplled gradually applied
by 1loosening the two screws on the under side
of the assembly, and moving the bracket for-
ward or backward. Test for sticklng after 10
times rated pick-up current have been appliled.

Instantaneous Trip Attachement

The position of the Milcarta disc at the
bottom of the element with reference to the
calibrated gulde 1ndlcates the minimum over-
current required to operate the element. This
disc should be lowered or ralsed to the proper
position by loosenlng the locknut and rotating
the Milcarta disc. The nominal range of ad-
justments 1s 1 to 4, for example 10 ta 40
amperes, and 1t has an accuracy wlthin the
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limits of approximately plus or minus 10%.

The
lowering

drop-out value is varied by raising or
the the the
switch and after the final adjustment is made,
the
place with the locknut.

core screw an top of

core screw should be securely locked in
It should be adjusted
for about 2/3 of the minimum pick-up.

BURDEN

The burden of the

low and ranges from 0.30 volt amps to 0.5 volt

type CO0-10 relay is very

amps at 65 degrees current lagging thzs, voltage
for tap value current.

RENEWAL PARTS

Repair work
at the
parts

can be done mestisatisfactorily

factory. However ginterchangeable

can be furnishe@l, todthe customers who

are equipped for doing/ repair work. When or-

dering parts, alwlys give the complete name-

plate data.
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INSTALLATION

L. 41-280.38B

OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE COl OVERCURRENT RELAY

CAUTION
remove all blocklng which may have

Before putting relays into service,
been 1in-
serted for the purpose of securling the parts

during shipment, make sure that all moving
parts operate freely, Inspect the contacts to
see that they

and operate the

are clean and close properly,
relay to check the settlngs

and electrical connections.

APPLICATION

These 1nduction-overcurrent relays are used
to disconnect clrcuits
in them

specific length of time.

or apparatus when the

current exceeds a glven value for'a

The ©relay can be suppllied wilthUthefupper
pole circuit brought out to
terminals. This

COI Torque

separate
varlety 1s knowngas the type
Thus/the
of a separate relay can be usedgtolcontrol the
of the

example, a three

Control Relay. eontacts

operation torque, control \\relay. For
phase dipectihonal relay can
be wused to dlrectionally cont®el three torque

control relays.

CONSTRUCTION AND OPERATION

The type COI frelay, consists of an

current

over-
elémenty,

switeh,
attachment where required.

an operatlon 1ndicator, a

contactor, and an instantaneous trip

Overcurrent Blement

Thils element
mént operatling on overcurrent.
ddsc) 1s a thin
d¥sc mounted

1s an inductlon-disc type ele-
The 1nductilon
four-inch diameter, aluminum
shaft. The shaft
1s " supported on the lower end by a steel ball

on a vertical

bearing riding between concave sapphlre jewel
surfaces, and on the upper end by a stalnless
steel pin.

SUPERSEDES IL. 41-280.3 A

_— ELECTROMAGNET
DISC ROTATION

UPPER POLE
FLUX

MAIN POLE ,,-/’1"? ?
x|

| "t
SECONDARY _— 1
CURREMNT o 5 J

0 sourcE

q 4 q
ol
o— "‘X 4

TORQUE
COMPENSATOR

MAIN POLE
CURRENT
FRONT viEW

FLUX & CURRENT RELATIONS IN INDUCTION
RELAY ELEMENT WITH TORQUE COMPENSATOR

Fig. 1—Flux and Current Relations in the Type COI Relay.

The moving contact 1s a small silver hemi-

sphere fastened on the end of an arm. The
other end of thils arm 1s clamped to an insu-

lated section of the disc shaft.

from the
and spiral

The electrical connection 1s made

moving contact through the arm
spring. One end of the spring 1s fastened to
and the other to a slotted

which 1n turn

spring
fastens to the

the arm,
ad juster disc
element frame.

The statlonary contact assembly consists of
a sllver contact attached to the free end of a

leaf spring. Thls spring 1s fastened to a

Micarta block and mounted on the element
frame. A small set screw permits the ad-
justment of contact follow.

The moving disc 1s rotated by an electro-

1n the rear and damped by a permanent

EFFECTIVE JANUARY 1950

magnet
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Fig. 2—Internal Schematic of the Single Trip Type COI
Relay in the Standard Case.

magnet in the front. The operating torque 1s
obtained by the circult arrangement shown in
figure 1. The maln pole coll of the relay
acts as a transformer and induces a voltage in
a secondary coill. Current from this secon-
dary coll flows through the primary of a small
saturating transformer. The secondary current
from this transformer flows through the upper
pole colls and thus produces torque on thé
disc by the reaction between the fluxes of the
upper and lower poles.

The small saturating transformer slows down
the disc movement to such an extent (that_no
gearing 1s required to obtaln the fnverse time
characteristic.

Contactor Switch

The d-c¢ contactor switch @n the relay 1is a
A cylindrical
plunger with a silver disc jmounted on 1ts

small solenold type switchy

lower end moves 1ndthe“eore™ of the solenold.
As the plunger ftrayels “upward, the disc
bridges three silver(stationary contacts. The
coll 1s in serles with the main contacts of
the relay and with the trip coll of the
breaker. When the relay contacts close, the
coll ©becomes energized and closes the switch
contactsyg This shunts the maln relay con-
tacts, s,thereby relieving them of the duty of
carrying tripping current. These contacts
rem8in, ‘¢losed until the trip circuilt is
opened) by the auxiliary switch on the breaker.

2

Fig. 3—Internal Schematic of the Single Trip Type COI
Relay With External Torque Control Terminals in
the Standard (Case.

Operation Indicater

The operation “dIndicator i1s a small solenoid
coll conneeted” in the trip circuilt. When the
coll 18 energlzed, a spring-restralned arma-
turegreleases the white target which falls by
gravity awto 1ndicate completion of the trip
circults The indicator 1s reset from outside
of the case by a push rod 1in the cover or

cover stud.

Instantaneous Trip (When Supplied)

The instantaneous trip attachment 1s a
small solenold switch whose coll 1s connected
in the maln current circult. It functions to
energlze the breaker trip coll instantaneously
and 1ndependently of power direction when the
fault current 1s exceptionally heavy.

A cylindrical plunger rides up and down on a
vertical gulde rod 1n the center of the sole-
nold core, which in turn screws 1nto the ele-
ment frame. A sllver disc 1s fastened to the
moving plunger thru a helical spring. When
the coll 1s energized, the plunger moves up-
ward carrylng the silver disc which bridges
three conlcal-shaped statlonary contacts. In
this position, the helical spring 1s com-
pressed and the plunger is free to move while
the contacts remaln stationary. Thus a-c
vibrations of the plunger are prevented from
A Micarta disc
screws on the bottom of the gulde rod and 1s

causing contact ©bouncing.

I
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INDICATOR

TRANSFORMER
COW ON CO

€% 1 UPPER POLE
{l colLs

INSTANTANEOUS TRIP
" ATTACHMENT

TORQUE
COMPENSATOR

<o IL//

REAR VIEW

OPERATION INDICATOR-

COVER OPERATED TESTUSWITCH

SWITCH WHEN useu{ /
3 o cor
L —

CONTACTOR—____|

SWITCH | e

-UPPER POLE

CoIL oM COT
TRANSFORMER 9/
oW ON COT T A
— gl
TORQUE
COMPENSATOR 1 <01 "
o SHORT CIRCUIT
REAR VIEW SWITCH
TEST SWiTeH -
TO RELAY
I | CURRENT TEST
JACK

i
FRONT VIEW [

10 BASE TERMS.

HASSIS OPERATED
SHORTING SWITCH.

Fig. 4—Internal Schematic of the Single Trip Type COI
Relay With Instantaneous Trip in the Standard
Case. The Relay With External Torque Control Has
Terminals 7 and 8 Per Figure 3.

locked 1n place by a small nut. Its positlon
determines the pick-up current of thefelements

CHARACTERISTICS

The type COI relay 1s avallablg infeither of
the followlng current ranges:

2 - 2.5

-3 -3 -W- 5 -6
b -5 -6 -8

=90 - 12 - 15

The tap value 1sgthe Qmininum current re-
quired to just clogse the, relay contacts. In
addition to the taps,Wmthe 1nitlal position of
the moving contaet() 1s adjustable around a
semicircularlevers scale calibrated 1in 11
divisiong.

The 1nstant@neous lock-out attachment has a
3 to 1 range with typlcal ranges similar to
the 1nstantaneous trip attachment.

Trip Circuilt

The maln contacts wi1ll safely close 30 am-
peres at 250v. d-c, and the switch contacts
wlll safely carry this current 1long enough to
trip a breaker.

Fig. 5=Internal Schematic of the Single Trip Type CQI
Relay in the Type FT Case.

The relay without the 1nstantaneous trip at-
tachment 1s shipped with the operation indi-
cator and the contactor switch connected 1in
Thls circult 1s sultable for all
trlp currents above 2.25 amperes d-c. If the

parallel.

trlp current 1s less than 2.25 amperes, there
1s no need for the contactor switch and 1t
should be disconnected. To disconnect the
coll 1n the standard case relays, remove the
short lead to the coll on the front stationary
contact of the contactor switch. Thls lead
should be fastened (dead ended) under the
small fi1listerhead screw located 1n the
Micarta base of the contactor switch. For the
Flexitest relays, the coll 1s disconnected by
removing the coll lead at the spring adjuster
and dead-ending 1t under a screw at the top of
the Mlcarta support.

The relay with the 1nstantaneous trip
attachment has a two ampere contactor switch
in series with a one ampere operation 1ndil-
cator 1n each trip path.

Relay with Qulick Opening Contacts

When the relays are used with cilrcult
breakers that are instantaneously reclosed, it

3
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1s necessary to arrange the relay contacts to
be quick opening. This 1s dore by screwing in
the small set screw on the statlonary contact
assembly untlil the contact rivet rests solidly
on the Micarta support. When this 1s done,
the position of the contact stop on the time
lever should be shifted so that the moving and
stationary contacts barely touch when the time
lever 1s set on zero.

CONTACT CIRCUIT CONSTANTS

Universal Trip Circuilt

Resistance of 0.2 ampere Target..... 2.8 ohms

Resistance of 2.0 ampere Contactor
Switch..oieieieeeeeeceesenasenesnsss 0.25 ohm

Resistance of Target and Switch on
Parallel....c.coceeeeeeescccccseseasss 0.23 ohm

Trip Circult with Instantaneous Trip

Resistance of 1.0 ampere Target..... Oql6, ohni

Resistance of 2.0 ampere Contactor
Switch..oieieeiiieeneeereneneeeeee. 0.2590hm

Resistance of Target and Switch in
SErleS.ieeeeconcconscnnsoonss W . ug0.41 ohm

RELAYS IN TYPENFTCASE

The type FT cases are dust-proof enclosures
combining relay elements Qand knife-blade test
svitches 1n the same caSe. This combination
provides a compaet flexible assembly easy to
maintaln, inspect,ftést and adjust. There are
three maln units, of the type FT case: the
case, coyer,_ andjchassis. The case 1s an all
weldedd ste€l housing contalining the hinge
half of the, kndfe-blade test switches and the
terminals for external connections. The cover
1s a drawn steel frame with a clear window
wvhich fi¥s over the front of the case with the
switches closed. The chassis 1s a frame that
supperts the relay elements and the contact

ja8w half of the test switches. This slides in
and out of the case. The electrical con-

nections between the base and chasslis are com-
pleted dthrough the closed knife-blades.

Removing Chassis:

To remove the chassls, first ),remove the
cover by unscrewlng the captive nuts at the
corners. This exposes the relay elements and
all the test switches for 1nspection and
testing. The next step #Ts_to open the test
switches. Always open <‘the elongated red
handle switches first ‘before opening any of
the ©black handle switehes ¥ or the cam action
latches. This opens/the trip circult to pre-
vent accldental trip out. Then open all the
remalning switches. The order of opening the
remaining switiches” 1s not I1mportant. In
opening the test swiltches they should be
moved adly theé) way back agalnst the stops.
With all the| switches fully opened, grasp the
two\, cam aetlon 1latch arms and pull outward.
This “\releases the chasslis from the case.
Usingwthe latch arms as handles, pull the
chassls out of the case. The chassls can be
sety? on a test bench 1n a normal upright posi-
tion for test as well as on 1ts back or sides

for easy inspection and malntenance.

After removing the chassis a duplicate
chasslis may be 1nserted 1n the case or the
blade portion of the switches can be closed
and the cover put 1n place without the
chassis. The chassls operated shorting
switch located behind the current test switch
prevents open circulting the current trans-
formers when the current type test switches

are closed.

When the chasslis 1s to be put back 1n the
case, the above procedure 1s to be followed
in the reversed order. The elongated red
handle switch should not be closed until
after the chassis has been latched 1n place
and all of the black handle switches closed.

Electrical Circuits

Each terminal 1in the base connects thru a
test switch to the relay elements 1n the
chassis as shown on the 1Internal schematic
dlagrams. The relay terminal 1s identifiled by
numbers marked on both the inside and outside
of the Dbase. The test switch positions are
identified by letters marked on the top and
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Fig. 7—Internal Schematic of the Single Trip Type COI
Relay With External Torque Control Terminals in
the Type FT Case.

bottom surface of the moulded blocks. These
letters can be seen when the chassls 1s re-
moved from the case.

The potentlal and control circults thru the
relay are disconnected from the external cims
cult by openling the assoclated test switches.
Opening the current test swltch short-ciseults
the current transformer secondary and dis-
connects one slde of the relay coll but leaves
the other side of the coll connected o the
external clrcult thru the current “test jack
jaws. This clrcult can be ghsolated by in-
serting the current test plug (without ex-
ternal connectlons), by _lnsertdng the ten
circuit test plug, or by 1nSefiting a plece of
insulating materlal, approximately 1/32" thick
into the current tegstGjack Jaws. Both
switches of the €urrgnt Best swilitch palr must
be open when using jthe current test plug or
Insulating material 1In thls manner to short-
circult the current transformer secondary.

A cover operated switch can be suppllied with
1ts contacts, ywired 1n series with the trip
This swltch opens the trip clrcuilt
when, the, cover 1s removed. This switch can be

circuit.

added) to’the exlsting type FT cases at any
tdme.

Fig. 8—InternalySchematic of the Single Trip Type COI
Relay With Instantaneous Trip in the Type FT Case.
The BRelay)With External Torque Control Has Term-
inals 9yand 10 Per Figure 7.

Testling
The ‘relays can be tested 1n service, 1n the
case but with the external circults 1solated

or, out of the case as follows:

Testing 1n Service

The ammeter test plug can be 1nserted 1n the
current test jaws after openlng the knife-
blade swltch to check the current thru the
relay. This plug conslists of two conducting
strips separated by an 1nsulating strip. The
ammeter 1s connected to these strips by termi-
nal screws and the leads are carried out thru
holes 1n the back of the 1nsulated handle.

Voltages between the potentlal clrcults can
be measured convenlently by clamping #2 clip
leads on the projecting clip lead lug on the
contact jaw.

Testing 1n Case

With all blades 1n the full open positilon,
the ten clrcult test plug can be Inserted in
the contact jaws. Thls connects the relay
elements to a set of bilnding posts and com-

pletely 1solates the relay cilrcults from the
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external connections by means of an 1nsulating
barrier on the plug. The external test cir-
cults are connected to these binding posts.
The plug 1s 1inserted 1n the bottom test jaws
with the binding posts up and in the top test
switch jaws with the binding posts down.

The external test cilrcults may be made to
the relay elements by #2 test clip leads in-
stead of the When
external test circult to the current elements
using clip leads, care should be
that the
that the relay 1s completely 1solated from the

test plug. connecting an
taken to see
current test jack jaws are open so

external circuilts. Suggested means for 1so-

lating this cilrcult are outlined above under
"Electrical Circuits”.
Testing Out of Case

With the chassis removed from the base )

relay elements
circult test plug or by #2 test clip leads 48
described above. The factory calibrationiis
made with the chassis 1n the and | re-
moving the chassis from the case

may be tested by using the ten

case
w11l change

the calibration values by a small percgentage.
It 1s recommended that the relajy, bejchecked
in position as a filnal check_ onithe cali-

bration.

INSTALLATION

The relays should“be, mounted on switchboard
panels or thelr eq@lvalent
from dirt, moilsture,
heat. Mount the, relay vertically by means of
the two mounting studs for the standard cases

and the #£ype“FT projection case or by means of

In a locatlon free

excessive vibration and

the fiour mountIng holes on the flange for the
semi-flush type FT Either of the studs
or the mounting screws may be utllized for
relay. The electrical
direct to the terminals
by means of screws for steel panel mounting or
to) terminal studs furnished with the relay for

case.

grounding the con-

nections may be made

ebony-asbestos or slate panel mounting. The

terminal studs may be easily removed or in-

serted by locking two nuts on the studs and

then turning the proper nut with a wrench.

SETTINGS

two settings - namely the] current
Its"contacts
When the
equipment

There are
value at which the relay closes
and the time required to close them.
relay 1s to be used to
agalnst overload, the setting must be deter-
mined by the nature, of thefload, the magnitude
of the and “the of thelr

occurrence.

protect

peaks f£requency

For sectionalfzing tsfansmission systems the
current and time setting must be determined by
calculation,,duefjeonsideration being given to
the time required for circult breakers to open
can be ob-

so that__proper selective action

talned throughout the system.

Current, Setting

The * connector screw on the terminal plate
above the tlime scale makes connections to
various turns on the operating coll. By

placing this screw 1n the various holes, the
relay will just close
sponding current #4-5-6-8-10-12 or 15 amperes,

contacts at the corre-

or as marked on the terminal plate.

The tripping value of the relay
may be altered by changing the 1initial tensilon

on any tap

of the spiral spring. This can be accomplished
by turning the spring adjuster by means of a
screw-driver inserted in one of the notches of
the plate to which the outside
the spring 1s fastened. An
current approximately
above or below any tap value,

convolution of
adjustment of

15 percent
can be secured

tripping
without materially affecting the operating
characteristics of the relay. For example, on
the 4 to 15 amp. relay, by choosing the proper
tap, a tripping
current from 3.4 amperes to 17.5 amperes may

be secured. The

continuous adjustment of

characteristic time curve
willl be affected less for any large adjustment
1f the next higher tap 1s selected and the
initiel tension
creased to secure the desired tripping value.
the relay should be set on the 8

ampere tap with less 1initlal tension in order

of the spiral spring 1s de-

For example,

to secure a 7 ampere tripping value.

CAUTION Be sure that the connector screw 1s
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turned up tight so as to make a good contact,
for the operating current passes through 1t.
Since the overload element 1s connected di-
rectly 1n the current transformer circults the
latter should be short-circulted before
changling the connector screv. This can be
done convenlently by 1inserting the extra
connector screw, 1located on the right-hand
mounting boss, 1n the new tap and removing the
0ld screw from 1ts original setting.

Time Lever Setting

The 1ndex or time lever 1imits the motion of
the disc and thus varlies the time of oper-
atlon. The latter decreases with lower lever
settings as shown 1n the typical time curves
of Figure 6.

ADJUSTMENTS AND MAINTENANCE

All relays should be 1nspected perlodically
and the time of operatlion should be checked at
least once every slx months. For this
purpose, a cycle counter should be employed,
because of 1ts convenlence and accuracy.
Phantom 1loads should not be used 1n testing
Induction-type relays because of the resulting
distorted current wave form which produces/an
error in timing.

All contacts should be perliodically cleaned
vith a fine, file. S#1002110 fileg@dsWrecom-
mended for thls purpose. The use, of\, abrasive
material for cleaning contacts fsqmot “9recom-
mended, because of the danggr of embedding
small particles 1n the face off\the soft silver
and thus impalring the contacts

The proper adjustments “tefinsure correct
operation of this relay, have been made at the
factory and should), not befdisturbed after re-
celpt by the customer. If the adjustments
have been changed, the relay taken apart for
repalrs, or 1f 1t 1s desired to check the
adjustments jat regular maintenance perlods,
the Instructlons below should be followed.

OvercurrentyElement

Shifit the positlon of the contact stop on
the tIme lever and adjust the contacts so that

ESCAPEMENT
MAGNET-
AUX.REL AV TIMER
(if TOP VIEW
) |- CLOCK

FRONT

REAR VIEW

[TOP TERM.NO.-FOR STD.CASE
BOTTOM TERMNO.& TEST SW.
FOR TYPE FTCASE.

AMMETER
TEST LORD

o = =
IWSV. AC.
TEST
' = = SOURC

Fig. 9—Diagram of Test Connections for the Type COI
Relay.

they barely touch when the time lever 1s set
on zero.

Adjust the tenslon of the splral spring so
that the relay wi1ll close 1ts contacts at 1ts
rated current, as shown by the position of the
screw on the tap block. Shift the position of
the damping magnets so that the time charac-
teristics of the relay, as shown by test with
a cycle counter, are as shown on the typlcal
time curves. <n the factory the relay 1s
tested from the No. 10 1lever position. The
calibration 1s intended to be on the basls of
the cool or normal operation condition inas-
much as overloads are of short duration. When
checking a number of polints on the time
curves, 1t willl be necessary to cool the relay
colls between points particularly after oper-
ating at high currents. An alr hose may be
used for thils purpose.

The position of the torque compensator on
the overload element 1s adjustable, 1influ-
encing the shape of the curve. Thils 1s a
factory adjustment and the 1location of the
torque compensator should not be changed 1in
the fleld. If the relay has a metal cover,
thls ecover must be 1n place when making tests.

gl
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Fig. 10—External Connections of the Type COI Relay for
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Three Phase System.

The relays with torque control terminals
will not operate until these terminals are
short-circuited either by a jumper or by the

external control contacts.

Contactor Switch

Adjust the stationary core of the switeh foF
a clearance betwveen the stationaryy, cOre and
the moving core +when the switch 1§, pieked-up.
This can be most conveniently dome b¥pdiscon-
necting the switch and turning it Orthe relay
upside-dovn. Screw up the g eore s€rew until
the moving core starts rotating. ¢\Now back off
the core screw untill the mowing core stops
rotating. This indicatgg thejpoints where the
play in the moving ‘eehtaet assembly 1is taken
up, and wvhere the moving gore just separates
from the statilonary cog¢e screw. Back off the
stationary core sckev fone turn beyond this
point and lock Angplace. This prevents the
moving corejfrom striking and sticking to the
stationa?®y core,because of residual magnetism.
Adjustfthedcontact clearance for 3/32 inch by
means ofjthe f£vo small nuts on either side of
the Micartaydisc. The switch should pick up
at 2 amperes d-c. Test for sticking after 30
amperesdd-c have been passed through the coil.

Operation Indicator

Adjust the indicator to operate at 0.2 or
1.0 ampere d-c as supplied gradually applied
by loosening the two screws on the under side

Fig. 11—External Connections of the Type COIl Relay for
Phase Ovwercurrent Protection of an Ungrounded
Three Phase System.

of “the{yassembly, and moving the bracket
forward or bacikward. Test for sticking after
109, times
applied.

rated pick-up current has been

Instantaneous Trip Attachment

The position of the Micarta disc at the
bottom of the element with reference to the
calibrated guide indicates the minimum over-
current required to operate the element. This
3isc should be lowered or ralsed to the proper
position by loosening the locknut and rotat-
ing the Micarta disc. The nominal range of
sdjustments 1s 1 to 4, for example 10 to 40
amperes, and 1t has an accuracy within the
limits of approximately ¥ 10%.

The drop-out value 1s varied by raising or
lowering the core screw at the top of the
switch and after the final adjustment 1s made,
the core screw should be securely 1locked in
place with the 1lock nut. It should be ad-
justed for about 2/3 of the minimum pick-up.

Instantaneous Lock-Out Attachment

The position of the Dbottom of the plunger
with reference to the calibrated guide indi-
cates the minimum current required to open the
contacts. To change the setting hold the top
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slotted head rod fixed with a
screwdriver. with a second
adjust the of the

current plck-up desired.

of the plunger
Then
lower end

screwvdriver
plunger for the

speclal care
they are 1n with the maln
tripping circult and may prevent proper relay
1f they become dirty.

These contacts must be given

because serles

operation The nominal

range of adjustment 1s 3 to 1.

RENEWAL PARTS

Repalr work can be done most satlsfactorlly

at the factory. However, interchangeable
parts can be furnished to the customers who
are equipped for dolng repalr wobrkq When

ordering parts, always glve the“eomplete/ name-
plate data.
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Types CO and COH Overcurrent Relays
INSTRUCTIONS

CAUTION

Before putting protective relays into service,
remove all blocking which may have been inserted
for the purpose of securing the parts during ship-
ment. Make sure that all moving parts operate
freely. Inspect the contacts to see that they are
clean and can close properly. Operate the relay
to check the settings and electrical connections.

APPLICATION

These induction-overcurrent relays are used to
disconnect circuits or apparatus when the current
in them exceeds a given value. Where a station
battery (48 volts or over) is available, the circuit
closing type relays are normally used to trip the
circuit breaker. Where low voltage or no station
battery exists, the circuit opening type relay in
conjunction with a-c series trip coils can be used
to open the breaker.

The inverse time (low-energy) type relay is used
in preference to the definite minimum time (stand-
ard energy) relay where the requirements neces-
sitate (1) a lower burden on the current rans-
former, or (2) a more inverse curve for seléctivity,
or (3) a very low current range as fordexample,
ground protection of transmission systems.

The very-inverse time (low-energy) Wrelaylyis
similar to the inverse relay and is used, where a
still more inverse curve is desired. The term “‘low
energy’’ refers to the burden at tap value/that is
placed on the current transformefs and®does not
refer to the current rating.

The long time (40 second) relayWissdesigned to
protect motors against overloadsy, This can be
equipped with an instantaneous attachment that
will operate, if a short-cireuit océurs in the motor.

The type COH relay finds @pplication for phase
and ground protectionfwher@ a high speed induc-
tion type relay is desired. It'is sometimes used in
differential protecti¥e Sehemes.

The above gelays ganfbe supplied with the sec-
ondary electromagnegeircuit brought out to sepa-
rate termindls. THhis variety is known as the type
CO or COH Tgrque Control Relay. Thus the con-
tacts of ‘aWseparate relay can be used to control
the operatiompoff'the torque control relay. For
example, a three phase directional relay can be
used to directionally control three torque control
relays.

CONSTRUCTION AND OPERATION
Circuit-Closing Relay

The circuit-closing types CO and COH relays
consist of an overcurrent element, an operation
indicator, a contactor switch, and an instantaneous
trip attachment where required.

Overcurrent Element

This element is an inductign-disc type element
operating on overcurrent. ¥l hesifiduction disc is a
thin four-inch diametermaluminum disc mounted
on a vertical shaft. Theshaft is supported on the
lower end by a steel ball bearing riding between
concave sapphire jewel suffaces, and on the upper
end by a stainlesgsteel|pin.

The moving contagtgls a small silver hemisphere
fastened on the end of an arm. The other end of
this arm is clamped‘to an insulated section of the
disc shaftgmytheynon-geared type relays, or to an
auxiliary/ shaftygeared to the disc shaft in the
geared, type relays. The electrical connection is
madeifrém the moving contact through thearmand
spiral spring. One end of the spring is fastened to
the arm,)and the other to a slotted spring adjuster
disclwhich in turn fastens to the element frame.

TheVstationary contact assembly consists of a
silvef’contact attached to the free end of a leaf
spring. This spring is fastened to a Micarta block
and mounted on the element frame. A small set
screw permits the adjustment of contact follow.
When double trip is required, another leaf spring
is mounted on the Micarta block and a double
contact is mounted on the rigid moving arm. Then
the stationary contact set screws permit adjust-
ment so that both circuits will be made simul-
taneously.

The moving disc is rotated by an electromagnet
in the rear and damped by a permanent magnet in
the front. The operating torque of the inverse or
very inverse relays is obtained by the circuit ar-
rangement shown in Figure 1. The main pole coil
of the relay acts as a transformer and induces a
voltage in a secondary coil. Current from this
secondary coil flows through the upper pole coils and
thus produces torque on the disk by the reaction
between the fluxes of the upper and lower poles.

The definite-time relay obtains its flat charac-
teristic curve because of a small saturating trans-
former that is interposed between the secondary
coil and the upper pole coils. This is called the
torque compensator and it slows down the disk
movement to such an extent that no gearing is
required. (See Figure 2).

The long time relay is a geared relay with a
torque compensator.

The type COH relay is a non-geared relay with-
out a torque compensator.

Contactor Switch
The d-c. contactor switch in the relay is a small

solenoid type switch. A cylindrical plunger with

a silver disc mounted on its lower end moves in the
core of the solenoid. As the plunger travels upward,
the disc bridges three silver stationary contacts.
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FIGURE, 5—INTERNAL SCHEMATIC OF THE DoUBLE Trip
Circuit CroesIiNG INVERSE AND VERY INVERSE Types CO
AND COH RELAYs WiTH TorRQUE CONTROL TERMINALS IN
THEWSTANDARD CAsE. THE SINGLE TRIP RELAYS HAVE
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FIGURE 4—INTERNAL SCHEMATIC OF THE DOUBLE TriIp
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CIRCUITS OMITTED.
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The coil is in series with the main contacts of the
relay and with the trip coil of the breaker. When
the relay contacts close, the coil becomes energized
and closes the switch contacts. This shunts the
main relay contacts, thereby relieving them of the
duty of carrying tripping current. These contacts
remain closed until the trip circuit is opened by the
auxiliary switch on the breaker.

Operation Indicator

The operation indicator is a small solenoid coil
connected in the trip circuit. When the coil is
energized, a spring-restrained armature releases the
white target which falls by gravity to indicate
completion of the trip circuit. The indicator is
reset from outside of the case by a push rod in the
cover or cover stud.

Instantaneous Trip (When Supplied)

The instantaneous trip attachment is a small
solenoid type element. A cylindrical plunger
rides up and down on a vertical guide rod in the
center of the solenoid coil. The guide rod is fastened
to the stationary core, which in turn screws into
the element frame. A silver disc is fastened to the
moving plunger through a helical spring. When
the coil is energized, the plunger moves upward
carrying the silver disc which bridges three conical-
shaped stationary contacts. In this position, the
helical spring is compressed and the plunger is free
to move while the contact remains stationary.
Thus, a-c. vibrations of the plunger are prevented
from causing contact bouncing. A Micarta discds
fastened to the bottom of the guide rod by gwo
small nuts. Its position determines the pick-up
current of the element.

Instantaneous Lock-Out Attachment (When
Supplied)
The lock-out attachment is used to prevent the
relay from tripping a circuit breaker when the cur-
rent is too high—above its interrdpting,capacity.

CIRCUIT-OPENING RELAY

The circuit-opening type CO Relay consists of
an overcurrent element, a de-ion.eontaetor switch,
an operation indicator and amminstagtaneous trip
attachment where required.

Overcurrent Element

The overcurrent construétion and operation is
similar to that desesibedfor the circuit closing
relays.

De-ion ContaCtorfSwitch

This switch is‘@@mallfa-c. solenoid switch whose
coil is energized fromi a few turns on the lower
pole of the overcurrent element in the standard-
energy type relays, and from a small transformer
connected in thebmain current circuit in the low-
energy type relays. Its construction is similar to
the dee. type switch except that the plunger
operates, a%spring leaf arm with a silver contact
surfacenon one end and rigidly fixed to the frame
at the other end.

The), overcurrent element contacts are in the
contactor switch coil circuit and when they close,
the“solenoid plunger moves upward to open the

de-ion contacts which normally short circuit the
trip coil. These contacts are able to transfer_the
heavy current due to a short circuit and pgrmit
this current to energize the breaker trip coil.

The transformer coil on the lower pole of the
overcurrent element and the contactor switch
circuits in the standard energy type relays are con-
nected to the main circuits as shown in Figures 8
and 14. When the overcurrent confact closes, the
contactor switch operates, and the _v®ltage across
the trip coil is impressed on theytransformer and
contactor switch coils. This veltageacts to seal-in
the contactor switch, and tdfeedyenergy through
the transformer coil to the maiff oyercurrent wind-
ing which produces contdeg, clesing torque. This
arrangement provides adefinite minimum pick-up
value largely independentyof #he value of trip coil
impedance.

Operation Indicatox

The operatign indicator is in series with the
breaker trip, coil.'Its construction is as described
above.

GHARACTERISTICS

The typed€O definite minimum time (standard
energy) ‘rglong time (40 second) circuit closing
relayyis available in either of the following current
ranges.

2 25 3 35 4 5 6
4 5 6 8 10 12 15

The type CO inverse, very inverse (low energy)
or the type COH circuit closing relay is available
in the following current ranges.

0.5 0.6 0.8 1.0 1.5 2.0 2.5
2 2.5 3 3.5 4 5 6
4 5 6 8 10 12 15

The type CO circuit-opening relay is made only
in the 4 to 15 ampere range. A lower range is not
desirable because the burden of a low-range trip
coil is too heavy on the current transformer. One
trip coil is required for each relay.

The tap value is the minimum current required
to just close the relay contacts. In addition to the
taps, the initial position of the moving contact is
adjustable around a semicircular lever scale cali-
brated in 10 divisions.

These relays may have either single or double
circuit closing contacts for tripping either one or
two breakers, or may have circuit-opening con-
tacts for tripping the breakers by current from the
current transformers.

The characteristics of the various varieties of
type CO and COH relays usually supplied are as
shown on page 6.

The burdens and thermal ratings are listed
under Energy Requirements.

The instantaneous trip attachment has a 4 to 1
range. Typical ranges are 10-40 or 20-80 but
other ranges may be supplied as ordered.

The De-ion contactor switch on the circuit
opening relays has a minimum pick-up of 4 amperes
a-c.

g

Q)
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Characteristics of CO and COH Relays

Approx. #10

Lever Time

at 20 x Tap
Type Energ Time Value Gearing
CO Std. Definite Time 2 Sec. Non-geared
CO Std.. Definite Time 4 Sec. Non-geared
CO Low Inverse 2 Sec. Geared
CO Low Inverse 4 Sec. Geared
CO Low Very Inverse 14 Sec. Geared
CO Std. Definite Time 40 Sec. Geared
COH e Inverse 18 Cyc. Non-Geared

Typical
Torque 60 Cycle
Compen- Schematic Time Curve
sator per Figure No. per Figure No.
Yes 3,4,6,89,10, 12, 14 & 15 23
Yes 3,4,6,8,9,10, 12,14 & 15 ..
No 3, 4,579 10,11, 13 & 15 24
Yes 3,4,6,8,9 10, 12, 14 & 15 ..
No 3,4,57,9,10, 11,13 & 15 25
Yes 3,4,6,8,9, 10, 12, 14 & 15 27
No 3,4,5,9 10, 11 & 15 26

y Yy I,y

Three element relay characteristics are the same as in single element forms.

The instantaneous lock-out attachment has a
3 to 1 range with typical ranges similar to the
instantaneous trip attachment.

Trip Circuit

The main contacts will safely close 30 amperes
at 250v. d-c, and the switch contacts will safely
carry this current long enough to trip a breaker.

The relay without the instantaneous trip attach-
ment is shipped with the operation indicator and
the contactor switch connected in parallel. This
circuit is suitable for all trip currents above 2.25
amperes d-c. If the trip current is less than 2.25
amperes, there is no need for the contactor switch
and it should be disconnected. To disconnect the
coil in the standard case relays, remove the short
lead to the coil on the front stationary contact of
the contactor switch. This lead should be fastened
(dead ended) under the small filisterhead screw
located in the Micarta base of the contactor switch,
For the Flexitest relays, the coil is disconnected b¥:
removing the coil lead at the spring adjuster and
dead-ending it under a screw at the top of the
Micarta support.

The relay with the instantaneous trip attach-
ment has a two ampere contactor switch in_series
witll'll a one ampere operation indicator in gach trip
path.

Relay with Quick Opening Contacts

When the relays are used with cigCuit breakers
that are instantaneously reclosedyfit 1§ynecessary
to arrange the relay centacts to be ‘quick opening.
This is done by screwing in thefsmall set screw on
the stationary contact assemblg.until the contact
rivet rests solidly on the Mieartamsipport. When
this is done, the position fof ghe contact stop on
the time lever should Beshiftéd so that the moving
and stationary contacts®barely touch when the
time lever is set oft zere.

CONTACT CIRCUIT CONSTANTS
UniversaliTrip Circuit
Resistance of 0.2 ampere Target........ 2.8 ohms
Resistance of 2.0 ampere Contact Switch.0.25 ohms

Resistanceqof Target and Switch in
Parallel. . .......... ... oLt 0.23 ohms

Trip'Circuit with Instantaneous Trip
Resistaneeof 1.0 ampere Target........ 0.16 ohms
Registance of 2.0 ampere Contactor

Switch........ .. .. .. ... L 0.25 ohms
Resistance of Target and Switchin Series 0.41 ohms

RELAYS IN TYPE FI/CASE

The type FT cases are dust-proof enclosures
combining relay elementsWand knife-blade test
switches in the samef€ase.” This combination
provides a compact flexible assembly easy to main-
tain, inspect, test_andWadjust. There are three
main units of th¢ type FT case: the case, cover
and chassis. ZLhe ‘cage ig an all welded steel housing
containing thethingeghalf of the knife-blade test
switches and ‘theWerminals for external connec-
tions. THemeover 1s a drawn steel frame with a
clear windew, which fits over the front of the case
with theé switehes closed. The chassis is a frame
that stippottsythe relay elements and the contact
jaw half of the test switches. This slides in and out
of gthe case. The electrical connections between
the base and chassis are completed through the
closed knife-blades.

Removing Chassis:—To remove the chassis,
first remove the cover by unscrewing the captive
puts at the corners. There are two cover nuts on
the S size case and four on the L and M size cases.
This exposes the relay elements and all the test
switches for inspection and testing. The next step
is to open the test switches. Always open the
elongated red handle switches first before any of
the black handle switches or the cam action
latches. This opens the trip circuit to prevent ac-
cidental trip out. Then open all the remaining
switches. The order of opening the remaining
switches is not important. In opening the test
switches they should be moved all the way back
against the stops. With all the switches fully
opened, grasp the two cam action latch arms and
pull outward. This releases the chassis from the
case. Using the latch arms as handles, pull the
chassis out of the case. The chassis can be set on
a test bench in a normal upright position as well
as on its top, back or sides for easy inspection,
maintenance and test.

After removing the chassis a duplicate chassis
may be inserted in the case or the blade portion
of the switches can be closed and the cover put in
place without the chassis. The chassis operated
shorting switch located behind the current test
switch prevents open circuiting the current trans-
formers when the current type test switches are
closed.

O
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When the chassis is to be put back in the case,
the above procedure is to be followed in the re-
versed order. The elongated red handle switch
should not be closed until after the chassis has
been latched in place and all of the black handle
switches closed.

Electrical Circuits:—Each terminal in the base
connects through a test switch to the relay elements
in the chassis as shown on the internal schematic
diagrams. The relay terminal is identified by
numbers marked on both the inside and outside
of the base. The test switch positions are identified
by letters marked on the top and bottom surfaces
of the moulded blocks. These letters can be seen
when the chassis is removed from the case.

The potential and control circuits thru the relay
are disconnected from the external circuit by open-
ing the associated test switches. Opening the
current test switch short-circuits the current
transformer secondary and disconnects one side
of the relay coil but leaves the other side of the coil
connected to the external circuit thru the current
test jack jaws. This circuit can be isolated by
inserting the current test plug (without external
connections), by inserting the ten circuit test plug,
or by inserting a piece of insulating material ap-
proximately 35” thick into the current test jack
jaws. Both switches of the current test switch
pair must be open when using the current tgést
plug or insulating material in this manaer “to
short-circuit the current transformer secofdary.

A cover operated switch can be suppliedywith its
contacts wired in series with the trip Circuit.y, This
switch opens the trip circuit when the%eover is
removed. This switch can be added to"the existing
type FT cases at any time.

Testing :—The relays can beftested in service,
in the circuits isolated or outrof the case as follows:

Testing In Service—The ammeter test plug
can be inserted in the carrent'test jaws after open-
ing the knife-blade switchyto check the current
through the relay. THhis plugfconsists of two con-
ducting strips separated by an insulating strip. The
ammeter is connected tosthese strips by terminal
screws and the leads arecarried out through holesin
the back of the insylated handle.

Voltagedbetween the potential circuits can be
measured conweniently by clamping ¥2 clip leads
on the prejectinggelip lead lug on the contact jaw.

Testing Int¥Case:—With all blades in the full
open position, the ten circuit test plug can be
inserted in the contact jaws. This connects the
relay elements to a set of binding posts and com-
pletely isolates the relay circuits from the external
connections by means of an insulating barrier on
the plug. The external test circuits are connected
to‘these binding posts. The plug is inserted in the
bottom test jaws with the binding posts up and in
the top test switch jaws with the binding posts
down.

The external test circuits may be made to the
relay elements by #2 test clip leads insteadwefgthe
test plug. When connecting an exXternal test
circuit to the current elements usingyclip/leads,
care should be taken to see that the current test
jack jaws are open so that the relay is completely
isolated from the external circuits, Suggested
means for isolating this circuit are outlined above,
under ‘‘Electrical Circuits.”’,

Testing Out of Case:—With the chassis re-
moved from the base, relay elements may be
tested by using the teft Gircuit test plug or by #2
test clip leads as described¥above. The factory
calibration is made,withthe chassis in the case
and removing the chassis from the case will change
the calibration values/of some relays by a small
percentage. Iffis reédmmended that the relay be
checked in pesitiomyas a final check on calibration.

INSTALLATION

Theselays’should be mounted on switchboard
panels, orfytheir equivalent in a location free from
dirt;,moisture, excessive vibration and heat. Mount
therelay vertically by means of the two mounting
studsyfor the standard cases and the type FT
prejection case or by means of the four mounting
holes on the flange for the semi-flush type FT
case. Either of the studs or the mounting screws
may be utilized for grounding the relay. The
electrical connections may be made direct to the
terminals by means of screws for steel panel mount-
ing or to terminal studs furnished with the relay
for ebony asbestos or slate panel mounting. The
terminal studs may be easily removed or inserted
by locking two nuts on the studs and then turning
the proper nut with a wrench.

Because the circuit-opening relay contacts short
circuit the trip coil, it is important that the relay
be mounted where it will not be subject to shocks
which may jar the contacts open and thereby allow
current to flow through the trip coil. Trouble of
this kind can be avoided by preventing jars to the
switchboard and also by setting the trip coil high
enough so that it will not operate on normal load
current. This is an extra safeguard so that there
there is no danger from even an excessive shock
unless the current is also heavy.

Typical external connections are shown in
Figures 18 to 22. When using the circuit-opening
relays for phase protection, ground protection may
be secured by using a low-energy circuit-closing
relay operating on a-c. voltage trip coil, as shown
in Figure 22.

SETTINGS

There are two settings—namely the current value
at which the relay closes its contacts and the time
required to close them. When the relay is to be
used to protect equipment against overload, the
setting must be determined by the nature of the
load, the magnitude of the peaks and the frequency
of their occurrence.

N
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For sectionalizing transmission systems the cur-
rent and time setting must be determined by
calculation, due consideration being given to the
time required for circuit breakers to open so that
proper selective action can be obtained throughout
the system.

Current Setting

The connector screw on the terminal plate above
the time scale makes connections to various turns
on the operating coil. By placing this screw in the
various holes, the relay will just close contacts at
the corresponding current, 4-5-6-8-10-12 or 15
amperes, or as marked on the terminal plate.

The tripping value of the relay on any tap may
be altered by changing the initial tension of the
spiral spring. This can be accomplished by turn-
ing the spring adjuster by means of a screwdriver
inserted in one of the notches of the plate to which
the outside convolution of the spring is fastened.
An adjustment of tripping current approximately
15 percent above or below any tap value, can be
secured without materially affecting the operating
characteristics of the relay. For example, on the
4 to 15 amp. relay, by choosing the proper tap, a
continuous adjustment of tripping current from
3.4 amperes to 17.5 amperes may be secured. The
characteristic time curve will be affected less for
any large adjustment if the next higher tap is
selected and the initial tension of the spiral spring
is decreased to secure the desired tripping value:
For example, the relay should be set on the(8
ampere tap with less initial tension in gfden to
secure a 7 ampere tripping value.

Caution

Be sure that the connector screw is “turned,up
tight so as to make a good contact, for the‘operat-
ing current passes through it. Sincefthgleverload
element is connected directly in the Gugrenttrans-
former circuit, the latter should bé®™short=€Circuited
before changing the connector screw. This can be
done conveniently by insertinggthelextra connector
screw, located on the right#tand, mounting boss,
in the new tap and remoyingtthe old' screw from its
original setting.

Time Lever Setting

The index or time léver litnits the motion of the
disc and thus varies the time of operation. The
latter decreases with Tower lever settings as shown
in the typical time gurves of Figures 23 to 27.

ADJUSTMENTS*AND MAINTENANCE

All reldys should®be inspected periodically and
the timétef #Operation should be checked at least
once everysix months. For this purpose, a cycle
counter should’be employed, because of its con-
venience and accuracy. Phantom loads should not
be used in testing induction-type relays because of
the resulting distorted current wave form which
produces an error in timing.

Allcontacts should be periodically cleaned with
a‘fine file. S# 1002110 file is recommended for this
purpose. The use of abrasive material for cleaning
contacts is not recommended, because of the
danger of embedding small particles in the face of
the soft silver and thus impairing the contact.

The proper adjustments to insure correct opera-
tion of this relay have been made at the factery
and should not be disturbed after receipt by the
customer. If the adjustments have béen changed
or the relay taken apart for re airs, the ¥éllowing
instructions should be followed in reassembling
and setting it.

(Overcurrent Element Circuit-Closing Relays)
Shift the position of thef comtact stop on the

time lever and adjust 4he ‘econtacts so that they

barely touch when the timeylevef'is set on zero.

Adjust the tension effghe“8piral spring so that
the relay will close its(contagts at its rated current,
as shown by the position/of the screw on the
tap block. Shift the, pesition of the damping
magnets so thaththe time characteristics of the
relay, as shown,by%test with a cycle counter, are
as shown on the typical time curves. In the factory
the relay is ‘tested from the No. 10 lever position.
The calibration¥is intended to be on the basis of
the coolfor/n@mmal operating condition inasmuch
as overloads are of short duration. When checking
a numbeg, of points on the time curves, it will be
necessary to cool the relay coils between points
particularly after operating at high currents. An
air‘hose may be used for this purpose.

The’position of the torque compensator on the
overload element is adjustable, influencing the
shape of the curve. This is a factory adjustment
and the location of the torque compensator should
not be changed in the field. If therelay has a metal
cover, this cover must be in place when making
tests.

The relays with torque control terminals will not
operate until these terminals are short-circuited
either by a jumper or by the external control
contacts.

Contactor Switch (Circuit-Closing Relays)
Adjust the stationary core of the switch for a
clearance between the stationary core and the
moving core when the switch is picked up. This
can be most conveniently done by disconnecting
the switch and turning it or the relay upside-down.
Screw up the core screw until the moving core
starts rotating. Now back off the core screw until
the moving core stops rotating. This indicates the
point where the play in the moving contact assem-
bly is taken up, and where the moving core just
separates from the stationary core screw. Back off
the stationary core screw one turn beyond this point
and lock in place. This prevents the moving core
fromstriking and sticking to the stationary core be-
cause of residual magnetism. Adjust the contact
clearance for 5% inch by means of the two small nuts
on either side of the Micarta disc. The switch should
pick up at 2 amperesd-c. Testfor sticking after 30
amperes d-c. have been passed through the coil.

Operation Indicator (Circuit-Closing Relays)

Adjust the indicator to operate at 0.2 or 1.0
ampere d-c. as supplied gradually applied by loosen-
ing the two screws on the under side of the as-
sembly, and moving the bracket forward or back-
ward. If the two helical springs which reset the
armature are replaced by new springs, they should
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be weakened slightly by stretching to obtain the
0.2 or 1.0 ampere calibration. Test for sticking
after 10 times rated pick-up current has been
applied.

Overcurrent Element (Circuit Opening Re-
lays)

Adjust the relay with the instructions given
under “‘Overcurrent Element (Circuit Closing
Relays)’ using the test connection of Figure 17
except that for the definite minimum time circuit
opening relay the following caution should be
observed:

CAUTION—When a signal lamp or other volt-
age operated device is to be connected in series
with the relay contacts, disconnect the internal
leads of the element from the stationary and
moving contacts respectfully and dead end them.
Then the lamp or other device can be connected
to the stationary and moving contacts.

De-ion Contactor Switch (Circuit Opening

Relays)

Adjust the core stop on the topfas high as
possible without allowing the insulating bushing
at the bottom of the plunger to touch the®Micarta
angle. The contact will be separated from the
Micarta angle by 143” to Y{s”. Adjust the contact
gap spacing to slightly less than l{s" of an inch.
Bend down the contact springs so that a firm
contact is made but notso strefg that the minimum
pick-up value cannot bgyobtaified. The spring
tension should be about,15"grams.

Hold the relay cgntacts closed and with an
auxiliary relay coil confiected across terminals to
simulate the circuit'breaker trip coil, note that the
contactor switch, pickshup on less than 4 amperes
on the 4 ampere @vercurrent tap setting.

In the casé¢ ofdthe standard energy circuit open-
ing relay the\contactor switch should pick-up and
seal itself.opentat 75%, of minimum trip current.

5
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FiGURE 33—OUTLINE AND DRILLING PLAN FOR THE THREE ELEMENT TypEs CO anpD COH ReLAys IN THE L10 Simi-

FLUSH TYPE FLEXITEST CASE. FOR REFERENCE ONLY.



Types CO and COH Overcurrent Relays

Operation Indicator (Circuit Opening Relays)
Adjust the indicator similar to that described

for the circuit closing relay except to operate at 4

amperes a-c.

Instantaneous Trip Attachment

The position of the Micarta disk at the bottom
of the element with reference to the calibrated
guide indicates the minimum overcurrent required
to operate the element. This disk should be
lowered or raised to the proper position by means
of the two nuts on either side of the disk. The
nominal range of adjustment is 1 to 4, for example
10 to 40 amperes, and it has an accuracy of about
109%,.

The drop-out value is varied by raising or
lowering the core screw at the top of the switch,
and after the final adjustment is made, the core
screw should be securely locked in place with the
lock nut. It should be adjusted for about 24 of
the minimum pick-up.

This element will not fit in the round-type case.

Instantaneous Lock-out Attachment

The position of the bottom of the plunger with
reference to the calibrated guide indicates (the
minimum current required to open the contaGts.
To change the setting hold the top slotted head of
the plunger rod fixed with a screwdriver. Then
with a second screwdriver adjust the lower end
of the plunger for the current pick-up desired.

These contacts must be given spé€ial care be-
cause they are in series with ghe (main |tripping
circuit and may prevent proper relay gpeération if
they become dirty. The nominal range of adjust-
ment is 3 to 1.

RENEWAL PARTS

Repair work can be_doneymost satisfactorily at
the factory. However, interchangeable parts can
be furnished to the“customers who are equipped
for doing repairgwerk:% When ordering parts,
always give the ¢ompléte nameplate data.

ENERGY REQUIREMENTS

The burdens and thermal capacities of the various circuits,ofttheyrelay are as follows:

Definite Minimum Time CO Relays at%0 Cycles

V.A. ath
Amperes

Ampere
Range

—
=
he)

(<))
[=2]
o]

2/6

4/15

ey
INO WS U DU W W NN
[
=3

V.A. at Continuous One Second
Tap Power Rating Rating
Current Factor (Amperes) (Amperes)
17 60° lag 4 140
17 60° lag 5 140
17 60° lag 5 140
17 60° lag 6 140
17 60° lag 7 140
17 60° lag 8 140
17 60° lag 10 140
17 60° lag 8 250
17 60° lag 8 250
17 60° lag 9 250
17 60° lag 10 250
17 60° lag 12 250
17 60° lag 13 250
17 60° lag 15 250

Inverse Time CO Relays at 60 Cycles

VA at b

Ampere
Amperes

Range

0.5/2.5

(A

2/6

—_—— W

—

4/15

DO ©O T 00 4

V.A. at Continuous One Second
Tap Power Rating Rating
Current Factor (Amperes) (Amperes)
2 66° lag 2 70
2 66° lag 2 70
2 66° lag 2 70
2 66° lag 3 70
2 66° lag 3 70
2 66° lag 4 70
2 66° lag 5 70
2 66.4° lag 8 250
2 66.4° lag 8 250
2 66.4° lag 8 250
2 66.4° lag 8 250
2 66.4° lag 9 250
2 66.4° lag 9 250
2 66.4° lag 10 250
2 66.4° lag 16 250
2 66.4° lag 16 250
2 66.4° lag 16 250
2 66.4° lag 17 250
2 66.4° lag 18 250
2 66.4° lag 19 250
2 66.4° lag 20 250

—
(o]

D

9




Ampere
Range Tap
0.5
0.6
0.8
0.5/2.5 1.0
1.5
2.0
2.5
2
2.5
3
2/6 3.5
4
5
6
4
5
6
4/15 8
10
12
15
Ampere
Range Tap
4
5
6
4/15 8
10
12
15
Ampere
Range Tap
0.5
0.6
0.8
0.5/2.5 1.0
1.5
2.0
2.5
2
295
3
2/6 3.5
4
5
6
4
5
6
4715 8
10
12
15

Types CO and COH Overcurrent Relays

Very Inverse Time CO Relays at 60 Cycles
V.A. at

V.A. ath
Amperes

—
COCOO-rH OHHNW;MK Gk
oot

=]

HNWOION©
=]

(=]

Tap

Current

.25
.25

e e e b e b e e b b e b e e e
[
=43

Power
Factor

66.
66.
66.
66.
66

66.
66.

66.
66.
664

4° lag
4° lag
4° lag
4° lag

.4° lag

4° lag
4° lag

.4° lag
.4° lag

.4° lag
.4° lag
.4° lag
.4° lag

.4° lag
.4° lag
.4%lag
M4 lag

4%lag
4° lag
4%lag

Long Time CO Relays at 60, Cy<cles
V.A.@at

V.A.

atd

Amperes

26

17

12
6.
4.
3
2

Short, Timé COH Relays at 60 Cycles

5
5

V.Anat 5
Amperes

400
280
156
100
44
25
16

25.
16
11

COHHWHRD WHh M

OO OW OOoOWwN

Tap

Cutrent

V.A. at

Tap

Current

NPT N N NI TN N N N TN

Power
Factor

60° lag
60° lag
60° lag
60° lag
60° lag
60° lag
60° lag

Power
Factor

60° lag
60° lag
60° lag
60° lag
60° lag
60° lag
60° lag

60° lag
60° lag
60° lag
60° lag
60° lag
60° lag
60° lag

60° lag
60° lag
60° lag
60° lag
60° lag
60° lag
60° lag

Continuous One Second
Rating Rating
(Amperes) (Amperes)

100
100
100
100
100
100
100

250
250
250
250
250
250
250

250
16 250
16 250
17 250
18 250
19 250
20 250

—
D OO0 Tk wwhNN

Continuous One Second

Rating Rating
(Amperes)  (Amperes)
8 250
8 250
9 250
10 250
12 250
13 250
15 250

Continuous One Second

Burdens at Tap Current on 25 and 50 Cycles

Definite Minimum Time CO
Inverse Time CO

Very Inverse Time CO
Long Time CO

Short Time COH

V.A.
16
2

1.25
16
4

25 CYCLES

Power Factor

19

53° lag
60° lag
60° lag
53° lag
53° lag

Rating Rating
(Amperes) (Amperes)
2 56
2 56
2 56
3 56
3 56
4 56
5 56
8 250
8 250
8 250
8 250
9 250
9 250
10 250
16 250
16 250
16 250
17 250
18 250
19 250
20 250
50 CyCLES
V.A. Power Factor
17 60° lag
2 60° lag
1.25 66.4° lag
17 60° lag
4 60° lag
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INSTALLATION

I.L. 41-280 J

OPERATION e MAINTENANCE

INSTRUCTIONS

TYPES CO AND COH OVERCURRENT RELAYS

CAUTION putting protective relays
into all blocking which may
have been inserted for the purpose of securing
Make sure that all
Inspect the

Before
service, remove

the parts during shipment.
moving parts operate freely.

that they are
the relay to check

contacts to see clean and can
close properly.

the settings and electrical connections.

Operate

APPLICATION

These
to disconnect

Induction-overcurrent relays are used
when the
Where
over) 1is

circuits or apparatus
current in them
a station battery (48
avallable, the clrcult closling type relays are
trip the circult breaker.
voltage or no station

exceeds a glven value.
volts or

normally used to
Where 1low
exists, the clrcult opening type relay 1n con-

battery

Junction with a-c seriles trip colls can Vbe

used to open the breaker.

time
1s used 1in preference
time

quirements

(low-energy) Stype relay
to the defdnite minimum
where the re-

The 1inverse
(standard energy) zelay
necessitate) (1)he lower burden on
the current transformez, oOr. {2) a more inverse
curve for selectivity, or{) (3) a very low cur-
rent range as for_example, ground protection
of transmission 8ystenis.

The verjy-inverse, time (low-energy) relay is
similar o the 1nverse relay and 1s used where
a still

more 1inverse curve 1s desired. The

term "low energy" refers to the burden at tap
value that 1s placed on the current trans-
formers and does not refer to the current
rating.

(40 second) relay 1s designéd
This can
attachment

The long time
to protect motors agalinst overloads.
be equlipped with an instantaneous

SUPERSEDES I.L. 41-280 H

¥ Denotes change from superseded issue

that will operate, 1figa “short-circuit occurs

i1n the motor.

The type
phase and groundjprotection where a high speed

COH relay “finds application for

Induction typé relay 1s desired. It 1s some-

times used In differential protective schemes.

The above
secondary glectromagnet circult brought out to

relays can be supplied with the

This variety 1s known as
Thus
relay can be used

separate)terminals.
the type CO or COH Torque Control Relay.
theycontacts of a separate
to control the operatlion of the torque control

relay. For example, a three phase directional
relay plus sultable auxiliary relays can be
used to directionally control three torque

control relays.

CONSTRUCTION AND OPERATION

Circult-Closing Relay

The clrcuilt-closing types CO and COH relays
consist of an overcurrent element, an
tion switch, and an
instantaneous trip attachment where required.

opera-

indicator, a contactor

Overcurrent Element

This element 1s an 1nduction-disc type ele-
ment operating on overcurrent. The 1nduction
disc 1s a thin four-inch diameter, aluminum
disc mounted on a vertical shaft. The shaft
1s supported on the lower end by a steel ball
bearing riding between concave sapphire jewel
surfaces, and on the upper end by a stainless
steel pin.
silver hemi-

The moving contact 1s a small

sphere fastened on the end of an amm. The
other end of this arm 1s clamped to an insu-
lated section of the disc shaft 1in the non-

geared type relays, or to an auxiliary shaft

EFFECTIVE SEPTEMBER 1956



TYPES CO AND COH OVERCURRENT

RELAYS

Electromagnet
Disc Rototion

Upper Poie
Flux y

A
il

Disc
—— ’l
> 9L
q
Sc::?:::”y i N Main Pole Flux
——t
49>
ToSource
2 4 Moain Pole Current
FrontView 11-D-9497

Fig. 1—Flux And Current Relations in The Type COH, Type
CO Inverse and Very Inverse Time Relays Without

The Torque Compensator.

Operation \
Indicator co

- - a L ©
Trip circuit cs
interlock for cs U
detachable
reloys .__ﬁb_@

c

Contactor ———
Switch —

For trip currents
less than 225 omps; |
disconnect ond
dead end this leod

co
— N0
S

7

T7-D-T21 Rear, View

Fig. 3—Internal Schematic Of The Double Trip Circuit
Closing Types CO And COH Relays In The Stand-
ard Case. The Single/Trip)Relays Have Terminal 3
And Associated, Circuits/Omitted.

geared to the dilsc shaft  1n the geared type
relays. The elfectrdcal “connection is made
f?om the movingfd contact through the arm
and spiral spring. “QOne end of the spring is
fastened to the arm, and the other to a
slotted spring adjuster disc which in turn

fastens te the element frame.

They, s®ationary contact assembly consists of

a silver contact attached to the free end of

a\leaf \spring. This spring is fastened to a

Micarta block and mounted on the element

Electromagne! 11-D-94 L
Disc Rolotion
Up| ! r Pole
ux \
Disc
Main Pole Flux 1 T .
Secondary /’*»
Current |——1
o— P ot~
To Sourcce 7_.___’ :: :_
Moin Pole
e |
Current Front View .. Torque
Comoensator

Fig. 2—Flux And Current Relations In The Long Time and
Definite Minimum Time Relays With The Torque
Compensator,

/_‘ Ceatactor Switch Operation Indicator

! > .
o s e
AO c!.ﬁ. 1 ( : > M

co T
| A |
Trip

Fig. 4—Internal Schematic Of The Single Trip Circuit
Closing Types CO And COH Relays With Instan-
taneous Trip Attachment In The Standard Case.

A small set
justment of contact follow.

f'rame. screw permits the ad-
When double trip

is required, another leaf spring is mounted on

the Micarta block and a double contact 1is
mounted on the rigid moving arm. Then the
stationary contact set screws permit

ad justment so that both circuits will be made

simultaneously.

The moving disc is rotated by an electro-
magnet in the rear and damped by a permanent
magnet in the front. The operating toraque of

the inverse or very inverse relays is obtained



TYPES CO AND COH OVERCURRENT RELAYS

I.L. 41-2803)

Operotion
Indicator

- _: ‘{_ - = P |
Trip circust _/‘ C‘S
g'erlt:‘ckblfor co

tachable f
relays

%]

Contoctor |
Switch
For trip currents | Transformer

less than 2.25 omps Coilon C.0.
disconnect and | CQ" CO
dead end this leod
Upper Pole
[ C:?Is

Reor View

77-D-237

Operation __

Indicator o o
b ———i

Trip circuit ﬁ CSl

ntertock for

i co
detochable 3
relays cs u Pole
~ — pper Po
gontactor | /——— CO?.'S
Transformer
For trip currents o CO 4T Coil

less than 2.25 :mps__ B
disconnect ant
deod end this lead | (® @
Torque

~ Compensator

Reor View

i
6-D-7363‘

Fig. 5—Internal Schematic Of The Double Trip Circuit
Closing Inverse And Very Inverse Types CO And
COH Relays With Torque Control Terminals In The
Standard Case. The Single Trip Relays Have Term-
nial 3 And Associated Circuits Omitted.

Fig. 6—Internal Schematic Of The Double Trip Circuit
Closing ‘Definite Minimum Time Type CO Relay
With /Torgue Control Terminals In The Standard
Case. The Single Trip Relays Have Terminal 3
And Associated Circuits Omitted.

J

Operation
Indicator
Current co

Ausiliary
Tronsformer
Secondary |
Upper Pole

Coils
Desien
¥ Confoctor
Switch

Transtormer
Coil on CO
Auxiliory

Current 1 ea N\
Transformer co_ 7

Primary

Instanioneous \ /
Trip

Reor View

§
)

11-D-9480

Operation
Indicater Q« \
@}—A}——————
- —
o0 o
Upper Pole |'TJ 1
: —— De-ion
Coils ~—~——— |_ Contoctor
Switch
Tronsformer coils
on main coil ~Z CCS
Torque —_—
Compensator [#3) 7 cs
©—N—"—A\- b J\)j
5-D-1583 Reor View

Fig. 7—Internal Schematic Of The Circuit Opening Inverse
And Very Inverse Time Type CO Relays With In-
stantaneous Trip Attachment In The Standard Case.

by the clrcuit arrangement shown in
The mailn
transformer gand dn@ucgs a voltage

Figure 1.

pole geoll Of the relay acts as a

in a secon-

dary coil, Cuprent” from this secondary coil
flows through therupper pole colls and thus
produces ytorqug on the disc by the reaction
between thejfiluxes of the upper and lower
poles.

The delfinite-time relay obtains 1its flat
eharacteristic curve because of a small
saturating transformer that 1Is interposed
between the secondary coil and the upper pole

coils. This 1s called the torque conpensator

and it slows down the disc movement to such an

Fig. 8—Internal Schematic Of The Circuit Opening Definite
Minimum Time Type CO Relays With Instantaneous
Trip Attachment In The Standard Case.

that no
(See Pigure 2).

extent gearing is required.

The long time relay is a geared relay with a

torque compensator.

The type COH

without a torque compensator.

relay 1s a non-geared relay

Contactor Switch

The d-c. contactor

type
with a silver

switch in the relay 1is a

small solenoid switch. A cylindrical

plunger disc mounted on its

solenoid.

3

lower end moves in the core of the
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RELAYS

Operahion Indicator -%‘ % — \
o . co A Test Switch
¢ cs l *Q©

Cover operoted

— ._/4 — B
—

switch when used

Contoctor
Switch

For trip current
less than 2.25 amps.
disconnec! and ]
dead end this lead

I co H
Rear View

Short Circuit
. Switch
Test Switch
J ToReloy
| __Current Test
Jack

X ™~ To Base
Terminals

FrontView
Chassis operated shorting switch

T-D-6634

Fig. 9—Internal Schematic Of The Double Trip Circuit
Closing Types CO And COH Relays In The Type FT
Case. The Single Trip Relays Have Terminal 3 And
Associated Circuits Omitted.

Operation

Indscator 7 J N\ —TestSwitch
,

Cover operated _J :

switch when used

Contactor
Switch

For trip current
less thon 2.250mps
disconnect and
dead end this lead

| __ Tronsfarmer
CoilonCO

____Upper Pale
GCoils

Short Circuit
Switch

To Relay
]‘[‘L-] Current Test
“__)‘ Jack

~_. ToBase
Terminols

Reor View

Test Swilch

1y

Fy
Front View ﬁ\

Chaossis operated shofting switch

11

T-D-6624

Fig. 11—Internal Schematic) Of W«The Double Trip Circuit
Closing Inverse And Very Inverse Types CO And
COH Relays With Torque Control Terminals In The
Type FT Case.{ The Single Trip Relays Have Term-
inal 3 And Associated Circuits Omitted.

As the disc

bridges three silver stationary contacts. The

plunger travels wupward. the

is inyseries with the main contacts of
with the

When the relay contacts close, the

coil

the relay ®and trip coil of the

bredker.

coil “becomes energized and closes the switch

contacts. This shunts the main relay

Operation ingicoror —_—
Cover Operated \
N Ehensed R« s ~\ . €O A
vV CS 1
j -P———lp—:r*@_hn Switch

' e €26

Contactor Switch

__ Instantoneous
Trip Attachment

Short Clrcuit Switch

8]
Test Switeh g :
[]

REAR VIEW Short Circuit
Switch
Current fest Jack
-ToBose Term.

Red Handls
FronlView | Chassis Operated

Jp—~To Relay
Shorting Switch.

Fig. 10—Internal Schematic Of The Single Trip Circuit
Closing, Types CO And COH Relays With Instan-
taneous Trip “Attachment In The Type FT Case.

Operation .

In%icotor r 9 “\ . o A—Tﬂl Switch

Cover operated v’ cs

swifch when used | L 8

Contactor ;€0

Swilch ————— s

For trip current /__ Coils

Trons former

Y QR ——1 Cailonco

less than 2.25 emps |
disconnec! and
dead end this tead

Torque
Compensator
- Short Circuit
ReorView Zoteh u
Test Switch ToReloy
ch@ r/(:urnn' Test
8 Jack
A
Front View ko ~— }:'Bn?i::h
7-D-6631 Chassis operated shorting switch

Fig. 12—Internal Schematic Of The Double Trip Circuit
Closing Definite Minimum Time Type CO Relay
With Torque Control Terminals In The Type FT
Case. The Single Trip Relays Have Terminal 3 And
Associated Circuits Omitted.

them of the duty

These contacts

contacts, thercby relieving
of carrying tripping current.
remain closed until the trip circuit is opened

by the auxiliary switch on the breaker.

Operation Indicator

The operation indicator is a small solenoid
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When the
spring-restrained arma-

coll connected in the trip circuit.
coll 1s energized. a

the white target which falls by
indicate

ture releases
gravity to completion of the trip

circult. The indicator 1is reset from outside

c¢f” the case by a push rod 1in the cover or

cover stud.

Instantaneous Trip (When Supplied)

The instantaneous trip attachment 1s a small
solenoid type element. A cylindrical plunger
rides up and down on a vertical
of the

fastened to the stationary core, which

gulde rod in

the center solenoid coil. The guide

rod 1is
element frame. A

in turn screws 1into the

silver disc 1s fastened to the moving plunger

through a helical spring. When the coil 1is
energized, the plunger moves upward carrying
the silver disc which bridges three conical-

shaped stationary contacts. In this position,
the helical

plunger

spring 1s compressed and the
while the

Thus, a-c. vibrations

is free to move contact
remains stationary.

the plunger are prevented from causing cont

bouncing. A Micarta disc screws on t

of the gwide rod and 1s locked i
a small nut. Its position deter e
plck-up current of the element.

Instantaneous Lock-Out Attachment
(When Supplied) 1 4

The 1lock-out attac used to

prevent
uit breaker when

its interrupting

ening type CO Relay consists
t element, a de-ion contactor
switch, an operation indicator and an instan-

taneous tigp attachment where required.

rrent Element
The overcurrent construction and operation
to that described for the

closing relays.

s similar circuit

De-ion Contactor Switch

witch
energized from a few ns on

This switch is a small a-c. solenoid
whose coll is

the lower pole of the overcurrent element in
the standard-energy type relays.4'and from a
small transformer conn ed in the main
current circuit in t 1 >y type relays.

Its construction 1s simila the d-c. type

switch except that e lunger operates a

spring leaf arm wit er contact surface

on one end and rigid ixed to the frame at

the other end.

The over ren element contacts are in the

contacto W h coil circuit and when they

close,

noid plunger moves upward to
on contacts which normally short
These contacts are

e trip coil.

transfer the heavy current due to a

circuit and permit this current to

l1ze the breaker trip coil.

The transformer coil on the 1lower pole of
contactor
energy type

main circuits as

the overcurrent element and the
switch

relays are

circuits in the standard
connected to the
8 and 14.

current contact closes, the contactor

When the over-
switch
operates, and the voltage across the trip coil

shown 1n Figures

is impressed on the transformer and contactor
switch coils. This

the contactor

voltage acts to seal-in

switch, and to feed -energy
through the transformer coll to the main over-
current winding which produces contact closing
toraque.

This arrangement provides a definite

minimum pick-up value largely independent of

the value of trip coll impedance.

Operation Indicator

indicator is in series with
the breaker trip coil.

The operation
Its construction is as

described above.

CHARACTERISTICS

The type CO definite minimum time (standard

second) circuit

in either of the

energy) or long time (40

closing relay is availlable

following current ranges.
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Uperotion Operation
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Fig. 13—Internal Schematic Of The Circuit Opening Inverse Fig. 14—Internal,Schematic Of The Circuit Opening Definite
And Very Inverse Time Type CO Relays With In- Minimum Time Type CO Relays With Instantaneous
stantaneous Trip Attachment In The Type FT Case. Trip Attachment In The Type FT Case.
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Trip Circuit Closing Types CO And COH Relays Types CO And COH.
With Instantaneous Trip Attachment In The Type
FT Case. The Single Trip Relays Have Terminal 3
And Associated Circuits Omitted.
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22.533.5 4 5 ¢
45 €8 10 12 15

The type CO inverse (low

energy) or the type COH circuit closing relay

inverse, very

is available in the following current ranges.

0.5 0.6 3.8 1.0 1.5 2.0 2.5

2 =3 2.5 5 €

b o5 g 8 10 12 15

The type CO circult-opening relay 1s made
only in the 4 to 1Y ampere range. A lower

range is not desirable kecause the burden of a

low-range trip coill is too heavy on the

current transiormer. One trip coil is re-

quired for each relay.

The tap valuc is the nminimrum current

required to just close the relay contacts. In

addition to the taps. the initial position of

the moving contact ‘s ad’ustable around a

semicircular 1lever scale callibrated 1in 11
divisions.

These relays may have elther or
double clircuit closing contacts ping
elther one or two breaers. or majy 1r-

cult-osening contacts for tid

breakers by current from the

formers.

The characteriztics of MQrlous varietles
of type CO and COH rellay

as shown on page 13.

1ally suppllied are

The burdens ar ratings are listed

under Energy, Reo
trip attachment has a 1

al renges are 10=40 or 20-30

but other : may ko sunplied as ordered.
The De1ion contactor switch on the circuilt
op@uing relays has a minimun pick-up of ¥4
s a-c.

The instantaneous lock-out attachment has
3 to 1 range with typical ranges similar to

the instantaneous trip attachment.

I.L. 41-280

Trip Circuit

will safel cloge 30

and the switch contacts

The main contacts

amperes at 250v. d-c,

w1lll safely carry this current long enough to
trip a breaker. L 4

without sfantaneous

attachment 1s shipped wI

The relay trip

operation indi-

cator and the cont switch connected 1in
parallel. This c 1s suitable for all
trip currents abov? .25 amperes d-c. I the
trip current 1 han 2.25 amperes, there

i1s no need contactor switch and it

should be ected. To disconnect the

dard case relays., remove the
he coil on the front stationary

contactor switch. This lead
(dcad ended)
located in the
For the

est relays, the coll s disconnected by

fastened under the

ilisterhead screv
base of the contactor switch.
‘omoving the coll lead at the spring adjuster
and dead-ending 1t under a screw at the top of

the Micarta supnort.

with the

a two ampere

The relay instantaneous trip

attachment has contactor switch

in series with a one ampere operation indi-

cator 1in each trip path.

Relay with Quicik Opening Contacts

When the used with circuit

breakers that are instantaneously reclosed, 1t

relays are
is necessary to arrange the relay contacts to
be quick opening. This is done by screwing in
the small set screw on the stationary contact
assembly until the contact rivet rests solidly
this is done.

on the Micarta support. When

the position of the contact stopr on the time
lever should be shifted so that the moving and
stationary contacts barely touch when the time

lever is set on zero.

CONTACT CIRCUIT CONSTANTS

Universal Trip Circuit

Resistance of 0.2 ampere Target...... 2.8 ohms
Resistance of 2.0 ampere Contact
Switch.ioeiveoonn, et et e C.25 ohms
Resistance of Target and Switch in
Parallel.. oo, 0.23 ohus

/
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63-D-836 Escapement
Aux Relay Magnet Clock
3 Cycle Counter
TopView
R oA N
Cicut cipening type CO retoy I
2. B
T?—m—'\/——-‘ Res ) Front
t
co V
— !
|
ae © |
)
|
|
oH, CO [CS 1lg
W # ‘“,1Lﬁ)~
Rear View
Top terminal no for std.cose
Bolttom lerminal no 8 dotted
circuits for type FTcase
Ammeler Switch
Test Load _
& =
115Volt A-C
Test
I Source
o

Fig. 17—Diagram Of Test Connection For Circuit Opening

Type CO Relay.

Phose
Phase2
Pos.
Ney.

9, ?

[ Tcan
+ o} Circun CO.COH 3
4| Ereoner 73 . & n] 0.0 J
Eas AN [~ o
CS Top terminal nos
for std.case
1 ¢co H
10 .\ a9
AT e o
43 12 " Bottomdesminal
+ 15 Rear View n0.84est switches
SN for type FTcase
L
87-D-228

Fig.19—External Connections Of The Circuit Closing Types
CO And COH Relays For Overcurrént Protection
On A Two-Phase System.

Trip Circuit with Instapfaneous Trip

Resistance of 1.0f&ampere, Target......0.16 ohms
Resistance of 240 ampere Contactor

Switch...o.o B0 0l ...0.25 ohms
Resistance of Targetih@nd Switch in

£ 1SN T TR 0.41 ohms

INSTALLATION

Theprelays should be mounted on switchboard

panels or their equivalent in a location free

fromugpdirt, moisture, excessive vibration and

Heats Mount the relay vertically by means of

@

Neg.
{Trip
7 3] otcorl z
g'rrecc&'e‘r Top terminal no
for std case
10!
b3 73 Bot tom terminal
£ Rear View noBiest switches
_Li for type FTcase

87-D-228

Fig. 18—External Connections, Of The Circuit Closing Types
CO And COH Relays‘For Overcurrent Protection
On A Single PhasgSystem.

PO @ »
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THPIT
Coil

CGLCOR-C j COCORE_ T L
|

e y o oA
N {*@Eﬂw
0l. P Mg

; 0‘1 = o‘-‘j‘z’\ﬂearview"lnl

v
A

Y
]
&

Top terminal no.
for st'd case

Bottom terminal
o1In0.B test switches
o for type F Tcase

M

87-D-227

Fig. 20—External Connections Of The Circuit Closing Types
CO And COH Relays For Phase And Ground Over-

current Protection On A Three-Phase System.

the two mounting studs for the standard cases
and the type PFT projection case or by means of
the four

semi-flush type FT case.

mounting holes on the flange for the
Either of the studs

or the mounting screws may be utilized for

grounding the relay. The electrical con-

nections may be made direct to the terminals
by means of screws for steel panel mounting or
to terminal studs furnished with the relay for
or slate

ebony asbestos panel mounting. The

terminal studs may be easily removed or in-

serted by locking two nuts on the studs and
then turning the proper nut with a wrench.
Because the circuit-opening contacts

short

relay
circuit the trip coil, it is important
that the relay be mounted where it will not be
subject

to shocks which may jar the contacts
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A
AI LR iveg
% ol
CO.COH-C CO.COH A
2J ., COAI
4o o4 - g
ces .
! Top terminal no.
for st'd.case
01,0 .t
1 m 1 1| A
£ Feor View Bottom terminal
RS ) no.8 test switches
‘; T for type FTcase
L
aBcC
87-D-227 -

Fig.21—External Connections Of The Circuit Closing Types
CO And COH Relays For Phase Overcurrent Pro-
tection On An Ungrounded Three-Phase System.

open and thereby allow current to flow through
of this
iars to the switchboard

the trip coil. Trouble kind can be
avoided by preventing
and also by setting the trip
so that it will not

current.

coll high enough
load
so that

an excessiye

operate on normal

This is an extra safeguard

there 1s no danger from even

shock unless the current 1s also heavy.

Typical external connections are4 sho¥n in
Figures 13 to 22. When using tHe, circuit-
opening relays for phase protection,“ground

protection may be secured by dsingpa = low-

energy circuit-closing relay operating/on a-c.

voltage trip coil. as shown inf Figure 22.

SETTINGS

There arc two setfingstnamely the current

value at which the relay’ closes 1its contacts

and the time requiréd¢to close them. When the
relay 1is _togbei,used to protect equipment
against @verloady, the setting must be de-

termined by £he nature of the load,
tude of the

occurrence.

the magni-

pe@ks and the frequency of their

For secfionalizing transmission systems the
cukkent and time setting must be determined by
caleulation,
the, time required for circuit breakers to open
50 that
obtained throughout the system.

proper selective action can be

due consideration being given to

A
B
c
TRIP_COILS
co-c 1 co-8
2
5068 H |2
9 Q0 4 4
a 10 9 10 9
[eg o [y
r 12 1 F 12 il
REAR VIEW
[
q[ & CO, COH-GND.
2! OCO A
3 L —.1_— 2 & csi W
h 10r, S0 9
- LS i v
| 1 Iz I TOP TERMINAL NO. FOR ST'D CASE.
= REARWIEW

BOTTOM TERMINAL NO. AND TEST
SWITCHES FOR TYPE FT CASE.

87-D-226

Fig. 22—External Connections Of The Circuit Opening Type
CO'Relay For Phase Overcurrent Protection And Of
The Circuit Closing Types CO And COH Relays For
Ground Protection On A Three-Phase System.

Current@Setting

Thel” connector screw on the términal plate
above the time scale makes connections to
various turns on the operating coil. By

the
at the corre-

placing this screw 1in the various holes,

relay will just close contacts
sponding current, 4-5-6-8-10-12 or 15 amperes,
or as marked on the terminal plate.

The tripping value of the relay on any tap
may be altered by changing the initial tension
of the This

accomplished by turning the spring adjuster by

spiral spring. can be
inserted in one of the
which the outside
fastened. An

approximately

means of a screwdriver
of the plate to
of the
adjustment of tripping

notches
convolution spring is
current
15 percent above or below

any tap value. can

be secured.

CAUTION Be sure that the
turned up tight so as to make
for the

connector screw is
a good contact,
operating
the
directly current transformer circuits
the latter should be
changing the connector

current passes through it.

Since overload element is connected
in the
short-circuited ©before
This

conveniently by inserting the extra con-

screw. can be
done
nector

screw, in the new tap and removing the

old screw from its original setting.
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Time Lever Setting

The index or time lever limits the motion of

the disc and thus varies the time of
operatilon. The latter decreases with lower
lever settings as shown in the typical time

cdurves of Figures 23 to 27.

ADJUSTMENTS AND MAINTENANCE

All relays should be
and the time of operation should be checked at

inspected perilodically

least once every six months. For this
purpose, a cycle counter should be employed,
because of 1ts convenlence and accuracy.
Phantom 1loads shoudl not be used in testilng

Induction-type relays because of the resulting
distorted
error in timing.

current wave form which produces an

All contacts should be cleaned periodically.
A contact burnisher S#182A836H01 is recommended
for this purpose. The use of abrasive material
for cleaning contacts is not recommended, be-

cause of the danger of embedding small parti-
cles in the face of the soft silver and thu8
impaliring the contact.

The proper adjustments to insure correct

operation of this relay have been made @ththe
should not be disturbed after
If the adjustments
have been changed or the relay taken,apart for

factory and
recelpt by the customer.

repairs, the following instructiensg,shoeuld be
followed in reassembling and seitting It.

(Overcurrent Element Circui#®Clo8ihg Rélays)

Shift the position ofgthe “®eontact stop on
the time lever and adjust the contacts so that
they barely touech when“the time lever is set

on zero.

Adjust the tensdon of the
that the relay will close its
rated current, as shown by the position of the
on the tap block.
as shown by test
as ghown on the

splral spring so
contacts at 1ts
screw Check the time curve
with a cycle counter, to be
typical time curves. In the
factory ‘the relay is tested from the No. 10

1eéver), position. The calibration is intended

10

to be on the basis of the cool or normal oper#

ation condition inasmuch as overloads are_oft
short duration. When checking a numben of
points on the time curves, it will be neces-

sary to cool the relay coils between points
particularly after operating at high currents.

An air hose may be used for this purpose.

of the
element

The position torque, compensator on

the overload is adjustable. influ-
of the
and gthe
compensator should
the field.

this cover must be An pikace when making tests.

encing the This is a
location of the

not be changed 1in

shape curve..

factory ad ustment
torque

If the relay, has a metal cover,

The relays
will not gperate
short-circuited
externagl, control“contacts.

wdthy torque control terminals

until these terminals are

efther by a jumper or by the

Contacter Swibtch (Circuit-Closing Relays)

Adjust the stationary core of the switch for

& clearance between the stationary core and

the moving core when the switch 1s picked-up.
This can be most conveniently done by discon-
necting the switch and turning it or the relay
until
Now back off

moving core

upside-down. Screw up the core screw
the moving core starts rotating.
the core screw until the stops
This indicates the points where the

play in the moving contact assembly is

rotating.
taken
up. and where the moving core separates
Back off the
this

prevents the
sticking to the

just
from the stationary core screw.
stationary core screw one turn beyond
This
moving core from striking and

point and lock in place.

stationary core because of residual magnetism.
Adjust the contact clearance for 3/32 inch by
means of the two small nuts on elther side of
the Micarta disc.
at 2 amperes d-c.

The switch should pick up
Test for sticking after 30
amperes d-c. have been passed through the

coil.

Operation Indicator (Circuit-Closing Relays)

Adjust the indicator to at 0.2 or
1.0 ampere d-c. as supplied gradually applied

operate

by loosening the two screws on the under side
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of the assembly, and moving the bracket for-
ward or backward. Test for sticking after 10
times rated pick-up current has been applied.

Overcurrent Element (Circuit Opening Relays)

Adjust the relay with the instructions given
under "Overcurrent Element (Circuit Closing
Relays)” wusing the test connection of Figure
17 except that for the definite minimum time
circuit opening relay the following caution
should be observed:

CAUTION When a signal lamp or other vcltage
operated device 1s to be connected in series
with the relay contacts, disconnect the in-
ternal leads of the element from the station-
ary and moving contacts respectfully and dead
end them. Then the 1lamp or other device can
be connected to the stationary and moving
contacts.

De-ion Contactor Switch (Circuit Opening
Relays)

Adjust the core stop on the top asghigh as
possible without., allowing thed insulating
bushing at the bottom of the plungem4to touch
the Micarta angle. The contact will be, sepa-
rated from the Micarta anglegiby 32" to
1/16". Adjust the contact (gap |Spacing to
slightly less than 1/16 of af®inchsf Bend down
the contact springs so ghati{, a firm contact is
made but not so strong _that the minimum pick-
up value cannot be 4o0btained. The spring
tension should be about 1Sygrams.

Hold the relay (contaets closed and with an
auxiliary relaymcoilwconnected across termi-
nals to simulaté Sthe circuit breaker trip
coil, note“thati)th€ contactor switch picks up
on lesd than 4pamperes on the 4 ampere over-
current ta&p setting.

In the case of the standard energy circuit
opening relay the contactor switch should
pick-up’and seal itself open at 75% of minimum

trip current.

Operation Indicator (Circuit Opening Relays)

Adjust the 1indicator similar to that de-

RELAYS 1L 4)<280 J

scribed for the circuit closing relay eXeept
to operate at 4 amperes a-c.

Instantaneous Trip Attachment

The position of the Micarta disc at the
bottom of the element with reference to the
calibrated guide indicatesgmpthe minimum over-
current required to ‘Operate the element. This
disc should be lowered or raised to the proper
position by loosening the locknut which locks
the Micarta digc (and rotating the Micarta
disc. The nominaly range of adjustments 1s 1
to 4, for example YO to 40 amperes, and it has
an accuracy within the limits of approximately
10%.

The fdrop=eut value is varied by raising or
lowering the core screw at the top of the
switchy, and after the final adjustment is
made ;) the core screw should be securely locked
in place with the 1lock nut. It should be
adjusted for about 2/3 of the minimum pick-up.

This element will not fit in the round-type

case.

Instantaneous Lock-Out Attachment

The position of the bottom of the plunger
with reference to the calibrated guide indi-
cates the minimum current required to open the
contacts. To change the setting hold the top
slotted head of the plunger rod fixed with a
screwdriver. Then with a second screwdriver
adjust the lower end of the plunger for the
current pick-up desired.

These contacts must be given special care
because they are in series with the main
tripping circuit and may prevent proper relay
operation 1if they become dirty. The nominal
range of adjustment is 3 to 1.

RENEWAL PARTS

Repair work can be done most satisfactorily
at the factory. However, 1interchangeable
parts can be furnished to the customers who
are equipped for doing repair work. When
ordering parts, always give the complete

nameplate data.

11
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Fig. 25—Typical 60 Cycle Time Curves Of The Very Inverse Time (Low Energy) Type CO Relay.
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LL 41-280°J

ENERGY REQUIREMENTS

The burdens and thermal capacitles of the varlous circults of the relay are as follows:

DEFINITE MINIMUM TIME CO RELAYS
AT 60 CYCLES

Con- One*
V.A. at tinuous  Second
Ampere V.AA.at § Tap Power Rating  Rating
Range Tap Amperes Current Factor (Amperes) (Amperes)
2 108 17 60° lag 4 140
2.5 68 17 60° lag S 140
3 47 17 60° lag S 140
2/6 3.5 35 17 60° lag 6 140
4 26 17 60° lag 7 140
s 17 17 60° lag 8 140
6 12 17 60° lag 10 140
4 26 17 60° lag 8 250
s 17 17 60° lag 8 250
6 12 17 60° lag 9 250
4/18 8 6.5 17 60° lag 10 250
10 4.5 17 60° lag 12 250
12 3 17 60°lag 13 250
15 2 17 60° lag 15 250

INVERSE TIME CO RELAYS AT 60 CYCLES

Con- One*
V.A. at tinuous  Second
Ampere V.A.at § Tap Power Rating  Rating
Range Tap Amperes Current Pactor (Amperes) (Amperes)
0.5 200 2 66° lag 2 70
0.6 140 2 66° lag 2 70
0.8 78 2 66° lag 2 70
0.5/2.5 1.0 50 2 66° lag 3 70
1.5 22 2 66° lag 3 70
2.0 12.8 2 66° lag 4 70
2.5 8 2 66° lag 5 70
2 12 .4 2 66.4° lag 8 250
2.5 8 2 66 .4° lag 8 250
3 5.6 2 66.4° lag 8 250
2/6 3.5 4.1 2 66.4° lag 8 250
4 3.1 2 66.4° lag 9 250
S 2 2 66.4° lag 9 250
6 1.3 2 66 .4° lag 10 250
4 3.1 2 66 .4° lag 16 250
5 2 2 66.4° lag 16 250
6 1.4 2 66.4°lag 16 250
4/18 8 0.8 2 66.4° lag 17 250
10 0.5 2 66.4%21ag 18 250
12 0.3 2 66 .4° lag 19 250
15 0.2 2 66.4%lag 20 250

VERY INVERSE TIME COZRELAYS AT 60 CYCLES

V.A. at tivemas  Sepad

LA, a inuou cony
Ampere V.A.at § Tap Power Rating  Rating

Range Tap Amperes  'Current. Factor (Amperes) (Amperes)

0.5 125 1.25 66 .4° lag 2 100

0.6 87 1.28 66.4° lag 2 100

0.8 49 1.25 66.4°lag 2 100

0.5/2.5 1.0 31 1.2 66.4° lag 3 100

148 14 1.28 66.4° lag 3 100

2.0 8 1.25 66.4° lag 4 100

2.5 5 1.25 66.4° lag S 100

2 8 1.25 66 .4° lag 8 250

2.8 $ 1.28 66.4° lag 8 250

3 3.5 1.28 66 .4° lag 8 250

2/6 3.5 2.5 1.25 66.4° lag 8 250

4 1.9 1.28 66.4° lag 9 250

s 1.28 1.25 66.4° lag 9 250

6 0.9 1.28 66.4° lag 10 250

4 1.9 1.28 66 .4° lag 16 250

s 1.28 1.28 66 .4° lag 16 250

6 0.9 1.25 66.4° lag 16 250

4/15 8 0.5 1.25 .4° lag 17 250

10 0.3 1.25 66 .4° lag 18 250

12 0.2 1.28 66.4° lag 19 250

15 0.1 1.28 66 .4° lag 20 250

*Thermal capacities for other than one second may be calculated on the
basis of time being inversely propartional to the square of the current,

LONG TIME CO RELAYS AT 60 CYCLES

Con- One*
V.A. at tinuous Second
Ampere V.A. at § Tap Power Rating Rating
Range Tap Amperes Current Factor, (Amperes) (Amperes)

4 26 17 60° lag 8 250
s 17 17 602 lag 8 250
6 12 17 60%lag 9 250
4/15 8 6.5 17 60° lag 10 250
10 4.5 17 60°1ag 12 250
12 3 17 60° lag 13 250
15 2 17 60° lag 15 250

SHORT TIME"COH RELAYS AT 60 CYCLES

Con- One*
V.A. at tinuous  Second
Ampere V. Ahat 5§ Tap Power Rating  Rating
Range Tap Amperes Current Pactor (Amperes)(Amperes)
0.5 400 4 60° lag 2 56
0:6 280 4 60° lag 2 56
08 156 4 60° lag 2 56
0.5/2.5 1.0 100 4 60° lag 3 56
1.5 44 4 60° lag 3 56
20 25 4 60° lag 4 56
2.5 16 4 60°. ag S 56
2 25 4 60° lag 8 250
2.5 16 4 60° lag 8 250
3 11 4 60° lag 8 250
2/6 3s 8 4 60° lag 8 250
4 6.3 4 60° lag 9 250
s 4 4 60° lag 9 250
6 2.8 4 60° lag 10 250
4 6.3 4 60° lag 16 250
S 4.0 4 60° lag 16 250
6 3.0 4 60° lag 16 250
4/15 8 1.6 4 60°lag 17 250
10 1.0 4 60° lag 18 250
12 0.7 4 60° lag 19 250
15 0.4 4 60° lag 20 250

BURDENS AT TAP CURRENT ON 25 AND 50 CYCLES

25 CycLES 50 CycLes
V.A. Power V.A. Power
PFactor FPactor
Definite Minimum Time CO... 16 53° lag 17 60° lag
Inverse Time CO............. 2 60° lag 2 60° lag
Very Inverse Time CO........ 1.25 60° lag 1.25 66.4° lag
Long Time CO............... 16 53° lag 17 L UV
Short Time COH............. 4 53°lag 4 0% lag

BURDENS FOR SATURATION DATA
Voltage taken with Rectox type voltmeter.

Multiples gf Tap Values of Current 1 3 16 26
. Defiuite Time V.A. Burden 17 100 490 1300
Inverse Time V.A. Burden 2.0 18.3 136 381
Very Inverse Time V.A. Burden 1.25 10.7§ 97 254
COH Time V.A. Burden 4 37.4 198 506

17
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Characteristics of Types CO and COH Relays

Approx. #10 Tymical
Lever Time Torque 60 Cycle
a2t 20 x Tap Compen- Schematic Time Curve
1ype Energy Time Value Geering sator per Figure No. per Fig. No.
co Std. Definite Time 2 Sec. lion~geared Yes 3,4,6,8,9,10,12,14&15 23
co Std. Definite Time 4 Sec. Non- gee.red Yes 3,4,6,8,9,10,12,14&15 ..
co Low Inverse 2 Sec. Geared No 3,4%,5,7,9,10,11,13&15 2
co Low Inverse 4 sec. Geared Yes 3,4,6,8,9,10,12,14&15 ..
Cco Low Very Inverse 1 + Sec. Geared Tio 3,4%,5,7,9,10,11, 13&25 z5
co Sta. Definite Time 40 sec. Geared Yes 3,4,6,8,9,10,12,14&15 27
COH P Inverse 18 Cyec. on-Geared jifs) 3,%,5,9,10,11&15 26

Three element relay characteristics are the same a&s in single element forms.

3N . e 1 2 o] Cut out for
3 Bia:hole deil per 3 :
Panel location for Panel location Sinierhol schemaltic 2|;>32 15y semi-flush
semi flush type mtg™; for projection for projection mig.~ %R. ~ ‘s_l’ ‘ 167 mounting
'L 1,5 lypemig. ondhick panets e Kl w2 oS
O B ZBﬂl P »: 5] X
—_— Cullout for 7 NI
projection mig.  4;% S 8
> ondhin panels 32 T i \\U i 4
612 3y | Gy + 4§_;
3 @ | G '
102 190-32 Term.sérew J'?: pd !
16 use.l190-32'stud for t .(Z) ;/J: 7
X thick panel mtq: ‘4,7 | o, s 1 ] 4%2
| 5. 323z . i i€ 5| 427
i6”[8Mig.stud)2 Req. o3 l o | ) 32,1 4%
al 32 ! S _); ¥ l l
e 2 b L2 |'—6W31h screw ' 'g,[_' + J[
—62 L iz [ S S JHTLLIN 10 hotes f
16 30 53 b 23 With siud 6y ;3 40'9‘fr°§5' or
Y Studs for projection type/ o (Zi. | semi flushtype
67— | 4
6 mig. 2dia hole (2Req) Pf’zg* mitg.(4Holes)

9-B-2020

Fig. 286—Outline And Drilling Plan,For The Single Element Types CO And COH Relays In The S10 Projection Or Semi-Flush
Type FT Fleéxitest'Case See The Internal Schematics For The Terminals Supplied. For Reference Only.
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e 53%¢-350 |
%6 [ 11 20a0ri-2holes F-a0rnd
/1/ '| '-]
L 20ia.0rill
d— 9 i
63-D-301 59 [ \ Use screws /‘or/r/ \ :
<—-5/é—3—-:€3T;j i — 7, 6 ,: - /8/ax. thin panels ,//ga
gy g P Use screws for thin panels B L4l
{/'6/ a.,//il.: N | 7 & }
: : & !
T + N
‘ 1 HONMEO) use studs for thick panel: 7,: B‘ L )
52 x‘] Y L Sftdf/;z_eopen/;)g .
i 1. B Opening For thin \§ } % (7; de;f/’, /»_ae‘g)’e :
. panel ml¢. l s N }fﬁ 2 5128 umber u
:? Dia.Orilt | 23 | 85 sﬁ 9 tand /aqahan Use studs far | ‘l . €
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»z xrews‘f& studs l‘_ 8 ’:_2/6 57/‘1])('_.4‘ 73‘/‘2/“‘__""255 -l

Fig. 29 —Outline And Drilling Plan For The Single Element Fig. 30 —Outline’ And Drilling Plan For The Three Element

Types CO And COH Relays In The Projection Type Types CO And COH Relays In The Projection Type
Standard Case. See The Internal Schematics For Standard Case. See The Internal Schematics For
The Terminals Supplied. For Reference Only. The Terminals Supplied. For Reference Only.
33;?'2'd Cut out for
Panel location for Panel location [ N ;
semi flush type mig:—{ for projection 2ie, I*;-_I_E-Is :.fo'?,:“t',:‘;h
o3 .1 type mig. byl - /
© [¢] ﬁl 8 ! 1 ol /
0% %
3Diohote drill per 32 -
internal schematic : 033
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on Igick panels \
1 i irlz
2l Cut out for f 2
projection mtg. L4
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92 Y| O f ;
6 @ | & P !
190-32Term.screw nad e 11033
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glfl 1 | @—f—EEu
- 2-18 Mig.stud 2 Req. oZ| | @ | e °
i B 3] 5
! o 132
- B | &
m] 2|-swnh screw ¥
22 With stud T ANIANA N
4 Wilh slu #R.[ 8T 3Dio.holes for
Studs for projection type | o1 semi flush type
mig 2 dia. hole (2 Req) L.lsgg.q mig.(4 Holes)

9-B-1901

Fig." 31— Outline And Drilling Plan For The Three Element Types CO And COH Relays In The L10 Projection Or Semi-Flush
Type FT Flexitest Case. See The Internal Schematics For The Terminals Supplied. For Reference Only.
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I.L. 41-280 J

INSTALLATION ¢ OPERATION e MAINTENANCE

INSTRUCTIONS

TYPES CO AND COH OVERCURRENT RELAYS

CAUTION Before putting protective relays
into service, remove all blocking which may
have been 1nserted for the purpose of securing
the parts during shipment. Make sure that all
moving parts operate freely. Inspect the
contacts to see that they are clean and can
close properly. Operate the relay to check
the settings and electrical connections.

APPLICATION

These 1nduction-overcurrent relays are used
to dlsconnect circults or apparatus when the
current 1n them exceeds a glven value. Where
a station battery (48 volts or over) 1is
avallable., the circult closlng type relays @re
normally used to trip the cilrcult breaker.
Where 1low voltage or no statilon battery
exlsts, the circult opening type relaypin con-
junction with a-c series trip colls can, be
used to open the breaker.

The inverse time (low-enefrgy)q type relay
1s used 1n preference to the“definite minimum
time (standard energy) @elay, where the re-
quirements necessitate, (&) a lower burden on
the current transformer,for (2) a more inverse
curve for selectivitly, or (3) a very low cur-
rent range as for example, ground protection
of transmissionsystems.

The vergtinverse time (low-energy) relay 1s
similardto the 1nverse relay and 1s used where
a still “mOre Ilmversgse curve 1s desired. The
term "low enérgy" refers to the burden at tap
value that 1s placed on the current trans-
formers 4and does not refer to the current
rating.

The long time (40 second) relay 1s designed
to " protect motors agalnst overloads. This can
be equipped with an 1nstantaneous attachment

SUPERSEDES I.L. 41-280 H

¥ Denotes change from superseded issue

that will operate, 1f aj, short-circult occurs
in the motor.

The type COH ‘®elayysfinds application for
phase and ground protection where a high speed
Induction type, relay 1s desired. It 1s some-
times used  In dIififerentlial protective schemes.

The above “kelays can be suppllied with the
secondalry sgleetromagnet circuit brought out to
separate terminals. This varlety 1s known as
the type €0 or COH Torque Control Relay. Thus
the ‘eontacts of a separate relay can be used
to ‘eontrol the operatlon of the torque control
relay. For example, a three phase directlonal

relay plus sultable auxlliary relays can be
used to directionally control three torque
control relays.

CONSTRUCTION AND OPERATION

Circuit-Closing Relay

The circuit-closing types CO and COH relays
conslist of an overcurrent element, an opera-
tion 1ndicator, a contactor switch, and an
instantaneous trip attachment where required.

Overcurrent Element

This element 1s an 1Inductlon-disc type ele-
ment operating on overcurrent. The 1nductilon
disc 1s a thin four-inch diameter, aluminum
disc mounted on a vertical shaft. The shaft
1s supported on the lower end by a steel ball
bearing riding between concave sapphire jewel
surfaces, and on the upper end by a stalnless
steel pin.

The movling contact 1s a small sllver hemi-
sphere fastened on the end of an arm. The
other end of thils arm 1s clamped to an insu-
lated sectlon of the disc shaft 1n the non-
geared type relays, or to an auxiliary shaft

EFFECTIVE SEPTEMBER 1956
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Electromagnet
Disc Rototion

Upper Pole
Flux y

Disc

Secondory

Corrent MainPole Flux

To Source d
O

Main Pote Current

front View

11-D-9497

Fig. 1—Flux And Current Relations in The Type OOH., Type
CO Inverse and Very Inverse Time Relays Without
The Torque Compensator.
Operation

Indicator N . co
-4 = —

Trip circuit (931

intertock for —

detachable

relays *~—
C3

Contactor —

Switch —

For trip currents
less than 2.25amps;
disconnect and
dead end this [ead

co

o
S

@
.

T77-D-721 Rearg, View

Fig. 3—Internal Schematic Of The Double Trip Circuit
Closing Types CO And COH Relays In The Stand-
ard Case. The Single Trip,Relays Have Terminal 3
And Associated Circuits Omitted.

geared to the dige shait“dn the geared type

relays. The ele€trigal “@onnection 1is made
from the movIing, dcontact through the arm
and spiral spring. “Q0nHe end of the spring 1is
fastened to the arm, and the other to a
slotted spring adjuster disc which 1iIn turn

fastens t@ the element frame.

The, stationary contact assembly consists of
a silwver~eontact attached to the free end of
a @eal\spring. This spring is fastened to a

Micarta Dblock and mounted on the element

Electromagnet 11-D-9411
Disc Rototion
Upper Pole
Flux \
Disc
N
Main Pole Flux —
Secondary /.———Q——’
Current p—a—1
o ;—-—P-—'; r T
To Source P ” >
o A e
Main Pole i
Current Front View R Torque
Comoensator

Fig. 2—Flux And Current Relations In The Long Time and
Definite Minimum ‘Fime Relays With The Torque
Compensator.

f' Cantactor Switch Operation lndicator\
> o*/j7/

s /\// c_g]@
4

[=]
o T
c8

1 Trip Attach

Fig. 4—Internal Schematic Of The Single Trip Circuit
Closing Types CO And COH Relays With Instan-
taneous Trip Attachment In The Standard Case.

A small set

justment of contact follow.

screw permits the ad-

When double trip

frame.

is required, another leaf spring is mounted on
double contact 1s
Then the

prermit

the Micarta Dblock and a

mounted on the rigid moving arm.

stationary contact set screws
ad justment so that both

simultaneously.

circuits will be made

The moving disc is rotated by an electro-
magnet in the rear and damped by a permanent
magnet in the front. The operating torgue of

the inverse or very inverse relays 1is obtained
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I.LL. 4142804

Operotion
Indicator L\ co \
O
el ——«j—@
_— cs
Trip circwt
émem:‘ckblior C.O
etaochable f
relays ] cs: I @
contoctor I
Swijch

For trip currents Tronsformer

less than 2.25 omps /——__—' CoilonC.O.
disconnect and 1 o 00\

deond end this leod @
Upper Pole
\j_ Co?ls
co

Reor View

T7-D-237

™

]
Operotion —
: ndicator . o
-F- "—C‘sj—‘@
Trip circuit A L

interlock tor

detochable ) Co

reloys —_‘CS

Contactor I Upp‘er Pole

Switch — / . COI:
ronsformer

For 1rip currents co Coga—% Coil

less than 2.25 omps |
® @
‘\_‘- Z;rque

\ disconnect and
! dead end this lead

mpensator
SN
@©- 9
\ / |
Reor View 6-D-7363 l’

Fig. S—Internal Schematic Of The Double Trip Circuit
Closing Inverse And Very Inverse Types CO And
COH Relays With Torque Control Terminals In The
Standard Case. The Single Trip Relays Have Term-
nial 3 And Associated Circuits Omitted.

qu 6—Internal Schematic Of The Double Trip Circuit
Closing Definite Minimum Time Type CO Relay
With/ Torgue Control Terminals In The Standard
Case. The Single Trip Relays Have Terminal 3
And Associated Circuits Omitted.

Operotion

Indicator 7 \

Ausxihory
Current re

R

Transformer
Secondory |

Upper Pole
Coils

i Desion
t~— Confoctor
Switch

Transformer
Coil on CO

Auxiligry
Current” =T T\

Transformes ® Cs :
-z B

Primary

Instantaneous
Trip

Rear View

11-D-9480

Operation
Indicater Q\ ° \
1 —
Upper Pole ﬁ:_]
De-ion
Coils ~—~—r— | Contactor
Switch
Transtormer coils
on main coil ~ CcS
Torque —]
Compensator Co 1T Cs
k@__IF'g_I\, - 3
5-D-1583 Reor View

Fig. 7—Internal Schematic \Of The Circuit Opening Inverse
And Very Inverse Time Type CO Relays With In-
stantaneous Trip Attachment In The Standard Case.

by the circult arrangement shown in Figure 1.

The main pole fcodl,of the relay acts as a

transformer “@nd Induces a voltage 1in a secon-

dary colld Cursent from this secondary coil
and thus

reaction

flows fghrough the umper pole coils
torqué on the disc by the

theWfluxes of the

produces

between upper and 1lower

poles.

its flat
small

The derfinite-time relay obtains
because of a
that 1s

between the secondary coll and the upper

characteristic curve

saturating transformer interposed

pole
coils.

This is called the torgue conpensator

and it slows down the disc movement to such an

Fig. 8—Internal Schematic Of The Circuit Opening Definite
Minimum Time Type CO Relays With Instantaneous
Trip Attachment In The Standard Case.

extent that no

(See Figure 2).

gearing is required.

The long time relay 1s a geared relay with a

torgue compensator.

The type COH

without a torque compensator.

relay 1is a non-geared relay

Contactor Switch

The d-c. contactor switch in the relay is a
small solenoid type switch. A cylindrical
plunger with a silver disc mounted on its

lower end moves in the core of the solenoid.
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RELAYS

— Test Switch

Cover operated

switch when used

Contactor
Switch

For trip current

less thon 2 25 amps
disconnect ond 7]
dead end Ihis leod

Reor View
Test Switch

Short Circuit
Switch
J ToReloy
| _ Current Test
Jock
—)

- LT
FrontView ﬂrsrgfneuls
Chossis operated shorting switch

7-D-6634

Fig. 9—Internal Schematic Of The Double Trip Circuit
Closing Types CO And COH Relays In The Type FT
Case. The Single Trip Relays Have Terminal 3 And
Associated Circuits Omitted.

Opderohon - > Test Swirch
Indicotor [ lestowic
3 N\ co A
Cover operoted __{| "= 4" CS l
switlch when used B8
C0O
Contactor ;
Switch CS
For trip current
;ess lhun2.25dumsz Tronsfofmer
isconnect an - i
dead end this lead Coil on¢O
G co,/ CO F
(@ ©),
N\ | Upper Pole
Coils
I Cco H
\ \ / Short CifCurt
Switch
Reor View
Tes! Swnch To Relay
| “Current Test
Jack
h_ ToBase
Front View Terminols

7-D-6624

Chossis opeloced shofting switch

Fig.11—Internal Schematic “©f The Double Trip Circuit
Closing Invefse And Vety Inverse Types CO And
COH Relays With Torque Control Terminals In The
Type FT Case.! The Single Trip Relays Have Term-
inal 3 And Associated Circuits Omitted.

As the

bridges tHree silver stationary contacts. The

plunger ,travels upwvard. the disc
with the main contacts of
vith the

When the relay contacts close, the

coil i1gpinWseries

the gelay and trip colil of the

hreaker.

cotlgybecomes energized and closes the switch

Gentacts. This shunts the main relay

Operation Indic010s ——e———ame
Cover Operated
Switch WhenUsed
— Test Switch
e for Switch
__Instantoneo s
Trip Attochment
i Swi REARVIEW Short Circuit
Short Circuit Switch " 3wirch
Red Hondle
6] J[—To Relay
Test Switeh —— =g t—Current fest Ja k
] f—ToBose Term.
Front View | Chassis O, ero'ed
Shorting Switch

Fig. 10—Internal Schematiey Of The Single Trip Circuit
Closing)Types CQ And COH Relays With Instan-
taneous) Trip Attachment In The Type FT Case.

Operation

Indicotor Tesl Switch

Cover operoted
Switch when us
Confoctor
Switch

For trip current
less than 2.25 omps |
disconnect and

dead end this lead

Upp er Pole
)/_ Coils
Tronsformer
@ Coil on CO

Torque
Compensator
1 co H
'
H Short Circuit
RearView Switch
Test Switch — ToRelay
E EA! Current Test
Jack
Fron! View } }:'?“o'::“
7-D-6631 Chassis operated shorting switch

Fig. 12—Internal Schematic Of The Double Trip Circuit
Closing Definite Minimum Time Type CO Relay
With Torque Control Terminals In The Type FT
Case. The Single Trip Relays Have Terminal 3 And
Associated Circuits Omitted.

contacts. therehy rellieving them of the duty

of carrying trisping current. These contacts

remain closed until the trip circuit is opened

by the auxiliary switch on the ‘ereaker.

Operation Indicator

The operation indicator is a small solenoid
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When the
spring-restrained arma-

the white target which falls by
indicate

coil connected in the trip circuit.
coll 1s energized. a
ture releases
gravity to completion of the trip

circuit. The indicator 1s reset from outside

cf the case by a push rod 1in the cover or

cover stud.

Instantaneous Trip (When Supplied)

The instantaneous trip attachment is a small
solenoid type element. A cylindrical plunger
rides up and down on a vertical
of the

fastened to the stationary core, which

guide rod in

the center solenoid coil. The guide
rod is
element frame. A

in turn screws 1into the

silver disc 1s fastened to the moving plunger
through a helical spring. When the coil 1is

enerpized. the plunger moves upward carrying

the silver disc which bridges thrce conical-
shaped stationary contacts.
the helical

plunger

In this position,
spring 1s compressed and the
while the

Thus. a-c. vibrations

is free to move contact

remains stationary.

bouncing.

of the gwide rod and 1is locked in S
a small nut. Its position determine
pick-up current of the element.

Instantaneous Lock-Out Attachment
(When Supplied) L 4

The 1lock-out attac is used to prevent

the relay from tripping uit breaker when

current 1is too high-awegove its interrupting

capacity.

ening type CO Relay consists
element, a de-lon contactor
switch, an operation indicator and an instan-

taneous E;ip attachment where required.

urrent Element

The overcurrent construction and
to that described for the
closing relays.

operation

is similar circuit

De-ion Contactor Switch

This switch 1s a small a-c. solencdid| switch

whose coil is energized from a fe ns on

the lower pole of the overcurrent element in
the standard-energy type relays" and from a

small transformer conngeted in the main

gy type relays.
o the d-c. type

current circuit in the 1low
Its construction 1is 1
switch except tha

e lunger operates a

spring leaf arm wi ver contact surface

on one end and ixed to the frame at

the other end.

The overeurre element contacts are in the

contacto, S ch coil circuit and when they

close. [th

enoid plunger moves upward to
on contacts which normally short
These contacts are

he +trip coil.

transfer the heavy current due to a

circuit and permit this current to

ize the brealker trip coil.

coil on the
and the
standard

The transformer lower pole of

the overcurrent element contactor

switch circuits in the energy type

connected to the main circuits as
8 and 1%4.

current contact closes, the contactor

relays are

shown 1in Filgures When the over-
switch
operates, and the voltage across the trip coil
is impressed on the transformer and contactor

switch coils. This voltage acts to seal-in

the contactor switch, and to feed energy
through the transformer coil to the main over-
current winding which produces contact closing
This arrangement

toreque. provides a definite

minimum pick-up value largely independent of

the value of trip coil impedance.

Operation Indicator

The operation indicator is in series with

the breaker trip coil. Its construction 1s as

described above.

CHARACTERISTICS

The type CO definite minimum time (standard

energy) or 1long time (40 second) circuit

closing relay is available in either of the

following current ranges.
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Fig. 13—Internal Schematic Of The Circuit Opening Inverse
And Very Inverse Time Type CO Relays With In-
stantaneous Trip Attachment In The Type FT Case.
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Fig. 15“Internal Schematic Of The Three Element Double
Trip Circuit Closing Types CO And COH Relays
With Instantaneous Trip Attachment In The Type
FT Case. The Single Trip Relays Have Terminal 3

And Associ

ated Circuits Omitted.

Fig. 14—InternaliSchematic Of The Circuit Opening Definite
Minimum Time Type CO Relays With Instantaneous
Trip Attachment In The Type FT Case.
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Fig. 16—Diagram Of Test Connections For Circuit Closing
Types CO And COH.
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22.533.5 4 5 ¢ Trip Circuit
4 5 [Ge] 10 12 15
The main contacts will safel clpse 3C
The type CO inverse, very inverse (low amperes at 250v. d-c¢, and the switchli contacts
energy) or the type COH circuit closing relay will safely carry this current long enough to
is avallable in the following current ranges. trip a breaer. 4’
0.5 0.6 0.6 1.0 1.5 2.0 2.5 The relay withoutgyth nstantaneous trip
2 2.5 3 3.5 5 € attachment 1s shipped v operation indi-
4y 5 € &8 10 12 15 cator and the cont itch connected in
parallel. This is suitable for all
The type CO circuit-opening relay 1is made trip currents aboV 5 amperes d-c. If the
only in the 4 to 15 ampere range. A lower trip current lesg”than 2.25 amperes, there
range 1s not desirable because the bureden of a is no need t contactor switch and it
low-range trip coil is too heavy on the should be iscorinected. To disconnect the
current transformer. One trip coll 1s re- ndard case relays, remove the

guired for each relay. the coil on the front stationary

he contactor switch. This lead
fastened (dead ended) wunder the
ilisterhead screw located in the
addition to the taps. the initial position of Mi -t g base of the contactor switch. For the
the moving contact 1is adjustable around a xitest relays, the coil is disconnected by

semicircular 1lever scale calibrated in 11 removing the coil lead at the spring adjuster

The tap value is the minimum current

reguired to just close the relay contacts. In

divisions. nd dead-ending it under a screw at the top of
the Micarta supnort.

These relays may have either
double circuit closing contacts The relay with the Instantaneous trip
either one or two breakers. attachment has a two ampere contactor switch
cuit-opening contacts for in series with a one ampere operation indi-
breakers by current from the cator in each trip path.

fformers.

/'S Relay with Quick Opening Contacts

The characteristics of rious varieties

When the relays are wused with circuit

e
of type CO and COH re&;al y supplled are breakers that are instantaneously reclosed, it

as shown on page 13. is necessary to arrange the relay contacts to

Q be quick opening. This 1s done by screwing in

The burdens 1 ratings are listed the small set screw on the stationary contact

under Energy Re ernts. assembly until the contact rivet rests solidly

@ on the Micarta support. When this is done.
e

The i anban trip attachment has a 1 the position of the contact stop on the time
to 4 r o Tyglical ranges are 10-4%0 or 20-80 lever should be shifted so that the moving and
but other s may be supplied as ordered. stationary contacts barely touch when the time

lever is set on zero.

The Degion contactor switch on the circuit CONTACT CIRCUIT CONSTANTS

opening relays has a minimum pick-up of 4 Universal Trip Circult

‘es a-c.

Resistance of 0.2 ampere Target...... 2.8 ohms
Resistance of 2.0 ampere Contact
The instantaneous 1lock-out attachment has Switch............ et .0.25 ohms
3 to 1 range with typlcal ranges similar to Resistance of Target and Switch in
the instantaneous trip attachment. Parallel.... oo iiinennnn. 0.23 ohms

1
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63-D-836 Escapement

Aux Relay Magnet Clock

o Cycle Counter
Top View
oA ~
g«
Cucut Gpening type COreloy T
2 C. B

Front

37 Y Res.
1

co !
— |

1
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1
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[
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Rear View
Top terminal no for std cose
Bottom terminal no 8 dotted
cucuds for type FTcase
Ammeter Switch
Test Load (E

115Volt A-C
Test
l Source

Fig. 17—Diagram Of Test Connection For Circuit Opening
Type CO Relay.

Phoset
Phase2
Pgs
3 Ney.
I Tri
[t
, . of Circuit CO.COH .COH
Breoker 2Jd ,Co ﬁ_] WL (4_]
L ) i e
"]-Vé‘ES Top terminal no.
for std. case
} 'ﬁorl'llcé‘—‘—{:—?‘-— Lo
<, ’J 12" on J|Bottomderminal
h ! RearView n0.811eSt switches
L for type FTcose
1 |
87-D-228

Fig. 19—External Connections Of The Circuit Clesing Types
CO And COH Relays For Overcurrent Protection
On A Two-Phase System.

Trip Circuit with Instanganeous Trip

Resistance of 1.0/amperepTarget......0.16 ohms
Resistance of 240 ampere Contactor
Switchevueeo.... % v . ..4L............ 0.25 ohms

INSTALLATION

Thedrelays should be mounted on switchboard
panels) or their equivalent in a location free
fromWdirt, moisture, excessive vibration and

heat .y Mount the relay vertically by means of

A
B
Pos.
Neg.
| S CG.con
? 9] ol L:J .CO‘A\II
i CS .
[%;re%\i'e'r S Top terminal no
for_std case
i 'gim%,‘i 2
b 27 ~71Bottom terminal
b Rear View no.Bitest switches
b‘ﬁ for type FTcase
87-D-228

Fig. 18—External Connections)Of The Circuit Closing Types
CO And COH Relays For Overcurrent Protection
On A Single Phasa'System.

D »

c
Pos.
Neg

FTgens

CO,COH-C CQ.COHB CO.COH A
20 CO &
PGS

'\/ AT
e
gl 00 _Hg
T

F— oy Rear View |
5 TOCOH-GND

» ]

Top terminal no.
for st'd case

Bottom terminal
no.B test switches
for type F Tcase

£
[—

87-D-227 e

Fig. 20—External Connections Of The Circuit Closing Types
CO And COH Relays For Phase And Ground Over-
current Protection On A Three-Phase System.

the two mounting studs for the standard cases
and the type FT projection case or by means of
the four mounting holes on the flange for the
Either of the studs

or the mounting screws may be utilized for

semi-flush type FT case.

grounding the relay. The electrical con-
nections may be made direct to the terminals
by means of screws for steel panel mounting or
to terminal studs furnished with the relay for
ebony asbestos or slate panel mounting. The
terminal studs may be easily removed or in-
serted Dby locking two nuts on the studs and

then turning the proper nut with a wrench.

Because the circuit-opening relay contacts
short circuit the trip coil, 1t is important
that the relay be mounted where it will not be
subject to shocks which may jar the contacts
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I.L. 41.280 J

A
B
J TTnp Ir‘:a
Coul N
CO.COH-C CO.COH-A
2J . COAl
bt o Yon oT
P
! Top terminal no
for st'd.case
101,80 He
{1 IH °h [M R .
] Reorview  |Boftom ferminal
SRS n0.8 test switches
| I d for type FTcase
L
B C
87-D-227

Fig. 21—External Connections Of The Circuit Closing Types
CO And COH Relays For Phase Overcurrent Pro-
tection On An Ungrounded Three-Phase System.

open and thercby allow current to flow through
Trouble of this

avolded by preventing

the trip coil. kind can be
jars to the switchboard
and also by setting the trip
so that 1t will not

current.

coll high enough
load
so that

an excessiVe

operate on normal

This is an extra safeguard

there 1s no danger from even

shock unless the current is also heavy.
Typical external connections ar€), shown in
13 to 22.

relays for phase

Figures When using the ©drcuit-

opening protectioniy, ground

protection may be secured byfusdng a low-
energy circult-closing relay operating on a-c.

voltage trip coil, as shown in Figure 22.

SETTINGS

There are two settingg-namely the current

value at which its contacts
When the
protect equipment
be de-
termin€d by thegnature of the load, the magni-

tude of the

the Trelay closes
and the time require@ to close them.
relay 1s, toy, Depaudsed to

against goverload, the setting must

peaks and the frequency of their

occurrence.

For se€etionalizing transmission systems the
current and time setting must be determined by
calkculation, due consideration being given to
the time required for circuit breakers to open
S0 that action can be

proper selective

obtained throughout the system.

TRIP_COILS

10 9
Of

REAR VIEW

— CO. COH- GND,
L{ P 2 oCOA

1 T

]

m

(o]
! oz, (s .
1 Te" " Sk ToP TERMINAL NO. FOR ST'D CASE.
Ao PERRVEW BOTTOM TERMINAL NO. AND TEST
SWITCHES FOR TYPE FT CASE.
87-D=226

Fig. 22—ExternallConnections Of The Circuit Opening Type
CO Relay For Phase Overcurrent Protection And Of
The Circuit Closing Types CO And COH Relays For
Ground Protection On A Three-Phase System.

Cuprent Setting

The
above the time

connector screw on the términal plate

scale makes connections to

various turns on the operating coil. By

placing this screw 1in the various holes. the

relay will just close contacts at the corre-
sponding current, 4-5-6-8-10-12 or 15 amperes.
or as marked on the terminal plate.

The tripping value of the relay on any tap
may be altered by changing the initial tension
of the This

accomplished by turning the spring adjuster by

spiral spring. can be
inserted in one of the

which the

means of a screwdriver
of the plate to
of the
adjustment of tripping

notches outside

convolution spring 1s fastened. An

current approximately

15 percent above or below any tap value. can

be secured.

CAUTION Be sure that the
turned up tight so as to make
for the

Since the

connector screw 1is
a good contact,
operating current passes through it.

overload element is connected

directly 1in the current transformer circuits
the latter should be

changing the connector

short-circuited Dbefore
screw. This can be
done conveniently by inserting the extra con-

nector screw, in the new tap and removing the

0ld screw from its original setting.
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Time Lever Setting

The index or time lever limits the motion of
the disc and thus varies the time of
operation. The latter decreases with lower
lever settings as shown in the typical time

c¢urves of Figures 23 to 27.

ADJUSTMENTS AND MAINTENANCE

All relays should be inspected periodically
and the time of operation should be checked at
least once every six months. For this
purpose, a cycle counter should be employed,
because of 1its convenience and accuracy.
Phantom 1loads shoudl not be used in testing
induction-type relays because of the resulting
distorted current wave form which produces an

error in timing.

All contacts should be cleaned periodically.
A contact burnisher S#182A836HO1 is recommended
for this purpose. The use of abrasive material
for cleaning contacts is not recommended, be-
cause of the danger of embedding small parti-
cles in the face of the soft silver and th
impairing the contact.

The proper adjustments to insure corr
operation of this relay have been made &
factory and should not be disturbed
If the a t
have been changed or the relay taken art for

receipt by the customer.

repairs, the following instructi d be
followed in reassembling and, se g 1%.
(Overcurrent Element Circui & Rélays)

Shift the rofition of tact stop on
the time lever and dj\_@ contacts so that
they barely \ ime lev;sr is set
on zero.

tou A%
AdJjust the tens of the spiral spring so

that the relay will close i1ts contacts at its
rated current, a‘,shown by the position of the
the tap block. Check the time curve
as sh test with a cycle counter, to be

the typical time curves. In the
e relay 1s tested from the No. 10
1 osition. The calibration 1s intended

to be on the basis of the cool or normal oper-
ation condition inasmuch as overloads are
short duration. When checking a number [ of
points on the time curves, it will be nec
sary to cool the relay coils between points
particularly after operating at high currents.
An air hose may be used for this purpose.

The position of the torqu compensSator on
the overload element 1is adjusta . influ-

This is a
cation of the
t be changed 1in

encing the shape of the
factory adjiustment and e
torque compensator should
the field. If the rela
this cover must be imn p

a metal cover,
e when making tests.

The relays wi rque control terminals
il these terminals are
er by a jumper or by the

ju the stationary core of the switch for

c ce between the stationary core and
he ing core when the switch 1s picked-up.
his can be most conveniently done by discon-
necting the switch and turning it or the relay
pside-down. Screw up the core screw until
the moving core starts rotating. Now back off
the core screw until the moving core stops
rotating. This indicates the points where the
play in the moving contact assembly is talken
up, and where the moving core just separates
Back off the
stationary core screw one turn beyond this

from the stationary core screw.

point and lock in place. This prevents the
moving core from striking and sticking to the
stationary core because of residual magnetism.
Adjust the contact clearance for 3/32 inch by
means of the two small nuts on either side of
the Micarta disc. The switch should pick up
at 2 amperes d-c. Test for sticking after 30
amperes d-c. have been passed through the

coil.

Operation Indicator (Circuit-Closing Relays)

AdJjust the indicator to operate at 0.2 or
1.0 ampere d-c. as supplied gradually applied
by loosening the two screws on the under side
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of the assembly, and moving the bracket for-

ward or backward. Test for sticking after 10

times rated pick-up current has been applied.

Overcurrent Element (Circuit Opening Relays)

Adjust the relay with the instructions given

under "Overcurrent Element (Circuit Closing
Relays)” wusing the test
17 except that for the

opening relay the

connection of Figure
definite minimum time
circuit following caution

should be observed:

CAUTION VWhen a signal lamp or other vcltage
operated device is to be connected in series
wvith the relay contacts, disconnect the in-

ternal leads of the element from the station-
ary and moving
Then the

be connected to the

contacts respectfully and dead

end them. lamp or other device can

stationary and movin

contacts.

a
De-ion Contactor Switch (Circuit Open‘N

Relays)

Ad just the core stop on the top h
possible without, allowing t lating
bushing at the bottom of the piun to touch
the Micarta angle. The contact 1 sepa-
rated from the Micarta anglg /32" to
1/1€". Adjust the contact pacing to

slightly less than 1/1€ of
the contact springs softha

Bend down
irm contact is

made but not so strong e minimum pick-

up value cannot  be btalned. The

tension should be & grams.
Hold the relay@cts closed
auxiliary r onnected across termi-

spring

and with an

e c
nals to,sim the circuit Dbreaker trip

coil, te e contactor switch picks up

on le n amperes on the 4 ampere over-

a
p sbtting.

In the

opening

ase of the standard energy circuit
should

and seal itself open at 75% of minimum

relay the contactor switch
pick-u

rip current.

Operation Indicator (Circuit Opening Relays)

Adjust the 1indicator similar to that de-

scribed for the circuit closing

to operate at 4 amperes a-c.

Instantaneous Trip Attachment

disc at the

The position of the Micar
bottom of the

calibrated guide indifa

element _with reference to the
the minimum over-
This
ralised to the proper
he locknut which locks

Micarta

current required to e he element.
disc should be 1lo d
position by looseni

the Micarta c rotating the

disc. The
to 4, for

range of adjustments 1s 1
O to 40 amperes, and it has
an accuraley in the limits of approximately

10%.
The 4 ut
he core
and after the
the core screw should be securely locked
lock nut. It should be
usted for about 2/3 of the minimum pick-up.

value is varied by raising or
the top of the
adjustment 1is

screw at

final

place with the

This element will not fit in the round-type

case.

Instantaneous Lock-Out Attachment

of the
to the
cates the minimum current required to open the
To change the setting hold the top

bottom
calibrated guilde indi-

The position of the plunger

with reference

contacts.
slotted head
screwdriver.

of the plunger rod fixed with a

Then with a second screwdriver
of the
current pick-up desired.

adjust the lower end plunger for the

These

because

contacts must be given special care

they are 1in series with the main
tripping circuit and may prevent proper relay
The nominal

operation 1f they become dirty.

range of adjustment is 3 to 1.

RENEWAL PARTS

Repair work can be done most satisfactorily
at the

parts can be furnished

However,
to the

repair

factory. interchangeable
customers who
When

complete

are equipped for doing work.

ordering parts, always gilve the

nameplate data.

11
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Fig. 23—Typical 60 Cycle Time Curves Of The Definite Minimum Time (Standard Energy) Type CO Relay.
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LL. 41280

ENERGY REQUIREMENTS

The burdens and thermal capacitles of the various circuits of the relay are as follows:

DEFINITE MINIMUM TIME CO RELAYS
AT 60 CYCLES

Con- One*
V.A. at tinuous Second
Ampere V.A.at § Tap Power Rating  Rating
Range Tap Amperes Current  Pactor (Amperes) (Amperes)
2 108 17 60° lag 4 140
2.5 68 17 60° lag 5 140
3 47 17 60° lag S 140
2/6 3.5 35 17 60° lag 6 140
4 26 17 60° lag 7 140
5 17 17 60° lag 8 140
6 12 17 60° lag 10 140
4 26 17 60° lag 8 250
5 17 17 60° lag 8 250
6 12 17 60° lag 9 250
4/15 8 6.5 17" 60° lag 10° 250
10 4.5 17 60° lag 12 250
12 3 17 60° lag 13 250
15 2 17 60° lag 15 250

INVERSE TIME CO RELAYS AT 60 CYCLES

Con- One*
V.A. at tinuous  Second
Ampere V.A.at § Tap Power Rating  Rating
Range Tap Amperes Current Factor (Amperes) (Amperes)
0.5 200 2 66° lag 2 70
0.6 140 2 66° lag 2 70
0.8 78 2 66° lag 2 70
0.5/2.5 1.0 50 2 66° lag 3 70
1.5 22 2 66° lag 3 70
2.0 12.5 2 66° lag 4 70
2.5 8 2 66° lag S 70
2 12 .4 2 66 .4° lag 8 250
2.5 8 2 66 .4° lag 8 250
3 5.6 2 66.4° lag 8 250
2/6 3.5 4.1 2 66 .4° lag 8 250
4 3.1 2 66 .4° lag 9 250
5 2 2 66 .4° lag 9 250
6 1.3 2 66 .4° lag 10 250
4 3.1 2 66 .4° lag 16 250
5 2 2 66 .4° lag 16 250
6 1.4 2 66 .4%lag 16 250
4/15 8 0.8 2 66 .4%lag 17 250
10 0.5 2 66 4° lag 18 250
12 0.3 2 66 .4% lag 19 250
15 0.2 2 66.4°%lag 20 250

VERY INVERSE TIME _COJRELAYS AT 60 CYCLES

Con- One*
V.A.at tinuous  Second
Ampere V.A.at § Tap Power Rating  Rating
Range Tap Amperes ‘Current PFactor (Amperes) (Amperes)
0.5 12§ 1.25 66.4° lag 2 100
0.6 87 1.25 66.4° lag 2 100
0.8 49 1.25 66.4° lag 2 100
05/2.5 1.0 31 1.25 66.4° lag 3 100
1.5 14 1.25 66.4° lag 3 100
2.0 8 1.2§ 66.4° lag 4 100
2.5 S 1.25 66.4° lag 5 100
2 8 1.25 66 .4° lag 8 250
2.5 5 1.25 66.4° lag 8 250
3 3.5 1.25 66.4° lag 8 250
2/6 3.5 2.5 1.28 66.4° lag 8 250
4 1.9 1.25 66.4° lag 9 250
5 1.25 1.25 66.4° lag 9 250
6 0.9 1.25 66 .4° lag 10 250
4 1.9 1.25 66 4° lag 16 250
5 1.25 1.25 66.4° lag 16 250
6 0.9 1.25 66.4° lag 16 250
4/15 8 0.5 1.25 66.4° lag 17 250
10 0.3 1.25 66.4° lag 18 250
12 0.2 1.25 66 .4° lag 19 250
15 0.15 1.25 66.4° lag 20 250

*Thermal capacities for other than one second may be calculated on the
basis of time being inversely proportional to the square of the current.

LONG TIME CO RELAYS AT 60 CYCLES

Con- One*

V.A. at tinuous Second

Ampere VA at § Tap Power Rating Rating

Range Tap Amperes Current (Factor (Amperes) (Amperes)

4 26 17 60° lag 8 250
5 17 17 60° ]lag 8 250
6 12 17 60%lag 9 250
4/15 8 6.5 17 60° lag 10 250
10 4.5 17, 60° lag 12 250
12 3 17 60° lag 13 250
15 2 17 60° lag 15 250

SHORT TIME COH RELAYS AT 60 CYCLES

Con- One*
V.A. at tinuous  Second
Ampere V.Adat S Tap Power Rating  Rating
Range Tap /Amperes Current Pactor (Amperes)(Amperes)
0.5 400 4 60° lag 2 56
026 280 4 60° lag 2 56
0.8 156 4 60° lag 2 56
0.5/2.5 1.0 100 4 60° lag 3 56
175 44 4 60° lag 3 56
2.0 25 4 60° lag 4 56
2.5 16 4 60° ag 5 56
2 25 4 60° lag 8 250
2.5 16 4 60° lag 8 250
3 11 4 60° lag 8 250
2/6 3.5 8 4 60° lag 8 250
4 6.3 4 60° lag 9 250
5 4 4 60° lag 9 250
6 2.8 4 60° lag 10 250
4 6.3 4 60° lag 16 250
5 4.0 4 60° lag 16 250
6 3.0 4 60° lag 16 250
4/15 8 1.6 4 60°lag 17 250
10 1.0 4 60° lag 18 250
12 0.7 4 60° lag 19 250
15 0.4 4 60° lag 20 250

BURDENS AT TAPCURRENT ON 25 AND 50 CYCLES

25 CycLES 50 CvcLES
V.A Power V.A. ower
Pactor Factor
Definite Minimum Time CO... 16 53°lag 17 60° lag
Inverse Time CO............. 2 60° lag 2 60° lag
Very Inverse Time CO........ 1.25 60° lag 1.25 66.4° lag
Long TimeCO...........u... 16 53°lag 17 60° lag
Short Time COH............. 4 53° lag 4 60° lag

BURDENS FOR SATURATION DATA

t: Voltage taken with Rectox type voltmeter.

’ Multiples of Tap Values of Current 1 3 10 20
! Definite Time VA. Burden 17 100 490 1300
\ Inverse Time V.A. Burden 20 18.3 136 351
Very Inverse Time V.A. Burden 1.25 10.75 97 254
COH Time V.A. Burden 4 374 198 506

17



TYPES CO AND COH OVERCURRENT RELAYS

Characteristics of Tyoes CO and COH Relays

Approx. #10 Typical
Lever Time Torque 60 Cycle
=zt 20 x Tap Compen-~ Schematic Time Curve
lype Energy Time Value Gea.ring sator per Figure lio. per Fig. Nc.
Co std. Definite Time Z Sec. on-geared Yes 3,4,6,8,9,10,12,14&15 23
Co St Definite Time L sec. Non-geared Yes 3,4,6,8,9,10,12,14&15 ..
Cco Lew Inverse Z Sec. Geared Yo 3,4,5,7,9,10,11,13&15 el
co Low Inverse 4 sec. Geared Yes 3,4,6,6,9,10,12,14&25 ) |
Co Low Very Inverse 1 + Sec. Geared o 3,4,5,7,9,10,11,13&15 25
Co Stad. Definite Time 40 Sec. Geared Ves 3,4,6,5,9,10,12,14&15 27
COH e Inverse 18 Cyc. Yon-Gesred o 3,4,5,9,10,11%15 26

Three element relay chsrscteristics are the sazme s In single element forms.

. ) %Dio.hole drilliper -3 3"52 Cut out for
Panel location for — Ponel location iAternal 8cHematic 1S o5 semi-flush
semi flush type mtg: ™ for projection for projection mig.~. %R- ZE_I“_‘ I6"+ mounting
. 1L 5_, ypemtq. on thick panels e
o 81 251 F S =
Cat oubfor ,)\ \ 7
- projection mtg. 4:!5—;’ R Ny 1 @ 8 T Oy,
ondnin panels 9 el A D S Y
633 V2 “\| 43
02 190-32 Term:scréw e e ¥
16 use 19032 sludytor 7T
. thick panei“mtg. 4% 31 43
ﬂlm - ,%'ISMiq.s'ud 2Req. 5 2l 4%—;
o — ) e i I Withsérew J—_E,Ll
— 2 7l .t | e s’ JHTLIIN
6% ~lie S5z 2% Wilh stud e [‘ g8 3D holes for
6%-—’1 Studs for projection type ‘%5 L semi 21;15!1' type
i 34 mtg.(4Holes
m'g.édlo hole (2Req) TP— 2%, 9. D)
9-B-2020
Fig. 28—Outline And Dfilling/Plan For The Single Element Types CO And COH Relays In The S10 Projection Or Semi-Flush
Type FT Flexitest Case. See The Internal Schematics For The Terminals Supplied. For Reference Only.
it
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. IR y
M 2
oy 7 i Use screws for thin panels
l ! S ; ) Use studs For tLhick panels|
f o9 . P
A 3
i 14 <_L ?'\L Opening for thin
[ { L1 (AU panel mtg.
5 7 é A ﬁ *_[:\ 7 3
(N (5 U 22 5 0@.0rit
2 N eI
A @

.190-32 Term. Screws &
studs, g-20mounting
screws & studs

330 Orin (2hores)

I.L. 41(2807)
535C-350 |
172 TR o
% [+ 5?0/0.0//// -Choles <;/ -207hd.
P/ ’{ f ﬁ"’}
! S QP
—L 20i.0r ,
63-D-301 \} Use screws for.A" ‘ l
/8Max. thin panels 3
16
- »—f—l i
AA St Size openipg | |
. \for thimpape’ !
’ (i desired) !
i | S1z@ pumber i 3
L3 9Wapdlecation | e stugspor | [CF
] , Ofpen/ngs thick panels
= w‘oat/ona/
...... . l ‘
o t { S
f"* 22 \ ‘ /7 tl.J
8 ‘Lﬂ—_ 78—t 355 -~

Fig. 29—Outline And Drilling Plan For The Single Element

Types CO And COH Relays In The Projection Type
Standard Case. See The Internal Schematics For
The Terminals Supplied. For Reference Only.

Fig. 30—=Outline And Drilling Plan For The Three Element

Types CO And COH Relays In The Projection Type

Standard Case. See The

Internal Schematics For

The Terminals Supplied. For Reference Only.

Panel locgtion for
semi flush type mtg.

B

9T
TN

21t

o

33 Cut out for
Panel location F:Z'.i—q._-z'i’—— semi flush
for projection €54 1'® | mounting

234 bee mio |- |

S 7
H
1035 S
3Diahole drill per 32 17
finternql s'qhema'!ic 1053
or projection mtq.
on tﬁick panels 9 \
R Z
Cut out for \ ?— LA
projection mtq. L L..|--
onihin panelgs T {H o | e ¥
93 3 | @ -+
). o
190-32 Term screw T O +Alod?
use .190-32 stud for 0L I ! v
thick panel mig. 32 | B ¥
gifl @ | e—f—gu
L 2-18 Mtg.stud 2 Req. oF| |l @ | e—p—F°
! 1 Lis
1 6 5
Al
b 2|lswith screw / T
—— =
2 t 7 71.70] .

/] 23with stud 2R.[ |187]8" 4Dia.holes for
Studs for projection type | | I} | semi flush type
mig. 3 dia.hole (2 Req) ._"52% mig(4 Holes)

9-B-1901

Fig. 31— Outline And Drilling Plan For The Three Element Types CO And COH Relays In The L10 Projection Or Semi-Flush
Type FT Flexitest Case. See The Internal Schematics For The Terminals Supplied. For Reference Only.
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T\_rpes CO and COH Overcurrent Relays
INSTRUCTIONS

CAUTION

Before putting protective relays into service,
remove all blocking which may have been inserted
for the purpose of securing the parts during ship-
ment. Make sure that all moving parts operate
freely. Inspect the contacts to see that they are
clean and can close properly. Operate the relay
to cheagk the settings and electrical connections.

APPLICATION

These induction-overcurrent relays are used to
disconnect circuits or appatatus when the current
in them exceeds a given value. Where a station
battery (48 volts or over) is available, the circuit
closing type relays are normally used to trip the
circuit brecaker. Where low voltage or no station
battery -xists, the circuit opening type relay in
conjunc.ion with a-c series trip coils can be used
to open the breaker.

The inverse time (low-energy) type relay is used
in preference to the definite minimum time (stand-
ard energy) relay where the requirements neces-
sitate (1) a lower burden on the current g#rans-
former, or (2) a more inverse curve for selgctivity,
or (3) a very low current range as for,example,
ground protection of transmission systems:

The very-inverse time (low-energy)_relay is
similar to the inverse relay and is uséd wher€ a
still more inverse curve is desired. The téerm *low
energy’’ refers to the burden at tapsvaluegthat is
placed on the current transformers andidoes not
refer to the current rating.

The long time (40 second) relayyis designed to
protect motors against overloads. “This can be
equipped with an instantan€ous®attachment that
will operate, if a short-circuit'@ccurs in the motor.

The type COH relay finds application for phase
and ground protection wherea high speed induc-
tion type relay is desired., “It"is sometimes used in
differential protective s€hémes.

The above rélays‘¢an be supplied with the sec-
ondary electr@magnet circuit brought out to sepa-
rate termindls. ZFhis'variety is known as the type
CO or COH, Tarquedontrol Relay. Thus the con-
tacts of a separaté relay can be used to control
the operation off'the torque control relay. For
example, a three phase directional relay can be
used to directionally control three torque control
relays.

CGONSTRUCTION AND OPERATION
Circuit-Closing Relay

The circuit-closing types CO and COH relays
consist of an overcurrent element, an operation
indicator, a contactor switch, and an instantaneous
trip attachment where required.

Overcurrent Element

This element is an indu€tion-dis€ type element
operating on overcurrent. Thejinduction disc is a
thin four-inch diameter{ aluminum disc mounted
on a vertical shaft. The shaflt'is supported on the
lower end by a steelballtbéaring riding between
concave sapphire jewel susfaces, and on the upper
end by a stainless steel pin.

The moving gontact is a small silver hemisphere
fastened on the,end ‘of an arm. The other end of
this arm is clamped to an insulated section of the
disc shaft in the non-geared type relays, or to an
auxiligry shaft jgeared to the disc shaft in the
geared\type ‘telays. The electrical connection is
made fromthe moving contact through the arm and
spirahspring. One end of the spring is fastened to
the'arm, and the other to a slotted spring adjuster
disc which in turn fastens to the element frame.

Thegstationary contact assembly consists of a
silver contact attached to the free end of a leaf
spring. This spring is fastened to a Micarta block
and mounted on the element frame. A small set
screw permits the adjustment of contact follow.
When double trip is required, another leaf spring
is mounted on the Micarta block and a double
contact is mounted on the rigid moving arm. Then
the stationary contact set screws permit adjust-
ment so that both circuits will be made.simul-
taneously.

The moving disc is rotated by an electromagnet®
in the rear and damped by a permanent magnet in
the front. The operating torque of the inverse or
very inverse relays is obtained by the circuit ar-
rangement shown in Figure 1. The main pole coil
of the relay acts as a transformer and induces a
voltage in a secondary coil. Current from this
secondary coil flows through the upper pole coils and
thus produces torque on the disk by the reaction
between the fluxes of the upper and lower poles.

The definite-time relay obtains its flat charac-
teristic curve because of a small saturating trans-
former that is interposed between the secondary
coil and the upper pole coils. This is called the
torque compensator and it slows down the disk
movement to such an extent that no gearing is
required. (See Figure 2).

The long time relay is a geared relay with a
torque compensator.

The type COH relay is a non-geared relay with-
out a torque compensator.

Contactor Switch

The d-c. contactor switch in the relay is a small
solenoid type switch. A cylindrical plunger with
a silver disc mounted on its lower end moves in the
core of the solenoid. As the plunger travels upward,
the disc bridges three silver stationary contacts.
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FIGURE 1—FLUX AND CURRENT RELATIONS IN THE INVERSE
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COMPENSATOR.

Operation )
Indicator . \
e ] ° __C‘O
1
Trip circuit 03 ,
interlock for p——

detachable o
reiays —

cs
Gontactor S——
Switch

For trip currents
less than 2.25 amps;
disconnect and
dead end this lead

e v £y
" /

Rear View

FIGURE 3—INTERNAL ScHEMATIC OF THEQWDOUBEE TRripP
Circuir Crosing Types CO anpD COH REDAYS IN THE
STANDARD CASE. THE SINGLE TRIP RELAYS HAVE ' TERMINAL
3 AND ASSOCIATED CIRCUITS OMITTED)
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F16URE™WO~-INTERNAL SCHEMATIC OF THE DOUBLE TRIP
CirculT CLOSING INVERSE AND VERY INVERSE Tyres CO
AND, COH ReLAYs wiTH TORQUE CONTROL TERMINALS IN
THE STANDARD CAse. THE SINGLE TRrRiP RELAYS HAVE
FERMINAL 3 AND ASSOCIATED CIRCUITS OMITTED.
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FIGURE 4—INTERNAL SCHEMATIC OF THE DOUBLE TRrip
Circuit CrLosING TypEs CO anp COH ReLAys wiTH IN-
STANTANEOUS TRIP ATTACHMENT IN THE STANDARD CASE.
THE SINGLE TRIP RELAYS HAVE TERMINAL 3 AND ASSOCIATED
CIRCUITS OMITTED,
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FIGURE 6—INTERNAL SCHEMATIC OF THE DOUBLE TRipP
Circuit CrosiNGg DEFINITE MINiMUM TiME TypE CO RE-
LAY WITH TORQUE CONTROL TERMINALS IN THE STANDARD
Case. THE SINGLE TRrip RELAYS HAVE TERMINAL 3 AND
ASSOCIATED CIRCUITS OMITTED.
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FIGURE 7—INTERNAL SCHEMATIC OF THE CIRCUIT OPENING
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INSTANTANEOUS TRIP ATTACHMENT IN THE STANDARD CASE.
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THE TYPE FT Case. THE SINGLE TRIP RELAYS HAVE TER:
MINAL 3 AND ASSOCIATED CIRCUITS OMITTED.

Operation N\
Indicator g .
{1 —
L o
léppfr P&——\ H"__I De-ion
s -
o 33— |_. Contoctor

\ Switch
Transformer coils
on main coil ~~ <cs
Torque

Compensator co IT cs
t——0Q

Rear View
FIGURE 8—INTERNAL SCHEMATIC OF THE CIRcUIT OPENING
DerFINITE MINIMUM). TIME TypE CO RELAYS wITH IN-
STANTANEOUS FRIR ATTACHMENT IN THE STANDARD CASE.

g%?ég:'::‘ A)_ Test Switch
Cover operoted \BIO
3
switch.when used N
Contactor
Switch
[
T &) T H
® ® Instantaneous
K Trip
_ Attachment
Short Circuit Rear View
Swilch .
Test Switch m - To Relay
\ | _Current Test
Jack
& U h—_ToBase
“Front View  \ Terminals

Chassis operated shorting switch
FIGURE 10—INTERNAL SCHEMATIC OF THE DOUBLE TRIP
Circuit CrosiNG Types CO anp COH ReLAys wiTH IN-
STANTANEOUS TRIP ATTACHMENT IN THE TYPE FT CAsE.
THE SINGLE TRIP RELAYS HAVE TERMINAL 3 AND ASSOCIATED

CIRCUITS OMITTED.
Test Switch
co A;
—43——)(—( )
cs 8
o)
CIS | Upper Pole
/ ol
Transformer
X Qs ™ Coil on CO

Operation
indicator

Cover operated
switch when us
Contactor

Switch

For trip current
less than 2.25 amps |
disconnect and

dead end this leod

Torque
Compensator

Shyqrt Gircuit

Rear Vi
earview Switch

Test Switch
= ” ]—t,-l‘__b ,— ToRelay
- Current Test
Jack
L] h ToB
Front View T:rtv?if\:ls

Chassis operated shorting switch

FIGURE 12—INTERNAL SCHEMATIC OF THE DoOUBLE TRIP
Circuit CLosING DerINITE MINIMUM TiME TYPE CO RELAY
wITH TORQUE CoNTROL TERMINALS IN THE TYPE FT Cask.
THE SINGLE TrIP RELAYS HAVE TERMINAL 3 AND ASSOCIATED
CIRCUITS OMITTED. ‘ :



Types CO and COH Overcurrent Relays

The coil is in series with the main contacts of the
relay and with the trip coil of the breaker. When
the relay contacts close, the coil becomes energized
and closes the switch contacts. This shunts the
main relay contacts, thereby relieving them of the
duty of carrying tripping current. These contacts
remain closed until the trip circuit is opened by the
auxiliary switch on the breaker.

Operation Indicator

The operation indicator is a small solenoid coil
connected in the trip circuit. When the coil is
energized, a spring-restrained armature releases the
white target which falls by gravity to indicate
completion of the trip circuit. The indicator is
reset from outside of the case by a push rod in the
cover or cover stud.

Instantaneous Trip (When Supplied)

The instantaneous trip attachment is a small
solenoid type element. A cylindrical plunger
rides up and down on a vertical guide rod in the
center of the solenoid coil. The guiderod is fastened
to the stationary core, which in turn screws into
the element frame. A silver disc is fastened to the
moving plunger through a helical spring. When
the coil is energized, the plunger moves upward
carrying the silver disc which bridges three conical-
shaped stationary contacts. In this position, the
helical spring is compressed and the plunger is free
to move while the contact remains stationary.
Thus, a-c. vibrations of the plunger are prevented
from causing contact bouncing. A Micarta disc is
fastened to the bottom of the guide rod by twa
small nuts. Its position determines the pick-up
current of the element.

Instantaneous Lock-Out Attachment (When
Supplied)
The lock-out attachment is used to prevent the
relay from tripping a circuit breaker when the cus-
rent is too high—above its interruptifig _capacity.

CIRCUIT-OPENING RELAY

The circuit-opening type CO Relay<eonsists of
an overcurrent element, a de-ion contactomswitch,
an operation indicator and an instantaneous trip
attachment where required.

Overcurrent Element

The overcurrent construction and operation is
similar to that described for the circuit closing
relays.

De-ion Contactof Switch

This switch is a small a-cf'solenoid switch whose
coil is energized fromWadew turns on the lower
pole of the overcurrent element in the standard-
energy type relays, and from a small transformer
connected in the main current circuit in the low-
energy type‘relays. Its construction is similar to
the d-c. gype) switch except that the plunger
operates a\spring leaf arm with a silver contact
surface.omone end and rigidly fixed to the frame
at the other end.
__Théwevercurrent element contacts are in the
contactor switch coil circuit and when they close,
the solenoid plunger moves upward to open the

de-ion contacts which normally short circuit the
trip coil. These contacts are able to transfer the
heavy current due to a short circuit and permit
this current to energize the breaker trip coil.

The transformer coil on the lower pole of the
overcurrent element and the contactor switch
circuits in the standard energy type relays are con-
nected to the main circuits as shown in Figures'8
and 14. When the overcurrent contact*closes, the
contactor switch operates, and the voltage across
the trip coil is impressed on the transformer and
contactor switch coils. This voltage acts to seal-in
the contactor switch, and to feéd energy through
the transformer coil to the main‘overcurrent wind-
ing which produces contact Clesingstorque. This
arrangement provides a definite thinimum pick-up
value largely independent ofthe/value of trip coil
impedance.

Operation Indicator

The operation ifidicator is in series with the
breaker trip coil. ‘It§ construction is as described
above.

CHARACTERISTICS

The type COpdefinite minimum time (standard
energy){or long time (40 second) circuit closing
relay istavailable in either of the following current

ranges;

2 25 3 35 4 5 6
4 5 6 8 10 12 15

The type CO inverse, very inverse (low energy)
or the type COH circuit closing relay is available
inrthe following current ranges.

0.5 0.6 0.8 1.0 1.5 2.0 2.5
2 2.5 3 3.5 4 5 6
4 5 6 8 10 12 15

The type CO circuit-opening relay is made only
in the 4 to 15 ampere range. A lower range is not
desirable because the burden of a low-range trip
coil is too heavy on the current transformer. One
trip coil is required for each relay.

The tap value is the minimum current required
to just close the relay contacts. In addition to the
taps, the initial position of the moving contact is
adjustable around a semicircular lever scale cali-
brated in 10 divisions.

These relays may have either single or double
circuit closing contacts for tripping either one or
two breakers, or may have circuit-opening con-
tacts for tripping the breakers by current from the
current transformers.

The characteristics of the various varieties of
type CO and COH relays usually supplied are as
shown on page 6.

The burdens and thermal ratings are listed
under Energy Requirements.

The instantaneous trip attachment has a 4 to 1
range. Typical ranges are 10-40 or 20-80 but
other ranges may be supplied as ordered.

The De-ion contactor switch on the circuit
opening relays has a minimum pick-up of 4 amperes
a-c.
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Characteristics of CO and COH Relays

Approx. ¥10

Lever Time

at 20 x Tap
Type Energy Time Value Gearing
CO Std. Definite Time 2 Sec. Non-geared
CO Std. Definite Time 4 Sec. Non-geared
CO - Low Inverse 2 Sec. Geared
CO Low Inverse 4 Sec. Geared
CO Low Very Inverse 14+ Sec. Geared
CO Std. Definite Time 40 Sec. Geared
COH RN Inverse 18 Cyc. Non-Geared

Typicaid
Torque 60 Cycle
Compen- Schematic Time Curve
sator per Figure No. per Figure No.
Yes 3,4,6,8,9,10, 12,14 & 15 23
Yes 3,4,6,8,9 10, 12 14 & 15 ..
No 3,4,5,7,9,10, 11, 13 & 15 24
Yes 3,4,6,8,9 10,12, 14 & 15 ..
No 3,4,5,7,9,10, 11, 13 & 15 25
Yes 3,4,6,8,9, 10 12, 14,.& 15 27
No 3,4,5,9, 10, 1& 15 26

Three element relay characteristics are the same as in single element forms.

The instantaneous lock-out attachment has a
3 to 1 range with typical ranges similar to the
instantaneous trip attachment.

Trip Circuit

The main contacts will safely close 30 amperes
at 250v. d-c, and the switch contacts will safely
carry this current long enough to trip a breaker.

The relay without the instantaneous trip attach-
ment is shipped with the operation indicator and
the contactor switch connected in parallel. This
circuit is suitable for all trip currents above 2.25
amperes d-c. If the trip current is less than 2.25
amperes, there is no need for the contactor switech
and it should be disconnected. To disconnect the
coil in the standard case relays, remove the short
lead to the coil on the front stationary contact of
the contactor switch. This lead should be fastened
(dead ended) under the small filisterhead screw
located in the Micarta base of the contactor switché
For the Flexitest relays, the coil is disconnected by
removing the coil lead at the spring adjuster and
dead-ending it under a screw at the top of the
Micarta support.

The relay with the instantaneous trip attach-
ment has a two ampere contactor switch in,series
witlll1 a one ampere operation indicator in @ach grip
path.

Relay with Quick Opening Contacts

When the relays are used with cireuit breakers
that are instantaneously reclosedjlit iSynecessary
to arrange the relay centacts to_be quick opening.
This is done by screwing in the¢'small set screw on
the stationary contact assembly, until the contact
rivet rests solidly on the Micartasstupport. When
this is done, the positionfofgthe contact stop on
the time léever should beshifted so that the moving
and stationary confactsWbarely touch when the
time lever is set gn zefo.

CONTACT CIRCUIT CONSTANTS
Universal Trip Circuit
Resistance of 0.2 ampere Target........ 2.8 ohms
Resistance of 2.0 amipere Contact Switch.0.25 ohms

ResistanceWof Target and Switch in
Parallel, .. . ...................... 0.23 ohms

Txip €Circuit with Instantaneous Trip
Resistance®of 1.0 ampere Target........ 0.16 ohms
Resistance of 2.0 ampere Contactor

Switeh. . ............ ... .. 0.25 ohms
Reesistance of Target and Switchin Series 0.41 ohms

RELAYS IN TYPRE ET CASE

The type FT cases are dust-proof enclosures
combining relay elementsijand knife-blade test
switches in the samé ease.” This combination
provides a compact flexible a@ssembly easy to main-
tain, inspect, testgandWadjust. There are three
main units of thé type FT case: the case, cover
and chassis. {Lhe'case is an all welded steel housing
containing thethingefhalf of the knife-blade test
switches_and ‘theWterminals for external connec-
tions. ‘Cheémeover is a drawn steel frame with a
clear windew, which fits over the front of the case
with theyswitéhes closed. The chassis is a frame
that suppotté the relay elements and the contact
jaw half of the test switches. This slides in and out
ofthe case. The electrical connections between
the /base and chassis are completed through the
closed/knife-blades.

Removing Chassis:—To remove the chassis,
first remove the cover by unscrewing the captive
nuts at the corners. There are two cover nuts on
the S size case and four on the L. and M size cases.
This exposes the relay elements and all the test
switches for inspection and testing. The next step
is to open the test switches. Always open the
elongated red handle switches first before any of
the black handle switches or the cam action
latches. This opens the trip circuit to prevent ac-
cidental trip out. Then open all the remaining
switches. The order of opening the remaining
switches is not important. In opening the test
switches they should be moved all the way back
against the stops. With all the switches fully
opened, grasp the two cam action latch arms and
pull outward. This releases the chassis from the
case. Using the latch arms as handles, pull the
chassis out of the case. The chassis can be set on
a test bench in a normal upright position as well
as on its top, back or sides for easy inspection,
maintenance and test.

After removing the chassis a duplicate chassis
may be inserted in the case or the blade portion
of the switches can be closed and the cover put in
place without the chassis. The chassis operated
shorting switch located behind the current test
switch prevents open circuiting the current trans-
formers when the current type test switches are
closed.

¢
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When the chassis is to be put back in the case,
the above procedure is to be followed in the re-
versed order. The elongated red handle switch
should not be closed until after the chassis has
been latched in place and all of the black handle
switches closed.

Electrical Circuits:
connects through a test switch to the relay elements
in the chassis as shown on the internal schematic
diagrams. The relay terminal is identified by
numbers marked on both the inside and outside
of the base. The test switch positions are identified
by letters marked on the top and bottom surfaces
of the moulded blocks. These letters can be seen
when the chassis is removed from the case.

The potential and control circuits thru the relay
are disconnected from the external circuit by open-
ing the associated test switches. Opening the
current test switch short-circuits the current
transformer secondary and disconnects one side
of the relay coil but leaves the other side of the coil
connected to the external circuit thru the current
test jack jaws. This circuit can be isolated by
inserting the current test plug (without external
connections), by inserting the ten circuit test plug,
or by inserting a piece of insulating material ap-
proximately 35”7 thick into the current test jack
jaws. Both switches of the current test switch
pair must be open when using the current test
plug or insulating material in this masdner) to
short-circuit the current transformer secondary.

A cover operated switch can be supplied with its
contacts wired in series with the trip circuit. This
switch opens the trip circuit when the, cover is
removed. This switch can be added t@ thelexisting
type FT cases at any time.

Testing :—The relays canybe tested in service,
in the circuits isolated or out ofithe‘¢ase as follows:

Testing In Service-Thejammeter test plug
can be inserted in the current test jaws after open-
ing the knife-blade switeh tafcheck the current
through the relay. This pldg consists of two con-
ducting strips separated'by an insulating strip. The
ammeter is connegtedto these strips by terminal
screws and theleads are carried out through holesin
the back of ghelinsulatéd handle.

VoltagefbetweenWthe potential circuits can be
measured conveniently by clamping %2 clip leads
on the projéctingfclip lead lug on the contact jaw.

Testing In Case:—With all blades in the full
open position, the ten circuit test plug can be
inserted in”the contact jaws. This connects the
relay elements to a set of binding posts and com-
pletely isolates the relay circuits from the external
connections by means of an insulating barrier on
the)plug. The external test circuits are connected
to these binding posts. The plug is inserted in the
bottom test jaws with the binding posts up and in
the top test switch jaws with the binding posts
down.

Each terminal in the base ’

The external test circuits may be made“te_tihe
relay elements by #2 test clip leads ingtead of the
test plug. When connecting an external tast
circuit to the current elements using clip”leads,
care should be taken to see that the current tast
jack jaws are open so that the relay is completealy
isolated from the external circuits.” Suggested
means for isolating this circuit¥are outlined above,
under ‘‘Electrical Circuits.”

Testing Out of Case:=With the chassis ce-
moved from the baseftelayy elements may be
tested by using the ten circuut test plug or by %2
test clip leads as described above. The factcry
calibration is made With the chassis in the case
and removing thé¢hassis’from the case will change
the calibrationgvaluesfof some relays by a small
percentage. It is‘tecommended that the relay be
checked in position as a final check on calibration.

INSTALLATION

Theyrelays should be mounted on switchboard
panels ‘or their equivalent in a location free from
ditt, méisture, excessive vibration and heat. Mount
the relay vertically by means of the two mountiag
studs, for the standard cases and the type FT
projection case or by means of the four mountiag
holes on the flange for the semi-flush type FT
case. Either of the studs or the mounting screws
may be utilized for grounding the relay. The
electrical connections may be made direct to the
terminals by means of screws for steel panel mour.t-
ing or to terminal studs furnished with the relay
for ebony asbestos or slate panel mounting. Tae
terminal studs may be easily removed or insert:d
by locking two nuts on the studs and then turning
the proper nut with a wrench.

Because the circuit-opening relay contacts shert
circuit the trip coil, it is important that the relay
be mounted where it will not be subject to shocks
which may jar the contacts open and thereby allcw
current to flow through the trip coil. Trouble of
this kind can be avoided by preventing jars to the
switchboard and also by setting the trip coil high
enough so that it will not operate on normal load
current. This is an extra safeguard so that there
there is no danger from even an excessiveshock
unless the current is also heavy.

Typical external connections are shown in
Figures 18 to 22. When using the circuit-opening
relays for phase protection, ground protection may
be secured by using a low-energy circuit-closing
relay operating on a-c. voltage trip coil, as shown
in Figure 22.

SETTINGS

There are two settings—namely the current value
at which the relay closes its contacts and the tinie
required to close them. When the relay is to he
used to protect equipment against overload, the
setting must be determined by the nature of the
load, the magnitude of the peaks and the frequency
of their occurrence.
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For sectionalizing transmission systems the cur-
rent and time setting must be determined by
calculation, due consideration being given to the
time requ1red for circuit breakers to open so that
proper selective action can be obtained throughout
the system.

Current Setting
The connector serew on the terminal plate above
the time scale makes connections to various turns
. on the operating coil. By placing this screw in the
various holes, the relay will just close contacts at
the corresponding current, 4-5-6-8-10-12 or 15
amperes, or as marked on the terminal plate.

The tripping value of the relay on any tap may
be altered by changing the initial tension of the
spiral spring. This can be accomplished by turn-
ing the spring adjuster by means of a screwdriver
inserted in one of the notches of the plate to which
the outside convolution of the spring is fastened.
An adjustment of tripping current approximately
15 percent above or below any tap value, can be
secured without materially affecting the operating
characteristics of the relay. For example, on the
4 to 15 amp. relay, by choosing the proper tap, a
continuous adjustment of tripping current from
3.4 amperes to 17.5 amperes may be secured. The
characteristic time curve will be affected less for,
any large adjustment if the next higher tap is
selected and the initial tension of the spiral sprifig
is decreased to secure the desired tripping value.
For example, the relay should be set onWythe(8
ampere tap with less initial- tension ifi order to
secure a 7 ampere tripping value.

Caution

Be sure that the connector screw_is turned up
tight so as to make a good contactforithe 6perat-
ing current passes through it. Singe/the 6verload
element is connected directly ingthe urfent trans-
former circuit, the latter should be short-circuited
before changing the connecter serew. This can be
done conveniently by insergingythe extra connector
screw, located on the right-hand@ mounting boss,
in the new tap and remeving'the old screw from its
original setting.

Time Lever Setting
* The index or time\lever/limits the motion of the
disc and thus varies, the€ time of operation. The
latter decreases(with lower lever settings as shown
in the typical, time curves of Figures 23 to 27.

ADJUSTMENTS AND MAINTENANCE

All 4elays should be inspected periodically and
the timeW¥of operation should be checked at least
once every six months. For this purpose, a cycle
counter should be employed, because of its con-
venience and accuracy. Phantom loads should not
be used 1n testing induction-type relays because of
the resulting distorted current wave form which
produces an error in timing.

All contacts should be periodically cleaned with
a)fine file. S% 1002110 file is recommended for this
purpose. The use of abrasive material for cleaning
contacts is not recommended, because of the
danger of embedding small particles in the face of
the soft silver and thus impairing the contact.

The proper adjustments to insure correet,o;2era-
tion of this. relay have been made aft the fac tory
and should not be disturbed after receipt by the
customer. If the adjustments have beénfchanged
or the relay taken apart for re»airs, the following
instructions should be followed in_ reassembling
and setting it.

(Overcurrent Element Circuit-Closing Relays)
Shift the position 4f thefcontact stop on the

time lever and adjust the certacts so that they

barely touch when thestimellever is set on zero.

Adjust the tension of ‘the spiral spring so that
the relay will close its ontacts at its rated current,
as shown by the “position of the screw on the
tap block. Shift the position of the damping
magnets so thatWthe time characteristics of the
relay, as shownyby test with a cycle counter, are
as shown onjthe typical time curves. In the factory
the relaymis tested from the No. 10 lever position.
The cdlibration is intended to be on the basis of
theéycool (or /normal operating condition inasrauch
as overloads are of short duration. When checking
a number of points on the time curves, it will be
neeessary to cool the relay coils between points
pacticularly after operating at high currents. An
air hose may be used for this purpose.

The position of the torque compensator or the
overload element is adjustable, influencing the
shape of the curve. This is a factory adjustinent
and the location of the torque compensator should
not be changed in the field. If the relay has a metal
cover, this cover must be in place when making
tests.

The relays with torque control terminals will not
operate until these terminals are short-circuited
either by a jumper, or by the external control
contacts.

Contactor Switch (Circuit-Closing Relays)
Adjust the stationary core of the switch for a
clearance between the stationary core and the
moving core when the switch is picked up. This
can be most conveniently done by disconnecting
the switch and turning it or the relay upside-down.
Screw up the core screw until the moving core
starts rotating. Now back off the core screw until
the moving core stops rotating. This indicates the
point where the play in the moving contact assem-
bly is taken up, and where the moving core just
separates from the stationary core screw. Back off
the stationary core screw one turn beyond this point
and lock in place. This prevents the moving core
from striking and sticking to the stationary core be-
cause of residual magnetism. Adjust the contact
clearance for 3% inch by means of the two small nuts
oneithersideof the Micarta disc. Theswitchshould
pick up at 2 amperes d-c. Test for sticking after 30
amperes d-c. have been passed through the coil.

Operation Indicator (Circuit-Closing Relays)

Adjust the indicator to operate at 0.2 or 1.0
ampere d-c. as supplied gradually applied by locsen-
ing the two screws on the under side of the as-
sembly, and moving the bracket forward or back-
ward. If the two helical springs which reset the
armature are replaced by new springs, they should
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Types CO and COH Overcurrent Relays

be weakened slightly by stretching to obtain the
0.2 or 1.0 ampere calibration. Test for sticking
- after 10 times rated pick-up current has been
applied.

Oxiercurrent Element (Circuit Opening Re-
ays)

Adjust the relay with the instructions given
under “‘Overcurrent Element (Circuit Closing
Relays)” using the test connection of Figure 17
except that for the definite minimum time circuit
opening relay the following caution should be
observed:

CAUTION—When a signal lamp or other volt-
age operated device is to be connected in series
with the relay contacts, disconnect the internal
leads of the element from the stationary and
moving contacts respectfully and dead end them.
Then the lamp or other device can be connected
to the stationary and moving contacts.

De-ion Contactor Switch (Circuit Opening

Relays)

Adjust the core stop on the top @s high as
possible without allowing the insulating bushing
at the bottom of the plunger to touch the®icarta
angle. The contact will be separated from the
Micarta angle by 14%” to Y4s”. Adjust the contact
gap spacing to slightly less than !5 6f an inch.
Bend down the contact sppifigs so that a firm
contact is made but not so sttong'that the minimum
pick-up value cannot beyobtained. The spring
tension should be about_15"grams.

Hold the relay comtacts, closed and with an
auxiliary relay coil connécted across terminals to
simulate the circuit®reaker trip coil, note that the
contactor switch picksup on less than 4 amperes
on the 4 ampere overcurrent tap setting.

In the case #f%he standard energy circuit open-
ing relay theycontaétor switch should pick-up and
seal itself gpen‘at 75% of minimum trip current.
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F1GURE 33—OUTLINE AND DRILLING PLAN FOR THE THREE ELEMENT TyPEs CO anp COH RELAYs

FLUSH TYPE FLEXITEST CASE. FOR REFERENCE ONLY.
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Types CO and COH Overcurrent Relays

Operation Indicator (Circuit Opening Relays)
Adjust the indicator similar to that described
for the circuit closing relay except to operate at 4
amperes a-c. . ‘
Instantaneous Trip Attachment

The position of the Micarta disk at the bottom
of the element with reference to the calibrated
guide indicates the minimum overcurrent required
to operate the element. -This disk should be
lowered or raised to the proper position by means
of the two nuts on either side of the disk. The
nominal range of adjustment is 1 to 4, for example
10‘;0 40 amperes, and it has an accuracy of about
10%.

The drop-out value is varied by raising or
lowering the core screw at the top of the switch,
and after the final adjustment is made, the core
screw should be securely locked in place with the
lock nut. It should be adjusted for about 24 of
the minimum pick-up.

This element will not fit in the round-type case.

Instantaneous Lock-out Attachment

The position of the bottom of the plunger with
reference to the calibrated guide indicates [the
minimum current required to open the contacts.
To change the setting hold the top slotted head of
the plunger rod fixed with a screwdriver. Then
with a second screwdriver adjust the lower gend
of the plunger for the current pick-up desired.

These contacts must be given spécial, care be-
cause they are in series with 4he ‘m@in | tripping
circuit and may prevent proper rélay eperation if
they become dirty. The nominal range of adjust-
ment is 3 to 1.

RENEWAL PARTS

Repair work can begdoneWmiost satisfactorily at
the factory. Howevér, interchangeable parts can
be furnished to the “customers who are equipped
for doing repairgMierk’% When ordering parts,
always give the compléte nameplate data.

ENERGY REQUIREMENTS

The burdens and thermal capacities of the various circuits,of*the,relay are as follows:

Definite Minimum Time CO Relays at%0 Cycles

V.A. at Continuous One Second
Ampere V.A at H Tap Power Rating Rating

Range Tap Amperes Current Factor (Amperes) (Amperes)

2 108 17 60° lag 4 140

2.5 68 17 60° lag 5 140

3 47 17 60° lag 5 140

2/6 3.5 35 17 60° lag 6 140

4 26 17 60° lag 7 140

b1 17 17 60° lag 8 140

6 12 17 60° lag 10 140

q 26 17 60° lag 8 250

H 17 17 60° lag 8 250

6 12 17 60° lag 9 250

1/15 N 6.5 17 60° lag 10’ 250

10 4.9 17 60° lag - 12 250

12 3 17 60° lag 13 250

15 2 17 60° lag 15 250

Inverse Time CO Relays at 60 Cycles
V.A. at Continuous One Second
Ampere V.A ath Tap Power Rating Rating

Range Tap Amperes Current Factor (Amperes) (Amperes)

0.5 200 2 66° lag 2 70

0.6 140 2 66° lag 2 70

0.8 78 2 66° lag 2 70

0.5/2.5 1.0 50 2 66° lag 3 70

176 22 2 66° lag 3 70

2.0 12.5 2 66° lag 4 0

2.5 8 2 66° lag 3 70

2 12.4 2 66.4° lag 8 250

2.5 8 2 66.4° lag 8 250

3 5.6 2 66.4° lag 8 250

2/6 3.5 4.1 2 66.4° lag 8 250

4 3.1 2 66.4° lag 9 250

5 2 2 66.4° lag 9 250

6 1.3 2 66.4° lag 10 250

4 3.1 2 66.4° lag 16 250

5 2 2 66.4° lag 16 250

6 1.4 2 66.4° lag 16 250

4/15 8 0.8 2 66.4° lag 17 250

10 0.5 2 66.4° lag 18 250

12 0.3 2 66.4° lag 19 250

15 0.2 2 66.4° lag 20 250

—
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Types CO and COH Overcurrent Relays
Very Inverse Time CO Relays at 60 Cycles

\ V.A. at Continuous
s Ampere V.A. ath Tap Power Rating
Range Tap Amperes Current Factor (Amperes)
0.5 125 1.25 66.4° lag 2
0.6 87 “1.25 66.4° lag 2
0.8 49 1.25 66.4° lag 2
0.5/2.5 1.0 31 1.25 66.4° lag 3
1.5 14 1.25 66.4° lag 3
2.0 8 1.25 66.4° lag 4
2.5 5 1.25 66.4° lag 5
2 8 1.25 66.4° lag
2.5 5 1.25 66.4° lag 8
3 3.5 1.25 66.4° lag
2/6 3.5 2.5 1.25 66.4° lag
4 1.9 1.25 66.4° lag
5 1.25 1.25 66.4° lag
6 0.9 1.25 66.4° lag 10
4 1.9 1.25 66.4° 1 16
5 1.25 1.25 66.4° 16
6 0.9 1.25 66.4° 16
4/15 8 0.5 1.25 66.4° 17
10 0.3 1.25 6 18
12 0.2 1.25 . 19
15 0.15 1.25 20
Long Time CO Relays at les
V.A. at Continuous
Ampere V.A.ath Ta Power Rating
\ Range Tap Amperes Curre; Factor (Amperes)
‘ 4 26 60° lag 8
5 17 1 60° lag 8
: 6 12 60° lag 9
4/15 & 6.5 60° lag 10
“ 10 4.5 60° lag 12
- 12 3 gg° }ag 13
o 15 2 °lag 15
-
o Short e H Relays at 60 Cycles
V.A. at Continuous
Ampere V.A. Tap Power Rating
Range Tap A Current Factor (Amperes)
0.5 0 4 60° lag 2
0.6 S 280 4 60° lag 2
0.8 4 60° lag 2
0.5/2.5 1.0 4 60° lag 3
1.5 44 4 60° lag 3
2. 25 4 60° lag 4
2.& 16 4 60° lag 5
. 25.0 4 60° lag 8
.5 16 4 60° lag 8
11 4 60° lag 8
2/6 . 8.2 4 60° lag 8
6.3 4 60° lag 9
5 4.0 4 60° lag 9
3.0 4 60° lag 10
4 6.3 4 60° lag 16
5 4.0 4 60° lag 16
6 3.0 4 60° lag 16
- 4/15 8 1.6 4 60° lag 17
10 1.0 4 60° lag 18
12 0.7 4 60° lag 19
15 0.4 4 60° lag 20
¢ Burdens at Tap Current on 25 and 50 Cycles
:) 25 CYCLEs 50 CycLES
Power Factor V.A.
efinite Minimum Time CO 16 53° lag 17
~ Inverse Time CO 2 60° lag 2
Very Inverse Time CO 1.25 60° lag 1.25
\r Long Time CO 16 53° lag 17
Short Time COH 4 53° lag 4
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