INSTALLATION

L. 41-211 F

OPERATION '« MAINTENANCE

INSTRUCTIONS

TYPE CA-6 PERCENTAGE DIFFERENTIAL RELAY
| FOR BUS AND TRANSFORMER PROTECTION

CAUTION Before puttlng relays into service,
remove all blocking which may have been
Inserted for the purpose of securing the parts
durling shipment, make sure that all moving
parts operate freely, Ilnspect +the contacts to
see that they are clean and close properly,
and operate the relay %o check the settings
and electrloal connectilons.

APPLICATION

The type CA-6 percentage-differential relay
13 designed for the differentizl protectlon of
mziti-circult buses. It has three restralning
elements, each of which has +two windings
Intended to be energlzed from the secondaries
of current transformers 1In separate elrcults
connected to the bus. It has one operating
electromagnet energlzed thru an external suxi-
liary saturating current transformer In
accordance with the current flowlng in  the
differential connection of the current trans-~
Taps controlling the sensitlvity of
the relay are incorporated in the external
tranzformer, there belng no taps In the relsy

formers.

PIOpEer.

Thlis relay has variable percentage charac-
terlstice which means that the operating coll
current requlred to close the relay contacts,
expressed In per cent of the total restraint
current, varies wlth the magnitude of the
restralnt current. The relay sensitivity is
high, corresponding to a low percentage ratio,
at light currents, and 1ts sensitivity is low,
corresponding to high percentage unbalance, at
high currents. The relay 1s made sensitive at
low currents in order that 1t . willl detect
light Internsl faults on the bus belng pro-
tected. At the time,  however, its
reduced sensltlvity at the higher
allows the varlous transformers
flo to a

same
currents
current

involved to depart from thelr true

SUPERSEDES IL, 41-211 E

#* Denotes change from superseded issue.

large extent wlthout causlng false tripping
of the relay for external faults.

The - variable
particularly advantageous when severe satura-
tion of current transformers d1s caused by the
d-c. component of asymmetrlcal short circults.

percentage characteristies are

In the case of buses located close to genera-
ting d-c. component 1s
particularly troublesome, the bhreakdown In
ratio of the current transformers will be much
greater than would ever be expected from a
conslderation of the usual ratio curves of the
current transformers involved. It 1s for
these cases that the type CA-6 relay i1s parbti-
culérly intended.

stations where - the

For satisfactory protection of a generatlng
statlon bus the following conditlons must be
gatislied:

1. There should be & restralning element
provided Ffor each major sourece of fault
current. In addition, all those circults con-
nected to +the bus which have no appreclable
back feed for a fault on the bus (these being
called feeders) should be treated as one out-
golng elreuli. One restralning element should
be provided for thls group. This may involve
the use of more than one relay per phase. A4
more detalled dlscussion of this requirement
appears under the heading, "Operating Charac-
teristics and Connections.”

2. The current transformer ratlo mmst be
such that the maxlmum Internal fault current,
expressed In terma of the sebondary, does not
exceed 100 anmperes rms symmetricsl.
in excess of this approach a point on

the characteristic curve where the

Currents
value
excess of
cperating torque over restraining torgue 1s
diminished resulting in Increased time of
operatlon.

EFFECTIVE AUGUST 1953
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Fig. l—Internal Schemeiic of the Type CA-6 Relay in the
Standard Case.

3. The current transformers must be good
enough so that no appreclable a~c. saturatlon
1a experlenced for +the maxlmum external sym-

" metriecal fault ocurrent. This means that the
magnetlzing current of the current Lransfor-
mers carrylng the total external fault ecurrent
of 100 smps. should not exceed 1 ampere in
terms of the secondary. Current transformers
Just meeting this reguirement will saturate
severiy when a d-c¢. component I1s present.
However, the characterlstics of the relay are
such that the errors 1n secondary current pro-
duced by d-e. saburatlon wlll not cause false
operaticn on externgl faults.

In the ecase of sub-statlons located at a
sufficient eleetrical distance from  large
generating stations so that the d-e. component
of asymmetrical fault currents 1s negliglible
due to the reslstance of the ecireult, the
relay may be applled as long as the a-c.
saturation characteristics of the current
transformers come withip the limits imposed by
the varlable percentage characteristica of the
relay. For example, 1f +the characteristie
curve shows that a current of 30 amperes in

2

Fig. 2—Internal Schematic of the Type CAS Relay in the
Type FT Case.

the operating coll will just close the relay
contacts for a particular condition, then the
magnetizing current of the current transformer
carrylng the maximum current must be limited
to less than 30 smperes.

While the Type CA-6 was originally developed
ag & bus differential wrelay, 1t has been
adapted to be used as a tranaformer differen-
tial relay. This edaptation 1s & separate
gtyle relay involving the addition of an
instantaneous trip attachment (sse Figures 3
and 4#) and a stronger spiral control spring.
The instantzneous trip attachment 1s intended
to coperate on Internal faults in the order of
100 amps. (secondary) or higher because, .when
& transformer berk 12 connested to a high
capaclty bus, 1t 1s difficult to keep the
maximim Internal fault currents down to the
100 ampere value as noted under i1tem 2. Thus,
the instantaneous attachment assures promp:
tripping at excessively high current values.
At the same time, the Instantaneous element
ghduld not have a settlng substantially lower

than 100 amperes (secondary) Iin order to avold
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Fig. 3—Internal Schematic of the Type CA-B Belay with an
Instantanecus Trip Attachment in the Standard
Case for use with @ Magnetizing Inrush Tripping
Suppressor for Transformer Foult Protection.

g poasibple faise operatlon for external
faults. The stronger spiral control spring is
provided in order that the relay may be glven
a higher minirum trip settlng, as noted under
"Adjustments and Mailntenance.®  Tuils is
requlred because of the magnetizing Inrush
problem assoclated with power transformers.
In the more difficult ecases, it 1s neceasary
to provide a wmagnetizing inrush tripping

suppressor.

CONSTRUCTION AND OPERATION

The +type CA-6 1relay consists of three
restralning elements (six restraining wind-
ings} one cperating element, 4
swlteh, and an operation indicator.

contactor

The relay operates on the . Induction-dise
prineciple and comsists of four electromagnets
operating on ftwo dlscs which are fastened to
the same shaft. Three of the electromagnets
are restraining elements with two separate
restralnling windings connected +to receive the
secondé.ry currents from the various current

Fig. 4 Internal Schematic of the Type CA-6 Relay with an
Instantcnecus Trip Attachment in the Type FT Case
for uze with a Magnetizing Inrush Tripping Sup-
pressor for Transformer Fault Protection.

transformers. The fourth electromagnet 1s the
operating element whose untapped winding is
connected to vrecslve the differentlal or
unbalance current thru an auxiliary adjusting
transformer. Taps are provided on the adjust-
Ing transformer +o control the sensitivity of
the relay.

The two induction dises are mounted on a
vertical shaft. The lower bearing for the
shaft 1z a steel ball riding bastween concave
sapphire jewel surfaces. A pin bearing is
used on the upper end of the shaft. ] '

The moving contact assembly is attached to a
Micarte bushing on the dise shaft. When +the
moving contact strikes the statlonary contact,
the moving contact épring deflects to provide
a wipilng aection. The electriesl connecticon
from the moving contact 1s made thru the
gpiral spring to the spring adjuster.

The statlonasry contact consists of a »ight

angle Dbracket fastered to the element frame
thru a Micarta 1msulsting block. A contact

3
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Fig. 5—Single Line Schematic Diagram of one Type CA-8 Relay for the Protection of a Three Circuit Bus.

screw projects thru the outer end of the
bracket and provides
separation.

ad justable contact

The +two lower electromagnets and the upper
front electromaghet are restraining elements.
The upper rear electromagnet 1s the operating
element. Each restralning element has two
windings brought out to separate termlnals,
Figure 1. The winding on the operating
electromagnet 1s also hrought out to a sepa-
rate pair of terminals.

By referring to the internal wiring diagram,
Figure 1, a2 current of 5 ampzres in at terml-
nal 2 and out of terminal 10 will produce a
definite amount of restraining torque, asg in-
dicated by Flgure 9. Simllsrly, a current of
5 amperes flowlng in at terminal 11 and out of
terminal 12 wlll produce an equal amount of
torque. If both of these currents flow at the
same time with the polarity as indicated in
Flgure 1, their effect will be additive and

" they will produce the same torqgue as though 10

amperes were flowlng In one winding alone.
Conversely, I1f egual currents flow In these

two coils, but In opposite directions, thelr
ampere turns wilill cancel and no torque will be
produced. The same dliscusslon applies to the

other two restraining elements In the relay.

Referping to Figure 9, the tap values in-
dicated on the torque curves for the operating
coll indicate the 60 cycle current values
flowing thrii the external adjusting current
transformer required to close the relay con-
tacts agalnst a restraint amounting to 70 cmg.
(Centimeter-grams). This value has besza so
chosen because i1t represents the maxIinmim
restraint {orque whilch can be obtailned for an
Internal fault amounting to 100 amperes sym-
mesrical rms. in terms of the secondary.. This
1s the maximum torque which can be obtained
with 100 amperes, when the relay has been con-
nected in iine wlth the prineciples. set forth
Thus, with an Internal fault of
100 amperes secondary; 1f the number 38 taps
were being used, +the margin of safety of the
relay for correct tripping is the difference
between 100 and 38 amperes or 62 amperes netb.
In the case of the #12 tap, a greater =afety
factor obtains, that %is, with 100 amperes rms.

on Fligure 7.
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Fig. 8—Single Line Schemaiic Diogram ot one Type CA-6 Helay for the Profection of a Four Circuit Bus.

symmetrical internal fault current developing
70 cmg. restraint in the relay, the #12 tap of
the operating coll elrecult will develop enough
torque at 12 amperes to just balance thils
restraint. In this case the safety factor to
insure correct tripping would be 100 - 12 = 88
anmperes.

Phe contactor swltch 1s =& small solenodd .

type d-c¢. switch. A small cylindrlical plunger
with a silver dlsc supported on itas lower end
rides up and down on a vertlcal gulde-~rod in
the center of the solencld coll. The gulde-
rod 1s fastened to the statlonary core which
11 turn szcrews inte the element frame. When
the coll 1s energized, the sllver dilsec moves
upward bridging three conefshaped statlonary
contacts. Two of the contacts are used to
seal In the main contacts.

The operation indlecator 1s a small sclenoid
coil comnscted In the trip elrenit. VWhen
the ecoll 1s energized, a spring restrained

armature releases & white target'which falls
by gravity to show the completion of the trlp
cireuit. The indicator 1s reset from outslde
the ease by & push red assewbly In the cover
stud.

CHARACTERISTICS AND CONNECTIONS

The relay 1s adjusted by the followlng teps
on the saturating adjustlng transformer of
Figure 15:

12 - 19 - 25 - .38

These tap values are the 60 cycle amperes
requlred in the operating coll clrcult to
close the relay contactz agalinst a 70 cmg.
restralnt.

The applicatlon of one reiay per phase 1s°
limited generslly to Thuses with +hree
circuits as ghown in Pligure 5. However, one
relay per phase can be used for a four eclrcuilt

5
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Fig, 7-Single Line Schematic Diagram of two Type CA-6 Relays for the Protection of « Six. Circuit Bus.

biz by the special connectlons shown in Figure
6. Here eszch circult is run through twe
restralnt colls on different elements g0 as
not %o cs.nc_el restralnt on the energized cir-
cuits when any combination of ecilpcuilts is
out-of-servies. For elther case the three or
four circuits may be sources of fault power
or any one may be a group of feeders with no
appreciable backifeed of fault power.

Where there are 5 or more clrcults or groups
of ¢ircults, two relays per phase are general-
1y required. The application of two relays
per phase for the protection of a six elreuilt
bus 1s shown schematlcally in Figure 7.

Figu.i-e 7 shows schematlcally the application
of two relays per phase for the protectlon of
& slx~cireunlt bus. In thls way two relays
having three restraining elements each furnish
a total of s8Ix vrestraining elements for the

6

protection

of a six-circult bus so that a re-

stralning element is avallable for esach ecir-

cult. This is sometimes
that adequate restralnt may he

neceszary lIn order
obtalned for

all cornditlons of system operatlon. Referring
1t will be seen that 1If an

to thls diagram,
external short-clreult exlists on
and 1f there 1s & source of power

#1 only,

tlons at the time,

that current flowlng in

because of system-operating

eircuit #2,
on c¢lreult
condl-

then 1t will be observed

elrenit #1 and out

elreuit #2 will produce a total cancellation

of restraint in relay #1.
such. as this that only one
even though is

colls,

ls not
clrcult bus.

has six

IE 1s
relay per phase,
separate restralining

for reasons

alwaya sufflclent for a six-

Upon

examining the

coﬂdit lons

affecting relay #2, howsver, 1t 1s seen that
current flowing In clrcult 1 and out circiilt
2 gives full restraint in each of two re-
stralning elements so that for this conditilon




TYPE CA-6 RELAY L 41211 F

_ _ A.G.T. s A.CT.
" _ BUS RELAY | RELAY 2
2 J A 2 J
cl o B B Gcio :l|s
L8\ SO
a8l D17 8 € ol

el 4F1 9 18Gi A +FL

12 11 Rn S HEL 2T Rn + 41t T

22 E R, -;-Dil_.’ 22E Ry 4 D2
24 5 F [
" A +F 2 < 24 A +F 23 ‘
2G§RA +HeS 261 Ry - H2S
e v—-{)—X—‘\;—*—()—

REAR VIEW REAR VIEW

R = PAIRED RESTRAINING COILS; O = OPERATING COILS.
A.GT. = EXTERNAL ADJUSTING GURRENT TRANSFORMER.

NOTE : WITH RELATIVE INSTANTANEOUS POLARITY AS SHOWN ON THE RELAYS,

THE AMPERE TURNS IN THE PAIRED. RESTRAINING COILS ADD TO PRODUGE
MAXIMUM TORQUE.

@

14-p-6538

#* Fig. 8—Single Line Schematic Diagram of two Type CA-6 Relays for the Protection of an Fight Circuit Bus.

velay #2 has the proper amount of restraint. the protection of an 8 circult bus wilth two
For this particular condition relay #1 would type CA-6 relays per phase. This arrangement
act as a sensltive overcurrent relay and would has been carefully worked out to provide ade-
probably close its contacts 1f there should be quate restraint under all possible system
slight differemnce 1n +the output of current operating condlitions.

transformer #1 and current transformer #2.

However, relay #2, having full restraint, In the case of a 9-circult bus, for example,
would not close its contacts. Since the con- in which four of the clrculits are feeders over
tacts of the two relays are 1n serles, corrsct which there 18 no appreclable back-feed in
blocking of trippilng action for sn external case of an Internal fault, the four feeder

fault 1s thus =secured. circults may be paralleled on the secondary

} side of thelr current transformers and treated

! In any one glven application where ‘the as one feeder. This in effect reduces such a
sources of current connected to the bus are of g~cireult bus to an equivalent 6-circuit bus

- different cepecltles, 1t is s.d;risa'ble that the insofar as the number of relays per phase 1s

' largest of these sources energlze separate concernsd. In many cases wheére there are more

) /J restralning elements In at least one of the than =ix sources of current per bus secilons,
Fok e two relays per phase. : it 1s still possible to use a maximum of two

. type CA-6 relays per phase. Thls 1s because
Figure 8 shows the schematic connecticns for due conslderation of the relatlve slzes of the

1



TYPE CA-6 RELAY

14O [T -1 HH
L
T3 Qperating Coi ¥ 1
Taps M i
120 REE pron
25 = 111 .
_38-.\3:‘*—"‘“‘7"“‘? ; /B:‘““T
i e 1T
fESERER: EERES
0o ] SEPEETT RRaE
g 3 2 -
é paRns H
: ,-" 2fise T
£80 i ]
g ’ k
= BofHH
7] a t =
47 177 1 T
{1 " 1
40 y H
FiFi I
mrn e Y g A =
i T e Restraining Coil® [
Hig RSt
TS £
1 el b FE R
20 40  BO 20 100
MPERES
Curve 235412

117
11
Taps H4F
12 T= ' ri
14 18]
26 Sy
1 badn S S
Ilj
g i
12 -
1T - ; e
10 -

o

()]

TORQUE 14 CENTTHETER - GRAMS

b din] ] ] 1
2t
4 mnsg H
. 7 j
KA N | ! 3
o\ 1257 st e R aAReas sannatE 1
0 5 i.0 15 20 25

CPERATING COJL CIRCUIT AMPERES
Curve 235497

Fig, 9—Typical Torque Curves of the Operating and Re-
straining Coils for High Values of Current.

Fig. 10—Typical Torque Curves of the Opercting Coil for
Low Values of Current.

A

[

T
L

E - 1
& 1!
=2l : -
] % : sseeeatsa e aiiiiig
- -;/ 1
1 T

,,j‘ = Eani Y 1: I TS T
Og~~"% 4 & 8 0. 2

AMPERES IN CONE RESTRAINING COIL
Curve 235495

20k !
@
- L]
2
3 15[ ;
5 [
g 4 ;
@ \ : -
% 10 1 _ . T
Lt 3 58 EEE
g
© [ il
2 5H e
8 | i
o T i It Lﬁ
o 20 40 18] 80

Curve 235496 NET TORQUE TN CENTIMETER - GRAVS

Fig. 11— Typical Torque Curves of the Restraining Coils for
Low Values of Current.

Fig, 12—Typical Net Torgque—Time Curves.

\

R



—

——

AR,

TYPE CA-6 RELAY

Ll AV-211F

varicus sources together with mnminimum operat-
Ing conditions will often tlmes show that some
of the sources may he paralleled on the secon-
dary side of the current transformers.

The wusual method of plotting operating
characteristicas of percentage differential
relays 1t to plot the operating coil current
requlred to close the contacts against re-
stralning coll current. In the cage of the
type CA~6 relay, however, there are many
different possible conditlons whieh may exlst
as regards the nmwnber of soﬁrces of "current
connected to the bus at any one time. Also,
the location of the external Ffault 1s wvari-
able, hence there are a large number of
operating characteristle curves whilch could be
plotted: for the relay depending upon condi-
tions. One solution d1is to plot the minirum
and maximum conditions. The preferable means
of determining the operating characteristic of
this relay 1s to utillze the
curves as shown in Flgures 9, 10, and 11. In
this way, the particular =ystem to which the
relay ls to be applied may be studled fo
determine that operating conditlon which willl
glve the lsast restrainling torque In one relay
out of the two per phase which has the most
When +thls has been
determined, the torque curves for the operat-

torque-current

restraining torque.

ing ec¢oil will show how much error current may
flow 1in the differential elreculid wlthout
cauging false operation. The forque curves
may also be used to determine the itripping
current required for minlmum fault. Tt must
be remembersd that load current flowlng during
minimim fault will also produce restralnt and
migt be taken Into conslderation.

The torque curveg, Flgure 10, do not start
at the origin because of the Initial spring
tenslon., It 1s not recormmended that = smaller
gpring tension be used. The spring tension
may be Increased, if desired, by means of the
spring adjuster, but thls should not be 1n-
creased to a point where mors than 0.4 amperes
is required +to operate the relay, when it 1s
energized through the operating windlng only.
Thls current is to be measured In the input
eireuit to the external adjusting transformer.
To inecrease the mninimum plek-up sabove 0.4
ampere a stronger spring must be used. In any

¥

case 1t 1s not recommended that the minimum
plek-up be Increased above 1.25 amperes.

Time of operation of the relay 1s shown in
Figure 12. To use this curve, determine the
total restraining torque (3 restraint elements
in =additlon te the spring tension, which 1s
.15 cmg. for the condltlon shown on Flgure 10)
and ‘subtract this from the operating coll
torgque to determine the net torque in cmg.
This curve applles only for a contact spacing
of 1/4 inch. :

RELAYS IN TYPE FT CASE

The type PT cages are dust-proof enclosures
combining relay elements and knife-blade test
switches 1In the same case. This combinafion
provides s compact flexlble assembly sasy to
malntain, Inspect, test and adjust.' There are
three main wunits of the type FT case: the
cage, cover and chassis. The case is an all
welded steel housing contalning the hinge half
of the Imife-blade test switches and the
terminals for external comnectlonz. The cover

iz a drawn steel frame with & clear window

which flts over the front of-the casze wlth the
switeches closed. The chassis 1s a frame that
suppofts the relay elements and the contact
jaw half of the test swiiches. This slides iIn
and out of the case. The electrical con-
nections betwsen the base and chassis are com-
pleted through the closed knife-blades.

Removing Chasals

To remove the chassls, flrst remove the
cover by unscrewlng the captive nuts at the
corners., Thls exposes the relay elements and
all the test swltches Zfor inspectlon - and
testing. The next step ls to open the test
switches, Always open the -elongated red
handle switches rfirst before opening any of
the black handle switehes or the cam action
latches. This opens the trip clrecuit to pre-
vent accldental trlp out. Tyen open all the
rewalning switches. The order of openlng the
remaining switches 1z not  important. In
opening the test swltches they should be
moved all the way back against the stops.
With a1l the switches fully opened, grasp the
two cam actlon lateh arms and pull ocutward.

9
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This releases the chassls from the case.
Using the 1latch. arms as handles, pull the
chassls out of the case. The chassla can be
set on a test bench In a normal upright posi-
tlon Tor test as well a3 on its back or sides
for easy inspection and maintenance.

After wremoving the chassis =& duplilcake
c¢hassls may be 1Inserted Iin the c¢ase or the
blade portlon of the swltches can be éiosed
and the ecover put In place without the
chaszis, The chassls operated shorting swlitch
iocated hbehind the current test switch pre-
vents open circulting the current transformers
when the current type test switches are
cloaed.

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

BElectrical Circuits

Bach terminal 1in the base connects fthru a
test sawiteh to the relsy elementas In the
chassis as shown on the Internal schematle
diagrams. The relay terminal 1s identified by
numbers marked on both the inside and outalde
of the bhase. The test switch posltlons are
tdentified by letters marked on the top and
bottom surface of the moulded blocks. These
letters c¢an be seen when the chassla is
removed from the case.

The potential and controi circuits thru the
relay are disconnected from the external clr-
cuit by opening +the assoclated test swltches.
Opening the current test swltch short-circuits
the current transformer secondary and dlscon-
neets one side of the wrelay coll but leaves
the other side of the coil connected to the
external clrcuit +thru the current teat jack
jaws. This clrcult can be 1solated by in-
sarting the current. test plug (Witﬁnﬁt ex-
ternal cohnectlons, by A1nserting the ten
elrcuit test plug, or by inserting a plece of
insulating material approximately 1/32" thick

into the current test Jack jaws. Both

awitches of the current test switch palr must

10

be open when using the current test plug or
insulating material . in this manner to short-
clreuit the current tranaformer sscondary.

A cover operated swltch can he supplied with
its contacts wlred 1n series with the trip
¢lpreult. This switch opens the trip elrcult
when the cover 1s removed. Thls switch ¢an be
added to the existing type FT cazes gt any
time.

Testling

The relays can be tested In service, 1n the
case but with the external clreuits lsolated
or out of the case as followa:

Testing in Service

The ammeter test plug can be Inserted In the
current test jaws after opening the kmife-
blade switch to check the current thru the
relay. This plug consists of two conduectlng
strips separated by an insulating‘strip.' The
ammeter 1s conneckted to these strips by termi-
nal serews and the leads are carried out thru
holes in.the back of the Insulated handle.

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

Testing in Case

With all blades d1n the full open position,
the ten cirecult 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 cilrcults from the
external comnections by means of ar Insulating
barrier on the plug. The external test cir-
cults are connected to these binding posts.
The plug ls Inserted in the bottom test jaws
with the ©binding posts up and 1n the top test
switch jaws with the binding posts down.

The external tTegt cipenits may be made o
the relay elements by #2 test clip leads in-
atead of the test plug. When connecting an
external test clreuit to the current slements
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using cllp leadz, care should be taken to see
thet +he current test jack jaws are opened so
that the relay 1z completely lsolated from the
external clreuits. Suggested means for 1iso-
lating this elreuilt are outlined above under
"Electrical Circuits.”

Teating Out of Case

With +the chassis removed from the bass,
relay elements may be tested by using the ten
elrcult test plug or by #2 test clip leads as
descrlbed above. The factory callbration 1=
made with the chassisz in the case and removing
the chassis from the case will change the
calibratlion values by a small percentage. - It
1s recommended that the relay be checked In
poslition ag a final check on calibration.

INSTALLATION

The relsys should be mounted on swlichboard
panels or their equlvalent In a loeatlion free
from dirt, molsture, excessive vibratlon and
heat. Mount the relay vertlecally by means of
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
geml-flush type PT case. Either of the studs
or the mounting scrsws may be utllized for
grounding the relay. The elecirlcal con-
nections may be made dlrect to the terminals
by means of serews for steel panel mountlng or

o termlpal studs furnished with the relay for

ebony-agbestos or slate panel mounting. . The
terminel studs may be easlly removed or in-
serted by locking two nuts on +the studs and
then turning the proper nut wlth a wrench.

The external connections aPe - shown In ths
several Tligures 1n thls leaflet. The contac~
tor switeh and cperaticn Indleator are con-
nected in parallel. This cireult has a
resistance of approximately 0.25 ohms and ls
aulteble for trlp currents aﬁove 2.25 amperes
d-c. It 13 recommended that the trip clrecull
draw at least 4 or 5 amperes d~¢. This can be
done by connecting a sultable loading resistor
in parallel wlth the =auxillary muiti-contact
tripping relay.

The mein contacts of the relay will safely
close 30 amperes at 250 veolts d-c. and the
switch contacts wlll safely carry thls current
long enough to trip a breaker.

ADJUSTMENTS AND MAINTENANCE

Detall Tests.

The proper adjustments to d1rdsure correct
operd%ion of the wrelay have been made at the
fadtory and should not be dlaturbed after re-
celpt by the customer. However, 1f for any
regsson the adjustments have been changed or
the relay taken apart for vrepalr, the fol-
lowing instructions should be  followed in

reassenbling and calihrating the relay.

Adjust the top bearing screw to have
approximately .002" clearance between 1t and
the shaft. Adjust the statlonary contact so
that 1/% inch contact separatlon 1s obtained
when the moving contact is held In the meximum
open position.’

The tension of the splral spring should be
adjusted so that the contacts just close when

" .14 ampere is flowing thru the #38 tap, or

when .17 smpere 1s flowing thru the #12 tap.”
With the relay totally deenerglzed, the spring
tenalon should reset the contacts to the full
open position. The wresettlng time willl dbe
fairly slow because of the damping effect of
the permanent magnets. If the contacts fall
to reset with thils spring tension adjustment,
then the moving parts should be inspected for
friection or iInterference.

Relays Intended to iInclude a power trans-
former In the differentisl zone differ from
the sbove 1n that they are equipped with &
stronger splral control spring. The setting
range thus proviaed 1s from .75 amperes to
1.25 amperes when uwslng the #19 tap. This
relay may be calibrated for minlmum trlp cur-
rent wlthin this range as dlctated by the
requlrements of +the peartlcular appllcatlon,
remembering that 1f too lowla current setting
1s used, trouble mey be experlenced or
magnetizing inyush.

Adjust the contsctor switeh for & travel of

11
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3/32 inch hetwsen the silver dise and the
stationary contacts. With the plunger in the
operated position adjust for a clearance be-
tween the plunger &and the stationary core of
approximately one turn of the astatlonary core
and lock the core in place.

Block the relay contacts closed and pass
2.25 amperes through the trilp cilrcult (termi-
nals 1 anfd 2.) Both the operation indieator
and the contactor should operate. Adijust
ments of the operation indlcator may be made
by moving the bracket carrylng the target In
and out after loosenlng the two screws cn the
under slde of the assembly. After such ad-
Justment the travel cf the armature should be
checked to ses that 1t 1a sufficlent to
unlatech the target.

The polarity of the restralning colls, as
indleated on the wliring dlagram, Flgure 1,
should be checked 1f any rewiring, has Dbeen
done.

The effectiveness of the three restraining
elements will vary within + 10% limits with
respect to each other when compared agalnst a
glven current in the coperating eslement. Since
the restraining elements are wound and
assembled to the same specifications, the
variatlons observed are due to variations in
the magnetic characterlstics of lron and other
minor details which 1t 1s impossible to con-
trol. The varlailon between elements 1s wilth-
in reasonable limits, howsver, and 18 no csuse
for concern.

To check the calibration, pass 33 asuperes
throﬁgh the three restralning elements 1n
series using only one coll per element. See
Figure 14%. Reference to Figure 9 shows that
this develops 2%-1/3 cmg. per element or a
total pf 70 cmg. restraint. Pass current from
& 220 volt a-c. source thrpugh the primary of
the suxiliary transformer. 'lhe current re-
qulred on the wvarilous taps to just balsnce
this restraint torgue (70 cmg.) should be as

follows. Tap Auperes
38 .36 to 40
25 24 .5 to 28
i9 18.5 to 20.5
12 11.5 to 13.5
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The above values are obtained wlth the re-
lay and transformer cold, and with no initial
tensicn on the spiral control spring. When
thls test 13 ocomplete, the =aplral ecntrel
spring should he adjusted for the proper
minivmm trlp settling as previously dlscuased.
Note that heating of the restralning elrcults
has very 1llttle effect when heated dus to
normal current flow and slnce the operating
cilrcult normally carrles no current, i1t is
important teo prevent over-heating of the
operating coll cor suxliliary transformer during
teat.

All contaects should be periocdically cleaned
wlth a fine f£1le.  S#1002110 13 recommended
for this purpose. The use of sbraslive
materlial for cleaning contacts is not rec-
ommended., becanse of the danger of embedding
small partlcles In the face of the soft silver
gnd thus Impairing the contact.

RENEWAL PARTS

Repalr work can be done most satlsfactorily
at the factory. However, interchangesble
parts can be furnished +to customers who are
equipped for dolng repair work. When ordering
parts, always glive the complete nameplate
dats.

ENERGY REQUIREMENTS

The burden of each restraining coll 1s .75
volt-amperes, TO0% power factor at 5 amperes,
60 cycles. The burden of the operating coll
elrcult, Including the external adjusting
transformer 1s varlable, depending upon the
current flowlng thru 1t. Under normsl system
cperatlon It dIntroduces ne burden at zll in
the current transformer elrcult because of the
fact that nco current flows In the differentlal
clreult. Under minimum tripplng conditions,
the burden of each operating coll elrcult
varies from 9 to 11 ohms at approximately 90°
lag, depending upon the tap. Thls sounds like
an excessive burden, but it is not at all
serlous because currént transformers which are
otherwlse satisfactory for thls application
will heve po difficulty in forclng a2 few
tenths amperes thru two 11 ohm eolls din
serles. Tnder mexlmum Internal fault condi-
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tions,

the operating colls,
approxlimetely 1 ohm,

IL 41211 F

when all of the current rust flow thru
the burden 1z reduced to

E

Figure 1% shows the varlatlion 1in burden of the
cperating ccll circult for different current

because of saturation. values.
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