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INSTALLATION e OPERATION o MAINMTENANCE

[ STRUCTIONS

TYPE CA PERCENTAGE DIFFERENTIAL RELAY
FOR TRANSFORMER PROTECTION

CAUTION Before putting relays Into service,
remove all bloeking which may have been in-
gerted for the purpose of securing the parts
during shipment, meke sure that all moving
parts operate freely, inaspect the contacts to
sse that they are clean and close properly,
and operate the relay Lo check the settings
‘and elsctrical comnections.

APPLICATION

The type CA percentage differentlial relay
for transfaormer protection is designed for
the differsntial protection of power trans-
formeré.

CONSTRUCTION AND OPERATION

The +type CA relay consists of a percentage
differential element, an operation indicator,
and & contactor switch. The constructlon and
cperation of thess eiements are as follows:

Percentage Differential Element

" This element has an electr@magnet with
several windings as shown In Flgures 2 & 3.
Two restfaining windings are placed on the
lower left-hand pole (front view). The oper-
aetinpg coil winding is wound on the lower
right-hand pole. A transformer winding is
supplied on both the left and right-hand poles
and these are connected in parallel to supply
current to the upper pole windings. The upper
pole current generates & flux which 1s in
quadrature with the lower pole resultant flux,
and the two fluxes react to produce a torque
onn the disc. If the operating winding is
energlzed, the Lorgue produced i1s in the con-
tact ecelosing direction; 1f eurrent flows
through the +two restraining windings in the
samé directlon, a  contact opening torque is
produced.
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Fig. 1—Schematic Diagrams of tha Perconlcﬁ;a Differential .
Relay (A) Shows the Foault Current Distribution for
an External Feruli; (B) The Distribution for an Internal
Foult.

With the relay connected as in the schemsatlc
diagram, Flg. 14, a through fault causes cur-
rents to flow through the two restralning
windings in the same direction.  If the cur-
rent transformers operate properly, these re-
straining currents are equal, or effectively
equal I1f appropriate efuto balance taps are
used to compensate for a8 mlsmatch 1in current
trensformer ratios, and no effeetive current
flows in the operating coil winding, and hence
only contaet openlng torque 1s produced. If
the ourrents In the two restreining windings
are effectlvely unequal, the effective dif-
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Fig. 2—Internal Schematic of the Type CA Tromsformer
Relay in the Standard Case.

ference must flow 1n the operating coll. The

operating coil current required to overcome

the restraining torque and close the relay
contacts 1s a function of the restraining cur-
rent. The operating curves for the relsy are

shown in Fig. % and 5.

In the case of e heavy Internal fault, when
en external Feeds
fault, the restraining currents are in oppo-
slte directions,
to cencel out as lllustrated in Fig. 1B.

gource current into the
and restraining torque tends
When
the currents fed from the two sides are equal
or effectively equal because of the taps used,
When ef-
currents flow in from the
two agldes, the reatreint is equivalent to the
difference iIin the two effectlve currents, di-
vided by two, but slnce the more sensitive
cperating coll is energlzed by the sum.of the
two currents, the restraint in this case 1s
lneonsequential, and a large mmount of contact
closing torque 1ls produced.

the restraint l1s totally cancelled.
fectlvely unequal

Fig., 7 shows the operating curves for the
relay with the restraining currents 180 out-
of phese. These curves &lso apply where cur-
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Fig. 3—Internal Schematic of the Type CA Transformer
Relay in the Type FT'Case.

rent flows in only one restraining winding and
the operating coll,

Contactor Switch

The d-e¢ contactor switeh In the relay is s
small solenoid ©ype awliceh. 4 oylindrical
plunger with = disc mounted on its
lower end moves In the core of the =olenoid.
A the plunger travels upward, the disc
bridges three silver statlonary contacts. The
eoll 1s- 1n serles with the main contacts of
the relay =&snd with the trip coll of the
breaker. When the relay contacts close, the
coll becomes energized and closes the switch
This shunts the main relay con-
thereby relleving them of the duty of
carrying tripping current.
madin

ailver

tacts
These contacts re-
closed until the trip ecircult 1s opened
by the auxiliasry switceh on the bresker.

The Operstion Indicator

The operation indicetor iz & small solencid
coll connected in the trip circult. When the
energized, a spring-restrained arma-

the white target which falle by
Indicate completlon of the trip
cirecult, The indicator 1s reset from outside
of the case by a push rod in the cover or
cover- studs.

ture releases
gravity %o
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RESTRAINING COILS

Iy (erFecTvE) =2 I, -1,
SINCE THE RELAY IS A 50 % RELAY % Ip-I3= o051,
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-
FROM wHicH Iy =.3T I3
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Fig. B—Fundamenicl Relationships in the Type CA Elaciro-
magnet. ‘

CHARACTERISTICS

The operating characteristics of the reley
for normel through 1load current and through
fault cuprent are shown In Figures 4 and 5.
When the currents Fflovwing into and out of the
relay are plotted on these curves, if the
point falls outslde of the incperstive area,
the relay will close Lts contacts,

In Figures 4 and 5, the two curves golng
with the - 5-5 tap &are tied together with &
heavy vertical and horizontal line to indicate
that these two curves go together.
the two curves for the 5-10 tap are also tiled
together with a hesvy line. The center lines
between palrs of ocurves are showyn for all
taps. The paired curves, hounding the in-
operative areas, are not shown for taps 5-5.5

through 5-9. These curves mey be determined
approximetely by means of  the following
formulas:

For the upper curve: I_ = 7.51
3 "‘ETE— (1)

Similarly,

Far the lower curve: I, = .3TI3 (2)

In these formulas; T 1s the larger number of
the teap palr. For example, if the relay is
used on the 5-7.% tep, then T T3a

I

’ Az an example of the degree of eccurecy of
the formula conslder the point I_ = 43.5, and
I_ = 30, read from the lower curve for the 5-%
tap, Flgure 5. Applyilng the formula, equetion
{2), the calculeted value of I_ is found to be
4% amperes, which is fairly close to the curve
value, 12 = 43.5, '

The derivations of equations (1) and (2) are
given 1in Figure 6, vwhich has been included to
illustrate the wmesning of these egquationa.

Typlcal tlme-of-operation curves are shown
in Flgure 8.

RELAYS IN TYPE FT CASE

The +Gtype PT cases are dust-proof enclosures
combining relay elements and knife-blede test
switches 1In the same case. This combination
provides & compact flexible assembly easy to
malntain, Inspect, test and sdjust. There are
three main unilts of the type FT case: the
case, cover 'and chassis. The case is an all
welded stesl housing containing the hinge half
of the knife-blade test aswltches and . the
terminals for external connsetions. The cover
1s & drawn steel _fféme with 8 clear window
which fits over the front of the case with the
switches closed. The chessis is a frame that
supports the relay elements and the contact
jaw half of the test swltches. This slides in
and out of the case. The electrical con-
nectlions between the base and chassls are com-
pleted through the closed kmife blades.

Removing Chassis

‘To remove the chasais, flrst remove the
cover by unscrewing the ecaptive nuts at the
corners. There are tvo cover nuts on the S
size case and four on the L and M size cases.
Thls exposes the relay element and all the
test switches for Inspection and testlng. The
next step 1s to open the test switches. Al-

ways open the elongated red handle switches
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fipet before any of the black handle switches
or the cam action latches. Thls opens the
trip circnlt +to prevent accidental trip out.
Then open &ll the remaining switches. The
order of opening the remalning switches 1s not

importent. In opening the test switches, they
should be moved ell the way back against the
stops. With 11 the switches fully opened,

grasp the two cam-action leteh arms and purll
This the chassls from the
The chassiz can be set on a test bench
1n & mormal upright position &s well as on its
tep, back or sides for easy inerpection, main-

tenance and test.

outward. releaser

case.

After vemoving the chassis, =& dupiicate
chassis inserted 1in the cese or the
of the switcher can be closed
without the
The chassis operated shortlng switch
loceted behind the current test
vents open circulting the current tranaformers

may be
blade portion

and the
chassls.

eover pub in place
switch pre-

when ‘the ecurrent type test switches are

‘clored.

~When the chassis is to De

case, the
in the reversed order. The elongeted red
handle switch should not be eclosed until afier
the chassis has been latched In place and &il
of the black handle ewitehes closed.

above procedure ls Lo be followed

Electricel Clrcuits

Bach terminal in. the base connee¢ts thru a
test switch to the in the
chassis as on the internsl schematic

relay elements
shown

disgram=z. The relay terminal iz identified by
numbers marked both on the inside and outside
of the basze. The test swltch poslitlons are
identified by letters marked on the top and
bottom surface of the moulded blocks. These
letters can De seen when the chasgls is re-

moved from the case.

The potential and control eilreuits thru the
relay are disconnected frpm the external ecir-
cult by opening the aszsociated test switches.
Opening the current test swltch short-e¢lreults
the currenf transformer secondary and dlscon-
neets one side of the coll hut leaves the
other side of the coll connected to the ex-

ternal etirenlt thmi the current test jack
jews, This cireult can be lsolated by in-
serting the ten eiveuit test plug, or by in-
serting & plece of Insulating materlal ap-
proximately 1/32" thiek Into the current test
jackt jawes. Both switches of the current test
switch palr must be open when nsing the cur-
rent test plug or Insuleting material in this
manner to short cireult the current trans-
former secondary. l

A cover operated switeh can be supplied wilth
its contacts wired in s=erles with the trip
clrcuit. This swilteh opens the trip cirecult
when the cover is removed. This switch can be
added to the exlsting type FT case
time. A

at any

Testing:

The relays ¢an be tested in servilce, in the
case but with the externsl eircults i=zolated,
or out of the case as follows:

Testing in Ssrvice

1

put baeck in the

The ammeter test plug ¢an be inserted in the
current test jaws = after opening kmife-blade
switeh %o cheek the current thru the reley.
This plug econsists of two conducting strips
separated by an Insuleting strip.
is connecied to these strips by  terminal
screvs and the 1eads are cerried out thru
holes in the back of the insulated handle.

The ammester

Voltages between the patentiallcircuits can
be nmeasured convenlently by clamping #2 clip
leads on +the projecting ¢lilp lead lug on the
contact jaw. :

Testing in Case

With all Dblades in the full open position,
the ten circult test plug ean be inserted 1n
the contact This connects the relay
slement to =2 set of binding posts and com-
the relay cireults from the
externel connections by means of an Insulating
parrier on the plug. The external test eir-
cults ere connected to these bilnding posts.
The plug is inserted in the bottom test jaws
with the binding posts up and in the top test

5

jaws. .

pletely Iisolates
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gwltch jaws with binding posts down.

The external test e¢ircuits may be made to

the relay elements by #82 test e¢lilp leads in-
stead of the test plug. When connecting an

externel test cireult to the current elements
using e¢lip leads, cars should be taken to see

that the current test jack jJaws sre open so

thet the relay i3 completely isclated from the

" external eireuits. Suggested means for isola-

ting this eclrcult are outlined ebove under
"Electrical Clreuits”.

Testlng Out of Case

With the chassls removed from the base, re-
lay elements may be tested by using the ten-
clrcult test plug or by #2 test ellp leads as
described above. ‘The faciory callbration is
made with the chassis in the case and removing
the chassis from the case will change the
ealibration values of soms relays by a sniall
percentagé. It Is recommended that the relay
be cheacked d1n position as 4 final check on
celibration.
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Fig. 8—Typical 60 Cycle Time-of-Operation Curves for the Type CA Transformer Relay.
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An  internal schematic diagram is avallable
for . each  individual relay showing the
schematic internal wiring.

INSTALLATION -

Tne vrelay should be mounted on switchboard
panels or their eguivalent in a location free
from dirt, mnisturé, exceessive vibratlon and
hesat. Mount the relay vertically. by mesns of

" the two mounting studs for the standard cases
. and the type FT projection case oOr by means cof

the four mountlng holes on the Flange Tor the
semi-flush +type I cese. Elther of the studs
or the mounting screws may be utilized for
groundihg the relay. The electrical connec-
tilone may be made direct to the terminels by

‘meens of screws for steel panel mounting or to

terminal studs furnished with the reley for
eteny asbestos or slate panel mounting. The
terminal studs may be easily removed or in-
serted by locking two nubs on the studs and

" then turning the proper nut with & wrench,

The relay is shipped with the operation in-
diertor and the contactor swltch colls in
parellel. This circuit hes & resistance of
approximately 0.25 ohm end 1s suitable for all

trip eurrents asbove 2.25 ampeyes d-e. If the
trip current ls less than 2.25 amperes, there
is no need for the contactor switeh end it
should be dlsconneotsd. To &isconneoct the
coll in the standard case relays, remove the
short lead to the coll on the front stetionary
contact of the switch. Thils lead should be
fastened (Gead ended) under the small filister

head screw located in the Mlcarta base of the

contactor switch. To disconnect the coll and
the type FT cese relays, remove the coll lead
at - the spring adjuster and dead end it under
the screw near the top of the moulded bracket.
The operation indicator will operate for trip
currents above 0.2 ampere d-c. The reslshanece
of this coll 'is approximately'é.B chms.

With the contactor switeh goil in service,
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Transformer Relay on the 5-5 Tap.
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the trip cireuit will carry 350 amperes long
encugh to trip the circult breaker.

SETTINGS

The transformer relay Ls detalled 1in Flgure
2. To change the. tap setting of the &rans-
former reiay under load condéltions, remove the
extre tap screw and screw it firmly Into the
desired tap in one of the tap rows. Remove
the other screw in the same row and screw it
into the hole diréctly shove or below the
serev firgt I1nserted at the desired tap
value. Then remove the screw stlll remaining
in one of the previously used tap holes and
replace 1% 1n the extra hole provided for the
correctly
set, one screv must be In the lowsr row of
holes &t the correet tazp value and the other

8

spare Screws. When the reley is

must be in the hole directly above.

To determine the correct tap setting, calecu-
late the currents dellvered to the relay at
full lcad on the transformer bank, taking into -
conalideration not only the current transformer
ratios, but also any delta connections whiech
may be used. These currents will be in a
certaln ratic and the taps on the relay
should be chosen %to metch thet retio a=z
elosely as poaslible, For example, assume that
the currents are 7.8 and 4.6 amperes, with the
relay properly connected so that the higher
current, 7.8 amperes, flovs in the tepped re-
straining winding. The ratio, 4.6/7.8 1is
equal to 5/8.47. The nearest tap ratio on the
relay is 5/8, and thls pailr of taps should be
used.

ADJUSTMENTS AND MAINTENANCE

The proper adjuétments to Insure correct
operation of this relsy have been made at the
factory and should not be disturbed after re-
ceipt by the ocustomer. If the adjustments
have been c¢hanged, the relay taken apart for
repairs, or if 1t is desired to check the ad-
justments at regular maintenance periods, the
Instructions below should be followed.

£11 contacts should be perilodically cleaned
with & fine file, &#1002110 file 1s recom-
mended for this purpose. The use of sbrasive
materiel for oleaning'contacts 1s not recom-
mended, because of the danger of embedding
smell particles in the face of the soft sllver
and thus Impairing the c¢ontact.

Percentagelnifferéntial Element

Te check the polarity of the restreining
colls, adjust the splral spring for Zero
tenzion by tﬁrning the spring adjuster. Then
with the relay connected as shown in Fig. 12
or 1% pess 10 s=mperes through the two re-
straining colls with the Iead to the operating
Thls should produce a
dilreection.

.eoll disconnected.
torque in the contact opening
S3imilarly, 5 amperes Tflowlng In one re-
straining coll and the operating coil should
produce a positive contaet elosing torgue.
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Fig. 12—Diagrams of Test Connections for the Type CA
Transformer Relay in the Standard Case.

Adjuat the position of the contaet =top, gnd
the position of the stationery contacts, so
that the moving contaet travel is 7/32 inch,
and the statlonary cohtécts‘make gt exsctly
the =ame time. Adjust the relay for mininmm
trip by passing current ‘through ecne ro-
straining coll and the operating eolil in
series as shown in Fig.'lé or 13 with the lead

_to the other restraining coil disconnected.

Tighten +the spiral spring by means of the

"spring adjuster until the relay contacts just

close at 2.75 amperes flowing through the un-
tapped restralning coil and the operating coll
with the relay set on the 5-5 tap.

In checking the percentage sensitivity, set
the rheostat R. of Plg. 12 or 13 for 20 amps.
restraining current., and then vary the
operating current by adjusting the rheosiat,
RE, until the relay just trips. This pro-

cedure may be followed for both the normal and

reverse conneetions, and the results compered
with Fig. 5 which represents typiecel curves.

Fig. 13—Diagram of Test Connections for the Type CA
Transformer Relay in the Type FT Caose.

The rheostats wused - In the operating and re- -
straining circults should be of low inductance
and have the sawme power factor, so that the
currents will be substantially in  phase.
Since the temperature of the windings affect
the - relay charadteristic, the final reading
for any ocurve points taken at high currents
should. be taken with the relay cool. If these
precautions are taken, a good check of the
operating curves willl be obtalned. However,
it should be remembered that individual relays

‘wlll very somewhat from the typlesml curves

shown in Flgs. 4 and 5.

Contactor Switech
Adjust the statlionary core of the switeh for
a cleavance between the statiounary cors and
the .moving coﬁe when the switceh is picked up.
Thils can be most convenlently done by turning
the relsy upslide down.

Serev up the core
screw untll the moving core starte rotatlng.
Now, back off the core secrew until the moving
core stops rotating. This indleates the point

9



TYPE CA TRANSFORMER RELAY

where the play in the moving contact assembly
1s taken up, and where the moving core just
separates from the statlonary core BCrevs.
Baclt off the stationary cove screw one turn
beyond this point and loek in place. This
prevents the moving core from striking and
sticking to the stationary core because of
resldusl magnetiam. Adjust the contaset clear-
ance for 3/32" by means of two small nuts oh
elther slde of the Mlcarta dise. The swiich
should plek up at é amperes d-c¢. Test for
stlcking -after. 30 mmperes d-c¢. have been
passged thru the coil,

approximately 0.25 ohm.

The coll 'resistence is

Operating Indlcator

Adjust the indiecator to operate at 0.2
ampere d-¢. predually applied by loosening the
two screws on the under slde of the assembly,
and moving the “bracket forward or backward.
I the +two helical aprings which reset the
armagture are replaced by new springs, they
ahould be weakened ‘slightly by stretching to
cbtein the 1 ampere calibratlon. The coill re-
slstence is approximately 2.8 ohms.

RENEWAL PARTS

Repalr work can be done most satisfactorlly
at the fﬁctory. However, Interchangeeble
parts canr be furnlshed to customers who are
equlpped for dolng repalr work. When ordering
parts, always glve the complete nameplate
data.

ENERGY REQUIREMENTS

The 6¢ ecyele burdens of the type CA relay
are best pglven in curve form, as illustrated
and gilven by the curves, Figs. 9, 10, snd 11l.

The restraining windings of the relay have s
oontinuous rating of 10 awperes. The
operating coil has s continuous rating of 5
1t 1s best not to allow
more than 5 amperes In the untapped re-
straining win&ing in order to keep from over-
loading a portlon of the operating winding.
Por exesmple, currents of 10 snd 6.85 zmperes
would be 1In the proper ratio of the 5-7.3
taps, but when these taps are used, 6.85 am-
peres would flow 1n a portion of the 5 ampere
operating coll.

amperes. However,

OPENING FOR
THIN PANEL MTG.

75 =|' USE SCREWS

USE. STUDS.
FOR THICK PANELS |

)
\— 55 DIA.DRILL

2 D:A.DR!LL—/ RIADRILLS

._ILQQ-B?_ TERM SCREWS & STUDS.
- -20. MOUNTING SCREWS.
4 e s*ru.os-q > “—2%

Fig. 14—Ontline and Drilling Plan for the Standard Projection Type Case, Ses the Inﬁmal Diagrems for the Terminals

Supplied. For Reference Only.
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Fig. 15-—-Oulline and Drilling Plan for the S10 Projection or Semi-Fiuch Type FT Casa.  See the Infernal Sehemuﬁqa for
the Terminals Supplied. For Reference Only. :
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