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Bushing-Type Current Transformers (Types
BYM, BHB, BHS and BY) for use with out-
door oil circuit breakers have a secondary
winding completely insulated and perma-
nently assembled on a ring-type core, but
have no primary winding or insulation for a
primary winding. They are designed to fit
over the circuit breaker bushing flanges,
which are permanently grounded. Thus the
circuit breaker bushing with its conductor or
stud becomes the completely insulated
single-turn primary winding of the bushing-
type current transformer.

All breakers may be equipped with 2 trans-
formers per bushing, or 12 transformers per
three-pole breaker, having the described
ratings and accuracy characteristics in
accordance with NEMA standard SG4-3.10,
based on ANSI standards C57.13. See tabu-
lation on Page 6.

Bushing-Type Linear Coupler Transformers
(Type BLC) can be mounted in the same
space as bushing-type current transformers
when it is desired to provide high speed and
sensitive bus differential protection through
linear coupler bus differential protective
relays.

NEMA Standard Ratios and Taps

40 50 10 20 600:5 MR
(\ T T LI T T T
80 100 | 20 l 40 1200:5 MR
@ Waaasaaanaeasaanl
100 80 , 160 ' 80 2000:5 MR
/\] T T T 11—
100 60 240 200 T 3000:5 MR
1 T — e
2001 200 300 100 T 4000:5MR
200§ 400 100 300 5000:5,MR
X5 X4 X3 X2 X3

Development of Winding

Polarity Mark

Secondary

X5 X4 X3XxX2 x1 Polarity Mark

Finish Start

m Polarity mark adjacent to terminal X1 indicates
that the end of the terminal bushing opposite the
breaker contacts and terminal X| have like polarity.
With any combination of taps, the tap numercially

Bushing-

Type

Current Core Ratio Primary
Transformer Material Application
BYM Hipersil® Multi Relaying
BHB Hipersil® Single Metering
BHS Hipersil® Single Metering
BY Hipersil® Single Metering

Current Rati

o TurmiRatio

Secondary Taps

nearest X1 has the same relative polarity as XI.

Current Ratio

Turn Ratio

Secondary Taps

600 Ampere Multi-Ratijo

3000 Ampere Multi-Ratio

50 To 5 10 To 1 X2-X3 300 To 5 60 To 1 X3-X4
100 To 5 20 To,1 X1-X2 500 To 5 100 To 1 X4-X5
150 To 5 30,To 1 X1-X3 800 To 5 160 To 1 X3-X5
200 To 5 40 To 1 X4-X5 1000 To 5 200 To 1 X1-X2
250 To 5 50 To 1 X3-X4 1200 To 5 240 To 1 X2-X3
300 Togh 60 To 1 X2-X4 1500 To 5 300 To 1 X2-X4
400 To 5 80To 1 X1-X4 2000 To 5 400 To 1 X2-X5
450 To5 90 To 1 X3-X5 2200 To 5 440 To 1 X1-X3
5004To0 5 100 To 1 X2-X5 2500 To 5 500 To 1 X1-X4
600 Tols 120 To 1 X1-X5 3000 To 5 600 To 1 X1-X5

1200'Ampere Multi-Ratio 4000 Ampere Multi-Ratio
100 To 5 20To 1 X2-X3 500 To 5 100 To 1 X1-X2
200 To 5 40 To 1 X1-X2 1000 To 5 200 To 1 X3-X4
300 To 5 60 To 1 X1-X3 1500 To 5 300 To 1 X2-X3
400 To 5 80 To 1 X4-X5 2000 To 5 400 To 1 X1-X3
500 To 5 100 To 1 X3-X4 2500 To 5 500 To 1 X2-X4
600 To 5 120 To 1 X2-X4 3000 To 5 600 To 1 X1-X4
800 To 5 160 To 1 X1-X4 3500 To 5 700 To 1 X2-X5
900 To 5 180 To 1 X3-X5 4000 To 5 800 To 1 X1-X5

1000 To 5 200 To 1 X2-X5

1200 To 5 240 To 1 X1-X5

2000 Ampere Multi-Ratio 5000 Ampere Muiti-Ratio
300 To 5 60 To 1 X3-X4 500 To 5 100 To 5 X2-X3
400 To 5 80 To 1 X1-X2 1000 To 5 200 To 5 X4-X5
500 To 5 100 To 1 X4-X5 1500 To 5 300 To 5 X1-X2
800 To 5 160 To 1 X2-X3 2000 To 5 400 To 5 X3-X4

1100 To 5 220 To 1 X2-X4 2500 To 5 500 To 5 X2-X4

1200 To 5 240 To 1 X1-X3 3000 To 5 600 To 5 X3-X5

1500 To 5 300 To 1 X1-X4 3500 To 5 700 To 5 X2-X5

1600 To 5 320 To 1 X2-X5 4000 To 5 800 To 5 X1-X4

2000 To 5 400 To 1 X1-X5 5000 To 5 1000 To 5 X1-X5

Figure 1—Connection chart for 600, 1200, 2000,

3000, 4000, and 5000 to 5 ampere multi-ratio

bushing-type current transformers.
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Features

® Low-cost, convenient means of relaying
and metering on conventional outdoor
dead-tank oil circuit breakers.

e Special alloy cores—Hipersil for relaying;
Biased-Core or special Hipersil for
metering.

o NEMA Standards—NEMA Standard accu-
racy classifications met or exceeded, all
NEMA Standard ratios provided.

® Two standard-size transformers per bush-
ing 12 per breaker, available on all
breakers.

e Linear Coupler Transformers—Immune to

ac or dc saturation for dependable bus
differential relaying.

Arrangement of Transformers on
Circuit Breaker Pole Unit

<3

Core Flux

Hi

X5
X4
X3

X2
X1

(]

—w_. . Instantaneous Direction —_ _m M)
of Primary Current,

Instantaneous
Directiongef

Ot T2~ O

Instantaneous Direction
of Secondary Current X1

Application

Since these transformers have but a single-
turn primary, the total ampere-turns avail-
able for supplying the secondary burden and
the excitation current is equal to the primary
current flowing. Hence, on the lower ratios
of bushing-type current transformers more
care in application is required than is neces-
sary when applying wound-type current
transformers, which usually have 1200 or
more ampere-turns at normal rated primary
current irrespective of the current ratio.

The continuous current rating factor (R.F.) is
normally 1.0, which in some cases may
resultin a derating of the breakers contin-
uous current rating, if the maximum/current
ratio of the current transformer specified is
less than the breaker continuous)currentirat-
ing. In many cases, bushing current trans-
formers with rating factofs ofaup, t0)2.0 may
be furnished at an increase ifcost.

For Relaying Applications.,Genetal appli-
cations involving indicating“instsuments,
standard multi-ratio bishing transformers
having uncompensated, tapped, fully dis-
tributed, secondary windings are recom-
mended. The wide choice of available

ratios permiits utilization of the most desir-
able ratio when installed, and provides a
convenientyméans of future change in ratio
if system orlead conditions should warrant.

H. on this End of
Transformer is
Primary Polarity Mark

Hi

~ .

X2
X3
X4
X5

White Polarity Mark
above Terminal XI|
indicates like Polarity
for the Marked
Primary (the end of

CJ

Breaker

the Breaker Terminal
opposite the Breaker

[

Figure 2—Arrangement of two transformers on one
pole of an oil circuit breaker, showing relative
directions of current and core flux.

Contacts 1

Contacts) and the
Marked Secondary
{Terminal XI1.)
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Nominal maximum primary current ratings
are 600, 1200, 2000, 3000, 4000, and

5000 amperes, with a nominal secondary
current rating of,5 amperes. See Fig. 1 on
page 2 for ayailable tap ratios and
secondary winding arrangements. The polar-
ity and method aeffmarking the secondary
leads areyshown in Figs. 3to 7.

For Metering Applications— On the lower
ratio,transformers considerable improve-
ment'inyaccuracy over the range of primary
currents encountered in metering are ob-
tainéd by the use of special core materials
and secondary winding compensation. For
such applications, the single-ratio high-
accuracy metering transformer is recom-
mended. When necessary, double ratio
metering transformers may be furnished at
an increase in cost and at some reduction in
accuracy. The over-current performance of
the metering transformers is quite good,
often approaching the accuracy of the stand-
ard relaying transformer for the same ratio.

Nominal primary current ratings are 300,
400, 600, 800, 1000, 1200, 1500, 1600,
2000, 3000, 4000, and 5000 amperes, with
a nominal secondary rating of 5 amperes.
The polarity and method of marking second-
ary leads are as shown in Figures 3 to 7,
except that there are only two secondary
leads marked X1 and X2.



Page 4

Identification of Transformers and Leads
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Figure 3—Standard method of identifying trans- (@) (@)
formers and)leads on multi pole oil circuit breakers. (@) (@)
Note: When one transformer per pole is used, (o) O
transformers are located on bushings 1-3-5 unless O O

otherwise specified.
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Schematic Diagrams of Transformer Connections

Instruments, O—/\/-O

Relay Coils,
or Trip Coil

Figure 4—O0ne transformer per breaker pole.

P .
Relay Coils
or Trip Coil Instruments

Figure 5—Two transformers per breaker pole,
connected independently. It is recommended that
instruments be operated on separate transformer.

Instruments,
Relay Coils,
or Trip Coil

Figure 6—Two transformers)per bréaker/pole,
connected in series, used whenlburdens are large.

.Relay Coils Instruments,

Instruments Trip Coil Relay Coils,
or trip Lol or Trip Coil

Figure 7—Four transformers per breaker pole,
two per terminal connected independently and two
per terminal connected in series.
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Accuracy Classifications

Outdoor Qil Circuit Breakers—Bushing-Type Current Transformers

Outdoor Oil Circuit Breaker Rating

Transformer Accuracy Classifications (1)

kV Type MVA or kA Amperes Relaying Accuracy (3) Metering Accuracy
Multi-Ratio (2) Single Ratio(4)
144GS1000 1000 1200 1200:5 C200
144G1000 1000 1200 1200:5 C200
14.4 144G1500 1500 3000 3000:5 C400
144G1500 1500 4000 4000:5 C800
144G1500 1500 6000 6000:5 C800
23.0 230GS1500 1500 1200 1200:5 C200
230G1500 1500 1200 1200:5 C200
345GS1500 1500 1200 1200:5 C200
345G1500 1500 1200 1200:5 C200
34.5 345G1500 1500 2000 2000:5 C400
345G2500 2500 2000 2000:5 €400
345G2500 2500 3000 3000:5 C400
460GS1500 1500 1200 1200:5 C200
460G1500 1500 1200 1200:5 C200
46.0 460GS2500 2500 1200 1200:5 €200 300:5 0.6B-0.5
460G2500 2500 1200 1200:5 C200
460G2500 2500 2000 2000:5 €400 400:5 0.3B-0.5
690GS2500 2500 1200 1200:5 €400 600:5 0.3B-0.5
690G2500 2500 1200 1200:5 C400
69.0 690GS3500 3500 1200 1200:5 C400 800:5 0.3B-0.5
690G3500 3500 1200 1200:5 C400
690GM5000 5000 2000 2000:5 C800 1000:5 0.3B-1.0
121GM20 20 1200 1200:5 Cc800 1200:5 0.3B-1.0
121GMS20 20 1600 2000:5 C800
121GMS20 20 2000 2000:5 C800 1500:5 0.3B-1.0
121GMB40 40 1600 2000:5 C800
121 121GMB40 40 2000 2000:5 C800 1600:5 0.3B-1.0
121GMB40 40 2500, 3000:5 C800
121GMB40 40 3000 3000:5 Cc800 2000:5 0.3B-2.0
121GMB63 63 2000 2000:5 C800
121GMB63 63 3000 3000:5 Cc800 3000:5 0.3B-2.0
145GM20 20 1200 1200:5 C800 4000:5 0.3B-2.0
145GMS20 20 1600 2000:5 C800
145GMS20 20 2000 2000:5 C800 5000:5 0.3B-2.0
145GMB40 40 1600 2000:5 C800
145 145GMB40 40 2000 2000:5 C800
145GMB40 40 2500 3000:5 C800
145GMB40 40 3000 3000:5 C800
145GMB63 63 2000 3000:5 C800
145GMB63 63 2500 3000:5 C800
145GMB63 63 3000 3000:5 C800
169GM16 16 1200 1200:5 C800
169GM31 37.5 1600 2000:5 C800
169 169GM31 31.5 2000 2000:5 C800 | note:
169GM50 50 2000 2000:5 €800 (1) These values apply only when current trans-
169GM50 50 3000 3000:5 €800 formers are used on 60-Hertz Circuits.

The nominal primary current rating of the
242GMA40 40 2000 2000:5 €800 2 standard mulfi-ratioytransformer c%rresponds
242GMA40 40 3000 3000:5 C800 to the listed continuous current ratings of the

242 242GMA50 50 2000 2000:5 C800 breakers, except that circuit breakers rated
242GMA50 50 3000 3000:5 C800 1600 and 2500 amperes use current trans-
242GMA63 63 2000 2000:5 C800 e rald 2000 and 3000 amperes
242GMA63 63 3000 3000:5 C800 (3) Accuracies listed correspond to the require-
362GW50 50 2000 2000:5 800 T o i 2N epely to the full
362GW50 50 3000 3000:5 C800 | (4) Itis recommended that the minimum ratio

362 362GW63 63 2000 2000:5 Cc800 selected shall not be less than 50 percent of
362GW63 63 3000 3000:5 C800 the continuous current rating of the circuit

breaker.

.



Non-Standard Transformer Accuracy
Classification

The table of relaying and metering accura-
cies available on standard transformers

for oil circuit breakers is in accordance with
NEMA SG4. Since bushing transformers have
several limitations, such as the single-turn
primary and space limitations in apparatus,
the table furnishes an excellent and needed
guide as to the performance which may be
expected and economically obtained in
standard apparatus. It is impractical to cover
all possible specific applications such as
special accuracies, accuracies at other than
60 Hertz, ratios other than those listed,
special rating factor (R.F.), etc. Any/elaying
or metering applications not suitably cov-
ered here should be referred to Power Circuit
Breaker Marketing Department, I rafford;
Pennsylvania, for further information:

Relaying Service Accuracy Classification

The various accuraciesflistedyapply to the
maximum ratio of the‘€arresponding multi-
ratio transformers and arejindicated by the
classifications su¢h asi€200, C400 and
C800. The letter “*C/" designates a trans-
former haying'low internal impedance, of
which bdshing/current transformers are an
examplejias gompared to a ‘T’ transformer,
havingihightinternal impedance, of which
the usual'wound’primary current transform-
ers afelan example. The numbers following
thelletter'such as 200, 400 and 800, is the
voltage the transformer will deliver to a
standard'burden at 20 times nominal sec-

Descriptive Bulletin
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ondary current without exceeding 10 per
cent ratio error. Since the nominal rated sec-
ondary current is 5 amperes, 20 times rated
current is 10Qm@mperes, and the ohms im-
pedance of the _s€€endary burden is given by
dividingythe'burden voltages of 200, 400 and
800 by 100Q,giving the standard relaying
burdensief 2:03,4.0 and 8.0 ohms, respec-
tively, as listed in ANS| Standards C-57.13.

Forlexample, the standard relaying trans-
formerifor a type 690G2500, 1200-ampere,
69-kv/breaker is a 1200:5 MR type BYM
transformer with a C400 accuracy classifica-
tion. This transformer is one which on the
1200 to 5 ratio will not have a ratio error in
excess of 10 per cent, under steady state
conditions, over a range of one to twenty
times rated secondary current when ener-
gizing secondary burdens equal to or less
than the standard B-4 burden, 4 ohms 50 per
cent lagging power factor (See Fig. 8 for
typical curves).

The last figure in this classification also has
added significance in that on an open-
circuitexcitation test, approximately this
voltage must be developed when the excit-
ing current in amperes is equal to the per
cent ratio error (10 amperes for these bush-
ing current transformers, see Fig. 8 for
curves). Although the classication is based
only on the maximum ratio, it also gives
some information as to approximating the
performance on lower ratios, since the exci-
tation voltage varies directly with the ratio
and the excitation current varies inversely as
theratio. Thiscan be seen readily from the
curves of Fig. 8.
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Metering Service Accuracy Classification

The accuracy classification for metering
service is based on limits of ““Transformer
Correction Factor’ (TCF); see ANSI
C-57.13. The TCF isthat factor by which a
wattmeter reading must be multiplied to
correct for the ratio and phase angle errors
of a current transformer, within specified
limits of power factor of the circuit being
metered. The various accuracy classes have
definite limiting values for the TCF's at both
100 per cent and 10 per cent of rated pri-
mary current, and are designated by the
maximum per cent error permitted by the
limiting value of the TCF at 100 per cent
rated primary current.

A definite relationship exists between the
“Transformer Correction Factor’’ (TCF), the
‘“Ratio Correction Factor’” (RCF) and the
““Phase Angle” (8) for power factors of the
metered circuit between 1.0 and 0.6 lagging
as given by the following expression:

B#=2600 (RCF-TCF) minutes:

This results in a parallelogram describing
the limits of the Phase Angle as a function
of the Ratio Correction Factor for any given
Transformer Correction Factor.

Since the secondary burden imposed on a
current transformer has a material effect on
its ratio and phase angle errors, the sec-
ondary burden must be inherently tied in
with the accuracy classification. This is
accomplished by having the first part of the
metering classification denote the accuracy
class and the second part denote one of the
standard metering burdens.

Likewise, in the case of bushing current
transformers, the accuracy is a function of
the ratio, since the primary is limited to a
single turn. Other things being the same, the
higher the current ratio the lower the ratio
and phase angle errors,

For example, on the type 345G 1500, 1200-
ampere, 34.5-kV breaker a 0.3B-0.5 accuracy
classification has been assigned to a 600:5
single ratio metering bushing current trans-
former. The TCF of this transformer will be
between 0.997 and 1.003 at 100 per cent
rated current. The RCF will be between
these same limits and the phase angle "’g"’
will be between =15.6 minutes. The corres-
ponding limits at 10 per cent rated primary
current are a TCF between 0.994 and 1,006
and RCF between 0.994 and 1.006 and gbe-
tween *=31.2 minutes. As indicated by the
second part of the accuracy classification,
B-0.5, the foregoing accuracy limits, Willybe
met when the transformer is energizingythe
standard B-0.5 burden equal to 12:5 volts
amperes at 90 per cent power factorlagging
based on 5 amperes, 60Hertz‘See Fig. 9 for
typical metering performange,curves.

Each metering current.transformer is normal-
ly assigned only one accuracyyclassification,
such as 0.3B-0.5, and each unit with this
assigned classificatiof would be tested at 10
and 100 percentyratedjcurrent with the B-0.5
burden to insure it§yRCF'and phase angle
errors are withimthe limits of the 0.3
parallelogram. Application data consisting of
typical RCF ‘and phase angle data on iden-
tical units when‘energizing the standard
metering budrens will be furnished upon
request.

Refer to the Power Circuit Breaker Market-
ing Department, Trafford, Pennsylvania for
information concerning special tests using
other ANSI Standard or special burdens
and/or other current test points.

Commercial Tests at Factory

1. All transformers are checked for proper
nameplate and polagity markings.

2. All transformets are’checked electrically
to insure proper direction of windings to
give correctgpolarity.

3. All transformers are given a 400 Hertz
induced potential test by applying a volt-
age, in accordance with the requirements
of ANSIHC-57.13, across the full second-
afy'winding, with the primary open-
circuited; for a period of 18 seconds.

43A11 transformers for relaying service are
given sufficient ratio tests to insure the
proper number of turns; multi-ratio trans-
formers are given sufficient ratio tests to
insure the correctness of winding for each
tap section. In addition, two excitation
check points are taken on the secondary
with the primary open-circuited to insure
each transformer meets its specified
relaying accuracy classifications.

5. All transformers for metering service are
checked for ratio and phase angle at 10
and 100 per cent rated primary current to
insure that they meet their metering accu-
racy requirements.

6. After installation in the oil circuit breaker
each transformer is given a one-minute
potential test of 2500 volts between the
shorted secondary winding including
leads and ground. Also, each transformer
is given polarity and ratio check tests to
insure correct installation in the oil circuit
breaker.
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Performance Data .

Relaying Transformers R
Typical Excitation Curves for all standard

ratios showing secondary volts vs second- 1000 1
ary exciting amperes will be furnished on 8
request. The curves will be extended to the 6
equivalent of 25 amperes exciting current .
through the full secondary winding provided
these values do not require an excitation
voltage in excess of 1600 volts.

ve ash Line z’:@l{\l,ofg’h’g‘u wilk not
95% of the Cuarve Vatue

3

The approximate 75°C resistance of the
secondary winding is provided on the curves
of Figure 8.

Sec. Exciting Volts — Eg _,

o

1 2 4 4608 1 2 4 6 81 2 4 6 81 2 4 6 81 2 4 6 81
.001 01 0.1 10 10 100
Sec. Exciting Amps. — lg

Figure 8—#Typical excitation for a curve 60-Hertz,
1200:5 MR, €400 Relaying Transformer.

Metering Transformers g -
Typical Ratio Correction Factor and Phase £
Angle Curves for the standard meteringybur >
dens of B-0.1, B-0.2, B-0.5 and B-1 from5 3
to 150 percent of rated primary cupfént, pro= £8
vided the transformer errors to not exceed
those of accuracy class 1.2 of ANShC-57.13,
will be furnished on request.
5
Curve Secondary Power 20 40 60 80 100 120 140 160
NO. Burden Factor Percent rate P primary current
Ohms %
1 0.1 90
2 0.2 20 Figure 9—Typical ratio correction factor and phase
3 0.5 90 angle curves for 400:5, single ratio, 60 Hertz,
4 1.0 50 0.38-0.5 Metering Transformer.
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Ordering Information

The following information should be included on orders or inquiries for bushing-type
current transformers:

1. Identification of type and rating of the circuit breaker on which the transformer is to be
installed.

a. If installation is on a new breaker, this information should be in the breaker order
reading.

b. If installed is on a breaker previously installed, the following information snould be
given to Power Circuit Breaker Marketing for a quotation:

(1) Breaker type, original breaker shop order and serial number.

(2) State whether the new bushing current transformers are to be added to the existing
breaker or are to replace some of the existing bushing current transformers.

(3) Give the desired terminal location, i.e., 1-3-5 (left-hand side when facing the
mechanism housing) or 2-4-6 (right-hand side) and whether in the upper or lower
(closest to the breaker contacts) positions.
2. State circuit frequency.
3. State application.
a. For relaying service.
(1) Ratio desired.
(2) Relaying accuracy classification (i.e. C400).
(3 )Rating factor (R.F.) if greater than 1.0.
b. For metering service.
(1) Ratio desired.
(2) Metering accuracy classification (i.e., 0.38-0.5)

(3) Rating factor (R.F.) if greater than 1.0:

Bushing-Type Linear Coupler Transformers—
Type BLC

Application

The Type BLC inearieoupler transformers
are intended for use withilinear coupler dif-
ferential protegtive relays to provide de-
pendable high speed, sensitive protection to
station buses., These linear coupler trans-
formers are)'Airs€ore’’ reactors having in-
duced secondary voltages proportional to the
primary‘eurrent. Unlike current transformers,
thepelis,no“saturation of magnetic circuit of
the linearcoupler transformer when it is
subjected to heavy fault currents, even when
the latter contains large d c transient cur-
rents,, This eliminates an ever-present prob-
lem/which must receive consideration when
using current transformers for bus differen-
tial protective relaying.

The differential circuit for linear coupler
differential protection is formed by connect-
ing the linear coupler transformer second-
aries and linear coupler relays in series as
shown in the accompanying schematic dia-
gram (see Figure 10).

The simplicity and ease of application of
linear coupler transformers and relays pro-
vide an outstanding method of station bus
protection.

Ratings

The standard linear coupler transformer is
rated at 0.005 ohms *=1% * mutual react-
ance at 60 Hertz. This provides an open-
circuit, secondary induced voltage of 5 volts
per thousand amperes primary current.

The secondary self-impedances of linear
coupler transformers vary with the size and
specific design. Their values along with the
number of circuits on the bus have a bearing
on the sensitivity of the bus protection.

The variations in sizes of linear coupler
transformers are dictated by the rating and
design of the breakers in which they are to
be installed. When ordering linear coupler
transformers for breakers already installed,
the breaker identification (S.0. number) or
limiting dimensions for the linear coupler
must be furnished.

*Prior to 1950 tolerance was =1.5%.
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Figure 10—Typical schematic diagram offLinear
Coupler Bus Differential Protection with Series
Differential Loop using Phase Relays:
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For 230/195 kv breaker

For 69 kv breaker

For 14.4 kv breaker

BUSHING-TYPE CURRENT TRANSFORMERS (TYPES BYM, BHB, BH ANO
BY) for use with outdoor oil circuit breakers“have a secondary
winding completely insulated and gpermanently assembled on
a ring-type core, but have neyprimaty winding or insulation
for a primary winding. They are"designed’ to fit over the circuit
breaker bushing flanges, wHich are¥permanently grounded.
Thus the circuit breaker bushing With its conductor or stud
becomes the completely insulatedgSingle-turn primary winding
of the bushing-type curfentdransformer.

All breakers, exceptithoseywith interrupting ratings of 250 mva
or less, may be equipped,with 2 transformers per bushing, or 12
transformers( per g#three-pole breaker, having the described
ratings and ‘aecuracy characteristics in accordance with NEMA
standards SG4-3109 and SG4-3.10, based on ASA standards
C-57, Section 13. See tabulation on Page 4. Breakers rated 250
mva or less take a maximum cf 6 transformers.

BUSHING-TYPE LINEAR COUPLER TRANSFORMERS (TYPE BLC) can
be mounted in the same space as bushing-type current trans-
formers when it is desired to provide high speed and sensitive
bus differential protection through linear coupler bus differen-
tial protective relays.

*

BUSHING-TYPE CORE RATIO PRIMARY
CURRENT TRANSFORMER MATERIAL APPLICATION
Type BYM Hipersil® Multi Relaying
Type BHB Hipersil® Single Metering
Type BH Hipernik® Single Metering
Type BY Hipersil® Single Metering

* The classification of multi-ratio transformers for relaying service
and single-ratio transformers for metering service is a very general
segregation. Depending on the specific conditions, any of the
above types of transformers may be suitable for either or both
relaying and metering applications.

WESTINGHOUSE SPECIAL FEATURES
@LOW-COST, CONVENIENT MEANS OF RELAYING AND METERING on conventional outdoor dead-tank oil circuit breakers.
@ VACUUM-PRESSURE-IMPREGNATED to provide greater integrity of insulation.
@ SPECIAL ALLOY CORES—Hipersil for relaying; Hipernik or Biased-Core Hipersil for metering.
@ NEMA STANDARDS—NEMA Standard accuracy classifications met or exceeded, all NEMA Standard ratios provided.
@ TWO STANDARD-SIZE TRANSFORMERS PER BUSHING 12 per breaker, available on all breakers except those rated 250 mva and below.
@LINEAR COUPLER TRANSFORMERS—Immune to a-c or d-c saturation for dependable bus differential relaying.

Supersedes Descriptive Bulletin 33-765 dated December, 1952
Mailedto: E/279, 280/DB; C26-52

SEPTEMBER, 1956



Application

Since these transformers have but a
single-turn primary, the total ampere-
turns available for supplying the
secondary burden and the excitation
current is equal to the primary current
flowing. Hence, on the lower ratios
of bushing-type current transformers
more care in application is required
than is necessary when applying
wound-type current transformers,
which usually have 1200 or more
ampere-turns at normal rated primary
current irrespective of the current ratio.

FOR RELAYING APPLICATIONS and gen-
eral applications involving indicating
instruments, standard multi-ratio bush-
ing transformers having uncompen-
sated, tapped, secondary windings are
recommended. The wide choice of
available ratios permits utilization of
the most desirable ratio when installed,
and provides a convenient means of
future change in ratio if system or load
conditions should warrant.

Nominal maximum primary current
ratings are 600, 1200, 2000, 3000,
4000, and 5000 amperes, with a nomi-
nal secondary current rating of 5 am-
peres. See Fig. 1 on pages 2 and 3 for
available tap ratios and secondary
winding arrangements. The polarity
and method of making the secondary
leads are shown in Figs. 3 to 7.

FOR METERING APPLICATIONS—On the
lower ratio transformers considerable
improvement in accuracy over the
range of primary currents encountered
in metering are obtained by the use of
special core materials and secondary
winding compensation. For such appli®
cations, the single-ratio high-accuracy
metering transformer is recommended.
When necessary, double rdtio meteting
transformers may be furnished at an
increase in cost and at seme{reduction
in accuracy. The over-current perfor-
mance of the metering transformers is
quite good, often approaching the
accuracy of the standard relaying trans-
former for the same ratio.

Nominal primary ‘eurrent ratings are
300, 400, 600,4800,:1200, 1500, 2000,
3000, and 5000;amperes, with a nomi-
nal secondary rating of 5 amperes. The
polarity;andsymethod of marking second-
ary'leads‘are as shown in figures 3 to 7,
except that there are only two second-
ary,leads marked X1 and X2.

NEMA SfANDARD RATIOS AND TAPS

BREAKER
40 60 20 600-5 MR TP
80 120 40 1200~5 MR
100 60 240 2000-5 MR

100 300 200 3000-5 MR

200 200 400 4000-5 MR

POLARITY

200 200 600 5000-5 MR MARK

x4 X3 X2 X1 X4 X3 X2 x|
DEVELOPMENT OF WINDING FINISH START

® Polarity mark adjacent to terminal XIjindicates that the end of the terminal bushing opposite the
breaker contacts and terminal XI have)like polarity. With any combination of taps, the tap numercially
nearest X1 has the same relative polarity as XIy

Figure 1—Connection chdtt for 600, 1200, 2000, 3000, 4000, and 5000 to 5 ampere
multi-ratio bushing-type currentjtransformers.

IDENTIFICATION OF TRANSFORMERS AND LEADS
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Figure 3—Standard method of identifying transformers and leads on
multi-pole oil circuit breakers. Note: When one transformer per pole is
used, transformers are located on bushings 1-3-5 unless otherwise specified.



CURRENT RATIO

TURN RATIO

SECONDARY TAPS

600-AMPERE MULTI-RATIO

100 to 5
200to 5
300to 5
400 to 5
600 to 5

20to 1
40to 1
60to 1
80to 1
120 to 1

1200-AMPERE MULTI-RATIO

200to 5
400 to 5
600 to 5
800to 5
1200 to §

40to 1
80to 1
120 to 1
160 to 1
240to 1

2000-AMPERE MULTI-RATIO

800 to 5
1200 to §
1500 to §
2000 to 5

160 to 1
240to 1
300to 1
400 to 1

3000-AMPERE MULT:-RATIO

1500 to §
2000 to 5
3000 to 5

300 to 1
400to 1
600 to 1

4000-AMPERE MULTI-RATIO

2000 to 5
3000 to 5§
4000 to 5

400 to 1
600 to 1
800to 1

5000-AMPERE MULTI-RATIO

3000 to 5
4000 to 5
5000 to §

600 to 1
800to 1
1000 to 1

X1-X2
X1-X3
X1.X4

ARRANGEMENT OF TRANSFORMERS
ON CIRCUIT BREAKER POLE UNIT
INSTANTANEOUS DIRECTION

/ OF PRIMARY CURRENT\

|

INSTANTANEOUS
DIRECTION OF, \

CORE RLUX
‘{/OR LU o

N
B>y
1
T

X4 INSTANTANEOUS DIRECTION
3 OF, SECONDARY CURRENT
X2
XI.

[]

t

Hi ON THIS END OF
TRANSFORMER IS

PRIMARY POLARITY
MARK.

B
X2

X3

|

)

{:r BREAKER| FGONTACTSLI

Figure 2—Arrangement of two transformers on
one pole of anleilcircuit breaker, showing relative

directions,of current and core flux.

When inter-

mediate tapsjare used, the tap numerically nearest
X1 has theysame relative polarity as XI.

X4

WHITE POLARITY MARK
ABOVE TERMINAL X1
INDICATES LIKE POLAR-
ITY FOR THE MARKED
PRIMARY (THE END OF
THE BREAKER TERMINAL
OPPOSITE THE BREAKER
CONTACTS) AND THE
MARKED SECONDARY,
(TERMINAL X1).

SCHEMATIC DIAGRAMS OF TRANSFORMER CONNECTIONS

—x =0 ——
xf xe| x3| x4 |1 x| xe| x3| x4 x s e Ba
o\se Vo
wEsJARYU'ég'I‘JSS' INSTRUMENTS,
N RELAY COILS
OR TRIP COIL, OR TRIP COIL.
Figure 4—One transformer per breaker pole. Figure 6—Two transformers per breaker pole, connected
in series, used when burdens are large.
_ _| l_ — O 8- FYFFFY Iaaat: h]l % CFrFRe 3 #+—0
Xl X2]“ X3 X4' ‘X4 X3 X2 |XI )q L&Z X)L X2 X3 X4 X3 X2 (XI (X4 |X3 X2 [Xi
' ]
RELAY COILS INSTRUMENT S ——Jo\/\ oA o, /\o-
OR TRIP COIL. INSTRU- RELAY COILS INSTRUMENTS,
MENTS OR RELAY COILS,
TRIP COIL. OR TRIP COIL.

Figure 5—Two transformers per breaker pole, con-
nected independently. It is recommended that instru-
ments be operated on separate transformer.

Figure 7—Four transformers per breaker pole, two per terminal con-
nected independently and two per terminal connected in series.




ACCURACY CLASSIFICATIONS

Outdoor Oil Circuit Breakers —Bushing-Type Current Transformers

OUTDOOR OIL CIRCUIT BREAKER RATING TRANSFORMER ACCURACY CLASSIFICATION*
#METERING
KV TYPE MVA AMPS} RELAYING
MINIMUM
RATIO AGCURACY
7 2 FO-22-A 50 600 10L50 400-5 Q16B.0.5
-
144G100 100 600 10L100 300-5 0.6B-0.5
144G250 250 600 10L100 300-5 0.6B-0.5
144G250 250 1200 10L.200 300-5 0.6B-0.5
] 4_4 144G1000 1000 1200 10L200 300-5 0.6B-0.5
144G1000 1000 3000 10L400 1200-5 0.3B-0.5
144G1500 1500 2000 10L.400 800-5 0.3B-0.5
144G1500 1500 4000 10L800 2000-5 0.3B-0.5
2 3 230G250 250 600 10L100 300-5 0.6B-0.5
230G500 500 1200 10L.200 300-5 0.6B-0.5
345G500 500 600 10L10g 300-5 0.6B-0.5
34 5 345G1000 1000 1200 10L200 300-5 0.6B-0.5
= 345G1500 1500 1200 10L200 300-5 0.6B-0.5
345G2500 2500 2000 10L400 800-5 0.3B-0.5
4 6 460G500 500 600 101100 300-5 0.6B-0.5
460G1500 1500 1200 10L.200 300-5 0.6B-0.5
690G 1000 1000 600 10L.200 300-5 0.6B-0.5
690G 1500 1500 1200 10L.400 300-5 0.6B-0.5
690G2500 2500 1200 10L.400 300-5 0.6B-0.5
6 9 GO.5.A 2500 1200 10L400 300-5 0.6B-0.5
GM-6 3500 2000 10,800 800-5 0.3B-0.5
GM-6-A 3500 2000 10L.800 800-5 0.3B-0.5
690GM5000 5000 2000, 10L800 800-5 0.3B.0.5
GM.-3 1500 8007 10L800 300-5 0.6B-0.5
I l 5 GM.5 3500 1200 10L.800 300-5 0.6B-0.5
GM-6 5000 1200 10L.800 300-5 0.6B-0.5
1150GM 10000 10000 1600+ 10L800 600-5 0.3B-0.5
GM-4 3500 1200 10L800 300-5 0.6B-0.5
] 3 8 GM-5 5000 1200 10L800 300.5 0.6B-0.5
GM.7 10000 16007+ 10L800 600-5 0.3B-0.5
GM-5 5000 1200 101800 300-5 0.6B-0.5
] 6] GM.7 10000 16007+ 10L800 600-5 0.3B-0.5
161GM 15000 15000 1600} 10L800 600-5 0.3B-0.5
2300-GW-5000 5000 1200 10L.800 300-5 0.6B-0.5
23 0 / ] 9 6 2300-GW-10000 10000 1600 101800 600-5 0.3B-0.5
2300-GW-15000 15000 1600 10L800 600-5 0.3B-0.5
2 8 7 _5 2875-GW-15000 15000 1600} 10L.800 600-5 0.3B-0.5
3 3 0 3300-GW-25000 25000 1600+ 10L800 600-5 0.3B-0.5

* These values apply only to the‘transformers when used on circuits
having 60-cycle frequency, and tothoselbréakers rated at 250 mva
and below, when only one transformer,is installed on each bushing.

1 The nominal primary carrentfating,of the standard multi-ratio
transformer corresponds to, the listed continuous current ratings
of the breakers unless otherwise noted.

1 Accuracies listed meet the requirements of Paragraph 13-24.500 of
ASA Standards C-57 as applied to the maximum secondary winding
or ratio of the transformer.

% Accuracies listed meet the requirements of Paragraph 13-24.200 and
13-24.300 of ASA Standards C-57 as applied to the B-0.5 burden
only. These transformers are single ratio, and minimum ratios on
which the specified accuracy is obtainable are listed.

q The standard 1200-5 MR transformer normally applies to these 800
ampere oil circuit breakers, but 600-5MR with a 10L400 accuracy
is available.

1 The Standard 2000-5 MR transformer normally applies to these
1600-ampere oil circuit breakers, but a 1200-5§ MR with a 10L800
accuracy is available.

NON-STANDARD TRANSFORMER ACCURACY CLASSIFICATION

The table of relaying and metering accuracies available on
standard tzansformers for oil circuit breakers is in accordance
with NEMA'standards SG4-3.09 and SG4-3.10, which are based
on sectiongl3)of ASA Standards C-57. Since bushing trans-
formers have several limitations, such as the singleturn pri-
mary, and space limitations in apparatus, the table furnishes an
éxcellent and needed guide as to the performance which may

be expected and economically obtained in standard apparatus.
It is impractical to cover all possible specific applications such
as accuracies on other than 60-cycle frequencies, ratios other
than those listed, etc. Any relaying or metering applications
not suitably covered here should be referred to Power Circuit
Breaker Application Engineering Section, Switchgear Division,
East Pittsburgh, for further information.



RELAYING SERVICE ACCURACY CLASSIFICATION

The various accuracies listed apply to the maximum ratio of the
corresponding multi-ratio transformers and are indicated by the
classfications such as 10L50, 10L100, etc. The number preceding
the letter L indicates the maximum per cent ratio error, in this
case 10 per cent ratio error, at 20 times rated secondary current.
The letter L designates a transformer having low internal im-
pedance, of which bushing current transformers are an example,
as compared to an H transformer, having high internal im-
pedance, of which the usual wound primary current transformers
are an example. The numbers following the letter such as 50,
100, etc., gives the voltage required across the terminals of one
of the standard secondary burdens at 20 times rated secondary
current. Since the nominal rated secondary current is 5 am-
peres, 20 times rated current is 100 amperes, and the ohms im-
pedance of the secondary burden is given by dividing the bur-
den voltages of 50, 100, 200, 400, and 800 by 100 giving the
standard relaying burdens of 0.5, 1.0, 2.0, 40 and 8.0 ohms,
respectively, as listed in Paragraph 13-21.100 of ASA Standards
C-57.13.

For example, the standard relaying transformer for a type
690G1500, 1200-ampere, 69-kv breaker is a 1200-5 MR type

BYM transformer with a 10L400 accuracy “elassification. This
transformer is one which on the 1200 to 5 ratio will not have a
ratio error in excess of 10 per cent over a range of one to twenty
times rated secondary current when energizing secondary
burdens equal to or less than the standard B-4 burden, 4 ohms
50 per cent lagging power factor (See Fig. 8 for typical curves).

The last figure in this classification‘also has added significance
in that on an open-cirguitjexcitation test, approximately this
voltage must be developed sthemthe exciting current in amperes
is equal to the per cent ratio efror (10 amperes for these bushing
current transformers, see)Fig. 8 for curves). Although the class-
ification is based only on the maximum ratio, it also gives some
information a§"te)the “performance on lower ratios, since the
excitation voltage varies directly with the ratio and the excita-
tion current varies inversely as the ratio. This can be seen
readily/fromthe curves of Fig. 8. The curves of Fig. 9 may be
calculated trom the curves of Fig. 8 by means of the calculating
methed given in paragraph 13-94.560 of ASA Standards C-57,
Section 13;

METERING SERVICE ACCURACY CLASSIFICATION

The accuracy classification for metering service is based on
limiks of “Transformer Correction Factor’' (TCF); see Standard
No. 13-24.200 and 13-24.300 of ASA Standards C-57.13. The
TCF is that factor by which a wattmeter reading must 'be multi-
plied to correct for the ratio and phase angle errofs of a/current
transformer, within specified limits of power factorlef the circuit
being metered. The various accuracy classes) have)definite
limiting values for the TCF's at both 100 per centhjand 10 per
cent of rated primary current, and are desigdated, by the maxi-
mum per cent error permitted by the limiting valuelof the TCF
at 100 per cent rated primary current.

A definite relationship exists between the “'Transformer Correc-
tion Factor'' (TCF), the “Ratio Correétion Factor'' (RCF) and the
“"Phase Angle’’ (8) for power fattorsef the metered circuit
between 1.0 and 0.6 lagging ,as given by the following ex-
pression:

B =2600 (RCF-TCF) minttes.

This results in a parallelogram describing the limits of the Phase
Angle as a function of the RatioCorrection Factor for any given
Transformer Correction Factor.

Since the secondary burden imposed on a current transformer
has a material effectyon its ratio and phase angle errors, the
secondary/burdén must'be inherently tied in with the accuracy
classification. £ This i§’accomplished by having the first part of
the metering ¢elassification denote the accuracy class and the
second part denote one of the standard metering burdens.

Likewise, in the case of bushing current transformers, the accu-
racy is a function of the ratio, since the primary is limited to a
single turn. Other things being the same, the higher the current
ratio the lower the ratio and phase angle errors. For this reason
the minimum ratio on which a given accuracy may be obtained
from a standard high accuracy transformer is listed for each
of the standard 600-ampere and 1200-ampere breakers.

For example, on the type 345GS500, 600-ampere, 34.5-kv.
breaker the 300/5 ratio is the lowest ratio on which a 0.6 B-0.5
accuracy rating may be obtained using a standard high accuracy
transformer, i.e. at 100 per cent primary current the TCF will be
between 0.994 and 1.006; the RCF will be between the same
limits and the phase angle, B, will be between + 31.2 minutes.
The corresponding values at 10 per cent rated primary current
are a TCF between 0.988 and 1.012, an RCF between 0.988 and
1012, and B between + 62.4 minutes. As indicated by the
second part of the accuracy classification, B-0.5, the foregoing
accuracy limits will be met when the transformer is energizing
the standard B-0.5 burden equal to 12.5 volt-amperes at 90
per cent power factor lagging based on 5 amperes, 60 cycles.
See Fig. 10 for typical metering performance curves.

It should be pointed out that on breakers of the higher current
ratings, 2000 ampers and higher, the highest accuracy class
in conjunction with the standard metering burden of B-0.5 has
been assigned to the minimum ratio of transformer likely to be
required in a circuit using such a breaker.



Secondory exciting voltage -Es

Figure 8—Typical excitation for a curve 60-cycle, 1200-§ MR, 10L400
transformer.

PERFORMANCE DATA

Relaying Transformers

‘ TYPICAL EXCITATION CURVES for all standard ratios

showing secondary volts vs secondary exciting
amperes will be furnished on request. The curves
will be extended to the equivalentgof 25 amperes
exciting current through the tull secondary winding
provided these values do not reqiiire an excitation
voltage in excess of 1600 vglts.

The approximate 75° C resistance of the secondary
winding, including thé“two leads internal to the oil
circuit breaker, is providedion the curves of Figure 8.

NOTE A—Above this line the volt-. - CURRENT TURN SECONDARY
age for a given exciting current for RATIO RATIO RESISTANCE
any unit will not be less than 95% (OHMS)
of the curve value. Below this line
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Figure 9—Typical ratio correction factor curves for a 60-cycle 1200-
SMR, 10L400 transformer with a secondary burden of 2 ohms, 50 per-
cent lagging power factor.

A

TYPICAL RATIO CORRECTION FACTOR CURVES with a
secondary burden of 2 ohms (50 VA) 50 percent
lagging power factor, 60 cycles (the standard B2
burden), for each ratio over the range of /4 to 22
times rated primary current, provided the ratio
correction factor does not exceed 2.0, will be fur-
nished on request. Curves will be plotted as ratio
correction factor vs. percent of rated primary cur-
rent. These ratio correction factor curves are cal-
culated from exciting current data.

b N T T

factor

P T

Percent rate Pprimary current
Figure 10=Typical ratio correction factor and phase angle curves.

Ratio correction

CURVE SECONDARY | POWER
Type, BHBybushing current trans- NO. BURDEN FACTOR
former, ratio 400-5, ASA Metering OHMS %
accuraey classification. 0.3B-0.5 at
60 cyeles:, Tra mer comp ted 1 0.1 90
for)standard ASA B-0.5 secondary 2 0.2 90
burden. 3 0.5 90
4 1.0 50

k4

Metering Transformers

‘ TYPICAL RATIO CORRECTION FACTOR AND PHASE ANGLE

CURVES for the standard metering burdens of B-0l,
B-0.2, B-0.5, and B-1 from 5 to 150 percent of rated
primary current, provided the transformer errors do

not exceed those of accuracy class 1.2 of Paragraph
13-24.300 of ASA Standards C-57, will be furnished
on request.

sy



COMMERCIAL TESTS AT FACTORY

1. All transformers are checked for proper nameplate and
polarity markings.

2. All transformers are checked electrically to insure proper
direction of windings to give correct polarity.

3. All transformers are given an induced potential test at S00
cycles by impressing a minimum of 2 times its 60 cycle,
rated, relaying accuracy class voltage across the full second-
ary winding with the primary open-circuited.

4. All transformers for relaying service are given sufficient
ratio tests to insure the proper number of turns; multi-ratio
transformers are given sufficient ratio tests to insure the

correctness of winding for each tap sections/In addition,
two excitation check points are taken on the secondary with
the primary open-circuited to insure each transformer
meets its specified relaying accuracy cldssifications.

. All transformers for metering service are checked for ratio

and phase angle at 10 and 100¢percent rated primary current
to insure that they meet their metering accuracy requirements.

After installation in the oil cireuit breaker each transformer
is given a one-minute potential test of 2500 volts between
the shorted secondary winding including leads and ground.
Also, each transformen,is given polarity and ratio check tests
to insure correctjinstallation in the oil circuit breaker.

Ordering Information

The following information should be included on orders or
inquiries for bushing-type current transformers:

1. Identification of type and rating of the circuit breaker on
which the transformer is to be installed.

a. If installation is on a new breaker, this information should
be on the breaker order.

b. If installation is on a breaker already installed, the breaker
shop order (S.0.) should be given. Headquarters will
advise if installation details such as cases, conduit, ‘etc.,
are required.

2. State circuit frequency.
3. Give primary and secondary current ratings.

4. State applications.

a. For relaying service.*

* The items listed under this heading are notynecessary if the relay
application has been checked, and the standard multi-ratio trans-
former characteristics as listed for the particular breaker are satis-
factory. However, it may not always be possible to furnish the
transformer for old breakers injthe field the same as listed for the
equivalent modern breakers.

t When burdens and current ranges arefnot specified on the order,

(1)/Types or description of relays including burden if of
othler than Westinghouse manufacture.

(2) Maximum and minimum phase and ground fault cur-
rents.

(3) Other data such as diargams or operational data
pertaining to the apparatus or system to be protected
which would be of value in checking the application.

b. For metering service. {

(1) The total secondary burden including secondary lead
in ohms at a specified power factor.

(2) Desired accuracy and maximum permissible trans-
former errors.

(3) Range of primary load currents and normal load
current.

the metering transformers will be compensated for the Standard
B-0.5 burden at rated current.

Always keep the burden as low as possible and the ratio as high as
possible, remembering that for the same burden a 300-5 trans-
former will have a higher accuracy at 15-ampere primary current
than a 150-5 ratio transformer at the same 15-ampere primary
current.

BUSHING-TYPE LINEAR COUPLER TRANSFORMERS—See Page 8.



APPLICATION

The Type BLC linear coupler transformers are intended for use
with linear coupler differential protective relays to provide
dependable high speed, sensitive protection to station buses.
These linear coupler transformers are '“Air-Core’’ reactors
having induced secondary voliages proportional to the pri-
mary current. Unlike current transformers, there is no satura-
tion of magnetic circuit of the linear coupler transformer when
it is subjected to heavy fault currents, even when the latter
contains large d-c transient currents. This eliminates an ever-
present problem which must receive consideration when using
current transformers for bus differential protective relaying.
The differential circuit for linear coupler differential protection
is formed by connecting the linear coupler transformer second-
aries and linear coupler relays in series as shown in the ac-
companying schematic diagram (see Figure 11).

The simplicity and ease of application of linear coupler trans-
formers and relays provide an outstanding method of station
bus protection.

RATINGS

The standard linear coupler transformer is rated at 0.005{ehm
mutual reactance at 60 cycles. This provides an open-circuit
secondary induced voltage of 5 volts per thousand amperes
primary current.

The secondary self-impedances of linear coupler_transformers
vary with the size and specific design. Their'‘values/along with
he number of circuits on the bus have a bearing on'the sensitivity
of the bus protection.

The variations in sizes of linear cupler transformers are dic-
tated by the rating and design of the'breakers in which they
are to be installed. When orderingylinear coupler transformers
for breakers already installéd, the breaker identification (S.O.
number) or limiting dimensions for‘the linear coupler must be
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Figure 11 —Typical schematic diagram of Linear Coupler Bus Differential Protection with Series Differential Loop using Phase Relays.
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