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FOREWORD

THIS manual is designed o give the reader a betrer understanding of the theory of operation and the application of
inscrument transformers. Because textbooks, in general, do not adequatcly cover the practical aspects involved in using in-
strument transformers, it was felt that such a treatise would be very helpful both to the practicing cngineer and to the student.

Any person engaged in the ficlds of power generation, transmission, and application is faced with countless metering
and rclaying problems that can be solved only by the correct application of instrument transformers.

The manual is written with the intention of helping the reader apply standard transformers to his own needs rather
than of making him an accomplished designer of instrument transformers. With this intention in mind, 2 general discussion
of problems that arc commion to instrument transformers is prescnted. By making usc of this information, the reader should
be able to take full advantage of thc many types of transformers now available as standard items.

ll;Si-s\ éu&ggstlcsd that the reader obtain for convenient reference a copy of USASI Srandards for Instrument Transform-
ers, s Jir.1o.
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CHAPTER ONE
FUNDAMENTALS

INSTRUMENT transformers are essential parts
of many electrical measurcment systems and, as such,
their qualities will affect dircctly the over-all accuracy
and performance of such systems. Their place in the
system is that of Auxiliary Means—Basic Elements
that change the magnitude, but not the nature of a
quantity being mcasurcd, to make it more suitable for
the Primary Detccror*. Thus, primary voltages or
currents are transformed in magnitude to sccondary
values that are suicable for use with relays, meters, or
other measuring devices that are rated usually at values
of 120 volts or 5 ampcres.

A sccond and cquallv important function of an
instrument transformer is to provide insulation be-
rween the primary and sccondary circuits, thus simpli-
fyving the construction of the measuring devices and
providing safcty for the personnel using those devices.

GENERAL TYPES

There are two general types of instrument trans-
formers: instrument porential transformers, used in
voltage mcasurcments; and instrument current trans-
formers, used in current measurement. Both types
scrve as insulators between the normally high-voltage
primary and low-voltage sccondary circuits.

The primary of potential transformers is con-
nected cither linc to line or linc to ncutral, and the
current that flows through this winding produces a
flux in the corc. Since the core links both the primary
and sccondary windings, a voltage is induced in the
secondary circuit. The ratio of primary to sccondary
voltagc is roughly in proportion to the number of turns
in the primary and sccondary windings and is usually
that proportion which will produce 115 or 120 volts at
the secondary terminals when rated volrage is appliced
to the primary.

Fig. 1. Type ICT-O instrument current transformer for indoor service;

rated 600 volis

The currene transformer differs from the porential
transformer in that the primary winding s Jesigned
for conncction in scries with the ine. The ratio of
primary to sccondary current is, roughly, inversely
proportional to the ratio of primary to sccondary
turns and it will usually produce five amperes in the
sccondary when rared current is flowing in the primary.

Fig. 2. Type JYW.5 instrument potential transformer for ouldoor
service; roted 15 kv

Fig. 3. Type EW-.1300 coscode polential transformer for outdoor
service; rated 345 kv

*For further informacion on classification of mcasurement systems sce Functional Anal-
ysis of Measuremenis by 1. F. Kinnard, AIEE Trunsactions, Volume 60, 1946, pp. 987-992.
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INDOOR OR OUTDOOR SERVICE

To be suitable for use in a measurement syseem,
an instrument rransformer must not onlv be able o
perform its function in the system, it must also fit the
nceds of the conditions under which it is to be used.

As many transformers arc used indoors, a large
number of transformers arc made for this protecred
service. Many others, however, must be installed in
the open; so an additional linc of eutdoor transformers
1s available.

In general, outdoor types for voltages of 69,000
or less are molded in specially compounded bucyl
called HY-BUTE460® insulation.  Transformers
operating above the 69,000-volt level are norm.llly
liquid-filled  and cnclosed in weatherproof casings
which also contain the insulating fluid.

ACCURACY

To be a useful part of a measurement system,
instrument transformers must change the magnitude
of the voltage or current that is being measured with-
out introducing any unknown errors of mcasurement
into the system. Their accuracy of transformation
must, therefore, be either of a known value so that the
errors can be included in the computation of the over-
all measurement, or the errors must be within the limits
of a specified small value so that they may be dis-
regarded safely.

Three factors affect this accuracy: (1) the design
and construction of the transformer itself; (2) the
circuit conditions such as voltage, current, and fre-
quency; and (3) the burden imposed on the secondary
circuit of the transformer. Consequently, for any spe-
cific transformer and circuit condition, the accuracy is
dependent on the burden, and may be different for each
burden. In general, the higher the burden, the greater
the error; however, this relationship is often affected by
the compensation, which will be described in later
chapters.

In order that instrument transformers can be
classified for accuracy, the USASI Srandards for In-
strument T ransformers, USASI Standard C57.13, has
specified various accuracy classifications for each of
several standard burdens that cover the range nor-
mally encountered in service. In this way, any trans-
former or any particular types of transformers, all
manufacrured to the same design specifications, can be
classified for accuracy at each of the standard burdens;
thus, a standardized means of comparing the accuracy
of various designs is available. This system of classi-
fication will be described in greater detail in later
chaprers.

INSULATION

It was stated before that an instrument trans-
former changed the magnitude of an clecerical quantity
to a value which is suitable for the measuring device
used to measure that quantity. Since normal mcters,
nstruments, and relavs are suitable only for low-
voltage scrvice, the instrument transformer, whether
current or potential, must insulate the high voltage and
provndc a sccondary voltage above ground potential
that is low cnough to suit the mcasuring device. A
potential transformer must accomplish this transforma-
tion accurately, but both potential and current trans-
formers must insulatc the Fnd Device from the primary
voltage. (An Fnd Device can be defined as an assembly
of measurement components that responds quantita-
tively to the quantity measurcd and performs the final
measurement operation. An End Device performs the
final conversion of Measurement Energy to an indica-
tion, record, or the initiation of control.)

Insulation for instrument transformers usually
takes onc of two forms: dry-type or liquid-filled.

Wirh dry-type designs, onc method of construct-
ing insulation is to mold HY-BUTL #60 butyl insula-
tion around the corc and windings. (Sce Fig. 4.) Butyl
is a synthctic flexible marerial which is m]cctcd Iinro
a mold containing the stcel and copper parts of the
transformer. The buryl fills the space around and be-
tween the windings, forming a homogeneous one-
piece. insulation and lending icself to a pleasing outside
appearance. The use of HY-BUTE#60 insulation
provides an insulation system suitable for operation
under exposed outdoor conditions.

Another method of dry-type construction is to
encase the core and windings in 2 HY-BUTE#$60 in-
sulation shell which is then filled with epoxy resin.
This method makes use of the optimum qualities of
both materials: HY-BUTE#60 insulation for its out-
standing qualities of non-shartering ruggedness, non-
creep-tracking, flame-retarding, and time-proven
weathering; epoxy for its impregnating casting quali-
ties, and dielectric and mechanical strength. The join-
ing of these two materials has allowed the extension
of dry-type insulation into higher voltage classes,
previously requiring a liquid or gas insulation.

Liquid-filled designs have an outer casing, usually
of metal and porcelain, which scrves as a housing for
the transformer and a container for the oil. In many
cases, Pyranol®, a non-inflammable fluid. is used in
place of the oil. This general type of insulation is
uscd primarily for high-voltage transformers.

€
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Fig. 4. Type JKW-3 butyl-molded instrument curreat tronsformer for
outdoor service; rated 5 kv

Several tests are employed to insure that the
insulation is adequate to protect both the measuring
devices in the secondary, circuit and the personnel
using those devices. One of the most important of
these is the impulse test which simulates the high-
voltage surge condition encountered when a lightning
stroke hits a power line and its associated equipment.
Others include 60 Hz high-potential tests, ionization
tests, and induced-voltage tests. The test values for
low-frequency and impulse tests are specified by
USASI Standard C57.13. A more complete discussion
of this subject will be found in later chapters devoted
to the subject of “Tests.”

POLARITY

One primary and one secondary terminal of each
instrument transformer is marked to indicate the
relative instantaneous direction of primary and second-
ary currents. When current is flowing “in” at the
marked primary terminal, current is flowing “out” at
the marked secondary terminal. (See Fig. 5a.)

Either the marked or unmarked terminal of the
primary winding of the current transformer can be
connected to either the generator or load side of the
line; likewise, either the marked or unmarked ter-
minal of the primary winding of a potential transformer
can be connected to either high-voltage line. Of course,
there are exccptions to this rule such as single-bushing
potential transformers that must be connccted with
the neutral-end terminal at ground potential. However,
the relative polarities of the primary and sccondary
windings are important in all cases. Considering direc-
tion of current only, connections can be made by assuming

Primary

\AAAAAAAN
Y Y YYYY YY)

Secondary
[ |
Fig. 3a. Relation of polarity marks to dicection of curreat flow in instrument
tronsformers
u Primary
1 |
1 |
I
|
|
1 |
Secondary
B

Fig. 5b. Simplified diogrom of relation of polority marks to direction of
current flow in iastrument tronsformers

that the marked secondary line is a continuation of the
marked primary line. (See Fig. 5b.)

According to USASI Standards for power trans-
formers, when marked primary and secondary termi-

nals are connected together, the voltage between the
unmarked leads is less than the voltage across the

high-voltage winding. The same principle applies to
instrumcnt transformers; however, it must be remem-
bered that “high voltage™ refers to the voltage across
the terminals of the winding, and in the case of current
transformers, the secondary generally has a higher
voltage between terminals than the primary. Yet the
sccondary is commonly called the low-voltage winding
because, in speaking of the voltage of these windings,
it is generally the voltage above ground that is involved.
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TAPPED SECONDARY ARRANGEMENTS

Increasing use of tapped-secondary instrument
transformers has developed considerable interest in
the design derails of these types.

In general, GE butyl-molded designs with sec-
ondary taps conform to USASI Standard C57.13
covering tapped instrument transformers. This Stand-
ard states: _
When taps are provided, each lead or termi-
nal of an instrument transformer shall be marked
with a letter and a number. The number shall be
of the series 1, 2, 3, etc., the lowest and highest
numbers indicating the full winding, and inter-
mediate numbers indicating the taps in their rela-
tive order.

CURRENT TRANSFORMERS

On General Electric butyl-molded current trans-
formers with center-tapped secondaries and three sec-

ondary terminals, such as Types JKM- and JKW-3,
-4, and -5 and JKW-150 through -350, the higher
ratio is usually obtained by using the full secondary
winding X) and X, secondary terminals. The lower
ratio is usually obtained by using the X, and X, termi-
nals. (See Fig. 6a.)

Due to the compensation required to meet meter-
ing accuracy, the ratio correction factor of wound-
primary-metering current transformers (Type JKM-
3, -4, and -5 rated 10 through 800 amperes) will de-
crease about 0.0042 when using X; to X, instead of
the correct connection, X; to X;.

A similar change will occur using wound-primary
switchgear current transformers (Types JKS-3 and -5
in 200/400- and 300/600-ampere ratings only. All
other ratings of these types will have virtually no
difference between the results obrained using either
section of the winding.

PRIMARY
/ CONDUCTOR

7/\\//\Y/\

LX, .Xz

A\
VAR

LOW
RATIO

HIGH RATIO

SECONDARY
WINDING

ox3

Fig. 8a. Typicol wound-peimary current transformer with topped
secondary and lvee secondary terminals
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" For greater case of use, some manufacturers will
provide four terminals and two separate terminal cov-
ers on mid-tapped transformers such as Types JAD-0,
and JCP-0 for 600-volt insulation class and Types
JCM- and JCW-3, -4, -5 and JCD- and JCB-3, -4, -§
for higher voltage. (See Fig. 6b.) With this construc-
tion, selection of the desired pair of terminals is sim-
plified, and the unused pair may be sealed against
accidental use.

X
——04—-800:5—»02—‘

Fig. 6b. Typical window-type current transformer with four secondory
terminals

On window-type current transformers rated 1000
amperes and above, the number of turns between X,
and X, is usually the same as the turns berween X,
and X,, and the accuracy using either pair would be
very similar. On lower-ratio window-type units, there
may be a significant difference in effective turns be-
tween X; and X compared to X; and X; due to the
effect of compensation.

For best accuracy, it is important that the correct
pair of secondary terminals be used on metering-type
current transformers. The correct terminals with re-
spect to a particular ratio are invariably indicated on
the transformer or the nameplate to eliminate any
possible errors in making the correct connections.

POTENTIAL TRANSFORMERS

On tapped versions of butyl potential transform-
ers, the higher ratio is obtained by using X; and X;.
(See Fig. 6¢c.) The lower ratio is obtained by using
X; and X, the full secondary winding. A 2400/
4800:120 JVM-3, for example, is actually a 4800:240
design with a secondary center-tap. On.most buryl
potential transformers, the results using X: and X,
will usually be very similar to results with X, and X,
as compensation is applied to the primary. (On ratios
near or under 1:1, this may not always be true.)

The facts discussed above refer to standard de-
signs. Odd ratios or special designs may not conform
to these patterns.

2400 OR 4800
VOLTS

PRIMARY WINDING

SECONDARY|WINDING

120 VOLTS__|
(4800-VOLT
PRIMARY)

120 VOLTS
(2400-VOLT PRIMARY)

Fig. 6c. Typical potential transformers with mid-tapped secondary




CHAPTER. TWO
POTENTIAL TRANSFORMERS

INSTRUMENT potential transformers are de-
signed for connection line-to-line or line-to-neutral in
the same manner as ordinary voltmeters. The second-
ary volrage bears a fixed relation with the primary
voltage so that any change in potential in the primary
circuit will be accurately reflected in the meters or
other devices connected across the secondary terminals.

Potential transformers can be used with voltmeters
for voltage measurements or they can be used in com-
bination with current transformers for wartmeter or
watthour meter measurements. They are used also to
operate protective relays and devices, and for many
other applications.

BASIC OPERATION

The user of a portential transformer normally
seeks 2 safely isolated sccondary voltage which is an
exact proportionate representation of a higher primary
voltage. The first of these objectives, isolation, is
accomplished by well-designed and thoroughly tested
insulation systems. The second objective of exact
proportionality between input and output cannotr be
realized in practice. The degree to which this perfect
state is approached is, however, a major factor in
determining the quality of the transformer.

As stated on the preceding page, if standard
polarity marks are observed, the secondary is in effect
an insulated reduced direct extension of the primary.
Perfect transformation could be expressed by Vp=
KX Vs, or primary voltage equals marked ratio K
times secondary voltage. Assuming K =1, phasor
representation of this would be as in Fig. 7a.

Vps
o= —————_>Vs

Fig. 7o. Phasor representation

Vps—Primary voltage referred to secondary
Vs—Secondary volrage

Any transformer, whether loaded or not, will
draw core-magnerizing current from the primary line.
A constant error independent of burden results from

this current flow, the magnitude of which depends
directly on the quality of the core steel. The meas-
ured value of this error is recorded on a certificate of
test furnished with General Flectric butvl-molded
transformers. Phasor representation of exciting cur-
rent error is shown in Fig. 7b.

IES

Fig. 7b.  Phavor representation

Symbols for Figures 7b and 7¢
Vps—Primary voltage referred to.secondary
Vso—Secondary voltage with no burden
Rps—Primary resistance referred to secondary
Xps—Primary reactance referred to secondary
les—Exciting current referred to secondary
de—Phase angle between Vso and les
vo—Phase angle between Vps and Vso

Vps . . .
=P _RcF » = Ratio correction factor with no burden

Vso

A variable error dependent on load or burden
results from burden current flowing through the total
cffective transformer impedance. This burden error is
independent of cxciting current error. Phasor repre-
sentation of these errors combined (Fig. 7¢) deter-
mines the total error under any burden condition.

D
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Vso FROM FIG 7B

IB:IS

Fig. 7¢c. Phasor representation

Additional Symbols

V g—Secondary voltage with burden

Res—Toral resistance referred to secondary

Xts—Toral leakage reactance of transformer referred

to secondary

Ig—Burden current =Ig~—Secondary current

A—Phase angle between Vso and Vg

8g—Power factor angle of burden

Total error can now be expressed as the magnitude

of Vg at an angle of y,+A with respect to Vps.
Measured error at stated burden unity power factor is
recorded on the certificate of test furnished with Gen-
eral Electric butyl-molded transformers. From certif-
icate data, calculations* can be made to determine
transformer accuracy for any other burden within the
rated value.

TERMS FOR EXPRESSING ERRORS

The ratio error is usually expressed as a Ratio
Correction Factor (RCF) which is defined as the factor
by which the marked ratio must be multiplied to obrain
the true ratio. This is expressed as:

True Ratio
RCF = Hfarked Rario

or: True Ratio=Marked Ratio X RCF.

The phase-angle error (y) is the angle berween
the primary voltage vector and the secondary volrage
vector reversed. It is usually expressed in minutes of
angle. This angle is conventionally considered as posi-
tive when the reversed-secondary voltage vector leads
the primary-voltage vector.

Thus, the ratio correction factor takes the form
of a number, such as 1.004 or 0.998. The phase-angle

error (7) takes the form + 10 minutes or — + minutces
as the case may be.

EFFECT OF BURDEN ON TRANSFORMER ERRORS

As shown in Fig. 7¢, the error load or burden
depends on both the magnirude of Iz and the angle
between Vg and 1p. Therefore, the error is dependent
on both the magnitude and power factor of Zg, the
external burden in the secondary circuit. Any change
in the number or type of devices that are placed in the
secondary circuit of the transformer will change Rp
or )Xg, or both, and will affect the magnitude of the
error due to burden.

If the power factor of Zg is held constant, the
magnitude of crrors duc to burden will vary lincally
with burden V'A, as shown in Fig. 8. As secondary
voltage is essentially consrant for this curve. note
that increasing volt-amperes corresponds to increas-
ing amperes and decreasing Zp.

Logging

—25'— T — -

=
0 T X —( 85
-q-.-:\r 070

Phase angle 7

+25"— T

ing

= 010
| Sy
+ 50 Burden W 12,5 va, 0.10 PF::—BE;,M—PF— !

—Burden X 25 wvo, 0.70 PF————ot0 T
~—Burden Y 75 wvg, 0.85 PF

lead

——— 7070

g 101 E Burden 2 2qu xe. 085 PPt o
2 100! :
g =W
& 099
2 ]
-]
o et S -
G 50 100 150 200

Secondory burden in volt-omperes

Fig. 8. Typicol potential tronsformer choracteristics

COMPENSATION

Most potential transformers are designed for the
lowest practical exciting current and impedance of the
windings. This means that the fundamental design
is such that the errors are kept to a minimum. How-
ever, since the ratio error increases with an increase
in the burden, the transformers are compensated to
have the condition of zero ratio error with an average
value of burden on the secondary, rather than mini-
mum error at some extremely low burden. This is
accomplished by making the actual turn ratio slightly

*Details derived and discussed in “"Transmission & Distribution—Dec., 1959 article by F. R. D'Entremont entitled “"How to use certificate
test values to determine complete potential transformer accuracy characreristics. '
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different from that which is marked on the nameplate.
This is shown on Fig. 8 by the fact that zero ratio error
occurs at approximately 50 volt-amperes.

TEMPERATURE CHANGE

The accuracy of potential transformers is affected
slightly by changes in temperature of the windings
because the resistance of these windings varies as a
result of the temperature change. This change in
accuracy is usually under 0.1 percent for a 55 C change
in temperature.

WAVE FORM

Voltage waves that contain third harmonics hav-
ing 2 magnitude of as much as 25 or 30 percent of the
fundamental will be reproduced in the secondary waves
of most potential transformers with very little distor-
tion, and the transformer errors will be changed very
slightly. Waves that contain harmonics of a higher
order than the third may not be generated as accurately
because the amount of distortion increases as the
frequency and magnitude of the harmonics increase.
However, higher harmonics are usually of small mag-
nitude, and in this instance, will cause litcle error.

VOLTAGE VARIATION

Potential-transformer errors are not affected by
voltage variation unless the variation is of such magni-
tude as to change the ratio of exciting current to line
voltage. Thus, voltages that are lower than rated
voltage (nameplare rating) will not affect the accuracy
appreciably, but those voltages higher than rated may
cause saturation of the core—with resultant large
errors and excessive heating. Most transformers will
operate satisfactorily at 10 percent overvoltage, but
values higher than this may cause increased errors and
excessive heating.

FREQUENCY VARIATION

Normally, potential transformers are rated for
use at one frequency only, although many designs are
suitable for use on both 50 and 60 Hz circuits.

In general, an increase of as much as 100 percent
above rared frequency will increase the errors only
slightly, if at all. However, a decrease in frequency of
more than § or 10 percent may lead to serious trans-
former errors, as well as excessive heating.

As the frequency is increased, the flux density in
the core and the exciting current decreases, but the
reactance of both the transformer windings and the
burden increases. This increase in the reactance of the
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burden decreases the load current in the windings. Thus
the increased reactance of the windings tends to in-
crease the voltage drop in the windings; bur at the
same time, the decreased exciting current and load
current tends to decrease the voltage drop. The net
result depends on the design of the transformer in
question and the circuit constants of the burden; but
in general, only a very small increase in ratio and
phase-angle errors will result from a considerable in-
crease in frequency.

A decrease in frequency increases the flux density,
the exciting current, and the load current, while it de-
creases the reactance. However, again depending on
the design of the transformer, saturation of the core
may be reached with a relatively small reducrion in
frequency. At this point, very large errors and con-
siderable heating will take place.

EFFECT OF ERRORS ON INSTRUMENT READINGS

Both ratio errors and phase-angle errors are pres-
ent in potential transformers. However, only the ratio
error need be considered when potential transformers
are used as part of a voltage measurement. The read-
ing on the voltmeter will differ from the actual voltage
to be measured by:

1. The ratio of the transformer. This is a desirable
effect and is one of the principal reasons for
using the transformer in the circuit. This ratio
is marked on the transformer nameplate.

2. The ratio error. This is an undesirable effect.
For high accuracy of measurement, this error
must be taken into account when determining
the actual primary voltage from the reading
made in the secondary circuit. However, most
potential transformers have a ratio error that
is so small that it need not be considered in
the usual measurement of volrage.

For measurements of power where the phase rela-
tionship between the voltage and current vectors enter
the measurement (such as wattmeter readings), the
phase-angle error must also be considered. Since an
error in the voltage phase angle constirutes a shift in
phase between the position of the voltage vector in the
primary circuit and the corresponding voltage vector
in the secondary circui, the over-all result is to change
the phase relationship berween the voltage and current
in the secondary circuit as compared to their relation-
ship in the primary circuic. This will introduce an
error in the wartmeter reading in addition to the ratio
error. A graphical representation of this error is shown
on Fig. 9. As with the ratio error, however, this phase-
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angle ¢ -or is normallv so small that it can be neglected
in all bu the most exacting measurements.

In general terms, a Ratio Correction Factor
(RCF) greater than 1—for instance, 1.002—w:ill cav ¢
the meters and instruments in the secondary circuit to
read low (0.2 percent low for an RCF of 1.002).

A negarive (lagging) phase-angle error will cause
a wattmeter in the secondary circuit of a potential
transformer to read high (for the normal situation of
lagging line power factors). This results from the fact
tha’ = lagging potential phase-angle error decreases the
power .actor angle of the secondary circuit, over what
it was in the primary circuit, by decreasing the angle
by which the current lags the voltage as shown in Fig.
9. Since the watt reading results from the product of
the voltage, current, and power factor (cosine of
power-factor angle), a decreased angle gives an appar-
ent higher power factor which makes the wattmeter
read high.

STANDARD ACCURACY CLASSIFICATION

The USASI Standards for Instrument Trans-
formers, USAS C57.13, has standardized on a method
of classifying potential transformers as to accuracy.
As the accuracy is dependent on the burden, standard
burdens have been designated, and these are the bur-
dens at which the accuracy is to be classified.

The standard burdens have been chosen to cover
the range normally encountered in service and are
listed by the letters W, X, Y, Z, and ZZ, as follows:

USASI STANDARD BURDENS FOR POTENTIAL

TRANSFORMERS
Yolt-amperes Burden
Burden at 120 volts Power Factor
w 12.5 0.10
X 25.0 0.70
Y 75.0 0.85
Z 200.0 0.85
7 400.0 0.85

NOTE—USAS! Stondards state that standard burdens for potential
transformers shall have the same volt-ampere and power-factor
valves for all frequencles.

It should be pointed out that the burden of any specific
meter of instrument may approximate, but seldom is
the same as, any one of the standard burdens. The
standa. burden serves merely as a standardized refer-
ence point at which the accuracy of the transformer
may be stated. ’

The accuracy classification as given by USASI
is as follows:

USASI ACCURACY CLASSES FOR POTENTIAL
TRANSFORMERS

Limits of Ratio Cor-
Accuracy 'rection Factor and
Class ' Transformer Cor-

! rection Factor

Limits of Power Fac-
tor (Lagging) of Me-
tered Power Load

12 | 10120988 0.6-1.0
0.6 ! 1.006-0.994 0.6-10
0.3 1.003-0.997 0.6-1.0

The limits given for each occuracy class apply from 10 percent above
rated voltage to 10 percent below rated voltage, ot rated frequency,
ond from no burden on the potential transformer to the specified
burden.

The Ratio Correction Factor (RCF) has been defined
as the factor by which the marked ratio must be
multiplied in order to obtain the true ratio.

The Transformer Correction Factor (TCF) repre-
sents a method of setting down in one number, the
combined effect of the ratio error and the phase-angle
error on wattmeter or similar measurements where the
change in power factor from primary to secondary cir-
cuits enters the measurement. TCF is dcfined as the
factor by which a wattmeter reading must be mulciplied
to correct for the combined effect of the instrument
transformer ratio correction factor and phase angle.
The limits of TCF, as indicated in the table above,
have been set up by USASI for the range of load
power factor set forth in the table. If the power factor
of the primary circuit is outside this range, the TCF
of the transformer also may be outside the limits spec-
ified, even though the transformer is correctly listed
as one which will meet a certain accuracy class.

Since published data on potential-transformer
characteristics, as well as the data given on transformer
calibration certificates, are usually given in the form
of ratio correction factor and phase-angle error, it is
necessary to have a means of interpreting these data
in terms of the accuracy classification given in the
rable. This is done as follows:

For any known ratio correction factor of a given
potential transformer, the positive and negative limiting
values of the phase-angle error (v) in minutes may
be adequately expressed as follows:

vy=2600 (TCF —RCF)t.

{The formula—y = 2600 (TCF-RCF)—2nd the ‘Earzllclogrzms of Fig.
10 derived from ic are agproximarc only. The correct formula 1s:
RC

Cos (53.13°+) =0.6 ICF However, the approximate formula in-

troduces very little crror into the calculation and is entirely adequate
for normal purposes.

R
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PHASE RELATIONS IN INSTRUMENT TRANSFORMERS

The USASI Standards designate all leading transformer angles as positive. Based on this, the accompanying diagroms show graphically the
phase relations in the primary and secondary circuits of o typical case and the derivation of the correction foctor for that case.,

v i w — N
Ps v 78 ) ps Ves NOTES:
// / \/ ,I I PS V. Curved arrows show direction of rotation of vectors,
/ \ 2. In these diagrams, the length of vectors for effec.
/ \ tive values (for example, Vps and Ip,) should be 0.707
A - N times the peak of instantaneous volues (for example,
/ A 8 =45° vps and ips).
8
VPS=V' ~
4
No. } .,.L_)': Q°
Showing relation between current and voltage in the primaries of Ips=1Ig

turrent and potentiol tronsformers respectively, the circuit having a
power factor of 0707, current lagging.

o
‘45 B=o°
Ve TVvg . ig - Ws ATV,
/ /N 1
/ / ‘(\ 7 s . No. 3
/ \ Showing B of No. | combined with B of No. 2. Phase-
A = z angle correction factor equals
/ A B, = 45° 038 _cos 45"=0.707=]o
: cos O, c¢os 45° 0707
No. 2

Showing relation between current and voltage in the secondaries
of current and potential transformers respectively, when both trons-
formers have zero phase-angle error, and line power factor is
0.707, current lagging. B, is the apparent power-factor phase angle.

Ve o \ ~

W
Is yE- 18° —»
8a29° Ig
Ips
i = +18°
is . B:=+18
A o °
as 84:9
vs
No. 5
No. 4 Showing B of No. 1 combined with B of No. 4. Correc-
. tion factor equals
Showing same o. .'c. 2, except that the current transformer has cos 6 =508 45°=°]°7=0.7|6
@ —18-deg phas: .~;ie error and the potential transformer has a cos O, cos 9° 0.987

+18-deg phase-- ie error. {Exaggerated angles used to make
effect visible.) B- - ‘hese ang’es bring the secondary voltage ond
current vectors ¢l - together .han they are in the primary, thereby
making the wattm. - read high.

Fig. 9. Phase relalions in instrument transformers
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Fig. 10. Porollelograms showing grophical equivolent of USASI accuracy classes 0.3, 0.6, ond 1.2 for potential transformers

TCEF is taken in turn as the maximum and minimum
values of transformer correction factor specified in the
table, and RCF is the ratio correction factor of the
potential transformer under the conditions that are
being checked. This relationship is plotted for the
various accuracy classes on Fig. 10.

By means of this USASI system, the accuracy of
a potential transformer may be described by listing
the best accuracy class which it meets for each burden.

Thus, a potential transformer may be accurate
enough to be rated:

0.3 W,03X,03Yand037Z
while another may be:

0.3 W,03X,06Yand1.22Z
or still another:

03 W,0.6Xand 1.2 Y.

In the last example, the omission of any reference
to accuracy at the Z burden i:d’cates that the error is
greater than that specified for the poorest accuracy
class atr this high burden and, thus, no figure can be
given.

It should be noted that the foregoing system pro-

vides a method of classifying transformers as to accu-
racy, but it does not give the specific error for any
given transformer beyond the fact that it is within a
certain range. Thus, for accurate measurements, the
actual error of the transformer must be known and
taken into account in the measurement. For high-
accuracy mcasurements, this information may be ob-
tained from a calibration certificate or other calibra-
tion result on the particular transformer in question.
A reasonable approximation of the accuracy may be
obtained also from the characteristic accuracy curves
listed in the descriptive literature for all types of po-
tential transformers.

THERMAL BURDEN RATING

It is not the usual practice to apply burdens on
potential transformers in excess of their volt-ampere
rating, as good accuracy of transformacion will not be
maintaincd under these conditions. However, an occa-
sional application is encountered where some particular
ratio or other fearure of a potential transformer makes

13
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it desirable to use this type of transformer for supply-
ing power, rather than for measurement purposes. In
such situations, it is usually possible to place burdens
which are considerably higher than the volt-ampere
rating on the secondary circuit, without encountering
excessive heating that would shorten the life of the
cransformer. The limit of such burden is called the
Thermal Burden Rating of the transformer and is given
in volt-amperes. Normally, this information may be
fo. d in the descriptive literature concerning each
type of transformer.

SECONDARY BURDENS

It has been stated before that the burden on the
secondary circuit of a potential transformer affects the
accuracy of that device. Therefore, to predict the per-
formance of a particular transformer that is to be used
in a certain circuit, the burden of the various meters
and instruments in the secondary of this circuit must
be known. Burden data for General Electric Company
apparatus are listed in Publication GET-1725 as well
as in the descriptive literature for each class of ap-
paratus. :

It is often found desirable to connect several
meters or combinations of devices in parallel on the
secondary of potential transformers. In these cases, it is
necessary to compute the total burden of such a com-
bination of devices.

For many purposes, it is sufficiently accurate to
add arithmetically the volt-ampere burden of the indi-
vidual devices involved. In case the impedance burden
only is known, the volt-ampere burden can be calcu-
lated from the relationship:

V2
VA—Z
where E is the voltage drop across the burden and Z,,
is the burden impedance.

This method is followed, for example, in deter-
mining wheth :r or not a transformer will have exces-
sive burden. In those cases where a calculation on this
basis indicates too much total burden, it is advisable
=~ recalculate, taking the power facror into account.

For convenience in combining burdens in thosc
cases where it is necessary to consider the power facror
of the ‘mpedance, the chart shown in Fig. 11 has been
constructed. Thus, it is possible to readily work out
burden combinarions graphically, without using a com-
paratively complicated mathemarical process.

The chart consists of a quadrant laid off in polar
co-ordinates, superposcd on rectangular co-ordinatcs.
The radii of the polar plot arc drawn at angles that

correspond to even values of power factors. These
radii are sufficient in number to permit the determina-
tion of power factor with reasonable accuracy. The
radii of the polar plot and the ordinates and abscissas
of the rectangular plot are laid off in ohms and volt-
amperes to a common scale. Thus, a certain value of
impedance or volt-amperes at a certain power factor
determines a point in the polar plot. Reference to the
same point on the recrangular plot gives the inductive
component (reactance or reactive volt-amperes) as
ordinate, and noninductive component (effective resist-
ance or watts) as abscissa. Inducrance in henrys equals
reactance divided by 2 =f, when f=frequency.

It should be noted that the chart has two distinct
sets of scale values, and care must be taken to use
corresponding scales on the two different plots. The
set of values should be used that will locate the point
farthest from zero. Also, it should be noted that the
decimal point in the scales may be transposed to any
desirable point, so long as it is moved correspondingly
on both the polar and rectangular plots.

The chart can be used for the following purposes:

1. To determine the combined impedance and
power factor of combinations of such devices (either
porential or current) as are listed in Publication GET-
1725, or other devices on which similar dara are
available.

2. To determine the components of an impedance
for the purpose of determining the toral (or equivalent)
impedance of a combination. The power factor must
be known.

3. To determine the total output required by a
combination of devices whose volt-amperes and watts
are known values.

4. To determine the components of the outpur
required by separate devices for the purpose of deter-
mining the total output required by a combination.

An example of its application to the problem of
combining potential-transformer burdens is as follows:

Required: To determine the tc-al volt-amperes and
power factor of the burden on a potential transformer
to which are connected: _

One Type 1-50, 120-volt warthour mcrer,

Onec Typ~ AB-18, 150-volt voltmeter, and

Onc Typc AB-18, singlc-phasc wattmeter.
From Publication GEET-1725, burden data may

be found as follows: Watts Vars
Watthour Mcter 1.1 8.2
Voltmceter 4.7 0.9
Warttmeter 2.1 0
Toral 7.9 9.1
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Using scales A (bv multiplying the above values
by 10), locate a point in the recrangular plot by using
7.9<10 as an abscissa and 9.1 X 10 as an ordinate. This
point falls on the radius 0.66. which gives this value
as the power factor of the total burden. Then, follow-
ing the arc (imaginary) on which the point is located
to the radius marked in toral velt-amperes, 12.0X 10
will be noted as the volt-ampere burden.

CORRECTION FOR ERRORS

The USASI accuracy classification of all GFE. po-
tential transformers is listed in the descriptive litera-
turc for this apparatus. Some designs have the accuracy
listed directly on the nameplate.

The accuracy classification indicates the perform-
ance levels of the various types of transformers. For
many mcasurements, the maximum errors thus indi-
cated are so small that they can be neglected without
scriously affecting the over-all accuracy of the meas-
urement. In other mcasurcments, high accuracy is
required, and corrections for potential-transformer
crrors must bc made. In such situations, the USASI
classification of crrors is not suitable for making these
corrections, so characteristic curves or test data must
be uscd. Procedurc for obtaining complete accuracy
characteristics from certificate of test values furnished
with General Electric butyl-molded potential trans-
formers is contained in the Instrument Transformer
Data Book Publication No. 220TD.

DETERMINATION OF ERRORS FROM
CHARACTERISTIC CURVES

Characteristic curves for potential transformers
are published in the descriptive literature in 2 form
similar to that shown on Fig. 8. This curve lists the
ratio correction factor (RCF) and the phasc-angle
error (), from zero to rated burden in volt-amperes,
for each of the scveral burden power factors speci-
fied by USASL. In general, the accuracy of individual
transformers of a given type will match the charac-
teristic accuracy curves for that type within the fol-
lowing limits: ratio correction factor may vary =0.002
and phasc-angle error may vary =7 minutes from the
curve values. Thus, an RCF of 1.004, as rcad from
the curve, may be actually anywhere within the range
of 1.002 to 1.006 for any specified transformer. A
phase-angle error of +12 minutes may be actually +5
minutes or +19 minutes. Of course, this variation is
for the general case; many designs have variations
smaller than this, although very few individual trans-
formers will cxceed this range.
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DETERMINATION OF ERRORS FROM TEST DATA

Correction data for porenrial-transformer crrors
may be obrained from test results on the particular
transformer. as well as from characreristic accuraey
curves. Such data are usually raken at the same burden
and voltage at which the hnal mcasurement is to be
made so that calculation of crrors under other condi-
tions is usually unnccessary; however, the general
methods outiined in the Instrument Transformer Data
Book 220T D) may be emploved.

The accuracy with which the rest data are taken
will, of course, affect the accuracy of the corrected
final measurement. Certificates of Test for potential
transformers. issued by the General Electric Company,
guarantee the ratio correction factor to be within
=0.001 of the figure given and the phase-angle error
to be within =3 minutes. Correction of errors by this
means gives the best accuracy for the particular po-
tential transformer used.

RATIO ERROR

If no errors were present, the voltage that exists
in 2 particular circuit would be the voltage measured
in the secondary of a potential transformer connected
in that circuit, multiplied by the marked ratio of the
transformer. However, two errors may be present in
such a measurement—an error in voltage in the volt-
meter, and an error in ratio in the transformer. The
error in the volrmeter may be corrected by applying
the proper correction factor from a calibration curve
or other dara for that device. (See General Electric
Company Instructions GEJ-121 for further information
on instrument corrections.) 1he error in ratio can be
corrected by multiplying the marked ratio by the ratio
correction factor to find the true ratio. The primary
voltage, thus, equals:

Primary voltage=Corrected  secondaty-voltage

measurement X ratio X RCF.
The RCF may be found for the burden imposed on the

transformer by reference to the characteristic curves
or test data for the transformer.

PHASE-ANGLE ERROR

Potential-transformer phasc-angle errors do not
affect the accuracy of ordinary voltage measurements,
bur do introduce crrors into wattmeters or other
measurement devices where the power factor of the
circuit to be measurcd enters into the measurement.
This may be secn by reference to Fig. 9. For many
purposes, these errors are too small to warrant cor-
recrion. For other higher accuracy measurements. they
must be considered to achieve the desired accuracy.
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For such high-accuracy measurements, several

errors in phase angle must be considered, including that-

introduced by the potential transformer. These errors
are: (1) the phase-angle error of the potential trans-
former; (2) the phase-angle error in the potential cir-
cuit of the wattmeter, if one is used in the measure-
ment*; and (3) the phase-angle error of the current
transformer, which is often used in wattmeter measure-
ments. Of course, the wattmeter scale correction, and
ratio errors of both the potential transformer and
current transformer, must also be considered.

TYPES OF POTENTIAL TRANSFORMERS

Potential transformers are, of course, made in
many voltage ratings. In general, instrument trans-
formers for use on circuits rated 25,000 volts and
above are suitable for use out-of-doors. Transformers
for circuits below this voltage are usually molded of
specially compounded butyl that is suitable for out-
door service. Also, several specific indoor potential
transformers are available ro fulfill the requirements
of certain service conditions.

Portable potential transformers are normally used
for test purposes. They are equipped with handles, for
convenience in transport, and they may be specially
calibrated for high accuracy testing.

Phasing transformers are also available for use
with wattmeters or watthour meters. These trans-
formers operate by shifting the phase of the volrage
applied to these end devices so that they can be used
for measuring vars (reactive volt-amperes).

Fig. 13. Type JYW.4 butylmelded instrument potential transformer for
outdoor service; rated 8.7 kv

Outdoor potential transformers in the higher
volrage range (generally 25.000 volts and above) are
made in two distinct styles. One has two high-volrage
primary bushings and is suitable for either line-to-line
or line-to-neutral applications. The other has only one
high-volrage primary bushing. The other end of the
primary winding is brought out at 2 low-voltage
bushing and grounded. See Fig. 14 and 15.

* There is no corresponding error in 2 watthour meter.

Fig. 12. Type JVM-3 instrument potential tronsformer for iadoor service;
two-fuse model; rated 5 kv

Fig. 14. Type JVT-200 SUPER4BUTE? instrument potentiol troasformer for
outdoor service; rated 34.5 kv

t Trade-mark of General Elcctric Company.
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Fig- 15. Type JV5-350 SUPER#BUTE instrument potential transformer for
outdoor service; rated 69 kv

Table 1, below, lists the various standard ratings
of potential transformers as set forth in USASI Stand-
ard C57.13.

APPLICATIONS

Potential transformers are used in many different
types of circuits and for many different purposes. A
typical connection of a voltmeter and potential trans-
former for the measurement of voltage is shown in
Fig. 16. Other typical circuits, measured by various
meters, instruments, and relays by the use of both po-
tential and current transformers, are shown in Fig. 19
through 25 inclusive.

"~ When applying potential transformers, consider-
ation should be given to the particular type of system

in which the transformer is to be placed to be sure

that the transformer has the proper insulation for the
system in question. Table I, reproduced from USASI
Standard C57.13, lists the standard ratings for poten-
tial transformers and the types of circuits on which
they can be used. Figure 26, reproduced from the
same publication, gives typical examples of three-
phase systems and the manner in which various poten-
tial transformers may be connected in these systems.

TABLE I

STANDARD INSULATION CLASSES, MARKED RATIOS, PRIMARY-VOLTAGE RATINGS, AND A
DIELECTRIC TESTS FOR POTENTIAL TRANSFORMERS

Nameplate Marking Dielectric Tests
QSual Per- Impulse Test
. Circuit missible Low-
Insu- an;;{i';:}mge (Y{‘;ltl::egset Trans- fre- Chopped Wave
lation Marked Rated Voltage Stagdard . former quency Full
Class Ratio Line-to-Line Value Is Con- Test Crest | Min. Time to| Wave
(Kv) (Volts) Shown) nection (Kv Volt- Flashover (Kv
RMS) age (Micro- Crest)
(Kv) seconds)
Group 1: 1.2 to 15 Kv, full insulation, Y voltage limit equals /3 times A voltage limit
0.6 1:1 120/208Y 120 AorY 4 12 _ 10
208 Y only
2:1 240/416Y 240 AorY 4 12 —_ 10
416* | Y only
2.5:1 300/520Y 277 AorY 4 12 _ 10
) 480 Y only
1.2 1:1 120/208Y © 120 Aor Y 10 36 1.0 30
208 Y only
2:1 240/416Y . 240 AorY 10 36 1.0 30
' 416* | Y only
2.5:1 300/520Y 277 AorY 10 36 1.0 30
480 Y only
4:1 480/832Y 480 AorY 10 36 1.0 30
. 832* | Y only
5:1 600/1040Y 600 AorY 10 36 1.0 30
. 1040* Y only
5.0 20:1 2400/4160Y 2400 AorY 19 69 1.5 60
4160 Y only

* These system volrages are not listed in Standard Volrage Racings for A< Systems, USAS C34.
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TABLE I (Cont.) .

s
STANDARD INSULATION CLASSES, MARKED RATIOS, PRIMARY-VOLTAGE RATINGS, AND
DIELECTRIC TESTS FOR POTENTIAL TRANSFORMERS
Nameplate Marking Dielectric Tests
Usual
. Circuit mir;?i.i;]e Low- Impulse Test
Insu- an;;tyi-l:rg}tage (}’{oilt:get Trans- fre- Chopped Wave
lation Marked Rated Vol'tage Stagd:sd former quency Full
Class Ratio Line-to-Line Value ; Con- Test | Crest | Min. Time to| Wave
(Kv) (Volts) Shown) | nection (Kv | Volt- | Flashover | (Kv
n RMS) age (Micro- Crest)
(Kv) seconds)
Group 1: 1.2 to 15 Kv, full insulation, Y voltage limit equals V3 times A voltage limit (Cont.)
8.7 35:1 4200/7280Y 4200 AorY 26 88 1.6 75
7280* | Y only
40:1 4800/8320Y 4800 AorY 26 88 1.6 75
8320 Y onlv
1S L 60:1 7200/12470Y 7200 AsorY 34 110 1.8 95
12470 Y only
70:1 8400/14560Y 8320 AorY 34 110 1.8 95
13200 Y onlv
15 H 60:1 7200/12470Y 7200 AorY 34 130 2.0 110
12470 Y only
70:1 . 8400/14560Y 8320 AorY 31 130 2.0 110
13200 Y only
Group 2: 0.6 to 161 Kv, full insulation, Y voltage limit equals A voltage limit
0.6 1:1 120/120Y 120 AorY 4 12 —_ 10
0.6 2:1 240/240Y 240 AorY 4 12 —_ 10
0.6 2.5:1 300/300Y 300 AorY 4 12 _— 10
- 0.6 4:1 480/480Y 480 AorY 4 12 —_ 10
- 0.6 5:1 600/600Y 600 AorY 4 12 — 10
2.5 20:1 2400/2300Y 2400 AorY 15 54 1.5 4s
5.0 40:1 4800/4800Y 4800 AorY 19 69 1.5 60
8.7 60:1 7200/7200Y 6900 AorY 26 88 1.6 7
15 L 100:1 12000/12000Y 12000 aorY 34 110 1.8 95
120:1 14400 /14400Y 14400 AorY 34 110 1.8 95
ISH 100:1 12000/12000Y 12000 aAorY 34 130 2.0 110
120:1 14400 /14400Y 14400 AorY 34 130 2.0 110
25 200:1 23000/24000Y 24900 AorY 50 175 3.0 150
34.5 300:1 34500/34500Y 34500 AorY 70 230 3.0 200
46 400:1 46000 /46000Y 46000 AorY 95 290 3.0 250
69 600:1 69000 /69000 69000 AorY 140 +00 3.0 350
92 800:1 92000/92000Y 92000* AorY 185 520 3.0 450
115 1000:1 115000/115000Y 115000 AorY 230 630 3.0 550
138 1200:1 138000/138000Y 138000 AorY 275 750 30 650
161 1400:1 161000/161000Y 161000 AorY 325 865 3.0 750
Group 3: 25 Kv to 345 Kv, reduced insulation at neutral end, GrdY application only
: ~ 120 & 200:1 14400 for 25000GrdY 24900 | GrdY only - - - -
> ~ 175 & 300:1 20125 for 34500GrdY 34500 GrdY only - - ~ ~
3 240 & 400:1 27600 for 46000GrdY 46000 | GrdY only 3 3 3 3
iy 350 & 600:1 | 40250 for 69000GrdY 69000 | GrdY only | & » wn »
S | 480 & 800:1 | 55200 for 92000GrdY | 92000* | GedY only | 5 5 5 S
D 600 & 1000:1 69000 for 115000GrdY 115000 | GrdY only o) o] o) o]
-y 700 & 1200:1 80500 tor 138000GrdY 138000 | GrdY only = -y = =
- 800 & 1400:1 92000 for 161000GrdY 161000 | GrdY only - - ~ ~
& | 1000 & 1700:1 | 115000 for 196000GrdY | 196000* | GrdY only | & & & &
§ | T200 & 2000:1 | T38000 for 230000GrdY |~ 230000 | GrdY only | B g g Kl
¢ | 1500 & 2500:1 | 172500 for 287000GrdY | 287000* | GrdY only | & & oy A
S | 1800 & 3000:1 | 207000 for 345000GrdY { 345000 | GrdY only = = = 5
. Z |72500 & 4500:1 | Not Established 500000 | GrdY only | & Z z zZ
L 4

* These system voltages are not listed in Standard Voltage Ratings for A-¢ Systems, USAS C84.
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LINE LOAD
Hl

Potennal tronsformer —=

X,

Fip. 16.  Connection diogram of a voltmeter with potentia ircasformer

YY-CONNECTED

It is often desirable to connect potential trans-
formers with their primaries connected in Y and the
secondaries connected either in Y or broken delta. For
a typical example, see Fig. 27.

Such connections permit satisfactory operation on
three-phase, four-wire, grounded-neutral systems, and
on three-phase, three-wire systems if both the neutral
of the circuit (the section to which the transformers
are connected) and the neutral of the transformer pri-
maries are solidly and permanently grounded.

However, special consideration should be given
to such connection of potential transformers on iso-
lated-neutral systems or on systems grounded through
a2 high impedance. Excessive voltage and neutral in-
stability may occur as a result of circuit faules, if
grounded-neutral potential transformers are connected
to such isolated-neutral systems. Most potential trans-
formers are designed to withstand the higher voltage
during emergency operation after circuit faults; how-
ever, the insulation will deteriorate rapidly during such
operation. The neutral instability* may be avoided by
the use of adequate noninductive secondary burdens.
Thus the use of such circuits is possible, but special
care is necessary.

FUSING

It is 2 general rule that fuses should be used in
both the primary and secondary circuits of potential

LINE H, LOAD
H'w

A .

I' "Y1 Potential transformer

Current trcnsiotm.r 7 P X,

X,

IO

= L3

Fig. 17. Connection diogrom of a waottmeter with current owd potential
transformers

transformers. This is done to protect these devices from
high currents due to circuit faults and, conversely, to
protect the circuits from faults that may occur in the
potential transformers or in the secondary circuics
attached to them.

However, there are several exceptions to this rule.
It is general practice to omit the fuses in the connec-
tions to grounded terminals of potential transformers.
This practice is essential in the case of single-primary-
bushing-type potential transformers. In addition, for
certain applications involving regulators or protective
relays, where the continuity of excitation to these de-
vices is more important than the possibility of damage
to the transformers, it is customary to omit the fuses.

Primary Fuses

Primary fuses must be so selected that they will
perform the following functions:

1. Interrupt the maximum short-circuit current
which may occur at the point of fuse installation.

2. Open the circuit if a short circuit occurs at

-* ~.. =
UNE FRONT ’ ’
VIEW
e A B ) g S——
|\ i
L l
Y S S |
oD Qg FTJ o
H, Fuses X, ' . ..__,
<
H, njx.
&
=
LOAD )
Fig. 18. Connection diogram of @ watthour meter with current ond potential
tronsformers

*This general subjece is discussed in the paper entitled Crileria for Neutral Stability o Wye-Grounded Pri Broken-Deltu-Secondary T,
Circzsts by H. S. Shott and H. A. Peterson: AIEE Transactions, Vol. 60, 1941, PP- 994—1(!)2. @ Trmen e Seeondary Tramsformer
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Potential Transformers

A-c bus A-c bus
Fuses
Potential i
D-¢ control bus + transformers—==
- D-¢ control bus
T +
Greuit Trip coil ?Fuse;
breaker — Gircuit | Trip coil
’Awulmry switch open when breaker Auxiliary switch open when

T circuit breaker is open

Type IAV5IA relay

kSl

Potential transformer

o 3E

Fuses _l__

{e) With PT's connected line-to-line

T‘/ circuit brecker is open

Type IAVSIA relay

Isi

<

(b} With PT's connected line-to-ground

Fig. 19. Coasection diograms of overvoltoge relays with potential tronsformers

A bus

310

W uJ?
Greuit ' x-'w

breaker Potential
transformers

G
aisie{ =
N

Current transformers Device Function Number

67N—Directional ground reiay (Type ICP)

Fig. 20. Conmection diogrom of potentiol-polarized reloy with current ond
poteatial tronsformers

(or electrically close to) the potential-transformer-
secondary terminals.

3. Maintain the circuit uninterrupted under the
action of the inrush magnetizing current to the trans-
former, which occurs during switching operations.

The maximum short-circuit current may be cal-
culated by assuming a zero impedance fault at the
point of fuse installation. A current-limiting fuse (such
as the GE Types EJ-1 and EJO-1) which has a voltage
rating equivalent to the line-to-line voltage of the cir-
cuit, and an interrupting rating equal to or greater than '
the calculated short-circuit current, will interrupt this
maximum current safely. However, other types of
fuses are generally made with such low interruption
ratings that they require a series resistance to limit
the current to a value within the interrupting capacity
of the fuse.

Faults which occur near the secondary terminals
causc a primary current to flow, and this current will
usually blow the fusc if the fuse is properly selected.
However, if a fuse of too low a current rating is chosen,
it will blow on the inrush current to the transformer
during switching, which is, of course, undesirable.

As the hearting effect (which actually melts the
fuse link) of the maximum inrush current and of the
primary current due to secondary short circuit at the
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VIEW
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{b) Type I-50.S

Fig. 2. Coanection diograms of single-phase wetthour meters for 3-wire, single-phase circuits, showing use of 2.wire meters in 3-wire circuits by means of
3-wire current tronsformers

terminals are known quantities for any given trans-
former, the manufacturer is able to apply primary
fuses to porential transformers. These fuses will give
the maximum protection to both the circuit and the
transformer, without causing unnecessary interruptions

to the circuit. Thus the fuses supplied with fused
potential transformers should be replaced, when neces-
sary, with fuses of similar characteristics. In those
situations where separately mounted fuses are em-
ployed to carry the primary current of more than one

H, H,
LINE Neutrglng 3 5 & LINE b S 4
1 1M, 7 XX AR L
> N | P28 B 9 ’ b=+
L_::'H-L:;, Potential transformers X1 H: X, LOAD L;:“.:H.l,:.“‘? Porential tronsformers  Xt| M X, LOAD
X, X, X, X,
= [ —, =

Current tronsformers

{a) Two-phase, 3-wire circuit, balanced or unbal

d voltage or load

Current transformers

4

(b) Three-phase, 3-wire circuil

Fig. 22. Connmection diagroms for a polyphase wattmeter with current ond potentiol tronsformers
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Fig. 23.  Coamection diograms of watthour meters for Jwire circuits with current ond potestial tromsformers

transformer, special consideration should be given to
the selection of fuses. Assistance in ordering the cor-
rect fuse type may be requested from the nearest GE
Sales Office.

Secondary Fuses

The selection of primary fuses represents, among
other consideracions, a current rating large enough to
maintain the circuit during switching surges. There-
fore, faults in the secondary circuit thar are electrically
distant from the terminals may not cause sufficient
primary current to blow the fuses, because of the
impedance in the secondary circuit.

Sccondary fuses should be used to protect the
transformer from such short circuits. The General
Electric Company standard 10-ampere cartridge fuse
may be used for such service, but special precaution and
inspection should be employed to derermine that the
contacts berween the fuse and its support do not in-
troduce extra resistance into the circuit. This addi-
tional resistance would affect the accuracy of secondary
measurements.

Errors Due to Fuses and Leads

The resistance of fuses and secondary leads affects
the accuracy of indication of secondary intsruments
and meters. This is due to the voltage drop, which de-
pends upon the current and the resistance of the fuses,
etc. If GE fuses are used, the error due to the drop in
them need cause no concern. These fuses are so de-
signed as to keep the voltage drop in them less than
0.1 percent up to rated ourput of the transformer,
Secondary-lead resistance, however, cannor be neg-
lected because in many instances, where long leads and
heavy burdens are unavoidable, the voltage drop in the
leads may be relatively large. This can be checked
easily by 2 simple calculation, if the lead resistance and
secondary burdens are known.

In those instances where corrections for ratio and
phase angle are to be applied from certified tests,
equivalent resistance should be included at the time of
test. In other cases, these resistances will generally
have only a negligible effect on the accuracy. However,
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Fig. 24a. Connections for Types D5-63, DSM-63, ond DSW-63 meters

it is best to check this point even when only approxi-
mate accuracies are involved, as the drop might deserve
consideration in some such cases. For example, if the
transformer is operatmg at 200 volt-amperes, and the
secondary-lead resistance is 0.5 ohm (550 feer of No.
10 Awg copper wire), there will be 2 voltage drop of
0.87 volt, which is 0.75 percent of rated voltage.

It must be remembered also that not only the volt-
age drop itself must be considered, but also the effect
of this drop on the phase of the voltage applied to the
instruments and meters in the secondary circuit. In
other words, it is only by vector solution that the effect
of these resistances can be cared for correctly.

TESTS

Various tests are made on potential transformers
by the manufacturer to insure that the transformers
meet the requisite specifications. Similar tests are made
also by the user to insure that the devices continue ro
meet the specifications. A very brief outline of the
various test methods that can be employed is explained
in the following section.

24
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Fig. 24b.  Connections for Types DS-85, DSM-65, and DSW-65 meters

ACCURACY

Voltmeter Method—This is the simplest method for
determining ratio. With suitably rated voltmeters con-
nected in the primary and secondary circuits, the ratio
of the transformer is the ratio of the two volrages
measured by these instruments. The range of this
method is very limited because voltmeters rated over
600 volts are not available ordinarily. However, the
range can be extended by using a calibrated potential
transformer in the test circuit.

Resistance-potentiometer Method—This is the earliest
precision method that was developed. A multi-rated
resistance potentiometer, designed to minimize the
effects of inductance and capacitance, is used o obrain
a voltage—approximately 120 volts—which represents
the voltage applied to the primary of rhe potential
transformer undergoing test and which is compared
with the secondary voltage through a suitable detector.

One method by which phase angle can be obtained
is by comparing the same two voltages, using the two-
wattmeter method with both instruments excited from
the samc source, so that the difference in deflection
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Fig. 25. Conmection diogroms of watthour meters for 4-wire,

represents the difference in phase between the two
voltages. Another method uses a mutual inductor and a
vibration galvanometer.

Capacitance-potentiometer Method—By substituting ca-
pacitors for resistors, the same method as that of the
resistance potentiometer can be employed. The
capacitance-potentiometer method provides a marked
reduction in the floor space required and in cost because
the resistances must be shielded and, thus, are large and
expensive. The equipment operates like 2 Schering
bridge and can be designed to be self-calibraring.

Comparison Method—T his is a modification of the basic
“potentiometer” method. Instead of reading the pri-
mary and secondary voltages, the secondary voltages
of 2 calibrated “standard” transformer and the trans-
former undergoing test are compared with each other
by using a null method. This null method is essentially
the resistance-potentiometer method previously de-
scribed. The comparison method, of course, requires
the use of a “standard” potential transformer with a
rating which corresponds to that of each potential
transformer involved in calibrating.
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POLARITY

Polarity is checked automatically in practically
all ratio and phase-angle test methods or it may be
determined by any one of several methods described
below. The choice of the method will depend generally
upon the apparatus available. However, it must be
remembered that there is an element of danger in
making polarity tests. This is dependent to some
extent on the method used, the amount of potential
applied, and the possibility of making a wrong con-
nection.

D-¢ Test

Connect 2 d-c permanent-magner moving-coil-
type voltmerer, preferably one with a 150-volt range,
across the high-voltage terminals of the transformer,
with the marked primary terminal of the transformer
connected to the plus terminal of the voltmeter. Then
connect two dry cells in series; the plus terminal of the
battery to be arrached to the marked secondary ter-
minal of the transformer. Make an instantaneous con-
tact between the negative terminal of the battery and
the unmarked secondary terminal of the transformer,
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A deflection or ‘‘kick” will be indicated on the volt- direction, the transformer leads are marked correctly.
meter. If the initial “kick” (the one resulting from If the initial kick is downscale, the marking on the
making, not breaking, the circuit) is in the upscale transformer is not correct.
NOMINAL 3-PHASE SYSTEMS POTENTIAL TRANSFORMERS
Group 1—2400/4160 Y
2400°V°" *
system— ¥ * The above trans.
neutral ‘ 2420\/ 2400V :3 g formers may be
grounded or 1 {3 connected line-to-
ungrounded 2400V 1 i g line on a 2400-volt
$ [ system
L35 OR
4160-volt } Line~to-neutral
system— 4160V f g on a 4160-volt
neutral ¥ a160v system
grounded or f f g
4 wire 4160V | 2400v 2400V
T e || 3
o= ‘f" it
Group 2—2400/2400 Y
} ¥ \ ¢ The cbove trans-
2480\/ 2400V : 3 g formers may be
v ¥ ; connected line~
2400-volt 2400V ;3 g to-line on a
] T Y 2400-volt system
system— P\ - . s
neutral ) 3 L but ore limited
grounded or * =t by im;'gﬁon
ungrounded 2400V f g o
‘ AT o o
R , 3
1387v the same voltage
24;0V ! l38'7V A (2400)

69,000-volt ! Group 3—40,250 For 69,000 Grd Y
system— - C One primary terminal
neutral ) 63,000V f E of each transformer
grounded or 1 ; 69,000V ¥ C is not fully insulated
ungrounded . and must be con-
39,800V
69,000v . 39,800V " g nected to ground
1 39,800V l l =
NOTE TO GROUP 3: The double ratio for the transformers in scme rated voltage in the secondary from line to neutral as from
Group 3 is obtained by two secondary windings, to provide the line to line.

Fig. 26. Typicol primory coanactions for potentiol tronsformers

26



)

Potential Transformers

A-c Tests

A-¢ Voltmeter Test—The relations existing be-
tween volrages, as explained in the USASI Standards,
suggest another method for checking polarity; namely,
to excite the transformer at a low voltage and compare
the voltage across one winding with the voltage across
both windings in series. For high ratios (say over
100:1), cthis method is not very practical because the
difference between the two voltages being measured is
too small to be observable with ordinary instruments.
Furthermore, there is a potential hazard to be con-
sidered; that is, the possibility of exciting a low-voltage
winding instead of a high-voltage winding, thereby
producing dangerous voltage on the transformer.

Potential transformers

Ungrounded

system

Primaries Secondoaries

Fig. 27. Potential transformers connected Y-Y with grounded mevtrol oa
otherwise ungrounded system

Substitution Method—Another alternative is to
use a substitution method, provided that a transformer
of known polarity is available. One way of making
this test is illustrated by Fig. 28. Connect the trans-
former with known polarity into this circuit, then, in
place of this transformer, substitute the transformer of
unknown polarity. If the wartmeter deflects in the same
direction in both cases, the polarities of the two trans-
formers are alike.

Differential Method—In this method of making a
polarity test, as illustrared by Fig. 29, the primaries
of both the “standard” and “test” transformers are
excited simultaneously, and 2 voltmeter is used to
make a differential measurement in the secondary cir-
cuits. The volumeter should read Vg and Vg, (arith-
metical sum) when the polarities are in accordance
with this illustration. '

INSULATION

Boch high-potential tests at 60 Hz and impulse
tests are used to check the insuladon of potential
transformers. The test values specified by USASI for
these tests are listed in Table I, page 18. A descrip-
ton of the requirements and test methods may be
found in USASI Standard C57.13.

The test values listed in Table 1 are for factory
dielectric tests that are designed to check the insulation
and workmanship of individual rransformers. All di-
electric tests impose a severc stress on the insulation

> &

H,
Load
A-c supply Wattmeter
x' Co—
. H\OJH
Potenticl o o
ransformer

Fig. 28. Connection diogrom of o potentiol transformer ond the associcted
equipment used to determine the polarity of the transformer
by the substitution method

and, if applied frequently ar a high value, may shorten
the life of the insulation considerably. For this reason,
the practice recommended by USASI for making
periodic dielectric tests in the field is ro limit the test
values to 75 percent of the factory-test volrages listed
in Table 1.

High-voltage d-c (kenotron) testing is often
employed on cables and other gear. If the circuir ro be
tested contains potential transformers, these should be
disconnected before the voltage is applied, because the
sudden application of d-¢ may cause transient voltages
in the windings of 2 very high value which would
overstress the insulation,

In addition, such transformers are often connected
with one primary terminal at ground potential. If a
d-c voltage were imposed from the other line to ground,
a very high current would tend to flow in the relatively

A-c
supply 1 H.
—aUU- .
“Standard” e o Test
potentiol potennal
transformer ! transformer

Voltmeter

Fig. 29. Connection dicgram of potential transformers and the associcted
squioment used to determine the polority of one of the
transformers by the differentiol method

low-resistance (but high impedance) primary winding.
In all probability the test set would not have sufficient
capacity to supply this current, but if it did, the wind-
ings might become damaged.
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CHAPTER THREE
CURRENT TRANSFORMERS

INSTRUMENT current transformers arc de-
signed for connection in series with the line in the same
manner as that for ordinary ammeters. The secondary
current bears a known relation with the primary
current; consequently, any change in the primary cur-
rent will be reflected in the meters or other devices
connected in series with the secondary terminals of
the transformer.

PRINCIPLE OF OPERATION

In general, the secondary current is inversely
proportional to the ratio of turns as referred to the
primary current. Like 2 potential transformer, this
ideal transformation is never actually achieved. Small
errors are always present because the current re-
quired to magnetize the core, and to supply the core
losses, is not available as secondary current.

The relationship berween the various voltages
and currents in 2 potential transformer, as shown in
Fig. 7a, 7b, and 7c are also applicable to current trans-
formers. However, the operation of a current trans-
former can be seen more easily froma simpler diagram,
i.e., Fig. 30. This illustration is for a 1:1 ratio trans-
former. The primary current can be considered as being
made up of two components. One of these component:
(the exciting current which magnetizes the core and
supplies the core losses} may be subtracted by phasor

ﬂ#

=~ B8 Ig

~
Ip

I, = Secondory current
1, = Primary current
8 = Phase angle

E,™=Induced secondary voltage
¢ =Flux

1, = Exciting current

a, = Anglie of exciting current

Fig. 30. Vector diogram llustrating the relation between current, voltoge,
and flux existing in o current {ransformer
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diagram from the primary current 1o find the amount
remaining as secondary current. Therefore, on a 1:1
turn ratio basis, it is evident that the secondary cur-
rent will be less than the primary current (except in
the extremely improbable case of a highly capacitive
secondary burden).

Also, because of the differences in phase of the

_ various quantities involved, the difference in phasc

berween primary and secondary currents will be
exactly O degrees only when the power factor of the
total secondary burden (that is, the internal burden of
the transformer itself, plus external burden of meters,
leads, etc.) equals the power factor of the exciting
current. For all other conditions, the angle will differ
from O degrees by a small angle (8), which is called
the phase-angle error of the current transformer.

TERMS FOR EXPRESSING ERRORS

Like the ratio error of a potential transformer, the
ratio error of a current transformer is usually expressed
as a ratio correction factor. This equals:

True Ratio
RCF=cm——o—
Marked Rartio
or, True Ratio=Marked Ratio XRCF.

The phase-angle error (5) of a current trans-
former is also similar to that of a potential trans-
former. It is the angle berween the primary current
vector and the secondary current vector; this error is
usually expressed in minutes of angle. This angle is
considered as positive when the segondary-current
vector leads the primary-current vector.

Since current transformers are often used with
protective relays which must operate at high over-
currents, transformer performance under these condi-
tions must also be known. The terms in which this
performance is normally expressed, and the meaning
of these terms, are explained in the next section.

OVERCURRENT ACCURACY

Current transformers arc given standard accuracy-
class ratings which define the performance at over-
current values. Thesc ratings are on the basis of the
standard sccondary-terminal volrage 3 transformer will
deliver without cxceeding a standard percent ratio
error. Thus, transformers may be classified as:

2.5 (H or L) 200
or, 10 (H or L) 200.
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The firs: term establishes a maximum percent ratio
error; the second term (H or L) is determined by
characteristics that are explained later; the third term
is the secondary voltage which can be delivered at 20
times rated secondary current without exceeding the
ratio error.

Standard percent ratio-error classes are 2.5 per-
cent and 10 percent. Standard secondary-volrage
classes are: 10, 20, 50, 100, 200, 400, and 800 volts.

For normal 5-ampere-secondary transformers, 20
times rated secondary current is 100 amperes; hence,
the standard secondary voltage divided by 100 am-
peres gives the secondary-burden ohms. In the first
example, 2.5 (H or L) 200, such a transformer could
carry a 2-ohm burden without exceeding a 2.5-percent-
ratio error from § araperes secondary to 100 amperes
secondary. Similarly, in the second example, 10 (H or
L) 200, the ratio error from normal to 20 times nor-
mal secondary current would not exceed 10 percent.
Burdens used for overcurrent accuracy rating have the
same power factor as the corresponding burdens used
for normal accuracy rating.

Because of the steps in the classification series,
the standard classes do not fully replace curves of
transformer performance at overcurrent values. They
do provide, however, a convenient means of specifying
a desired level of performance within reasonable steps.
It should be recognized that the classifications specify
only the minimum secondary voltage at which the
specified ratio error will not be exceeded. Thus the
classification, 10 (H or L) 200, means thar, at 200 volts,
the ratio error is not more than 10 percent. By infer-
ence, it also means that the ratio error, at the voltage
which corresponds to the next higher standard voltage
(400), is more than 10 percent; otherwise, the
classification would have been 10 (H or L) 400.

While the classification of overcurrent perform-
ance is primarily based on the ratio error at 20 times
secondary current, it is often desirable to know some-
thing about the performance at lower values of current.
Depending upon performance, current transformers can
be broadly divided into two classes. The first class,
designated by the letter H, will have a nearly constant-
percentage ratio error when delivering a fixed second-
ary voltage over a wide range of secondary current.
The other class, designated by the letter L., will have a
nearly constant magnitude error (and hence a variable-
percentage error) under similar conditions..

More precisely, the USASI Standards for Instru-
‘ment Transformers defines an H-class transformer as
one that is capable of delivering a secondary-terminal
voltage equal to its voltage class at any secondary cur-

rent from 5 times rated secondary current to 20 times
rated secondary current without exceeding its classified
ratio error. In other words, a transformer rated 10H200
would have a ratio error not exceeding 10 percent with
a 2-ohm burden while it is operating at any secondary
current berween rated value and 20 times rated value.
The 10 percent ratio error would not be exceeded with
either a 4-ohm burden berween normal and 10 times
normal current or with an 8-ohm burden between
normal and 5 times normal current.

An L-class transformer cannot be used with
proportionately higher burdens at lower secondary
currents withour exceeding its classified ratio error.

EFFECT OF SECONDARY BURDEN ON ACCURACY

As is illustrated in Fig. 30, errors are present in
current transformers because some of the primary cur-
rent is required to magnetize the core and supply core
losses and, thus, it is not available to contribute to the
secondary current. The value of this exciting current
(I), Fig. 30, depends upon the amount of flux (¢) it
must produce. The amount of flux depends, in tumn,
upon the secondary voltage (E;) that is required to
force the secondary current (l;) through the toral
secondary impedance. (Total secondary impedance
comprises the impedance of the secondary of the
transformer and the impedance of the secondary bur-
den including leads.) Therefore, for any specific sec-
ondary current on a particular transformer, the excit-
ing cwrrent (and consequently the errors) will in-
crease as the impedance, or volt-amperes, of the
secondary burden increases (neglecting the effect of
the burden power factor).

The burden power factor will also affect the
errors. As the power factor increases, the secondary
current (I,), Fig. 30, will be more nearly in phase
with the voltage E;; thus the phase-angle error (B)
is increased, but the ratio error is decreased as I will
more nearly equal I,. Conversely, decreasing the
burden power factor will decrease the phase-angle
error, or even make it negative, but it will increase
the ratio error. (The maximum ratio error will occur
when I, is in phase with I.. After this point. the
ratio crror will decrease.)

While the fundamental errors of current trans-
formers will be affected by the change in burden as de-
scribed, the observed change in errors may differ
somewhat because of the influence of the transformer
compensation. The errors at different burdens on a
typical compensarted current transformer are illustrated
in Fig. 31.
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Fig. 31. Typical current transformer characteristics

EFFECT OF PRIMARY OR
SECONDARY CURRENT ON ACCURACY

It has been pointed out before that the value of
the exciting current (I.), Fig. 30, depends upon the
secondary voltage (E;) which is required to force the
secondary current (1,) through the total secondary
-impedance. As the primary current decreases from the
rated value for a specific transformer with a constant-
impedance burden, the secondary current will decrease
in approximately the same ratio, and the exciting cur-
rent will also decrease. However, as current trans-
formers are designed normally to operate at low flux
densities in the core, below the point of maximum
effective permeability, the exciting current will not
decrease as rapidly as the secondary current.

Since the errors are dependent on the ratio of ex-
citing current to secondary current, they will increase
as the primary current, and thus the secondary current,
decreases. B

However, through the use of compensation, such
changes in error will be reduced. The change in errors
with the change in current for 2 typical compensated
current transformer is shown in Fig. 31.

COMPENSATION

The general characteristic of a current trans-
former is such that the sccondary current multiplied
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by the turn ratio will be less t'nari_the primary current
by the amount of losses in the core. These losses are
dependent on both the burden characteristics and the
value of the secondary current. Therefore, the trans-
former may be compensated to give zero ratio error
at some particular value of current and burden by
making the tumn ratio slightly larger than the marked
ratio, thus increasing the secondary current the neces-
sary amount.

This compensation is usually accomplished by
reducing the number of secondary turns and is known
as “turn compensation.” The increment of change
resulting per complete secondary turn removed is a
small but inflexible quantity. More precise adjustment
is possible by so called “split-turn compensation” pro-
viding fractional turn effect from 20 to 80%, of 2 full
turn (see Fig. 32). Two wires in parallel with dif-
ferent numbers of turns around the core constitute
“split turn compensation.” Difference in the size of
the two wires gives additional precision.

Many other methods of compensation (such as
D’ENTREMONT® Compensation) are possible de-
pending on effects desired and complexity that can be
justified. Detailed discussion of these methods may be
found in material referenced in the bibliography.

(umm

Fig. 32.  Current transformer with spli-turn compensation

FREQUENCY VARIATION

Current transformers can be used over a relatively
wide range of frequency without appreciable effect on
the  performance. In general, the errors increase as the
fre, _ency decreases; and the reactance and the self-
heating increase as the frequency increases. For this
reason, the frequency limits that are stated for each
design of current transformer should be followed.

Because the errors increase with a decrease in
frequency, most current transformers are given a
separate accuracy classification for each of the several
standard frequencies on which they may be used. For
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instance, a transformer designed primarily for opera-
tion on 60 Hz may have a separate, and perhaps dif-
ferent, accuracy rating for 25, 50, or 400 Hz,

WAVE FORM

Current waves that contain third harmonics,
having a magnitude as much as 50 percent of the funda-
mental, will be reproduced in the secondary wave of
most current transformers with very little distortion,
and the transformer errors will be changed very
slightly—generally less than 0.1 percent.

Waves that contain higher frequency harmonics
may not be reproduced as accurately, because the
amount of distortion increases as the frequency and
magnitude of the harmonics increase. However, higher
harmonics are usually of small magnitude and, in this
instance, will cause little error.

RETURN CONDUCTOR EFFECT

Conductors carrying large currents, such as those
that might be used for rerurn conductors on current
transformers of 2000-ampere rating and above, pro-
duce a relatively large field, or flux pattern, about their
axis. Therefore, if such conductors are placed too near
to the current-transformer core, this flux may con-
centrate in the core, causing local saturation and, con-
sequently, large errors. :

EFFECT OF ERRORS
ON INSTRUMENT READINGS

When current transformers are to be used in the
measurement of current alone, only the ratio error need
be .considered. However, when wattmeter measure-
ment or other measurements are made in which the
phase relationship between the current and voltage is
involved, the phase-angle error of the current trans-
former also must be considered. This is necessary be-
cause an error in the current phase angle constitutes a
shift in phase between the position of the current vector
in the primary circuit and the current vector in the
secondary circuit. The over-all result is to change the
phase relationship between the current and the voltage
in the secondary circuit, as compared with the current
and voltage relationship in the primary circuit, which
introduces an error in the measurement. However,
both the ratio and phase-angle errors of current trans-
formers are normally so small that they can be neg-
lected in all but the most accuratc measurements.

In general terms, a ratio correction factor greater
than one will cause the meters and instruments in the
secondary circuit to read low.

A positive (leading) phasc-angle error will cause
a wattmeter connected in the secondary circuit to read
high (for the normal case of lagging-line power fac-
tors). This is just the opposite effect of a similar error
in a potential transformer. The effect of phase-angle
errors of both current and potential transformers is
shown in Fig. 9.

STANDARD ACCURACY CLASSIFICATION

The USASI Srandards for Instrument Transform-
ers, USAS C57.13, has standardized on a method of
classifying current-transformer accuracy. As the ac-
curacy is dependent upon the burden, standard burdens
have also been designated. These are the burdens at
which the accuracies are to be classified.

The standard burdens have been chosen to cover
the range normally encountered in service and are
listed in Table II.

The accuracy classifications for metering cur-
rent transformers, as given by USASI, are listed in

Table II1.
Ratio correction factor (RCF) has been defined as

the factor by which the marked ratio must be mulci-
plied in order to obrain the true ratio.

Transformer correction factor (TCF) takes into
account the combined effect of the ratio error and
phase-angle error on wattmeters or similar measure-
ment devices. It is defined as the factor by which a

_ wattmeter reading must be multiplied to correct for

the effect of instrument transformer ratio correction
factor and phase angle. The limits of TCF, as indicated
in Table III, have been established by USASI with
the requirement that the power factor of the load being
measured must be within the limits set forth in this
table. If the power factor of the primary circuit is out-
side this range, the TCF of the transformer may also
be outside the range specified.

For any known ratio correction factor of a specific
current transformer, the positive and negative limiting
values of the phase-angle error (B) in minutes may
adequately be expressed as follows:

8=2600 (RCF-TCF)t.
TCEF is taken in turn as the maximum and minimum
values of transformer correction factor specified in
the table, and the RCF is the ratio correcrion factor of
the current transformer under the conditions being
checked. This relationship is plotted for the various
burdens in Figs. 33 and 34.

t The formula—B8=2600 (RCF-TCF)—and the parallclograms of
Fig. 33 and 34 which are derived from it are approximate only.

F
The correer formula is Cos (53.13°—80=0.6 % -However, the

approximate formula introduces very little error into the calcula-
tion, and it is entirely adequate for normal purposes.

31



Instrument Transformers

By means of this USASI system, the accuracy of
a current transformer may be described by listing the
best accuracy class which it meets for each burden,
Thus, a current transformer may be accurate enough
to be rated:

0.3 B-0.1, 0.3 B-0.2, 0.3 B-0.5 and 0.3 B-2
For another transformer the error may be such that it
can only be classified as:

0.3 B-0.1, 0.3 B-0.2, 0.6 B-0.5 and 1.2 B-2
oreven...

0.6 B-0.1, 0.6 B-0.2 and 1.2 B-0.5

In the third example, the omission of any refer-
ence to accuracy at B-2 indicates that the error is
greater than that specified for the poorest accuracy
class ar this high burden; hence no figure can be given.

THERMAL AND MECHANICAL RATINGS

Under conditions of circuit faults, current trans-
formers can be exposed to short-circuit-current values
which are considerably in excess of their normal cur-
rent ratings. The maximum current in the circuit during
faule conditions should be no greater than the ability
of the current transformer to withstand this excessive
current.

Short-circuit faults are usually cleared in a very
short time, but extremely high currents may flow
during this period. The first cycle is usually not only
of the greatest magnirude, bur it is often offser by 2
d-c component. As illustrated in Fig. 35, this d-c com-
ponent may cause the first cycle to be fully offset.

TABLE II
USASI STANDARD BURDENS

Secondary Burden at 60
Burden i Hz and 5-Ampere
Designation Characteristics Secondary Current
of
Burden Resistance Inductance Impedance Volt- Power
(Ohms) (Millihenrys) (Ohms) Amperes Factor
B-0.1 0.09 0.116 0.1 2.5 0.9
B-0.2 0.18 0.232 0.2 5.0 0.9
B-0.5 0.45 0.580 0.5 12.5 0.9
B-1 0.5 2.3 1.0 25.0 0.5
B-2 1.0 4.6 2.0 50.0 0.5
. B4 2.0 9.2 4.0 100.0 0.5
B-8 4.0 18.4 8.0 200.0 0.5

TABLE III
USASI ACCURACY CLASSES FOR METERING CURRENT TRANSFORMERS
LIMITS OF RATIO CORRECTION FACTOR
AND TRANSFORMER CORRECTION FACTOR
Limits of Power
Accuracy Factor (Lagging)
Class 1009, Rated Current 10% Rated Current of Metfre‘:l Power
oa
Min. Max. Min. Max,

1.2 0.988 - 1.012 0.976 1.024 0.6~-1.0

0.6 0.994 1.006 0.988 1.012 0.6-1.0

0.3 0.997 . 1.003 0.994 1.006 0.6~-1.0

32

~,



Ratio correction factor

1.014
1.012
1.010
1.008
1.006
1.004
1.002
] .dOO
0.998
0.996
0.994

0.992

-0.990

0.988

0.986

Current Transformers

[

0.6 ACCURACY CLASS:
10% rated current ~

100% roted current —

l /
N 7
\ /
X
/ V4 /
4 / /
/ 4 /
/ / / /
/ / 4 4
/ / V.VAN /
ARW A AR SRRy
[ / 4 / y 100% rated current
7/ 7
/ J /
/ V4 /
J J /
/ )4
/ /
/
l
70 60 50 40 30 20 10 10 20 30 40 S50 60 70

Phase angle, lagging
Minutes

Phase ongle, leading
Minutes

Fig. 33. Parollelograms showing grophical equivalemt of USAS! accuracy closses 0.3 and 0.6 for current transformers For metering service
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The ability of a current transformer to withstand
the initial current caused by a short circuit is called
its mechanical rating. By USASI definition, mechanical
rating is expressed as the root-mean-square (RMS)
value of the a-c component of a completely displaced
primary-current wave which the transformer is capa-
ble of withstanding with the secondary short-circuited.
Thus, 2 maximum completely displaced current within
the rating of a transformer will not cause mechanical
damage to the transformer—damage which is generally
characterized by deformation of the windings.

In addition to the mechanical effect, the heating
effect of the short-circuit current also must be con-
sidered. The ability of currenc transformers to with-
stand such heating is called the thermal short-time
rating of the device. This rating is given as the RMS
value of a steady current which the transformer can
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withstand without exceeding 2 maximum specified
temperature—250 C for most designs—for a certain
period of time, usually less than § seconds.

The mechanical and thermal ratings of various
current transformers are listed in the published daca
which describe those devices. Concerning thermal
ratings, it is usually given for one second, but it can
be calculated for any period of time up 2 five seconds
from the relation:

Thermal Rating for Time t=
Thermal Rating for One Second

V't
where t is expressed in seconds.
Proper application of current transformers re-

quires thar transformers be selected with mechanical
and thermal ratings higher than the corresponding
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COMPARATIVE VALUES AT INSTANT OF SHORT CIRCUIT

RMS TOTAL ENVELOPE( RMS OF

Curve of Major Peaks
Instantaneous Current
RMS Total Current

RMS of A.c Component
D-¢ Component

~ Envelope of A-c Component
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\
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Fig. 35.  Short-circuit current components

maximum currents reasonably expected on the circuit
being measured.

SECONDARY BURDENS

As previously stated, the burden on the secondary
circuit of a current transformer affects the accuracy
of that device. Therefore, to predict the performance
of a particular transformer used in a certain circuir,
the burden® of the various meters, instruments, and
relays in its secondary must be known.

It is often found desirable to connect scveral
meters or combinations of devices in series on the sce-
ondary of current transformers. In these situations, it
Is necessary to compute the total burden of such a
combination of dex ces.

For many purposes, it is sufficiently accurate to
add arithmerically the impedance burden of the indi-
vidual devices involved. In casc the volt-ampere burden
alone is known, the impedance burden can be calculated
from the relartionship:

VA
Zb=__1;' .
where | is the currenc through the burden, and 7, is
the burden impedance.

This method is followed, for example, in deter-

mining whether or not a transformer will have exces-
sive burden. In specific instances when calculation on
this basis indicates too much total burden, it is advis-
able to recalculate, raking the power factor into
account.

For those situations in which it is necessary to
consider the power factor of the impedance, a graph,
illustrated by Fig. 11, has been prepared for combining
burdens in a convenient manner. From this curve,
burden combinations can be readily worked out graph-
ically without using a comparatively complicated
mathematical process.

The explanation of the chart and its use is given
under section “Secondary Burdens,” page 15. An
cxample of its application to the problem of combining
current-transformer burdens is as follows:

Required: To determine the total impedance and
power factor of the burden on a current transformer
to which are connccted:

One Type I-50, 2.5-ampere watthour meter,

One Type AB-14, S-ampere ammerer,

One Type AB-14 single-phase wattmerer,
and

Two 25-foor lcads made of No. 10 Awg cop-
per wire (50 feet of wire).

*Burdens for GE apparatus are listed in Publication GET-1725 entitled Instrument Transformer Burden Data, 25 well as in the descriptive litera-

ture for cach class of apparatus.
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From Pugiicntion GET-1725, burden data can be
found as follows:

Effective “::’::Cet' React-
Device Resistance (Micro- ance
(Ohms) h‘enrys) (Ohms)
Warthour Merer 0.013 ) +“4 —
Wattmeter 0.023 260 —
Ammeter 0.055 270 —_
Leads 0.050 0 —
Total 0.141 574 0.217*

* Reacrance = 2wil, where f=frequency (60), and 1 is inducrance in
henrys.

Using scales B (Fig. 11), locate a point on the
rectangular plot by using 0.14 X 1000 as an abscissa
and 0.22 X 1000 as an ordinate. This point falls on
the radius 0.53 which gives this value as the power
factor of the total impedance. Following the arc
(imaginary), on which this point is located, to the
radius marked in toral impedance, 0.26 X 1000 will be
noted as the total impedance.

INTERCONNECTION OF BURDENS ON THREE-
PHASE CIRCUITS

There are three common types of interconnection
used with current transformers on three-phase systems.
They are:

1. Y connection (three transformers).

2. V or ‘“straight’” connection (two trans-
formers). '

3. Reversed-V or “cross” connection (two trans-
formers). These arc illustrated in Fig. 36, 37, and 38,
respectively.

The following rules for compuring secondary
burdens in these three examples will be found con-
venient and are sufficiently accurate for most com-
mercial purposes. Where the highest accuracy is re-
quired, the burdens should be determined by vector
analysis as described on page 37.

Y Connection

With the 4-wire Y conncction (Fig. 36), the
burden is Z,, Z,, and Z; on CT,, CTp, and CTy,
respectively.

With the 3-wire Y connection, the burden on any
transformer is onc-third of the total secondary burden
on all transformers, cxcept for highly unbalanced
burdens. ‘

V or "'Straight'* Connection .

With the V conncction, Fig. 37, the burden on 2
specific transformer depends on the ratio of the im-
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Fig. 38. Tiree-phose reversed V or “cross” connection of curreni-trans-
former secondaries

pedancc in the sccondary line that has no current trans-
former to the impedance in the line connected directly
to the sccondary of the transformer considered.

1. When this ratio is greater than 3.2:1, the
equivalent burden on the transformer equals the im-
pedance dircetly connected to its secondary plus the
impedance in the secondary line without transformer.

2. When this rartio is less than 3.2:1 and greater
than 0.4:1, the cquivalent impedance on the transformer
cquals the impedance in the line thac is directly con-
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Current tronsformer No. 1
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Fig. 39. Typical example of open-delta intercoasection of current-
transformer secondaries

nected to its secondary, plus three quarters of the
impedance in the secondary line without transformer.

3. When the ratio is less than 0.4:1, the equiva-
lent impedance on the transformer equals the im-
pedance in the line that is connected directly to its
secondary, plus one-half of the impedance in the sec-
ondary line without transformer.

Reversed-V or '"Cross’’ Connection

With a reversed-V or “cross” connection, Fig.
38, the equivalent impedance on each transformer
equals the sum of the impedance (volt-amperes) con-
nected directly to it, plus 1.5 times the impedance in
the middle leg; thus, Z;+1.5Z,.

VECTOR SOLUTION FOR INTERCONNECTION OF
BURDENS

In specified cases where the highest accuracy in
the compuration of three-phase current-transformer
interconnection is desired, or where leads carrying the
secondary current from more than one current trans-
former have high resistance, a vector solution of the
total burden imposed on each transformer should be
employed. When the portion of the circuit that is com-
mon to two such interconnected transformers is merely
a short lead of relatively low impedance, the effect of
the interconnection on the accuracy of either trans-
former is generally inappreciable. However, if the
common portion is a long lead or a device of appreci-
able impedance, the outputs from the current trans-
formers may reach unexpected conditions of power
factor and unbalance.

A typical example of the common “straight” or
“open delra” interconnection, in which moderate un-
balancing is produced, is given in Fig. 39. As shown
in this illustration, rwo warttmerer elements arc con-
nected to two current transformers through three
leads, with one of the leads being common to both

From Fig. 39, the outputs from the tronsformers are found to be:

CTy 21,32 volts X5 amp (ot 2°) = 6.6 va at 1.00 pt
CTy=1.60 volts X5 amp (ot 35°) = 8.0 va ot 0.82 pf

Fig. 40. Vector solution for the bwdan.impolod on the curreat
tromsformers shown i Fig. 39.

circuits and carrying a current equal to the vecror sum
of the currents in the other two leads.

Figure 40 indicates graphically that, although the
secondary connected devices are apparently equal and
symmetrically arranged, the output from currenc trans-
former No. 1 is at unity power factor, while that of
No. 3 is at 0.82 power factor (current lagging). This
means that different ratio and phase-angle corrections
apply for each transformer. However, no particular
difficuley is presented, since the accuracies of the trans-
formers for such ranges of output are ordinarily either
directly available or readily estimated from the cali-
bration data furnished with the transformer.

Certain situations should be guarded against; that
is, those in which the power-factor unbalance may be
sufficient to cause the output from one of the trans-
formers to assume some unusual value for which the
accuracy of the transformer is unknown or cannot be
readily estimated. For instance, it can be shown from
a solution similar to Fig. 40 that, had the lead resist-
ances, Ry, Ry, and R;, been assumed slightly greater,
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there would have been a “leading™ current output from
transformer No. 1. It will also be found that, with
highly inductive burdens of even moderare impedance
connected in lines 1, 2, and 3, the output from trans-
former No. 3 may drop to zero power factor. The
determination of the accuracy characteristics of inter-
connected transformers, when leading currents or cur-
rents lagging by 90 degrees or more are being delivered,
is ordinarily impossible unless data are available from
special 3-phase calibration tests which have been made
under identical conditions of secondary interconnec-
tion.

CORRECTIONS FOR TRANSFORMER ERRORS

The USASI accuracy classification of all GE cur-
rent transformers is listed in the descriptive literature.
In addirtion, standard test data is provided on the cer-
tificate of test. Some designs have the accuracy listed
directly on the nameplate. Since corrections, normally,
are not made for the errors of current transformers at
overcurrents, the overcurrent-accuracy classification
will not be discussed.

The accuracy classification at normal currents
indicates the performance levels of the various types of
transformers. For many measurements, the maximum
errors thus indicated are so small that they can be
neglected without seriously affecting the over-all
accuracy of the measurement. In other measurements,
high accuracy is required, and corrections for current-
transformer errors must be made. In these specific
instances, the USASI classification of errors is not
suitable for making such corrections, so characteristic
curves or test certificate data must be used.

ERRORS FROM CHARACTERISTIC CURVES
Descriprive literature for current transformers
include transformer characteristic curves published in
a form similar to that shown in Fig. 31. This curve
lists the ratio correction factor (RCF) and phase-angle
error (B) from § percent ro 100 percent (or more) of
rated current, at each of the several standard burdens.
The variarion in accuracy of individual transformers of
a given type from the characteristic curve for that rype
depends. in some measure, on the fundamental error of
the cransformer. Thus, the higher the error, the grearer
the possible variation in error from the characteristic
curve. However, the fundamental error is often not the
observed error of the transformer, because of the effect
of the compensarion. Thus, no numerical significance
can be given to the variation in error in terms of the
error itself, although a general classification of this
variation (such as is represented by the following
table), will give a good indicarion of the limits of such
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variation. Since, for a specified USASI accuracy clas-
sification, the observed error at 10 percent of rared
current may be double that of the error at 100-percent
current, the expected variation in error is given at each
of these two points:

Variation in Error from Charac-

Accuracy teristic Curve Values
Classifica-
tion at A
Burden Ratio Correc- Phase-angle
Under tion Factor Error
Considera-
tion 109, 1009 10% | 100%

Current | Current | Current | Current

0.3-0.6 *0.00¢ | =0.002 |[=10min, |*= 7 min.

1.2 =0.005 | =0.003 |=15min. {= 10 min.

The variation indicated by this table is for the
general case; many designs have variations smaller
than this, although very few individual transformers
will exceed this range.

ERRORS FROM TEST DATA

Correction data for current-transformer errors
may be obtained from test results on the particular
transformer, as well as from the characteristic accuracy
curves. Certificates of Test for current transformers,
issued by the General Electric Co., guarantee the ratio
correction factor to be within =0.001 of the figure
given and the phase-angle error to be within =3
minutes. Correction of errors by this means gives the
best accuracy for the particular current transformer

used.
TYPES OF CURRENT TRANSFORMERS

Current transformers are made in many different
current ratios. In addition, various designs are insulared
for use on different voltage circuits. Thus, the circuit
voltage is as important a consideration in the selection
of current transformers as it is for potential trans-
formers. In general, instrument transformers for use
on circuits rated 25,000 volts and above are suitable
for use out of doors. The same transformers, however,
may be used indoors, if desired. Transformers for
circuits below this voltage are usually made in two
distinct types: one for outdoor service, and the other
for indoor use.

WOUND-PRIMARY TYPE

Current transformers, other than 600-volt window
and bar rypes, for current ratings of 800 amperes and
below are usually of the wound-primary rype. In this
range of ratings, more than one primary turn is fre-
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Fig. 41. Type JP-l portable-type instrument current transformer

quently required to obtain low exciting current and
high accuracy.

BAR-PRIMARY TYPE

Current rarings of 1200 amperes and above permit
sufficient ampere-tumns for good design with only one
effective turn in the primary. In most designs, the
primary consists of a straight bar extending through

Fig. 42. Typs JKW.200 SUPER*BU'TE instr.ment current transformer
for outdoor service

Fig. 43. Type JCM-3 instrument current tronsformer for indoor service

the core and secondary winding.

This type of construction is particularly suired to
withstand the stresses of heavy overcurrent; there is no
tendency for the primary winding to assume 2 circular
shape, as is the case with wound-primary-type trans-
formers. Howecver, these transformers must be
mounted with proper relation to adjacent conductors so
as to avoid magnetic stresses which might be sufficient

Fig. 44. Type KW-900 instrument current transformer for outdoor
service
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to distort the buses and, thus, damage the transform-
ers. (Sce scction entitled, “Return Conductor Effect,”

page 31.)

WINDOW TYPE

High-current transformers similar to the bar-
primary types may be had with no primary at all.
These so-called “window tvpes” have an insulared
hole through the core and secondary winding, through
which the user can place his own conductor. This con-
ductor then becomes the primary of the transformer,
and no other primary connections are necessary. By
adding insulation to this conductor, the user can in-
crease the over-all insulation of the transformer.

TRIPPING TRANSFORMERS

There are several types of small and incxpensive
current transformers which are manufactured especially
for protective and control purposes. Thesc trans-
formers are not designed to mect the same accuracy
specifications as those instrument current transformers
which are intended for usc with instruments and Fig. 45. Type JKW.5 instrumeat current tronsformer for ovtdoor service
meters; bur, in some cases, they will be found suffi-
ciently accurate for operating instruments.

BUSHING TYPE

The bushing-type transformer consists of a second-
ary winding on a circular core which is designed to
fit on the bushing of a power transformer, oil switch,
or other device. The conductor in the bushing acts
as the primary “winding” of one effective tum. It is,
therefore, cvident that the ampere-turns equale the
primary amperes. For this reason and the fact that
accuracy depends on ampere tumns as well as core size
and other factors, not all bushing transformers of a
given size have the same accuracy for all current rat-
ings; in short, the lower the rating, the poorer the
accuracy.

Most of the bushing-type transformers arc used
for relaying purposes, wherc accuracy at normal
current values is not extremely important. However, by
mcans of special compensarion, such transformers can
be supplied with sufficient accuracy, even at primary
currents as low as 300 ampcres, for normal mcrering
purposes. Burdens placed on such transformers must
be kept low, however. :

COMBINATION TYPES

Mecrering outfits (Fig. 46) combine once or more
current clements with one or more potential clements
in a single tank assembly. Completc metering facilicies
are thus provided in minimum space. Fig. 46. Type MC-350 metering outfit for outdoor service
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PORTABLE TYPE

Porrable current transformers, for use in making
tests, are available in several styles to meet various
application requirements such as accuracy, weight, and
other features. These devices usually incorporate a
number of primary windings so that a considerable
range of current can be covered.

DOUBLE-SECONDARY TYPE

The majority of standard single-secondary current
transformers have sufficient capacity to carry the usual
burdens, including relays, without exceeding ordinary
accuracy limits. When the occasion demands, however,
transformers with more than one secondary can be
furnished. These designs permit instruments and other
devices to be separated; that is, either to limit the
maximum burden on any secondary or to isolate some
particularly important device, such as a differential
relay.

A double-secondary ttansformer is actually two
transformers, each transformer having its own core.
Less space is required for this type of construction than
for two transformers in series.

THREE-WIRE, SINGLE-PHASE TYPE

For measurement purposes on three wire, single-
phase circuits, double-primary-type current trans-
formers of the required construction are available.
With this type of transformer, a normal single-phase
instrument or meter can be used for three-wire circuit
Mmeasurements.

SPLIT-CORE TYPE

Window-type transformers are available and are
designed with hinged cores which permit them to be
assembled on buses without breaking the circuits.
A transformer of this rype should be used with dis-
cretion, as errors and mechanical difficulties mighe
result from the use of such a core, unless it has been
specifically designed to provide the required degree of
accuracy.

AIR-GAP-CORE TYPE

High overcurrents during fault conditions, par-
ticularly overcurrents during which long d-c transients
occur, tend to saturate the cores of ordinary current

transformers and cause high errors that vary with the
current. Such errors are not easily accounted for in
differential-protection circuits. For such conditions,
air-gap-core transformers® are available in designs
which have relatively constant errors over a wide
range of overcurrents and transient conditions.

AUXILIARY TRANSFORMERS

Totalizing transformers are designed for connec-
tion in the secondary circuits of standard current trans-
formers. They provide a practical means for totalizing
the power output of several individual circuits. This
method is often emploved when it is impracrical to
connect the secondaries of current ctransformers in
multiple; that is, when all current transformers are
not of the same ratio. (Sce scction entitled *Toralizing
Transformers,” page45.)

APPLICATIONS

Current transformers are used in many different
types of circuits and for many different purposes. A
typical conncction of an ammecter and a current trans-
former for the mecasurement of current is shown in
Fig. 47. Other typical circuits, which are measured by
various meters, instruments, and relays by the use of
both current transformers and potential transformers,
are shown in Fig. 17 through 25, and for current trans-
formers alone, in Fig. 48.

*A detailed description of this type of transformer may be found in
the arvicle entitled New Current Transformer for Bus Differential Pro-
tection by L. F. Kennedy and A. T. Sinks, AIEE Transactions, 1941,
Vol. 60, pp. 1180-1187.

LINE H LOAD
. T v + v
CURRENT TRANSFOMER /r:l

el

Fig. 47. Connection diogram of cn ammeter with current transformer
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{a)} Type V-66-A

TABLE 1V

{b) Type V-63.-§

STANDARD INSULATION CLASSES AND DIELECTRIC TESTS
FOR CURRENT TRANSFORMERS

Dielectric Tests
Impulse Tests
Insulation Maximum
Class Line-to- Low- Chopped Wave
(Nameplate neutral
Rating Voltage fre'iq‘uetncy c M Full Wave
. ests t inimum
in Kv) (Kv) (Kv RMS) Vofte;ge -15inme to (Kv Crest)
(Kv) Flashover
(Microseconds)
0.6 0.380 4 12 1.0 10
1.2 0.762 10 36 1.0 30
2.5 1.59 15 54 1.5 45
5.0 3.18 19 69 1.5 60
8.7 5.52 26 88 1.6 75
5L 9.53 34 110 1.8 95
15H 9.53 34 130 2.0 110
25 15.9 50 175 30 150
34.5 21.9 70 230 3.0 200
46 29.2 95 290 30 250
69 43.8 140 400 3.0 350
92° Not 18§ 520 3.0 450
15 specified 230 630 3.0 550
138 by 275 750 30 650
161 USAS C57.13 325 8635 3.0 750
196° Not 395 1035 3.0 900
230 specified 460 1210 3.0 1050
287°* by 575 1500 3.0 1300
USAS C57.15

* Thesc system voltages are not listed in Standard Voltage Ratings for A-c Systems, USAS C84.
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When applying current transformers, considera-
tion should be given to the voltage rating and other
characteristics of the particular system in which the
transformer is to be placed, in order to be sure thar the
insulation of the transformer is adequatc. The standard
insulation classes, along with the maximum system
voltage and diclectric tests for current transformers, as
specified by USASI Standard C57.13, are reproduced
at left in Table IV.

PROTECTION AGAINST VOLTAGE SURGES

The reacrance of a current transformer acts as a
choke coll so that, when a surge occurs, a voltage builds
up which may involve danger to the apparatus. This
fact has special significance in the casc of high-voltage
transformers which have large primary coils and low-
current transformers which have a large number of
primary turns; both of these tend to give relatively
high transformer impedances. Furthermore, the volt-
age across the primary termninals is influcnced by the
amount of sccondary burden.

Thyrite® By-pass Protection

It is standard practicc to cquip current trans-
formers for high-voltage circuits with Thyritc  by-
pass protcctors. With normal voltage, the resistance of
the protector is high cnough to have negligible cffects
on the transformer opcration; however, when high-fre-
quency, high-voltage surges occur, the characteristic
of the Thyritc is such that an appreciable part of the
surge current is by-passed through the protecror,
thereby preventing damage to the transformer insu-
lation. :

Operation of Gap-type Protection on SUPER4BUTE
Current Transformers

Primary Winding Arrangement—SUPER4BUTE
transformers have 24 conductors evenly distribured
through the core window. They also have 48 con-
ductors evenly distributed around tze outside of the
core, brazed togecther under the end bell. See Fig. 49.

The termination point is a large copper horse-
shoe having a large cross-section. This horseshoe,
which is attached to the copper end bell, provides a
large potential heat sink for rapid dissipation of any
heat that might be generated by arcing. The gaps are
located berween the copper horseshoe and the primary
conductor as it passes over the horseshoe. Each con-
ductor has a minimum of two gaps in series (there is
a copper horseshoe at each end of the transformer).

Brazed joints betwesn internal ond
exlernol primary conouciors
T e e e,

Fig. 49. Primary winding orrongement oa SUPER;BUTE current trans-
formers

When a high-voltage surge occurs on the line, these
gaps will fire, by-passing the current through the out-
side conductors of the transformer because this is the
lowest impedance path. There is a minimum of two
conductors outside the core as compared to one through
the core window. The gaps are set berween 0.060 in.
and 0.090 in., with at least two gaps on the same con-
ductor set at 0.060 in. at each end. It takes 5000 to
7500 crest volts to fire the gap. This is far below the
internal tumn-to-turn strength of primary conducrors,
which is in excess of 30,000 volts to breakdown.

Gap Operation—When the gaps fire, there is a
48-volt drop across each gap or 96-volt drop in any
one conductor which is gapped at each end of the
transformer. If the voltage is insufficient to fire the
gaps in the first tum, it has the opportunity to fire on
each successive turn as the voltage builds up, because
each tumn is gapped as it crosses the copper horseshoe.
When the first two gaps fire, they immediately trig-
ger more gaps.

As the current increases, so does the number of
gaps that fire. The electrical arc in the gap is a vapor
path which becomes conductive, dissociating the gas
into ilons and electrons which is called a plasma. It is
this plasma under the end bell of the transformer that
causes the other gaps to fire. This dissipates the elec-
trical energy over many gaps and greatly reduces the
amount of current any two sets of gaps are required
to carry.

The most adverse possible conditions the trans-
former would experience in the field would occur
under fault condirions where the transformer was sub-
jected to a high-voltage surge simultaneously with
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short-circuit currents. The SUPER#BUTE current
transformers with their gap protection will clear this
condition in the first }4 cycle. The gaps fire, by-passing
the surge and carrying maximum short-circuit current
for the first 14 cycle, but then the arc is starved as
it approaches current zero. See Fig. 50. The electrical
energy being poured in at the end of the first 4 cycle
is decreasing at a rapid rate. To maintain the arc re-
quires a current flow of 1000 to 2000 amperes. The
arc is starved because the conductivity of the arc
drops, since it is being cooled by the large available
heat sink in the copper horseshoe. Thus, the heat can-
not be readily stored to maintain the conductivity of
the arc, and the arc extinguishes itself. ;

Short-circuit
current

Current
surge

[—— Arc is
storved

Current

Time

Fig. 50. Curve sthowing fault condition

Due to the nature of the transformer design, both
primary and secondary windings are well distrib-
uted, and the leakage reactance is small. Thus, the re-
strike voltage (voltage drop across the primary gaps)
is less than sufficient to re-establish the arc as the
by-pass gaps regain their insulation strength.

Protection of Secondary Circuits

In some other circumstances, it is good pracrice
also to protect the secondary circuit of the transformer
with suirable protectors. In particular, the switching
in a circuic which contains primary capacitors, such
as individual surge capacitors for a-c motors or arc-
furnace transformers or capacitor banks for voltage or
power-factor correction, may ‘result in high transicne
voltages across the instrument transformers associated
with these capacitor circuits. Sccondary protection
should be uscd in such situations.
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OPEN-SECONDARY CIRCUITS

Current-transformer secondary circuits must not
be open while primary current flows. Breaking the
secondary circuit while primary current is flowing is
especially to be avoided.

Under such conditions, the cnrire primary current’
becomes the exciting current which raises the core
density to saturation and induces a high voltage in the
secondary; in short, human life as well as connected
apparatus and Icads are endangered by this situarion.
Another cxplanation is that the open-circuit impedance
is many times the closed-circuit impedance; hence, the
voltage across the transformer is much greater when
the secondary is open. Therefore, those working with
current-transformer circuits should alrways make certain
that the secondary winding is cither closed through the
imstrument circuit or that it is short-circuited at the
terminals. '

Although the insulation of most transformers will,
in gencral, withstand open-circuit conditions, the re-
sulting voltages are dangcrous. Therefore, if it should
be neccssary to change secondary connections while
primary current is flowing, the secondary terminals
must be short-circuited while the change is being made.
Furthermore, it is rccommended that the secondaries
of all current transformers be kept short-circuited at
all times when not in service, that is, while held in
stock, during transportarion, etc.

PARALLEL CIRCUITS

Toralization of the load on several different cir-
cuirs is often desirable, particularly in metering and
measurement of demand. One simple and effective
method of accomplishing this is by the paralleling of
the secondary circuits of current transformers in each
line to a single measuring device. The connections for
such a scheme are shown in Fig. 51.

To accomplish this totalization without introduc-
ing cxcessive error in the measurement, several condi-
tions must be fulfilled. Thesc are:

1. All of the rransformers must have the same
ratio, regardless of the anricipated current
flow in the circuits in which they arc con-
nected. '

(&%)

For polyphase circuits, all transformers which
have their secondaries parallcled must be con-
nected in the same phase of the primary cir-
cuits.

3. The feeders or lines must have a common volt-
age and frequency as, for example, those
instances in which they terminatc in onc set
of bus bars.
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Circuit Circuit
No. | No. 2
Current Current coil in
transformer watthour meter
RS
N
Current '—L
transformer
Fig. 51. Connection diogram for paralleled connections of current-trans-

former secondories

It is also desirable to keep the common secondary
burden on the transformers as low as possible. The
importance of this may be seen from the fact that the
addition of cach transformer results in an addirional
volt-ampere burden, even though the impedance of the
common burden remains unchanged. This is because
the total of all the current from all transformers passes
through thc common burden; thus, the volt-amperc
burden is raised even though the impedance remains
unchanged. Of course, this total burden is divided
among all the transformers in the system. However,
for a given burden impedance, the volt-ampere burden
is proportional to the current squared; thus, the burden
on cach individual transformer will be morc with
parallcled sccondaries than with the same impedance
burden on onc transformer alone.

_ Because of the nececssity for kecping the common
burden as low as possible, it is desirable also to parallel
the secondary lcads at the measuring devices, rather
than at the transformers. since the lcads then become
a burden on an individual transformer only.

The possibility of additional error when one pri-
mary circuit carries no current must also be considered.
In this situation the ““dead” transformer acts as a shunt
across the measuring device; the current shunted
through it is the magnetizing current for the ‘‘dead”
transformer. The relation of this current to the current
flowing through the measuring device is shown in Fig.
§2. The errors are functions of the magnitude of the
magnetizing current and the phase angle of the com-
mon burden. For a common burden with a power fac-
tor close to unity, most of the rransformer error occurs
as phase-angle error. As the power factor decreases,
the ratio error increases; but the phase-angle error
decreases. For a low burden and with high-quality
current transformers, the magnitude of the errors due
to this cause will be small.

E.—Voltage across meter current coif
a.—Phase-angie of meter current coil

I, —Totalized secondary current

[.—Current through meter current coil
I..—Magnetizing current for dead transformer

Fig. 52. Vaector diogrom showing mognetizing current to a *‘dead™ cur-
rent tronsformer

Another reason for keeping the burden low is that
it is difficulc to apply corrections for the transformer
errors because the volt-ampere burden on any one
transformer is a function of the amount of current
flowing in each of the other transformers. Thus, the
volt-ampere burden on any transformer is not con-
stant, and only an average value of secondary burden
can be assumed in making corrections. The error in
such a procedure is much less with low burdens.
CAUTIONS: Several precautions also should be rec-
ognized in using paralleled secondaries. During the
servicing of the equipment in the secondary circuits, it
is customary to short-circuit the secondary terminals of
the current transformers. Care must be exercised to
make sure that ALL transformers are shorted while
work is progressing on the associated equipment and,
on the completion of the servicing, that ALL shorts are
removed. A short-circuited secondary is equivalent to
a low-resistance shunt across the measuring device,
which will cause large errors.

Paralleling the sccondarics of potential trans-
formers should be avoided. because this may creatc a
scrious hazard on the primary side. For cxample, one
circuit may be disconncected from the line on the pri-
mary sidc; yet, this circuit might continuc to be cner-
gized from anorher line through the paralicled sccond-
arics of the potential transformers.

TOTALIZING TRANSFORMERS

If, for some reason, it is impossible with a paral-
leled secondary circuit to employ current transformers
that have the same ratio, it may still be possible to
employ the method of totalization that uses toralizing
transformers. Such transformers are connected in the
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Current Current
tronsformer, iransformer,
2005 amp 1005 amp

transformer, 4:1
!

\ Totalizing current

Current coil in
waotthour meter

v =TT/

r —_—

-\ <

| Totalizing current
Circuit transformer, 2:1

Neo. 3

Cireuit Circuit
No. 1 No. 2

Current
trarisformer,

400.5 amp

Fig. 53. Connection diogrom showing use of totalizing current transformers

secondaries of the original current transformers to
step down the secondary current and, thus, provide an
over-all ratio which is the same as that of the other
transformers in the circuit. The usc of these trans-
formers is illustrated in Fig. §3. In all cases, the use
of step-up toralizing transformers should be avoided,

as the effective burden impedance on the main trans-
former is increased by the reciprocal of the ratio of

the totalizing transformer.

Because of the added burden of the totalizing
transformers themselves, the use of totalizing trans-
formers also increases the toral burden on the main
current transformers very materially. In addition, thé
errors in these secondary transformers must be added
to the errors in the original current transformers. For
these rezsons, the use of totalizing transformers should
be avoided wherever possible; however, if applied, the
total errors resulting from such a scheme should be
fully recognized.

INTERCONNECTION OF SECONDARIES ON
POLYPHASE CIRCUITS

The practice of interconnecting secondary circuits
is common. However, it is seldom realized that such
interconnection introduces special errors and complica-
tions which are undesirable in cerrain cases. By inter-
connection is meant any connection which results in
one wire or one device carrying the combined currents
of two or more transformers in either the same or
different phases.
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There are, of course, many situarions where inter-
connections are permissible and, in such, it is advan-
tageous because it results in simplicity and cconomy
in wiring. For cxample, in determining the accuracy
of an installation from the characteristic curves of the
individual transformers involved, and under conditions
of burden determined by the impedance of instruments,
leads, etc., directly connected to the respective trans-
formers, no allowance is made ordinarily for the errors
which are likely to resulr from interconnection.

This procedure is usually satisfactory as, in the
majority of cascs, the effect of the interconnection is
negligible for one or both of the following reasons:

1. The burden may be such as to introduce no
special errors or to add no difficultics in cor-
recting for such special errors, if they should
exist, .

2. If special errors do occur, the magnitude may
be small compared with the errors that can
be tolerated.

However, it is advisable to avoid interconnection
in certain instances, at least when it is intended to
make accurate correction for the transformer errors
from laboratory tests. The main reason for this is chat
it is often quite impractical to try to apply corrections
accurately when secondaries are interconnected, be-
cause:

I. The effective burden often assumes unex-
pected values which cannot be determined by
any simple rule of calculation, but must be
found by a vector analysis as illustrated in
Fig. 40.

2. The effective burdens do not remain constant,
except for the particular condition of primary
voltage or current balance (or unbalance) for
which they are determined.

It is evident, therefore, that where it is desired
to obtain the highest degree of accuracy, each phase
of the polyphase circuit should be connected, measured,
and corrected as a single-phase circuit (using single-
phase instruments or meters and two wires per trans-
former), and the three-phase power or energy deter-
mined from simultaneous readings on the different
phases. This method is often used, for example, in
making water-rate tests on turbine-generators.

Some of these difficulties also will be encountered
in certain types of interconnections that are used on
single-phase circuits. (See secrion entitled ‘““Parallel
Circuits,” page 44.)

Hence, accuracy statements derived from the re-
sults of single-phase tests and approximare rules for
interconnected combinations can be considered as
applicable only under reasonable conditions.
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SUPERIMPOSED DIRECT CURRENT

Transformers are operated occasionally in circuits
where direct current may be superimposed on the alrer-
nating current. The direct current will naturally tend
to saturate the core and, therefore, adversely affect
the accuracy. This necessitates special consideration
to such applications and, often, the use of transformers
designed particularly to meet such conditions.

There are also a few instances where the current
transformer may be subjected to direct current when
no alternarting currenc is flowing. The effect in such
instances is not so great as when both currents flow
simultaneously, and can be easily remedied. (See fol-
lowing section on ‘“Magnetic Bias.”)

MAGNETIC BIAS

Sometimes current-transformer corcs get into a
condition referred to as ‘“‘magnetized.” As any trans-
former core is magnetized whenever it is excited under
either normal or abnormal conditions, the phenomenon
referred to mighe rather be called “‘magnetic bias.”
This may result from either of the following: (1) the
passage of direct current through one winding; the
passage of alternating current through one winding
while the other (or others) is open-circuited; (2) the
application of a high overcurrent, especially if a circuit
breaker interrupes a high instantaneous value of cur-
rent. This produces a bias which increases the density
at which the core operates; therefore, the exciting cur-
rent increases and, consequernitly, affects the accuracy.
The resulting error can be neglected in many cases;
bur where the best accuracy is required, especially in
cases where corrections are to be made for trans-
former errors, the condition should be remedied.

To remove this bias, the flux density should be
raised to saturation and gradually reduced to zero.
This can be accomplished by inserting suitable resist-
ance in the secondary circuit and reducing it to zero
in small steps while current is flowing in the primary.
The amount of resistance which is neccssary is not
always the same, but 2 50-ohm rhcostat will be saris-
factory for most transformers if rated current at 60
Hz flows in the primary. Some transformers will re-
quire more resistance. ‘

Another method is to excite the core to a fairly
high density by exciting the secondary while the pri-
mary is open and gradually reducing the excitation
to a low value.

PERMEABILITY DRIFT

Somewhart associated with magnetic bias is an-
other phenomenon known as “magnetic drift.” This is
the tendency of a core to change in permeability from
one condition of magnetic equilibrium to another; the
equilibrium is not always the same, as it depends upon
excitation.

It is common practice to remove any bias (for-
merly called demagnetizing) from a current trans-
former before the transformer is tested for ratio and
phase-angle errors. If the transformer is left unexcited
after being tested, its permeability shifts to the stable
state for zero exciration. Then, when put into service,
it seeks a new state of equilibrium for whatever excita-
tion is applied. For all but very low values of excita-
tion, the new state of stability would be the same as
that under which the transformer was tested. For this
reason and because the phenomenon is of 2 transient
nature that has a negligible effect after about one hour,
its effect on a merer, which is read monthly or even
weekly, would be completely lost.

While the effect of this phenomenon may some-
times be noticeable in accurate testing, it is of little
practical consequence. However, its effect on test
results can be minimized by starting the test at the
highest current point.

TESTS

Various tests are made on current transformers:
by the manufacturer, to insure that the transformers
meet the specifications set up for them; and by the
user, to insure that the devices continue to meert the
specifications during their lifetime. A very brief out-
line of the various test methods that may be employed
is described in the following sections.

ACCURACY

Ammeter Method—This is the simplest method
for determining ratio. Wicth ammeters of suitable
rating in the primary and secondary, the ratio is the
ratio of the two currents indicated.

- The range of usefulness of this method is naturally
limited by the rating of the highest current ammeter
available. However, it can, of course, be extended by
adding a calibrated current transformer in the primary
circuit.

Shunt Method— T he shunt method of checking the
accuracy of current transformers consists basically of
(1) bucking the millivolt drop of a shunt, placed in the
primary circuit of the transformer, against the drop of
a shunr placed in the secondary, and (2) adjusting the

47



Instrument Transformers

drop on one of thesc shunrs until 2 null indication is
obrained on a suitable detector. Both shunts must have
the same nominal voltage drop, usually in the order of
two to four hundred millivolts. The shunt which is
connected in the primary circuit should have a fixed
voltage drop; the secondary shunt should have a sliding
contact which will permit the drop to be adjusted over
a suitable range.

To obtain the null indication mentioned before, a
murual inductor is also needed. This is used to intro-
duce a quadrature voltage into the circuit through the
detector. The amount of this voltage required for a
null indication is a measure of the phase-angle error of
the transformer under test.

In use, the magnitude of the voltage drop from
the secondary shunt is adjusted by means of the sliding
contact; the amount of the quadrature voltage needed
for balance is controlled by the position of the coils on
the mutual inductor. Both are adjusted until a null bal-
ance is obtained on the detector. The ratio error is
determined then from the position of the slider on the
secondary shunt, and the phase angle is indicated by
the position of the scale on the mutual inductor.

Transformer-shunt Method—This method of
checking the accuracy is the same as the shunt method
except that a standard transformer with known charac-
teristics is introduced into the primary circuit of the
transformer under test, and the primary shunt is re-
placed by one which is put in the secondary of the
standard transformer. By this means it is necessary to
maintain only one current rating of primary shunt
whereas 2 “standard” transformer for each current
ratng to be tested would be required. However, such
transformers are usually more stable and easier to
maintain than shunts, particularly those required for
high primary currents.

Comparison Method—The comparison method of
checking accuracy of current transformers consists
basically of comparing the transformer under test with
a2 “standard” transformer of 2 suitable rating. The
secondary currents of both transformers are bucked
against each other and the difference may be read on
an instrument. To obtain a suitable reading, however,
this difference in current is placed on a sensitive watt-
meter, with the potential of the instrument excited in
phase with the secondary current of the standard trans-
former. This test, as described, will check only the
ratio error, and not the phase-angle error of the trans-
former. :

Exciting Current Method—Another simple test that
can be made by the user is the exciting-current test
(primary open). This method requires an initial test,
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before the transformer is installed, which can be com-
pared with checks made at a future date. This test, of
course, will not provide calibration curves, but it will
detecr failures.

Owercurrent Ratio and Phase Angle—A combination
transformer-comparison two-wartmeter method s
used. The “standard” is a high-ratio, high-current,
high-accuracy transformer whose secondary current is
compared with the sccondary current of the “‘test’
transformer. Auxiliary transformers are inserted in
the “standard” and/or “‘test” transformer secondary
circuits to balance the nominal ratios. The difference
current is measured on two indicating wattmeters. One
potential circuit is excited in phase with the test cur-
rent, the other circuit is 90 degrees out of phase; by
this means, 2 measure of both ratio and phase angle is
given.

POLARITY

Polaricy is checked automatically in practically
all ratio and phase-angle test methods. Polarity may
also be determined by any one of the methods described
below.

D-c Test

Connect 2 d-c permanent-magnet ammeter of five-
ampere capacity or less, depending on the transformer
ratio, across the transformer secondary; the marked
secondary terminal to be connected to the “plus” ter-
minal of the ammeter. Then, connect two dry cells in
series; connect the “negative” terminal of the battery
to the unmarked primary terminal of the transformer.
Make an instantaneous contact with the marked pri-
mary terminal of the transformer and the positive
terminal of the bartery. A deflection or *‘kick” will be
obrained on the ammerer. If the initial kick (the one
resulting from “making,” not “‘breaking,” the circuit)
is in the positive direction, that is, up-scale, the trans-
former leads are marked correctly. If the initial kick
is negative or down-scale (below zero), the marking
of the transformer is not correct.

CAUTION: A d-c test such as this may produce
a magnetic bias on the core so, to prevent any error as
a resulr of the test, the core should be “demagnetized.”
(See section entitled ‘“Magneric Bias,” page 47.)

A-c Tests

Substitution Method—If a transformer of known
polarity is available, the substiturion method may be
used. See Fig. 54. Connect, first, the transformer of
known polarity in the circuir; then, replace it with the
transformer of unknown polarity in the circuit. If the
wattmeter deflects in the same direction in both cases,
the polarities of the two transformers are alike.
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Current
Load

transformer
A-c Wottmeter } "
1

supply
He ® 03

Fig. 54. Coanection diogrom of @ current trosisformer and the azsociated
equipment used to determine the polarity of the tromsformer by the substi-
tution method

Differential Method—Another way is to excite
both primaries simulrafieously and make 2 differential
measurement in the secondary circuits by using an
ammeter. The connections are shown in Fig. §5. The
ammeter should read Is; +Isz (arithmetical sum) when
the polarities are as shown.

INSULATION

Both high-potential tests at 60 Hz and impulse
tests are used to check the insulation of current trans-
formers. The test values for these tests and 2 descrip-
tion of the requirements and test methods may be
found in USASI Standard C57.13.

The test values listed in Table IV are for facrory
dielectric tests which are designed to check the insu-

A-c
supply H, H,
PPy — L —
— Test™

“Standord” /XT" J

t current

current s .
ronsiormer

transformer

Ammeter

Fig. 55. Connection diogrom of current transformers and the associated
equipment vsed fo aetermiae the polarity of ome of the transformers by the
differentiol method

larion and workmanship of individual transformers.
All dielectric tests impose a severe stress on the insu-
lation, and if applied frequently at a high value, may
shorten the life of the insulation considerably. For this
reason the USASI recommended practice for making
periodic dielectric tests in the field is to limit the test
values to 65 percent of the factory test voltages listed
in USASI Standard C57.13. Customers’ incoming ac-
ceptance tests for instrument transformers can be
made at 75 percent of USASI values.

High-voltage direct-current (kenetron) testing is
often employed on cables and other gear. If the circuit
to be tested contains current transformers, the d-c
voltage should not exceed the RMS voltage value listed
in USASI Standard C57.13. This procedure is in ac-
cordance with USASI recommended practice.
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SELECTION INFORMATION

TO SELECT the proper transformer for each
application, considerable information concerning the
conditions under which the transformer is to be used
must be made available to the person sclecting the
transformer. This is particularly true in those cases
where special transformers for unusual applications are
required. Often a General Electric engineer, familiar
with instrument transformers, can suggest relatively
slight changes in the conditions of application that will

make possible the use of a standard transformer for
special requirements provided he is given complete
information. For these reasons, it is suggested that
complete information accompany every request for
selection of instrument transformers for a particular
application.

To provide a reference of the type of information
needed, the following chart gives check lists for poten-
tial and current transformers.

SELECTION CHART

POTENTIAL CURRENT
’ , TRANSFORMERS TRANSFORMERS

VYOLTAGE RATING

1. Voltage of primary €lrcuit. . .. ovurnniiit it erees e ienennnnas X X

2. Type of circuit (3-wire, 3-phase, et€.) ..o et X X

3. How transformer is connected incireuit. ... ... oo eeeeneeneeen... X X

4. RatO. . . e X -

5. Spedial insulation requirements®. .. ... . e X X
CURRENT RATING

Lo RaOO. o e — X

2. Secondary CUITENt fatiN......vvieerirve s ceseesnneennnnnss X
FREQUENCY OF PRIMARY CIRCUIT........ ...t iiiiiiiannnnnn, X X
SERVICE

1. Indoororautdoor.. ....ooie it X X

2. Special serviceconditions®. . ...... ... . i X X
BURDEN DATA

1. Volr-amperes and power factor, or resistance and reactance of burden. . X X

2. Limiting condidons for possible future change in burden requirements. . X X
ACCURACY

1. Desired accuracy at specified burden...... ... .................... X X

2. Desired accuracy at highest burden anticipated for furure requirements. .. X X
LIMITING DIMENSIONS AND WEIGHT ....coiviiienn e nnnnnns, X X
UNDERVOLTAGE AND OVERVOLTAGE REQUIREMENTS.. ........ X -
OVERCURRENT REQUIREMENTS

1. Desired overcurrent accuracyt.......... N — X

2. Desired mechanical ratingt. . ... ... .. - X

3. Desiredthermalratingt. .. ... o e . — X

4. Position of recurn conductor with respect to transformer. ... .. ......... - X
FUSES

1. Any special conditions pertaining thereto............................ X —
SPECIAL CONDITIONS .. ot it it it it e e e i, X X

*® Standard conditions defined in USASI Standard C57.13.
t As defined in USASI Scandard C57.13.
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