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IEEE Standards documents are developed within the Technical Committees of the IEEE Societies and the Standards
Coordinating Committees of the IEEE Standards Board. Members of the committees serve voluntarily and without
compensation. They are not necessarily members of the Institute. The standards developed within IEEE represent a
consensus of the broad expertise on the subject within the Institute as well as those activities outside of IEEE that have
expressed an interest in participating in the development of the standard.

Use of an IEEE Standard is wholly voluntary. The existence of an IEEE Standard does not imply that there are no other
ways to produce, test, measure, purchase, market, or provide other goods and services related to the scope of the IEEE
Standard. Furthermore, the viewpoint expressed at the time a standard is approved and issued is subject to change
brought about through developments in the state of the art and comments received from users of the standard. Every
IEEE Standard is subjected to review at least every five years for revision or reaffirmation. When a document is more
than five years old and has not been reaffirmed, it is reasonable to conclude that its contents, although still of some
value, do not wholly reflect the present state of the art. Users are cautioned to check to determine that they have the
latest edition of any IEEE Standard.

Comments for revision of IEEE Standards are welcome from any interested party, regardless of membership affiliation
with IEEE. Suggestions for changes in documents should be in the form of a proposed change of text, together with
appropriate supporting comments.

Interpretations: Occasionally questions may arise regarding the meaning of portions of standards as they relate to
specific applications. When the need for interpretations is brought to the attention of IEEE, the Institute will initiate
action to prepare appropriate responses. Since IEEE Standards represent a consensus of all concerned interests, it is
important to ensure that any interpretation has also received the concurrence of a balance of interests. For this reason
IEEE and the members of its technical committees are not able to provide an instant response to interpretation requests
except in those cases where the matter has previously received formal consideration.

Comments on standards and requests for interpretations should be addressed to:

Secretary, IEEE Standards Board
445 Hoes Lane

P.O. Box 1331

Piscataway, NJ 08855-1331
USA

IEEE standards documents may involve the use of patented technology. Their approval by the Ingtitute of
Electrical and Electronics Engineers, Inc. does not mean that using such technology for the pufpose of
conforming to such standards is authorized by the patent owner. It is the obligation of the user of such teghnology
to obtain all necessary permissions.
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Introduction
(This introduction is not a part of IEEE Std C57.13-1993, IEEE Standard Requirements for Instrument Transformers.)

This standard is the result of years of work revising C57.13-1978, American National Standard Requirements for
Instrument Transformers. In this revision the “K” classification for relaying current transformers has been added.
Changes also have been made in insulation levels and dielectric test requirements. The test code has been reworded to
define accuracy, error, and uncertainity of measurements better.

At the time this standard was approved, the C57 Committee had the following membership:

P. J. Hopkinson Chair
J. C. Thompson Vice Chair
John A. Gauthier, Secretary

Electric Light and POWET GIOUP .......ciiueitiaiiiiie ettt ettt sib e et e e sbe e e s s emeeeea e P. E. Orehek
T. Diamantis
J. W. Howard
S. Paiva
J. Sullivan
M. Mingoia (Alt.)
J. ThompsonAlt.)
Institute of Electrical and EIECtronNiCS ENQINEEIS .......ouiiiiiiiiiiiiiiiiie et e et ee e e e e e et e emesmmmommmnees J. D. Borst
J. Davis
J. H. Harlow
L. Savio
R. A. Veitch
H. Smith @Alt.)
National Electrical Manufacturers ASSOCIAtION ............euiuiiiiiiiiiiiiiie e e e e G..D. Coulter
S. Douglas
Susan Endersbe
A. Ghafourian
K. R. Linsley
R. Plaster
Harral Robin
P. Dewever (Alt.)
P. J. Hopkinson (Alt.)

J. J. Nay (Alt.)
TENNESSEE VAllEY AULNOTILY ... .eeeiiiitiie ettt ettt emmme s e b e F. Lewis
Underwriters Laboratories, INC ... . ..u ittt et ee e e e s e e e me e e e eeee e e W. T. O'Grady
US Department of AQHCUIUIE, REA ... ettt r e e e e e ee e e e mmemnmeeeemaneeeee s J. Bohlk
US Department of Energy, Western Area Power AdminiStration ... KhénWol
US Department of the Interior, Bureau of ReClamation................oooiiiiiiiiiiiiin e R..Chadwick
US Department of Navy, Civil ENGINEEING COIPS ... .uviieiiiiieiee ittt ettt e H.. P..Stickley
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At the time this standard was completed, the members of the Instrument Transformer Subcommittee were as follows:
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When the |IEEE Standards Board approved this standard on June 17, 1993, it had the following membership:

Wallace S. Read Chair
Donald C. Loughry, Vice Chair
Andrew G. Salem Secretary

Gilles A. Baril Jim Isaak Don T. Michael*
José A. Berrios de la Paz Ben C. Johnson Marco W. Migliaro
Clyde R. Camp Walter J. Karplus L. John Rankine
Donald C. Fleckenstein Lorraine C. Kevra Arthur K. Reilly
Jay Forster* E. G. “Al" Kiener Ronald H. Reimer
David F. Franklin Ivor N. Knight Gary S. Robinson
Ramiro Garcia Joseph L. Koepfinger* Leonard L. Tripp
Donald N. Heirman D. N. “Jim” Logothetis Donald W. Zipse

*Member Emeritus
Also included are the following nonvoting IEEE Standards Board liaisons:

Satish K. Aggarwal Richard B. Engelman Stanley I. Warshaw
James Beall David E. Soffrin

Rachel A. Meisel
IEEE Standards Project Editor
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IEEE Standard Requirements for
Instrument Transformers

1. Scope

This standard is intended for use as a basis for performance, interchangeability, and safety of equipment covered, and
to assist in the proper selection of such equipment.

This standard covers certain electrical, dimensional, and mechanical characteristics, and takes into consideration
certain safety features of current and inductively coupled voltage transformers of types generally used in the
measurement of electricity and the control of equipment associated with the generation, transmission, and distribution
of alternating current.

2. References

This standard shall be used in conjunction with the following publications. When the following publications are
superseded by an approved revision, the revision shall apply.

ANSI C37.06-1987, Preferred Ratings and Related Required Capabilitiesfor AC High-Voltage Circuit Breakers Rated
on a Symmetrical Current Basi st

|EEE Std C37.04-1979 (Reaff 1988), IEEE Standard Rating Structure for AC High-Voltage Circuit Breakers Rated on
a Symmetrical Current Basis:(ANSI).2

|EEE Std C37.09-1979 (Reaff 1988), IEEE Standard Test Procedure for AC High-Voltage Circuit Breakers Rated on
a Symmetrical Current Basis (ANS!).

IEEE Std C57.12.00-1993, |IEEE General Requirements for Liquid-Immersed Distribution, Power, and Regulating
Transformers.

1ANSI publications are available from the Sales Department, American National Standards Institute, 11 West 42nd Street, 13th Floor, New Y ork,
NY 10036, USA.

2IEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 1331, Piscataway, NJ 08855-
1331, USA.
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IEEE Std C57.12.90-1993, |EEE Standard Test Code for Liquid-Immersed Distribution, Power, and Regulating
Transformers and |IEEE Guide for Short-Circuit Testing of Distribution and Power Transformers.

|EEE Std 4-1978, | EEE Standard Techniques for High Voltage Testing (ANS!).
|EEE Std 21-1976, General Requirements and Test Procedures for Outdoor Apparatus Bushings.
|EEE Std 100-1992, The New | EEE Standard Dictionary of Electrical and Electronics Terms (ANSI).

NEMA SG 4-1975 (R 1980), Alternating-Current High-Voltage Circuit Breakers.®

3. Definitions

All definitions, except as specifically covered in this standard, shall be in accordance with |EEE Std 100-1992. 4

3.1 bar-type current transformer: One that has afixed and straight single primary winding turn passing through the
magnetic circuit. The primary winding and secondary winding(s) are insulated from each other and from the core(s)
and are assembled as an integral structure.

3.2basiclightningimpulseinsulation level (BIL): A specificinsulation level expressed in kilovolts of the crest value
of astandard lightning impul se.

3.3 burden of an instrument transformer: That property of the circuit connected to the secondary winding that
determines the active and reactive power at the secondary terminals.

NOTE — Theburdenisexpressed either astotal ohmsimpedance with the effective resi stance and reactance components, or asthe
total voltamperes and power factor at the specified value of current or voltage, and frequency.

3.4 bushing-type current transformer: One that has an annular core and a secondary winding insulated from and
permanently assembled on the core but has no primary winding and no insulation for a primary winding. This type of
current transformer is for use with a fully insulated conductor as the primary winding. A bushing-type current
transformer usually is used in equipment where the primary conductor is a component pan of other apparatus.

3.5 cascade-type voltage transformer: A voltage transformer that has an insulated-neutral or grounded-neutral
terminal and that has the primary winding subdivided into two or more (usually equal) series connected sections,
mounted on one or more magnetic cores, and that has the secondary winding located about the core at the neutral end
of the primary winding. The sections of the primary winding are coupled by “coupling windings.” The cores, if more
than one, are insulated from each other and connected to definite voltage levels along the primary winding.

3.6 continuous thermal current rating factor (RF): The number by which the rated primary current of a current
transformer is multiplied to obtain the maximum primary current that can be carried continuously without exceeding
the limiting temperature rise from 30 °C average ambient air temperature. The RF of tapped-secondary or multi-ratio
transformers applies to the highest ratio, unless otherwise stated. (When current transformers are incorporated
internally as parts of larger transformers or power circuit breakers, they shall meet allowable average winding and hot
spot temperature limits under the specific conditions and requirements of the larger apparatus.)

3.7 current transformer (CT): An instrument transformer intended to have its primary winding connected in series
with the conductor carrying the current to be measured or controlled.

3.8 double-secondary current transformer: One that has two secondary windings each on a separate magnetic
circuit with both magnetic circuits excited by the same primary winding.

3.9 double-secondary voltage transformer: Onethat has two secondary windings on the same magnetic circuit with
the secondary winding insulated from each other.

SNEMA publications are available from the National Electrical Manufacturers Association, 2101 L Street NW, Washington, DC 20037, USA.
“4Information on references can be found in clause 2.
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FOR INSTRUMENT TRANSFORMERS IEEE Std C57.13-1993

3.10 excitation losses for an instrument transformer: The power (usually expressed in watts) required to excite the
transformer at its primary terminals.

NOTE — Excitation losses include core, dielectric, and winding losses due to the excitation current.
3.11 fused-type voltage transformer: One that is provided with means for mounting one or more fuses as integral
parts of the transformer in series with the primary winding.

3.12 grounded-neutral terminal type voltage transformer: One that has the neutral end of the primary winding
connected to the case or mounting base in a manner not intended to facilitate disconnection.

3.13 indoor current (or voltage) transformer: One that, because of its construction, must be protected from the
wesather.

3.14 instrument transformer: One that is intended to reproduce in its secondary circuit, in a definite and known
proportion, the current or voltage of its primary circuit with the phase relations substantially preserved.

3.15 insulated-neutral terminal type voltage transformer: One that has the neutral end of the primary winding
insulated from the case or base and connected to a terminal that provides insulation for alower voltage than required
for the line terminal. (The neutral may be connected to the case or mounting base in a manner intended to facilitate
temporary disconnection for dielectric testing.)

3.16 leakage flux: Any magnetic flux, produced by current in an instrument transformer winding, which does not link
all turns of all windings.

3.17 low remanence current transformer: One with aremanence not exceeding 10% of maximum flux.
3.18 marked ratio: Theratio of the rated primary value to the rated secondary value as stated on the nameplate.

3.19 multiple-secondary current transformer: One that has three or more secondary windings, each on a separate
magnetic circuit, with all magnetic circuits excited by the same primary winding.

3.20 multi-ratio current transformer: One with three or more ratios obtained by the use of taps on the secondary
winding.
3.21 nominal ratio: Seemarked ratio

3.22 outdoor current (or voltage) transformer: One of weather-resistant construction, suitable for service without
additional protection from the weather.

3.23 percent ratio correction: The difference between the ratio currection factor and unity, expressed in percent
[(RCF- 1) " 100] See: ratio correction factor

3.24 phase angle of an instrument transformer (PA): The phase displacement, in minutes or radians, between the
primary and secondary values. The phase angle of a current transformer is designated by the Greek letter beta (b) and
is positive when the current leaving the identified secondary terminal leads the current entering the identified primary
terminal. The phase angle of avoltage transformer is designated by the Greek |etter gamma (g) and is positive when the
secondary voltage from the identified to the unidentified terminal leads the corresponding primary voltage.

3.25 phase angle correction factor (PACF): The ratio of the true power factor to the measured power factor. It isa
function of both the phase angles of the instrument transformers and the power factor of the primary circuit being
measured.

NOTE — The phase angle correction factor corrects for the phase displacement of the secondary current or voltage, or both, due
to the instrument transformer phase angle(s).

For a current transformer, the phase angle correction factor:
PACF = cos (gy + b)/ cos (gp)

For avoltage transformer, the phase angle correction factor:
PACF = cos(gy - b)/ cos(qy)

When both voltage and current transformers are used, the combined phase angle correction:
PACF =cos(gp + b - g/ cos(qy)
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g, isthe apparent power factor angle of the circuit being measured.

3.26 polarity: The relative instantaneous directions of the currents entering the primary terminals and leaving the
secondary terminals during most of each half cycle.

NOTE — Primary and secondary terminals are said to have the same polarity when, at a given instant during most of each half
cycle, current enters the primary terminal and leaves the secondary terminal in the same direction as though there was a
continuous circuit between the two terminals.

3.27 primary winding: The winding intended for connection to the circuit to be measured or controlled.
3.28 rated current: The primary current upon which the performance specifications are based.

3.29 rated secondary current: The rated current divided by the marked ratio.

3.30 rated secondary voltage: The rated voltage divided by the marked ratio.

3.31 rated voltage: The primary voltage upon which the performance specifications of a voltage transformer are
based.

3.32ratio correction factor (RCF): Theratio of the true ratio to the marked ratio. The primary current or voltage is
equal to the secondary current or voltage multiplied by the marked ratio times the ratio correction factor.

3.33 secondary winding: The winding intended for connection to the measuring, protection, or control devices.

3.34 series-parallel primary current transformer: Onethat hastwo insulated primary windingsthat areintended for
connection in series or parallel to provide different rated currents.

3.35 tapped-secondary current or voltage transformer: One with two ratios obtained by use of a tap on the
secondary winding.

3.36 thermal burden rating of a voltage transformer: The voltampere output that the voltage transformer will
provide continuously at rated secondary voltage without exceeding the specified temperature limits.

3.37 three-wiretypecurrent transformer: One that has two insulated primary windings and one secondary winding
and isfor use on athree-wire, single-phase service.

NOTE — The primary windings and the secondary winding are permanently assembled on the core as an integral structure. The
secondary current is proportional to the phasor sum of the primary currents.

3.38transformer correction factor (TCF): Theratio of the true watts or watthours to the measured secondary watts
or watthours, divided by the marked ratio.

NOTE — The transformer correction factor for a current or voltage transformer is the ratio correction factor multiplied by the
phase angle correction factor for a specified primary circuit power factor.

The true primary watts or watthours are equal to the watts or watthours measured, multiplied by the transformer
correction factor and the marked ratio.

The true primary watts or watthours, when measured using both current and voltage transformers, are equal to the
current transformer ratio correction factor multiplied by the voltage transformer ratio correction factor multiplied by
the marked ratios of the current and voltage transformers multiplied by the observed watts or watthours. It is usually
sufficiently accurate to calculate true watts or watthours as equal to the product of the two transformer correction
factors multiplied by the marked ratios multiplied by the observed watts or watthours.

3.39 trueratio: Theratio of the root-mean-square (rms) primary voltage or current to the rms secondary voltage or
current under specified conditions.

3.40turnsratio of a current transformer: Theratio of the secondary winding turns to the primary winding turns.
3.41turnsratio of a voltage transformer: Theratio of the primary winding turns to the secondary winding turns.

3.42 voltage transformer (VT): An instrument transformer intended to have its primary winding connected in shunt
with the voltage to be measured or controlled.
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3.43 window-type current transformer: One that has a secondary winding insulated from and permanently
assembled on the core, but has no primary winding as an integral part of the structure. Primary insulation is provided
in the window, through which one turn of the line conductor can be passed to provide the primary winding.

3.44 wound-typecurrent transfor mer: Onethat has a primary winding consisting of one or more turns mechanically
encircling the core or cores. The primary winding(s) and secondary winding(s) are insulated from each other and from
the core(s) and are assembled as an integral structure.

4. General requirements

4.1 Service conditions

4.1.1 Usual temperature and altitude service conditions

Instrument transformers conforming to this standard shall be suitable for operation at their thermal ratings, provided
that the altitude does not exceed 1000 m (3300 ft).

4.1.1.1 30 °C average ambient temperature

If the transformers are air cooled, the ambient temperature of the cooling air does not exceed 40 °C and the average
ambient temperature of the cooling air for any 24-hour period does not exceed 30 °c

4.1.1.2 55 °C average ambient temperature

Instrument transformers may also be given ratings for operation in 55 °C average ambient temperature, with maximum
ambient air temperature not exceeding 65 °C.

4.1.2 Unusual temperature and altitude service conditions

Instrument transformers may be applied at higher altitudes or higher ambient temperatures than specified in 4.1.1, but
the performance may be affected and special consideration should be given to these application (see 4.4).

4.1.3 Other conditions that may affect design and application

Where unusual conditions other than those discussed in 4.1.1 or 4.1.2 exist, they should be brought to the attention of
those responsible for the design and application of instrument transformers. Examples of these conditions are:

a) Damaging fumes or vapors, excessive or abrasive dust, explosive mixtures of dust or gases, steam, salt spray,
excessive moisture or dripping water, etc.

b) Abnormal vibrations, shocks, or tilting

c) Ambient temperatures above 55 °C or below - 30 °C

d) Unusual transportation or storage conditions

€) Unusual space limitations or restricted ventilation

f)  Unusual duty, frequency of operation, difficulty of maintenance, poor wave form, unbalanced voltage, special
insulation requirements, etc.

g) Applicationsin switchgear assembliesincluding metal enclosed bus

h)  Applications with high-voltage power circuit breakers

i) Applications with power transformers

j)  Applications with outdoor bushings

51t is recommended that the average temperature of the cooling air be calculated by averaging 24 consecutive hourly readings. When the outdoor air
is the cooling medium, the average of the maximum and minimum daily temperature may be used. The value that is obtained in this manner is
usually higher than the true daily average by not more than 1/2 °C.
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4.2 Effect of air density on flashover voltage

The effect of decreased air density is to decrease the flashover voltage for a given flashover distance. See |EEE Std 4-
1978, for use of a correction factor with sphere gaps.

The dielectric strength of air decreases as altitude increases. Dielectric strength that depends on air.should be
multiplied by the proper altitude correction factor to obtain the dielectric strength at the required altitude (see table 1).

Table 1— Dielectric strength correction factors for altitudes greater than 1000 m (3300 ft)

Altitude correction
3 1000 m 3 3300 ft factor for dielectric
strength
1000 3300 1.00
1200 4000 0.98
1500 5000 0.95
1800 6000 0.92
2100 7000 0.89
2400 8000 0.86
2700 9000 0.83
3000 10 000 0.80
3600 12 000 0.75
4200 14 000 0.70
4500 15 000 0.67
NOTE — Altitude of 4500 m is considered a maximum for instrument
transformers conforming to this standard.

4.3 Frequency

Instrument transformers shall be designed and rated for operation at a frequency of 60 Hz.

4.4 Effect of altitude on temperature rise and effect of ambient temperature on permissible
loading

4.4.1 Loading of current transformers at less than rated current at high altitudes

Current transformers may be operated at altitudes greater than 1000 m without exceeding established temperature
limits provided the current is reduced below rated (or below rated times continuous thermal current rating factor) by
0.3% for each 100 m that the altitude exceeds 1000 m.

4.4.2 Operation of current transformers at other than 30 °C ambient temperature

Current transformers designed for 55 °C temperature rise above 30 °C average ambient air temperature may be loaded
in accordance with the curves shown in figure 1 for any given average cooling air temperature and continuous thermal
current rating factor. The percent of rated primary current that can be carried continuously without causing established
temperature limitsto be exceeded is given by the curves. For example, atransformer with a continuous thermal current
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rating factor (RF) of 2.0 at 30 °C ambient temperature can be used at approximately 150% of rated current at an
ambient temperature of 55 °C.
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Figure 1— 55 °C rise current transformer basic loading characteristics (In air)

NOTE — These curves are based on the assumption that average winding temperature rise is proportional to current squared.
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4.4.3 Loading of voltage transformers at higher altitudes or higher ambient temperatures

Voltage transformers can be safely operated at higher atitudes or higher ambient temperatures only after consultation
with the manufacturer, because alarge percentage of the temperature rise may be dueto iron loss, which varieswidely
with design.

4.5 Basic impulse insulation levels, dielectric tests, and outdoor instrument transformer
creepage distance and wet tests

An instrument transformer shall be assigned a basic impulse insulation level (BIL) to indicate the factory dielectric
tests that the transformer is capable of withstanding.

With the following exceptions, basic impulse insulation voltages, applied voltage test voltages for primary winding
insulation, and creepage distances and wet tests for outdoor instrument transformers are listed in table 2 and table 3:

a) Applied voltage tests for primary winding insulation are not required on grounded-neutral termina type
voltage transformers.

b) For insulated-neutral terminal type voltage transformers, the applied voltage test for primary winding
insulation shall be 19 kV on outdoor types with BILs greater than 110 kV. On indoor types, and on outdoor
types with BILs of 110 kV or less, the test shall be 10 kV.

¢) Thereisno BIL requirement on the neutral terminal of grounded-neutral or insulated-neutral terminal type
voltage transformers.

d) Theapplied voltage test for secondary winding insulation and between multiple secondary windings shall be
2.5kV.

€) The applied voltage test for autotransformers for use in the secondary circuits of instrument transformers
shall be 2.5 kV.

f)  The applied voltage test for the primary insulation of auxiliary instrument transformers (for use in the
secondary circuits of instrument transformers) shall be 2.5 kV.

g) The applied voltage test between primary windings of three-wire type current transformers with 10 kV BIL
shall be 4 kV.

4.6 Temperature rise

The limits of observable temperature rise in instrument transformers when tested in accordance with their ratings shall
be as given in table 4, and the transformers shall be designed so that the hottest-spot winding temperature rise above
ambient will not exceed the values given in table 4.

4.7 Tests
4.7.1 Instrument transformer tests

These are the routine, type, and other tests that are necessary to assure that the design and construction of the
transformer are adequate to meet the specified requirements. The method of making tests shall be as described in
clause 8., except as otherwise required in table 3, or by equivalent alternate methods.

4.7.2 Routine tests

Each instrument transformer shall receive the following routine tests at the factory. These tests shall be made on the
instrument transformer after complete assembly, where feasible.
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a) Applied voltage dielectric tests between windings and between windings and ground (with the exception
there is no primary insulation test for bushing type, split-core, or any current transformer designed with
incomplete insulation for the primary conductor)

b) Induced voltage tests

c) Accuracy tests

d) Polarity test

4.7.3 Type tests (design tests)

Type tests shall be performed on at least one transformer of each design group that may have a different characteristic
in the specific test. Transformers subjected to type tests shall withstand the applicabl e routine tests before and after the
type tests. It is not necessary to conduct more than one type test on the same unit.

Type tests for voltage transformers shall include:

a) Impulse (BIL) test

b) Wet 60 Hz 10 swithstand test

c) Short-time mechanical withstand test

d) Temperaturerisetest to verify the rating factor
€) Accuracy test to verify quoted accuracy ratings

Type tests for current transformers shall include:

a) Impulse (BIL) test

b) Wet 60 Hz 10 swithstand test

c) Short-time mechanical current rating test

d) Temperaturerisetest to verify the thermal burden rating
€) Accuracy test to verify quoted accuracy ratings

f)  Switching impulsetest, if applicable (seetable 3)

4.7.4 Other tests

Other tests are additional tests made for application information, for provision of specific data requested by users, for
verification of type capability, etc. Examples of other tests are:

a) Specia accuracy tests

b) Open-circuit secondary voltage magnitude or withstand capability on current transformers

c) Voltage transformer capabilitiesin respect to 125%, 140%, and 173% overvoltage characteristics required
d) Radioinfluence voltage test (RIV)

€) Partial discharge test
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Table 2— Basic impulse insulation levels and dielectric tests

IEEE STANDARD REQUIREMENTS

Chopped
wave Power
Maximum Nominal BIL and minimum frequency Wet 60 Hz Minimum
system system full- timeto crest applied 10s creepage
voltage voltage wave crest flashover voltage test withstand distance
(kV) (kV) (kV)* (kV) & (us) (kV rms) (kv rms)Jr (mm) & (in)
0.66 0.60 10 12 — 4 — — —
1.20 1.20 30 36 1.50 10 6+ — —
2.75 2.40 45 54 1.50 15 138 — —
5.60 5.00 60 69 1.50 19 208 — —
9.52 8.70 75 88 1.60 26 248 — —
15.50 15.00 95 110 1.80 34 308 — —
15.50 15.00 110 130 2.00 34 34 279 11
25.50 25.00 125 145 2.25 40 368 381 15
25.50 25.00 150 175 3.00 50 50 432 17
36.50 34.50 200 230 3.00 70 70 660 26
48.30 46.00 250 290 3.00 95 95 890 35
72.50 69.00 350 400 3.00 140 140 1220 438
121.00 115.00 450 520 3.00 185 185 1680 66
121.00 115.00 550 630 3.00 230 230 2010 79
145.00 138.00 650 750 3.00 275 275 2340 92
169.00 161.00 750 865 3.00 325 315 2900 114
242.00 230.00 900 1035 3.00 395 350 3560 140
242.00 230.00 1050 1210 3.00 460 445 4320 170
362.00 345.00 1300 1500 3.00 575 5210 205
550.00 500.00 1675 1925 3.00 750 8080 318
550.00 500.00 1800 2070 3.00 800 8080 318
800.00 765.00 2050 2360 3.00 920 11 200 442

*The selection of the lower BIL for agiven nominal system voltage, or for a marked ratio in tables 10-14, also reduces other requirements
as tabulated above. The acceptability of these reduced requirements should be evaluated for the specific instrument transformer design and
application.

TFor test procedures, see |EEE Std 21-1976.

FThese values are requirements for distribution transformer bushings that are in IEEE Std C57.12.00-1993.

See table 3 for current transformers with the same dielectric test requirements as power circuit breakers. See clause 8.
for test methods.
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Table 3—

IEEE Std C57.13-1993

Basic impulse insulation levels and dielectric tests for current transformers with the same dielectric

test requirements as outdoor power circuit breakers

Minimum
creep
Low frequency (kV, rms) Impulsetest 1.2 " 50 ms wave (kV, crest)Jr distance
Rated | 1min 10s Full wave Interrupter 2ms 3 s Switching (mm) & (in)
max dry wet withstand full wave withstand withstand impulse
insulation
121 260 230 5508+ 412 710 632 Not req'd 1780 70
145 310 275 650B 488 838 748 Not req'd 2130 84
169 365 315 750B 552 968 862 Not req'd 2490 93
242 425 350 900B 675 1160 1040 Not req'd 3560 140
362 555 Not 1300B 975 1680 1500 5310 209
reqd
550 860 Not 1800B 1350 2320 2070 8080 318
reqd
800 960 Not 2050B 1540 2640 2360 11 200 442
reqd

*See |EEE Std C37.09-1979 for impulse and applied potential test procedures.
TNo flashovers are permitted on current transformers.
FTheletter “B” values are established by ANSI C37.06-1987 for current transformers that have the same requirements as power circuit breakers.

Table 4— .
Limits of temperature rise
30 °C ambient 55 °C ambient
Type of instrument Avg. winding Hottest-spot Avg. winding temp. Hottest-spot
transformer temp. winding temp. rise determined by winding temp.
risedetermined rise resistance rise
by cot method(°C) (°C)
resistance
method
Q)

55 °C rise 55+ 65 30 40

65 °C rise 65 80 40 55

80 °Crise dry-type 80 110 55 85

*Temperature rise of current transformers that are a part of high-voltage power circuit breakers or power transformers shall
be in accord with IEEE Std C37.04-1979 or |EEE Std C57.12.00-1993, respectively.

TTemperature rise of other metallic parts shall not exceed these values.

FTemperature rise at the top of the oil in sealed transformers shall not exceed these values.
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4.8 Construction
4.8.1 Polarity and terminal marking

The relative instantaneous polarity of terminals or leads shall be clearly indicated by permanent markings that cannot
easily be obliterated.

When the polarity isindicated by letters, the letter H shall be used to distinguish the leads or terminals connected to the
primary winding and the letter X (also Y and Z, etc., if multiple secondary windings are provided) shall be used to
distinguish the leads or terminals connected to the secondary winding. In addition, each lead shall be numbered, for
example, Hy, Hp, X1, X,. If more than three secondary windings are provided they shall be identified as X, Y, Z, and
W for four secondary windings; X, Y, Z, W, and V for five secondary windings; X, Y, Z, U, W, and V for six secondary
windings, etc. H; and X4 (also Y1 and Z4, etc., if provided) shall be of the same polarity.

When multiple primary windings are provided, the leads or terminals shall be designated by the letter H together with
consecutive pairs of numbers (Hq, Hy, H3, Hy, etc.). The odd-numbered leads or terminal s shall be of the same polarity.

When taps or leads are provided on the secondary winding(s), the leads or terminals shall be lettered as required above
and numbered X1, X5, X3, €tc., 0r Y1, Y5, Y 3, etc., with the lowest and highest numbersindicating the full winding and
the intermediate numbersindicating the tapsin their relative order. When X4 isnot in use, the lower number of the two
leads in use all be the polarity lead.

4.8.2 Symbols

Instrument transformer symbols are given in table 5.

Table 5— Instrument transformer symbols

Symbol Voltage transformers Current transformers
: Ratio expression, only to show ratio between Ratio between primary and secondary amperes
(colon) primary and secondary amperes voltages or Example: Current transformer with one
between primary and tertiary voltages primary winding and one secondary winding
Example: Voltage transformers with one primary Current ratio
winding and one secondary winding 100:5A
14 400:120 V
Ratio 120:1
Voltage ratings or ratios of transformer with a Current ratings of transformer with a primary
(multiplication primary or secondary winding having two or more | or secondary winding having two or morecoils
sign) coilsfor series or parallel connection for series or parallel connection
Example: Voltage transformer with primary Example: Current transformer with two
winding in two coils for series or parallel primary windings in two coils for series
connection for two ratings orparallel connection for two ratios
2400 4800V Current ratio
Ratio 20~ 40:1 100~ 200:5A
I (Not used) Ampererating of separate secondary windings
(double slant each having an independent core
line) Example: Current transformer with two
separate secondary windings and two cores
Current ratio
100:5//5A
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Table 5— Instrument transformer symbols (Continued)

Symbol Voltage transformers Current transformers
& Voltage ratings or ratios of separate secondary Ampere ratings of separate primary windings
(ampersand) windings on one core on one core (When all primary current ratings
Example: Voltage transformer for connection line- | are the same, the transformer shall produce
to-ground, with one primary winding and two rated secondary current when each primary
secondary windings winding carries rated current and the primary
14 400:120 & 72V currents are in phase. When all primary
Ratio 120 & 200:1 currents are not the same, the transformer shall
produce rated secondary current when the only
primary current israted current in only one
primary winding.)
a) Transformer with two or more primary
windings designed to be used individually
Example: Current transformer with two
primary windings
Current ratio
100 & 600:5 A
b) Totalizing transformer with two or more
primary windings that can be used
simultaneously and connected in different
circuits Example: Totalizing current
transformer with three primary windings
Current ratio
5& 5&55A
¢) Transformer for three-wire single-phase
circuit with two separate primary windings
Example: Current transformer for three-wire
single-phase circuit
Current ratio
100 & 100:5 A
/ Two or more primary or secondary voltageratings | Different primary current ratings obtained by
(single slant obtained by taps in the secondary winding. taps in the secondary tapsin the secondary
line) Example: Voltage transformer with tapsin the winding.
secondary winding for additional primary voltage | Example: Current transformer with tapsin the
ratings secondary winding for additional ratios
8400/12 000/14 400 V Current ratio
Ratio 70/100/120:1 300/400/600:5A
Example: Voltage transformer with atap in the
secondary winding for additional secondary
voltage ratings
14 000 V
Ratio 120/200:1
E Designation of primary voltage ratings (Not used directly)
Example: Voltage transformer with E-rated
voltage for connection on an E voltage system
14 000
(B)
(E/E1Y) Example: Voltage transformer with E-rated
voltage that is suitable for connection on an E
voltage system or for Y connection on an E;
voltage system
2400/4160Y
(E/EyY)
(E,GrdY/E) Example: Voltage transformer with E-rated
voltage with reduced insulation at neutral end, for
line-to-ground connection on an E, voltage system
12 470GrdY /7200
(E,GrdY/E)
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5. Accuracy classes for metering

5.1 Basis for accuracy classes

Accuracy classesfor revenue metering are based on the requirement that the transformer correction factor (TCF) of the
voltage transformer or of the current transformer shall be within specified limits when the power factor (lagging), of
the metered load has any value from 0.6 to 1.0, under specified conditions as follows:

a) For current transformers, at the specified standard burden (see 6.2 for standard burdens) at 10% and at 100%
of rated primary current (also at the current corresponding to the rating factor (RF) if it is greater than 1.0).
The accuracy class at alower standard burden is not necessarily the same as at the specified standard burden.
b) For voltage transformers, for any burden in voltamperes from zero to the specified standard burden, at the
specified standard burden power factor (see 7.2 for standard burdens) and at any voltage from 90% to 110%

of therated voltage. The accuracy class at alower standard burden of different power factor is not necessarily
the same as at the specified standard burden.

5.2 Expression of TCF at 0.6 power factor (lagging) of metered load
It can be shown® that a TCF at 0.6 power factor (lagging) of the metered load is:

a) For voltage transformers TCF = RCF + ¢/2600
b) For current transformers, TCF = RCF - b/2600

where

RCF = ratio correction factor
0, b= phaseanglein minutes, for voltage transformers and current transformers respectively

5.3 Standard accuracy classes
The limits of transformer correction factor in standard accuracy classes shall be as shown in table 6.

Table 6— Standard accuracy class for metering service and corresponding limits of transformer
correction factor [0.6 to 1.0 power factor (lagging) of metered load]

Metering Voltage transformers (at

accuracy 90% to 100% rated
class voltage) Current transformers

Minimum Maximum At 100% rated current” At 10% rate current
Minimum Maximum Minimum Maximum

0.3 0.997 1.003 0.997 1.003 0.994 1.006
0.6 0.994 1.006 0.994 1.006 0.988 1.012
12 0.988 1.012 0.988 1.012 0.976 1.024

*For current transformers the 100% rated current limit al so applies to the current corresponding to the continuous thermal current rating

factor.

This istrue for errors within the range of the standard metering accuracy classes.

14
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5.4 Limiting values of RCF and phase angle for standard accuracy classes

The limiting values of RCF are the same as those for TCF (see 5.2). For any known value of RCF for a given
transformer the limiting val ues’ of the angles derived from the expression in 5.2 are given by:

a) For voltage transformers, g= 2600 (TCF - RCF)
b) For current transformers, b = 2600 (RCF - TCF)

in which TCF is taken as the maximum and minimum values, given in table 6, for the specified accuracy class.

These relations are shown graphically in figure 2 for current and in figure 3 for voltage transformers.
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Figure 2— Limits of accuracy classes for current transformers for metering

NOTE — Theaccuracy requirementsfor 100% rated current also apply at the continuous thermal current rating of the transformer.

"Thisistrue of errorswithin the range of the standard metering accuracy classes.
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Figure 3— Limits of accuracy classes for voltage transformers for metering

NOTE — Thetransformer characteristics shall lie within the limits of the parallelogram for all voltages between 90% to 110% of
rated voltage.

6. Current transformers

6.1 Terms in which ratings shall be expressed
The ratings of a current transformer shall include:

a) Basicimpulseinsulation level in terms of full-wave test voltage (see tables 2 and 3)

b) Nominal system voltage, or maximum system voltage (see tables 2 and 3)

¢) Frequency (in Hertz)

d) Rated primary and secondary currents (see tables 7 and 8)

€) Accuracy classes at standard burdens (see 6.3, 6.4, and tables 6 and 9)

f)  Continuous thermal current rating factor based on 30 °C average ambient air temperature (see 6.5)
g) Short-time mechanical current rating and short-time thermal current rating (see 6.6)

6.2 Standard burdens

Standard burdens for current transformers with 5 A rated secondary current shall have resistance and inductance
according to table 9.
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6.3 Accuracy ratings for metering

IEEE Std C57.13-1993

A current transformer for metering shall be given an accuracy rating for each standard burden for which it israted. For
example, the accuracy ratings assigned to a current transformer might be 0.3 B-0.1 and B-0.2, 0.6 B-0.5.

Table 7— Ratings for the current transformers with one or two ratios

Current ratings (A)

Singleratio Double ratio with series- Double ratio with tapsin
parallel primary windings secondary winding

10:5 800:5 257 50:5 25/50:5
15:5 1200:5 50" 100:5 50/100:5
25:5 1500:5 100" 200:5 100/200:5
40:5 2000:5 200" 400:5 200/400:5
50:5 3000:5 400" 800:5 300/600:5
75:5 4000:5 600~ 1200:5 400/800:5
100:5 5000:5 1000~ 2000:5 600/1200:5
200:5 6000:5 2000~ 4000:5 1000/2000:5
200:5 8000:5 1500/3000:5
400:5 12 000:5 2000/4000:5
600:5

Table 8— Current transformer ratings, multi-ratio type

Current Secondary Current Secondary
ratings (A) taps ratings (A) taps
600:5 3000:5
50:5 X2- X3 300:5 X3- X4
100:5 X1- X2 500:5 X4- X5
150:5 X1- X3 800:5 X3- X5
200:5 X4- X5 1000:5 X1- X2
250:5 X3- X4 1200:5 X2- X3
300:5 X2- X4 1500:5 X2- X4
400:5 X1- X4 2000:5 X2- X5
450:5 X3- X5 2200:5 X1- X3
500:5 X2- X5 2500:5 X1- X4
600:5 X1- X5 3000:5 X1- X5
1200:5 4000:5
100:5 X2- X3 500:5 X1- X2
200:5 X1- X2 1000:5 X3- X4
300:5 X1- X3 1500:5 X2- X3
400:5 X4- X5 2000:5 X1- X3
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