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American National Standard

An American National Standard implies a consensus of those sub-
stantially concerned with its scope and provisions. An American National
Standard is intended as a guide to aid the manufacturer, the consumer,
and the general public. The existence of an American National Standard
does not in any respect preclude anyone, whether he has approved the
standard or not, from manufacturing, marketing, purchasing, or using
products, processes, or procedures not conforming to the standard.
American National Standards are subject to periodic review and users
are cautioned to obtain the latest editions.

CAUTION NOTICE: This American National Standard may be
revised or withdrawn at any time. The procedures of the American
National Standards Institute require that action be taken to reaffirm,
revise, or withdraw this standard no later than five years from the
date of publication. Purchasers of American National Standards may
receive current information on all standards by calling or writing the
American National Standards Institute.

© Copyright 1973 by

The Institute of Electrical and Electronics Engineers, Inc.

No part of this publication may be reproduced in any form,
in an electronic retrieval system or otherwise,
without the prior written permission of the publisher.
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Foreword

(This foreword is not part of American National Standard Test Code for Distribution, Power, and Regulating
Transformers, ANSI C57.12.90-1973, IEEE Std 262-1973.)

Standards in the C57 series covering transformers, regulators, and reactors have been issued
and updated with regularity since March 1940, when a trial-use volume containing C57.1, C57.2,
and C57.3 was published. That document superseded standards 12, 13, 14, 100, and the Test Code
for Transformers of the American Institute of Electrical Engineers (one of the predecessors of
IEEE) and contained data derived from the standards of the Edison Electric Institute and the
National Electrical Manufacturers Association. Two years later, an extensively revised document
was published covering the same material as a full status standard. Further revisions and ex-
pansions were reflected in 1948, 1949, and 1956 editions. The 1956 edition, designated C57.12-
1956, consolidated preceding standards on distribution, power, and regulating transformers, and
it formed the parent document for the nearly thirty current standards and guides in the C57
series.

The present document reflects revisions carried out within the Working Group on Revision of
Dielectric Tests and the Working Group on Thermal Evaluation of Power and Distribution
Transformers of the Power Transformer Subcommittee of the Transformer Committee of the
IEEE Power Engineering Society. Following approval by the IEEE Standards Committee, this
standard was submitted to American National Standards Committee C57 and received approval
for submission to ANSI. At the time it approved this standard, C57 had the following member-

ship:

H. D. Lewis, Chairman A. M. Salazar, Secretary
Organization Represented Name of Representative
Bonneville Power Administration. ... ... .. .. . George W. Iliff
Electric Light and Power Group. ... .. ... . .. o W. O. Uhl

D. A. Albanese

S. Cambias, Jr

1. H. Koponen

H. R. McNutt, Jr

L. H. Spangler

C. K. Poarch
Furnace Equipment Manufacturers Association. ... ... ... .. . .. . .. ... ... ... ... C.W. Vokac
Institute of Electrical and Electronics Engineers. .. ... ... ... . .. .. .. ... .. ... ..., G. K. Kallenbach

S. Bennon

J. C. Dutton

C.R. French

N. V. Poer
Naval Facilities Engineering Command . . ...... ... .. ... ... . ... .. ... ... ... .......... Leonard W. Johnson
National Electrical Manufacturers Association. . ...... ... ... ... . ... . ... . .. ... .. ... .. ... H. D. Lewis

L. C. Aicher

J. D. Douglass

Andrew S. Lindway

W. J. McNutt

Norman M. Neagle

D. Winter

L. L. Wright

G. W. Mayall (Alt)
Rural Electrification Administration.. . ... ... .. ... .. J.C. Arnold, Jr

Tennessee Valley Authority. ... .......... ... .. .. L. R. Smith
U.S. Bureau of Reclamation. . . ........ ... .. . ... R. H. Richardson

The personnel of the C57 Subcommittee on Power Transformers, C57.12.1 which reviewed and
approved this standard were as follows:

L. C. Aicher, Chairman A. M. Salazar, Secretary
S. Bennon G. K. Kallenbach J. B. Oliver
J. D. Douglass H. D. Lewis T. F. Perrine
S. H. Gold W.J. McNutt W. A. Richter
W. L. Green A. M. Melancon R.W. Toler
George W. Iliff D. Winter
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W. H. Cook J. D. M. Phelps R. V. Wachter
Louis Costrell R. H. Rose, 11 W.T. Wintringham

The Working Group on Revision of Dielectric Tests who developed this standard had the fol-

lowing membership:
R. B. Kaufman, Chairman
E. J. Adolphson C.C. Honey S. P. Mehta
G. W. Alexander C. Hurty R. C. Thomas
P. L. Bellaschi G. W. 1liff W. S. Thompson, Jr
S. Bennon R. Jasek F. G. Vogel
H. W. Book G. K. Kallenbach R. C. Wendell
V. F. Christen C. Keil J. R. Woodall
N. A. Hills A. O. Kemppainen Z. Zepic

H. R. Margolis

The Working Group on Thermal Evaluation of Power and Distribution Transformers who de-
veloped this standard had the following membership:

A. M. Lockie, Chairman

E. A. Boulter E. L. Hook R. A. Olsson
W. L. Carey W.D. Jordan W. R. Ossman
H. B. Detrick C. P. Kappeler A. F. Phillips
L. A. Gates A.S. Lindway R. E. Russell
P. F. Gramlich M. L. Manning A.E. Stevens
R. W. Green J. McDougall A. Thomas

E. M. Gulachenski C.J. McMillen S. G. Vargo
H. Halperin N. J. Melton A. C. Wurdack

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on March 06,2026 at 20:53:45 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 262-1973


http://www.avadocuments.com/doc/ieee-262-1973
http://www.avadocuments.com/doc/ieee-262-1973

The Transformers Committee of the IEEE Power Engineering Society which reviewed and ap-
proved this standard had the following membership at the time of approval:

J. H. Blake, Chairman G. W. Alexander, Vice Chairman C. C. Honey, Secretary

L. C. Aicher L. A. Gates F.J. Kelly R. E. Russell
R. Allustiarti R.F. Gilton L. A. Kenoyer L. J. Savio
R.J. Alton A. Glassanos T. S. Lauber R. L. Schmid
S. J. Antalis A. W. Goldman C. Lindsay R. L. Schwab
J.C. Arnold J. C. Gorub A. H. Locke L. R. Smith
R. R. Bast R. W. Green A. M. Lockie A.L. Tanton
P. L. Bellaschi W. F. Griffard L. W. Long R. C. Thomas
S. Bennon E. M. Gulachenski R. L. Macdonald D. E. Truax
H. E. Bonheimer G. Gunnels H. B. Margolis R. A. Veitch
J. V. Bonucchi G. H. Hall D. E. Massey F.J. Vogel
0. R. Compton J. L. Harbell C.dJ. McMillen J.P.Vora
J. E. Dind W. L. Hetherington C. H. Mock E. H. Wendt
J. D. Douglass K. R. Highton W. H. Mutschler S. A. Wiencek
J. C. Dutton J. A. Hollowell P. Q. Nelson G. C. Wilburn
L. L. Dvorak E. L. Hook R. A. Nelson D. F. Winter
H. P. Edler G. W. 1liff M. A. Oman J. R. Woodall
W. R. Farber W.D. Jordan S. Palmer W.E. Wrenn
S. L. Foster G. K. Kallenbach A. F. Phillips A. C. Wurdack
A.M. Fox C. P. Kappeler L. L. Preston F.S. Young
E. R. Freitag R. B. Kaufman E. L. Raab L. R. Yule
C.R. French C. Keil D. A. Roach

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on March 06,2026 at 20:53:45 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 262-1973


http://www.avadocuments.com/doc/ieee-262-1973
http://www.avadocuments.com/doc/ieee-262-1973

Contents

SECTION PAGE
1. ScCoDe. . . 9
2. Resistance Measurements. . ... ... ... ... 9
2.1 Determination of Cold Temperature. ... ... ... .. ... ... . . . . . .. ... 9
2.2 Drop-of-Potential Method . . ... ... ... 9
2.3 Bridge Methods . . ... ... . 10
2.4 Conversion of Resistance Measurements. . .. ................ .. .. .. .. .. ... .. .. . ... .. 10
3. Dielectric Tests. . ... ... 11
3.1 General. . .. 11
3.2 Applied-Potential Tests. ... ... ... 12
3.3 Induced-Potential Tests. .. .. ... .. . .. . 12
3.4 Impulse Tests. ... ... 13
3.5 Connections for Impulse Tests. ... ... .. ... . . . . 14
3.6 Impulse Tests on Transformer Neutrals. ... ... ... ... ... .. .. . ... .. ... . ... .. ... 15
3.7 Detection of Failure During Impulse Test. . .. ... ... ... ... .. ... ... .. ... . .. . ... .. 15
3.8 Wave To Be Used for Impulse Tests. . . ... ... ... . . .. . . . . .. . . . .. .. ... 16
3.9 Switching Surge Tests. . . . .. ... 17
4. Efficiency, Losses, and Impedance. . ... ... ... ... .. 18
4.1 Reference Temperature for Efficiency, Losses, and Impedance. . ....... ..... ... . ... 18
4.2 EfficlencCy . . .. .. .o 18
4.3 Excitation Loss . . .. .. ... 19
4.4 Excitation Current. ... ... 21
4.5 Impedance (Including Load Loss) .. ... .. ... ... . .. . . . .. 23
4.6 Impedance Bridge Networks for Measurement of Losses. . .. ................. ... .... 26
5. Ratioand Regulation. . .. . . . 28
5.1 Ratio Tests. . .. ... 28
5.2 Regulation . ... ... .. 29
6. Temperature Rise Tests. . ... ... .. 31
6.1 General. . . ... .. 32
6.2 Temperature Rise Tests on All Transformers. ... ... ... ... ... ... .. ... ... ... . ....... 33
6.3 Temperature Rise Tests on Oil-Immersed Transformers. . ... ... .. ... ... ... .. .. 34
6.4 Temperature Rise Test on Oil-Immersed Transformers by the
Short-Circuit Method . . .. ... ... .. 34
6.5 Temperature Rise Test on Oil-Immersed Transformers by the
Loading-Back Method . . .. . ... . 36
6.6 Temperature Rise Tests on Dry-Type Transformers. . ........... ... .. ... ... ..... .. 37
6.7 Temperature Rise Tests on Dry-Type Transformers (Methods and
CorreCtiONS) . . . . . o 38
6.8 Correction Back to Shutdown. . ... ... .. . . 39
7. Insulation Power Factor Tests. ... .. .. ... . 39
7.1 Preparation for Tests. ... ... ... . 40
7.2 Instrumentation. ... ... ... 40
7.3 Voltage To Be Applied. . . ... ... . . 40
T.4 Procedure. . ... .. . 40
7.5 Temperature Correction Factors. . ... . ... ... .. . .. 40
8. Polarity and Phase Relation Tests. ... ... ... ... . .. . . . . 40
8.1 Polarity Tests. ... ... .. 40
8.2 Phase Relation Tests. . ... ... .. 42
Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on March 06,2026 at 20:53:45 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 262-1973


http://www.avadocuments.com/doc/ieee-262-1973
http://www.avadocuments.com/doc/ieee-262-1973

9. Calculation of Increase in Winding Temperature During a Short Circuit. . . ..... .. .. ... 43

10. References to Section on Impedance Bridge Networks. .. ... ... ... . . . . ... . .. ... 46
11. Revision of American National Standards Referred to in This Document. .. ... .. . .. . 46
FIGURES
Fig1 Connections for the Drop-of-Potential Method of Resistance
Measurement. . ... .. 10
Fig 2 Connections for the Excitation Test of a Single-Phase Transformer. . ... ... 20
Fig 3 Two-Wattmeter Method . . .. ... ... ... . . .. 21
Fig 4 Three-Wattmeter Method with Transformer Neutral Available. ... .. ... . . 21
Fig5 Three-Wattmeter Method Using Artificial Wattmeter Neutral N. .. ... ... .. .. 21
Fig 6 Form-Factor Plot to Reduce Excitation Current to Sine-Wave Basis IsFs). . . ... 29
Fig7 Single-Phase Transformer Connections for Impedance-Loss and
Impedance-Voltage Tests (Instrument Transformers To Be Added
When Necessary) ... 24
Fig 8 Connections for Immpedance-Loss and Impedance-Voltage Tests of an
Autotransformer. ... ... .24
Fig 9 Three-Phase Transformer Connections for Impedance-Loss and
Impedance-Voltage Tests (Instrument Transformers To Be Added
When Necessary). . .. ... 25
Fig 10 General Impedance Bridge Network . . ... ... . ... . . . . ... ... 26
Fig 11 Potentiometer-Type Network Using a Phase Shifter. . . .. .. . .. . .. . . 27
Fig 12 Potentiometer-Type Network Using a Mutual Inductor. ... ... ... . . . 27

Fig 13 Voltmeter Arranged To Read the Difference Between the Two
Secondary Voltages. . .. . .29
Fig 14 Voltmeters Arranged To Read the Two Secondary Voltages

(Readings Are Repeated after Interchanging Voltmeters) . . = . .. .. . . . .. 29
Fig 15 Resistance Potentiometer for Ratio Test. . ... ... ... ... ... . .. . . . ... . . . ... 29
Fig 16 Two Single-Phase Transformers in Opposition . . ... ... . . . .. ... .. .. . 36
Fig17 Two Y-A Connected Transformers. .. ... ... ... .. . . .. o 36
Fig18 Windings.... ... .. ... o o 41
Figl19 Leads.. ..... ... ... .. . .. .. ... ... ... ... R 41
Fig 20 Voltmeter Arranged To Read the Difference Between the Two

Secondary Voltages. ........ . .. .. 42
Fig 21 Polarity by Alternating-Voltage Test. . ... ... . ... ... .. ... . . ... ... . 42
Fig 22a Transformer Lead Markings and Voltage-Phasor Diagrams for

Three-Phase Transformer Connections. . .................... ... .. ... . .. .. ... 44
Fig 22b Transformer Lead Markings and Voltage-Phasor Diagrams for

Six-Phase Transformer Connections. . .. ... .. ... . ... 45

TABLES

Table1 Test Values, Gap Settings, and Minimum and Maximum Times to

Flashover. . ... ... 14
Table 2 Measurements To Be Made in Insulation Power Factor Tests. ... .. ... ... .. 41

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on March 06,2026 at 20:53:45 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 262-1973


http://www.avadocuments.com/doc/ieee-262-1973
http://www.avadocuments.com/doc/ieee-262-1973

An American National Standard

IEEE Standard Test Code for
Distribution, Power, and Regulating Transformers

1. Scope

This standard prescribes methods for per-
forming tests specified in American National
Standard General Requirements for Distribu-
tion, Power, and Regulating Transformers,
C57.12.00-1973 (IEEE Std 462-1973) and in
the separate transformer standards of the
C57.12 Series of American National Stan-
dards.

The test methods covered herein are as
follows:

(1) Resistance measurements (see Section
2)

(2) Dielectric insulation (see Section 3)

(3) Losses and impedance (see Section 4)

(4) Ratio and regulation (see Section 5)

(5) Temperature rise (see Section 6)

(6) Insulation power factor tests (see Sec-
tion 7)

(7) Polarity and phase relation (see Section
8)

(8) Short-circuit calculations (see Section
9)

2. Resistance Measurements

Resistance measurements are of fundamen-
tal importance for two purposes:

(1) For the calculation of the conductor or
I’ R loss

(2) For the calculation of winding tem-
peratures at the end of a temperature test

2.1 Determination of Cold Temperature. The
cold temperature of the winding shall be de-
termined as accurately as possible when mea-
suring the cold resistance. The following pre-
cautions shall be observed:

2.1.1 General. Cold resistance measure-
ments shall not be taken on a transformer
when it is located in drafts or when it is
located in a room in which the temperature is
fluctuating rapidly.

2.1.2 Transformer Windings Out of Oil.
The temperature of the windings shall be
recorded as the average of several thermome-
ters inserted between the coils, with extreme
care used to see that their bulbs are as nearly
as possible in actual contact with the copper
of the windings. It should not be assumed that
the windings are at the same temperature as
the surrounding air.

2.1.3 Transformer Windings Immersed in
Oil. The temperature of the windings shall be
assumed to be the same as the temperature of
the oil, provided the transformer has been
under oil with no excitation and with no
current in its winding from three to eight
hours before the cold resistance is measured,
depending upon the size of the transformer.

2.2 Drop-of-Potential Method. The drop-of-
potential method is generally more con-
venient than the bridge method (see Section
2.3) for measurements made in the field. It
should be employed only if the rated current
of the transformer winding is 1 A or more.

In all cases, greater accuracy may be obtain-
ed by the use of potentiometers for the mea-
surement of both current and potential al-
though the setup may be rather cumbersome.

2.2.1 Measurement is made with direct-
current and simultaneous readings of current
and voltage are taken using the connections of
Fig 1. The required resistance is calculated
from the readings in accordance with Ohm’s
law.

If the direct current is supplied by a com-
mutating machine, the pointer of the volt-
meter may vibrate because of the commutator
ripple in the voltage. In such cases, some
winding of the transformer other than the
winding under test should be short-circuited;
this will damp the ripple and reduce or elimi-
nate the vibration of the voltmeter.

The current in the winding which is being
measured should have become practically
constant before short-circuiting the other
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winding; otherwise, erroneous values of resist-
ance may be obtained. It has been found by
experience that the relative time constants
under these two conditions are such that
steady direct current is reached more quickly
under the open-circuit conditions than under
the short-circuit conditions.

TEST CODE FOR

that required under steady-state conditions,
to maintain the desired current value, and
then decreasing the voltage as the current
approaches the desired value.

2.2.5 Readings shall be taken with not less
than four values of current when deflecting
instruments are used. The average of the
resistances calculated from these measure-
ments shall be considered to be the resistance
of the circuit.

e ;\ The current used shall not exceed 15 per-

N cent of the rated current of the winding whose
resistance is to be measured. Larger values

BATTERY v TRANSFORMER may cause inaccuracy by heating the winding

UNDER TEST

F
l
!

Fig 1
Connections for the Drop-of-Potential Method
of Resistance Measurement

2.2.2 In order to minimize errors of obser-
vation, the measuring instruments shall have
such ranges as will give reasonably large de-
flections.

2.2.3 The voltmeter leads shall be indepen-
dent of the current leads and shall be con-
nected as closely as possible to the terminals
of the winding to be measured. This is to avoid
including in the reading the resistances of
current-carrying leads and their contacts and
of extra lengths of leads.

To protect the voltmeter from injury by off-
scale deflections, the voltmeter should be dis-
connected from the circuit before switching
the current on or off.

If the drop of potential is less than 1V, a po-
tentiometer or millivoltineter shall be used.

2.2.4 Readings shall not be taken until
after the current and voltage have reached
steady-state values.

When measuring the cold resistance, pre-
paratory to making a heat run, the time
required for the readings to become constant
should be noted. The period thereby deter-
mined should be allowed to elapse before tak-
ing the first reading at the termination of the
heat run.

If the winding under test has an appreciable
time constant, the current can be made to
attain its steady-state value more rapidly by
first raising the voltage to a value greater than

10

and thereby changing its temperature and
resistance.

If the current is too low to be read on an
available ammeter, a shunt and a potentiome-
ter shall be used.

2.3 Bridge Methods. The bridge methods are
generally preferred because of their accuracy
and convenience, since they may be employed
for the measurement of resistances up to
10 000 ohms. They should be used in cases
where the rated current of the transformer
winding to be measured is less than 1 A.

Bridge methods are especially recommend-
ed for all measurements which are to be used
in connection with temperature-rise deter-
minations.

2.4 Conversion of Resistance Measurements.
Cold winding resistance measurements are
normally converted to a standard reference
temperature of rated temperature rise plus
20°C. In addition, it may be necessary to
convert the resistance measurements to the
temperature at which the impedance loss
measurements were made. The conversions
are accomplished by the following formula:

T, + T,

R, =R T, + T,

(Eq 1)

m

where

R, =resistance at desired temperature T,
R,, = measured resistance
T, = desired reference temperature
T,, =temperature at which resistance was
measured
T, =234.5 for copper, 225 for aluminum
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DISTRIBUTION, POWER, AND REGULATING TRANSFORMERS

3. Dielectric Tests

3.1 General

3.1.1 Test Procedure. Unless otherwise
specified, dielectric tests shall be made in
accordance with American National Stan-
dard Measurement of Voltage in Dielectric
Tests, C68.1-1968 (IEEE Std 4-1968).

Exception: A protective resistance may be
used in series with sphere gaps, either on the
live or grounded sphere. Where unnecessary to
protect the spheres from arc damage, it may
be omitted.

Exception: The bushing-type potential di-
vider method (see American National Stan-
dard C68.1-1968 [IEEE Std 4-1968]) shall be
considered a standard method for transformer
tests.

Exception: The rectified capacitor-current
method (see American National Standard
C68.1-1968 [IEEE Std 4-1968]) shall be con-
sidered a standard method for transformer
tests.

3.1.2 Insulation Resistance. The insulation
resistance of electrical apparatus is of doubt-
ful significance as compared with the dielec-
tric strength. It is subject to wide variation
with temperature, humidity, and cleanliness
of the parts. When the insulation resistance
falls below prescribed values, it can, in most
cases of good design and where no defect
exists, be brought up to the required standard
by cleaning and drying the apparatus. The
insulation resistance, therefore, may afford a
useful indication as to whether the apparatus
is in suitable condition for application of the
dielectric test.

The insulation-resistance test shall be made
with all circuits of equal voltage above ground
connected together. Circuits or groups of cir-
cuits of different voltage above ground shall be
tested separately.

3.1.3 Tests on Bushings. When tests are
required on bushings separately from the
transformers, the tests shall be made in accor-
dance with American National Standard Re-
quirements and Test Code for Outdoor Ap-
paratus Bushings, C76.1-1964 (R1970) (IEEE
Std 21-1964).

3.1.4 Dielectric Tests in the Field. Field
dielectric tests may be warranted on the basis
of detection of combustible gas or other cir-

11
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262-1973

cumstances. However, periodic dielectric tests
are not recommended because of the severe
stress imposed on the insulation.

Where field dielectric tests are required,
low-frequency applied potential and induced
potential tests shall be used and the phase-to-
ground or phase-to-phase voltage stress im-
posed shall not exceed 150 percent of normal
operating stress or 85 percent of full test
voltage, whichever is lower. The duration of
the tests shall be the same as that specified in
Sections 3.2.4 and 3.3.2 for applied- and in-
duced-potential tests, respectively.

3.1.5 Factory Dielectric Tests. The purpose
of dielectric tests in the factory is to check the
insulation and workmanship and, when re-
quired, to demonstrate that the transformer
has been designed to withstand the specified
insulation tests.

Dielectric tests should preferably be made
at the temperature assumed under normal
operation or at the temperature attained un-
der the conditions of routine test.

Impulse tests, when required, shall precede
the low-frequency tests. Switching-surge
tests, when required, shall also precede the
low-frequency tests.

During low-frequency tests, either applied
or induced, careful attention should be main-
tained for evidence of possible failure. Evi-
dence of failure could include items such as an
indication of smoke and bubbles, an audible
sound such as a ‘“‘thump,” a sudden increase
in test circuit current, an increase in corona
level, etc. Any such indication should be care-
fully investigated either by observation, or by
repeating the test or by other tests, to deter-
mine if a failure has occurred.

The insulation class of the neutral end of
the winding may differ from the insulation
class of the highest voltage neutral bushing for
which provision is made in the transformer
tank. In this case the dielectric tests on the
neutral shall be determined by whichever is
lower; the insulation class of the neutral end
of the winding or the insulation class of the
neutral bushing.

When transformers covered by this stan-
dard are to be assembled in a common tank
and interconnected, the complete assembly
shall be tested as a unit at 100 percent of the
lowest test voltage required by any of the
components.
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3.2 Applied-Potential Tests

3.2.1 Connections. The terminal ends and
taps brought out of the case of the winding
under test should all be joined together and to
the line terminal of the testing transformer.

All other terminals and parts (including
core and tank) should be connected to ground
and to the other terminal of the testing trans-
former.

The ground connections between the trans-
former being tested and the testing trans-
former should be a substantial metallic cir-
cuit.

Small bare wire may be used in connecting
the respective taps and line terminal together,
but care shall be taken to keep the wire on the
high-voltage side well away from the ground.

The high-voltage lead from the testing
transformer should preferably be at least %
inch in overall diameter.

3.2.2 Resistance. No appreciable resistance
should be placed between the testing trans-
former and the one under test. It is per-
missible, however, to use reactive coils at or
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3.3 Induced-Potential Tests

3.3.1 As this test applies greater than rated
volts per turn to the transformer, the frequen-
cy of the applied voltage must be high enough
to limit the flux density in the core to that
permitted by Section 2.4 (2) of American
National Standard C57.12.00-1973. The min-
imum test frequency to meet this condition is:

E
Test Frequency = i—l—xt—ET

X Rated Frequency (Eq 2)

where

E,; = induced test voltage across winding
E, = rated voltage across winding

3.3.2 When frequencies higher than 120 Hz
are used, the severity of the test may be
abnormally increased and for this reason the
duration of the test shall be 7200 cycles.
Representative times for different frequencies
are given below:

near the terminals of the testing transformer. Frequency Duration
3.2.3 Relief Gap. A relief gap set at a volt- (Hz) (Seconds)
age 10 percent or more in excess of the speci- 120 and less 60
fied test voltage may be connected during the 180 40
applied-potential test. g‘ég gg
3.2.4 Duration and Frequency. A normal 400 18

power frequency such as 60 Hz shall be used
and the duration of the test shall be one
minute.

3.2.5 Procedure for Application of Test
Voltage. The test voltage should be started at
one-quarter or less of the full test voltage and
increased to full test voltage without delay
other than that required for selective mea-
surements below 85 percent of full test volt-
age. After being held for the duration of time
specified in Section 3.2.4, the voltage should
be reduced linearly to one-quarter or less of
the full test voltage without delay other than
that required for selective measurements be-
low 85 percent of full test voltage, and the
source circuit opened, unless a longer time is
required by customer specifications.

3.2.6 Exceptions in Methods of Measuring
Dielectric Test Voltage. For transformers of
100 kVA and less to be tested at 50 kV or less,
it is permissible to depend on the ratio of the
testing transformer to indicate the proper test
voltage.

12

3.3.3 The test voltage should be started at
one-quarter or less of the full test voltage and
increased to full test voltage without delay
other than that required for selective mea-
surements below 85 percent of full test volt-
age. After being held for the duration of time
specified in Section 3.3.2, the voltage should
be reduced linearly to one-quarter or less of
the full test voltage without delay other than
that required for selective measurements be-
low 85 percent of full test voltage, and the
source circuit opened, unless a longer time is
required by customer specifications.

3.3.4 In the case of transformers having
one end of the high-voltage winding grounded,
the other windings should be grounded during
the induced-potential test. This ground on
each winding may be made at a selected point
of the winding itself or of the winding of a
step-up transformer which is used to supply
the voltage or which is merely connected for
the purpose of furnishing the ground.
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3.3.5 Three-phase transformers may be
tested with single-phase voltage. The specified
test voltage is induced, successively, from each
line terminal to ground and to adjacent line
terminals. The neutrals of the windings may
or may not be held at ground potential during
these tests. A separate single-phase test or
three-phase test may be required when the
required test voltage between adjacent line
terminals is higher than the required test
voltage from the line terminals to ground.

3.3.6 When the induced test on a winding
results in a voltage between terminals of other
windings in excess of the low-frequency test
voltage specified in this standard, the other
windings may be sectionalized and grounded.
Additional induced tests shall then be made
to give the required test voltage between ter-
minals of windings that were sectionalized.
Autotransformers with grounded neutrals
cannot always be tested at the assigned low-
frequency test levels because the insulation
levels may not be in proportion to the ratio of
the windings. In that case, the winding with
the lowest ratio of low-frequency test voltage
to minimum turns will determine the induced
voltages on all windings. The other winding
will be tested at maximum turns unless max-
imum turns will produce a voltage in the other
winding in excess of the required test level.
This situation is possible on autotransformers
with a wide tap-changer range in one winding.

3.4 Impulse Tests

NOTE: See Guide for Transformer Impulse Tests,
C57.98 (IEEE Std 93-1968) (Appendix to American Na-
tional Standard C57.12.90-1973), for a complete report on
impulse testing techniques, interpretation of os-
cillograms, and failure detection criteria.

When impulse tests on line terminals are
specified, they shall consist of and be applied
in the following order: one reduced full-wave,
two chopped-waves, and one full-wave. When
front-of-wave tests are also specified, impulse
tests are generally applied in the following
order: one reduced full-wave, two front-of-
waves, two chopped-waves, and one full-wave.

The order of the chopped-wave and front-of-
wave tests is not mandatory but a reduced full
wave must precede all the impulse tests, and

IEEE Std
262-1973

Impulse tests shall be made without ex-
citation.

3.4.1 Reduced Full-Wave Test. For this test
the applied voltage wave shall have a crest
value of between 50 and 70 percent of the full-
wave value given in Tables 4 or 5 of American
National Standard C57.12.00-1973 (IEEE Std
462-1973).

3.4.2 Chopped-Wave Test. For this test the
applied voltage wave shall be chopped by a
suitable air gap. It shall have a crest value and
time to flashover in accordance with Tables 4
or 5 of American National Standard
C57.12.00-1973 (IEEE Std 462-1973). This
gap shall be located as close as possible to the
terminals, and the impedance shall be limited
to that of the necessary leads to the gap.

3.4.3 Front-of-Wave Test. For this test the
voltage shall be chopped on the rising front
before the normal crest of the wave by a
suitable air gap. It shall have a crest value and
time to flashover in accordance with Table 10
of American National Standard C57.12.00-
1973 (IEEE Std 462-1973).

Two applications of the front-of-wave tests
shall be used. In general, front-of-wave tests
shall be applied only to line terminals, and
not to neutral or other terminals.

The voltage shall be measured by a separate
connection to the terminal being tested. The
gap used to chop the wave on the front shall be
directly connected to the terminal being test-
ed and may be mounted directly on the termi-
nals. The impedance shall be limited to that
of the necessary leads to the gap.

In order to provide some tolerance in prac-
tical testing, a negative tolerance of 0.1 micro-
second to the tabulated times in Table 10 of
American National Standard C57.12.00-1973
(IEEE Std 462-1973) shall be permitted. Since
the test is more severe with duration, a per-
missible limit shall be a positive tolerance of
0.3 microsecond. If in making any front-of-
wave test, the negative tolerance of minus 0.1
microsecond is exceeded, the test may be con-
sidered as having been met provided the crest
voltage attained in such test shall have
equalled or exceeded the voltage determined
by the following equation:

the full-wave must be the last wave applied to Voltage = Crest Voltage (1 + (7‘—_3.;)_—_7‘_1_)
the terminal under test. Another reduced full- 1
wave may be applied following the two front- (Eq 3)
of-waves. where
13
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T = specified time to sparkover in micro-
seconds
T, = actual time measured in microseconds
A = 4 for 69 kV insulation class and above
3 for 46 kV insulation class and below

NOTE: For minimum crest voltages see Column 3 of
Table 10 of American National Standard C57.12.00-1973
(IEEE Std 462-1973).

When testing windings that have large ca-
pacitance such as high kVA and low voltage,
it may not be practical to obtain times-to-
flashover down to 0.5 microsecond. Because of
the large chopping currents associated with
the large capacitance, errors are introduced
into the measuring circuit. In order to avoid
these difficulties, the voltages and times speci-
fied shall be considered met provided the tests
are made with the gap settings listed in Table
1 and with the minimum and maximum times

TEST CODE FOR

The time interval between application of
the last chopped wave and the final full wave
shall be minimized to avoid recovery of insula-
tion strength if a failure has occurred prior to
the final full wave.

3.5 Connections for Impulse Tests. In general,
the tests shall be applied to each terminal, one
at a time.

3.5.1 Terminals Not Being Tested. Neutral
terminals shall be solidly grounded except in
the case of low impedance windings (see Sec-
tion 3.5.6). Line terminals, including those of
autotransformers and regulating trans-
formers, shall be either solidly grounded or
else grounded through a resistor with an ohm-
ic value not in excess of the following val-
ues:!

Nominal System

. Voltage Resistance
to flashover given. (kv)g (Ohms)
345 & below 500
Table 1 - 500 400
Test Values, Gap Settings, and Minimum and 700 300

Maximum Times to Flashover

Time to Flashover

The following factors shall be considered in

Front-of- the actual choice of grounding for each termi-
Full-Wave Wave Gap Min Max nal:
Test Value* Test Value Length¥ (Micro- (Micro- to- :
(V) V) (Inehes) seconds) seconds) (1) ‘The volt.age to-ground on any terminal
that is not being tested should not exceed 80
45 75 1% 0.5 1 percent of the full wave impulse voltage level
60 100 1% 0.5 1 for that terminal
75 125 2 0.5 1 . . pe
95 165 294 0.5 1 (2) If a terminal has been specified to be
110 195 3-3/8 0.5 1 directly grounded in service, then that termi-
150 260 42 0.5 1

*1.2 x 50 microsecond full-wave test voltage.

+The gap shall consist of the space between two Yz-inch
square cut square rods. The rods shall be mounted one from
the top of. the tgrminal tested and the other either from the
flange° of the same terminal or other adjacent grounded parts.
The gap should preferably be centered on the bushing and ad-
jacent to it. However a separate gap resting on the transformer
may be used.

NOTE: The application of steep front tests on wind-
ings directly connected to generators or other circuits not
exposed to lightning is unnecessary.

3.4.4 Full-Wave Test. For this test the volt-
age wave shall have a crest value in accor-
dance with Tables 4 or 5 of American Nation-
al Standard C57.12.00-1973 (IEEE Std 462-
1973) and no flashover of the bushing or test
gap shall occur.

To avoid flashover of the bushing during
adverse conditions of humidity and air densi-
ty, the bushing flashover may be increased by
appropriate means.
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nal shall be solidly grounded

(3) If a terminal is to be connected to a low
impedance cable connection in service, then
that terminal shall either be directly
grounded or else grounded through a resistor
with an ohmic value not in excess of the surge
impedance of the cable

(4) Grounding through a low impedance
shunt for cathode-ray oscillograph current
measurements may be considered the equiva-
lent of a solid ground

3.5.2 Windings for Series or Multiple Con-
nection. Windings for series or multiple con-
nection, if either connection is in the 25 kV
insulation class or above, shall be tested on
both series and multiple connections. The test
voltage for the two conditions shall be that

!These values are representative of typical trans-
mission line surge impedances.
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corresponding to the insulation class of the
winding for that connection. For insulation
class 15 kV and below, only the series con-
nections shall be tested unless tests on both
connections are specified.

3.5.3 Windings for A or Y Connections.
Three-phase transformers having a winding
for A or Y shall be tested on both A and Y
connections. If either connection is in the 25
kV insulation class, or above, the test voltage
for each connection shall be that correspond-
ing to the insulation class of the winding for
that connection. For insulation class 15 kV
and below, only the Y connection shall be
tested unless tests on both connections are
specified.

3.5.4 Tap Connections. Tap connections
shall be made with minimum effective turns
in the winding under test. The choice of tap
connections of windings not being tested shall
be made by the manufacturer. (Regulating
transformers shall be set at maximum buck
position.)

3.5.5 Protective Devices. Transformers and
regulators which have as an integral part of
the equipment nonlinear protective devices
connected across the series winding or por-
tions of any winding, in an accessible place,
and where the terminals are of the same
voltage class, shall be tested by connecting
these terminals together and applying the
usual tests. If the terminals cited are not
accessible, it will be necessary to include the
nonlinear protective devices in place during
the test. The operation of these devices usual-
ly will cause differences between the reduced-
full-wave and the full-wave oscillograms.
That these differences are caused by the oper-
ation of the protective devices may be demon-
strated by making two or more reduced-full-
wave tests at different voltage values to show
the trend in their operation. Where the nature
of the protective devices and the design of the
transformer permit, the impedance of such
devices may be varied for the full-wave and
reduced-wave tests as an optional refinement
in the technique of failure detection. (See
Section 3.7.)

3.5.6 Windings of Very Low Impedance.
The impedance of some windings may be so
low that the desired time to the 50 percent
voltage point on the tail of the wave cannot be
obtained with available equipment. In such
cases, shorter waves may be used. In order to

15
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assure that an adequate test is obtained, the
capacitance of the generator with the con-
nection used should exceed 0.011 microfarad.
At the manufacturer’s preference he may test
low impedance windings by tying the termi-
nals of windings with the same insulation
level together. The manufacturer may also
elect to test low impedance winding by in-
serting a resistor of not more than 500 ohms in
the grounded end of the winding.

3.6 Impulse Tests on Transformer Neutrals.
Impulse tests on the neutral of a transformer
or a separate regulator connected in the neu-
tral of a transformer may be applied by one of
the methods given below.

3.6.1 Method 1. The test on the neutral, or
neutral and regulating winding, is induced by
the application of an impulse to any line
terminal with the neutral open-circuited or
grounded through a suitable impedance so
that the required full-wave test voltage is
obtained from the neutral terminal to ground.
One reduced and two full waves shall be
applied to the end of a winding with a crest
voltage equal to or less than the full wave level
of the line end. The other windings may be
short-circuited for this test. The winding
being tested shall be either on the minimum
voltage connection or on the maximum volt-
age connection. The voltage oscillograms
shall be taken at the neutral.

When this method of test is used, the test on
the neutral shall precede the test on the line
terminal.

3.6.2 Method 2. One reduced and two full
waves are applied directly to the neutral or
regulator winding with an amplitude equal to
the insulation level of the neutral. The wind-
ing being tested shall be either on the min-
imum voltage connection or on the maximum
voltage connection. A wave having a front of
not more than 10 microseconds and a tail of 50
microseconds to half-crest shall be used except
that, if the inductance of the winding is so low
that the desired voltage magnitude and dura-
tion to the 50 percent point on the tail of the
wave cannot be obtained, a shorter wave-tail
may be used.

3.7 Detection of Failure During Impulse Test.
Because of the nature of impulse test failures,
one of the most important matters is the
detection of such failures. There are a number
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