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Abstract: General test procedures for performing routine quality control tests that are suitable for
high-volume, production line testing are included in this recommended practice. Transformer con-
nections, test methods, circuit configurations, and failure detection methods are addressed. This
recommended practice covers liquid-immersed, single- and three-phase distribution transformers.
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE documents are made available for use subject to important notices and legal disclaimers. These notic-
es and disclaimers, or a reference to this page, appear in all standards and may be found under the heading
“Important Notices and Disclaimers Concerning IEEE Standards Documents.” They can also be obtained on
request from IEEE or viewed at http://standards.ieee.org/[PR/disclaimers.html.

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards
Documents

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-use, are
developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Standards Asso-
ciation (“IEEE-SA”) Standards Board. IEEE (“the Institute”) develops its standards through a consensus de-
velopment process, approved by the American National Standards Institute (“ANSI”), which brings together
volunteers representing varied viewpoints and interests to achieve the final product. IEEE Standards are doc-
uments developed through scientific, academic, and industry-based technical working groups. Volunteers in
IEEE working groups are not necessarily members of the Institute and participate without compensation from
IEEE. While IEEE administers the process and establishes rules to promote fairness in the consensus develop-
ment process, IEEE does not independently evaluate, test, or verify the accuracy of any of the information or
the soundness of any judgments contained in its standards.

IEEE Standards do not guarantee or ensure safety, security, health, or environmental protection, or ensure
against interference with or from other devices or networks. Implementers and users of IEEE Standards doc-
uments are responsible for determining and complying with all appropriate safety, security, environmental,
health, and interference protection practices and all applicable laws and regulations.

IEEE does not warrant or represent the accuracy or content of the material contained in its standards, and
expressly disclaims all warranties (express, implied and statutory) not included in this or any other document
relating to the standard, including, but not limited to, the warranties of: merchantability; fitness for a particular
purpose; non-infringement; and quality, accuracy, effectiveness, currency, or completeness of material. In
addition, IEEE disclaims any and all conditions relating to: results; and workmanlike effort. IEEE standards
documents are supplied “AS IS” and “WITH ALL FAULTS.”

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.

In publishing and making its standards available, IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any person or entity nor is IEEE undertaking to perform any duty owed by any
other person or entity to another. Any person utilizing any IEEE Standards document, should rely upon his or
her own independent judgment in the exercise of reasonable care in any given circumstances or, as appropri-
ate, seek the advice of a competent professional in determining the appropriateness of a given IEEE standard.

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO: PROCURE-
MENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS
INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CON-
TRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN
ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE UPON ANY STANDARD, EVEN
IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND REGARDLESS OF WHETHER SUCH
DAMAGE WAS FORESEEABLE.
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Translations

The IEEE consensus development process involves the review of documents in English only. In the event that
an [EEE standard is translated, only the English version published by IEEE should be considered the approved
IEEE standard.

Official statements

A statement, written or oral, that is not processed in accordance with the IEEE-SA Standards Board Operations
Manual shall not be considered or inferred to be the official position of IEEE or any of its committees and shall
not be considered to be, or be relied upon as, a formal position of IEEE. At lectures, symposia, seminars, or
educational courses, an individual presenting information on IEEE standards shall make it clear that his or her
views should be considered the personal views of that individual rather than the formal position of IEEE.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of
membership affiliation with IEEE. However, IEEE does not provide consulting information or advice pertain-
ing to IEEE Standards documents. Suggestions for changes in documents should be in the form of a proposed
change of text, together with appropriate supporting comments. Since IEEE standards represent a consensus
of concerned interests, it is important that any responses to comments and questions also receive the concur-
rence of a balance of interests. For this reason, IEEE and the members of its societies and Standards Coordi-
nating Committees are not able to provide an instant response to comments or questions except in those cases
where the matter has previously been addressed. For the same reason, IEEE does not respond to interpretation
requests. Any person who would like to participate in revisions to an IEEE standard is welcome to join the
relevant IEEE working group.

Comments on standards should be submitted to the following address:

Secretary, IEEE-SA Standards Board
445 Hoes Lane
Piscataway, NJ 08854 USA

Laws and regulations

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with the
provisions of any IEEE Standards document does not imply compliance to any applicable regulatory require-
ments. Implementers of the standard are responsible for observing or referring to the applicable regulatory
requirements. IEEE does not, by the publication of its standards, intend to urge action that is not in compliance
with applicable laws, and these documents may not be construed as doing so

Copyrights

IEEE draft and approved standards are copyrighted by IEEE under US and international copyright laws. They
are made available by IEEE and are adopted for a wide variety of both public and private uses. These include
both use, by reference, in laws and regulations, and use in private self-regulation, standardization, and the pro-
motion of engineering practices and methods. By making these documents available for use and adoption by
public authorities and private users, IEEE does not waive any rights in copyright to the documents.
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Photocopies

Subject to payment of the appropriate fee, IEEE will grant users a limited, non-exclusive license to photocopy
portions of any individual standard for company or organizational internal use or individual, non-commercial
use only. To arrange for payment of licensing fees, please contact Copyright Clearance Center, Customer Ser-
vice, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400. Permission to photocopy portions of
any individual standard for educational classroom use can also be obtained through the Copyright Clearance
Center.

Updating of IEEE Standards documents

Users of IEEE Standards documents should be aware that these documents may be superseded at any time by
the issuance of new editions or may be amended from time to time through the issuance of amendments, corri-
genda, or errata. An official IEEE document at any point in time consists of the current edition of the document
together with any amendments, corrigenda, or errata then in effect.

Every IEEE standard is subjected to review at least every 10 years. When a document is more than 10 years old
and has not undergone a revision process, 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.

In order to determine whether a given document is the current edition and whether it has been amended
through the issuance of amendments, corrigenda, or errata, visit the IEEE Xplore at http://iceexplore.icee.org/
or contact IEEE at the address listed previously. For more information about the IEEE-SA or IEEE’s standards
development process, visit the IEEE-SA Website at http://standards.ieee.org.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE-SA Website at the following URL: http://
standards.ieee.org/findstds/errata/index.html. Users are encouraged to check this URL for errata periodically.

Patents

Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken by the IEEE with respect to the
existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant has
filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the IEEE-
SA Website at http://standards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may indicate
whether the Submitter is willing or unwilling to grant licenses under patent rights without compensation or
under reasonable rates, with reasonable terms and conditions that are demonstrably free of any unfair discrim-
ination to applicants desiring to obtain such licenses.

Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not re-
sponsible for identifying Essential Patent Claims for which a license may be required, for conducting inquiries
into the legal validity or scope of Patents Claims, or determining whether any licensing terms or conditions
provided in connection with submission of a Letter of Assurance, if any, or in any licensing agreements are
reasonable or non-discriminatory. Users of this standard are expressly advised that determination of the valid-
ity of any patent rights, and the risk of infringement of such rights, is entirely their own responsibility. Further
information may be obtained from the IEEE Standards Association.
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Introduction

This introduction is not part of IEEE Std C57.138™-2016, IEEE Recommended Practice for Routine Impulse Tests for
Distribution Transformers.

The routine impulse test for distribution transformers was proposed and developed by manufacturers of small
distribution transformers as a means of including a simplified and reliable impulse test into their routine test
procedures.

This recommended practice was first published in 1998 and was the result of almost a decade of working group
discussion that progressed through multiple drafts. The intent was to document not just a test procedure but to
include a compendium of tutorial information to enable testing engineers and operators to better understand
the test procedures necessary to a successful implementation of the routine impulse test.

Included in this document are sections on the design of the impulse test circuit and how it was adapted for use
with a wide range of distribution transformers, test circuit connection diagrams for single- and three-phase
transformers, recommended fault detection methods, and the use of analog and digital fault detection systems.

Since its first publication there have been only minor changes made to the original, which goes to indicate the
efficacy of this document.
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IEEE Recommended Practice
for Routine Impulse Tests for
Distribution Transformers

1. Overview
1.1 Scope

This recommended practice covers routine impulse tests performed on distribution transformers, as required
in IEEE Std C57.12.00™, and described in 10.4 of IEEE Std C57.12.90™-2015". Distribution transform-
ers covered by this recommended practice are liquid-immersed, single- and three-phase overhead-type up to
500 kVA; single-phase pad-mounted compartmental-type and underground-type up to 167 kVA; three-phase
pad-mounted compartmental-type; and underground-type up to 2500 kVA.

This recommended practice covers only those aspects of impulse testing that are specific to routine test-
ing of distribution transformers. For more thorough coverage of impulse testing of transformers in general,
IEEE Std C57.98™ should be consulted.

1.2 Purpose

This recommended practice assists manufacturers of distribution transformers in the setup and operation of
a routine impulse test, and assists distribution transformer users and purchasers in understanding the routine
impulse test and how it differs from design tests.

2. Normative references

The following referenced documents are indispensable for the application of this document (i.e., they must
be understood and used, so each referenced document is cited in text and its relationship to this document is
explained). For dated references, only the edition cited applies. For undated references, the latest edition of the
referenced document (including any amendments or corrigenda) applies.

IEEE Std 4™, [EEE Standard Techniques for High-Voltage Testing.”?

IEEE Std 1122™ [EEE Standard for Digital Recorders for Measurements in High-Voltage Impulse Tests.

"Information on references can be found in Clause 2.
>The IEEE standards or products referred to in this clause are trademarks of The Institute of Electrical and Electronics Engineers, Inc.
3These publication are available from The Institute of Electrical and Electronics Engineers.
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IEEE Std C57.12.00™, IEEE Standard General Requirements for Liquid-Immersed Distribution, Power, and
Regulating Transformers.

IEEE Std C57.12.90™, IEEE Standard Test Code for Liquid-Immersed Distribution, Power, and Regulating
Transformers and IEEE Guide for Short Circuit Testing of Distribution and Power Transformers.

IEEE Std C57.98™, TEEE Guide for Transformer Impulse Tests.

3. Acronyms and abbreviations

BIL basic insulation level
CT current transformer
Ixt current times time product

4. General test procedures

For information on the correct test sequence when impulse voltage tests are to be performed, refer to
IEEE Std C57.12.90.

The routine impulse test normally consists of one reduced and one full-wave impulse, or two full-wave im-
pulses. The full-wave impulses are at a crest voltage equal to the rated basic insulation level (BIL) of the
terminal being tested. Chopped wave tests are not included in the routine test. Each line terminal of a winding
rated above 600 V that is brought out through a suitable bushing is to be tested. For transformers that have two
or more windings rated above 600 V, all line terminals of each such winding are to be tested. Neutral terminals,
and terminals of windings rated 600 V and below, are not to be tested in the routine impulse test.

5. Fault detection methods

Routine impulse testing of distribution transformers are as specified in the relevant subclause of
IEEE Std C57.12.90-2015, Dielectric tests, Routine impulse test for distribution transformers, requires that
the test equipment demonstrates the ability to detect a single-turn fault. A typical fault can be simulated by
placing a shorted turn of wire around the core leg and over the coil of a core and coil assembly. Methods of
providing such detection sensitivity are discussed in the sections that follow and in Annex A.

6. Circuits for routine impulse testing

This test is normally performed on the production line as part of the routine quality-control tests. As such, the
routine impulse test may be performed on a large number of transformers using a test with automated failure
detection. The failure detection system must be sensitive enough to detect all failures, including a single-turn
fault.

For a general description of the routine impulse test circuit see the lightning impulse test circuit described in
the relevant subclause of IEEE Std C57.98. Subclause 6.2 of this document describes the recommended circuit
connections used when routine impulse testing various single- and three-phase distribution transformers.

6.1 Impulse wave shape

The impulse wave shape to be used for routine impulse testing of distribution transformers is 1.2/50, the full-
wave lightning impulse described in IEEE Std 4 and IEEE Std C57.98. Descriptions of approved techniques
and equipment for measurement of the applied impulse wave can also be found in IEEE Std C57.98.
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6.1.1 Test voltages

The full-wave impulses shall have a crest value equal to the rated BIL of the terminal being tested. The reduced
full-wave impulses shall have crest values equal to 50% to 70% of rated BIL.

6.1.2 Tolerances

Tolerances for impulse test voltages and wave shapes are given in IEEE Std C57.12.90. It must be noted, how-
ever, that it is sometimes not practical to make circuit modifications to achieve a wave shape within tolerance
for every transformer being tested. If the impulse equipment is sized to test the required range of transformers
and the wave-shaping circuit is designed to produce a standard impulse on an average transformer, the test cir-
cuit will generally be adequate for making a valid routine impulse test on the full range of transformers.

Every effort should be made to comply with the standard in the area of the voltage peak. That is, oscillations
on the voltage peak should be no greater than 5% of the crest voltage. Refer to IEEE Std 4 for measurement of
impulse wave shapes with oscillations on the peak.

6.1.3 Effects of impulse generator loading

The impulse equipment used for routine impulse tests on distribution transformers must satisfy a different set
of requirements than equipment used for design impulse testing in laboratory environments. Due to the large
number of tests that must be performed on a typical production line and the short time allotted to the routine
impulse test, impulse circuit parameters are generally not modified for each test. Therefore, the impulse cir-
cuit, as indicated in Figure 1, should be designed such that it will supply the proper impulse wave shape for all
units to be tested without the need to make changes. A few guidelines on impulse circuit design for production
line testing are given in the following paragraphs.

SG Lg Rf !
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1
I —~
1
! 1€
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=~ Cg g Rt =~ P : =
1
R rV'Y'VV‘ :(
| M
- -l -

Impulse Generator Simplified Transformer Circuit

Figure 1—Typical lightning impulse circuit

As mentioned in 6.2, for the routine impulse test, only one terminal of the non impulsed windings of the
transformer under test is connected to ground. This not only enhances fault detection sensitivity (as explained
below), but also avoids short circuiting those non impulsed windings, thereby reducing the transformer im-
pedance. With this connection, the burden imposed by the transformer on the impulse generator is very small
(compared to that when transformer windings are short circuited). Therefore, even a generator of modest ener-
gy rating can be capable of successfully providing the required tail duration over a wide range of transformer
ratings without the need of adjustments to the generator tail resistance.
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To enable an impulse test circuit to provide the specified front time for a wide range of transformers, it is
usually necessary to include a capacitor in parallel with the transformer to provide a capacitance buffer. The
capacitance of this additional capacitor (or preload capacitor) is selected (ideally) so that the relative change in
total loading capacitance caused by the connection of the range of transformers to be tested allows the speci-
fied front time to be obtained with just one front-resistance value. In this regard, the preload capacitance value
needs to be higher than the input or loading capacitance of the transformers. However, there is a natural limit
imposed by the self-inductance of the impulse generator test circuit to the maximum allowable total loading
capacitance that can be utilized. For a given impulse generator test circuit, as the loading capacitance value
increases, the front resistance value must decrease to maintain the specified front time. As the front-resistance
value is decreased, its damping effect on the circuit will be decreased, and the test circuit inductance will tend
to produce oscillations on the impulse voltage peak.

Using good test circuit grounding practices also improves the consistency of impulse wave shape and ampli-
tude. For a general discussion on recommended grounding techniques, refer to IEEE Std C57.98.

6.2 Transformer connections

The required connections for routine impulse tests on distribution transformers are defined in 10.4 of
IEEE Std C57.12.90-2015. The impulse is applied to one end of a high-voltage winding while the other end
of the same winding is connected to ground through a low-impedance shunt or wide-band current transformer
(CT). All other windings, the isolated tank, and the core are grounded in a likewise manner. A typical connec-
tion meeting these requirements is shown in Figure 2. It should be noted that in Figure 2 only one terminal of
the non-impulsed winding is connected to ground. The single ground connection to the non-impulsed wind-
ings enhances fault detection sensitivity. However, the voltage to ground on any non-tested terminal should
not be allowed to exceed 80% of its assigned BIL. Additional low-voltage impulses may have to be applied
to the terminal under test to enable the voltage transferred to non impulsed terminals to be determined. Rec-
ommended connections for various types of transformers and a few special considerations are provided in the
following paragraphs. The voltage divider and digital impulse recorder connection, as shown in Figure 2 was
omitted for clarity in Figure 3 through Figure 20.

Impulse Generator
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Figure 2—Typical transformer connection for routine impulse testing
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6.2.1 Improved fault detection sensitivity

It is generally accepted that one of the more difficult transformer impulse failures to detect is a single shorted
turn near the grounded end of a high-voltage, low-kilovoltampere, wire-wound primary coil. This type of coil
design combines many turns, low volts per turn, and small gauge wire, which are all factors that reduce fault
detection sensitivity. Tests on these and other similar units have shown that the sensitivity of the fault detec-
tion circuitry to staged faults of this type is increased whenever the tank and one terminal of all non-impulsed
windings are connected directly to ground, rather than through the current detector. Routing the tank and
low-voltage winding currents through the current detector reduces the fault detection sensitivity. A typical
connection for greater detector sensitivity during routine impulse tests on distribution transformers is shown
in Figure 3.

Impulse Generator

SG Lg Rf HE [ ] xa

—o o -G 3)
| X2
1 Cpl H2 | x5
= Cg é Rt = O '3)
]

1
- 1
To Digital Impulse f—% =

Recorder Current
Detector

Figure 3—Maximum sensitivity connection

6.2.2 Special cases for single-phase distribution transformers

There are several winding connections for single-phase distribution transformers that require different im-
pulse test connections.

6.2.2.1 Single high-voltage bushing

Figure 4 shows the recommended connection for routine impulse testing of units with one end of the primary
or high-voltage winding connected to the tank. The connection for this type of unit has the slight disadvantage
of routing the tank current through the current detector.
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Impulse Generator
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Recorder '
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Figure 4—Connection for single HV bushing

6.2.2.2 Internal ground on low-voltage winding

An internal ground on the low-voltage winding reduces the number of external connections required to per-
form a routine impulse test. See Figure 5 for a connection diagram. The connection that should be used for
a unit with an internal ground connection on both the low-voltage and high-voltage windings is shown in
Figure 6. This connection is much like that shown in Figure 2 except that several external connections are
replaced by internal connections.

Impulse Generator

SG Lg Rf H1 | | X1
—0 O 0 ©
Cpl H2 X3
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To Digital Impulse f——
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Current
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Figure 5—Connection for internally grounded low-voltage winding
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Impulse Generator
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—O O- >C O
Cpl é X3
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To Digital Impulse f——

Recorder
Current
Detector

Figure 6—Connections for internally grounded H2 and X2

6.2.2.3 Two low-voltage terminals

On units with only two low-voltage terminals, one end of the winding should be directly connected to ground.
Figure 7 shows the recommended connection. For low-voltage winding rated 600 V or below, either end of
the winding may be grounded. Step-down or intertie units having secondary voltages greater than 600 V may
require special consideration when grounding two terminal windings (refer to 6.2.3.5 and 6.2.3.6 for details).

Impulse Generator
SG Lg Rf

I

AY |

~ Cg éRt = |_
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Current
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Figure 7—Connections for two low-voltage terminals

6.2.2.4 Single low-voltage terminals

Units with only a single low-voltage terminal usually have only one high-voltage terminal. Figure 8 shows
such a unit.
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Impulse Generator

SG Lg Rf H1 | | X1
—O O WM —AWA >0 ©
Cpl
=T Cg § Rt ~ P
Tank Isolated
J__ From Ground
To Digital Impulse f——3
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Figure 8—Single HV and single LV bushing connections

6.2.3 Three-phase transformer connections

The most common three-phase connections are described in the following subclauses. Transformers with un-
grounded wye connected windings that have no accessible neutral point may be tested using the connections
for transformers with delta connected windings. Tee-tee connected transformers may be tested using the test

connections for wye- or delta-connected windings that the tee-tee connections simulate.

6.2.3.1 Wye-wye connections

Connections that might be used in three-phase wye-wye distribution transformers are shown in Figure 9, Fig-
ure 10, and Figure 11. When possible, the connection shown in Figure 9 should be used because it provides the
greatest detector sensitivity. On wye-wye units, the detector and ground connections are the same for impulses
on all three phases. Only one connection is required per phase for routine impulse testing of wye-wye distribu-

tion transformers.

H2 X2

Impulse Generator HO X0
SG Lg Rf i
_o
HA1 H3 X1 X3
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T Cg SR T Current
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1

Figure 9—Standard connection for three-phase wye-wye transformer
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H2 X2
Impulse Generator HOAXO
SG Lg Rf P ¥
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Figure 10—Connections for wye-wye transformer with internal HO-XO link

H2 X2
Impulse Generator HO, X0
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Figure 11—Connection for wye-wye transformer with internal grounds

6.2.3.2 Wye-delta connections

Connections for routine impulse testing of Phase A on a wye-delta connected, three-phase distribution trans-
former are shown in Figure 12 and Figure 13. Figure 12 is the preferred connection when possible. As other
phases are tested, the secondary ground connection should be rotated around to other terminals such that one
end of the secondary winding of the coil being tested is connected directly to ground. For example when H2 is
tested, either X2 or X3 should be grounded, but not both. Only one connection is required per phase for routine
impulse testing of wye-delta distribution transformers.
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