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Abstract: Theory, application of phase-shifting transformers, and the difference of specification
and testing to standard system transformers are described in this guide. Various types of phase-
shifting transformers and how to select the optimal design to achieve required control of power
flow are covered. An understanding of the terminology, types, construction, and testing specific to
phase-shifting transformers is provided.

Keywords: advance phase angle, dual-core design, IEEE C57.135, main transformer, phase-
shifting transformer, power transfer, retard phase angle, series transformer, single-core design,
special tests
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IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating Committees of
the IEEE Standards Association (IEEE-SA) Standards Board. The IEEE develops its standards through a consensus
development process, approved by the American National Standards Institute, which brings together volunteers
representing varied viewpoints and interests to achieve the final product. Volunteers are not necessarily members of the
Institute and serve without compensation. While the IEEE administers the process and establishes rules to promote
fairness in the consensus development process, the 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.

Use of an IEEE Standard is wholly voluntary. The IEEE disclaims liability for any personal injury, property or other
damage, of any nature whatsoever, whether special, indirect, consequential, or compensatory, directly or indirectly
resulting from the publication, use of, or reliance upon this, or any other IEEE Standard document.

The IEEE does not warrant or represent the accuracy or content of the material contained herein, and expressly
disclaims any express or implied warranty, including any implied warranty of merchantability or fitness for a specific
purpose, or that the use of the material contained herein is free from patent infringement. IEEE Standards documents
are supplied “AS IS.”

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, or every ten years for stabilization. When a document is more than five
years old and has not been reaffirmed, or more than ten years old and has not been stabilized, 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 publishing and making this document available, the IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any person or entity. Nor is the IEEE undertaking to perform any duty owed by any other
person or entity to another. Any person utilizing this, and any other IEEE Standards document, should rely upon his or
her independent judgment in the exercise of reasonable care in any given circumstances or, as appropriate, seek the
advice of a competent professional in determining the appropriateness of a given IEEE standard.

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 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 societies and Standards Coordinating Committees are not able to provide an instant
response to interpretation requests except in those cases where the matter has previously received formal consideration.
A statement, written or oral, that is not processed in accordance with the IEEE-SA Standards Board Operations Manual
shall not be considered the official position of IEEE or any of its committees and shall not be considered to be, nor be
relied upon as, a formal interpretation of the 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, explanation, or interpretation of the IEEE.

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. Recommendations to change the status of a stabilized standard should include a
rationale as to why a revision or withdrawal is required. Comments and recommendations on standards, and requests
for interpretations should be addressed to:

Secretary, IEEE-SA Standards Board
445 Hoes Lane

Piscataway, NJ 08854-4141

USA

Authorization to photocopy portions of any individual standard for internal or personal use is granted by The Institute
of Electrical and Electronics Engineers, Inc., provided that the appropriate fee is paid to Copyright Clearance Center.
To arrange for payment of licensing fee, please contact Copyright Clearance Center, Customer Service, 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.
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Introduction

This introduction is not part of IEEE Std C57.135-2011, IEEE Guide for the Application, Specification, and Testing of
Phase-Shifting Transformers.

This guide describes the application, specification, and testing of phase-shifting transformers. It is intended
for the following:

—  Organizations responsible for the application and specification of phase-shifting transformers
for electric transmission systems to control power flow.

—  Organizations responsible for testing phase-shifting transformers.

This guide is designed to help organizations:

—  Understand the various types of phase-shifting transformers and how to apply them to obtain
required control of power flow.

—  Prepare specifications for the purchase of phase-shifting transformers.

— Standardize tests and test methods for phase-shifting transformers.

This guide is intended to satisfy the following objectives:

— Promote consistency within organizations for the application and specification of phase-shifting
transformers.

— Provide an understanding of the terminology, types, construction, and testing relating
specifically to phase-shifting transformers.

—  Promote the standardization of testing procedures for phase-shifting transformers.

Since this guide was first published in 2001, several recommendations from users and manufacturers were
made to revise it to improve accuracy and applicability. Some of the revisions are as follows:

— Figure 1, Figure 3, Figure 4, Figure 7, and Figure 11 were improved.

— Equation (1) was divided into two parts to show the difference between advance and retard
operations.

— A new section on minimum information requirements for specifying a PST was inserted.

— Various editorial changes were made to clarify the contents of the guide.

Notice to users

Laws and regulations

Users of these documents should consult all applicable laws and regulations. Compliance with the
provisions of this standard does not imply compliance to any applicable regulatory requirements.
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.
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Copyrights

This document is copyrighted by the IEEE. It is made available 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 promotion of engineering practices and methods. By making this
document available for use and adoption by public authorities and private users, the IEEE does not waive
any rights in copyright to this document.

Updating of IEEE documents

Users of IEEE standards 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,
corrigenda, 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. 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 Standards Association web site at
http://ieeexplore.ieee.org/xpl/standards.jsp, or contact the IEEE at the address listed previously.

For more information about the IEEE Standards Association or the IEEE standards development process,
visit the IEEE-SA web site at http://standards.ieee.org.

Errata

Errata, if any, for this and all other standards can be accessed at the following URL:
http://standards.ieee.org/reading/ieee/updates/errata/index.html. Users are encouraged to check this URL
for errata periodically.

Interpretations

Current interpretations can be accessed at the following URL: http://standards.ieee.org/reading/ieee/interp/
index.html.

Patents

Attention is called to the possibility that implementation of this guide may require use of subject matter
covered by patent rights. By publication of this guide, no position is taken with respect to the existence or
validity of any patent rights in connection therewith. The IEEE is not responsible 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 guide are expressly advised that determination of the validity 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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IEEE Guide for the Application, Specification, and Testing of Phase-Shifting

Transformers

IMPORTANT NOTICE: This standard is not intended to ensure safety, security, health, or

environmental protection. Implementers of the standard are responsible for determining appropriate

safety, security, environmental, and health practices or regulatory requirements.

This IEEE document is made available for use subject to important notices and legal disclaimers. These

notices and disclaimers appear in_all publications containing this document and may be found under

the heading “Important Notice” or “Important Notices and Disclaimers Concerning IEEE

Documents.” They can___also __be obtained on__request from IEEE or viewed _at

http://standards.ieee.org/IPR/disclaimers. html.

1. Overview
1.1 Scope

This guide covers the application, specification, theory of operation, and factory and field testing of single-

phase and three-phase oil-immersed, phase-shifting transformers (PSTs).

This guide is limited to matters particular to PSTs and does not include matters relating to general

requirements for power transformers covered in existing standards, recommended practices, or guides.

1.2 Purpose

The terminology, function, application, theory of operation and protection, and design of PSTs are not
covered by existing transformer standards and guides. The purpose of this document is to provide

guidance to those specifying, designing, and using PSTs.
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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. Fhis-standard-shall-be-used

IEC 60076-3, Power Transformers—Part 3: Insulation Levels, Dielectric Tests and External Clearances in

Air.

IEC 60076-5. Power Transformers—Part 5: Ability to Withstand Short Circuit.

IEC 60076-7, Power Transformers—~Part 7: L oading Guide for Oil-Immersed Power Transformers.
IEEE Std 693TM_1997 | IEEE Recommended Practice for Seismic Design for Substations. 2>

IEEE Std €37.90.1TM-1989, IEEE Standard for Surge Withstand Capability (SWC) Tests for Proteetive
Relays and Relay Systems_Associated with Electric Power Apparatus.

IEEE Std C57.12.00TM, IEEE Standard General Requirements for Liquid-Immersed Distribution, Power,

and Regulating Transformers.
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IEEE Std C57.12 SOTM, IEEE Standard Terminology for Power and Distribution Transformers

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

Distribution and Power Transformers.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 21:24:05 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C57.135-2011


http://www.avadocuments.com/doc/ieee-c57-135-2011
http://www.avadocuments.com/doc/ieee-c57-135-2011

3. Definitions

For the purposes of this document, the following terms and definitions apply. The IEEFE Standards

Dictionary: Glossary of Terms & Deﬁnitions4 should be consulted for terms not defined in this clause.

All other definitions, except as specifically covered in this guide, shall be in accordance with IEEE Std

C57.12.80 T™M5

Boy?

advance phase angle: The phase angle expressed in degrees that results when the load (L) terminal

voltage leads the source (S) terminal voltage.
excitation-regulating winding: A two-core phase-shifting transformer (PST) design in which the exciting

unit has one winding operating as an autotransformer that performs both functions listed under excitation

and regulating winding of a two-core PST.

1 1EC publications are available from the Sales Department of the International Electrotechnical

Commission, Case Postale 131, 3 rue de Varembé, CH-1211, Genéve 20. Switzerland/Suisse

(http://www.iec.ch/). IEC publications are also available in the United States from the Sales Department,

American National Standards Institute, 11 West 42nd Street, 13th Floor, New York, NY 10036, USA.

2 [EEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane,

Piscataway, NJ 08854-4141, USA (http://standards.ieee.org/).

3 The IEEE standards or products referred to in this clause are trademarks owned by the Institute of

Electrical and Electronics Engineers, Incorporated.

4 The IEEE Standards Dictionary: Glossary of Terms and Definitions is available at http://shop.ieee.org.

3 Information on references can be found in Clause 2.

excitation winding: The winding of a phase-shifting transformer (PST) that draws power from the source

to energize the PST.
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excited winding of a two-core phase-shifting transformer (PST): The winding of the series unit that is

excited from the regulating winding of the main exciting unit.

exciting unit of a two-core phase-shifting transformer (PST): The core and coils that furnish excitation

to the series unit.

L terminal: The L terminal is the terminal that is used to measure the voltage phase-shift angle when

compared to the S terminal of the phase-shifting transformer (PST).

primary winding of the exciting -main unit of a two-core phase-shifting transformer (PST): The

winding on the high-voltage side of the exciting-the eore-and-cots-that-furnish-exeitationto series vnit:

phase-shifting transformer (PST): A transformer that advances or retards the voltage phase-angle

relationship of one circuit with respect to another.

rated kVA of a phase-shifting transformer (PST): The apparent power at rated voltage for which the
PST is designed.

rated phase angle of a phase-shifting transformer (PST): The phase angle measured between the S and

L terminals at maximum advance and/or retard tap position under no-load condition.

rated voltage of a phase-shifting transformer (PST): The phase-to-phase voltage to which operating
and performance characteristics are referred. The voltage ratings are to be defined at no-load and based on

turn ratios.

regulated circuit of a phase-shifting transformer (PST): The circuit on the output side of the PST in

which it is desired to control the voltage, the phase relation, or both.

NOTE—In the regulated circuit the voltage may be held constant, or may vary with or without relation to

the phase angle depending on the type of PST.0

regulating winding: The winding of a single-core phase-shifting transformer (PST) or of the exciting unit

of a two-core PST in which taps are changed to vary the phase angle.
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retard phase angle: The phase angle expressed in degrees that results when the L terminal voltage lags

the S terminal voltage.

series unit of a two-core phase-shifting transformer (PST): The core and coil unit that has one or more

windings connected in series with the line circuit.

series winding(s) of a two-core phase-shifting transformer (PST): The winding(s) of the series unit that

is(are) connected in series in the line circuit.

single-core design: A single-core phase-shifting transformer (PST) has all windings mounted on a single

core.

S terminal: The S terminal is the terminal that is used as the fixed reference point when measuring the

voltage phase angle of a phase-shifting transformer (PST).

6 Notes in text, tables, and figures of a standard are given for information only and do not contain

requirements needed to implement this standard.

two-core design: A two-core phase-shifting transformer (PST) consists of a series unit and a exciting unit.

The series and the exciting unit can be either in one tank or in separate tanks.
4. Application and theory of PSTs
4.1 Introduction

The development of large, high-voltage power grids has enabled power consumers to enjoy the benefits of
more reliable and efficient service and has allowed generation sources to be, in some cases, located long
distances from large load centers. Although large interconnected grids strengthen a power system’s
reliability, complications can arise with the control of steady-state power flow along certain segments of
the system. These complications can be attributed to several factors, including the impedance of parallel
paths in the power grid, variation in power generation output, and variation in loads and load center phase

angles.
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4.2 Basic principle of application—advanced and retard phase angle

PSTs are used to control the power flow in electrical power systems. When power flows between two

systems, there is a voltage drop and a phase-angle shift between the source and the load that depends upon

the magnitude and power factor of the load current. If the systems are connected together in two or more

parallel paths so that a loop exists, any difference in the impedances will cause unbalanced line loading.

Figure 1 shows an example with the load side power factor assumed to be 1 and the system resistances

being negligible with respect to their reactances. An arbitrary power flow distribution can be obtained by

inserting a PST into one of the branches. Dependent upon whether the PST is installed in the branch with

the higher or lower impedance, an advanced or a retard phase angle is needed. Advanced means that the L

terminal voltage (VL) leads the S terminal voltage (VS); retard means that the L terminal voltage (VL) lags

the S terminal voltage (V5).

Bvstem 1. 4, I

I

Vg :Q: System 2, Z; o

—_—
Al
i, iy
Vs L A4
Ip*
N1 2252

Advanced: I ;¥ leads V.

h > hiz
Retard: 171 ® lags 1

Figure 1—Load side power factor of 1
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Equation (1a) and Equation (1b) illustrate the advance and retard operations shown in Figure 1.

IL*Z,—AV-L,*Z,=0 = AV=L*Z, —I,*Z (1a)

I*Zi4 AV —[2%Z:=0 = AV=L,%Z, -1 *2Z, (1b)

A numerical example should illustrate this. If it is required that both systems are loaded with 50% of the
total transferred power 2xS and the impedances are assumed to be z] = 0.02 and z2 = 0.30, related to S, the
necessary additional voltage becomes V = 0.30 — 0.02 = 0.28. Hence, a load phase angle (advanced) of
about 15.6° (arctan(0.28)) is necessary. The total angle between source and load becomes minus 1.1°. In
case with z] = 0.30 and z2 = 0.02, the same load phase angle (retard) would be needed, but the total phase
angle between source and load would become 16.7°. If no measures were taken, then the load distribution

between system 1 and 2 would be 0.9375 to 0.0625 instead of 0.5 to 0.5.

A second important application is the use of a PST to control the power flow between two large
independent grids. An advanced phase-shifting angle is necessary to achieve a flow of active power from

system 1 to system 2 (Figure 2).

AV
System 1 — . System 2 AV, 1Z
) ﬁ
V H
I LA
I \
:Vt* VL 1Y
\
1 L}
I v
1 ‘1
V=V, =V
Z=jX
AV =IZ=0D

Figure 2—Advanced phase-shifting angle
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4.3 PST under load

So far an “ideal” PST (i.e., a transformer with an impedance z7 = 0) has been dealt with. To demonstrate
load conditions, an equivalent circuit phasor diagram is used as shown in Figure 3 with an ideal PST with

zT =0 and an additional transformer with a turns ratio of 1:1 and an impedance z7= RT + jXT.

Where

VL* is load-side voltage (no-load)

VL is load-side voltage (loaded)

VS(a) is source-side voltage (advanced)
VS(r) is source-side voltage (retard)

17, is load current

cos® [, is load power factor

zT is transformer impedance
B is transformer load angle
o is phase-shift angle

+ advanced

—retard
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