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Redlines are designed to save time and improve efficiencies by using the latest
software technology to find and highlight document changes. More professionals
are using valuable new technologies like redlines, to help improve outcomes in a
fast paced global business world.

Because it may not be technically possible to capture all changes accurately, it is
recommended that users consult previous editions as appropriate. In all cases,
only the current base version of this publication is to be considered the official
document.
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Abstract: This guide describes transformer connections and configurations in three-phase electrical
systems. The characteristics of the various transformer connections and possible operating
problems under normal or abnormal conditions are treated. All combinations of delta and wye,
grounded and ungrounded, T-connected, zigzag, and certain special connections are considered.
Only two-winding and auto-transformers are included.

Keywords: connections, delta, ferroresonance, IEEE C57.105™, three-phase, transformer,
unsymmetrical banks, wye, zigzag
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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 notices
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/ipr/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
Association (“IEEE SA”) Standards Board. IEEE (“the Institute”) develops its standards through a consensus
development 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 documents 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 development 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
documents 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 appropriate,
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:
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHER IN CONTRACT, 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
pertaining 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 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 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
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.

Copyrights

IEEE draft and approved standards are copyrighted by IEEE under U.S. 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
promotion 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.

Documents

4 Document Sharing Hub
Authorized licensed use limited to: Tsinghua UniverRRY SN R:2820 JrFEnANNSIS 686@fvRA1 3:42 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C57.105-2019


http://www.avadocuments.com/doc/ieee-c57-105-2019
http://www.avadocuments.com/doc/ieee-c57-105-2019

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
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.

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,
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.

Every IEEE standard is subjected to review at least every ten years. When a document is more than ten 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 IEEE standards can be accessed via https://standards.ieee.org/standard/index.html. Search
for standard number and year of approval to access the web page of the published standard. Errata links are
located under the Additional Resources Details section. Errata are also available in IEEE Xplore: https://
ieeexplore.ieee.org/browse/standards/collection/ieee/. Users are encouraged to periodically check for errata.

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
discrimination 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
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 standard 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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Introduction

This introduction is not part of IEEE Std C57.105-2019, IEEE Guide for Application of Transformer Connections in
Three-Phase Electrical Systems.

In the fall of 1968, a Working Group was formed by the Performance Characteristics Subcommittee of the
IEEE Transformers Committee to prepare a user’s guide for application of Y-Y transformers considering user
systems, manufacturing capabilities, tank heating, ferroresonance, and telephone interference. The scope
of the proposed user’s guide was subsequently expanded to cover the full range of transformer connections
commonly used in three-phase distribution systems with emphasis on those characteristics of the connections
that distinguish one from another, appear most prominently with asymmetrical system conditions, and affect
the selection of the connections.

The guide was originally published in 1978 and was reaffirmed three times in 1987, 1992, and 2008. A PAR
with revised title and scope was approved in spring 2015. A Working Group was formed by the Performance
Characteristics Subcommittee of the IEEE Transformers Committee to revise the guide with updated
information and references as needed.

The guide assumes the reader has an educational or practical background equivalent to that of a graduate
electrical engineer with some knowledge of transformers and distribution practices. Since the guide would
be most needed by, and most useful for, the engineer with relatively little experience, the Working Group has
incorporated explanatory material where considered to be helpful.

The 2015 revision revised the scope of the document to include three-phase “electrical systems” instead of
“distribution systems” due to the content of the guide applying to many three-phase connections regardless of
voltage.
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IEEE Guide for Application of
Transformer Connections in
Three-Phase Electrical Pistribution Systems

1. Overview

1.1 Scope

This guide describes eencerns transformer connections and configurations in three- 3phase_electrical

systems, the characteristics of these various distribution—systems—Distribution—systems—are

consumers—The—characteristies—of the—various—transformer connections, and_the possible operating

problems under normal or abnormal conditions-are-treated.

All combinations of delta A and wye ¥, grounded and ungrounded, T-connected, zigzag, and certain

special connections are considered. Only two-winding and auto-transformers are included.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 18:13:42 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C57.105-2019


http://www.avadocuments.com/doc/ieee-c57-105-2019
http://www.avadocuments.com/doc/ieee-c57-105-2019

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 C57.12.70™, TEEE Standard for Terminal Markings and Connections for Distribution and

Power Transformers, 12

IEEE Std C57.12.80™, IEEE Standard Terminology for Power and Distribution Transformers.

3. Definitions

The IEEE Standards Dictionary Online should be consulted for terms not defined in this clause.3

Except as modified in this standard, transformer terminology found in IEEE Std C57.12.80 shall

apply.

4. Electrical connections

4.1 Primary and secondary systems

In general, permissible transformer connections are related to the type of service to be delivered and
the type of primary supply.

1The IEEE standards or products referred to in Clause 2 are trademarks owned by The Institute of Electrical and Electronics

Engineers, Incorporated.

2]EEE publications are available from The Institute of Electrical and Electronics Engineers (http://standards.ieee.org/).

SIELEE Standards Dictionary is available at: http://dictionary.ieee.ore. An IEEE Account is required for access to the dictionary, and

one can be created at no charge on the dictionary sign-in page.
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4.1.1 Types of service

Three-phase services may be either three 3-wire or four 4-wire. The three 3-wire service is quite
commonly called “delta” service and consists only of three-phase conductors, having no neutral
conductor. The four 4-wire service is commonly called a “wye” service _and includes a neutral
conductor that whieh is customarily grounded at the service for 208 Y/120 and 480 Y/277 V services
and, if the supply originates outside the building served, at one other point on the secondary side of
the transformer_supplying the system, either at the transformer or elsewhere. Some four4-wire
services are derived from a delta A-or open_delta--A-connected secondary with the center tap of one
leg grounded. This connection is commonly rated 240/120 V, three 3-phase,_four 4-wire, and is also

grounded in the manner described.
4.1.2 Types of sources

The primary supply may be either an ungrounded, uni-grounded, effectively grounded, or

impedance-_grounded source. An ungrounded or uni-grounded supply may have a grounded shield

wire or cable sheath, but such conductor should not be mistaken for a neutral conductor if it is not

intended for such service. Both ungrounded and uni-grounded supplies are frequently called three-

wire or delta source because such systems consist of only the three-phase conductors beyond the

source transformer. An Fhe ungrounded system has only supplyis—frequently—ecalleda—dela—(A)
souree becausesuch-systems-generallyeonsist-of the three-phase wires emanating from the source

transformer winding and no intentional connection to ground eenductors-enty.

A uni-grounded system has the three-phase wires emanating from the source transformer winding

and also an intentional low-impedance connection from the source transformer winding to ground.

The effectively grounded distribution system has nermally—inelades a solidly grounded neutral
conductor derived from the source. Usually the neutral is multi-grounded along the feeder. Such

systems are referred to as “four-wire” or “grounded wye ¥” systems.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 18:13:42 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C57.105-2019


http://www.avadocuments.com/doc/ieee-c57-105-2019
http://www.avadocuments.com/doc/ieee-c57-105-2019

The impedance-grounded systems are usually found in industrial plant circuits operating at

distribution voltage levels of 4160 V and higher. Such systems may be wye ¥ or delta A. If wye ¥, the

neutral is derived from the source, but is insulated and grounded through a resistor or reactor. If
delta A, the grounding is through a grounding transformer to which an external impedance may or
may not be connected. Such systems allow the flow of sufficient ground fault current to afford
positive high-speed protective relaying; but also limit the ground fault current in-erder-to minimize
damage to faulted equipment. Although the impedance-grounded wye ¥ systems are sometimes
said to have a “floating neutral,” this terminology is misleading. The neutral is aetaally-stabilized at
the source; and with fairly-well-balanced loads; the neutral voltage remains near ground voltage
except during fault conditions. In the wye systems, the integrity of the neutral conductor is very

important to proper operation and safety.
4.2 Delta A and wye ¥-connections

In both three 3-phase transformers and banks of three single-phase transformers, the transformer
windings are connected either phase-to-phase or phase-to-neutral in all but certain special
connections (for example, the T connection). When the windings are connected phase-to-phase as in
Figure 1(a) Fig3A, the quasi-phasor arrangement of the connection diagram resembles the capital
Greek letter delta from which it gets the name and symbol A. When the windings are connected wye
(phase-to-neutral) as in_Figure ¥ig 1(b) and_Figure 1(c), the quasi-phasor connection diagram
resembles the letter Y, which is used as its_symbol. (The Y is inverted in the figure so as to conform
to its usual appearance in standard diagrams.) Wye ¥ connections are also referred to as star
connections;—a more general term applicable to systems with any number of phases. Wye ¥
connections may have a grounded or ungrounded neutral. In this guide, the term Wye ¥ and
symbol Y will-represent the ungrounded neutral connection, and the term Y-grounded and symbol

YG-will represent the grounded neutral connection.
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a) Quasi-phasor delta connection diagram

b) Quasi-phaser wye connection diagram

NEUTRAL — I"J

¢} Quasi-phasor grounded wye connection diagram

New
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Figure 1—Quasi-phasor diagram examples Zigzag-ConnectionDiagrams

A—A B O Crounced Y

The primary and secondary windings may be connected in any combination desired. However,

certain combinations may be quite undesirable_in some applications fer-a—particularapplication.

Table 1 shows all combinations of delta A and wye ¥ connections and indicates the characteristics of

each configuration that whieh relate to its application. The connections_that whiek should receive

special consideration to avoid misapplication are indicated to be “problem” connections.
4.3 Zigzag-connected winding

The zigzag-connected winding has each electrical phase linked equally by two magnetic phases as
shown in Figure Fig 2. This winding connection is most commonly used in a single-winding
transformer to perform grounding duty. The connection presents a low-impedance path to ground
for zero-sequence currents (that is, current components of equal magnitude and phase angle in each
leg), and therefore ground geund current flows with any shift of the system neutral. Grounding
transformers may be sized-se—as to furnish only the magnitude of ground current required for
relaying or may be large enough to stabilize the neutral of an otherwise ungrounded system. In the
latter case, the grounding transformer supplies the unbalanced phase-to-neutral load as well as

ground fault current.
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Figure 2—Quasi-phasor zigzag connection diagram

7

The zigzag winding is also combined with either wye ¥ or delta A connections in two-winding

transformers in-erder-to provide_ a desired phase relation and also a with grounded neutral.

In this guide, the symbol ZZ indicates will-indieate the zigzag connection, and the symbol ZZG
indicates will-indieate that the neutral is grounded. Table 1 shows application characteristics of

transformer banks with zigzag-grounded secondaries.
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4.4 T-T connections

Some three 3-phase distribution transformers consist of two single-phase transformers in a common

tank with the interconnection of the two primaries and two secondaries in the manner shown in

Figure 3(a) and Figure Eig 3(b), the end of one winding connecting to the midpoint of the other to

form a configuration similar to the letter T. This connection is also known as a Scott connection. The

crossbar of the T is called the main winding, and the stem is called the teaser winding. Voltages of
the main and teaser coils are such that balanced three 3-phase voltages are obtained. The neutral

point of the secondary winding could be is at one-third of the teaser coil from the main _to simulate a

grounded Y, four-wire connection as shown in Figure 3(b) or it could be at the midpoint of the main

winding to simulate a delta with a grounded mid-tap, four-wire connection as shown in Figure 3(b).

Although not actually a_symmetrical connection, the three 3-phase T connected transformer

simulates the symmetrical Y and delta A connections.

The Basically—only—two—econfigurations—are—possible_application characteristics —although—the
designation of T-connected transformers are shown in Table terminals{see-2.5:1 _and }-se—as—te

simulate standard delta A-Y, Y- delta, delta-delta A-A-A, and Y-Y may-seem-to-inerease-the-number

sfconnections—posstbletofourOne-basie arransemer e e e e

connected transformers may be paralleled with delta A and Y combinations provided the usual

requirements for paralleling are met (see 4 2.5.3).
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The T-connection has three twe very interesting properties. First, if the neutral is grounded, a T-
connected winding presents a low-impedance to zero-sequence current and permits the flow of such
currents independently of the other winding. The implication of this fact is that the primary should

not be grounded since the transformer will then act as a grounding transformer (see 4 2.6). T-

connected windings are }-but-it-still-is capable of providing a four 4-wire grounded service, even

with an ungrounded primary, such as four-wire three-phase 120/208 V or 277/480 V service as

shown in Figure 3(a), or four-wire three-phase 120/240 V service as shown in Figure 3(b) and-i may

do so regardless of relative orientation of the windings. The symbol TG will be used in this guide to

represent a T-connected winding with neutral grounded.
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{e.g. 13.2kV to 2.4KkV)

Aite Transformer

a) Orlentation of windings in T connections, 90" with neutral point in the teaser coil

b) Orientation of windings in T connections, 90° with neutral point in the main cell

A-phase

c) T-connected transformer for three-phase to two-phase distribution system conversion

T-T Secondary windings

A2 88V T
1 208v
120V 240V, 240V
l 208V
2400
0 120%
c2 c1
=
h— ) 240V l
Al
2400
d) Three-phase primary voltage to two-phase secondary voltage using the secondary
T-connected coils with an auto-transformer
New
Figure 3—T connection
Documents

Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 18:13:42 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C57.105-2019


http://www.avadocuments.com/doc/ieee-c57-105-2019
http://www.avadocuments.com/doc/ieee-c57-105-2019

Second, the flow of triple-harmonic excitation currents in the windings and in the lines is not

suppressed regardless of whether the primary or secondary is grounded or not, and these harmonics

may flow on the phase conductors only. Harmonic voltages and currents and their effects are

discussed in Clause 6 Seetion4.

Third, a T-connected transformer can be utilized to convert from a three-phase system voltage to a

two- phase system voltage or three-phase primary voltage to a two-phase secondary voltage. Figure

3(c) shows an example of a three-phase system voltage to a two-phase system voltage conversion.

Figure 3(d) shows an example of three-phase primary voltage to a two-phase secondary voltage

using the secondary coil of a T-connected transformer with an auto-transformer.

4.5 Terminal markings, phase relations, and paralleling

Table 14 summarizes shows the application characteristics of each connection: F-ecennected

transformers:

Table 1— Application characteristics of connections

Connection

Primary Secondary

Suitable for
ungronnded
service

Suitable
for four-
wire
service

Phase
shift high-
voltage
tolow-
voltage'

Subject to
primary
grounding
duaty

Triple
harmomic
primary line
currents
suppressed
(See Note )

“Problem™
conmections
(See Note 2)

o

HNo

—30°

HNo

—30°

HNo

—10°

HNo

o

o

Yes
{SeeNote 4)

—30°

Yes
(Seellota 5)

o

o

SeeNote 5

SeeNote 5

SeeNota 5

SeeNote 5

Yes
{See Note 5)

9_
L L[| L L] AP DA >

| -

SeeNote 5

Ne

&

4Notes in text, tables, and figures of a standard are given for

information only and do not contain requirements needed to

implement this standard.
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Commnecton

Suitable for
Imgrounded

Phase

Shift

High-
Vaoltage
o Low-
Voltage
Mote 1)

Subject tn
Primary
Grounding
Duty

“Problem™
Connections
(Mote 2)

Table 1— Application characteristics of connections (continued)

Connection Phase Triple
Smitable for fs:;::: shift high- SP';J]:::;“ "."ﬁ’;ﬂ “Problem™
. ungronnded . voltagze dim L Conmections
Primary | Secomdary SErvice e tio Joww- Eron ] rurrents (See Note 2)
SEViICe - duty suppresied
voltag {See Note &)
q Yes Yes o Mo Yag
/l\ \% Yes Tes -30° Ko Yas
l No Yes -30° Ko No

configurations.

KNOTE 1—The three-phass transformer of three-legged core-form constaction is susceptible to tank heating with
unbalanc ed phase-to-neutral loads or ground faults.
KWOTE 2—Based on standard connections and phasor diagrams.
KOTE 3—*Problem™ connections are those connections that should receive special consideration to avoid misapplication.
KWOTE 4—This connection is incapable of formishing a stabilized nentral, and its nse may result in phase-to-newtral
overvoltage on one or two legs as a result of unbalanced phase-to-neuiral load.
NOTE 5—Connections designated ct &s primary grounding ransformer s and should not be used wnless imtended for such duty.
WOTE 6—The T-connections in this table represent either similar or rotated orientation. The connection can be made o
simmlate any of the I and Y combinations.
NOTE T—>5ee Clanse 6 for a discussion of harmonic oorrents and the suppression of these ourments in certain winding

New
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Phase
Shift Triple
High- Har mwo mic
Suitahle Vaoltage Subject tn Primary
Suitable for for o Low- Primary Lime “Problem™
Ungrounded 4-Wire Voltage Grounding Curren Conmectons
Source Service Mote 1) 5| (Mote 2)
Maote 4 Mo Mote 4
Mo Mo
4 4,
Mo Yes Note 5
4
Yo Mo
-
L Yes es Note No Mo
—
Maote 4 Mo Maote & &= Mo Maote 4
-
=+ ote 4 Yes Note 6 Yes Mo Note 4
=
Yes Yes [H Mo b
Yo Yes 30" Mo Yes
-f
Mo Yes =307 Mo Mo
) -
P
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4.5.1 Terminal designation

IEEE Std

Standard C57.12.70 is the standard that specifies -1964-(R1971)Ferminal Markings-and-Connections

sl b lenamed o ansformers—are—the standards—which-speeify the terminal markings

and connections for distribution and power transformers.2 The user should obtain copies of this

standard and any specific product these standards because this guide is not intended to supplant or

to unnecessarily repeat application information from the standards.

In general, however, the terminals of two-winding transformers and auto-transformers without
tertiaries are designated by the alphabetic symbols H and X for the high voltage and low voltage,
respectively, with numerical subscripts to distinguish the winding ends and taps. Neutral terminals
of three 3-phase transformers are designated by the subscript 0; that is, HO, X0, and, for the case of a
common neutral, HOX0. The three leads that whieh connect to either full phase winding windings of

a three3-phase transformer are designated H1, H2, H3 or and X1, X2, X3.

Single-phase transformers do not have a lead with a the 0 subscript marking—but, instead, have

markings-of all leads brought out of the transformer case are marked with subscripts in numerical &

subseript sequence 1, 2, 3, 4, 5, etc,, so that the lowest and highest numbers indicate the full winding.

Single-phase Mest transformers may have enly¥two high-voltage leads brought out of the case_or,

instead, may have a single high-voltage bushing brought out of the case with the other lead

connected internally inside the case. If two high-voltage leads are brought out of the case; and if one

of the two terminals is intended to be grounded, that terminal it is designated as H2, the other,

ungrounded, terminal being HI1. If a single bushing is brought out of the case that terminal is

marked -efeourse; HI.

SInformation on references can be found in Clause 2.
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This convention also applies to low-voltage_terminals X1 and X2, when only the two leads are
brought out. However, the low-voltage leads brought out of the case_of a single-phase transformer
may number from 2 to 4 in commonly used ratings and are so designated that consecutive subscript

values must indicate progress along the windings when connected in series.

4.,5.2 Phase relations

In a single-phase transformer conforming to the standard, the phase of H1 and X1 coincide. In a
standard three 3-phase transformer, the phase of H1 and X1 coincides if the connection is Y-Y, delta-

delta A-A, ZZ-delta A, or delta A-ZZ. If the connection is Y- delta, delta A-A-Y, Y-ZZ, or ZZ-Y, then

the phase of X1 lags that of H1 by 30°. Figure Eig 4 shows the phasor relationship of these

connections. FThis—figure—is—taken—from—ANSI-C5712.001973 —with—the addition—of the Y-£Z
combinations—The T-T windings are marked to simulate the delta A and Y combinations as indicated

in Figure Hig 3.
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