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IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating Com-
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developed within IEEE represent a consensus of the broad expertise on the subject within the Institute as
well as those activities outside of IEEE that have expressed an interest in participating in the development of
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Secretary, IEEE-SA Standards Board
445 Hoes Lane

P.O.Box 1331

Piscataway, NJ 08855-1331

USA

Note: 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 with respect to the existence or validity of any patent rights in
connection therewith. The IEEE shall not be responsible for identifying patents for
which a license may be required by an IEEE standard or for conducting inquiries into
the legal validity or scope of those patents that are brought to its attention.

IEEE is the sole entity that may authorize the use of certification marks, trademarks, or other designations to
indicate compliance with the materials set forth herein.

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, Cus-
tomer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; (978) 750-8400. Permission to photocopy
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Introduction

(This introduction is not a part of IEEE Std C57.12.70-2000, IEEE Standard Terminal Markings and Connections for
Distribution and Power Transformers.)

The Terminology, Units, and Terminal Markings Working Group of the IEEE Transformers Committee was
formed in January 1995. One of its two projects was to review and update this standard, which was last
issued by ANSI in 1978.

The purpose of IEEE Std C57.12.70-1998 is to specify standard terminal markings and connections for dis-
tribution and power transformers.

The content of this revision of IEEE Std C57.12.70-1998, compared to the 1978 version, is very similar. The
major effort of the Working Group was to reorganize the standard to comply with the approved style of cur-
rently published IEEE standards, to update reference standards, and to add terminal marking requirements
for padmounted compartmental transformers.

At the time the revision of this standard was completed, the Working Group on Terminology, Units and
Terminal Markings had the following membership:

Thomas P. Traub, Chair
Wallace B. Binder John W. Matthews Thomas A. Prevost
Robert L. Grubb B. K. Patel F. N. Young
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IEEE Standard Terminal Markings and
Connections for Distribution and
Power Transformers

1. Overview

1.1 Scope

This standard describes the terminal markings and connections for distribution, power, and regulating trans-
formers covered in the C57 series of IEEE and ANSI standards, guides, and recommended practices.

1.2 References
When the following standards are superseded by a revision, the revision shall apply:

ANSI C57.12.10-1988, American National Standard for Transformers —230 kV and Below 833/958 through
8333/10 417 kVA, Single-Phase, and 750/862 through 60 000/80 000/100 000 kVA, Three-Phase without
Load Tap Changing; and 3750/4687 through 60 000/80 000/100 000 kVA with Load Tap Changing —Safety
Requirements.l

ANSI C57.12.20-1997, American National Standard for Overhead Distribution Transformers, 500 kVA and
Smaller: High Voltage, 34 500 Volts and below: Low Voltage, 7970/13 800 Y Volts and below—
Requirements.

ANSI C57.12.22-1989, American National Standard for Transformers—Pad-Mounted, Compartmental-
Type, Self-Cooled, Three-Phase Distribution Transformers with High-Voltage Bushings, 2500 kVA and
Smaller: High-Voltage, 34 500 GrdY/19 920 Volts and Below; Low Voltage, 480 Volts and Below—
Requirements.

ANSI C57.12.24-1992, American National Standard for Transformers--Underground-Type Three-Phase
Distribution Transformers, 2500 kVA and Smaller; High Voltage, 34 500 GrdY/19 920 Volts and Below;
Low Voltage, 480 Volts and Below—Requirements.2

TANSI publications are available from the Sales Department, American National Standards Institute, 11 West 42nd Street, 13th Floor,
New York, NY 10036, USA (http:/www.ansi.org/).

2ANSI C57.12.24-1992 has been withdrawn; however, copies can be obtained from the Sales Department, American National Stan-
dards Institute, 11 West 42nd Street, 13th Floor, New York, NY 10036, USA (http://www.ansi.org/).
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ANSI C57.12.25-1990, American National Standard for Transformers—Pad-Mounted, Compartmental-
Type, Self-Cooled, Single-Phase Distribution Transformers with Separable Insulated High-Voltage
Connectors; High Voltage, 34 500 GrdY/19 920 Volts and Below; Low Voltage, 240/120 Volts; 167 kVA and
Smaller—Requirements.

ANSI C57.12.40-1994, American National Standard for Secondary Network Transformers—Subway and
Vault Types (Liquid Immersed) —Requirements.

ANSI C57.12.50-1981 (Reaff 1989), American National Standard Requirements for Ventilated Dry-Type
Distribution Transformers, 1 to 500 kVA, Single-Phase, and 15 to 500 kVA, Three-Phase, with High-Voltage
601 to 34 500 Volts, Low-Voltage 120 to 600 Volts.

ANSI C57.12.51-1981 (Reaff 1989), American National Standard Requirements for Ventilated Dry-Type
Power Transformers, 501 kVA and Larger, Three-Phase, with High-Voltage 601 to 34 500 Volts, Low- Voltage
208Y/120 to 4160 Volts.

ANSI C57.12.52-1981 (Reaff 1989), American National Standard Requirements for Sealed Dry-Type Power
Transformers, 501 kVA and Larger, Three-Phase, with High-Voltage 601 to 34 500 Volts, Low-Voltage
208Y/120 to 4160 Volts.

IEEE 100, The Authoritative Dictionary of IEEE Standards Terms, Seventh Edition.3

IEEE Std C57.12.00-2000, IEEE Standard General Requirements for Liquid-Immersed Distribution, Power,
and Regulating Transformers.

IEEE Std C57.12.01-1998, IEEE Standard General Requiremets for Dry-type Distribution and Power Trans-
formers Including Those with Solid-Cast and/or Resin-Encapsulated Windings.

IEEE Std C57.12.23-1992 (Reaff 1999), IEEE Standard for Transformers— Underground-Type, Self-
Cooled, Single-Phase Distribution Transformers With Separable, Insulated, High-Voltage Connectors; High
Voltage (24 940 GrdY/14 400 V and Below) and Low Voltage (240/120 V, 167 kVA and Smaller).

IEEE Std C57.12.26-1992, IEEE Standard for Pad-Mounted, Compartmental-Type, Self-Cooled, Three-
Phase Distribution Transformers for Use with Separable Insulated High-Voltage Connectors (34 500 GrdY/
19 920 V and Below; 2500 kVA and Smaller)4.

IEEE Std C57.12.80-1978 (Reaff 1992), IEEE Standard Terminology for Power and Distribution
Transformers.

IEEE Std C57.12.90-1999, IEEE Standard Test Code for Liquid-Immersed Distribution, Power, and Regulat-
ing Transformers and IEEE Guide for Short Circuit Testing of Distribution and Power Transformers.

IEEE Std C57.12.91-1995, IEEE Standard Test Code for Dry-Type Distribution and Power Transformers.

3IEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 1331, Piscataway,
NJ 08855-1331, USA (http://standards.ieee.org/).

4[EEE Std C57.12.26-1992 has been withdrawn; however, copies can be obtained from Global Engineering, 15 Inverness Way East,
Englewood, CO 80112-5704, USA, tel. (303) 792-2181 (http://global.ihs.com/).
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2. Marking of terminals and identification of windings

2.1 General

The windings of a transformer shall be distinguished from one another as follows: two-winding transformers
shall have their windings designated as high voltage (HV or H) and low voltage (LV or X). Transformers with
more than two windings shall have their windings designated as H, X, Y, or Z.

2.2 Sequence designation

The highest voltage winding shall be designated as HV or H, except for transformers designed for
three-phase to six-phase transformation (see Clause 6). The other windings, in order of decreasing voltage,
are designated as X, Y, and Z. If two (or more) windings have the same voltage and different kVA (kilo-
volt-ampere) ratings, the higher kVA winding receives the prior letter designation of the two (or more) letters
available, according to the sequence by voltage as explained above. If two or more windings have the same
kVA and voltage rating, the designations of these windings are arbitrarily assigned.

2.3 External terminal designation

In general, external terminals shall be distinguished from one another by marking each terminal with a capi-
tal letter, followed by a subscript number. The terminals of the H winding are marked H,, H,, Hs, etc. The
terminals of the X winding are marked X|, X, X3, etc.

When two external terminals are connected to the same end of a winding, such as the terminals on loop
feed transformers, they shall be identified by the same capital letter and subscripted numeral followed by an
additional subscripted letter A or B, for example, H; 4 and H;g, Hy5 and Hyp.

The identification of external terminals shall be accomplished either by the use of the sketches on the name-
plate showing locations of specific terminals, or by physically marking terminals.

2.4 Neutral terminal designation

A neutral terminal of a three-phase transformer shall be marked with the proper letter followed by the sub-
script 0, for example, Hy, X{, etc. A neutral terminal common to two or more windings of a single or
three-phase transformer shall be marked with the combination of the proper winding letters, each followed
by the subscript 0; for example, HyX,), as in the case of autotransformers. A terminal brought out from the
winding for some other use than that of a neutral terminal (e.g., a 50% starting tap) shall be marked as a tap
terminal.

2.5 Grounded terminal designation

If a transformer has a two-terminal winding with one terminal grounded and the other ungrounded, the
subscript 2 terminal shall be the grounded terminal.

3. Single-phase transformers

Polarity and terminal markings of single-phase transformers are described in 3.1 through 3 4.

Copyright © 2001 IEEE. All rights reserved. e 3

COPYRIGHT 2003; Institute of Electrical and Electronics Engineers, Inc Document provided by IHS Licensee=Fluor Corp no FPPPV per administrator /use
new u/2110503106, User=, 12/16/2003 13:58:23 MST Questions or comments about
this message: please call the Document Policy Group at 1-800-451-1584.



IEEE
Std C57.12.70-2000 IEEE STANDARD TERMINAL MARKINGS AND CONNECTIONS FOR

3.1 Types of transformers

3.1.1 Distribution transformers, liquid-insulated

Polarity shall be subtractive for all liquid-insulated distribution transformers, except as otherwise described
in applicable sections of IEEE Std C57.12.00-2000 and ANSI C57.12.20-1997, which specify additive
polarity for single-phase transformers in sizes 200 kVA and smaller having high-voltage windings 8660

volts and below.

Terminal markings shall be as shown in this standard except as otherwise specified in IEEE Std
C57.12.23-1992 and ANSI C57.12.25-1990.

3.1.2 Power transformers, liquid-insulated

Polarity shall be subtractive. Terminal markings not described in IEEE Std C57.12.00-2000 or in ANSI
C57.12.10-1988 shall be in accordance with Clause 3 of this standard.

3.1.3 Dry-type transformers

Polarity shall be subtractive. Terminal markings not described in IEEE Std C57.12.01-1998 shall be in
accordance with Clause 3 of this standard.

3.1.4 Autotransformers

Single-phase autotransformer terminals shall, as far as practicable, be marked in accordance with the
requirements for subtractive polarity (see Figure 1).

SUBTRACTIVE ADDITIVE
POLARITY POLARITY
H, H, H, H,
ANANANAL AANANANAL
Y Y YY) Y TYTY YY)
X 1 X 2 X 2 >< 1
Cad o>
Figure 1—Single-phase transformer terminal markings
(simple H and X windings without taps)
4 Copyright © 2001 IEEE. All rights reserved.
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3.2 Subtractive and additive polarity

When terminals of any winding are brought outside the tank and marked per 3.3, 3.4, or 3.5, the polarity of a
transformer is

a)  Subtractive when H; and X, are adjacent. See Figure 1, Figure 2(a), Figure 3(a), Figure 4(a),
Figure 5, Figure 6(a), Figure 7(a), Figure 8(a), Figure 9(a), Figure 10(a), Figure 11(a), Figure 12(a),
and Figure 13(a).

b)  Additive when Hj is diagonally located with respect to X;. See Figure 2(b), Figure 3(b), Figure 4(b),
Figure 6(b), Figure 7(b), Figure 8(b), Figure 9(b), Figure 10(b), Figure 11(b), Figure 12(b), and Fig-
ure 13(b).

c) The same rule applies between the H and Y winding and between the H and Z winding. For example,
when Y or Z; is on the left when facing the Y or Z side of the case, respectively, the polarity is sub-
tractive; conversely, when Y or Z; is on the right when facing the Y or Z side of the case, respectively,
the polarity is additive.

SUBTRACTIVE ADDITIVE
POLARITY POLARITY
H, H, H, H, H, H, H, H,
\ANANANNAL \ANANANAL
YY) YV YTV
X, X, Xy X, X, X5 X, X
€e)) o>

Figure 2—Single-phase transformer terminal markings
(simple H and X windings with taps)
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SUBTRACTIVE ADDITIVE
POLARITY POLARITY
H, - -, H,

X, X, X, X, X, X, X, X,
€eV) (o>
Figure 3—Single-phase transformer terminal markings
(series multiple X winding without taps)
SUBTRACTIVE ADDITIVE
POLARITY POLARITY
H 1 H 2 H 1 H 2
\AAAANAL AAANANAL
X, X, X, Xy Xy X X Xg Xy X, X, X,
o o>
Figure 4—Single-phase transformer terminal markings
(series multiple X winding with taps)
6 Copyright © 2001 IEEE. All rights reserved.
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Xy

Figure 5—Single-phase transformer terminal markings
(autotransformer)

SUBTRACTIVE ADDITIVE
POLARITY POLARITY

HE Hl HZ

o (o)

Figure 6—Single-phase transformer terminal markings
(three-wire series connection)
(transformers having neutral brought out between outside terminals)
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Figure 7—Single-phase transformer terminal markings
(two-wire multiple connection)
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POLARITY POLARITY

HE(NDTE D HE(NDTE D

NOTES

1 —Tank grounding connector.
2—Bolted to case externally.
(Connection to be furnished by user.)

Figure 8—Single-phase transformer terminal markings
(three-wire series connection)
(transformers having neutral brought out between outside terminals)
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NOTES
1 —Tank grounding connector.
2—Bolted to case internally.
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Figure 9—Single-phase transformer terminal markings
(three-wire series connection)
(transformers having neutral brought out between outside terminals)
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H,NOTE 1

X, X X,
(NOTE 2>

NOTES
1—Tank grounding connector.
2—Bolted to case internally.

ADDITIVE
POLARITY

H o (NOTE 1D

3—Figure 10(a) and (b) are related to single-phase submersible transformers with secondary cable lead bush-
ings, which require internal neutral grounding to the tank but externally appear to be an insulated neutral cable.
Figure 10—Single-phase transformer terminal markings
(Three-wire series connection)
(transformers having neutral brought out between outside terminals)
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NOTES
1 —Tank grounding connector.
2—Bolted to case externally.
(Connection to be furnished by user.)

Figure 11—Single-phase transformer terminal markings
(two-wire multiple connection)

SUBTRACTIVE ADDITIVE
POLARITY POLARITY

() S5))

Figure 12—Single-phase transformer terminal markings
(two-wire series connection)
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Figure 13—Single-phase transformer terminal markings
(two-wire multiple connection)

3.3 Order of numbering terminals of any winding

3.3.1 Terminal numbers

The terminals of any winding whose leads are brought out of the case shall be numbered 1,2, 3,4, 5, etc., the
lowest and highest numbers marking the full winding and the intermediate numbers marking fractions of
windings or taps. All numbers shall be so applied that the voltage difference from any terminal having a
lower number toward any terminal having a higher number shall have the same sign at any instant (see Fig-
ure 2 and Figure 3).

3.3.2 Series-multiple winding

If a winding is divided into two or more parts for series-multiple connections and the leads of these parts are
brought out of the case, the above rule shall apply for the series connection with the addition that the termi-
nations of each portion of the winding shall be given consecutive numbers (see Figure 2 through Figure 4 for
four or six leads brought out and Figure 6 through Figure 11 for three leads brought out).

3.3.3 Two leads through one bushing

When two leads are brought out of the case through one bushing (to minimize inductive effect), such termi-
nals shall be physically identified by stamping or tagging in compliance with 3.3.1.

3.4 Order of numbering terminals of different windings

The numbering of the terminals of the H winding and the terminals of the X winding shall be applied so that
when Hj and X| are connected together and voltage is applied to the transformer, the voltage between the
highest numbered H terminal and the highest numbered X terminal is less than the voltage of the H winding.

When more than two windings are used, the same relationship shall apply between each pair of windings.
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3.5 Location of H¢ terminal

The H; lead shall be brought out as the right-hand terminal of the high-voltage group as seen when facing
the highest voltage side of the case; other H terminals shall be in numerical order from right to left, except as
modified by specific product standards (e.g., IEEE Std C57.12.23-1992 and ANSI C57.12.25-1990).

When only one lead of the high-voltage winding is brought out (the other lead being connected to the tank
internally), it shall be designated as H;. For polarity marking and testing, this H terminal shall be regarded as
located on the right, when facing the high-voltage side of the case, regardless of its actual location.

When the high-voltage leads are brought out through two bushings of different insulation levels, the bushing
having the higher voltage level shall be designated as H; and shall be located on the right-hand side when
facing the high-voltage side of the case, except as modified by specific product standards (e.g., IEEE Std
C57.12.23-1992 and ANSI C57.12.25-1990).

3.6 Parallel operation

Transformers having terminals marked in accordance with this standard may be operated in parallel by con-
necting similarly marked terminals together, provided their ratios, voltages, resistances, reactances, and
ground connections are such as to permit parallel operation (see Figure 14 for connections for transformers
in parallel).

NOTE —In some cases, designs may be such as to permit parallel operation, although, due to a difference in the number
of tap terminals, the terminals to be connected together may not be similarly marked.

g —

>

1

i l

1 2

NOTE—This figure is included as information to illustrate the connection in parallel of single-phase transformers
of additive polarity, additive and subtractive polarity, and subtractive polarity in banks.

Figure 14—Connections for single-phase transformers in parallel
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4. Angular displacement and connections for single-phase transformers in
three-phase and six-phase banks

See Figure 15 through Figure 18.

B [
& C a c

& B o
He Hay AHe Hey PHH
AETR HETR ARTE
W S Vi 1L T,
[ |
o 3] C

NOTE—This figure is included to illustrate connections of single-phase transformers of additive polarity, additive
and subtractive polarity, and subtractive polarity in banks.

R

Figure 15—Single-phase transformers connected A-A and Y-Y in three-phase banks
with 0° angular displacement
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NOTE—This figure is included to illustrate connections of single-phase transformers of additive polarity, additive
and subtractive polarity, and subtractive polarity in banks.

Figure 16 —Single-phase transformers connected A-Y and Y-A in three-phase banks
with 30° angular displacement
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NOTE —This figure is included to illustrate connections of single-phase transformers of additive polarity, additive
and subtractive polarity, and subtractive polarity in banks.

Figure 17—Single-phase transformers when transforming three- to six-phase with
0° angular displacement
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NOTE —This figure is included to illustrate connections of single-phase transformers of additive polarity, additive
and subtractive polarity, and subtractive polarity in banks.

Figure 18 —Single-phase transformers when transforming three- to six-phases with
30° angular displacement

16 Copyright © 2001 IEEE. All rights reserved.

COPYRIGHT 2003; Institute of Electrical and Electronics Engineers, Inc Document provided by IHS Licensee=Fluor Corp no FPPPV per administrator /use
new u/2110503106, User=, 12/16/2003 13:58:23 MST Questions or comments about
this message: please call the Document Policy Group at 1-800-451-1584.



IEEE
DISTRIBUTION AND POWER TRANSFORMERS Std C57.12.70-2000

5. Phase relationships and terminal markings for three-phase
transformers

5.1 Relation between highest voltage winding and other windings
5.1.1 Phase sequence markings

The markings shall be so applied that if the phase sequence of voltage on the highest voltage winding is in
the time order Hy, H,, Hs, it will be in the time order of X, X,, X3, and Yy, Y,, Y3, etc., on the other
windings.

5.1.2 Phase relationship markings

In order that the markings of terminals shall indicate definite phase relations, they shall be made in accor-
dance with one of the three-phase groups shown in Figure 19. The angular displacement between the H
winding and the X winding is the angle in each of the voltage phasor diagrams (see Figure 19), between the
lines passing from its neutral point through H; and X, respectively.
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G 1
A:SElpor Displacement Xy )\ X,
d JAN PN
H, Hy X, Xa H, Ha Xy X,
DELTA-DELTA CONNECTION Y=Y CONNECTION
H, He
xl
xl
/ A
H, Hy X, X3 H, Hy X, X,
DELTA-ZZ CONNECTION ZZ-DELTA CONNECTION
H, H,
Group 2 X,
Angular Displacement Xe
A ~ <
H, H, X, H, H, .
DELTA-Y CONNECTION Y-DELTA CONNECTION

Three-Phase Transformers without Taps

X!
X 0x1
Group 3 X Xs
Angular Displacement ! Xq
30° X3
X
6 X,

Three-Phase Transformers with Taps

NOTES

1—This figure is included to illustrate the method of marking transformer terminals that are brought out of the
case. Dash lines show angular displacement between high- and low-voltage windings.

2—Angular displacement is the angle between a line drawn from neutral to H; and a line drawn from neutral to
X1, measured in a clockwise direction from H; to X;.

3—The zig-zag connections shown in Group 1 may also be achieved using the following internal connections.

H, OR X,
/

/
S
R X = \
H, OR X

3

1

Figure 19—Terminal markings and voltage diagrams for three-phase
transformer connections
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5.2 Phase relationships and terminal markings

Phase relationships and terminal markings for liquid-insulated distribution transformers shall be as specified
in general and product standards IEEE Std C57.12.00-2000, ANSI C57.12.20-1997, ANSI C57.12.22-1989,
ANSI C57.12.24-1992, IEEE Std C57.12.26-1992, and ANSI C57.12.40-1994.

Phase relationships and terminal markings for liquid-insulated power transformers shall be as specified in
general and product standards IEEE Std C57.12.00-2000 and ANSI C57.12.10-1988.

Phase relationships and terminal markings for dry-type distribution and power transformers shall be as spec-

ified in general and product standards IEEE Std C57.12.01-1998, ANSI C57.12.50-1981, ANSI C57.12.51-
1981, and ANSI C57.12.52-1981.

5.3 Marking of full winding terminals
5.3.1 General

The three leads for each winding that connect to the full-phase windings of a three-phase transformer shall
have their terminals marked H;, H,, H3, X1, X5, X3,Y;,Y,, Y5, etc., respectively.

5.3.2 Autotransformers

Three-phase autotransformer terminals shall be marked in accordance with the requirements for correspond-
ing multiwinding transformers (see Figure 20, Group 3).
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Group 1 Group 2 o Group 3
Angular Displacement 0° Angular Displacement 30 Autotransformers

Hy Ha Ha Hy Ha Hy HoXo Hy Ha Hg

Ha Xz
Hy Ha Xy X3 Hy

Ha |
X
xHuxo
1 X3
Hy Ha |

X, Xa Xg Xg Xy Xz X3 HeXo Xy Xa X3
(o) ed [¢))
" . Hy Hp Hy X Ho Hy Ha Hg CIF NEUTRAL TERMINAL IS
2 2 Ha 2 BROUGHT OUT)
//‘ //‘ Hn Xl
H, Hy X, T %, H Hy .
Xg Xg X1 Xz X3 s Xy Xz X3
0 (€]
H, X, H, Ha Hy y Hy Ha Hy
Hp 2
X
4
- - JQ Xy
H, & Hy X5 X,
Hy Ha X Xs
X, Xy Xp X3 Xg Xy Xa X3
© (@
Hy Hy Ho H Hy Ha H
0 1 "'2"''3 1 2 3
Ha Xz Hp X4 Xa
/Q Jﬁ ){J X
Hy Ha X, X3 Hy Ha X
3
Xg X; X5 Xg Xy Xy Xz Xq
(€-D] thd

NOTES

1—Dash lines show angular displacement between high- and low-voltage windings.

2—Angular displacement is the angle between a line drawn from neutral to H; and a line drawn from neutral to
X, measured in a clockwise direction from H; to X.

3—(b), (c), (g), and (h) show mid tap brought out of one phase on the low-voltage side.

Figure 20— Angular displacement and terminal markings for
three-phase transformers

5.4 Tap leads

In general, where tap leads are brought out of the case (neutral lead excepted) their terminals shall be marked
with the proper letter followed by the subscripts 4, 7, etc., for one phase; 5, 8, etc., for a second phase; and 6,
9, etc., for the third phase (see Figure 19, Group 3).

For delta connections, the order of numbering tap terminals shall be as follows; 4, 7, etc., from terminal 1
toward terminal 2; 5, 8, etc., from terminal 2 toward terminal 3; and 6, 9, etc., from terminal 3 toward termi-
nal 1 (see Figure 19, Group 3).

For wye connections, the order of numbering tap terminals shall be as follows; 4,7, etc., from terminal 1
toward neutral; 5, 8, etc., from terminal 2 toward neutral; and 6, 9, etc., from terminal 3 toward neutral (see
Figure 19, Group 3).
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For a delta-connected winding with a center-tap in one leg, two connections are in common use as described
below

a)  Unless otherwise specified, a center-tap X shall be provided in leg X;X3, as shown in Figure 20(b)
or Figure 20(g).

NOTE—This connection provides coordination with ANSI/NFPA 70-1996, paragraph 384-3(f), which requires that the
B phase (commonly connected to X,) shall have the higher voltage to ground.

b) When specified, a center tap X, shall be provided in leg X;X,, as shown in Figure 20(c) or
Figure 20(h).

NOTE —This connection will also conform to ANSI/NFPA 70-1996, paragraph 384-3(f), if the B phase is connected to
X;.

5.5 Location of external terminals
5.5.1 Station type transformers

For station type transformers, and others with high-voltage and low-voltage terminals on opposite sides of
the case, the H; lead shall be brought to a terminal on the right-hand side of the case when facing the highest
voltage side. The H, and H; terminals shall be arranged in numerical order reading from right to left when
facing the highest voltage side. The Hy terminal, if present, shall be located on the right of the H; terminal
when facing the highest voltage side of the case (see Figure 20, Group 1 and Group 2).

The X lead shall be brought to a terminal on the left-hand side of the case when facing the low-voltage side.
The X, and X3 terminals shall be arranged in numerical order, reading from left to right, when facing the
X winding side of the case. The X terminal, if present, shall be located to the left of the X; terminal when
facing the X winding side of the case (see Figure 20, Group 1 and Group 2).

The Y winding and Z winding terminals, if present, shall be numbered in the same manner as the low-voltage
terminals.

5.5.2 Secondary network, subway, and vault-type transformers

Locations of line and neutral terminals of secondary network, subway, and vault-type transformers differs
from the locations above and are shown in ANSI C57.12.40-1994.

5.5.3 Unit substation transformers

The winding terminals of “standard” and “reverse” unit substation transformers shall be located in accor-
dance with Figure 21 or Figure 22.
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*Neutral shall be located within dotted zone.

Figure 21 —Terminal markings and locations for unit substation transformers
with high- and low-voltage sidewall bushings
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*Neutral shall be located within dotted zone.

Figure 22—Terminal markings and locations for unit substation transformers with
high-voltage cover bushings

When specified, winding terminals of “standard” and “reverse,” or “right” and “left”-hand units, may have
other terminal markings or arrangements.

5.5.4 Padmounted, compartmental-type transformers

For padmounted compartmental-type transformers with all terminals on one side of the case, the high-volt-
age compartment shall be located on the left side of the case, when facing the terminal side of the case. The
H; terminal shall be located on the left of the high-voltage compartment. The compartment with the low-
voltage terminals shall be grouped on the right-hand side of the case when facing the terminal side of the

22 Copyright © 2001 IEEE. All rights reserved.

COPYRIGHT 2003; Institute of Electrical and Electronics Engineers, Inc Document provided by IHS Licensee=Fluor Corp no FPPPV per administrator /use
new u/2110503106, User=, 12/16/2003 13:58:23 MST Questions or comments about
this message: please call the Document Policy Group at 1-800-451-1584.



IEEE
DISTRIBUTION AND POWER TRANSFORMERS Std C57.12.70-2000

case. The low-voltage neutral terminal, when required, shall be located to the left side of the low-voltage ter-
minal grouping followed by X, X5, and X3 in a left-to-right-arrangement. ANSI C57.12.22-1989 and IEEE
Std C57.12.26-1992 should be referred to for the arrangements and specific dimensional requirements of the
terminal arrangements.

5.6 Interphase connections made outside of case

Where the interphase connections are made outside the case, the terminals shall be marked with the proper
letter followed by the numbers 1,4, 7, 10, etc., for one phase; 2, 5, 8, 11, etc., for the second phase; and 3, 6,
9, 12, etc., for the third phase.

The markings shall be so applied that when a wye connection is made by joining together the highest num-
bered terminals of each phase, the requirements in this standard will apply except for 2.4.

5.7 Parallel operation

Transformers having terminals marked in accordance with this standard may be operated in parallel by con-
necting similarly marked terminals together, provided that their angular displacements are the same and also
provided that their ratios, voltages, resistances, reactances, and ground connections are such as to permit
parallel operation.

NOTE —In some cases, designs may be such as to permit parallel operation, although owing to a difference in the num-
ber of tap terminals, the terminals to be connected together may not be similarly marked.

6. Terminal markings for three-phase to six-phase transformers

6.1 General

The requirements for three-phase to six-phase transformers are set up on the basis that the three-phase winding
is always the H winding.

6.2 Marking of full winding terminals

The three terminals that connect to the three-phase winding shall be marked H;, H,, Hs, and the six termi-
nals that connect to the full six-phase winding shall be marked X, X,, X3, X4, X5, X¢ (see Figure 23,
Group 1 and Group 2).
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Six-Phase Transformers with Taps
NOTES
1—This figure is included to illustrate the method of marking transformer terminals that are brought out of the
case. Dash lines show angular displacement between high- and low-voltage windings.
2— Angular displacement is the angle between a line drawn from neutral to H; and a line drawn from neutral to
X measured in a clockwise direction from H; to Xj.

Figure 23— Terminal markings and voltage phasor diagrams for usual six-phase
transformer connections

6.3 Relation between three-phase and six-phase windings

The markings shall be so applied that if the phase sequence of voltage on the three-phase terminals is in the
order Hy, H,, Hs, it is in the time order X, X,, X3, Xy, X5, X on the six-phase terminals.

In order that the markings of terminal connections between phases will indicate definite phase relations, they
shall be made in accordance with one of the four six-phase groups shown in Figure 23, Group 1 and
Group 2. The angular displacement between the three-phase and six-phase windings is the angle in each of
the voltage phasor diagrams from its neutral through H; and X, respectively.

6.4 Tap leads

Where tap leads from the six-phase windings are brought out of the case (neutral lead excepted), they shall
have terminals marked as designated in 6.4.1 and 6.4.2.

6.4.1 Diametrical connections

Tap terminals shall be marked from the two ends of each phase winding toward the middle or neutral point in
the following order:

a) Xy, X3,etc., from X; toward neutral
b) Xg, Xy, etc., from X, toward neutral
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c) Xo, X3, etc., from X3 toward neutral
d)  Xjp, Xy, etc., from X, toward neutral
e) X, X7, etc., from X5 toward neutral
)  Xp, Xg, etc., from X toward neutral

See Figure 23(e).

A tap from the middle point of any phase winding not intended as a neutral shall be given a number deter-
mined by counting from X|, X5, or X3 and not from Xy, X5, or X¢. For example, if the only taps brought out
are 50% starting taps, they shall be numbered X5, Xq, and X;.

6.4.2 Double-delta connection
Tap terminals shall be marked in the following order:

a) Xy, X3, etc., from X| toward X5
b) Xg, Xy, etc., from X, toward X4
c) Xo, Xjs, etc., from X5 toward X5
d)  Xjg. Xjg. etc., from X, toward Xg
e) Xy, Xy, etc., from X5 toward X
) X}z, Xg, etc., from X¢ toward X,

See Figure 23(f).

7. Use of transformers with standard voltage diagrams in connecting
systems of various phase displacements

7.1 General

On the basis of two power or source systems (hereafter referred to as systems), one with phase terminals
arbitrarily designated by A, B, C, and the other by a, b, c, the phase displacement of “a” with respect to “A”
may be from 0° to 330° in steps of 30°. Examples are given in 7.2 through 7.4 of transformer connections
that may be made to transformers for any of these displacements.
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7.2 0° phase displacement: A-A or Y-Y

The following examples are for A-A connections with system displacements of 0°, 120°, and 240°.

a LAGS A o LAGS A o LAGS A
by 0° by 120° by 240°

C—H, X5 C X5 b X5 Q

B—H. X b X5 Q X C

A— H, X o} X C X b
B b Q C

7.3 30° lagging phase displacement: A-Y or Y-A
The following examples are for A-Y connections with system displacements of 30°, 150°, and 270° lagging.

o LAGS A o LAGS A o LAGS A
by 30° by 150° by 270°

C— 1, X3 C X5 b X3 o
B— Ha ><a b ><a Q ><2 C
A— b X o} X4 c % b

A

A C

7.4 30° leading phase displacement: A-Y or Y-A

To connect systems with 30°, 270°, or 150° leading displacements, the procedure given in 7.3 is followed,
except that the sequence of connecting system terminals to the transformer is reversed by reversing any pair
of terminals on both systems, such as B, C and b, c.

For example, again using the A-Y diagram, when the diagram is shown in the usual form, the change in the
sequence of connections results in a reversal of phase rotation as seen by the transformer terminals.
Expressed in the recognized counterclockwise rotation, the equivalent diagrams are as follows.
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a LEADS A o LEADS A o LEADS A

by 30° by 270° by 150°
B— H3 Xafb Xa—Q Xaic
C—Hs XoF—C Xo—b Xo—0
A—H X, —a Xi—<c | X|—b
B o) Q C

S

A C & C o

The leading displacements mentioned above can be expressed as lagging displacements for reference consis-
tency by subtracting the lead angle degrees from 360°. For example, the 30° leading displacement is the
same as 330° lagging displacement.

7.5 Summary of preceding examples

System Displacement Degrees See section Lag/lead
0 120 240 7.2 Lagging
30 150 270 7.3 Lagging
30 270 150 74 Leading

Copyright © 2001 IEEE. All rights reserved.
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