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Abstract: This standard sets forth the requirements for power transformer application. This
standard is intended to be used as a basis for performance, interchangeability, and safety of the
equipment covered and to assist in the proper selection of such equipment. This document is a
product standard that covers certain electrical, dimensional, and mechanical characteristics of
50 Hz and 60 Hz, liquid-immersed power transformers and autotransformers. Such power
transformers may be remotely or integrally associated with either primary switchgear or
substations, or both, for step-down or step-up purposes and base rated as follows: 833 kVA and
above single-phase, 750 kVA and above three-phase. This standard applies to all liquid-
immersed power transformers and autotransformers that do not belong to the following types of
apparatus: instrument transformers, step voltage and induction voltage regulators, arc-furnace
transformers, rectifier transformers, specialty transformers, grounding transformers, mobile
transformers, and mine transformers

Keywords: autotransformer, dimensional characteristics, electrical characteristics, load tap
changer, mechanical characteristics, power transformer, single-phase, three-phase
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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

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 C57.12.10-2010, IEEE Standard Requirements for Liquid-Immersed Power
Transformers.

This standard was prepared by the Revision of C57.12.10 Working Group of the Power Transformers
Subcommittee of the Transformers Committee of the IEEE Power and Energy Society. The purpose of this
standard is to cover the dimensional, electrical, and mechanical characteristics for liquid-immersed power
transformers and autotransformers.

This standard is a revision of ANSI C57.12.10-1997, American National Standard for Transformers—
230kV and Below 833/958 through 8333/10417 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.

The focus of this revision was to expand the scope of the standard and to include the requirements for
power transformers and autotransformers with high voltage up to 765 kV and with no limit on the
megavoltampere rating.

This revised standard includes the following significant changes:

—  The title was changed.

— The scope was expanded to include autotransformers, increase the upper voltage limit to 765 kV,
and remove the maximum megavoltampere limit.

— Distribution substation transformers, as defined in IEEE Std C57.12.36 " [B1],* were excluded from
this standard.

—  Most of the clauses were revised, rewritten, or rearranged.

— Significant changes were made in the load tap changer (LTC) section. Additional requirements for
transformer paralleling operation were added.

— An informative annex on LTC considerations was added.

This standard is a voluntary consensus standard. Its use may become mandatory only when required by a
duly constituted legal authority or when specified in a contractual relationship. To meet specialized needs
and to allow innovation, specific changes are permissible when mutually determined by the user and the
producer, provided that such changes do not violate existing laws and are considered technically adequate
for the function intended.

When this standard is used on a mandatory basis, the words shall and must indicate mandatory
requirements; the words should or may refer to matters that are recommended or permissive, but not
mandatory.

* The numbers in brackets correspond to the numbers in the bibliography in Annex B.
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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.

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/iecee/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 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
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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 nondiscriminatory. 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.

Participants

At the time this standard was submitted to the IEEE-SA Standards Board for approval, the Revision of
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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 requlatory 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.hitml.
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1. Overview

1.1 Intreduction and Scope

11 Introduction

This voluntary consensus standard is—intendedfer—use—sets forth the requirements for power

transformer application. This standard is intended to be used as a basis for performance,

interchangeability, and safety of the equipment covered and to assist in the proper selection of such

equipment.

12— Seope

This document is a product standard that covers certain electrical, dimensional, and mechanical

rindingof 50 Hz

characteristics a

and 60 Hz, liquid-immersed power transformers rated-asfoHews—andusedand autotransformers.

Such power transformers may be remotely or integrally associated with either primary

switchgear or substations, or both, for step-down or step-up purposes and base rated as follows:

833 kVA and above single-phase, 750 kVA and above three-phase.

This standard applies to all liquid-immersed power transformers and autotransformers that do not

belong to the following types of apparatus:

a) Instrument transformers

b) Step voltage and induction voltage regulators

c) Arc-furnace transformers
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d) Rectifier transformers

e) Specialty transformers

f) Grounding transformers

¢) Mobile transformers

h) Mine transformers
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1.2 Mandatory requirements

7

When this standard is used on a mandatory basis, the words “shall” and “must” indicate mandatory
requirements, and the words “should” and “may” refer to matters that are recommended and

permitted, respectively, but not mandatory.

NOTE—The Eereword introduction of this standard describes the circumstances under which the

document may be used on a mandatory basis.1

2. Normative references andrelated-standards

The following referenced documents are indispensable for the application of this document (i.e.,

they must be understood and used; therefore, 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 referenced, the latest edition of the referenced document (including any amendments or

corrigenda) applies.

ANSI C84.1, American National Standard for Electric Power Systems and Equipment— Voltage

Ratings (60 Hertz).2

1 Notes in text, tables, and figures of a standard are given for information only and do not contain requirements needed to

implement the standard.

2 ANSI publications are available from the Sales Department, American National Standards Institute, 25 West 43rd Street, 4th Floor,
New York, NY 10036, USA (http://www.ansi.org/).
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ANSHASME B1.1-1989, American National Standard for Unified Inch Screw Threads (UN and UNR
Thread Form).2

ANSHASME B1.20.1-41983-, American National Standard for Pipe Threads, General Purpose, Inch.

IEC 60038:2009, IEC standard voltages, ed7.0.*

ANSHIEEE-Std C37.90.1-4989™ Standard for Surge Withstand Capability (SWC) Tests for

ProtectiveRelays and Relay Systems Associated with Electric Power Apparatus.>®

3 ASME publications are available from the American Society of Mechanical Engineers, 3 Park Avenue, New York, NY 10016-5990,

USA (http://www.asme.org/).

4IEC publications are available from the Sales Department of the International Electrotechnical Commission, Case Postale 131, 3, rue

de Varembé, CH-1211, Geneve 20, Switzerland/Suisse (http://www.iec.ch/). IEC publications are also available in the United States

from the Sales Department, American National Standards Institute, 25 West 43nd Street, 4th Floor, New York, NY 10036, USA.

5 IEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, Piscataway, NJ 08854,

USA (http://standards.ieee.org/).

6 The IEEE standards or products referred to in this clause are trademarks of the Institute of Electrical and Electronics Engineers, Inc.
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ANSHIEEE Std C57.12.00-1993, ", IEEE Standard General Requirements for Liquid-Immersed

Distribution, Power and Regulating Transformers,

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

Power Transformers.

ANSHIEEE Std C57.12.80-1978, ", IEEE Standard Terminology for Power and Distribution

Transformers

ANSHIEEE Std C57.13-1993" ", IEEE Standard Requirements for Instrument Transformers.

IEEE Std (C57.19.00™, IEEE Standard General Requirements and Test Procedure for Power

Apparatus Bushings.

IEEE Std C57.19.01™, IEEE Standard Performance Characteristics and Dimensions for Outdoor

Apparatus Bushings.

IEEE Std C57.91™, IEEE Guide for Loading Mineral-Oil-Immersed Transformers.

IEEE Std C57.131™, TEEE Standard Requirements for Load Tap Changers.
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3. Definitions

For the purpose of this document, the following terms and definitions shall apply. For other terms,

the standard transformer terminology in IEEE Std C57.12.807 shall apply. Other electrical terms are

defined in The IEEE Standards Dictionary: Glossary of Terms & Definitions.8

product standard: An industry product manufacturing or performance specification.

7 Information on references can be found in Clause 2.

8 The IEEE Standards Dictionary: Glossary of Terms & Definitions is available at http://shop.ieee.org/.
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4. Rating data

4.1 Usual service conditions

Service conditions shall be in accordance with ANSIEEE Std C57.12.00-3993.

4.2 Kilovoltampere ratings

4.2.1 General

Kilovoltampere ratings are continuous and based on not exceeding 65 °C average winding
temperature rise by resistance and 80 °C hottest spot temperature rise-as-covered-and-determined-in
ANSHEEE-C5712.00-1993. The temperature rise of the insulating fluid shall not exceed 65 °C when

measured near the top of the tank. These kilovoltampere ratings are based on the usual temperature

and altitude service conditions specified in IEEE Std C57.12.00.

4.2.2 Kilovoltampere rating base

The kilovoltampere rating of the transformer shall be based on its capacity at ONAN cooling stage.

When fans and/or pumps are added to the transformer (forced cooling), its rating shall be increased

by the percentage indicated in Table 1.
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Table 1 — Transformer kilovoltampere rating

ONAN < 1500 EVA three-phase
ONAN< 833 kVA single-phase

2500 < ONAN < 10 000 kEVA three-phase
833 < ONAN = 3333 KV A single-phase

ONAN =10 000 VA three-phase
ONAN > 3333 KV A single-phase

oo Forced cooling o Forced cooling o Forced cooling
ONAN ONAN ONAN
1st stage 2nd stage 1st stage Ind stage 1st stage Ind stage
100% 115% N/A 100% 125% N/A 100% 133% 167%
New

For a transformer without a self-cooled rating, the applicable multiplying factor given in Table

20 of IEEE Std C57.12.00-2006 shall be applied to the maximum nameplate kilovoltampere rating

to obtain the equivalent base kilovoltampere rating.

Typical transformers ratings are given in Table 2. Actual ratings shall be mutually agreed between

the user and manufacturer.

In transformers with concentric winding arrangement, two or more separate windings may be

situated one above the other. In this case, the average winding temperature rise limit shall apply to

the average of the individual readings for the stacked windings if they are of equal size and

kilovoltampere rating and similar design. If they are not, the evaluation should be subject to

agreement between the user and the manufacturer. For all rated loading conditions that are

evaluated, a hot spot temperature rise limit of 80 °C shall apply to all windings.
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Table 2 — Typical transformer kilovoltampere rating

Single-phase transformers Three-phase transformers
Forced cooling o Forced cooling
ONAN ONAN
st stage 1st stage 2nd stage
833 1041 750 862 —
1250 1562 1000 1150 —
1667 2084 1500 1725 —
2500 3125 2000 2300 —
3333 4167 2500 3125 —
5000 6250 3750 4688 —
6667 8333 5000 6250 —
8333 10 417 7500 9375 —
— — 10 000 12 500 —
— — 12 000 16 000 20 000
— — 15 000 20000 25000
— — 20000 26 667 33333
— — 25000 33333 41 667
— — 30000 40 000 50 000
— — 37 500 50 000 62 500
— — 50000 66 667 83333
— — 60 000 80 000 100 000
New

An_autotransformer with a tertiary winding for external loading has no standard basis for

megavoltampere rating. All simultaneous loading conditions including megavoltampere rating and

power factor shall be specified by the user.

An equivalent two-winding kilovoltampere rating of an autotransformer is the rated power of the

auto- connected winding multiplied by the auto-factor. Auto-factor is also known as “reduction

factor” or “co-ratio.”

Co-ratio= (N -1)/N = (HV - LV)/HV
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As an example, a 138/69 kV, 100 MVA autotransformer has a co-ratio of (138 — 69)/138 = 0.5 and an

equivalent two-winding rating equal to 100 x 0.5 =50 MVA.

If the transformer in addition is provided with a nonautoconnected tertiary winding of 35

MVA rated power, then its equivalent two-winding rating will be (50 + 50 + 35)/2 = 67.5 MVA.

4.3 Voltage ratings

Voltage ratings for power transformers shall conform to the nominal and maximum system

voltages defined in Table 4 and Table 5 of IEEE Std C57.12.00-2006.

44 Insulation levels

Basic impulse insulation levels (BILs) for transformers shall be-astlisted-inTables7throush9
conform to the BIL levels in Table 4 of IEEE Std C57.12.00-2006.
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4.5 Taps

4.5.1 High-voltage winding taps for de-energized operation

If specified, the de-energized tap changer (DETC), the following four high-voltage rated
kilovoltampere taps shall be provided: twe+2)-2.5% abeverated-voltageand-two-and 5.0% above

rated voltage, and 2.5% and 5% below rated voltage.

Voltages and currents should be listed in accordance with 5.4.

When a load tap changer (LTC) is furnished per 4.5.2, the high-voltage DETC may not be required.

4.5.2 Taps for lead-tap-changing LTC transformers

When an LTC transformer is specified, load-tap-changing LTC equipment shall be furnished in the

low-voltage winding to provide approximately + 10% automatic adjustment regulation of the low-

voltage winding voltage in approximately-5/8-pereent 0.625% steps, with 16 steps above and 16
steps below rated low voltage. The transformer shall be capable of delivering rated kilovoltamperes
at the rated low-voltage position and on all positions above rated low voltage. The transformer
shall be capable of delivering low-voltage current corresponding to rated low

voltage at all positions below rated low voltage.

When agreed on by the user, the LTC may be located in an alternate winding to regulate the high- or

low- voltage winding. This application may make the transformer operate with variable flux voltage

operation when the tap positions are changed. Annex A indicates the effect in the transformer

operation during this condition and other variations.
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When required by the user, the transformer mayv be designed to deliver rated kilovoltampere

output on all tap positions.

4.6 Impedance voltage

4.6.1 Percent impedance voltage

The percent impedance voltage at the self-cooled rating as measured on the rated voltage

connection shall be as listed in Table 3 if the user does not specify another value. For cases not

covered in Table 3, the percent impedance voltage value shall be agreed between user and

manufacturer, and the user should perform a system study to determine the proper value of

impedance.

For autotransformers, the percent impedance voltage shall be as specified by the user, or it should

be the lower of the value from Table 3 and the value obtained according to the following equation:

Autotransformer impedance voltage = (Value from Table 3) x (Autotransformer co-ratio) x 1.5

Where

Autotransformer co-ratio = (High-Voltage — Low-Voltage)/(High-Voltage)

This impedance voltage is the autotransformer impedance and not the equivalent autotransformer

impedance.
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Table 3 — Percent impedance at self-cooled (ONAN) rating

High-voltage BIL Without LTC With LTC

(kV)

<110 55 —
150 65 70
200 70 75
250 75 3.0
350 8.0 85
450 85 20
550 0.0 05
650 05 100
750 10.0 105

4.6.2 Tolerance on impedance voltage

The tolerance shall be as specified in ANSHIEEE Std C57.12.00-1993.

4.6.3 Percent departure of impedance voltage on taps for de-energized

operation

The percent departure variation of tested impedance voltage on any tap from the tested impedance
voltage at rated voltage shall not be greater than the value of the total tap voltage range_when

expressed as a percentage of the rated voltage.

NOTE— This requirement does not apply to lead-tap-changingLTC taps.
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4.7 Top-liquid temperature-range limits

The transformer shall be suitable for operation over a range of top-liquid temperatures from —20

°C to 105 °C, provided the liquid level has-been-properlyadjusted-to was established by following
the indieated25-Clevel manufacturer’s filling procedure.

NOTE—Operation at these temperatures may cause the mechanical pressure-vacuum bleeder device

(5.1.6), if provided, to function to relieve excessive positive or negative pressures.

4.8 Routine tests

4,81 General

Routine tests shall be made in accordance with ANSHIEEE Std C57.12.00-1993.

4.8.2 LTC transformers

On—load-tap-changing—transformers; Additional routine tests for lead-tap-changing LTC
transformers listed in ANSHIEEE Std C57.12.00-1993 shall be made.
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Table 1 Kilevel ines, selé-cooled (CONAN)

Three-Phase (kVA)
Single-Phase (kV)
Without Without With
Load Tap Changing Load Tap Changing Load Tap Changing

833 750 -
1250 1000 -
1667 1500 -
2500 2000 -
3333 2500 -
5000 3750 3750
6667 5000 5000
8333 7 500 7 500

- 10 000 10 000

ONAN First-Stage Second-Stage
12 000 16 000 20 000
15 000 20 000 25 000
20 000 26 B67 33333
25000 33 333 41 667
30 000 40 000 50 000
37 500 50 000 62 500
50 000 66 667 83 333
60 000 80 000 100 000
(Deleted)
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Low-Voltage Ratings (V)
6900/11 950Y, 14 400/24 940Y
2400/4160Y, 7200/12 470Y 12 000, -
2520/4360Y,  7560/13 090Y, 12 600, 34 500,
4800/8320Y, 7620/13 200Y, 13 200, 19 920/34 500Y
High-Voltage - - 13 800 -
Ratings 480 5040/8720Y 7970/13 800Y 14 400 20 920/36 230Y
V) Self-Cooled (ONAN) Kilovelt-Ampere Ratings (kVA)
2400/4160Y 833 - — _ _
4800/8320Y 833 - - _ _
6900/11 950Y, 833, 1250 833-2500 - - -
6930/12 000Y, 833, 1250 833-2500 - - _
7200/12 470Y, 833, 1250 833-2500 - - -
7620/13 200Y, 833,1250 833-2500 - - -
7970/13 800Y, 833, 1250 833-2500 - - -
12 000, 13 200, 833, 1250 833-2500 - - -
13 800 833, 1250 833-2500 - - -
23 000 833, 1250 833-2500 833-2500 - -
34 500 833, 1250 833-2500 833-3333 833-3333
46 000 833, 1250 833-2500 833-8333 833-8333 2500-8333
69 000 - 833-2500 833-8333 833-8333 2500-8333
115 000 - 2500 2500-8333 2500-8333 2500-8333
138 000 — 2500 2500-8333 2500-8333 2500-8333
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Low-Voltage Ratings (V)
24 940GrdY/14 000
6900, 7200, 7560,
12 470Y/7200,
High 2400, 2520 4800, 5040, 13 090Y/7560, 13 800, 34 500,
Voltage 480Y/277, 4160Y/2400, 8320Y/4800, 13 200Y/7620, 12 000, 72 600, 34 500GrdY/19 920,
Ratings 480 4360Y/2520  8720Y/5040 13 800Y/7970, 13 200, 14400 36 230GrdY/20 920
(v) Self-Cooled (ONAN) Kilovolt-Ampere Ratings (KVA)
2400 750-1500 - - - - -
4160,4800 750-1500 - - - - -
6900,7200 750-2500 1000-3750 - - - -
12 000 750-2500 1000-7500 - - - -
12 470 750-2500 1000-7500 - - - -
13 200 750-2500 1000-7500 - - - -
13 800 750-2500  1000-7500 - - - -
23 000 750-2500 1000-7500  1000-10000 1000-10 000 - -
34 500 750-2500 1000-7500  1000-10 000 1000-10 00O 1000-10 000D -
46 000 - 1500-7500  1500-10 000 1500-10 000 1500-10 000 5000-10 000
69 000 - 1500-7500  1500-10 000 1500-10 00O 1500-10 000 5000-10 000
115 000 - 5000-7500 5000-10000 5000-10 000 5000-10 000 5000-10 000
138 000 — 5000-7500 5000-10 000 5000-10 000 5000-10 000 5000-10 000
Hoeleredy
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Low-Voltage Ratings (V)
6300, 7200, 7560, 24 940 GrdY/14 400
12 470Y/7200,
High 2400, 2520 4800, 5040, 13 090Y/7560, 13 800, 34 500,
Voltage  4160Y/2400, 8320Y/4800, 13 200Y/7620, 12 000, 12 600, 34 500GrdY/19 920,
Ratings  4360Y/2520 8720Y/5040 13 800Y/7970 13 200, 14 400 24 940GrdY/14 400 36 230GrdY/20 920
Self-Cooled (ONAN) Kilovolt-Ampere Ratings (kVA)
€900,7200 3750 - - - - -
12 000 3750-7500 - - - - -
12 470 3750-7500 - - - _ _
13 200 3750-7500 - - - - -
13 800 3750-7500 - - - - -
23 000 3750-7500 3750-10 000  3750-10 000 - - -
34 500 3750-7500 3750-10 000 3750-10 000 3750-10 000 - -
46 000 3750-7500 3750-10 000  3750-10 000 3750-10 000 5000-10 000 5000-10 000
69 000 3750-7500 3750-10 000  3750-10 000 3750-10 00D 5000-10 00O 5000-10 000
115 000 5000-7500 5000-10 000 5000-10 000 5000-10 00O 5000-10 00O 5000-10 000
138 000 5000-7500 5000-10 000  5000-10 000 5000-10 000 5000-10 000 5000-10 000
Hoolosedy
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Low-Voltage Ratings (V)
6900,7200,7560,
12 470Y/7200,
High 4800, 5040, 13 090Y/7560, 12 000, 12 600, 34 500,
Voltage 8320Y/4800, 13 200Y/7620, 13 200, 13 800, 34 500GrdY/19 920,
Ratings 8720Y/5040 13 800Y/7970 14 400 24 940GrdY/14 400 36 230GrdY/20 920
V) Self-Cooled (ONAN) Kilovolt-Ampere Ratings (kVA)

23 000 12 000-15 000 12 000-30 000 - - -

34 500 12 000-15 000 12 000-30 000 12 000-30 000 - -

46 000 12 000-15 000 12 000-30 000 12 000-30 000 - -

69 000 12 000-15 000 12 000-30 000 12 000-30 000 - -
115000 12 000-15 000 12 000-60 000 12 000-60 000 12 000-60 00O 12 000-60 000
138 000 12 000-15 000 12 000-60 000 12 000-60 000 12 000-60 000 12 000-60 000
161 000 12 000-15 000 12 000-60 000 12 000-60 000 12 000-60 000 12 000-60 000
230 000 12 000-15 000 12 000-60 000 12 000-60 000 12 000-60 000 12 000-60 000
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Table 7 Hich-volt i dine insulation levels of
shasle-phase bransfarmers

Basic Impulse
High-Voltage Ratings Insulation Level

(V) (kV)

2400/4160Y 75

4800/8320Y 95

6900/11 950Y 110

720012 470Y 110

7620/13 200Y 110

12 000 110

13 200 110

13 800 110

23 000 150

34 500 200

46 000 250

69 000 350

115 000 450

138 000 550
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Table g Hichovol - dineinsulation levelsof 4 |

ransformers

Basic Impulse Insulation Level (kV)
High-Voltage Ratings Distribution Power

(V) Transformers Transformers
2400 45 60
4 160 60 75
4 800 60 75
6 900 75 95
7200 75 95
12 000 95 110
13 200 95 110
13 80O 95 110
23 000 125 150
34 500 150 200
46 000 - 250
69 000 - 350
115 000 - 450
138 000 - 550
161 000 - 650
230 000 - 750
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Voltage Ratings (V) Basic Impulse Insulation Level
(kV)
Distribution Power
Single-Phase Three-Phase Transformers  Transformers
480 480Y/277, 480 30 45
- 2400, 2520 45 60
2400/4160Y, 2520/4360Y 4160Y/2400, 4360Y/2520, 60 75
4800, 5040
4800/8320Y,5040/8720Y 6900, 7200, 7560, 75 95
8320Y/4800, 8720Y/5040
6900/11 950Y, 7200/12 470Y, 12000, 12 600, 13 200, 13 800, - 110
7560/13 090Y, 7620/13 200Y 14 400, 12 470Y/7200, 13 090Y/7560,
7970/12 800Y, 12 000, 13 200Y/7620,13 800Y/7970
12 600, 13 200, 74 400,
13 800
14 400/24 940Y 24 940GrdY/14 400 - 150
34 500 34 500 - 200
19 920/34 500Y 34 500GrdY/19 920, - 200
20 920/36 230Y 36 230GrdY/20 920 - 200
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Without Load Tap Changing With Load Tap Changing
Low Voltage Low Voltage
High-Voltage BIL Low Voltage 2400V 2400V
(kV) 480V and Above and Above
60-110 575" 55" -
150 6.75 6.5 7.0
200 7.25 7.0 75
250 7.75 75 80
350 - 8.0 85
450 - 85 9.0
550 - 9.0 95
650 - 95 10.0
750 - 10.0 10.5

5. Construction

5.1 Accessories

Accessories as required and identified in Table 4 shall be located as shown in Figure 1.
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b Accessories Locations Clause
| ref.
* DETC operating handle 51, 54, see Table 4
HIGH-VOLTAGE COVER Clause ref.
BUSHINGS Liquid level indicaor sl 512
SEGMENT 3 Liquid temperature indicator s1 513
Winding temperature indicator | 51 514
= h Pressure-vacuum gauge S1orS4 515
¢ é ; Pressure-vacuum bleeder valve | 51 516
g 2 Pressure relief device Cover 5.1.7
7] w
Drain and filter valves Sl 518
CEGMENT 1 Jacking facilities See ref. 534
. Nameplate 51 54
LOW-VOLTAGE COVER ) &
BUSHINGS Ground pad(s) See ref 55
TAuxiliary cooling control S1orS2 59
TLTC equipment SlorS2 5]
TWhen furnished.
New
q_ Accessories Locations Section
| Tap-changer operating handle 51, 54, See Ref 511
HIGH-VOLTAGE COVER *Liguid-level indicator 51 5.1.2
BUSHINGS *Liquid-temperature indicator 51 513
Drain and filter valves S1 515
SEGMENT 3 Nameplate S1 5.4
o4 I - *Pressure-vacuum gauge S1 514
- - Jacking facilities See Ref 534
= = Ground pad(s) See Ref 55
L y— —g tLoad-tap-changing equipment S1or S2 6
b ] tAuxiliary cooling control Stlor 82 59
vl I v
SEGMENT 1 *Not furnished for transformers with distribution BIL
LOW-VOLTAGE COVER characteristics 200 kV and below.
BUSHINGS TWhen furnished.

NOTE—Some designs include accessories and wiring connections as part of the lead-tap-changing
LTC equipment assembly. When-this-is—the-In such cases, accessories may be located in the same
segment as the lead-+tap-changerLTC and may be viewed parallel to the segment centerline.

Figure 1 — Accessories
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See Table 4 for information on accessories and construction features to be provided on transformers

Table 4 — “Basic standard” construction features

Clause Items Without LTC With LTC
51 Accessories

Table4 | DETC A A
512 Ligquid Lewvel Indicator S S
513 Liquid Temperature Indicator S S
514 Winding Temperature Indictor S S
515 Pressure-Vacimm Gauge A A
516 Pressure-Vacimm Bleeder Valve A A
5.1.7 Pressure Relief Device S S
518 Drain and Filter Valves S S
519 Sudden Pressure Relay A A
5.1.10 Alarm Contacts S S
5.1.11 Contact Wiring and Wire Color Coding S S

5.2 Bushings S S
521 Neutral Terminations S S
5211 Y-Connected High-Voltage Windings A A
5212 Y-Connected Low-Voltage Windings A A
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KVA, ONAN Ratings
Without Load Tap Changing With Load Tap Changing
750-2500 750-10000 12 000-80 000 3750-10000 12 000-60 000
Section Items DISTBILs POWERBILs POWER BlLs POWER BEILs POWER BILs
5.1 Accessories
511 Tap-Changer S S S S S
51.2  Liguid-Level A S S S S
Indicator
51.3  Liquid-Temperature A S S S S
Indicator
514  Pressure-Vacuum Gage A S S S S
515  Drain and Filter S S S S S
Valves (or Conn)
52 Bushings S S S S S
53 Lifting, Moving, and S S S S S
Jacking Facilities
534  Jacking Facilities - S S S S
54 Nameplate S S S S S
55 Ground Pad(s) S S S S S
56 Polarity, Angular S S S S S
Displacement, and
Terminal Markings
571 Qil Preservation S S S S S
572 Pressure-Vacuum A S S S S
Bleeder
58 Tanks 5 S S S S
59 Augxiliary Cooling A A A A A
Equipment
591 Controls for Auxiliary A A A A A
Cooling Equipment
592 Fans A A A A A
593 Pumps - - A - A
510 Augxiliary Equipment A A A A A
Paower Supply
6 Load-Tap-Changing - - - S S
Equipment
6.1 Load Tap Changer - - - S S
6.2 Arcing Tap Switch - - - S S
6.3 Motor-Drive Mechanism - - - S S
6.4 Position Indicator - - - S S
6.5 Operation Counter - - - S S
6.6 Automatic Control - - - S S
Equipment
Peletedy
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Table 4 — “Basic standard” construction features (continued)

Clause Trems Without LTC With LTC
5213 Constructions for Neutral Ternunations A A
53 Lifting, Moving. and Jacking Facilities 5 S
5332 Other Moving Facilities (Wheels) A A
534 Jacking Facilhities S 5
54 Nameplate 5 S
35 Ground Pads S S
5.6 Polarity, Angular Displacement, and Terminal Markings S S
5.7 Liquid Preservation System S 5
58 Tanks S S
5832 Bolted Cover A A
50 Anmiliary Cooling Equipment A A
501 Controls for Auxiliary Cooling Equipment A A
502 Fans A A
5022 Future Forced-Air Cooling A A
503 Pumps A A
5.10 Awiliary Equipment Power Supply A A
5.11 Terminal Board A A
5.12 Junction Box A A
5121 High Voltage A A
5122 Low Voltage A A
5.13 Disconnecting Switches A A
5131 High-Voltage Terminal Chamber A A
5132 Low-Voltage Terminal Chamber A A
5.14 Throat Connection A A
5141 High-Voltage Throat A A
5.14.2 Low-Voltage Throat A A
515 Current Transformers
5151 Bushing Type Current Transformer A A
0 Terminal Blocks A A
5.16 Surge Arresters A A
517 Other Insulating Liquid A A
& LTC Equipment -

6.1 LTC - S
6.2 Tap Selection Switch - S
6.3 Motor and Drive Mechanism - 5
6.4 Position Indicator - 5
6.5 Control Equipment and Accessories — S
A2 Transformer Paralleling - A
NOTE: “S” indicates “standard”, “A” indicates “available when specified.”
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5.1.1 De-energized tap changer (DETC)

When a DETC is provided, its eperation-with-the operating handle shall be brought out through

the side of the tank in Segment 1 or 4 at a height convenient for operators to safely change the

taps. If the user requires operation from ground level, then the transfermer—design—shall-be
provided-height should not exceed 2 m (79 in). If for design reasons it cannot be located in Segment

1 or 4, it may be located in the sidewall of one of the other segments.

The tap-_changer handle shall have provision for padlocking; and shall provide visible indication of
the tap position without unlocking. A hole with a minimum diameter of 9.5 mm (3/8-ineh 0.375 in)
shall be provided for the padlock. The plate indicating tap changer position shall be marked with
letters or Arabic numerals in sequence. The letter “A” or the Arabic numeral “1” shall be assigned to

the voltage rating providing the maximum ratio of transformation.

5.1.2 Liquid level indicator

A magnetic level gauge with vertical face shall be mounted on the side of the tank in Segment 1

and shall be readable to a person standing at the level of the base.

The gauge shall have a dark-face dial with light markings and a light-colored indicating hand. The

diameter of the dial (inside bezel) shall be_as follows:

a) 82.6 mm (3.25 in) + 6.4 mm (0.25 in) minimum when the 25 °C liquid level is more-than

2.44 m (96 in) or less above the bottom of the base;

b) 140 mm (50.5 in) + 12.7 mm (0.5 in) minimum when the 25 °C liquid level is more than

2.44 m (96 in) above the bottom of the base-

Dial markings shall show the 25 °C level and the minimum-and-maximum eperating and minimum
levels- with the letters HI-LO or MAX-MIN.
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The words “Liquid Level” shall be on the dial or on a suitable nameplate adjacent therete to the

auge.

The 25 °C liquid level shall also be shown by suitable permanent markings on the tank or by an

indication on the nameplate of the distance from the liquid level to the highest point of the

handhole or manhole flange surface.

The change in liquid level per 10 °C change in temperature shall be indicated on the nameplate.

Nonadjustable alarm contacts shall be provided and shall be set to close at the minimum safe

operating level of the liquid. The contacts shall be in accordance to 5.1.10 and 5.1.11.

5.1.3 Liquid temperature indicator

A dial-type-thermometer that measures top-liquid temperature shall be mounted on the side of the

tank: and shall be readable to a person standing at the level of the base. Gauges, when required to

have operating controls on their cases, shall be mounted between 1.22 m (4 ft) and 1.83 m (6 ft)

above the base. The minimum scale range shall be 0 to 120 °C.

The thermal sensing element shall be mounted in a closed well at a suitable level to indicate the top-

liquid temperature. The well shall be positioned so that it is covered by at least 2.5 cm (1 in) of fluid

at the lowest permissible fluid level. For dimensions of the well, see ANSHIEEE Std C57.12.00-1993.
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