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Abstract: All liquid-immersed distribution, power, and regulating transformers that are designed
to operate at temperatures that exceed the normal thermal limits of IEEE C57.12.00™ under
continuous load, in the designed average ambient, and at rated conditions are covered by this
standard. Specific requirements and guidance in the design, testing, and application of the
transformers covered within the scope of this standard are provided. High-temperature insulation
systems or systems that use a combination of high-temperature and conventional insulation are
incorporated by these transformers.

Keywords: conventional, full hybrid, high-temperature, hybrid, IEEE C57.154, insulation system,
mixed hybrid
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Notice and Disclaimer of Liability Concerning the Use of IEEE Documents: IEEE Standards documents are developed
within the IEEE Societies and the Standards Coordinating Committees of the IEEE Standards Association (IEEE-SA)
Standards Board. 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 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.

Use of an IEEE Standard is wholly voluntary. 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 any IEEE Standard document.

IEEE does not warrant or represent the accuracy or content of the material contained in its standards, 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 in its standards is free from patent infringement. IEEE Standards documents are supplied "AS
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The existence of an IEEE Standard does not imply that there are no other ways to produce, test, measure, purchase, market, or
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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.
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appropriateness of a given IEEE standard.

Translations: The IEEE consensus development process involves the review of documents in English only. In the event that
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that individual rather than the formal position of IEEE.
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regardless of membership affiliation with IEEE. However, IEEE does not provide consulting information or advice pertaining
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this reason, IEEE and the members of its societies and Standards Coordinating Committees are not able to provide an instant
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Notice to users

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

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 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. 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-SA Website at http://standards.ieee.org/index.html or
contact the IEEE at the address listed previously. For more information about the IEEE Standards
Association or the IEEE standards development process, visit IEEE-SA  Website at
http://standards.ieee.org/index.html.

Errata

Errata, if any, for this and all other standards can be accessed at the following URL:
http://standards.icee.org/findstds/errata/index.html. Users are encouraged to check this URL for errata
periodically.
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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.iece.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 C57.154-2012, IEEE Standard for the Design, Testing, and Application of
Liquid-Immersed Distribution, Power, and Regulating Transformers Using High-Temperature Insulation Systems and
Operating at Elevated Temperatures.

The purpose of this document is to standardize the development of liquid-immersed transformers that use
high-temperature insulation and operate at elevated temperatures. The solid insulation may encompass a
broad range of materials with varying degrees of thermal capability. Key properties of insulating and
cooling liquids also may vary substantially from mineral-oil insulating liquid.

This document is not intended to stand alone, but rather builds on the information and guidelines
documented in the other parts of the IEEE C57 series. Accordingly, this document follows two guiding
principles. The first principle is that liquid-immersed transformers are well known and are well defined in
other parts of this series; therefore, the details of these transformers are not repeated in this document,
except where such reference has value or where repetition is considered appropriate for purposes of
emphasis or comparison.

The second principle is that the usual liquid-immersed transformer, insulated with thermally upgraded kraft
paper, pressboard, wood, mineral oil, and many other commonly used materials, operating at established
temperature limits, is well known. Conversely, other solid and liquid insulations that have a higher thermal
capability than the materials used in this well-known system are considered “high-temperature.”

The document addresses loading, overloading, testing, and accessories in the same manner. Only selected
information for the “conventional” transformers is included in this document for comparison purposes or
for emphasis. All other references are directed to the appropriate standard document.

i Documents
Copyright © 2012 IEEE. All rights reserved. Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 21:50:44 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C57.154-2012


http://www.avadocuments.com/doc/ieee-c57-154-2012
http://www.avadocuments.com/doc/ieee-c57-154-2012

Contents

L. OVETVIEW ...ttt sttt ettt et h et ettt ettt b e s bbbt es b et et e bt s bt e bt e bt eb e e st esa et e st e e b e sbeebeemeennentens 1
L BT eTe) oL OO O OO TSPRTRPPPROP 1
LL2 PUIPOSE ettt ettt ettt ettt et e b e st e bt e s et e e bt e s ab e e bt e e st e ettt e sab e e bt e e sabeebbeesabeenbteennbeeaes 2

2. NOTIALIVE TEIRIETICES . ...uveeuteiuieiiie ittt ettt ettt et et et st s etesh e e st e e bt e st e es b e ebeesb e e beenbeembeemaesaeesaeenseeneeenteens 2

3 DIETINITIONS ..ttt ettt sttt et ea e eat e s b e b e e bt et eab e s h et sh e e eb e e bt ent e ea bt eae e b e e be et enbeeetenaeeneee 3

4. INSUIALION SYSTEIMS ..vveeurieiiieeiieeteeeteeeiteesteesseeasseessseeasseessseeasseesnseeasseessseessseessseesssessnseesssessnsesssseessseenssenns 4
L B € 1<) 1<) 1 OO OO PR PR 4
4.2 WiINding INSULAtION EYPES ....viereriereiieeiieeiieeieeettesteesteesteeseteesteessseessaeessseesssaessseessseessseessseessseessesnsees 4

5. TEMPETATUIE TIMILS . .eevieiiiieseieesiteeseeeeteeertte et e estte e tteesteeestaeeteessaeessaesssaeesseeessaeenseesnsseanseesnsseenseesnsseenseennes 9

6. TTanSTOTTNET ACCESSOTICS .....ceuviutiiirtertieterteetteit ettt e st st et e ebteut et et et steebesbeeatestest et e sbeabesaeebeeseensensensenbeneeas 10
0.1 GEINETAL ...ttt ettt b bbbt bt et ettt bt sae bt ea et benae e 10
6.2 Leads and CaDIES .......cc.ceiiiiiiiiiieeee ettt sttt 10
6.3 BUSKHINES ....eeiieiieieee ettt ettt ettt et et e e e e aesaae s st e ss e e seenseenseenbeesaeese e seenseenseenseeneeeneenseenseenes 11
6.4 GASKET MALETIAL ......euiiiiiiiiiititeet ettt eb et ettt b e bbbt et et e be e 11
0.5 TAP-CRANZET .....oveiiiieie ettt ettt e e st e st e st e e s e eseeeaseenteesseese e seenseenseensesneesneenseenseenes 11
6.6 Liquid temperature INAICALOT .....c..iivuieeiiieeiieeiieeiteeteeeiee et e et e eaeesbeessbeesebeessseessseessseessseensseesssesnssens 12
6.7 Winding temperature INAICALOT ..........eeeuieiiieeitieeiieeiteeeteeeieeeteeeteesbeeebeesbeessseeenseessseesnseensseessseesssens 12
6.8 Bushing-type current transfOrmer..........ooueiieiieriieet ettt s 12
6.9 Liquid pPreServation SYSTEIM ... ..cccuiiiiieeiieeieeeiteeesteeeiteesteeeseesseessseessseessseessseessseesseesssessssesssseesssessssees 12

7. Special design CONSIACTATIONS .....cc.uiiuiertieriieie ettt ettt ettt e st et e bt e beetesaeesaeesbee bt enteenbeeneesneenbeens 12
7.1 ShOrt-Circuit CONSIACTATIONS ......vvetietietieeieetiestiesteesteetesteseeseeeseesseenseessesssesseeseensesnsesnsesseesseesseenseenes 12
7.2 DiCleCtIiC TEQUITCIMENLS ... eeviereietietieteeetesetesteesseesessesaesseesseesseenseanseassesssenseesseessenssesssesssesseesseenseenes 13
7.3 TemPErature TEQUITECIMICIILS .........eervierrreteeereetienseesseeseeseseesseesseesseanseanseessesssesseenseessennsesnsesssesseesseensennes 13
T4 OVETIOAA ...ttt et b e bbbt e h ettt et b e sae bbbttt benae 15

8. ReqUITEd INfOIMATION. ... .cctieiieiieiieeiiectiesteeie ettt sttt ettt e et e et essee s e e seesseensessaesneesseenseenseensennsensnenseens 16
8.1 Information to be provided by the Purchaser..........ccocivciircierierieiee e 16
8.2 Information to be provided by the ManufacCturer ............coccviiiiierciiiciece e 16

9. Nameplate and additional iNfOrMAtION .........ccveeiieiiiiieiie ettt et e sbeeebeesbeeenbeesnraeensee e 17
0.1 NAMEPIALE .....eeeiieeiie ettt ettt et e et e et e st e e eabeesabeeesbeessbeeesseesssaeasseesssaeasseesssaensseesssaensseenssennssens 17
9.2 Transformer MAaNUAL ...........cociiiiiiiiiieie ettt sttt st st b e saee b 17

L0 @St ettt ettt ettt ettt eb e b e h et e e e et e ht e bt et ea bt e et e ekt eeh e e bt e bt et e enbeehtesheenhe e bt enteenteeneenbeen 17
10.1 Requirements for routine, design, and Other teStS........cceivuiriiiiinierieieeeee e 17
10.2 TOMPEIATUIE-TISE tEST .euvvevrererrereerieriiestteteetesttesseesseesseesesseesseesseesseenseessesssessaesseensesnsesnsesseesseenseenes 18

Annex A (informative) Insulation Materials...........cccverieiiieiiieieeieriee et 21

Annex B (informative) Ester liquid and celluloSe PaPer ........cceeieriieriieiiieieeiesieeee e 25

Annex C (informative) Supervision, diagnostics, and MainteNanCe...........cceeevereereerirereeeieeeeseeseeneeeneennnes 34

Annex D (informative) BiblIOZIAPNY ......cceocuiiiiiiiiiiiieiieeeeeee ettt ettt 35

, Documents
Copyright © 2012 IEEE. All rights reserved. Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 21:50:44 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C57.154-2012


http://www.avadocuments.com/doc/ieee-c57-154-2012
http://www.avadocuments.com/doc/ieee-c57-154-2012

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 21:50:44 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C57.154-2012


http://www.avadocuments.com/doc/ieee-c57-154-2012
http://www.avadocuments.com/doc/ieee-c57-154-2012

IEEE Standard for the Design, Testing,
and Application of Liquid-lmmersed
Distribution, Power, and Regulating
Transformers Using High-Temperature
Insulation Systems and Operating at
Elevated Temperatures

IMPORTANT NOTICE: IEEE Standards documents are not intended to ensure safety, health, or
environmental protection, or ensure against interference with or from other devices or networks.
Implementers 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.

This IEEE document is made available for use subject to important notices and legal disclaimers.
These notices and disclaimers appear in all publications containing this document and may
be found under the heading “Important Notice” or “Important Notices and Disclaimers
Concerning IEEE Documents.” They can also be obtained on request from IEEE or viewed at
http://standards.ieee.org/IPR/disclaimers. html.

1. Overview

1.1 Scope

This standard applies to all liquid-immersed distribution, power, and regulating transformers that are

designed to operate at temperatures that exceed the normal thermal limits of IEEE Std C57.12.00™ ' under
continuous load, in the designed average ambient, and at rated conditions.
! Information on references can be found in Clause 2.
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IEEE Std C57.154-2012
IEEE Standard for the Design, Testing, and Application of Liquid-Immersed Distribution, Power, and Regulating
Transformers Using High-Temperature Insulation Systems and Operating at Elevated Temperatures

1.2 Purpose

This standard provides specific requirements and guidance in the design, testing, and application of the
transformers covered within its scope. These transformers incorporate high-temperature insulation systems
or systems that use a combination of high-temperature and conventional insulation.

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 1538™, IEEE Guide for Determination of Maximum Winding Temperature Rise in Liquid-Filled
Transformers.

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

IEEE Std C57.12.10™, IEEE Standard Requirements for Liquid-Immersed Power Transformers.
IEEE Std C57.12.80™, IEEE Standard Terminology for Power and Distribution Transformers.

IEEE Std C57.12.90™ IEEE Standard Test Code for Liquid-Immersed Distribution, Power, and
Regulating Transformers.

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

IEEE Std €57.19.03™, IEEE Standard Requirements, Terminology, and Test Code for Bushings for DC
Applications.

IEEE Std C57.91™, IEEE Guide for Loading Mineral-Oil-Immersed Transformers and Step-Voltage
Regulators.

IEEE Std C57.100™, Standard Test Procedure for Thermal Evaluation of Insulation Systems for Liquid-
Immersed Distribution and Power Transformers.

IEEE Std C57.129™, IEEE Standard for General Requirements and Test Code for Oil-Immersed HVDC
Converter Transformers.

IEEE Std C57.131™, IEEE Standard Requirements for Tap Changers.

2 The IEEE standards or products referred to in this clause are trademarks of The Institute of Electrical and Electronics Engineers, Inc.
* IEEE publications are available from The Institute of Electrical and Electronics Engineers, 445 Hoes Lane, Piscataway, NJ 08854,
USA (http://standards.ieee.org/).
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IEEE Std C57.154-2012
IEEE Standard for the Design, Testing, and Application of Liquid-Immersed Distribution, Power, and Regulating
Transformers Using High-Temperature Insulation Systems and Operating at Elevated Temperatures

3. Definitions

For the purposes of this document, the following terms and definitions apply. For other terms, the standard
transformer terminology in IEEE Std C57.12.80 shall apply. Other electrical terms are defined in the /EEE
Standards Dictionary Online.*

conventional: A description applied to temperature-rise limits, insulation materials or insulation systems
operating at temperatures within the normal thermal limits of IEEE Std C57.12.00.

NOTE—The thermal limits for the winding are defined as 65 °C average temperature rise, 80 °C hottest spot
temperature rise, and 110 °C hottest spot temperature. The thermal limits for the insulating liquid are defined as 65 °C
top oil temperature rise.

conventional insulation system: Solid insulation materials used throughout the transformer and insulating
liquid, operating at temperatures within the normal thermal limits of IEEE Std C57.12.00.

NOTE—The thermal limits for the winding are defined as 65 °C average temperature rise, 80 °C hottest spot
temperature rise, and 110 °C hottest spot temperature. The thermal limits for the insulating liquid are defined as 65 °C
top oil temperature rise.

full hybrid insulation winding: A winding composed of conventional solid insulation with high-
temperature solid insulation used in areas in contact with the winding conductor to allow higher than
conventional average winding and hottest spot temperature rises.

high-temperature: A description applied to temperature-rise limits, insulation materials or insulation
systems operating at higher temperatures than conventional.

high-temperature insulation system: High-temperature insulation used throughout the transformer,
except for some minor insulation components in lower temperature areas, together with high-temperature
insulating liquid operating at higher than conventional top liquid, average winding and hottest spot
temperature rises.

high-temperature insulation winding: A winding composed of high-temperature insulation used
throughout the winding to allow higher than conventional average winding and hottest spot temperature
rises.

hybrid insulation system: High-temperature solid insulation operating above conventional temperatures,
combined with conventional solid insulation and an insulating liquid operating at conventional
temperatures.

mixed hybrid insulation winding: A winding composed of conventional solid insulation with high-
temperature solid insulation used only selectively to allow higher than conventional hottest spot
temperatures, while operating at conventional average winding temperature rises.

reference temperature: The standard temperature to which calculations and measurement are referred
shall be defined as 20 °C plus the base rated average winding rise. For multiple winding transformers that
have more than one base rated average winding rise, the highest average winding rise shall be used to
determine the reference temperature.

‘IEEE Standards Dictionary Online subscription is available at: http://www.ieee.org/portal/innovate/products/standard/
/standards_dictionary.html.

; Documents
Copyright © 2012 IEEE. All rights reserved. Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 21:50:44 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C57.154-2012


http://www.ieee.org/portal/innovate/products/standard/
http://www.ieee.org/portal/innovate/products/standard/standards_dictionary.html
http://www.avadocuments.com/doc/ieee-c57-154-2012
http://www.avadocuments.com/doc/ieee-c57-154-2012

