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Abstract: Covered in this standard are 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. 
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, high-temperature, hybrid, IEEE C57.154, insulation system
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE Standards documents are made available for use subject to important notices and legal disclaimers. 
These notices and disclaimers, or a reference to this page (https://​standards​.ieee​.org/​ipr/​disclaimers​.html), 
appear in all standards and may be found under the heading “Important Notices and Disclaimers Concerning 
IEEE Standards Documents.”

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards 
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 an accredited consensus development process, which brings together volunteers representing varied 
viewpoints and interests to achieve the final product. IEEE Standards are documents developed by volunteers 
with scientific, academic, and industry-based expertise in technical working groups. Volunteers are not 
necessarily members of IEEE or IEEE SA and participate without compensation from IEEE. While IEEE 
administers the process and establishes rules to promote fairness in the consensus development process, IEEE 
does not independently evaluate, test, or verify the accuracy of any of the information or the soundness of any 
judgments contained in its standards.

IEEE makes no warranties or representations concerning its standards, and expressly disclaims all warranties, 
express or implied, concerning this standard, including but not limited to the warranties of merchantability, 
fitness for a particular purpose and non-infringement. In addition, IEEE does not warrant or represent that the 
use of the material contained in its standards is free from patent infringement. IEEE standards documents are 
supplied “AS IS” and “WITH ALL FAULTS.”

Use of an IEEE standard is wholly voluntary. The existence of an IEEE Standard does not imply that there 
are no other ways to produce, test, measure, purchase, market, or provide other goods and services related to 
the scope of the IEEE standard. Furthermore, the viewpoint expressed at the time a standard is approved and 
issued is subject to change brought about through developments in the state of the art and comments received 
from users of the standard.

In publishing and making its standards available, IEEE is not suggesting or rendering professional or other 
services for, or on behalf of, any person or entity, nor is IEEE undertaking to perform any duty owed by any 
other person or entity to another. Any person utilizing any IEEE Standards document, should rely upon his or 
her own independent judgment in the exercise of reasonable care in any given circumstances or, as appropriate, 
seek the advice of a competent professional in determining the appropriateness of a given IEEE standard.

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, 
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO: THE 
NEED TO PROCURE SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; 
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, 
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR 
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE 
UPON ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND 
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.

Translations

The IEEE consensus development process involves the review of documents in English only. In the event that 
an IEEE standard is translated, only the English version published by IEEE is the approved IEEE standard.
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Official statements

A statement, written or oral, that is not processed in accordance with the IEEE SA Standards Board Operations 
Manual shall not be considered or inferred to be the official position of IEEE or any of its committees and shall 
not be considered to be, nor be relied upon as, a formal position of IEEE. At lectures, symposia, seminars, 
or educational courses, an individual presenting information on IEEE standards shall make it clear that the 
presenter’s views should be considered the personal views of that individual rather than the formal position of 
IEEE, IEEE SA, the Standards Committee, or the Working Group.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of 
membership affiliation with IEEE or IEEE SA. However, IEEE does not provide interpretations, consulting 
information, or advice pertaining to IEEE Standards documents.

Suggestions for changes in documents should be in the form of a proposed change of text, together with 
appropriate supporting comments. Since IEEE standards represent a consensus of concerned interests, it is 
important that any responses to comments and questions also receive the concurrence of a balance of interests. 
For this reason, IEEE and the members of its Societies and Standards Coordinating Committees are not able to 
provide an instant response to comments, or questions except in those cases where the matter has previously 
been addressed. For the same reason, IEEE does not respond to interpretation requests. Any person who would 
like to participate in evaluating comments or in revisions to an IEEE standard is welcome to join the relevant 
IEEE working group. You can indicate interest in a working group using the Interests tab in the Manage Profile 
and Interests area of the IEEE SA myProject system.1 An IEEE Account is needed to access the application.

Comments on standards should be submitted using the Contact Us form.2

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 constitute 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.

Data privacy

Users of IEEE Standards documents should evaluate the standards for considerations of data privacy and 
data ownership in the context of assessing and using the standards in compliance with applicable laws and 
regulations.

Copyrights

IEEE draft and approved standards are copyrighted by IEEE under US and international copyright laws. They 
are made available by IEEE and are adopted for a wide variety of both public and private uses. These include 
both use, by reference, in laws and regulations, and use in private self-regulation, standardization, and the 
promotion of engineering practices and methods. By making these documents available for use and adoption 
by public authorities and private users, IEEE does not waive any rights in copyright to the documents.

1Available at: https://​development​.standards​.ieee​.org/​myproject​-web/​public/​view​.html​#landing.
2Available at: https://​standards​.ieee​.org/​content/​ieee​-standards/​en/​about/​contact/​index​.html.
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Photocopies

Subject to payment of the appropriate licensing fees, IEEE will grant users a limited, non-exclusive license to 
photocopy portions of any individual standard for company or organizational internal use or individual, non-
commercial use only. To arrange for payment of licensing fees, please contact Copyright Clearance Center, 
Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400; https://​www​.copyright​
.com/​. Permission to photocopy portions of any individual standard for educational classroom use can also be 
obtained through the Copyright Clearance Center.

Updating of IEEE Standards documents

Users of IEEE Standards documents should be aware that these documents may be superseded at any time 
by the issuance of new editions or may be amended from time to time through the issuance of amendments, 
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the 
document together with any amendments, corrigenda, or errata then in effect.

Every IEEE standard is subjected to review at least every 10 years. When a document is more than 10 years old 
and has not undergone a revision process, it is reasonable to conclude that its contents, although still of some 
value, do not wholly reflect the present state of the art. Users are cautioned to check to determine that they have 
the latest edition of any IEEE standard.

In order to determine whether a given document is the current edition and whether it has been amended through 
the issuance of amendments, corrigenda, or errata, visit IEEE Xplore or contact IEEE.3 For more information 
about the IEEE SA or IEEE’s standards development process, visit the IEEE SA Website.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE SA Website.4 Search for standard number and 
year of approval to access the web page of the published standard. Errata links are located under the Additional 
Resources Details section. Errata are also available in IEEE Xplore. Users are encouraged to periodically 
check for errata.

Patents

IEEE Standards are developed in compliance with the IEEE SA Patent Policy.5

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 https://​standards​.ieee​.org/​about/​sasb/​patcom/​patents​.html. Letters of Assurance may indicate 
whether the Submitter is willing or unwilling to grant licenses under patent rights without compensation 
or under reasonable rates, with reasonable terms and conditions that are demonstrably free of any unfair 
discrimination to applicants desiring to obtain such licenses.

Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not 
responsible for identifying Essential Patent Claims for which a license may be required, for conducting inquiries 
into the legal validity or scope of Patents Claims, or determining whether any licensing terms or conditions 
provided in connection with submission of a Letter of Assurance, if any, or in any licensing agreements are 

3Available at: https://​ieeexplore​.ieee​.org/​browse/​standards/​collection/​ieee.
4Available at: https://​standards​.ieee​.org/​standard/​index​.html.
5Available at: https://​standards​.ieee​.org/​about/​sasb/​patcom/​materials​.html.
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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.

IMPORTANT NOTICE

IEEE Standards do not guarantee or ensure safety, security, health, or environmental protection, or ensure against 
interference with or from other devices or networks. IEEE Standards development activities consider research 
and information presented to the standards development group in developing any safety recommendations. 
Other information about safety practices, changes in technology or technology implementation, or impact 
by peripheral systems also may be pertinent to safety considerations during implementation of the standard. 
Implementers and users of IEEE Standards documents are responsible for determining and complying with 
all appropriate safety, security, environmental, health, and interference protection practices and all applicable 
laws and regulations.
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Introduction

This introduction is not part of IEEE Std C57.154–2022, IEEE Standard for Liquid-Immersed Transformers Designed 
to Operate at Temperatures Above Conventional Limits Using High-Temperature Insulation Systems.

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, which has been defined as “conventional” 
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, loading beyond nameplate rating, and testing 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.

This is the second edition of this document and many changes have been driven by the latest revision of 
IEEE Std 1276™-2020, which is a guide. This revision to IEEE Std 1276-1997 incorporated most of the 
informative and tutorial text from the original version of IEEE Std C57.154, including all of the annexes and 
the detailed descriptions of various winding configurations, such as the mixed hybrid and full hybrid insulation 
systems. The IEEE Std C57.154 Working Group has also decided that high-temperature transformer design 
has reached a point in the industry such that specific details of every design variation are no longer necessary as 
part of the high-temperature liquid-immersed standard. This concept mirrors the main transformer documents 
where IEEE Std C57.12.00™ is valid for all types of transformers from pole mounted distribution transformers 
to large power transformers. The relationship of IEEE Std 1276-2020 is then similar to the product standards 
such as IEEE Std C57.12.10™.
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IEEE Standard for the Design, Testing, and Application of Liquid-

Immersed Distribution, Power, and Regulating Transformers Designed 

to Operate at Temperatures Above Conventional Limits 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 a temperature rise temperatures that exceeds exceed the normal thermal 

limits of IEEE Std C57.12.00™ 6 1 under continuous load, in the designed average ambient, and at 

rated conditions. 

 

6 1Information on references can be found in Clause 2. 
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1.2 Purpose 

This standard provides specific requirements for transformers which 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. 

1.3 Word usage 

The word shall indicates mandatory requirements strictly to be followed in order to conform to the 

standard and from which no deviation is permitted (shall equals is required to).7,8 

The word should indicates that among several possibilities one is recommended as particularly 

suitable, without mentioning or excluding others; or that a certain course of action is preferred but 

not necessarily required (should equals is recommended that). 

The word may is used to indicate a course of action permissible within the limits of the standard 

(may equals is permitted to). 

The word can is used for statements of possibility and capability, whether material, physical, or 

causal (can equals is able to). 

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. 

7The use of the word must is deprecated and cannot be used when stating mandatory requirements; must is used only to describe 

unavoidable situations. 

8The use of will is deprecated and cannot be used when stating mandatory requirements; will is only used in statements of fact. 
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IEEE Std 1276™, 1538TM, IEEE Guide for the Application Determination of Maximum Winding 

High-Temperature Insulation Materials Rise in Liquid-Immersed Distribution, Power, and 

Regulating Filled Transformers. 

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

Power, and Regulating Transformers. 9,10 2, 3 

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

Regulators. 

IEEE Std C57.100™, IEEE 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 C57.169™, IEEE Guide for Determination of Maximum Winding Temperature Rise in 

Liquid-Immersed Transformers. 

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

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

Apparatus Bushings. 

9 2The IEEE standards or products referred to in this clause are trademarks of The Institute of Electrical and Electronics Engineers, 

Inc. 

10 3IEEE publications are available from The Institute of Electrical and Electronics Engineers, 445 Hoes Lane, Piscataway, NJ 08854, 

USA (https http://standards.ieee.org/). 
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IEEE Std C57.19.03TM, IEEE Standard Requirements, Terminology, and Test Code for Bushings for 

DC Applications. 

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

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 IEEE Standards Dictionary Online.4 should be consulted for terms not defined in this 

standard or this clause.11 Refer to IEEE Std 1276 for additional definitions. 

conventional: insulation system: Solid A description applied to temperature-rise limits, insulation 

materials used throughout the transformer and insulating liquid, 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, and 80 °C 

hottest spot temperature rise, Given a 30 °C average ambient, this results in a and 110 °C hottest spot 

temperature. The thermal limits for the insulating liquid are defined as 65 °C top liquid oil 

temperature rise.12 

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. 

11 4IEEE Standards Dictionary Online subscription is available at: http://dictionary.ieee.org. An IEEE account is required for access to 

the dictionary, and one can be created at no charge on the dictionary sign-in page. 

http://www.ieee.org/portal/innovate/products/standard//standards_dictionary.html. 

12 5Notes in text, tables, and figures of a standard are given for information only and do not contain requirements needed to 

implement this standard. 
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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. 
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4. Insulation systems 

4.1 General 

An insulation system used in liquid-immersed transformers contains shall contain one or more solid 

materials to electrically insulate for insulating the conductive parts and a liquid to provide electrical 

for insulation and heat transfer. These insulation materials shall withstand electrical, mechanical, 

chemical, and thermal stresses for the expected life of the transformers. device The insulation 

systems used in transformers covered by this standard may be assigned an electrical insulation 

system (EIS) temperature rating based on service experience or based on an accepted test procedure 

that can demonstrate an equivalent life expectancy. to the conventional insulation system. The 

thermal class of an the insulation system shall may be determined by the test procedures defined in 

IEEE Std C57.100, which establishes the thermal index associated with the maximum hottest spot 

temperature for which the insulation system is expected to provide normal transformer life. In 

general, this Relative Thermal Index (RTI) test procedure defined in IEEE Std C57.100 uses failure of 

the solid insulation during accelerated aging in the liquid insulation as a determining factor in 

defining the hottest spot temperature capability of the insulation system, since solid insulation 

failure often defines the life of a transformer. The thermal class of the insulation system is then 

determined from the established thermal index (hottest spot temperature limit) and is defined as 10 

°C higher than this limit. that insulation system is expected to provide normal life. See Table 1 for a 

list of preferred insulation system thermal classes and the associated hottest spot temperature limits 

and thermal indices. 
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Table 1—Preferred insulation system thermal classes 

 
(New) 

 

 
(Deleted) 

 

 

 

 

 

 

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 21:51:38 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE C57.154-2022

http://www.avadocuments.com/doc/ieee-c57-154-2022
http://www.avadocuments.com/doc/ieee-c57-154-2022


 

 

4.2 Insulation system requirements 

Since the aging and lifetime of the insulation system strongly depend on temperature, different 

insulation systems combinations of insulating materials with different thermal classes are generally 

used in order to optimize the thermal and economical design of the transformer. Several In order to 

simplify and standardize, three distinct types of high-temperature insulation systems are defined in 

IEEE Std 1276-2020, based on the degree of high-temperature insulation content. Note that the 

conventional insulation system is not within the scope of this document, except for comparison 

purposes,. Specific high-temperature insulation system descriptions are also detailed in IEEE Std 

1276-2020, along with specific examples of possible winding types associated with each system. 

However, it is important to describe here the fundamental concepts of the two main insulation 

systems that are the topic of this standard: hybrid, and high-temperature insulation systems. Since 

many variations of these systems are possible, it is not practical to try to detail every combination. 

However, adherence to the fundamental concepts described here shall be even if high-temperature 

materials are used, when all conventional temperatures are maintained. 

NOTE—Although a core form transformer is used to illustrate the various insulation systems in the 

following clauses, the application of this standard is not limited to this type of transformer. Each of 

the systems described is an illustration of the definition, and the description may be applied to a 

distribution layer-type winding or a shell form transformer pancake winding as well.5 

4.2 Winding insulation types 

4.2.1 General  

The transformer winding insulation is a component of the insulation system. The following clauses 

illustrate different insulation winding types with examples based on power transformers, which 

have a high degree of winding separation. Table 2 in 4.2.2 summarizes and compares the different 

variations. 

 

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 21:51:38 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE C57.154-2022

http://www.avadocuments.com/doc/ieee-c57-154-2022
http://www.avadocuments.com/doc/ieee-c57-154-2022


 

 

NOTE—The insulation systems may be explained by considering the transformer as an assembly of 

individual isolated windings separated by insulation barriers and cooling channels. A series of 

winding types can then be used to illustrate how parts of different systems may be combined in a 

single transformer. 

The barrier insulation between the individual windings shall be treated as a separate entity when 

properly designed cooling channels separate the material from the winding itself. In this case, the 

liquid circulation provides sufficient cooling to avoid exceeding the lower thermal capability of the 

barrier insulation. If the barrier insulation touches the winding, it shall be considered part of that 

winding. This is especially important for layer type windings when the layer insulation touches the 

winding conductor. In this application, the layer insulation shall be treated in the same manner as 

the winding conductor insulation. 

4.2.2 Summary of insulation system types 

Table 2 summarizes the key attributes that identify the different winding insulation systems. 

Table 2 —Insulation winding/system comparison 

 
(Deleted) 

a Only basic winding components are shown and other high-temperature insulation may be 

required depending on the results of the thermal mapping. 

b Some conventional insulation is acceptable in locations where conventional temperatures are 

maintained. 
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4.2.3 Hybrid insulation winding types 

There shall be two hybrid insulation winding types that share the use of conventional barrier 

insulation and the use of high-temperature insulation on the windings. 

4.2.3.1 Mixed hybrid insulation winding 

The mixed hybrid insulation winding shall use high-temperature insulation for certain components 

or parts of windings, such as the conductors in regions operating at temperatures above 

conventional limits. However, the majority of the solid insulation shall be conventional. The average 

winding temperature is conventional while a portion of the winding exceeds conventional hottest 

spot temperatures. See Figure 1 for an illustration of this type of winding. 

NOTE—This winding type uses high-temperature insulation to protect only a portion of the 

winding from temperatures that exceed the conventional hottest spot temperature limit. The key to 

this winding type is that the average winding temperature remains equal to or below conventional 

limits and only a portion of the winding exceeds the conventional hottest spot temperature limit. 

Examples of winding zones with extra losses and higher heat development that could benefit from 

high-temperature insulation: 

a) Winding ends due to the radial component of the magnetic leakage field 

b) Zones of rectifier or converter transformer windings where harmonic currents might be 

concentrated 

Type of material in winding 

High-temperature insulation applied to minor selected areas of the winding and used with the 

specific intent to protect strategic locations from excessive aging 

Type of material in barriers 

Conventional 
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Temperature limits (see Table 3) 

Average winding: Conventional 

Winding hottest spot: Higher than conventional 

 
(Deleted) 

Figure 1 —Illustration of a mixed hybrid insulation winding 

4.2.3.2 Full hybrid insulation winding 

The full hybrid insulation winding shall use high-temperature material throughout the winding, 

which operates above conventional temperatures. The conductor insulation and the radial and axial 

spacers separating the coil sections shall be composed of high-temperature materials. Other 

insulation components shall also be composed of high-temperature materials, where conventional 

temperatures are exceeded. Conventional insulation shall be used in all other areas, such as barrier 

cylinders and angle rings that operate at conventional temperatures. See Figure 2 for an illustration 

of this type of winding. 
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NOTE—The full hybrid insulation winding is similar to the high-temperature winding. The 

differences are the barriers and peripheral insulation made of conventional material. 

Type of material in winding 

High-temperature for all insulation operating at temperatures higher than conventional 

Type of material in barriers 

Conventional 

Temperature limits (see Table 3) 

Average winding: Higher than conventional 

Winding hottest spot: Higher than conventional 

 
(Deleted) 

Figure 2 —Illustration of a full hybrid insulation winding 
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4.2.4 High-temperature insulation winding 

This winding style shall use high-temperature insulation material throughout the winding such as 

conductor insulation, radial and axial spacers separating the coil sections, barrier cylinders and 

angle rings. See Figure 3 for an illustration of this winding style. 

Type of material in winding 

High-temperature 

Type of material in barriers 

High temperature 

Temperature limits (see Table 4) 

Average winding: Higher than conventional 

Winding hottest spot: Higher than conventional 

 
(Deleted) 

Figure 3 —Illustration of a high-temperature insulation winding 
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4.3 Hybrid insulation system 

The fundamental concept of a hybrid insulation system is that conventional insulation system liquid 

thermal limits, as defined in IEEE Std C57.12.00, shall be maintained. Insulation systems with 

different thermal classes may be used within a specific winding configuration as long as 

conventional insulation system liquid thermal limits are maintained. This requirement allows 

significant advantages in that all accessories, gaskets, and other temperature sensitive peripheral 

equipment remain conventional. Any combination of insulation system thermal classes may be used 

in a hybrid insulation system as long as the thermal profile of the design supports the thermal 

capability of the insulation system at any specific location and conventional insulation system liquid 

thermal limits are maintained. 

4.4 High-temperature insulation system 

The fundamental concept of a high-temperature insulation system is that the liquid operates at 

temperatures above the conventional insulation system liquid thermal limits, as defined in IEEE Std 

C57.12.00. As with a hybrid insulation system, a high-temperature insulation system may use any 

combination or range of insulation system thermal classes for a specific winding configuration as 

long as the thermal capability of the insulation system is not exceeded at any specific location. Such 

elevated temperatures are driven by elevated liquid temperatures at some locations in the winding 

or in the winding end insulation structures. Therefore, it is critically important to understand the 

thermal capability, or maximum operating temperature, of the liquid when used at temperatures 

above the conventional insulation system liquid thermal limits. The maximum operating 

temperature of a liquid may be determined by an accepted test procedure or may be assigned by the 

liquid manufacturer and shall be agreed between liquid manufacturer and purchaser. 
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4.5 Insulation system thermal verification 

Sufficient testing shall be performed to verify the thermal profile. of the transformer design, and to 

confirm the thermal suitability for the insulation systems used in specific locations. This shall be 

accomplished by actual thermal measurements measurement of critical locations taken during 

prototype and/or unit testing. or using validated thermal calculations. Once thermally mapped, 

insulation systems materials shall be selected appropriately to match the temperature requirements 

of the specific locations location. Supporting test data sufficient to validate the manufacturer’s 

thermal model shall be available upon request as part of the type testing. IEEE Std C57.169 1538 

provides guidance for the determination of maximum winding temperature-rise in liquid-immersed 

filled transformers. 

5. Temperature limits 

Continuous Maximum temperature limits for various insulation systems combinations of solid and 

liquid insulating materials are presented in Table 2 3 and Table 3. 4 These limits are theoretical and 

are based on the insulation system thermal class. Any combination of temperatures of transformer 

windings and liquids can be selected as long as the values do not exceed the limits defined in Table 2 

and Table 3. Rated temperature-rise values that are selected lower than the maximum shown shall 

be selected on 5 °C increments. An accurate thermal model verified by adequate test data shall be 

required to determine the actual maximum values of any specific transformer design. 
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The many different types of dielectric insulating liquids available offer a range of thermal 

capabilities, and typical parameters are compared in Annex A. However, due to the many different 

characteristics for simplification, this standard uses only three liquid thermal classes as examples: 

105, 130, and 155. Each of high-temperature these thermal classes is represented by mineral oil, ester, 

and silicone liquids, and the lack respectively. This standard does not make a distinction between 

ester liquids based on the source of the product. Consequently, both synthetic and natural ester 

liquids are considered thermally equivalent. Note that other liquids are not intended to be excluded, 

and limits appropriate to a specific thermal test at the time of writing this document, it is not 

possible to specify capability shall be applied according to the thermal class for a generic class of 

liquids with any certainty. Consequently, this standard suggests maximum operating temperatures 

higher than that of the conventional insulation system liquid thermal limits. Thermal limits for a 

specific of the liquid. should be obtained from the liquid manufacturer. 

See IEEE Std 1276 for more information on the thermal capabilities of different insulation systems. 

NOTE 1—Some of the limiting factors to be considered in determining the permissible maximum 

temperatures are: 

a) Aging of materials such as cellulose-based insulation, which introduces moisture inside the 

transformer tank; 

b) Velocity of the liquid in the cooling ducts, since long exposure of the liquid to high temperature 

will accelerate degradation; 

c) Accelerated aging of the liquid and insulating materials due to catalytic action caused by the 

presence of bare copper and silver surfaces, which generate by-products, such as particles and 

copper derivatives dissolved in insulating liquids; 

d) Gas bubbles caused by overheated trapped moisture between the winding conductors and the 

conductor insulation; 
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