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Abstract: A test procedure to provide a uniform method for investigating the effect of operating
temperature on the life expectancy of liquid-immersed transformers is provided. The test
procedures are intended to provide data for the selection of a limiting hottest-spot temperature for
rating purposes, provide data which may serve as the basis for a guide for loading, and permit the
comparative evaluation of a proposed insulation system with reference to a system that has
proven to be acceptable in service.

Keywords: aging, distribution transformers, IEEE C57.100, life tests, liquid immersed, power
transformers, test procedures, thermal evaluation
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publication, use of, or reliance upon any IEEE Standard document.
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Introduction

This introduction is not part of IEEE Std C57.100-2011, IEEE Standard Test Procedure for Thermal Evaluation of
Insulation Systems for Liquid-Immersed Distribution and Power Transformers.

This standard is intended to establish test procedures for evaluating the insulation systems of liquid-
immersed transformers. The electrical insulation of transformers is subject to electrical, mechanical, and
thermal stresses occurring in different parts of the structure. How long the insulation system will be
serviceable depends on the transformer design and the severity of the stresses acting on it, as well as on the
materials themselves and the service environment. Therefore, the length of useful life of the insulation
system depends on the way that its individual components are arranged, their interactions upon each other,
the contribution of each component to the electrical and mechanical integrity of the system, and the way the
transformer is manufactured and operated.

Experience has shown that the thermal life characteristics of composite insulation systems cannot be
reliably inferred solely from information concerning individual component materials. To assure satisfactory
service life, transformer designs need to be verified by service experience or accelerated life tests. Tests on
complete insulation systems, representative of each transformer design, are necessary to confirm the
performance of materials for their specific functions in the transformer.

During the preparation of prior editions of this standard, manufacturers built and tested more than one
hundred complete distribution transformers. The results of these tests, while not specifically published,
confirmed the practicality of the test procedures in this standard for liquid-immersed distribution
transformers. Subsequent to this work, it was recognized by prior working groups that a need existed for a
similar test procedure for power transformers. To fulfill this need, two projects on “Basic Transformer Life
Characteristics” were completed by the Electric Power Research Institute (EPRI) in 1982 [B6], [B7].”
Limited testing was performed on insulated coils, models, and model assemblies. The information obtained
from these EPRI projects was used to extend the test procedures in this standard to power transformers.

Manufacturers occasionally make changes in the insulation used in transformers. This occurs due to the
development of a new material or a change in vendors. In some cases, a preferred material will no longer be
available, or a preliminary evaluation of the potential of a new insulation system is needed. It is reasonable
to permit a reduced scale thermal test to determine that the change will not reduce the life of the
transformer. For this situation, a single point aging test described in Annex A is specified using the
procedure outlined in Annex B (similar to the Annex A from IEEE Std C57.100-1999). In situations where
more than a minor change to the insulation system is made, a comparison to the industry-proven system
must be made. This revision deals with how such a comparison is to be conducted.

In addition to the use of a comparison test to the industry-proven system, this revision of IEEE Std C57.100
deals with issues raised during the ballot for the 1999 revision of this document, as well as issues that have
developed during the intervening time period. These issues included the need for a simplified model test for
power transformers, as well as the need for evaluation methods for materials of dissimilar thermal
capability. The old Annex A from IEEE Std C57.100-1999 has been modified to become part of the
materials testing section in the new annex, which will also include a new dual-temperature sealed tube test
method in Annex C. In the case of the distribution transformer and power transformer model test, the
difference in performance between the candidate system and the industry-proven system can be compared
directly by test. In the case of the materials tests described in Annex B and Annex C, the difference
between the industry-proven system and the candidate system are also obtained, but the correlation of this
difference to transformer life may require confirmation from industry experience. The scope of this
document notes that the dielectric liquid is part of the insulation system, but evaluations of the fluid portion
of the insulation system are not part of this test procedure. While fluids are a critical part of the insulation
system, since they can be reprocessed or exchanged, this document only investigates the solid insulation
components as the limiting factor of the insulation system.

# The numbers in brackets correspond to those of the bibliography in Annex E.
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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/findstds/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/findstds/interps/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 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 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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IEEE Standard Test Procedure for Thermal Evaluation of Insulation

Systems for Liquid-Immersed Distribution and Power Transformers

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 regulatory 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.iece.org/IPR/disclaimers.html.

1. Overview

1.1 Scope

This test—procedure—is—intended standard applies to give—a—direet—evaluation—of—the—thermal—aging
charaeteristies—of the-compeosite- the insulation systems used in all liquid-immersed distribution and power

transformers. This standard provides test procedures to evaluate the thermal aging characteristics of
insulation systems used in liquid-immersed distribution or power transformers. The evelution-ofbubbles-or
their-effect-on-dielectric
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1.2 Purpose

The objective of this test procedure is to establish uniform methods for investigating the effects of
operating temperature on the life expectancy of liquid-immersed transformer insulation systems. The results

of these test procedures are expected to

a) Provide the basis for the selection of a limiting hottest-spot temperature for rating purposes

b) Provide life curves that may serve as the basis for a guide for loading
¢) Permit the comparative evaluation of a proposed insulation system with reference to an industry-

proven system that has been shown to be acceptable in service—Fhe-mintmum-tife-expeetaney—eurveto-be

where
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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.

IEC TS 62332-1— Electrical Insulation Systems (EIS) — Thermal Evaluation of Combined Liquid and
1

Solid Components—Part 1: General Requirements.

IEEE Std C57.12.004993;™, [EEE Standard General Requirements for Liquid-Immersed Distribution,

Power, and Regulating Transformers. 2 >

IEEE Std C57.12.90-1999,™ [EEE Standard Test Code for Liquid-Immersed Distribution, Power, and

Regulating Transformers.

IEEE Std C57.91-4995;™, [EEE Guide for Loading Mineral-Oil-Immersed Transformers.

IEEE Std 1™, IEEE General Principles for Temperature Limits in the Rating of Electrical Equipment and for

the Evaluation of Electrical Insulation.
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IEEE Std 99™, IEEE Recommended Practice for the Preparation of Test Procedure for the Thermal

Evaluation of Insulation Systems for Electric Equipment.

IEEE Std 101™, IEEE Guide for the Statistical Analysis of Thermal Life Test Data.

3. Definitions

For the purposes of this document, the following terms and definitions apply. The IEEE Standards

Dictionary: Glossary of Terms & Definitions should be referenced for terms not defined in this clause.?
3.1 Industry-proven insulation system

Decades of operating equipment manufactured using an insulation system including thermally upgraded
kraft paper, cellulosic pressboard, and mineral oil has shown that a minimum life expectancy of at least
20.5 years (180 000 hours) may be assumed if the hottest-spot temperature, at rated load as defined in IEEE
Std C57.12.00, is maintained. This proven insulation system includes a manufacturing process, which
provides initial drying to a moisture content of 0.25% to 0.50% moisture by weight, and after processing, the

insulation system will be sealed to prevent the ingress of air (oxygen) and moisture.

The minimum life expectancy curve from IEEE Std C57.12.00 to be used for comparison purposes is

repeated here by Equation (1) and displayed in Figure 1.

15000

T+273

- ETJJM]

L!F.E:EXP[ (1)

L 1EC publications are available from the Sales Department of the International Electrotechnical Commission,

Case Postale 131, 3, rue de Varembé, CH-1211, Genéve 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 431d Street, 4th Floor, New York, NY 10036, USA.

2 [EEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane,

Piscataway, NJ 08854, USA (http://standards.ieee.org/).

3 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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