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Abstract: Detailed procedures for analyzing gas from gas spaces or gas-collecting devices as
well as gas dissolved in oil are described. The procedures cover: 1) the calibration and use of
field instruments for detecting and estimating the amount of combustible gases present in gas
blankets above oil, or in gas detector relays; 2) the use of fixed instruments for detecting and
determining the quantity of combustible gases present in gas-blanketed equipment; 3) obtaining
samples of gas and oil from the transformer for laboratory analysis; 4) laboratory methods for
analyzing the gas blanket and the gases extracted from the oil; and 5) interpreting the results in
terms of transformer serviceability. The intent is to provide the operator with useful information
concerning the serviceability of the equipment. An extensive bibliography on gas evolution,
detection, and interpretation is included.

Keywords: gas analysis, oil, oil-filled transformers, transformers

The Institute of Electrical and Electronics Engineers, Inc.
3 Park Avenue, New York, NY 10016-5997, USA

Copyright © 2009 by the Institute of Electrical and Electronics Engineers, Inc.
All rights reserved. Published 2 February 2009. Printed in the United States of America.

IEEE is a registered trademark in the U.S. Patent & Trademark Office, owned by the Institute of Electrical and Electronics Engineers,
Incorporated.

Second printing: 9 March 2009: A correction to Figure 3 is included in this printing.

PDF:  ISBN 978-0-7381-5834-1 STD95846
Print:  ISBN 978-0-7381-5835-8 STDPD95846

No part of this publication may be reproduced in any form, in an electronic retrieval system or otherwise, without the prior written permission
of the publisher.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 18:10:14 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C57.104-2008


http://www.avadocuments.com/doc/ieee-c57-104-2008
http://www.avadocuments.com/doc/ieee-c57-104-2008

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. When a document is more than five years old and has not been
reaffirmed, 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. Comments on standards and requests for interpretations should be submitted to the
following address:

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 C57.104-2008, IEEE Guide for the Interpretation of Gases Generated in
Oil-Immersed Transformers.

IEEE Std C57.104-1991 was officially withdrawn by IEEE based on recommendation by the Transformers
Committee of the IEEE Power & Energy Society at the end of 2005. The intent of this document has been
focused on making minor changes to address some of the most pressing issues (such as correcting typos,
factual errors, and the values listed in Table 1 of the 1991 version of the guide), and to publish this guide
for use by the industry.

Upon publication of this document, the working group plans to immediately begin the process of further
revision to the guide to reflect additional advances in current knowledge and trends, and to incorporate
relevant material presented during a previous unsuccessful attempt to revise the guide.

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://iecexplore.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.icee.org.
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Errata

Errata, if any, for this and all other standards can be accessed at the following URL:
http://standards.ieee.org/reading/ieee/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 guide may require use of subject matter
covered by patent rights. By publication of this guide, 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 guide 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 Guide for the Interpretation of
Gases Generated in Oil-lmmersed
Transformers

IMPORTANT NOTICE: This standard is not intended to assure safety, security, health, or environmental
protection_in_all circumstances. 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.ieee.org/IPR/disclaimers. html.

1. Overview

The detection of certain gases generated in an oil-filled transformer in service is frequently the first available
indication of a malfunction that may eventually lead to failure if not corrected. Arcing, partial discharge, low-
energy sparking, severe overloading, pump motor failure, and overheating in the insulation system are some
of the possible mechanisms. These conditions occurring singly, or as several simultaneous events, can result
in decomposition of the insulating materials and the formation of various combustible and noncombustible
gases. Normal operation will also result in the formation of some gases. In fact, it is possible for some
transformers to operate throughout their useful life with substantial quantities of combustible gases present.
Operating a transformer with large quantities of combustible gas present is not a normal occurrence but it does
happen, usually after some degree of investigation and an evaluation of the possible risk.

In a transformer, generated gases can be found dissolved in the insulating oil, in the gas blanket above the oil,
or in gas collecting devices. The detection of an abnormal condition requires an evaluation of the amount of
generated gas present and the continuing rate of generation. Some indication of the source of the gases and the
kind of insulation involved may be gained by determining the composition of the generated gases.

1.1 Scope

This guide applies to mineral-oil-immersed transformers and addresses:

a) The theory of combustible gas generation in a transformer
b) The interpretation of gas analysis
c¢) Suggested operating procedures

d) Various diagnostic techniques, such as key gases, Dornenberg ratios, and Rogers ratios
e) Instruments for detecting and determining the amount of combustible gases present
f) A bibliography of related literature
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