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Figure B.1 and Table B.1 through Table B.4 have been modified with permission from Doble Engineering
Company, Lewand, L. R., “Laboratory evaluation of several synthetic and agricultural-based dielectric
liquids,” Proceedings of the 86™ Annual International Conference of Doble Clients, Doble Engineering
Company, Watertown, MA, USA, 2001.

Figure B.2, Figure B.3, and Figure B.4 have been reprinted with permission from McShane, C. P., Luksich,
J., and Rapp, K. J., “Retrofilling aging transfomer with natural ester based dielectic coolant for safety and
life extension,” Proceedings of the IEEE-IAS/PCA Cement Industry Technical Conference, Dallas, TX,
USA, May 2003.

Abstract: The evaluation and handling procedures for natural ester transformer insulating fluids
are covered. The transformer operator is assisted by the purpose of the guide, which is to evaluate
the serviceability of new, unused fluids being received by the equipment manufacturer or service
company and fluid in new equipment. The operator is also assisted by the guide in maintaining the
fluids in serviceable condition.

Keywords: dielectric coolant, high fire point fluid, insulating fluid, less flammable fluid, natural
ester fluid, transformer, vegetable oil
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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. 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 C57.147-2008, IEEE Guide for Acceptance and Maintenance of Natural Ester
Fluids in Transformers.

This guide was prepared by the Insulating Fluids Subcommittee of the Transformers Committee of the
IEEE Power & Energy Society. The purpose of this guide is to identify standards for acceptance and
maintenance of natural ester fluids in transformers.

The ASTM D27 Committee formed a working group in May 2006 to establish a method and value limits
for oxidation stability of natural esters. Also, a power factor valued oxidation test method for the stability
of mineral insulating oil used for decades by some in the electrical power industry, developed by a private
testing firm, appears suitable to a wide range of natural esters dielectric coolants. See B.1 for details.

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.icee.org.

o Documents
Copyright © 2008 IEEE. All rights reserved. Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 21:37:21 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C57.147-2008


http://ieeexplore.ieee.org/xpl/standards.jsp
http://standards.ieee.org
http://www.avadocuments.com/doc/ieee-c57-147-2008
http://www.avadocuments.com/doc/ieee-c57-147-2008

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 Acceptance and
Maintenance of Natural Ester Fluids in
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.iece.org/IPR/
disclaimers.html.

1. Overview

1.1 Scope

This guide recommends tests and evaluation procedures, as well as criteria and methods of maintenance,
for natural ester-based transformer insulating fluids. These base fluids are also known as vegetable seed
oils. Methods of reconditioning natural ester-based insulating fluids are also described. Where instructions
given by the transformer or fluid manufacturer differ from those given in this guide, the manufacturer’s
instructions are to be given preference.

1.2 Purpose

There is growing interest in and usage of natural ester dielectric coolants for transformer applications.
These fluids are currently being used in the range of small distribution class transformers to medium power
transformers. They are being applied in new equipment and for retrofilling existing equipment. It is
important that a guide be developed to assist the transformer operator in maintaining the fluid in
serviceable condition. This guide, therefore, recommends standard tests and evaluation procedures,
methods of reconditioning and reclaiming natural ester fluids, and the analysis results at which reprocessing
becomes necessary. It will also address the routines for restoring resistance to oxidation, where desired, by
the addition of inhibitors.
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1.3 System design

The reliable performance of natural ester fluids in an insulation system depends upon certain basic fluid
characteristics that can affect overall apparatus characteristics. Such fluid characteristics are integral to
equipment design for which the manufacturer should have final responsibility. The reliable operation of the
equipment in service, for which the transformer operator should have final responsibility, also depends on
maintaining certain basic fluid characteristics. Adherence to the recommended fluid characteristics will
assist in obtaining the desired equipment characteristics. Other tests or verification of the integrity of the
insulation system may be necessary.

The essential properties of insulating fluids used in transformers must be maintained if the fluid is to
perform its multiple roles as an electrical insulating and a heat transfer agent. It must have adequate
dielectric strength to withstand the electric stresses imposed in service. It must have a certain combination
of thermal conductivity, specific heat, and viscosity so that its ability to transfer heat is sufficient for the
particular equipment. It must have sufficiently high flash point and fire point to meet safety requirements.
The natural ester fluid should not be allowed to become so deteriorated or contaminated that it adversely
affects other materials in the apparatus. If the purpose of using a natural ester fluid is to comply with
Article 450-23 of the National Electrical Code® (NEC®) (NFPA 70)"? (for example, to use a transformer
indoors without a vault), it is required that less flammable transformer liquids have an ASTM D92 fire
point of not less than 300 °C and that the installation complies with all restrictions provided for in the
product listing of the fluid (see Article 100 of the NEC).

1.4 Background information on mixtures of natural ester fluids with other
dielectric liquids

Natural ester fluids are miscible and compatible with hydrocarbon, as well as with halogenated
hydrocarbon insulating liquids. Mixing with conventional transformer oil of petroleum origin will lower the
flash point and can lower the fire point of the natural ester fluid. If the fire point (ASTM D92) of the
contaminated natural ester fluid is less than 300 °C, the transformer will not meet the requirements of
Article 450-23 of the NEC. In general, key properties values of mixtures of mineral oil and natural ester-
based dielectric fluids are relative to the ratio of the mixture. (See B.5 for examples.)

Although in many cases different types of less flammable fluids [e.g., synthetic esters, synthetic
hydrocarbons, and high molecular weight hydrocarbons (HMWHSs)] are miscible, such mixtures should
generally be avoided in transformers and fluid processing equipment. Silicone oils are not miscible with
natural esters or HMWH dielectric fluids, and mixtures should be avoided. Silicone content as low as
1 uL/L can cause foaming during processing. Consult with the manufacturer of each fluid for advice if
mixing has occurred or is necessary.

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.

! Information on references can be found in Clause 2.
2 National Electrical Code and NEC are both registered trademarks of the National Fire Protection Association, Inc.
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Accredited Standards Committee C2, National Electrical Safety Code™ (NESC®).**
ASTM D92, Standard Test Method for Flash and Fire Points by Cleveland Open Cup Tester.’
ASTM D97, Standard Test Method for Pour Point of Petroleum Products.

ASTM D445, Standard Test Method for Kinematic Viscosity of Transparent and Opaque Liquids (and
Calculation of Dynamic Viscosity).

ASTM D664, Standard Test Method for Acid Number of Petroleum Products by Potentiometric Titration.
ASTM D923, Standard Practices for Sampling Electrical Insulating Liquids.

ASTM D924, Standard Test Method for Dissipation Factor (or Power Factor) and Relative Permittivity
(Dielectric Constant) of Electrical Insulating Liquids.

ASTM D971, Standard Test Method for Interfacial Tension of Oil Against Water by the Ring Method.
ASTM D974, Standard Test Method for Acid and Base Number by Color-Indicator Titration.

ASTM D1169, Standard Test Method for Specific Resistance (Resistivity) of Electrical Insulating Liquids.
ASTM D1275, Standard Test Method for Corrosive Sulfur in Electrical Insulating Oils.

ASTM D1298, Standard Test Method for Density, Relative Density (Specific Gravity), or API Gravity of
Crude Petroleum and Liquid Petroleum Products by Hydrometer Method.

ASTM DI500, Standard Test Method for ASTM Color of Petroleum Products (ASTM Color Scale).

ASTM DI1524, Standard Test Method for Visual Examination of Used FElectrical Insulating Oils of
Petroleum Origin in the Field.

ASTM D1533, Standard Test Methods for Water in Insulating Liquids by Coulometric Karl Fischer
Titration.

ASTM DI816, Standard Test Method for Dielectric Breakdown Voltage of Insulating Oils of Petroleum
Origin Using VDE Electrodes.

ASTM D2112, Standard Test Method for Oxidation Stability of Inhibited Mineral Insulating Oil by
Pressure Vessel.

ASTM D2300, Standard Test Method for Gassing of Insulating Liquids Under Electrical Stress and
Ionization (Modified Pirelli Method).

ASTM D2440, Standard Test Method for Oxidation Stability of Mineral Insulating Oil.

ASTM D2945, Standard Test Method for Gas Content of Insulating Oils.

3 The NESC is available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, Piscataway, NJ 08854, USA
(http://standards.ieee.org/).
# National Electrical Safety Code and NESC are both registered trademarks and service marks of the Institute of Electrical and
Electronics Engineers, Inc.

5 ASTM publications are available from the American Society for Testing and Materials, 100 Barr Harbor Drive, West
Conshohocken, PA 19428-2959, USA (http://www.astm.org/).
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