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IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinat-
ing Committees of the IEEE Standards Association (IEEE-SA) Standards Board. Members of the
committees serve voluntarily and without compensation. They are not necessarily members of the
Institute. The standards developed within IEEE represent a consensus of the broad expertise on the
subject within the Institute as well as those activities outside of IEEE that have expressed an inter-
est in participating in the development of the standard.

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. Every IEEE Standard is sub-
jected 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.

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.

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 rep-
resent a consensus of all 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.

Comments on standards and requests for interpretations should be addressed to:

Secretary, IEEE-SA Standards Board
445 Hoes Lane

P.O. Box 1331

Piscataway, NJ 08855-1331

USA

Note: 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 stgndard,
no position is taken with respect to the existence or validity of any patent rights in
connection therewith. The IEEE shall not be responsible for identifying patents for
which a license may be required by an IEEE standard or for conducting inquirig¢s into
the legal validity or scope of those patents that are brought to its attention.

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;
(978) 750-8400. Permission to photocopy portions of any individual standard for educational class-
room use can also be obtained through the Copyright Clearance Center.
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Introduction

(This introduction is not a part of IEEE Std C57.121-1998, IEEE Guide for Acceptance and Maintenance of Less Flam-
mable Hydrocarbon Fluid in Transformers.)

This guide was prepared by the Insulating Fluids Subcommittee of the Transformers Committee of the IEEE
Power Engineering Society. The purpose of this guide is to identify standards for acceptance and mainte-
nance of high-temperature hydrocarbon fluids in transformers.

At the time this guide was published, it was under consideration for approval as an American National Stan-
dard. The Accredited Standards Committee on Transformers, Regulators, and Reactors, C57, had the follow-
ing members at the time this guide was sent to letter ballot:

P. Orehek,Chair J. D. Borst, Vice Chair
J. A. Gauthier, Secretary
Organization Represented Name of Representative
Electric Light and POWET GrOUP ........ocuviiiiiiieiiiie et P. Melegation Chair)
T. Diamantis
K. S. Hanus

G. N. Miller (Alt.)
C. G. Niemann

S. Paiva
J. Sullivan
Institute of Electrical and Electronics ENGINEErs ..........cccooviiiieeeeiniiieeee e BDR#&ghtion Chair)
W. B. Binder
J. D. Borst
J. H. Harlow
J. W. Matthews
National Electrical Manufacturers ASSOCIAtioN ..........cccocveeviiveeniieeenineens P. Hopkidelegation Chair)
M. Austin
G. Coulter
S. Endersbe
A. Ghafourian
K. Linsley
R. Plaster
H. Robin
H. J. Sim(Alt.)
TennesSee Valley AULNOIILY.........oii et s F. Lewis
UNAerwriters LabOratoriES, INC.......oouuueiiieie ettt e e et e e e et e e e e e e e s saaa e s e snaaeeaees M. Schacker
U.S. Department of Agricultur&®ural Utilities Services..........ccccvvvviiiiiiiiiieeiineens Mehrdad Eskandary
U.S. Department of Energyestern Area Power Administration.............ccccvveveeviiiveneennn. K. C. Wolohan
U.S. Department of the Nav@ivil Engineering COrpS.........occuveeeeeeiiiieeeeeniiieeee e C. M. Mandeville
The following persons were in the working group for the revision of this standard:
C. Patrick McShane,Chair
F. J. Gryszkiewicz F. Jakob J. J. Kelly
T. J. Haupert D. W. Sundin
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IEEE Guide for Acceptance and
Maintenance of Less Flammable
Hydrocarbon Fluid in Transformers

1. Overview

1.1 Scope

This guide recommends teS@nd evaluation procedures, as well as criteria and methods of maintenance,
for less flammable hydrocarbon (LFH) transformer insulating fluids. These liquids are also known as high
molecular weight hydrocarbon (HMWH) fluids. HMWH dielectric fluids are hereby defined as those fluids
having an ASTM D92 fire point of 30@ or greater, being primarily composed of, but not restricted to,
hydrocarbons. These fluids meet the requirements of the National Electrical Code® (NEC®) (NFPA 70-
1999),2 Article 450-23, as a less flammable dielectric for use in indoor applications when used in properly
designed and installed transformers. Ester- and silicone-based fluids are not covered by this guide. Methods
of reconditioning LFH fluids are also described. It is not the intent of this guide to address retrofilling trans-
formers with LFH fluids. Any such substitution of fluids should be performed only after consultation with
the manufacturers of fluid and equipment. Where instructions given by the transformer or fluid manufactur-
ers differ from those given in this guide, the manufacturer’s instructions are to be given preference.

1.2 Purpose

The purpose of this guide is to assist the transformer operator in evaluating and processing LFH fluids
received in new transformers, as received from the fluid manufacturer for filling transformers, and as pro-
cessed into such equipment. It also assists the operator in maintaining the fluid in serviceable condition. This
guide, therefore, recommends standard tests and evaluation procedures, methods of reconditioning and
reclaiming LFH fluids, and the analysis results at which these processes become necessary. It will also
address the routines for restoring resistance to oxidation, where desired, by the addition of inhibitors.

1Al test methods used to evaluate LFH fluids should be the latest versions available from the American Society of Testing and Materi-
als, 100 Barr Harbor Drive, West Conshohocken, PA, 19428-2959, USA (http://www.astm.org/).
2Information on references can be found in Clause 2.
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1.3 System design

The reliable performance of LFH 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 has final responsibility. The reliable operation of the equipment in service, for which
the transformer operator has final responsibility, also depends on maintaining certain basic fluid characteristics.
Adherence to the recommended fluid characteristics will assist in obtaining the desired equipment characteris-
tics. Other tests or verification of the integrity of the insulation system are often necessary.

The essential properties of insulating fluids used in transformers must be maintained if the fluid is to perform
its multiple role as an electrical insulating and 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 conduc-
tivity, 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 fluid’s dielectric
losses should not become excessive. The LFH fluid should not be allowed to become so deteriorated or con-
taminated that it adversely affects other materials in the apparatus, nor should deterioration products
(sludge) impair its circulation through cooling ducts. If the purpose of using an HMWH is to comply with
NEC Article 450-23 requires that less flammable transformer liquids have an ASTM D92 fire point of not
less than 300C and that the installation complies with all restrictions provided for in the listing of the fluid.

1.4 Background information
1.4.1 Mixtures of LFH fluids with other liquids

LFH fluids are miscible and compatible with other hydrocarbon insulating liquids as well as with haloge-
nated hydrocarbons. Mixtures with conventional transformer oil will lower the flash and fire points of the
LFH fluid. If the fire point (ASTM D92) of the contaminated LFH fluid is less than°@Q@he transformer

will not meet the requirements of NEC Article 450-23.

1.4.2 Mixtures of different types of LFH fluids

Although in many cases different types of LFH fluids are miscible (e.g., synthetic hydrocarbons, petroleum-
based hydrocarbons), such mixtures should generally be avoided in transformers and fluid processing equip-
ment due to a possible unacceptable decrease in flash and fire points. Consult the manufacturer of each fluid
for advice if mixing has occurred or is necessary.

2. References

The following references should be used in conjunction with this guide. When any of the following stan-
dards is superseded by an approved revision, the revision shall apply.

ASTM D5222-92, Standard Guide for High Fire-Point Electrical Insulating Oils of Petroleum @)rigin.

IEC 60156: 1995, Insulating liquids—Determination of the breakdown voltage at power frequency—Test
method?

SASTM 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/).

4EC 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, 11 West 42nd Street, 13th Floor, New York, NY 10036, USA
(http://www.ansi.org/).
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