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| EEE Standar ds documents are devel oped within the | EEE Societies and the Standards Coordinat-
ing Committees of the IEEE Standards Board. Members of the committees serve voluntarily and
without compensation. They are not necessarily members of the Institute. The standards developed
within |EEE represent a consensus of the broad expertise on the subject within the Institute as well
as those activities outside of |EEE that have expressed an interest in participating in the develop-
ment of the standard.

Use of an IEEE Standard is wholly voluntary. The existence of an |[EEE Standard does not imply
that there are no other waysto 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 developmentsin
the state of the art and comments received from users of the standard. Every |EEE 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 |EEE Standard.

Comments for revision of |IEEE Standards are welcome from any interested party, regardless of
membership affiliation with |EEE. Suggestions for changes in documents should bein 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
|EEE, the Institute will initiate action to prepare appropriate responses. Since |EEE Standards rep-
resent a consensus of al concerned interests, it is important to ensure that any interpretation has
also received the concurrence of abalance 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 Standards Board
445 Hoes Lane

PO. 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 standard,
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 alicense may be required by an IEEE standard or for conducting inquiries 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 persona use is
granted by the Institute of Electrical and Electronics Engineers, Inc., provided that the appropriate
feeis 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;
(508) 750-8400. Permission to photocopy portions of any individual standard for educational class-
room use can a so be obtained through the Copyright Clearance Center.
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Introduction

(Thisintroduction is not part of IEEE Std 1276-1997, |IEEE Guide for the Application of High-Temperature
Insulation Materialsin Liquid-Immersed Power Transformers.)

Liquid-immersed transformers utilizing high-temperature insulation systems are being used increasingly by
the industry, and current standards do not effectively cover their performance criteria. This guideis intended
to give the user some background information on the application and use of high-temperature insulation in
power transformers.

The highest allowable temperature of the transformer winding insulation is an essential parameter in
determining the maximum load that a transformer may reliably carry. If the allowable winding hottest-spot
temperature may be increased, the weight and size of a power transformer may be significantly reduced
while maintaining the same rated power, or, for the same size unit, the allowable power output may be
increased. However, the user must understand the consequences of alowing the transformer temperature to
exceed the material’s accepted limits. The operating life of conventional insulating materials—namely,
paper, transformerboard, and mineral oil—is dependent upon the operating temperature and the
contaminants, including moisture, in the transformer.

Existing transformer standards specify the maximum allowable winding hottest-spot temperature on the
basis of an acceptable normal insulation life. A relationship between temperature and degradation of the
dielectric insulation has been established in IEEE Std C57.91-1995. From this relationship, the loss of
insulation life due to a temporary or permanent loading beyond normal operating temperatures may be
calculated. The actual life of atransformer depends only indirectly on the thermal aging of solid insulation
materials. Laboratory tests of cellulose materials (i.e., paper and transformerboard) have demonstrated that
overheating can significantly reduce their tensile strength with only a dight reduction in dielectric strength.
Therefore, a likely failure mode caused by overheating of the cellulose is the mechanical breakdown of
embrittled insulation during a high-current fault, which can lead to a dielectric breakdown of the damaged
insulation. This phenomenon may hold for other insulating materials as well.

One method of reducing the weight and size of a liquid-immersed transformer without sacrificing its life or
reliability isthe use of materials with higher temperature capability. The first step in this direction was made
some 40 years ago when thermally upgraded cellulose was developed for transformer insulation. This
technological improvement increased the rated power of liquid-immersed transformers by 12%, allowing the
average winding rise to increase from 55 °C to 65 °C.”

During the last 30 years, materials with even higher temperature capability, such as aramid papers and
transformerboards and high-temperature enamels, have been developed. To date, these materials have been
used in some specialty transformers, such as traction or mobile units, and some have been used to uprate
liquid-immersed transformers rebuilt after a failure. There are potential applications for new transformers
using these high-temperature insulation materials. For example, instead of installing a cellulosic-insul ated
transformer with a rating equal to the overloads, a smaller-rated unit with high-temperature insulation
materias can be installed that can withstand the desired overload.

It is important to note that high-temperature insulation materials must meet a number of criteria to be
suitable for use in power transformers. They must operate at elevated temperatures in transformer oil while
maintaining their mechanical and dielectric properties. They must also demonstrate compatibility with al
other components of the transformer, as well as have suitable characteristics for the mechanical stresses
encountered in a power transformer, such as adequate compressive strength.

*Discussions of 55 °C rise systems are included in this guide for historical reference only.
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Combining high-temperature and cellulosic materials to form a hybrid high-temperature insulation systemis
another viable option. This hybrid insulation system is usually composed of high-temperature materials
adjacent to winding conductors, where temperatures are hottest, with cellulose-based materials in other
areas. Thisinsulation system is possible because only insulation material in direct contact with the winding
conductors, and perhaps the core, is exposed to the highest temperatures, while other parts of the insulation
system operate at lower temperatures. To date, only aramid papers, aramid transformerboards, and high-
temperature enamels in combination with cellulose have been used in this type of hybrid insulation system.

From the point of view of thermal aging, cellulose has been the limiting factor of traditional insulation
systems composed of minera oil, cellulose, and enamel. With the advent of high-temperature solid
insulating materials, mineral oil becomes the limiting factor, establishing the highest allowable temperature
of the insulation system. Other insulating fluids have been examined for the possible replacement of mineral
oil, and many are used in applications where their dielectric and physical properties meet the needs of those
applications. Until now there have been few instances where these other insulating fluids have been used in
power transformers above 30 MVA. Certain fluids, such as silicones, high molecular weight hydrocarbons,
non-PCB chlorinated hydrocarbons, polyolefins, and ester-based fluids, may offer particular advantageous
characteristics for specific applications.

Future research may identify new fluids with broader applications for use in power transformers that can
operate at higher temperatures due to high-temperature insulating materials. Other factors to consider when

designing units that operate at high temperatures are, for example, load losses, tap changers, bushings,
control wiring, paint, and adhesives.
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