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IEEE Standards documents are developed within the Technical Committees of the
IEEE Societies and the Standards Coordinating 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
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 interest in partici-
pating 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, mar-
ket, 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 com-
ments 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.

Comments for revision of IEEE Standards are welcome from any interested party,
regardless of membership affiliation with IEEE. Suggestions for changes in docu-
ments 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 appro-
priate responses. Since IEEE Standards represent a consensus of all concerned inter-
ests, 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 technical com-
mittees 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

P.O. Box 1331

Piscataway, NJ 08855-1331

USA

IEEE Standards documents may involve the use of patented technology. Their
approval by the Institute of Electrical and Electronics Engineers does not mean that
using such technology for the purpose of conforming to such standards is authorized
by the patent owner. It is the obligation of the user of such technology to obtain all
necessary permissions.
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Introduction

(This introduction is not part of IEEE Std C57.19.100-1995, IEEE Guide for Application of Power Apparatus Bushings.)

In August 1968, the ANSI C76 committee decided to separate ANSI C76.1 into three parts: The first (C76.1,
presently IEEE Std C57.19.00-1991) part was to cover the general requirements and test procedures; the sec-
ond (C76.2, presently IEEE Std C57.19.01-1991), to cover explicit ratings and dimensions; and the third
(C76.3), to be an application guide. This document, IEEE Std C57.19.100-1995, is the application guide.

When the ANSI C76 committee was developing the first draft of the application guide, it was decided that
the loading guide portion of the guide should be published for trial use before completion of the application
guide. This would allow experience with its use and possible modifications prior to publication within the
application guide. The trial-use loading guide was approved but not published before the disbanding of the
ANSI C76 committee.

The Working Group on Bushing Application Guide was established by the Bushing Subcommittee of the
IEEE Transformers Committee to take over the development and completion of the application guide so that
it could be submitted for IEEE Standards Board approval and publication. IEEE published the trial-use load-
ing guide in July 1989 as IEEE Std C57.19.101-1989. It was upgraded to a full-use guide on June 18, 1992,
and designated as IEEE Std C57.19.101-1992. The current guide, IEEE Std C57.19.100-1995, is the applica-
tion guide in its entirety, which includes the loading guide (clause 4), and hence, supersedes IEEE Std
C57.19.101-1992.

The Working Group on Bushing Application Guide of the Bushing Subcommittee of the IEEE Transformers
Committee had the following membership at the time the application guide was developed and approved:

F. E. Elliott, Chair

M. S. Altman J. E. Long W. E. Saxon

O. Bello R.J. Musil D. N. Sharma

F. Costa R. Nordman P. Singh

D. de la Cruz S. H. Osborn, Jr. C. L. Stiegemeier

J. K. Easley J. Patton R. W. Thompson

M. L. Frazier D. E. Parr R. A. Veitch

R. H. Hartgrove M. Rajadhyaksha L. B. Wagenaar

O. Heyman F. Richens W. A. Young

The following persons were on the balloting committee:

E. J. Adolphson John C. Crouse Robert L. Grubb
D.J. Allan V. Dahinden F. J. Gryszkiewicz
Benjamin F. Allen John N. Davis Geoff H. Hall
Raymond Allustiarti R. C. Degeneff N. W. Hansen
M. S. Altman T. Diamantis Kenneth S. Hanus
J. C. Armold David H. Douglas Jim H. Harlow
J. Aubin R. F. Dudley Frank W. Heinrichs
Roy A. Bancroft John A. Ebert William R. Henning
Ron L. Barker K. Edwards K. R. Highton
David A. Barnard Fred E. Elliott Peter J. Hoefler
Wallace B. Binder D. J. Fallon Philip J. Hopkinson
W. E. Boettger Jeffrey A. Fleeman J. W. Howard
J. V. Bonucchi Jerry M. Frank Edgar Howells
John D. Borst Maurince Frydman J. Hunt
C. V. Brown Dudley L. Galloway Y. Peter Iljima
M. Cambre Dennis W. Gerlach Anthony J. Jonnatti
D. J. Cash A. A. Ghafourian R. D. Jordan
J. L. Corkran Donald A. Gillies E. Kallaur
Dan W. Crofts R. S. Girgis C. P. Kappeler
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J. J. Keller W. E. Morehart Robert W. Scheu
Sheldon P. Kennedy D. H. Mulkey Devki N. Sharma
William N. Kennedy C. R. Murray V. Shenoy

James P. Kinney R.J. Musil H.J. Sim
Alexander D. Kline William H. Mutschler Stephen D. Smith
J. G. Lackey C. G. Niemann Leonard R. Smith
J. P. Lazar E. T. Norton Ronald J. Stahara
Frank A. Lewis P. E. Orehek W. W. Stein
Harold F. Light S. H. Osborn Ron Stoner

S. R. Lindgren Gerald A. Paiva John Sullivan
Larry Lowdermilk Bipin K. Patel David Sundin

Donald L. Light
Richard I. Lowe
David S. Lyon
William A. Maquire

Wesley F. Patterson
J. M. Patton
Paulette A. Payne
Henry A. Pearce

David S. Takach
Louis A. Tauber
James Templeton
V. Thenappan

Tito Massouda Dan D. Perco James A. Thompson
John W. Matthews Mark D. Perkins Jerry C. Thompson
Jack W. McGill V. Q. Pham R. W. Thompson
Charles J. McMillen Linden W. Pierce Thomas P. Traub
W. J. McNutt R. L. Plaster David E. Truax
Patrick C. McShane Donald W. Platts Georges H. Vaillancourt
Sam P. Mehta C.T. Raymond Robert A. Veitch

C. Kent Miller Chris A. Robbins Loren B. Wagenaar
C. H. Millian R. B. Robertson Barry H. Ward
Matthew C. Mingoia J. R. Rossetti R.J. Whearty
Russell E. Minkwitz Mahesh P. Sampat D. W. Whitley

Michael 1. Mitelman
Harold R. Moore

L. J. Savio
William E. Saxon

Alan L. Wilks
Charles W. Williams

When the IEEE Standards Board approved this standard on March 16, 1995, it had the following
membership:

Also included are the following nonvoting IEEE Standards Board liaisons:

E. G. “Al” Kiener, Chair

Gilles A. Baril
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Guide for Application of Power Apparatus
Bushings

1. Overview

1.1 Scope

Guidance on the use of outdoor power apparatus bushings is provided in this document. The bushings are
limited to those built in accordance with IEEE Std C57.19.00-1991.!

1.2 Purpose

The purpose of this guide is to present general information and recommendations for the application of
power apparatus bushings when incorporated as part of power transformers, power circuit breakers, and iso-
lated-phase bus. The loading model developed in this guide is based on oil-impregnated, paper-insulated,
capacitance-graded bushings. Similar loading models could be developed for other bushing constructions.

2. References
The following standards form a part of this guide to the extent specified in this document:

IEEE Std 1-1986 (Reaff 1992), IEEE Standard General Principles for Temperature Limits in the Rating of
Electric Equipment and for the Evaluation of Electrical Insulation (ANSI).2

IEEE Std 4-1978, IEEE Standard Techniques for High-Voltage Testing (ANSI).?
IEEE Std 100-1992, The New IEEE Standard Dictionary of Electrical and Electronics Terms (ANSI).

IEEE Std C37.04-1979 (Reaff 1988), IEEE Standard Rating Structure for AC High-Voltage Circuit Breakers
Rated on a Symmetrical Current Basis (ANSI).

nformation about references can be found in clause 2.

2IEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 1331, Piscataway,
NJ 08855-1331, USA.

3IEEE Std 4-1978 has been withdrawn; however, copies can be obtained from the IEEE Standards Department, 445 Hoes Lane, P.O.
Box 1331, Piscataway, NJ 08855-1331, USA.
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IEEE Std C37.010-1979 (Reaff 1988), IEEE Application Guide for AC High-Voltage Circuit Breakers Rated
on a Symmetrical Current Basis (including Supplement IEEE Std C37.010d) (ANSI).

IEEE Std C37.010b-1985, Supplement to IEEE Std C37.010-1979.
IEEE Std C37.010e-1985, Supplement to IEEE Std C37.010-1979.

IEEE Std C37.23-1987 (Reaff 1991), IEEE Standard for Metal-Enclosed Bus and Calculating Losses in Iso-
lated-Phase Bus (ANSI).

IEEE Std C57.12.00-1993, IEEE Standard General Requirements for Liquid-Immersed Distribution, Power,
and Regulating Transformers (ANSI).

IEEE Std C57.19.00-1991, IEEE General Requirements and Test Procedures for Outdoor Apparatus Bush-
ings (ANSI).

IEEE Std C57.19.01-1991, IEEE Standard Performance Characteristics and Dimensions for Outdoor Appa-
ratus Bushings.

IEEE Std C57.92-1981 (Reaff 1991), IEEE Guide for Loading Mineral-Oil-Immersed Power Transformers
Up To and Including 100 MVA with 55 °C or 65 °C Winding Rise (ANSI).

3. Definitions

For definitions of terms used in this standard, see IEEE Std C57.19.00-1991 and IEEE Std 100-1992.

4. Thermal loading above nameplate rating for bushings applied on power
transformers

4.1 General

The thermal loading capability of bushings varies with the way they are loaded, the way they are designed,
and the ambient conditions in which they are applied.

4.1.1 Basis of rating and rationalization of thermal requirements rating

Capacitance-graded, paper-insulated bushings that, at rated current, meet the requirements of IEEE Std
C57.19.00-1991 and earlier versions of that standard may be applied in either 55 °C or 65 °C rise transform-
ers. IEEE Std C57.19.00-1991 and IEEE Std C57.12.00-1993 state that the temperature of the oil in which
the lower end of the bushing is immersed shall not exceed 95 °C when averaged over a 24 h period. Trans-
former loading shall conform to IEEE Std C57.92-1981.

4.1.1.1 Operation above normal temperature

When operating a bushing at rated current in conjunction with a 65 °C average winding rise rated trans-
former, the hottest-spot temperature of the bushing is limited to a 65 °C rise over ambient or a 105 °C total
temperature because of the use of temperature index 105 insulating paper for the bushing condenser. If it
should be determined that a transformer develops a top oil rise of 65 °C at rated current when operating in a
40 °C ambient, the hottest-spot temperature of the bushing can be expected to exceed 105 °C. In addition,
transformers can be expected to have bushing temperatures above 105 °C when loaded in accordance with
IEEE Std C57.92-1981. In each instance, the normal life expectancy of the bushing will be shortened by the
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higher operating temperatures. The loss-of-life of a bushing will, like transformers, be a function of the
actual temperature and the time operating at that temperature.

The severity of loss-of-life in a bushing can be minimized by installing bushings that have nameplate ratings
greater than the transformer current ratings or by using bushings with special high-temperature insulation.
An alternative is to operate the bushing with the higher inherent temperatures and accept a moderate degree
of accelerated aging, as it is presently recognized for transformers. Refer to 4.4 to correlate bushing paper
insulation aging with the bushing conductor hottest-spot temperature.

4.1.1.2 Factors influencing bushing aging
There are several factors that tend to decrease the severity of bushing aging. These are as follows:

a)  The top oil rise of many transformers is significantly below 65 °C when the transformer is operated
at nameplate loading. This is most likely to occur on forced oil-cooled (FOA) transformers.

b) Bushings are totally sealed from the atmosphere at the time of manufacture, thus preserving their
dielectric and thermal integrity.

c) Bushing insulation is generally processed to a greater degree of dryness than transformer insulation,
thus providing a lower power/dissipation factor, lower dielectric losses, and consequently prolonged
life at any temperature.

d) The end-of-life of cellulose insulation in transformers may be governed by its ability to withstand
mechanical forces that are associated with fault currents through the transformers. Cellulose insula-
tion in bushings is not subjected to similar forces.

e) Although end-of-life of insulating materials is typically based on a given change in mechanical or
chemical properties, no similar relationship for dielectric characteristics has been established. How-
ever, considering increased insulation power/dissipation factor and capacitance as important criteria,
well-dried bushing cellulose material is probably equal in life expectancy to thermally upgraded
(65 °C) transformer insulation.

f)  The use of bushings with current ratings greater that the transformer current ratings as described in
4.1.1.1 reduces the temperature rise inside the bushing at rated transformer current.

4.1.2 Overload concerns
When a bushing is loaded above nameplate, it is exposed to the risks described in 4.1.2.1-4.1.2.5.

4.1.2.1 Pressure buildup

When load current through a bushing exceeds the nameplate rating, internal pressures can develop that could
cause one or more of the sealing gaskets to leak or fail. This pressure increase is caused by the expansion of
the insulating oil within the bushing. The rate of oil expansion is normally considered to be approximately
0.0725-0.0755% per °C temperature increase for temperatures ranging from 0-100 °C.

4.1.2.2 Gasket seals

Gasket materials will age according to the temperature adjacent to the gasket surface and the duration at that
temperature. Usually gaskets will perform well at elevated temperatures; however, progressive changes in
physical properties will occur when excessive temperatures are maintained for long durations. These
changes could result in loss of seal and consequent loss of dielectric strength. Therefore, repeated occur-
rences at high temperature will require inspection for oil leaks and corrective actions where necessary.

4.1.2.3 Power/dissipation factor and capacitance

There are many reasons why insulation power/dissipation factor and/or capacitance may increase over the
life of a bushing. In fact, some slight increase of power/dissipation factor can be tolerated. However degrada-
tion of that portion of the insulation that operates at greatly elevated temperature could result in a substantial
increase in power/dissipation factor. An unusual increase in power/dissipation factor may become an indica-
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