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Abstract: Guidance on the use of outdoor power apparatus bushings is provided. The bushings 
are limited to those built in accordance with IEEE Std C57.19.00TM-1991. General information and 
recommendations for the application of power apparatus bushings when incorporated as part of 
power transformers, power circuit breakers, and isolated-phase bus are provided. 
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Introduction 

This introduction is not part of IEEE Std C57.19.100-2012, 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, currently IEEE Std C57.19.00-1991a) part was to cover the general requirements and test 
procedures; the second (C76.2, currently IEEE Std C57.19.01TM-1991) was to cover explicit ratings and 
dimensions; and the third (C76.3) was to be an application guide. This document, IEEE Std C57.19.100-
2012, 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 
loading guide in July 1989 as IEEE Std C57.19.101-1989. It was upgraded to a full-use guide on June 18, 
1992, and it was designated as IEEE Std C57.19.101-1992. The current guide, IEEE Std C57.19.100-2012, 
is the application guide in its entirety, which includes the loading guide (Clause 4), and hence, it supersedes 
IEEE Std C57.19.101-1992. This revision is intended to provide additional information to clarify the 
previous standard and include newer technologies for manufacture and operation of bushings currently in 
use.  

In the latest revision of this guide, the document was updated to current IEEE styles, references were 
updated, and general revisions were made. In addition, information on draw-lead and draw-rod bushings, 
the application of outdoor bushings indoors, bushing monitors, bushing repair, and additional guidance on 
power factor and capacitance testing were also added. 

                                                 
a Information about references can be found in Clause 2. 
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IEEE Guide for Application of Power  

Apparatus Bushings 
 

IMPORTANT NOTICE: IEEE Standards documents are not intended to ensure safety, health, or 

environmental protection, or ensure against interference with or from other devices or networks. 

Implementers of IEEE Standards documents are responsible for determining and complying with all 

appropriate safety, security, environmental, health, and interference protection practices and all 

applicable laws and regulations. 
 

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 
 

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 C57.19.00TM-1991 (not the latest 

revision).
1 The latest revision, IEEE Std C57.19.00TM-2004, does not address the use of condenser 

bushings in oil circuit breakers and several voltage classes were dropped that are still in use. 
 

 

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 isolated-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. 

1 
Information about references can be found in Clause 2. 
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2. Normative references  

 

The following referenced document is indispensable for the application of this document (i.e., it 

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 standards form a part guide to the extent speciÞed in this document: 

 

IEEE Std 1-1986 (Reaff 1992), IEEE Standard General Principles for Temperature Limits in Rating 

Electric Equipment and for the Evaluation of Electrical Insulation (ANSI). 

 

IEEE Std 4 TM -1978, IEEE Standard Techniques for High-Voltage Testing (ANSI).
2, 3

 

 

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). 

 

IEEE Std C37.017TM, IEEE Standard for Bushings for High Voltage [over 1000V(ac)] Circuit Breakers 

and Gas-Insulated Switchgear. 

 

IEEE Std C37.010 TM,-1979. IEEE Application Guide for AC High-Voltage Circuit Breakers Rated on 

a Symmetrical Current Basis (including Supplement IEEE Std C37.010d) (ANSI). 

 

2
 This EEE publication is are available from Institute of Electrical and Electronics Engineers, (http://standards.ieee.org/) 445 Hoes 

Lane, P.O. Box 1331, Piscataway, NJ 08855-1331, USA 

3 The IEEE standards or products referred to in this clause are trademarks of The Institute of Electrical and Electronics Engineers, 

Inc. 

3
IEEE Std 4-1978 has been withdrawn; however, copies can be obtained from Department, 445 Hoes Lane, P.O. Box 1331, 

Piscataway, NJ 08855-1331, USA  
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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 C37.23TM,-1987 (Reaff 1991) IEEE Standard for Metal-Enclosed Bus and Calculating Losses 

in Isolated-Phase Bus (ANSI). 

 

IEEE Std C57.12.00TM,-1993IEEE Standard for General Requirements for Liquid-Immersed 

Distribution, Power, and Regulating Transformers (ANSI). 

 

IEEE Std C57.19.00TM-1991, IEEE General Requirements and Test Procedures for Outdoor 

Apparatus Bushings (ANSI). 

 

IEEE Std C57.19.00TM-2004, IEEE General Requirements and Test Procedures for Power Apparatus 

Bushings. 

 

IEEE Std C57.19. 00TM-2004, IEEE General Requirements and Test Procedures for Power Apparatus 

Bushings. 

 

IEEE Std C57.19.01TM-1991 IEEE Standard Performance Characteristics and Dimensions for 

Outdoor Apparatus Bushings. 

 

IEEE Std C57.9192TM,-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). 
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3. Definitions 

 

For the purposes of this document, the following terms and definitions apply. The IEEE Standards 

Dictionary Online should be consulted for terms not defined in this clause.
4
 

 

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

1992. 

 

draw-lead bushing: A bushing that will allow the use of a current-carrying draw-lead conductor 

drawn through the hollow tube and enabling its connection to the top terminal. 

 

draw-lead conductor: A cable or a solid conductor that has one end connected to the transformer or 

a reactor winding lead and the other end drawn through the bushing hollow tube and connected to 

the top terminal of the bushing. A solid conductor can be either one piece or multiple pieces 

connected together. 

 

draw-rod: A non-current-carrying rod (current is carried by the bushing tube) that has one end 

connected to the transformer/reactor lead end terminal and the other end drawn through the 

bushing hollow tube and connected to the top end of the bushing. A draw-rod can be either one 

piece or multiple pieces connected. 

 

draw-rod bushing: A bushing that allows the use of a non-current-carrying rod drawn through the 

hollow tube and enabling a connection between the bushing’s inboard end terminal and the 

transformer or reactor winding lead. 

 

 

 

 

 

 

4IEEE Standards.Dictionary Online subscription is available at: http://www.ieee.org/portal/innovate/products/standard/ 
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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 

transformers. IEEE Std C57.19.00-1991 and IEEE Std C57.12.00-1993 states 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. Refer to IEEE Std C57.91TM for Transformer loading requirements and operating oil 

temperatures of power transformers 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 

transformer, 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, then 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. 91 92-1981.  
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In each instance, the normal life expectancy of the bushing will be shortened by the 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 (OFAF or 

ODAF 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 insulation in bushings is not subjected to similar forces. 
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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. However, 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 than 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 through 

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% to 0.0755% per °C temperature increase for 

temperatures ranging from 0°C to 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 occurrences at high temperature will require inspection for oil leaks 

and corrective actions where necessary. 
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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, degradation 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 indicator of the detrimental mechanical and electrical 

effects of loading beyond nameplate rating. Bushings that have been loaded beyond nameplate 

rating should be tested more frequently. 

 

 

4.1.2.4 Dielectric performance at elevated temperatures 

 

When bushing insulation is subjected to high electrical stress at above its normal operating 

elevated temperatures, the insulation power/ dissipation factor increases due to increased dielectric 

loss. When the increase in dielectric loss exceeds the ability of the insulation to dissipate this 

increased loss, the temperature of the dielectric is further increased. Under some extreme 

conditions, thermal runaway may occur. This risk should be considered when the guide is applied. 

 

Special capacitance-graded bushings built with insulation systems such as thermally upgraded 

paper or resin impregnated paper, rated higher than temperature index 105 insulation class, are 

sometimes used in special applications. These insulation systems may have higher 

power/dissipation factors particularly at higher temperatures and may experience thermal runaway 

if loaded significantly beyond the nameplate rating. For specific information, the manufacturer 

should be contacted. 
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