IEEE Std 756

|Draft American National Standard | IEEE Std 756

(Issued May 1984
for trial use.)

IEEE Trial-Use Guide for Loading
Mineral-Oil-Immersed Power Transformers
Rated in Excess of 100 MVA

(65 °C Winding Rise)

4&4@%3%

A CENTURY OF EL PROGRE

IEEE Published by The Institute of Electrical and Electronics Engineers, Inc 345 East 47th Street, Newﬁo Y
May 31, 1984

Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 23:42:26 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 756-1984


http://www.avadocuments.com/doc/ieee-756-1984
http://www.avadocuments.com/doc/ieee-756-1984

IEEE Std 756

{Issued May 1984
for Trial-Use)

Draft American National Standard

IEEE Trial-Use Guide for Loading
Mineral-Oil-Immersed Power Transformers
Rated in Excess of 100 MVA (65 °C Winding Rise)

Sponsor

IEEE Transformers Committee of the
IEEE Power Engineering Society

Draft American National Standard

Publication of this draft standard for comment and criticism has been approved by the Institute of Electrical and
Electronics Engineers. Distribution of this draft standard for comment shall not continue beyond 12 months from the
date of publication. It is expected that following this 12 month period, this draft standard, revised as necessary, shall be
submitted to the American National Standards Institute for approval as an American National Standard. Suggestions
for revision should be directed to the Secretary, IEEE Standards Board, 345 East 47th Street, New York, N.Y. 10017

© Copyright 1984 by

The Institute of Electrical and Electronics Engineers, Inc
345 East 47th Street, New York, NY 10017, USA

No part of this publication may be reproduced in any form,
in an electronic retrieval system or otherwise,
without the prior written permission of the publisher.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 23:42:26 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 756-1984


http://www.avadocuments.com/doc/ieee-756-1984
http://www.avadocuments.com/doc/ieee-756-1984

IEEE Standards documents are developed within the Technical Com-
mittees of the IEEE Societies and the Standards Coordinating Commit-
tees of the IEEE Standards Board. Members of the committees serve
voluntarily and without compensation. They are not necessarily mem-
bers 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 which have expressed an in-
terest 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 pro-
duce, test, measure, purchase, market, or provide other goods and ser-
vices related to the scope of the IEEE Standard. Furthermore, the view-
point 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 Stan-
dard is subjected to review at least once 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. Sug-
gestions 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 mean-
ing 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 all concerned interests, it is
important to ensure that any interpretation has also received the con-
currence of a balance of interests. For this reason IEEE and the mem-
bers of its technical committees are not able to provide an instant re-
sponse to interpretation requests except in those cases where the matter
has previously received formal consideration.

Comments on standards and requests for interpretations should be ad-
dressed to: _

Secretary, IEEE Standards Board
345 East 47th Street

New York, NY 10017

USA
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Foreword

(This Foreword is not a part of IEEE Std 756, IEEE Trial-Use Guide for Loading Mineral Oil-Immersed Power
Transformers Rated in Excess of 100 MVA (65 °C Winding Rise.)

This guide for Loading Mineral Oil-Immersed Power Transformers Rated in Excess of 100 MV A,
has been developed to cover modern power transformers rated above 100 MV A, three-phase equiva-
lent and 65 °C rise. It is a Trial-Use guide prepared to make available the best available engineering
knowledge on subjects of concern to the industry.

The general approach in this guide is tutorial. Four different types of loading, that is, (1) Normal
Life Expectancy Loading, (2) Planned Loading Beyond Nameplate Rating, (3) Long-time Emer-
gency Loading, and (4) Short-time Emergency Loading, are considered. The various effects of load-
ing a transformer in excess of its nameplate rating are discussed. Temperature and maximum loading
limitations are suggested.

The equations given in Section 3 are from ANSI/IEEE C57.92-1981 and have been in general
industry use for many years. However, questions have now been raised on the accuracy of these
equations and a task force has been set up within the IEEE Transformers Committee to review the
state-of-the-art in this area.

One of the major concerns in this guide is based on the evidence that a reduction in dielectric
strength may occur due to the formation of free gas bubbles at temperatures above 140 °C in the
insulated conductors. A potential risk could occur in the operation of the transformer above
140 °C. This risk is a function of the amount of free gas generated because it can cause dielectric
failure during an overvoltage condition and possibily at rated power frequency voltage. In the event
of generation of free gas within the insulation, dielectric strength will be degraded while the gas is
present. However, this fact does not necessarily indicate that any permanent dielectric degradation
would occur.

Tutorial appendixes covering gas evolution, ancillary parts, methods of calculating acceptable
loading levels, and philosophy applicable to older transformers are included.

Comments on this Trial-Use Guide are welcomed and should be addressed to the

Secretary

IEEE Standards Board

345 East 47th Street

New York, NY 10017.

After a trial-use period of approximately one year, the group responsible for this guide will prepare
a revision and submit it to the Standards Board for approval as a full-status standard.

At the time that this guide was approved for trial use the members of the Task Force to Develop
a Loading Guide for Transformers Above 100 MV A of the Working Group on Guides for Loading
within the Insulation Life Subcommittee were as follows:

D. H. Douglas, Chairman C. E. Mitchell, Secretary
J. Aubin C. C. Honey dJ. H. Ottevangers
L. Burnett R. C. Kieren B. K. Patel
0. O. Chew dJ. J. Kunes D. D. Perco
O. R. Compton W. Lampe D. H. Ryder
C. Crichton C. Lindsay T. Singh
J. C. Dutton J. W. Matthews F. W. Thomason
D. J. Fallon L. 8. McCormick T. P. Traub
J. A. Forster W. J. McNutt R. A. Veitch
C. M. Gardam R. E. Minkwitz R. J. Whearty
R. L. Grubb P. Q. Nelson E. J. Yasuda
R. A. Olsson
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Draft American National Standard

IEEE Trial-Use Guide for Loading
Mineral-Oil-Immersed Power Transformers
Rated in Excess of 100 MVA (65 °C Winding Rise)

1. Scope

e'='§_.This guide covers general recommendations
for loading mineral-oil-immersed power trans-
formers manufactured in accordance with
ANSI/IEEE C57.12.00-1980 [1}! and having a
maximum nameplate rating in excess of
100 MVA (three phase) or 334 MVA (single
phase). Such transformers have an average
winding rise of 65 °C maximum and a hottest-
gpot rise of 80 °C maximum at rated load.

NOTE: When this guide is to be used for transformers
purchased prior to publication of the guide, the applic-
ability of 2.5 and 4.3 should be checked with the
manufacturer. Also see Appendix D.

2. General

2.1 References

[1]*ANSI/IEEE C57.12.00-198¢, IEEE Stan-
dard General Requirements/\for Liquid-
Immersed Distribution, Power, and Regulating
Transformers,2-3

[2] ANSI/IEEE C57.91-1981, IEEE Guide for
Loading Mineral-Oil-Immersed Overhead and
Pad-Mounted Distribution Transformers Rated
500 kV A and Less with 65 °C or 55 °C Average
Winding Rise.

1 The numbers in brackets correspond to the refer-
ences listed in 2.1.

2 These documents can be obtained from the Insti-
tute of Electrical and Electronics Engineers, Service
Center, 445 Hoes Lane, Piscataway, NJ 08854,

3 Copies of these documents are also available from
the Sales Department of American National Standards
Institute, 1430 Broadway, New York, NY 10018.

7

[3] ANSI/IEEE C57.92-1981, IEEE Guide for
Loading Mineral-Oil-Immersed Power Trans-
formers Up to and Including 100 MV A with
55 °C or 65 °C Average Winding Rise.

2.2 Effect of Loading Beyond Nameplate
Rating. Application of loads in excess of name-
plate rating involve some degree of risk. It is
the purpose of this guide to identify these
risks and to establish limitations and rules the
application of which will minimize the risks
to the fullest extent that present state-of-the-
art knowledge permits. While aging and long-
time mechanical deterioration of winding
insulation have been the basis for the loading
of power transformers for many years, it is
recognized that there are additional factors
which may involve greater risk fo: transformers
of higher megavoltampere and voltage ratings.
The risk areas which should be considered
when loading large transformers beyond name-
plate rating are broadly defined as follows:

(1) Evolution of free gas from insulation of
winding and lead conductors (insulated con-
ductors) heated by load and eddy currents
(circulating currents between or within in-
sulated conductor strands) may jeopardize
dielectric integrity. Since the free gas is gen-
erated in the insulation near the conductor,
where dielectric stresses are high, the risk of
electrical failure is increased. This is prin-
cipally a temporary risk which lasts for the
period that the gas bubbles exist in the in-
sulation. Following the period of overheating
the gas bubbles will dissolve in the oil and full
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dielectric integrity will return unless partial
insulation breakdown, which may produce
carbonized tracking, occurs while the free gas
is present. See Appendix A for further discus-
sion.

(2) Evolution of free gas from insulation ad-
jacent to metallic structural parts linked by
electromagnetic flux produced by winding or
lead currents may also reduce dielectric
strength. Since these parts are not located in
the regions of high dielectric stress, evolved
free gas has to migrate to areas of the insula-
tion system where dielectric stresses are at
more critical levels before they can have
significant impact on dielectric integrity. In
the course of migration, the free gas bubbles
tend to be dissolved into the oil. As a con-
sequence, slightly higher hottest-spot tempera-
tures may be tolerated for other metallic
parts than for insulated conductors. Any risk
of reduced dielectric integrity lasts essentially
for the period of free-gas evolution.

(3) Aging or deterioration of conductor in-
sulation as a function of time and temperature
is the most widely recognized permanent effect
of power transformer loading. Aging is fully
described in ANSI/IEEE C57.92-1981 [3].
Over a relatively long period of time there will
be a cumulative degradation of the electrical
and mechanical properties of the conductor
insulation which could result in failure. Loss
of life calculations may be made as described
in ANSI/IEEE C57.92-1981 [3]. One should
recognize that the calculated results may not
be as conservative for transformers rated above
100 MVA as they are for smaller units, since
the calculation does not consider mechanical
wear effects which increase with megavolt-
ampere rating.

(4) Structural insulation materials also suffer
cumulative permanent degradation of me-
chanical properties as a function of time-
temperature history. In addition, there is some
degree of temporary reduction of mechanical
capability at elevated temperatures. These ef-
fects are expected to be of major concern dur-
ing periods of transient over-current (short-
circuit faults) when mechanical forces reach
their highest levels.

(5) Thermal expansion of conductors, insula-
tion materials, or structural parts at high
temperatures may result in permanent deforma-
tions which could contribute to mechanical or
dielectric failures.
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(6) Pressure build-up with bushings for cur-
rents above rating could result in leaking
gaskets, loss of o0il, and ultimate dielectric
failure. See Appendix B for further discussion.

(7) Increased resistance in the contacts of tap
changers can result from a build-up of oil de-
composition products in a very localized high
temperature region at the contact point when
the tap changer is loaded beyond its rating.
In the extreme, this could result in a thermal
runaway condition with contact arcing and
violent gas evolution. See Appendix B for
further discussion,

(8) Auxiliary equipment internal to the
transformer, such as reactors and current trans-
formers, may also be subject to some of the
risk identified above. See Appendix B for
further discussion.,

(9) When the temperature of the top oil ex-
ceeds 105 °C (65 °C rise over 40 °C jent
according to ANSI/IEEE C57.12.00-198¢ [1],
there is a possibility that oil expansion will
result in an oil loss through the pressure re-
lief device. The overflow may also create
problems with the oil preservation system.

2.3 Types of Loading and Their Interrelation-
ship. Loads in excess of nameplate rating
may be applied to transformers on four dif-
ferent time-temperature bases. An increased
risk is probable for each successive loading
with its attendant increased temperature and
duration. The applicable times and tempera-
ture ranges are shown in Table 1, maximum
temperatures in Table 2, and examples of loads
which fall within these categories are illustrated
in Fig 1 and described in 2.3.5. The four load
types are described in 2.3.1 through 2.3.4.

2.3.1 Normal Life Expectancy Loading.
Normal life expectancy loading is loading
which may exceed nameplate rating provided
the maximum conductor hottest-spot and
maximum top-oil temperat permitted in
ANSI/IEEE C57.12.00-198Q [1] are not ex-
ceeded. Other metallic temperatures reached
under this loading will not be of concern. This
loading may be continued indefinitely and is
considered risk-free with respect to the risks
outlined in 2.2.

2.3.2 Planned Loading Beyond Nameplate
Rating. Planned loading beyond nameplate
rating results in either the conductor hottest-
spot or top-oil temperature exceeding those
suggested in Table 2 for normal life expectancy
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POWER TRANSFORMERS RATED IN EXCESS OF 100 MVA Std 756

Table 1
Coordination of Suggested Loading Type, Duration, and Temperature Range

Insulated** Conductor
Hottest-Spot
Temperature Range

Daily Duration in the
Specified Hottest-Spot
Temperature Range

Type of Loading (hour) °C)
Normal life expectancy loading * 110-120
Planned loading beyond name-

plate rating 4 120-130
Long-time emergency loading 4 120-130
6 130-140

Short-time emergency loading 4 120-130
1 130-180

6 130-140

*Since loss-of-life is cumulative, transformers may be operated above 110 °C hottest-spot tempera-
ture (not to exceed 120 °C) for short periods provided they are operated for much longer periods at

temperatures below 110 °C.
*¥*See 2.3.5 for explanations.

Table 2
Suggested Maximum Temperature Limits for the Four Types of Loading
Planned
Normal Loading
Life Beyond Long-Time Short-Time
Expectancy Nameplate Emergency Emergency
Loading Rating Loading Loading
°C) (°C) (°C) (°C)
Insulated conductor hottest-spot temperature 120* 130 140 180%**
Other metallic hot-spot temperature (in con-
tact and not in contact with insulation) 140 150 160 200
Top-oil temperature 105 110 110 110

*110 °C on a continuous 24 h basis.

**(Operation at insulated conductor hottest-spot temperatures above 140 °C may cause gassing in
the solid insulation and oil. Gassing may produce a potential risk to the dielectric strength of the
transformer. This risk should be considered when the guide is applied.

loading, and is accepted by the user as a
normal, planned-for repetitive load.

Suggested conductor hottest-spot tempera-
tures coordinated with daily durations are
presented in Table 1.

This loading occurs with no system outages
and some risk is associated with it as outlined
in 2.2,

2.3.3 Long-Time Emergency Loading. Long-
time emergency loading results from the pro-
longed outage of some system element and
causes either the conductor hottest-spot or
the top-oil temperature to exceed those sug-
gested for planned loading beyond nameplate
rating. This is not a normal operating condi-
tion, but may persist for some time. It is ex-
pected that such occurrences will be rare.

Suggested conductor hottest-spot tempera-
tures coordinated with daily durations are
presented in Table 1. Top-oil temperature
should not exceed 110 °C at any time.

This loading results from a system outage
and is more severe than planned loading be-
yond nameplate rating. Both loss of insulation
life and risk are greater than under planned
loading beyond nameplate rating. It is expected
that there will be only two or three such oc-
currences in the life of a transformer.

2.3.4 Short-Time Emergency Loading. Short-
time emergency loading is an unusually heavy
loading brought about by the occurrence of
one or more unlikely events which seriously
disturb normal system loading and cause either
the conductor hottest-spot or top-oil tempera-
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Fig 1

(a) Normal Life Expectancy Loading (b) Planned Loading Beyond
Nameplate Rating (¢) Long-Time Emergency Rating (d) Short-Time Emergency Rating
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POWER TRANSFORMERS RATED IN EXCESS OF 100 MVA

ture to exceed the temperature limits sug-
gested for planned loading beyond nameplate
rating. Acceptance of these conditions for a
short time may be preferrable to other alterna-
tives. It is expected that this type of loading
will be reduced to long-time emergency loading
in not more than 1 h.

Suggested conductor hottest-spot tempera-
tures coordinated with daily durations are pre-
sented in Table 1. Top-oil temperature should
not exceed 110 °C at any time.

This type of loading, with its greater risk,
is expected to occur rarely.

2.3.5 Interrelationship of Loading Types.
Examples of hottest-spot temperature profiles
for the four types of loading defined in 2.3.1
to 2.3.4 are illustrated in Fig 1(a) through 1(d).
Note that for each higher temperature, a higher
risk loading conditon can be assumed to be
additive to any lower risk condition accepted
by the user except for the short-time emer-
gency loading. For further clarification a brief
description of the last three loading types are
described below,

Planned loading beyond nameplate rating
defines a condition wherein a transformer is
so loaded that its hottest-spot temperature is
in the temperature range of 120 °C-130°C
for a maximum of 4 h daily. The characteristics
of this type of loading are no system outages,
regular and comparatively frequent occur-
rences, and there is some risk. Figure 1(b) il-
lustrates a planned loading beyond nameplate
rating profile.

Long-time emergency loading defines a con-
dition wherein a transformer is so loaded that
its hottest-spot temperature is in the tempera-
ture range of 120 °C-130 °C for a maximum
of 4 h and in the temperature range of 130 °C-
140 °C for a maximum of 6 h daily. The char-
acteristics of this type of loading are one long
time outage of a transmission system element,
two or three occurrences over the normal life-
time of the transformer, each occurrence may
last several months, and the risk is greater than
planned loading beyond nameplate rating.
Figure 1(c) illustrates a long-time emergency
loading profile. Note that while the hottest-
spot temperature is increasing with time, it is in
the temperature range of 120 °C-130 °C for
approximately 2 h. The hottest-spot tempera-
ture is in the temperature range of 130 °C-
140 °C for 6 h. On the descending part of the
curve the hottest-spot temperature is once
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again in the temperature range of 120 °C-
130 °C for approximately 2 h resulting in a
total of 4 h in the temperature range of
120 °C-130°C for the 24 h period. The
hottest-spot temperature is allowed to exceed
120 °C for a maximum of 10 h.

Short-time emergency loading defines a load-
ing condition wherein a transformer is so
loaded that its hottest-spot temperature is
in the temperature range of 120 °C-130°C
for a maximum of 4 h, in the temperature
range of 130 °C-180°C and back to 140 °C
for 1 h, and in the temperature range of
130 °C-140 °C for a maximum of 6 h. The
characteristics of this type of loading are a
series of unlikely conditions on the transmis-
sion system (2nd or 3rd contingency), one
or two occurrences over the normal lifetime
of the transformer, each occurrence is 1 h
duration or less, and the risk is greater than
for long-time emergency loading. Figure 1(d)
illustrates a short-time emergency loading pro-
file. This figure presents a temperature curve
that has leveled off for the day until about
4 pm when a system condition occurs which
loads the transformer so that its hottest-spot
temperature rises rapidly to 163°C in 1 h.
Note that Fig 1(d) presents a loading that is
within the spirit of the guide. On the rising
side of the curve the hottest-spot temperature
is in the range of 120 °C-130 °C for approxi-
mately 15 min. The hottest-spot temperature
continues rising from 130 °C toward 180 °C
and back to 140 °C in approximately 1 h while
peaking at approximately 163 °C. On the
descending portions of the curve, the hottest-
spot temperature is in the 130 °C-140°C
range for approximately one-half hour and
once again in the temperature range of 120 °C-
130 °C for 2 h, resulting in a total of 2h 15 min
in the temperature range of 120 °C-130 °C for
the 24 h period. The total time above 120 °C
is 3 h 30 min for this example as opposed to
the 11 h maximum permitted.

2.3.6 Risk Considerations. Normal life ex-
pectancy loading is considered to be risk free;
however, the remaining three types of loading
have associated with them some indefinite
level of risk. Specifically, the level of risk is
based on the quantity of free gas and voltage.
The presence of free gas as outlined in 2.2 can
causc dielectric failure during an overvoltage
condition and possibly at rated power fre-
quency voltage. The Task Force has selected
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the temperature levels and time durations shown
in Table 1 for each of the defined types of load-
ing which they subjectively believe will result
in an acceptable degree of risk for the special
circumstances which require loading beyond
nameplate rating. A scientific basis for the
users’ evaluation of the degree of risk is not
available at this time. Current research in the
area of model testing has not established suf-
ficient quantitative data on the relationship
between conductor temperature, length of
time at that temperature, and reduction in
winding dielectric strength. Additionally, there
are other important factors which may affect
any reduction, such as moisture content of the
winding insulation and rate of rise of conduc-
tor temperature.

2.4 Temperature Limitations. It is suggested
that the temperature limitations in Table 2
should not be exceeded during any overload
event.

2.5 Maximum Loading Limitations. Maximum
load capacity which a transformer user plans
to utilize on a planned or emergency basis, or
both, should be included in the specifications
at the time of purchase. The following in-
formation should be given:

(1) Prior steady-state load, percent of maxi-
mum rating

(2) Ambient temperature, °C

(3) Maximum load, percent of maximum rat-
ing

(4) Duration of maximum load, hours

(5) Type of loading, planned or emergency,
long-time or short-time, or acceptable limiting
temperatures
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(6) Acceptable loss-of-life, percent of normal
life, per occurrence

More than one set of loading conditions may
be defined or a 24 h load cycle (with associated
ambient temperatures) may be given.

In the absence of specified loading capabil-
ities, the maximum load and duration limits
shown in Table 3 are suggested for trans-
formers purchased after the publication of this
guide. These suggestions apply to loading be-
yond nameplate rating on a long-time emer-
gency basis for generator step-up transformers
and a short-time emergency basis for system-tie
or substation transformers.

Other combinations of load, duration, prior
load, and ambient temperature may be used,
if the maximum loads shown in Table 3 and
the insulated ‘condutor hottest-spot tempera-
ture limits of 2.4 are not exceeded. Tap
changers, bushings, leads, and other ancillary
equipment will not normally restrict loading
to levels below those given in Table 3, but
the user may wish to specify that ancillary
equipment not restrict loading to levels below
those permitted by the insulated conductor
and other metallic part hot-spots.

2.6 Information for User Calculations. If the
user intends to perform calculations to help
determine the loading capability of a trans-
former, the user should request information
of the following type in his specification:

(1) Top-oil temperature rise over ambient
temperature

(2) Bottom-oil temperature rise over ambi-
ent temperature

(3) Average conductor temperature rise over
ambient temperature

Table 3
Suggested Design Limits for
New Transformers when Loading Information Is Not Supplied

Maximum Load

Insulated Conductor Maximum
Hottest-Spot Temperature

(% of Maximum Rating) Duration* Not to Exceed
Application (%) (hours) (°C)
Generation step-up 110 8 140
System tie 150 1 180**
Substation 150 1 180**

*Based on prior load of 100% of rated and 30 °C ambient.
**This limit is based upon consideration of thermal aging and does not take into account the risk
of insulation breakdown because of bubble formation above 140 °C. (See 2.2(1).)

12

Documents

Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 23:42:26 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 756-1984


http://www.avadocuments.com/doc/ieee-756-1984
http://www.avadocuments.com/doc/ieee-756-1984

