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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 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 a license 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 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 part of IEEE Std C57.12.01-1998, IEEE Standard General Requirements for Dry-Type Distri-
bution and Power Transformers Including Those with Solid-Cast and/or Resin-Encapsulated Windings.)

This standard, together with its companion standards documents, represents a new milestone in standards for
dry-type transformers, which are becoming increasingly more important with the elimination of askarel
insulating fluids in new transformers.

This standard is the result of an effort encompassing the interests of users, manufacturers, and others dedi-
cated to producing voluntary consensus standards primarily for dry-type transformers.

This revision was developed to recognize dry-type transformers with solid-cast and resin-encapsulated
windings. The Working Group that developed the revision identified requirements for IEEE Std C57.12.01-
1989, incorporating dry-type transformers with solid-cast and resin-encapsulated windings in 3.1 through
5.10, 5.12, and 6.52 of this standard. In addition, new materials and coil design techniques necessitated a
revision that recognizes factors that differ from conventional design of dry-type transformers.

Previous editions of this standard used a constant 30 °C difference between hottest-spot and average winding
temperature rises for a kVA range from 1-20 000 kVA. Since the last revision of this standard, a Working
Group reviewed hottest-spot and average temperature-rise data. Several manufacturers of different trans-
former designs conducted extensive test programs. The Working Group concluded that the difference
between the hottest-spot and average temperature rise was dependent on the size and design of the trans-
former. For some large transformer designs the difference may exceed 30 °C, however, for small units, the
difference is considerably below 30 °C. The Working Group recommended a constant ratio of hottest-spot to
average winding temperature rise for the various insulation temperature classes. This approach improves
harmonization with international standards such as IEC 60050-726:1982. The revision of this standard clari-
fies the requirement that hottest-spot temperature rise is a performance criteria to be met by the manufac-
turer. Calculation of hottest-spot temperature rise is required by this revision; however, future study is
planned to develop test procedures to verify hottest-spot temperature rise.

This revision was developed by the Working Group of the Dry-Type Transformers Subcommittee of the
IEEE Transformer Committee of the IEEE Power Engineering Society.

This standard is a voluntary consensus standard. Its use may become mandatory only when required by a
duly constituted legal authority, or when specified in a contractual relationship. To meet specialized needs
and to allow innovation, specified changes are permissible when mutually determined by the user and the
producer, provided such changes do not violate existing laws and are considered technically adequate for the
function intended.
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IEEE Standard General Requirements for
Dry-Type Distribution and Power
Transformers Including Those with Solid-
Cast and/or Resin-Encapsulated Windings

1. Scope

This standard is intended as a basis for the establishment of performance, interchangeability, and safety
requirements of equipment described, and for assistance in the proper selection of such equipment.

Electrical, mechanical, and safety requirements of ventilated, nonventilated, and sealed dry-type distribution
and power transformers or autotransformers (single and polyphase, with a voltage of 601 V or higher in the
highest voltage winding) are described.

The information in this standard applies to all dry-type transformers except as follows:

a)  Instrument transformers;

b)  Step- and induction-voltage regulators;
¢) Arc-furnace transformers;

d) Rectifier transformers;

e) Specialty transformers;

f)  Mine transformers.

When this standard is used on a mandatory basis, the word shall indicates mandatory requirements; the
words should and may refer to matters that are recommended or permissive, but not mandatory.

NOTE—The introduction of this voluntary consensus standard describes the circumstances under which the standard
may be used on a mandatory basis.
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2. References

This standard shall be used in conjunction with the following publications. When the following standards are
superseded by an approved revision, the revision shall apply.

ANSI/ASME, Boiler and Pressure Vessel Code (BPV) 1995, Section VIII, Division 1—Pressure Vessels, or
Division 2— Alternative Rules.!

ANSI C57.12.50-1981 (Reaff 1989), American National Standard Requirements for Ventilated Dry-Type
Distribution Transformers, 1 to 500 kVA, Single-Phase, and 15 to 500 kVA, Three-Phase with High-Voltage
601 to 34 500 Volts, Low-Voltage 120 to 600 Volts.

ANSI C57.12.51-1981 (Reaff 1989), American National Standard Requirements for Ventilated Dry-Type
Power Transformers, 501 kVA and Larger, Three-Phase with High-Voltage 601 to 34 500 Volts, Low-Voltage
208Y/120 to 4160 Volts.

ANSI C57.12.52-1981 (Reaff 1989), American National Standard Requirements for Sealed Dry-Type
Power Transformers, 501 kVA and Larger, Three-Phase with High-Voltage 601 to 34 500 Volts, Low-
Voltage 208Y/120 to 4160 Volts.

ANSI C57.12.55-1987, American National Standard Dry-Type Transformers in Unit Installations, Including
Unit Substations—Conformance Standard.

ANSI C57.12.57-1986, American National Standard Requirements for Ventilated Dry-Type Network Trans-
formers 2500 kVA and Below, Three-Phase, High-Voltage 34 500 Volts and Below, Low-Voltage 216Y/125
and 480Y/277 Volts.

ANSI C57.12.70-1978 (Reaff 1993), American National Standard Terminal Markings and Connections for
Distribution and Power Transformers.

ANSI C84.1-1995, American National Standard Voltage Ratings for Electric Power Systems and Equipment
(60 Hz).

IEEE Std 99-1980 (Reaff 1992), IEEE Recommended Practice for the Preparation of Test Procedures for the
Thermal Evaluation of Insulation Systems for Electric Equipment.2

IEEE Std 100-1996, IEEE Standard Dictionary of Electrical and Electronics Terms.
IEEE Std 315-1975 (Reaff 1993), IEEE Graphic Symbols for Electrical and Electronics Diagrams. (DoD)

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

IEEE Std C57.12.56-1986 (Reaff 1993), IEEE Standard Test Procedure for Thermal Evaluation of Insulation
Systems for Ventilated Dry-Type Power and Distribution Transformers.

IEEE Std C57.12.60-1998, IEEE Guide for Test Procedures for Thermal Evaluation of Insulation Systems
for Solid-Cast and Resin-Encapsulated Power and Distribution Transformers.

TANSI and ANSI/ASME publications are available from the Sales Department, American National Standards Institute, 11 West 42nd
Street, 13th Floor, New York, NY 10036, USA (http://www.ansi.org/).

2[EEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 1331, Piscataway,
NJ 08855-1331, USA (http://www.standards.ieee.org/).
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IEEE Std C57.12.80-1978 (Reaff 1992), IEEE Standard Terminology for Power and Distribution
Transformers.

IEEE Std C57.12.91-1995, IEEE Standard Test Code for Dry-Type Distribution and Power Transformers.

IEEE Std C57.94-1982 (Reaff 1987), IEEE Recommended Practice for the Installation, Application, Opera-
tion, and Maintenance of Dry-Type General Purpose Distribution and Power Transformers.

IEEE Std C57.96-1989, IEEE Guide for Loading Dry-Type Distribution and Power Transformers.
IEEE Std C57.98-1993, IEEE Guide for Transformer Impulse Tests.

IEEE Std C57.124-1991 (Reaff 1996), IEEE Recommended Practice for the Detection of Partial Discharge
and the Measurement of Apparent Charge in Dry-Type Transformers.

IEEE Std C62.2-1987 (Reaff 1994), IEEE Guide for the Application of Gapped Silicon-Carbide Surge
Arresters for Alternating Current Systems.

3. Definitions

Standard transformer terminology, available in IEEE Std C57.12.80-1978, shall apply. Other electrical terms

are defined in IEEE Std 100-1996.

4. Service conditions

4.1 Usual service conditions
4.1.1 General

Transformers conforming to this standard shall be suitable for operation at rated kVA under the usual service
conditions in 4.1.2 through 4.1.9.

4.1.2 Temperature

The temperature of the cooling air (ambient temperature) shall not exceed 40 °C, and the average tempera-
ture of the cooling air for any 24 hour period shall not exceed 30 °C.

The minimum ambient temperature shall not be lower than —30 °C.

4.1.3 Altitude

The altitude shall not exceed 1000 m (3300 ft).

4.1.4 Supply voltage

The supply-voltage wave shape shall be approximately sinusoidal, and the phase voltage supplying a

polyphase transformer shall be approximately equal in magnitude and of approximate equal time phase in
displacement.
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4.1.5 Load current

The load current shall be approximately sinusoidal. The harmonic factor shall not exceed 0.05 per unit.
NOTE— Harmonic factor is defined in IEEE Std C57.12.80-1978.3

4.1.6 Operation above rated voltage

Transformers shall be capable of

a) Delivering rated output in kVA at 5% above rated secondary voltage, without exceeding the limiting
temperature rise, when the power factor of the load is 80% or higher;

b) Operating at 10% above rated secondary voltage at no load without exceeding the limiting tempera-
ture rise;

c) Fulfilling the foregoing requirements for rated voltage, rated frequency, and rated kVA for any tap.

The maximum continuous transformer operating voltage should not exceed the levels specified in
ANSI C84.1-1995.

NOTE —System conditions may require voltage transformation ratios involving tap voltages higher than the maximum
system voltage for regulation purposes. However the appropriate maximum system voltage should be observed under
operating conditions.

4.1.7 Location

Sealed and nonventilated transformers shall be suitable for indoors, outdoors, or indoor and outdoor opera-
tion as specified.

Unless otherwise specified, ventilated transformers shall be suitable for indoor operation only.
4.1.8 Step-down operation

Unless otherwise specified, dry-type transformers shall be designed for step-down operation.
NOTE—See also Note 9 of Table 11.

4.1.9 Tank or enclosure finish

Temperature limits and tests shall be based on the use of a nonmetallic pigment-coating finish.

4.2 Unusual service conditions

4.2.1 General

Conditions, other than those described in 4.1, are considered unusual service conditions and, when present,
should be brought to the attention of those responsible for the design and application of the apparatus.

3Information on references can be found in Clause 2.
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4.2.2 Unusual loading
IEEE Std C57.96-1989 provides guidance for loading under unusual conditions, including

a)  Ambient temperatures higher or lower than the basis of rating;

b)  Short-time loading in excess of nameplate kVA with normal life expectancy;

¢) Loading that results in reduced life expectancy.
NOTE—IEEE Std C57.96-1989 is a guide. It provides the best known general information for the loading of transform-
ers under various conditions based on typical winding insulation systems, and it is based upon the best engineering infor-
mation available at the time of preparation. The guide discusses limitations of ancillary components other than windings
that may limit the capability of transformers to meet the guide. When specified, construction features (cables, leads, tap
changers, etc.) shall be supplied so that the ancillary components will not in themselves limit the short-time loading to

less than that which will result in no loss in normal life expectancy of the winding insulation system. This guide does not
cover solid-cast and/or resin-encapsulated windings.

4.2.3 Unusual altitude service conditions

Annex A provides guidance concerning operation above 1000 m (3300 ft), including the effects of altitude
on temperature rise, operation at rated kVA and reduced ambient temperature, and operation at less than
rated kVA.

4.2.4 Insulation at high altitude

The dielectric strength of transformers that depend in whole or in part upon air for insulation decreases as
the altitude increases due to the effect of decreased air density. When specified, transformers shall be
designed with larger air spacing, using the correction factors from Table 1 to obtain adequate air dielectric
strength at altitudes above 1000 m (3300 ft).

The insulation level at 1000 m (3300 ft) multiplied by the correction factor from Table 1 shall be not less
than the required insulation level at the required altitude.

4.2.5 Other unusual service conditions

a) Damaging fumes or vapors, excessive or abrasive dust, explosive mixtures of dust or gases, steam,
salt spray, and excessive moisture or dripping water constitute service conditions for which some
dry-type transformers are not intended and, therefore, may have detrimental effects on transformer
life;

NOTE —The seriousness of the effects of the unusual conditions listed in item a) varies widely, depending upon
the design of dry-type transformer involved. While such conditions may have little or no effect on sealed, solid-
cast and/or resin-encapsulated or nonventilated dry-type transformers, they may have serious effects on venti-
lated dry-type transformers.

b)  Abnormal vibrations, tilting, shock, or seismic conditions;
¢) Ambient temperatures outside the normal range;

d)  Unusual transportation or storage conditions;

e)  Unusual space limitations;

f)  Unusual maintenance problems;

g)  Unusual duty or frequency of operation, impact loading;

h)  Unbalanced ac voltages, or departure of ac system voltages from a sinusoidal waveform, as identi-
fied in 4.1.4;
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i)  Loads involving abnormal harmonic currents, such as those that may result where solid-state or sim-
ilar devices control appreciable load currents. Harmonic currents may cause excessive losses and
abnormal heating. Limits for usual service conditions are identified in 4.1.5;

j)  Multiwinding transformers with a specified combination of kVA outputs and power factors for each
winding;

k)  Unusually high, low, or unbalanced ac system impedance;

1)  Overexcitation exceeding 110% rated V/Hz;

m) Planned short circuits as part of a regular operating or relaying practice;

n)  Short-circuit application conditions requiring special consideration as described in 7.5;

0) Special insulation requirements or unusual transient voltages present on the ac power supply, includ-
ing resonant or switching-related disturbances;

p) Unusually strong magnetic radiation;
q) Unusually high nuclear fields;

r)  Parallel operation.

NOTE—While parallel operation is not unusual, it is desirable that users advise manufacturers if paralleling
with other transformers is planned and identify the transformers involved.

Table 1—Dielectric strength correction factors for altitudes greater than 1000 m (3300 ft)

Altitude Altitude correction
factor for
(m) (ft) dielectric strength
1 000 3300 1.00
1200 4000 0.98
1 500 5000 0.95
1 800 6 000 0.92
2100 7000 0.89
2 400 8 000 0.86
2700 9000 0.83
3000 10 000 0.80
3600 12 000 0.75
4200 14 000 0.70
4 500 15 000 0.67
NOTE— An altitude of 4 500 m (15 000 ft) is considered a
maximum for transformers conforming to this standard.
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