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Abstract: Description of design types, tables of 50 Hz and 60 Hz ratings, supplementary ratings,
construction, and available accessories are provided. Methods for performing routine and design
tests applicable to liquid-immersed single and three-phase step-voltage regulators are described.
Winding resistance measurements, polarity tests, insulation power factor and resistance tests,
ratio tests, no load loss and excitation current measurements, impedance and load loss
measurements, dielectric tests, temperature tests, routine and design impulse tests, short-circuit
tests, control tests, calculated data, and certified test data are covered.

Keywords: control, design tests, position indicator, routine tests, series transformer, tap changer,
Type A, Type B, voltage regulator
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IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating Committees of
the IEEE Standards Association (IEEE-SA) Standards Board. The IEEE develops its standards through a consensus
development process, approved by the American National Standards Institute, which brings together volunteers
representing varied viewpoints and interests to achieve the final product. Volunteers are not necessarily members of the
Institute and serve without compensation. While the IEEE administers the process and establishes rules to promote
fairness in the consensus development process, the IEEE does not independently evaluate, test, or verify the accuracy
of any of the information or the soundness of any judgments contained in its standards.

Use of an IEEE Standard is wholly voluntary. The IEEE disclaims liability for any personal injury, property or other
damage, of any nature whatsoever, whether special, indirect, consequential, or compensatory, directly or indirectly
resulting from the publication, use of, or reliance upon this, or any other IEEE Standard document.

The IEEE does not warrant or represent the accuracy or content of the material contained herein, and expressly
disclaims any express or implied warranty, including any implied warranty of merchantability or fitness for a specific
purpose, or that the use of the material contained herein is free from patent infringement. IEEE Standards documents
are supplied “AS I1S.”

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 subjected to review at least
every five years for revision or reaffirmation, or every ten years for stabilization. When a document is more than five
years old and has not been reaffirmed, or more than ten years old and has not been stabilized, 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.

In publishing and making this document available, the IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any person or entity. Nor is the IEEE undertaking to perform any duty owed by any other
person or entity to another. Any person utilizing this, and any other IEEE Standards document, should rely upon his or
her independent judgment in the exercise of reasonable care in any given circumstances or, as appropriate, seek the
advice of a competent professional in determining the appropriateness of a given IEEE standard.

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 represent a consensus of 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.
A statement, written or oral, that is not processed in accordance with the IEEE-SA Standards Board Operations Manual
shall not be considered the official position of IEEE or any of its committees and shall not be considered to be, nor be
relied upon as, a formal interpretation of the IEEE. At lectures, symposia, seminars, or educational courses, an
individual presenting information on IEEE standards shall make it clear that his or her views should be considered the
personal views of that individual rather than the formal position, explanation, or interpretation of the IEEE.

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. Recommendations to change the status of a stabilized standard should include a
rationale as to why a revision or withdrawal is required. Comments and recommendations on standards, and requests
for interpretations should be addressed to:

Secretary, IEEE-SA Standards Board

445 Hoes Lane

Piscataway, NJ 08854

USA
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; +1 978 750 8400. Permission to photocopy portions of any individual standard for
educational classroom use can also be obtained through the Copyright Clearance Center.
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Introduction

This introduction is not part of IEEE Std C57.15-2009, IEEE Standard Requirements, Terminology, and Test Code for
Step-Voltage Regulators.

The Working Group has undertaken the task to update this standard to:

a) Reflect the latest revisions of referenced documents IEEE Std C57.12.00™ [B13] and
IEEE Std C57.12.90™ [B16], and eliminate references to these standards in this standard
IEEE Std C57.15-2009 and duplicate applicable text. *

b) Adapt the new IEEE approved format to ensure compatibility with the latest ISO and IEC
standards.

¢) Include references to applicable IEC standards and keep IEEE standard references to a minimum.
This assists in setting up document as a possible candidate for a dual logo (IEC/IEEE).

d) Update tables of preferred ratings; include 50 Hz ratings. Ratings of 2.4 kV (45 BIL), 46 kV
(250 BIL), and 69 kV (350 BIL) have been removed from the three-phase 60 Hz voltage regulator
rating Table 5 (Table 4 in 1999 edition) due to historical inactivity of requests from users for
ratings.

e) Add bushing terminal connectors for current ratings of 669 A to 2000 A.
f)  Clarify Type A and Type B designs and their resulting voltage regulation per extreme tap positions.

g) Review short-circuit requirements for distribution and substation applications and revise where
applicable.

Notice to users

Laws and regulations

Users of these documents should consult all applicable laws and regulations. Compliance with the
provisions of this standard does not imply compliance to any applicable regulatory requirements.
Implementers of the standard are responsible for observing or referring to the applicable regulatory
requirements. IEEE does not, by the publication of its standards, intend to urge action that is not in
compliance with applicable laws, and these documents may not be construed as doing so.

Copyrights

This document is copyrighted by the IEEE. It is made available for a wide variety of both public and
private uses. These include both use, by reference, in laws and regulations, and use in private self-
regulation, standardization, and the promotion of engineering practices and methods. By making this
document available for use and adoption by public authorities and private users, the IEEE does not waive
any rights in copyright to this document.

* The numbers in brackets correspond to those of the bibliography in Annex C.
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Updating of IEEE documents

Users of IEEE standards should be aware that these documents may be superseded at any time by the
issuance of new editions or may be amended from time to time through the issuance of amendments,
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the
document together with any amendments, corrigenda, or errata then in effect. In order to determine whether
a given document is the current edition and whether it has been amended through the issuance of
amendments, corrigenda, or errata, visit the IEEE Standards Association web site at
http://iecexplore.iece.org/xpl/standards.jsp, or contact the IEEE at the address listed previously.

For more information about the IEEE Standards Association or the IEEE standards development process,
visit the IEEE-SA web site at http://standards.ieee.org.

Errata

Errata, if any, for this and all other standards can be accessed at the following URL:
http://standards.iece.org/reading/iece/updates/errata/index.html. Users are encouraged to check this URL
for errata periodically.

Interpretations

Current interpretations can be accessed at the following URL: http://standards.ieee.org/reading/ieee/interp/
index.html.

Patents

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 is not responsible for identifying
Essential Patent Claims for which a license may be required, for conducting inquiries into the legal validity
or scope of Patents Claims or determining whether any licensing terms or conditions provided in
connection with submission of a Letter of Assurance, if any, or in any licensing agreements are reasonable
or non-discriminatory. Users of this standard are expressly advised that determination of the validity of any
patent rights, and the risk of infringement of such rights, is entirely their own responsibility. Further
information may be obtained from the IEEE Standards Association.
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IEEEStandardRequirements,
Terminology, and Test Code for
Step-Voltage Regulators

IMPORTANT NOTICE: This standard is not intended to _ensure safety, security, health, or environmental
protection_in_all circumstances. Implementers of the standard are responsible for determining appropriate
safety, security, environmental, and health practices or regulatory requirements.

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

This standard describes electrical and mechanical —and-safety requirements of ei-filled liquid-immersed ,
single- and three- phase, step-voltage regulators, not exceeding a regulation of 2560 3000 kVA (for three-phase
units) or €331000 kVA (for single-phase units). This standard does not apply to load tap-changing power
transformers.

1.2 Purpose

This standard is intended as a basis for the establishment of performance, limited electrical and mechanical
interchangeability, and safety general requirements of equipment described. It also assists in the proper selection
of such equipment.

1.3 Word usage

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

2. Normative references

The following referenced documents are indispensable for the application of this standard (i.e., they must be
understood and used; therefore, each referenced document is cited in text and its relationship to this standard 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.
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Where references to both IEC and IEEE standards are made, users shall specify the standard they require, and
equipment shall be manufactured to meet that standard.

IEC 60068-2-1, Environmental testing—Part 2-1: Tests—Test A: Cold."

IEC 60068-2-2, Environmental testing—Part 2-2: Tests—Test B: Dry heat.

IEC 60068-2-30, Environmental testing—Part 2-30: Tests—Test Db: Damp heat, cyclic (12 h + 12 h
cycle).

IEC 60214-1, Tap-changers—Part 1: Performance requirements and test methods.

IEC 60255-5, Electrical Relays—Part 5: Insulation coordination for measuring relays and protection equipment—
Requirements and tests.

IEC 60255-21-1, Electrical Relays—Part 21: Vibration, shock, bump and seismic tests on measuring relays and
protection equipment—Section one: Vibration tests (sinusoidal).

IEC 60255-22-1, Measuring relays and protection equipment—Part 22-1: Electrical disturbance tests— 1
MHz burst immunity tests.

IEC 60255-22-2, Measuring relays and protection equipment—Part 22-2: Electrical disturbance tests—
Electrostatic discharge tests.

IEC 60255-22-3, Measuring relays and protection equipment—Part 22-3: Electrical disturbance tests—
Radiated electromagnetic field immunity.

IEC 60255-22-4, Measuring relays and protection equipment—Part 22-4: Electrical disturbance tests—
Electrical fast transient/burst immunity test.

IEC 60255-22-5, Measuring relays and protection equipment—Part 22-5: Electrical disturbance tests for
measuring relays and protection equipment—Surge immunity test.

IEC 60255-22-6, Electrical relays—Part 22-6: Electrical disturbance tests for measuring relays and protection
equipment—Immunity to conducted disturbances induced by radio frequency fields.

IEEE Std 4™, TEEE Standard Techniques for High-Voltage Testing.z’ 3

IEEE Std C37.90.1™, IEEE Standard Surge Withstand Capability (SWC) Tests for Relays and Relay
Systems Associated with Electric Power Apparatus.

"IEC publications are available from the Central Office of the International Electrotechnical Commission. 3. rue de Varembé. P.O. Box
131, CH-1211, Geneva 20, Switzerland IEC publications are also available in the United States from the Sales Department, American
National Standards Institute, 25 West 43rd Street, 4th Floor, New York, NY 10036, USA (http://www.ansi.org/).

AN )O7 o e m | e e | e i 1 4

’IEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane. Piscataway. NJ 08854, USA
(http://standards.ieee.org/).

° The IEEE standards or products referred to in Clause 2 are trademarks owned by the Institute of Electrical and Electronics Engineers,
Incorporated.
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IEEE Std C37.90.11989-(Reaff1994); 2™, [EEE Standard Surge-for Withstand Capability (SWE)-Festsfor
Proteetive Relays- of Relay Systems to Radiated Electromagnetic Interference from Transceivers.

IEEE Std C37.90.3™., TEEE Standard Electrostatic Discharge Tests for Protective Relays. IEEE Std C57.12.31™,
IEEE Standard for Pole-Mounted Equipment—Enclosure Integrity. IEEE Std C57.91™, TEEE Guide for Loading

Mineral-Oil-Immersed Transformers.

IEEE Std C57.98™1992 'TEEE Guide for Transformer Impulse Tests.

IEEE Std C57.131™, TEEE Standard Requirements for Load Tap Changers.

3. Definitions

For the purposes of this document, the following terms and definitions apply. JEEE Std-C57-12.80-1978% and The
IEEE Standards Dictionary: Glossag of Electricaland-Electronties-Terms [B7Y’ & Definitions should be referenced
for terms not defined in this clause.*

ambient temperature: The temperature of the medium, such as air, water, or earth, into which the heat
generated-of the equipment is dissipated.

NOTE 1—For self-ventilated equipment, the ambient temperature is the average temperature of the air in the immediate
neighborhood of the equipment.®

NOTE 2—For air cooled equipment with forced ventilation, the ambient temperature is taken as that of the in-going air.
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angular displacement of pelyphase-a three-ghase voltage regulator_or bank of three single-phase voltage
regulators: (A) The time angle, expressed in degrees, between the line-to-neutral voltage of the reference

identified-source voltage terminal S; and the line-to-neutral voltage of the corresponding load voltage terminal.

(B) The connection and arrangement of terminal markings for a three-phase voltage regulator or bank of
three single-phase voltage regulators in a wye connection has an angular displacement of zero degrees. (C) The
connection and arrangement of terminal markings for a three-phase voltage regulator or bank of three
single-phase voltage regulators in a delta connection has an angular displacement of zero degrees when the
voltage regulators are on the neutral tap position. When the voltage regulators are on a tap position other than
neutral, the angular displacement will be other than zero degrees. The angular displacement with the voltage
regulators connected in delta will be less than =5 for a +10% range of regulation.

autotransformer: A transformer in which pa

assoetated-with-that-windingat least two windings have a common_section.

average winding temperature rise of a voltage regulator: The arithmetic difference between the average
winding temperature of the hottest winding and the ambient temperature.

common winding: That part of the autotransformer winding that is common to both the primary and
secondary circuits. Syn: shunt winding.

current transformer: An instrument transformer intended to have its primary winding connected in series with
the conductor carrying the current to be measured or controlled.

* The IEEE Standards Dictionary: Glossary of Terms & Definitions is available at http:// shop.ieee.org/

’ Notes in text, tables. and figures of a standard are given for information only and do not contain requirements needed to implement this

standard.

dielectric withstand voltage tests: Tests made to determine the ability of insulating materials and spacings to
withstand specified overvoltages for a specified time without flashover or puncture.

NOTE—The purpose of the tests is to determine the adequacy against breakdown of insulating materials and spacings under

normal or transient conditions.
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excitation current: The current that maintains—the-excitation—of flows in any winding used to excite the

voltage regulator when all other windings are open-circuited. It may-be is usually expressed in amperes;-perunit;
er-percent of the rated current of the voltage regulator.

impedance wveltage drop: The phasor sum of the resistance voltage drop and the reactance voltage
drop.

NOTE—For voltage regulators, the resistance drop, the reactance drop, and the impedance drop are, respectively, the sum of
the primary and secondary drops reduced to the same terms. They are_determined from the load loss measurements and are
usually expressed in per unit or percent of the rated voltage of the voltage regulator. Since they differ at different operating
positions of the voltage regulator, two values of impedance shall be considered, in practice, to be the tap positions that result in
the minimum and the maximum impedance. Neutral position has the minimum amount of impedance.

impedance voltage of a voltage regulator: The voltage required to circulate rated current through one winding
of the voltage regulator when another winding is short-circuited, with the respective windings connected as for a
rated voltage operation.

NOTE—Impedance voltage is usually referred to the series winding, and then that voltage is expressed in per unit, or percent,
of the rated voltage of the voltage regulator.

line-drop compensator: A device that causes the voltage regulating device to vary the output voltage by an
amount that compensates for the impedance voltage drop in the circuit between the voltage regulator and a

predetermined location on the circuit (sometimes referred to as the load center).

Liquid: Refers to beth-synthetic fluids, natural ester-based fluid, and mineral transfermeroil.

NOTE—Some synthetic fluids may be unsuitable for use in the arcing environment of a step-voltage regulator.

liquid-immersed regulator self-cooled (Class KNAN): A voltage regulator in—whieh—the-having its core and
coils—are immersed in an-insulating liquid_with fire point 300 C and cooled by the natural circulation of air over
the cooling surfaces.

liquid-immersed self-cooled (Class ONAN): A voltage regulator having its core and coil immersed in a liquid
with fire point 300 C and cooled by the natural circulation of air over the cooling surfaces.

liquid-immersed self-cooled/forced-air-cooled (Classes ONAN/ONAF KNAN/KNAF and
KNAN/KNAF/KNAF): A voltage regulator having its core and coils immersed in liquid with fire point 300 C
and having a self- cooled rating with cooling obtained by the natural circulation of air over the cooling surface
and a forced- air-cooled rating with cooling obtained by the forced circulation of air over this same cooling
surface.
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liquid-immersed self-cooled/forced-air-cooled (Classes ONAN/ONAF and ONAN/ONAF/ONAF): A voltage
regulator having its core and coils immersed in liquid with fire point 300 C and having a self-_cooled rating

with cooling obtained by the natural circulation of air over the cooling surface and a forced- air-cooled rating with
coohng obtalned by the forced c1rculat10n of air over thls same aﬁ—coohng surface—&né—a—fe*eeé—l-}qtﬂé—eeeleé
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liquid-immersed self-cooled/forced-air-cooled/forced-liquid-cooled (Class KNAN/KNAF/KFAF): A voltage
regulator having its core and coils immersed in liquid with fire point 300 C and having a self- cooled rating
with cooling obtained by the natural circulation of air over the cooling surface; a forced-air- cooled rating with
cooling obtained by the forced circulation of air over this same air cooling surface; and a forced-liquid-cooled
rating with cooling obtained by the forced circulation of liquid over the core and coils and adjacent to this same
cooling surface over which the cooling air is being forced-circulated.

liquid-immersed self-cooled/forced-air-cooled/forced-liquid-cooled (Class ONAN/ONAF/OFAF): A voltage

regulator having its core and coils immersed in liquid with fire point 300 C and having a self- cooled rating

with cooling obtained by the natural circulation of air over the cooling surface; a forced-air- cooled rating with
cooling obtained by the forced circulation of air over this same air cooling surface; and a forced-liquid-cooled
rating with cooling obtained by the forced circulation of liquid over the core and coils and adjacent to this same
cooling surface over which the cooling air is being forced-circulated.

liquid-immersed voltage regulator: A voltage regulator in which the core and coils are immersed in an
insulating liquid.

liquid-immersed water-cooled (Class KNWF): A voltage regulator having its core and coils immersed in a
liquid with fire point 300 C and cooled by the natural circulation of the liquid over the water-cooled surface.

liquid-immersed water-cooled (Class ONWF): A voltage regulator having its core and coils immersed in a
liquid with fire point 300 C and cooled by the natural circulation of the liquid over the water-cooled surface.

liquid-immersed water-cooled/self-cooled (Class KNWEF/KNAN): A voltage regulator having its core and
coils immersed in liquid with fire point 300 C and having a water-cooled rating with cooling obtained by
the natural circulation of liquid over the water-cooled surface, and a self-cooled rating with cooling obtained by
the natural circulation of air over the air-cooled surface.

liquid-immersed water-cooled/self-cooled (Class ONWF/ONAN): A voltage regulator having its core and
coils immersed in liquid with fire point 300 C and having a water-cooled rating with cooling obtained by
the natural circulation of liquid over the water-cooled surface, and a self-cooled rating with cooling obtained by
the natural circulation of air over the air-cooled surface.

load losses: Those losses that are incident to the carrying of a specified load. Load losses include I°R loss in the
current carrying parts (windings, leads, busbars, bushings), eddy losses in conductors due to eddy currents and

circulating currents (if any) in parallel windings or in parallel winding strands, and stray loss induced by leakage

flux in the tank, core clamps, or other structural parts.

load tap changer: A selector switch device, which may include current interrupting contactors, used to change
voltage regulator taps with the voltage regulator energized and carrying full load.
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no-load (excitation) losses: Those losses that are incident to the excitation of the voltage regulator. No- load
(excitation) losses include core loss, dielectric loss, conductor loss in the winding due to exciting current, and
conductor loss due to circulating current in parallel windings. These losses change with the excitation voltage.

nominal system voltage: A nominal value assigned to a system or circuit of a given voltage for the
purpose of convenient designation. The term nominal voltage designates the line-to-line voltage, as distinguished
from the line-to-neutral voltage. It applies to all parts of the system or circuit. The system voltage by which the
system is designated and to which certain operating characteristics of the system are related. (The nominal
voltage of a system is near the voltage level at which the system normally operates and provides a per-unit base
voltage for system study purposes. To allow for operating contingencies, systems generally operate at voltage
levels about 5% to 10% below the maximum system voltage for which system components are designed.)

platform mounted voltage regulator: A line voltage regulator that is designed for mounting on a platform and
has a maximum weight limitation. This step-voltage regulator controls the voltage on the main feeder out of the
substation or on laterals off of the main feeder. It is commonly referred to as a distribution voltage
regulator.

polarity of a voltage regulator: (A) The polarity of a voltage regulator is intrinsic in its design. Polarity is
correct if the voltage regulator boosts the voltage in the “raise” range and bucks the voltage in the “lower” range.
The relative polarity of the shunt winding and the series windings of a step-voltage regulator will differ in the
boost and buck modes between Type A and Type B voltage regulators. (B) The relative instantaneous polarity of
the voltage regulator windings, instrument transformer(s), and utility winding(s), as applicable, will be
designated by an appropriate polarity mark on the diagram of connection on the nameplate.

NOTE—The diagram of connection for (B) is in accordance with 6.3.

pole-type voltage regulator: A line voltage regulator that is designed for mounting on a pole and has a maximum
weight limitation. This step-voltage regulator controls the voltage on the main feeder out of the substation or on

laterals off of the main feeder. It is commonly referred to as a distribution voltage regulator.

primary circuit of a voltage regulator: The circuit on the input side of the voltage regulator.

rated range of regulation of a voltage regulator: The amount that the voltage regulator will raise or lower
its rated voltage. The rated range may be expressed in per unit, or in percent, of rated voltage, or it may be
expressed in kilovolts.

rated voltage: The voltage to which operating and performance characteristics of apparatus and equipment are
referred.

rated voltage of a step-voltage regulator: The voltage selected for the basis of performance specifications of a
voltage regulator.

rated voltage of a winding: The rated-veltage-ofa-windingis The voltage to which operating and performance
characteristics are referred.

rated voltage of the series winding of a step-voltage regulator: The voltage between terminals of the series
winding, with rated voltage applied to the voltage regulator, when the voltage regulator is in the position that
results in maximum voltage change and is delivering rated output at 80% lagging power factor.
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rating in kVA of a voltage regulator: (A) The rating that is the product of the rated load amperes and the rated
“raise” or “lower” range of regulation in kilovolts (kV). If the rated raise and lower range of regulation
are unequal, the larger shall be used in determining the rating in kVA. (B) The rating in kVA of a three-phase
voltage regulator is the product of the rated load amperes and the rated range of regulation in kilovolts multiplied
by square root of 3.

reactance drop: The component of the impedance voltage drop in quadrature with the current.

reactor: An electromagnetic device, the primary purpose of which is to introduce inductive reactance into a
circuit.

regulated circuit of a voltage regulator: The circuit on the output side of the voltage regulator, and in which it
is desired to control the voltage.

NOTE—The voltage may be held constant at any selected point on the regulated circuit.

resistance drop: The component of the impedance voltage drop in phase with the current.

resistance method of temperature determination: The determination of the temperature by comparison of the
resistance of a winding at the temperature to be determined, with the resistance at a known temperature.

series transformer: A transformer with a “series” winding and an “exciting” winding, in which the series
winding is placed in a series relationship in a circuit to change voltage in that circuit as a result of input received
from the exciting winding.

series winding: That portion of the autotransformer winding that is not common to both the primary and
secondary circuits, but is connected in series between the input and output circuits.

shunt winding: See: common winding.

station-type voltage regulator: A voltage regulator designed for ground-type installations in substations. This
voltage regulator is used for bus or individual feeder regulation. It is commonly referred to as a substation voltage

regulator.

step-voltage regulator: A regulating autotransformer in which the voltage of the regulated circuit is controlled in
steps by means of taps and without interrupting the load.

tap: A connection brought out of a winding at some point between its extremities, to permit changing the voltage,
or current, ratio.

thermometer method of temperature determination: The determination of the temperature by thermocouple or
suitable thermometer, with either being applied to the hottest accessible part of the equipment.

total losses of a regulator: The sum of the no-load and load losses, excluding losses due to accessories.

Type A step-voltage regulator: A step-voltage regulator in which the primary circuit is connected directly to the
shunt winding of the voltage regulator._It is sometimes referred to as a straight design in the industry. The series
winding is connected to the shunt winding and, in turn, via taps, to the regulated circuit. In a Type A step-
voltage regulator, the core excitation varies because the shunt winding is connected across the unregulated
primary circuit._ The maximum range of regulation on the raise side equals the maximum range of regulation of

the lower side with 10% being the nominal amount of regulation for the preferred kVA ratings.

NOTE—See Figure 1.
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"RATSE"
DIRECTION

Figure 1—Schematic diagram of single-phase, Type A, step-voltage regulator

Type B step-voltage regulator: A step-voltage regulator in which the primary circuit is connected, via taps,
to the series winding of the voltage regulator. It is sometimes referred to as an inverted design in the industry. The
series winding is connected to the shunt winding, which is connected directly to the regulated circuit . In a Type B
step-voltage regulator, the core excitation is constant because the shunt winding is connected across the regulated
circuit. The maximum range of regulation of the raise side is higher than the maximum range of regulation of the
lower side with 10% being the nominal amount of regulation of the raise side for the preferred kVA ratings.

NOTE—See Figure 2.

"RAISE”
DIRECTION

Figure 2—Schematic diagram of single-phase, Type B, step-voltage regulator

utility winding: That part of a voltage regulator coil that provides a voltage supply for the tap changer motor
and/or the control, for a cooling fan or for a user’s specified requirement.

voltage regulating device: A voltage sensitive device that is used on an automatically operated voltage regulator
to control the voltage of the regulated circuit.

voltage supply ratio: The ratio of the regulated line voltage to the control supply voltage.
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4. Service conditions
4.1 Usual service conditions
4.1.1 General

Voltage regulators conforming to this standard shall be suitable for operation at rated kilovolt amperes
under the usual service conditions given in 4.1.2 through 4.1.7.

4.1.2 Temperature

4.1.2.1 Cooling air temperature limit

When air-cooled, the temperature of the cooling air (ambient temperature) does not exceed 40 °C, and the
average temperature of the cooling air for any 24 h period does not exceed 30 °C.

4.1.2.2 Liquid temperature limit

The top-liquid temperature of the voltage regulator (when operating) shall not be lower than —20 °C. Liquid
temperatures below —20 °C are not considered as usual service conditions.

4.1.2.3 Cooling water temperature limit

When water-cooled, the temperature of the cooling water (ambient temperature) does not exceed 30 °C, and the
average temperature of the cooling water for any 24 h period shall not exceed 25 °C. Minimum water temperature
shall not be lower than 1 °C, unless the cooling water includes antifreeze suitable for 20 °C operation.

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 voltages supplying a pely
three-phase voltage regulator shall be approximately equal in magnitude and time displacement.

4.1.5 Load current

The load current shall be approximately sinusoidal. The harmonic factor shall not exceed 0.05 per unit.
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4.1.6 Outdoor operation

Unless otherwise specified, voltage regulators shall be suitable for outdoor operation.

4.1.7 Tank or enclosure finish
Temperature limits and tests shall be based on the use of a nonmetallic pigment surface paint finish.

NOTE—Metallie—_It should be noted that metallic-flake paints, such as aluminum and zinc, and-se—ferth;-have
properties that increase the temperature rise of voltage regulators, except in direct sunlight._Unless otherwise
specified, the tank finish shall conform to Light Gray Number 70, Munsell Notation 5BG 7.0/0.4. Finishing of

voltage regulators shall meet requirements specified in IEEE Std C57. 12.31.°

4.2 Loading at other than rated conditions

IEEE Std C57.91 provides guidance for loading at other than rated conditions including the following:

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 C57.91 is a guide rather than a standard. It provides the best known general information for the loading of
voltage regulators under various conditions based on typical winding insulation systems, and is based upon the best
engineering information available at the time of preparation. The guide discusses limitations of ancillary components other
than windings that may limit the capability of voltage regulators. When specified, ancillary components and other construction
features (cables, bushings, tap changers, il liquid expansion space, etc.) shall be supplied such that they in them selves will
not limit the loading to less than the capability of the windings.

4.3 Unusual service conditions

Conditions other than those described in 4.1 are considered unusual service conditions and, when present
prevalent, should be brought to the attention of those responsible for the design and application of the apparatus
voltage regulator. Examples of some of these conditions are discussed in 4.3.1 through 4.3.3.

4.3.1 Unusual temperature and altitude conditions

Voltage regulators may be used at higher or lower ambient temperatures or at higher altitudes than specified in
4.1, but special consideration should be given to these applications. Annex A and IEEE Std C57.91 provide
information on recommended practices.

4.3.2 Insulation at high altitude

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

The minimum insulation necessary at the required altitude can be obtained by dividing the standard
insulation level at 1000 m (3300 ft) mutiplied by the appropriate correction factor from Table 1-mustnetbeless

than-thereguiredansulaton-tevelattherequired-attitude

¢ Information on references can be found in Clause 2.

Table 1—Dielectric strength correction factors for altitudes

greater than 1000 m (3300 ft)

Altitude Altitude correction
factor for dielectric
(m) () strength
1000 3300 1.00
1200 4000 0.98
1500 5000 0.95
1800 6000 0.92
2100 7000 0.89
2400 8000 0.86
2700 9000 0.83
3000 10 000 0.80
3600 12 000 0.75
4200 14 000 0.70
4500 15 000 0.67

NOTE—An altitude 0of 4500 m (15 000 ft) is considered a maximum for voltage regulators conforming to this standard.

4.3.2.2 Bushings

Bushings with additional length or creep distance shall be furnished where necessary for operation above 1000

m (3300 ft).

4.3.3 Other unusual service conditions

Other unusual service conditions include the following:

a) Damaging fumes or vapors, excessive or abrasive dust, explosive mixtures of dust or gases, steam, salt
spray, excessive moisture or dripping water, etc.

b) Abnormal vibration, tilting, shock, or seismic conditions.

c) Ambient temperatures outside of normal range.

d) Unusual transportation or storage conditions.

¢) Unusual space limitations.

f) Unusual maintenance problems.

g) Unusual duty or frequency of operation, #mpaet or high current short duration loading.

h) Unbalanced alternating currents (ac)), voltages, or departure of ac systems voltages from a substantially

sinusoidal waveform.
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i) Loads involving abnormal harmonic currents such as those that may result where appreciable load currents
are controlled by solid-state or similar devices. Such harmonic currents may cause excessive losses,
excessive tap changer contact wear, and abnormal heating.

j) Excitation exceeding either 110% rated voltage or 110% rated volts per Hertz.

k) Planned short circuits as a part of regelater regular operating or relaying practice.

1) Unusual short-circuit application conditions differing from those described as usual in 5.9.1.

m) Unusual voltage conditions ineluding- (transient overvoltages, resonance, switching surges, etc.),which may
require special consideration in insulation design.

n) Unusually strong magnetic fields._It should be noted that solar magnetic disturbances might result in the
flow of telluric currents in voltage regulator neutrals.

0) Parallel operation._It should be noted that while parallel operation is not unusual, it is desirable that users
advise the manufacturer if paralleling with other voltage regulators is planned, and the characteristics of
the transformers or reactors so involved.

4.3.3.1 Control Voltage regulating-device

The control, depending on its construction, may be sensitive to altitude considerations. The manufacturer should

be consulted where apphcatlons exceed 2000 m (6600 ft) A&ﬁad%eﬁélé%—m—élé—%@—ﬁ}—ls—eeﬁidered—a

f—t}The control shall w1thstand an altltude of up to 3000 m (10 OOO ft) w1thout loss of control

4.4 Frequency

Unless-otherwise-speeified;Step-voltage regulators shall be designed for operation at a frequency of 60 Hz
or 50 Hz as specified.

5. Rating data

5.1 Cooling classes of voltage regulators

Voltage regulators shall be identified according to the cooling method employed. For liquid-immersed voltage
regulators, this identification is expressed by a four-letter code as described in 5.1.1 through 5.1.4.

5.1.1 Liquid-immersed (fire point <300 °C) air-cooled

Internal cooling medium in contact with the windings is insulating liquid with fire point 300 °C:

a) Liquid-immersed self-cooled (Class ONAN).
b) Liquid-immersed self-cooled/forced-air-cooled (Class ONAN/ONAF).

5.1.2 Liquid-immersed (fire point > 300 °C) air-cooled

Internal cooling medium in contact with the windings is insulating liquid with fire point > 300 °C:

a) Liquid-immersed self-cooled (Class KNAN).
b) Liquid-immersed self-cooled/forced-air-cooled (Class KNAN/KNAF).
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5.1.3 Liquid-immersed (fire point 300 °C) water-cooled

Internal cooling medium in contact with the windings is insulating liquid with fire point 300 °C:

a) Liquid-immersed water-cooled (Class ONWF).

b) Liquid-immersed water-cooled/self-cooled (Class ONWF/ONAN).
5.1.4 Liquid-immersed (fire point > 300 °C) water-cooled

Internal cooling medium in contact with the windings is insulating liquid with fire point > 300 °C:

a) Liquid-immersed water-cooled (Class KNWF).
b) Liquid-immersed water-cooled/self-cooled (Class KNWF/KNAN).

5.2 Ratings-in-kVA

Ratings for step-voltage regulators are continuous and based on not exceeding the temperature limits covered in
Table 3. Other winding rises may be recognized for unusual ambient conditions specified.

Ratings covered by this standard shall be expressed in the terms given in 5.2.1 and as specified in 5.2.2.

Table 2—Limits of temperature rise

Item Type of apparatus Winding temperature Hottest-spot winding
rise by resistance, °C temperature rise, °C
(1) 55 °C nise liquid immersed 55 65
65 °C nse hquid immersed 65 80
(2) Metallic parts in contact with current-carrying conductor insulation shall not attain a temperature rise in
excess of the winding hottest-spot temperature rise.
(3) Metallic parts other than those descnbed nitem (2) shall not attain excessive temperature nses at maximum
rated load.
(4) The temperature rise of the insulating {Tuid shall not exceed 55 °C (55 °C nise unit) or 65 °C (65 °C rse unit)
when measured near the surface of the flud

* Apparatus with specified temperature rise shall have an insulation system that has been proven by experience, general acceptance, or
an accepted test

5.2.1 Terms in which rating is expressed

The rating of a step-voltage regulator shall be expressed in the following terms:

a) Kilovoltampere (kVA)

b) Number of phases
c¢) Frequency

d) Voltage
e) Current

f) Voltage range in percent (raise and lower)

Voltage regulators shall be approximately compensated for their internal regulation to provide the specified voltage
range at rating in kVA with an 80% lagging power factor load.
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5.2.2 Preferred kVA-ratings

Preferred ratings of step-voltage regulators shall be based on operation at a frequency of 60 Hz or 50 Hz and
nominal system voltages as given in Table 3, Table 4, Table 5, and a-veltage ranse-of 0% raise-and 0% loweras
given-in-Table 6.
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Table 3—Preferred ratings for liguid-immersed 60 Hz step-voltage regulators (single phase)

Nominal system voltage BIL (kV) kVA Line amperes
2400/4160Y 60 S0 200
75 300
100 400
125 500
167 668
250 1000
333 1332
416 1665
4800/8320Y 75 50 100
75 150
LY 200
125 250
167 i3
250 500
333 668
416 833
T620/13 200Y 95 381 50
572 75
762 100
114.3 150
167 219
250 328
333 438
416 546
500 656
667 875
33 1093
1000 1312
13 800 95 69 50
138 100
207 150
276 200
414 300
552 400
667 483
833 604
1000 725
14 400/24 940Y 150 72 50
144 100
288 200
333 231
432 300
576 400
667 463
i3 578
1000 694
19 920/34 5007 150 LY 50
200 100
333 167
400 201
667 i3
33 418
1000 s02
34 500 200 173 50
345 100
518 150
6N 200
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Table 4—Preferred ratings for liquid-immersed 50 Hz step-voltage regulators (single phase)

Nominal system BIL (kV) kVA Line amperes

voltage

6600/1 1430 95 33 S0

66 100

94 150

132 200

198 300

264 400

330 500

396 600

462 700

528 800

11000 95 55 50

110 100

165 150

220 200

330 300

440 400

550 500

660 600

770 700

850 800

15000/25980Y 150 75 50

150 100

225 150

300 200

450 300

600 400

750 500

900 600

22000 150 110 50

220 100

330 150

440 200

660 300

850 400

33000 170 165 50

330 100

495 150

660 200
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Table 5—Preferred ratings for liquid-immersed 60 Hz step-voltage regulators (three phase)

Nominal system BIL (kV) Sell-cooled Sell=cooled Torced-cooled
voltage ) kVA Line amperes kVA Line amperes

2400/4160Y 6l 500 667 625 i3
750 1000 937 1250

1000 1334 1250 1667

4800 6l 500 577 625 721
750 866 937 1082

1000 1155 1250 1443

T620/13 2007 95 500 219 625 274
750 328 937 410

1000 437 1250 546

1500 656 2000 874

2000 874 2667 1166

2500 1093 3333 1458

3000 1312 4000 1750

T970/13 B00Y 95 500 209 625 261
750 313 937 391

1000 418 1250 523

1500 628 2000 837

2000 837 2667 1116

2500 1046 3333 1394

3000 1255 4000 1673
14 400/24 940Y 150 500 1255 625 156.8
750 1883 937 2354

1000 251 1250 314

1500 377 2000 502

2000 502 2667 669

2500 628 3333 837

3000 694 4000 926

19920/34 500Y 150 500 84 625 105
750 1255 937 156.8

1000 167 1250 209

1500 251 2000 335

2000 335 2667 446

2500 418 3333 557

3000 502 4000 669
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Table 6—Preferred ratings for liquid-immersed 50 Hz step-voltage regulators (three phase)

Nominal system . Sell-cooled Sell-cooled Torced-cooled
iy BIL (kV) ; . - "
voliage kVA Line amperes KVA Line amperes
6600/1 14307 95 500 253 625 316
750 379 937 474
1000 505 1250 631
1500 758 2000 1010
11000 95 500 262 625 328
750 3 937 492
1000 525 1250 656
1500 787 2000 1050
15000/25980Y 150 500 1 625 139
750 167 937 208
1000 222 1250 278
1500 333 2000 444
2000 RS 2667 503
2500 556 3333 741
22000 150 500 131 625 164
750 197 937 246
1000 262 1250 328
1500 3 2000 525
33000 170 500 87 625 189
750 131 937 164
1000 175 1250 219

5.2.3 Supplementary voltage kVA-ratings

In addition to their rated voltage, as defined in 5.2.2, voltage regulators shall deliver rated kVA output without
exceeding the specified temperature rise per Table 2 at the operating voltages given in Table 7.

Voltage regulators with multitapped voltage transformers and/or utility windings may be operated at voltages other
than the rated voltage, as specified per the nameplate, and shall deliver rated line amperes without exceeding the
temperature limits of Table 2 and as specified per the nameplate.

Table 7—Supplementary voltage ratings for 60 Hz voltage regulators

Number ol phases Hated voltage Operating voltage
Smgle phase 7620 7200
330 4160
Three phase 5000 4800
8660 5320
13 200 12470
13 800 13 200

5.3 Supplementary continuous-current ratings

Single-phase step-voltage regulators rated up to 34.5 kV 4994V, inclusive, and rated 668 A and below shall have
supplementary continuous-current ratings er668—A; whicheveristess- on intermediate ranges of steps as shown in
Table 8. Maximum continuous current shall be 668 A.
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Table 8—Supplementary continuous-current ratings for single-phase voltage regulators

Range of voltage regulation (%) Continuous-current rating (%)
10.00 100
8.75 110
7.50 120
6.25 135
5.00 160

Three-phase step-voltage regulators rated up to 13.8 kV, inclusive, and rated 668 A and below shall have
supplementary continuous-current ratings on intermediate ranges of steps as shown in Table 9. Maximum continuous
current shall be 668 A.

Table 9—Supplementary continuous-current ratings for three-phase voltage regulators

Range of voltage regulation (%) Continuous-current rating (%)
10.00 100
8.75 108
7.50 115
6.25 120
5.00 130

5.4 Taps

Load tap changing equipment shall be furnished to provide approximately 10 % automatic adjustment of the

unregulated supply on the source side of the voltage regulator. This is to be done in approximately
0.625 percent steps, with sixteen steps above and sixteen steps below rated voltage.

5.5 Operating voltage limits

Voltage regulators, including their controls, shall be suitable for operation within the following limits of voltage
provided that the rated load current is not exceeded:

a) A minimum input voltage of 97.75 V times the ratio of voltage transformer.

b) A maximum input voltage at rated load amperes of 1.05 times the rated input voltage of the voltage regulator or
137.5 V times the ratio of voltage transformer, whichever is less.

¢) A maximum input voltage at no load of 1.10 times the rated input voltage of the voltage regulator or 137.5 V
times the ratio of voltage transformer, whichever is less.

d) A minimum output voltage of 103.5 V times the ratio of voltage transformer.

e) A maximum output voltage of 1.10 times the rated voltage of the voltage regulator or 137.5 V
times the ratio of voltage transformer, whichever is less.

f) The output voltage obtainable with a given input voltage is limited also by the voltage regulator voltage range.

Typical examples of the application of these rules to some common ratings of voltage regulators are given in Table
10.
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5.6 Voltage supply ratios

Values of voltage supply ratios are given in Table 11. When a voltage supply ratio is specified that is not a preferred
value shown in Table 11, an ancillary transformer may be furnished in the unit or control to modify the

preferred ratio.

Table 11 —Values of voltage supply ratios

Voltage regulator rating (V) Values of voltage supply ratios
Single phase Three phase - i
2500 20, 20.8
4330 34.6, 36.1
S000 S000 40,41.7
6600 55
7620 60, 63.5
7970 6.4
2660 693,722
11 000 91.7
13 200 110, 104
13 800 3 800 115,110
14 400 120)
15 000 120
19920 166
22000 1833
24 940 208
33000 275
34 500 34 500 287.5

5.7 Insulation levels

Voltage regulators shall be designed to provide coordinated applied-voltage and lightning impulse insulation levels on
line terminals, and applied-voltage insulation levels on neutral terminals. The identity of a set of coordinated levels
shall be its basic impulse insulation level (BIL), as shown in Table 12.

NOTE—When single-phase voltage regulators are connected in wye, the neutral of the voltage regulator bank shall be connected
to the neutral of the system. A closed or open delta connection of the voltage regulators is recommended when the system is three-

wire ungrounded.
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