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POWER TRANSFORMERS -

Part 21: Standard requirements, terminology,
and test code for step-voltage regulators

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC
Publication(s)"). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation.

IEEE Standards documents are developed within IEEE Societies and Standards Coordinating Committees of the
IEEE Standards Association (IEEE-SA) Standards Board. |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 IEEE and serve without compensation. While IEEE administers the process and establishes rules
to promote fairness in the consensus development process, IEEE does not independently evaluate, test, or
verify the accuracy of any of the information contained in its standards. Use of IEEE Standards documents is
wholly voluntary. IEEE documents are made available for use subject to important notices and legal disclaimers
(see http://standards.ieee.org/IPR/disclaimers.html for more information).

IEC collaborates closely” with I[EEE'in accordance withiconditions /determined 'byjagreement between the two
organizations. This Dual ‘Logo‘International Standard was”jointly developed by 'the IEC and IEEE under the
terms of that agreement.

The formal decisions of IEC on technical matters express;, as nearly as/possible, an international consensus of
opinion on the relevant subjects since each technical committee has representation from all interested IEC
National Committees. The formal decisions of IEEE opn technical matters, once consensus within IEEE Societies
and Standards Coordinating Committees has been reached, is determined by a balanced ballot of materially
interested parties who"indicate“interest“in''reviewing‘'the 'proposed-'standard.~ Final approval of the IEEE
standards document is given by the IEEE;StandardsiAssociation (IEEE-SA) Standards Board.

IEC/IEEE Publications have the form of recommendations for international use and are accepted by IEC
National Committees/IEEE Societies in that sense. While all reasonable efforts are made to ensure that the
technical content of IEC/IEEE Publications is accurate, IEC or IEEE cannot be held responsible for the way in
which they are used or for any misinterpretation by any end user.

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
(including IEC/IEEE Publications) transparently to the maximum extent possible in their national and regional
publications. Any divergence between any IEC/IEEE Publication and the corresponding national or regional
publication shall be clearly indicated in the latter.

IEC and IEEE do not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC and IEEE are not responsible
for any services carried out by independent certification bodies.

All users should ensure that they have the latest edition of this publication.

No liability shall attach to IEC or IEEE or their directors, employees, servants or agents including individual
experts and members of technical committees and IEC National Committees, or volunteers of IEEE Societies
and the Standards Coordinating Committees of the IEEE Standards Association (IEEE-SA) Standards Board,
for any personal injury, property damage or other damage of any nature whatsoever, whether direct or indirect,
or for costs (including legal fees) and expenses arising out of the publication, use of, or reliance upon, this
IEC/IEEE Publication or any other IEC or IEEE Publications.

Attention is drawn to the normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

Attention is drawn to the possibility that implementation of this IEC/IEEE Publication may require use of
material 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. IEC or IEEE shall not be held responsible for
identifying Essential Patent Claims for which a license may be required, for conducting inquiries into the legal
validity or scope of Patent 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.
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International Standard IEC 60076-21/IEEE Std C57.15-2017 has been prepared by IEC
technical committee 14: Power transformers, in cooperation with the Transformers Committee
of the IEEE Power and Energy Society?, under the IEC/IEEE Dual Logo Agreement.

This publication is published as an IEC/IEEE Dual Logo standard. This second edition cancels
and replaces |IEC 60076-21, published in 2011, and IEEE Std C57.15-2009.

This edition includes the following significant technical changes with respect to
IEC 60076-21:2011/IEEE Std C57.15-2009:

a) updated list of normative and bibliography IEC and IEEE references and their associated
text;

b) updated tables of preferred ratings for inclusion of maximum system voltage (U,,),
nominal system voltage and rated voltage (U,);

c) inclusion of tables for optional fan-cooled ratings, external dielectric clearances and sound
pressure levels;

d) revision of short-circuit requirements for distribution and substation voltage regulators;
e) inclusion of an universal interface between control enclosure and apparatus;

f) inclusion of tap-changer routine and type tests;

g) inclusion of audible sound pressure emissions test procedures;

h) inclusion of tank enclosure integrity type test procedures;

i) update of control environméntal IEC\reference tést standard.

The text of this standard is based.an,the followihg documents:

FDIS Report on voting
14/974/FDIS 14/989/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

International standards are drafted in accordance with the rules given in the ISO/IEC
Directives, Part 2.

A list of parts of the 60076 International Standard, published under the general title Power
transformers, can be found on the IEC website.

The IEC Technical Committee and IEEE Technical Committee have decided that the contents
of this publication will remain unchanged until the stability date indicated on the IEC website
under "http://webstore.iec.ch" in the data related to the specific publication. At this date, the
publication will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

A bilingual version of this publication may be issued at a later date.

1 Alist of IEEE participants can be found at the following URL:
https://standards.ieee.org/standard/C57.15-2017.html
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POWER TRANSFORMERS -

Part 21: Standard requirements, terminology,
and test code for step-voltage regulators

1 Scope

This document describes electrical, mechanical and test requirements of liquid-immersed,
single- and three-phase, 50 Hz and 60 Hz, self and forced-air cooled, distribution, overhead
and substation, step-voltage regulators, 1 000 kVA (single-phase units) or 3 000 kVA (three-
phase units) and smaller, 34 500 volts and below (2 400 V minimum) and their associated
controls.

Requirements, references and definitions relevant to either IEC or IEEE contexts are given
and their use is described in Clause 4.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their
content constitutes requirements  of\this document. For{ dated references, only the edition
cited applies. For undated references, the latest edition of the referenced document (including
any amendments) applies.

2.1 IEC references

IEC 60050-421, International Electrotechnical Vocabulary.—.Chapter 421: Power transformers
and reactors

IEC 60060 (all parts), High-voltage test techniques
IEC 60076-2, Power transformers — Part 2: Temperature rise for liquid-immersed transformers
IEC 60255-1, Measuring relays and protection equipment — Part 1: Common requirements

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 60255-26, Measuring relays and protection equipment — Part 26: Electromagnetic
compatibility requirements

IEC 60255-27, Measuring relays and protection equipment — Part 27: Product safety
requirements

IEC 61672-1, Electroacoustics — Sound level meters — Part 1: Specifications

2.2 IEEE references

IEEE Std 4™, |[EEE Standard Techniques for High-Voltage Testing
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IEEE Std C37.90.1™ | |EEE Standard Surge Withstand Capability (SWC) Tests for Relays and
Relay Systems Associated with Electric Power Apparatus

IEEE Std C37.90.2™, |EEE Standard for Withstand Capability of Relay Systems to Radiated
Electromagnetic Interference from Transceivers

IEEE Std C37.90.3™, |[EEE Standard Electrostatic Discharge Tests for Protective Relays
IEEE Std C57.12.31™, |[EEE Standard for Pole-Mounted Equipment — Enclosure Integrity

IEEE Std C57.19.00™, |[EEE Standard General Requirements and Test Procedure for Outdoor
Power Apparatus Bushings

IEEE Std C57.91™, |[EEE Guide for Loading Mineral-Oil-Immersed Transformers

2.3 SAE references

SAE AS50151, General specification for connectors, electrical, circular threaded, AN type?2

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60050-421 and the
following apply.

ISO, IEC and IEEE maintain (terminalogicall databases “far, use in standardization at the
following addresses:

o |EC Electropedia; available at http://www.electropedia,org/
e |SO Online browsing platform:favailable!at-http://www.is6.org/obp

e |EEE Standards Dictionary Online: available at
http://ieeexplore.ieee.org/xpls/dictionary.jsp

3.1
ambient sound level
background noise level measured with the voltage regulator de-energized

3.2

ambient temperature

temperature of the medium, such as air, water, or earth, into which the heat of the equipment
is dissipated

Note 1 to entry: For self-ventilated equipment, the ambient temperature is the average temperature of the air in
the immediate neighbourhood of the equipment.

Note 2 to entry: For air-cooled equipment with forced ventilation, the ambient temperature is taken as that of the
in-going air.

3.3

angular displacement

time angle, expressed in degrees, between the line-to-neutral voltage of the unregulated
circuit and the line-to-neutral voltage of the corresponding regulated load circuit

2 SAE (Society of Automotive Engineers) international publications are available from SAE, 400 Commonwealth
Drive, Warrendale, PA 15096, USA (http://sae.org/).
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Note 1 to entry: 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.

Note 2 to entry: 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 with all
voltage regulators in the Neutral tap position and less than +5° for all other positions with the maximum value
occurring when all voltage regulators are on the same extreme tap position.

3.4
autotransformer
transformer in which at least two windings have a common section

3.5

average winding temperature-rise

arithmetic difference between the average winding temperature of the hottest winding and the
ambient temperature

3.6

current transformer

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

3.7

diverter switch

switching device used in conjunction with a tap selector to carry, make and break currents in
circuits that have already, been_ selected

3.8

excitation current

current flowing in any winding used to excite the voltage regulator when all other windings are
open-circuited

Note 1 to entry: Excitation current is usually‘expressed-in ‘percent of‘the‘rated current of the voltage regulator.

3.9

equalizer winding

winding on the same magnetic circuit (core) as the excitation and tap windings of a voltage
regulator with approximately half the number of turns of each tap section

3.10

intrinsic polarity

polarity is correct if the voltage regulator boosts the voltage in the raise direction and bucks
the voltage in the lower direction

Note 1 to entry: The relative polarity of the shunt and series windings of a step-voltage regulator differs in the
boost and buck modes between Type A and Type B voltage regulators.

3.11

line-drop compensation

scheme causing the control to vary the regulated circuit voltage by an amount that
compensates for the impedance voltage drop in the circuit between the voltage regulator and
a predetermined location (sometimes referred to as the regulation point) on the circuit

3.12
liquid
synthetic fluid, natural ester-based fluid, and mineral oil

Note 1 to entry: Some liquids may be unsuitable for use in the arcing environment of a step-voltage regulator.
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