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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
interpationat-co-operationoneatquestions—concerningstandardizationin-the—etectricatand-etectrontefields. To
this ¢nd and in addition to other activities, IEC publishes International Standards, Technical Spggifications,
Techpical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred’™o [as "IEC
Publifation(s)"). Their preparation is entrusted to technical committees; any IEC National Commitiee ifterested
in thp subject dealt with may participate in this preparatory work. International, governmental gnd non-
govefnmental organizations liaising with the IEC also participate in this preparation.

IEEE|Standards documents are developed within IEEE Societies and Standards Coordifating Committees of the
IEEE| Standards Association (IEEE-SA) Standards Board. IEEE develops its standards through a cgnsensus
develppment process, approved by the American National Standards Institute, which.brings together volunteers
reprepenting varied viewpoints and interests to achieve the final product. Velunteers are not negessarily
members of IEEE and serve without compensation. While IEEE administers/the process and establishes rules
to prpmote fairness in the consensus development process, IEEE doesMot-independently evaluate| test, or
verify] the accuracy of any of the information contained in its standards. Usé of IEEE Standards docyments is
wholly voluntary. IEEE documents are made available for use subject tojimportant notices and legal digclaimers
(see http://standards.ieee.org/IPR/disclaimers.html for more information).

IEC gollaborates closely with IEEE in accordance with conditiofs)determined by agreement betweer| the two
orgarfizations. This Dual Logo International Standard was jointly" developed by the IEC and IEEE under the
termq of that agreement.

The formal decisions of IEC on technical matters express,\as nearly as possible, an international congensus of
opinipn on the relevant subjects since each technicalccommittee has representation from all interegted IEC
Natiojhal Committees. The formal decisions of IEEE an.technical matters, once consensus within IEEE Bocieties
and $tandards Coordinating Committees has been reached, is determined by a balanced ballot of materially
intergsted parties who indicate interest in reviewing the proposed standard. Final approval of the IEEE
standards document is given by the IEEE Standards Association (IEEE-SA) Standards Board.

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

In orfer to promote international uniformity, IEC National Committees undertake to apply IEC Puljlications
(inclyding IEC/IEEE Publicatians) transparently to the maximum extent possible in their national and|regional
publigations. Any divergence' between any IEC/IEEE Publication and the corresponding national or|regional
publigation shall be clearlyindicated in the latter.

IEC gnd IEEE do net\provide any attestation of conformity. Independent certification bodies provide cpnformity
assegsment services*and, in some areas, access to IEC marks of conformity. IEC and IEEE are not redponsible
for any service$ ¢arried out by independent certification bodies.

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

No ligbility,Shall attach to IEC or IEEE or their directors, employees, servants or agents including ihdividual
expeftstand members of technical committees and IEC National Committees, or volunteers of IEEE Hocieties
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) up’c_ikted tables of preferred ratings for inclusion of maximum system voltagel: (Unm)s
nonpinal system voltage and rated voltage (U,);

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

d) revision of short-circuit requirements for distribution and substation voltage regulatqrs;
e) inclysion 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) inclpsion of tank enclosure integrity type test procedures;

i) updlate of control environmental IEC reference test standard.

The text of this standard is based on the following, 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 df parts of the 60076 International Standard, published under the general title] Power
transfofmers, can-be‘*found on the IEC website.

The IEC Technical Committee and IEEE Technical Committee have decided that the cpntents
of this publication will remain unchanged until the stability date indicated on the IEC Website
under 'lhttp://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 d
single-

and supstation, step-voltage regulators, 1 000 kVA (single-phase units) or 3 000-kVA

phase

control$

Requir¢gments, references and definitions relevant to either IEC or IEEE Contexts ar
and thdir use is described in Clause 4.

2 Normative references

The fo
conten
cited a

any amlendments) applies.

2.1 IEC references

IEC 60050-421, International Electrotechni¢al Vocabulary — Chapter 421: Power trans
and regctors

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

IEC 60255-21-1~Electrical relays — Part 21: Vibration, shock, bump and seismic t4

measu

IEC 60
compa

cument describes electrical, mechanical and test requirements of liquid-im

nersed,

and three-phase, 50 Hz and 60 Hz, self and forced-air cooled, distribution, @y

units) and smaller, 34 500 volts and below (2 400 V minimum) and thejr-ass

p .

lowing documents are referred to in the text in_such a way that some or all
{ constitutes requirements of this document. For/dated references, only the
bplies. For undated references, the latest edition of the referenced document (in

ing relays and protection equipment — Section One: Vibration tests (sinusoidal)

erhead
(three-
pciated

b given

bf their
edition
cluding

formers

brmers
nts

bSts on

P55<26, Measuring relays and protection equipment — Part 26: Electrom

agnetic

tibility requirements

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

IEC 61

2.2

672-1, Electroacoustics — Sound level meters — Part 1: Specifications

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 Rpparatus Bushings

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

2.3 AE references

SAE A$50151, General specification for connectors, electrical, circularthreaded, AN tyjpe?2

3 Terms and definitions

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

ISO, IEC and IEEE maintain terminological databases for use in standardization|at the
followirlg addresses:

o |EC|Electropedia: available at http://www-electropedia.org/
e |SQ Online browsing platform: availahle at http://www.iso.org/obp

e |EEE Standards Dictionary Onliné;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
temperpture of'the medium, such as air, water, or earth, into which the heat of the eqyipment
is dissipated

Note 1 toemtry—For seif-vemntitatedequipment,theambienttemperature s theaverage 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/).

Published by IEC under licence from IEEE. © 2018 IEEE. All rights reserved.



http://www.iso.org/obp
https://iecnorm.com/api/?name=96c3f1b073f830258d2a6b783aac0b34

IEC 60076-21:2018 -13 -
IEEE Std C57.15-2017

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

hnd the

ambienft 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
divertdr switch
switchiphg device used in conjunction with a tap selector to carry, make and break curfents in
circuits|that have already been selected

3.8
excitatjon current
current|flowing in any winding used to excite the“voltage regulator when all other windipgs are
open-cjrcuited

Note 1 tq 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_tircuit (core) as the excitation and tap windings of a poltage
regulatpr with approximately half the number of turns of each tap section

3.10
intrins|c polarity
polarityl is correct/if'the voltage regulator boosts the voltage in the raise direction and bucks
the volfage in.the lower direction

Note 1 t¢ entry: The relative polarity of the shunt and series windings of a step-voltage regulator differs in the
boost anfl_ 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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mmersed voltage regulator
regulator having its cores and coils immersed in an insulating liquid

SS

loss incident to the voltage regulator carrying a specified load

Note 1 to entry:

5-2017

Load loss includes /2R loss in the current carrying parts (windings, leads, bus bars, bushings),

eddy loss 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.

3.15
maxim
Um
highest
winding

3.16

no-load loss

loss ing

Note 1 t
current,
excitatio

3.17

um system voltage

RMS phase-to-phase voltage in a three-phase system for which a voltage rg
is designed in respect of its insulation

ident to the excitation of the voltage regulator

entry: No-load loss includes core loss, dielectric loss, conductor loss in the winding due to ¢
and conductor loss due to circulating current in parallel windings. The no-load loss changes
voltage.

nomin
design

Note 1 t
neutral v
certain o

Note 2 td
and pro
generally
compone

3.18

non-vacuum type on-load tap-changer

on-loag
the arc

nominil system voltage

| value assigned to a system or circuit of a given voltage for the purpose of con
tion

entry: The term nominal voltage designates the line-to-line voltage, as distinguished from th
pltage. It applies to all parts of the system or circuit. The system voltage designates the system
perating characteristics are related.

entry: The nominal voltage ofca;system is near the voltage level at which the system normally
ides a per-unit base voltage-for system study purposes. To allow for operating contingencies,
operate at voltage levels‘\about 5 % to 10 % below the maximum system voltage for which
nts are designed.

tap-changéeriwith contacts breaking and making the load and circulating currer
ng taking.place in a liquid

3.19

on-loagi'tap-changer

gulator

xcitation
with the

venient

b line-to-
to which

loperates
systems
system

ts with

OLTC

device for selection of tap connections of a winding, suitable for operation while the voltage
regulator is energized or on load

Note 1 to entry:

3.20

rated range of regulation
amount the voltage regulator raises or lowers its rated voltage with the range being expressed
in per unit, or in percent, of rated voltage, or expressed in kilovolts

This device can also be called a load tap-changer (LTC) but this is not the preferred usage.
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3.21

rated voltage

Ul’

voltage to which operating and performance characteristics of apparatus and equipment are
referred

3.22

rating in kVA

<single-phase voltage regulator> product of the rated load amperes and the rated range of
regulation in kilovolts (kV)

3.23

rating (n kVA
<three-phase voltage regulator> product of the rated load amperes, maximum rated fange of
regulatfon in kilovolts (kV), and the square root of 3

3.24

reacto
preveniive autotransformer with the primary purpose of introducing inductive reactance into a
circuit

Note 1 t¢ entry: This definition is only valid for reactors used in combinatiogvwith reactor-type OLTCs. [All other
reactors,|such as short-circuit limiting reactors, are not covered by this definition.

3.25
regulafed circuit
circuit pn the output (load) side of the voltage regulator, and in which it is desired to|control
the voltage

Note 1 tq entry: The voltage can be held constant at_.any selected point on the regulated circuit.

3.26
relative polarity
instantaneous polarity of the windings, instrument transformer(s), and utility winding(s), as
applicaple, designated by an appropriate polarity mark on the diagram of connection|on the
nameplate

Note 1 tq entry: The diagramefi.connection is in accordance with 7.4.

3.27
series transformer
transfofmer withya series winding and an excitation winding, in which the series wirlding is
placed [in a series relationship in a circuit to change voltage in that circuit as a resulj of the
regulated circuit received from the excitation winding

3.28

series winding

portion of the autotransformer not common to both the unregulated and regulated circuits, but
connected in series between the circuits

3.29

selector switch

switching device capable of carrying, making and breaking current, combining the duties of a
tap selector and a diverter switch

Note 1 to entry: Selector switches are sometimes called arcing tap switches.

Note 2 to entry: In non-vacuum type selector switches, the selection of tap connections (tap selector duty) and
the diversion of the through-current (diverter switch duty) are carried out by the same contacts.

Published by IEC under licence from IEEE. © 2018 IEEE. All rights reserved.



https://iecnorm.com/api/?name=96c3f1b073f830258d2a6b783aac0b34

- 16 - IEC 60076-21:2018
IEEE Std C57.15-2017

Note 3 to entry: In vacuum type selector switches, the selection of tap connections (tap selector duty) and the
diversion of the through-current (diverter switch duty) are carried out by different contacts.

3.30
shunt winding
portion of the autotransformer common to both the unregulated and regulated circuits

3.31

step-voltage regulator

regulating autotransformer in which the voltage of the regulated circuit is controlled in steps
by means of taps and without interrupting the load

3.32
tap sellector
device |designed to carry, but not to make or break, current, used in conjunction|with a
divertel switch to select tap connections

3.33
Type A step-voltage regulator
step-vdltage regulator in which the unregulated circuit is connected directly to thg shunt
winding of the voltage regulator with the series winding connected to the shunt windipg and,
in turn,|via taps, to the regulated circuit

Note 1 tq entry: Refer to Annex C for additional information on step-voltage regulator construction.

3.34
Type B step-voltage regulator
step-vdltage regulator in which the unregulated gircuit is connected, via taps, to thg series
winding of the voltage regulator with the series winding connected to the shunt winding, which
is conngected directly to the regulated circuit

Note 1 td entry: Refer to Annex C for additional_information on step-voltage regulator construction.

3.35
unregylated circuit
circuit ¢n the input (source) side,of the voltage regulator

3.36
utility winding
winding in a voltage regulator coil providing a voltage supply for the on-load tap-ghanger
motor gnd/or the eontrol device, for a cooling fan or for a purchaser's specified requirement

3.37
vacuum type on-load tap-changer
on-load tap-changer where vacuum interrupters break and make the load and cirgulating
currents

3.38
voltage supply ratio
ratio of the regulated circuit voltage to the control supply voltage

4 Use of normative references

This document can be used with either the IEC or IEEE normative references, but the
references shall not be mixed. The purchaser shall include in the enquiry and order which
normative references are to be used. If the choice of normative references is not specified,
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then IEC standards shall be used, except for step-voltage regulators intended for installation
in North America where IEEE standards shall be used.

If only one alternative is given in a certain part of the document, i.e. only IEC reference(s) or
only IEEE reference(s), then that/these reference(s) is/are valid independent of the choice of
normative references.

5 Service conditions

5.1 Usual service conditions

5.1.1 General

Voltagg regulators meeting the requirements of this document shall be suitable-for opgeration
at rateq kVA under the following usual service conditions.

5.1.2 Temperature
5.1.2.1 Cooling air temperature limit
When air-cooled, the temperature of the cooling air (ambient témperature) does not exceed

40 °C, [and the average temperature of the cooling air for any~24 h period shall not exceed
30 °C.

5.1.2.2 Liquid temperature limit

The top liquid temperature of the voltage regulater(when operating) shall not be lowgr than
—-20 °C| Liquid temperatures below —-20 °C are n@t considered as usual service conditions.

5.1.3 Altitude

The alt{tude shall not exceed 1 000 m((3 300 ft).

5.1.4 Supply voltage
The supply-voltage wave shape shall be approximately sinusoidal, and the phase vpltages

supplyihg a three-phase~voitage regulator shall be approximately equal in magnitude apd time
displacement.

5.1.5 Load current

The load cufrent shall be approximately sinusoidal. The harmonic factor shall not exceed
0,05 pgr unit«

5.1.6 Outdoor operation

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

5.1.7 Tank or enclosure finish

Temperature limits and tests shall be based on the use of a non-metallic pigment surface
paint finish. It should be noted that metallic-flake paints, such as aluminium and zinc, have
properties increasing 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.
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5.2 Loading at other than rated conditions

IEEE Std C57.91 or IEC 60076-7 [11]3 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;
c) loading resulting in reduced life expectancy.

NOTE IEEE Std C57.91 and IEC 60076-7 [11] are guides rather than standards. They provide the best known
general information for the loading of voltage regulators under various conditions based on typical winding
insulation systems, and are based upon the best engineering information available at the time of preparation. The
guides d frtatt f frat AL fi gulators.

5.3 Unusual service conditions
5.3.1 General

Conditipns other than those described in 5.1 are considered unusual setvice conditions and,
when pgrevalent, should be brought to the attention of those responsible for the design and
application of the voltage regulator. Examples of some of these caonditions are discugsed in
5.3.2tq4 5.3.4.

5.3.2 Unusual temperature and altitude conditions

Voltagg regulators may be used at higher or lower ambient'temperatures or at higher ijtitudes
than specified in 5.1, but special consideration should*be given to these applications. Annex A
of thi$ document, IEEE Std C57.91, and IEC60076-7 [11] provide informatipn on
recommended practices.

5.3.3 Insulation at high altitude
5.3.3.1 General

The diglectric strength of voltageftegulators depends in whole or in part upon the gxternal
clearances. It decreases as the\altitude increases due to the effect of decreased air density.
When ppecified, voltage regulators shall be designed with larger air spacing using the
correctlon factors of Table, 1 to obtain adequate air dielectric strength at altitudes| above
1 000 m (3 300 ft).

5.3.3.2 Insulation level

The mipnimum.insulation necessary at the required altitude can be obtained by dividing the
standafd insulation level at 1 000 m (3 300 ft) by the appropriate correction factgr from
Table 1.

3 Numbers in square brackets refer to the Bibliography.
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Table 1 — Dielectric strength correction factors for altitudes
greater than 1 000 m (3 300 ft)

Altitude Altitude correction factor for
dielectric strength
(m) (ft)
1000 3300 1,00
1200 4 000 0,98
1500 5000 0,95
1800 6 000 0,92
2100 7 000 0,89
2 400 8 000 0,86
2700 9 000 0,83
3000 10 000 0,80
3600 12 000 0,75
4 200 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 voltage’ regulators compliant with this
documgnt.

5.3.3.3 Bushings

Bushings with additional strike distance or creep distance shall be furnished where ne¢essary

for operation above 1 000 m (3 300 ft).

NOTE It is not required for the BIL rating of bushings*to be increased to match level of increased creep|distance

and strikp distance.
5.3.4 Other unusual service conditions
5.3.41 General

Other ynusual service conditions include the following:

a)

b)
c)
d)
e)
f)
9)
h)

i)

damaging fumes prwvapours, excessive or abrasive dust, explosive mixtures of dust or
gases, steam, salt spray, excessive moisture, or dripping water, etc.

abnormal vibfation, tilting, shock, or seismic conditions;
ambient temperatures outside of normal range;

unuysualtransportation or storage conditions;

unustat Space :;lll;tat;uuo;
unusual maintenance problems;
unusual duty or frequency of operation, or high-current short-duration loading;

unbalanced alternating currents (AC), voltages, or departure of AC system voltages from a
substantially sinusoidal waveform;

loads involving abnormal harmonic currents such as those resulting where appreciable
load currents are controlled by solid-state or similar devices;

NOTE 1 Such harmonic currents can cause excessive loss, excessive on-load tap-changer contact wear, and
abnormal heating.

excitation exceeding either 110 % rated voltage or 110 % rated volts per Hertz;
planned short-circuits as a part of regular operating or relaying practice;
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[) unusual short-circuit application conditions differing from those described in 6.8.1;

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

n) unusually strong magnetic fields, for example, solar magnetic disturbances can result in
the flow of telluric currents in voltage regulator neutrals;

o) parallel operation.
NOTE 2 |IEEE Std C57.153 [27] is available as a guide for paralleling voltage regulators.

5.3.4.2 Control

The coptral_depending on its construction may be sensitive to altitude considerations. The
manufdcturer should be consulted where applications exceed 2 000 m (6 600 ft). The|control
shall wlthstand an altitude of up to 3 000 m (10 000 ft) without loss of control.

6 Rating data

6.1 Cooling classes of voltage regulators
6.1.1 General
Voltagg regulators shall be identified according to the cooling method employed. For liquid-

immersged voltage regulators, this identification is expressed by a four-letter cpde as
described in 6.1.2 and 6.1.3.

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

Internal cooling medium in contact with the~windings is insulating liquid with firg point
< 300 °(C:

a) liguid-immersed self-cooled (class ONAN);
b) liquid-immersed self-cooled/forced-air-cooled (class ONAN/ONAF).

6.1.3 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) liguid-immersedsself-cooled (class KNAN);
b) liguid-immersed-self-cooled/forced-air-cooled (class KNAN/KNAF).

6.2 atings

6.2.1 Geéneral

Ratings for step-voltage regulators are continuous and based on not exceeding the
temperature limits covered in Table 2. Ratings covered by this document shall be expressed
in the terms given in 6.2.2 and as specified in 6.2.3.
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Table 2 — Limits of temperature-rise

Item

Type of apparatus 2 Winding temperature rise by Hottest-spot winding
resistance, °C temperature-rise, °C

(1)

55 °C rise liquid immersed 55 65

(2)

65 °C rise liquid immersed ° 65 78

(3)

65 °C rise liquid immersed ¢ 65 80

4)

in excess of the winding hottest-spot temperature-rise.

Metallic parts in contact with current-carrying conductor insulation shall not attain a temperature-rise

The core hot spot temperature shall be limited to 130 °C for the condition of highest core over-
excitation, rated load, and the maximum average daily ambient temperature for voltage regulators

immersed In dielectric liquid. This is to avoid the problem of gas generation In the core cause
thermal breakdown of the thin liquid film between the core laminations. Under the same opeta
conditions, the core surface temperatures shall be limited by the temperature capabilityof the
insulation materials in contact with the core surfaces.

by
ing

(%)

Metallic parts other than those described in item (4) shall not attain excessive temperature-ris
maximum rated load. Excessive temperature-rise shall be interpreted to mean a temperature-r
resulting in an operating temperature exceeding the temperature limits of thefinsulation materi
contact with the metallic part.

b at
se
Al in

(6)

The top liquid temperature-rise of the insulating liquid shall not exceed'§5 °C (55 °C rise unit)
65 °C (65 °C rise unit) when measured near the surface of the liquid. (ltem (1) and (3))

(7)

The top liquid temperature-rise of the insulating liquid shall not,exceed 60 °C (65 °C rise unit)
measured near the surface of the liquid. (Iltem (2))

when

@ App
chal

ApH

¢ App
Apq

thegmally upgraded insulating paper.

thegmally upgraded insulating paper.

aratus with specified temperature-rise shall have an insulation@ystem proven to possess minimur
racteristics by an established test.

aratus with 30 °C average yearly external cooling air temperature as defined in 5.1.2.1, which n

aratus with 20 °C average yearly external cooling @ir temperature as defined in IEC 60076-2.

aratus with 30 °C average yearly external cqoling air temperature as defined in 5.1.2.1, which

h aging

ay use

utilizes

6.2.2 Terms in which rating is\expressed

The ratjng of a step-voltage regulator shall be expressed in the following terms:
a) kiloyoltampere (kVA);

b) number of phases(

c) frequency;

d) voltage;

e) curfent;

f) voltagerange 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.

6.2.3

Preferred ratings

Preferred ratings of step-voltage regulators shall be based on operation at a frequency of
60 Hz or 50 Hz and rated voltages as given in Table 3, Table 4, Table 5, and Table 6.
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Ratings of single-phase voltage regulators are dependent on the application of two (2) or
three (3) voltage regulators applied to support a specific three-phase load. For example, three
(3) single-phase voltage regulators rated 333 kVA connected in a wye configuration, support a
10 MVA load.

— 22 —

NOTE National practices can be different for preferred ratings.

Table 3 — Ratings for liquid-immersed 60 Hz step-voltage regulators (single-phase)

Maximum system| Nominal system | Rated voltage BIL Kilovoltamperes | Line amperes
voltage (U,,)) voltage (U)
(kV RMS) (kV RMS) (V RMS) (kV) (kVA) (A)
§9 5 Z 50074 330Y B0 50 20D
75 30p
100 40D
125 50p
167 668
250 1000
333 1332
416 1665
1 8,7 5000/8 660Y 75 50 10D
75 15D
100 20p
125 25D
167 33¢
250 50p
333 66B
416 83B
7 15 7 620/13 200Y 95 38,1 5(
57,2 74
76,2 10D
114,3 15D
167 21p
250 32B
333 43B
416 54p
500 65p
667 87p
833 1093
1000 1312
7 15 13 800 95 69 5(
T38 T00
207 150
276 200
414 300
552 400
667 483
833 604
1000 725
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Maximum system| Nominal system | Rated voltage BIL Kilovoltamperes | Line amperes
voltage (U,,)) voltage (U)

(kV RMS) (kV RMS) (V RMS) (kV) (kVA) (A)
26 25 14 400/24 940Y 150 72 50
144 100

288 200

333 231

432 300

576 400

667 463

833 578

1000 69¢

6 35 19 920/34 500Y 150 100 5(

200 10D

333 16y

400 20{1

667 33¢

833 41B

1 000 50p

B6 35 34 500 200 173 5(
345 10D

518 15D

690 20p

Tabje 4 — Ratings for liquid-immersed 50 Hz step-voltage regulators (single-phase)

Maximum system| Nominal system | Rated voltage BIL Kilovoltamperes | Line anjperes
voltage (U,,) voltage (U,)

(kV RMS) (kV RMS) (V(RMS) (kV) (kVA) (A
1.2 6,6 6 600 75 33 5(

66 10D

99 15D

132 20p

198 30p

264 40D

330 50p

396 60p

462 70p

528 800
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Maximum system| Nominal system | Rated voltage BIL Kilovoltamperes | Line amperes
voltage (U,;)) voltage (U,

(kV RMS) (kV RMS) (V RMS) (kV) (kVA) (A)
12 11 6 350/11 000Y 95 32 50
64 100

95 150

127 200

190 300

254 400

317 50

381 60D

444 70p

508 80p

2 11 11 000 95 55 5(
110 10D

165 15D

220 20p

330 30p

440 40D

550 50p

660 60p
770 70p
880 80p

17,5 15 15 000 95 75 5(
150 10D
225 15D
300 20p
450 30p
600 40D
750 50p
900 60p

P4 22 22 000 150 110 5(
220 10D
330 15D
440 20p
660 300
880 400

36 33 33 000 170 165 50
330 100
495 150
660 200
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Table 5 — Ratings for liquid-immersed 60 Hz step-voltage regulators (three-phase)

Maximum Nominal Rated voltage BIL Self-cooled Forced-cooled
3gftgeg': jgﬁ;egr: () Kilovoltamperes Line Kilovoltamperes Line
v,) amperes amperes

(kV RMS) (kV RMS) (V RMS) (kV) (kVA) (A) (kVA) (A)
6,9 5 2 500/4 330Y 60 500 667 625 833
750 1000 937 1250
1000 1334 1250 1667

11 8,7 5 000/8 660Y 75 500 577 625 721
750 866 937 1 082
1000 1155 1250 1443

17 15 7 620/13 200Y 95 500 219 625 274
750 328 937 410

1000 437 17250 546

1500 656 2 000 874
2 000 874 2 667 1 166
2 500 1993 3 333 1458
3 000 1312 4 000 1 750

17 15 7 970/13 800Y 95 500 209 625 261
750 313 937 391

1000 418 1250 523

1 500 628 2 000 837
2 000 837 2 667 1116
2 500 1046 3333 1 394
3000 1255 4 000 1673
26 25 14 400/24 940¥Y-| 150 500 125,5 625 156,8
750 188,3 937 P35,4

1000 251 1250 314

1500 377 2 000 502

2 000 502 2 667 669

2 500 628 3333 837

3 000 694 4 000 926

36 34.5 19 920/34 500Y | 150 500 84 625 105
750 125,5 937 156,8

1000 167 1250 209

1500 251 2 000 335

2 000 335 2 667 446

2 500 418 3 333 557

3000 502 4 000 669
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Table 6 — Ratings for liquid-immersed 50 Hz step-voltage regulators (three-phase)

Maximum Nominal Rated voltage BIL Self-cooled Forced-cooled
3zlsttaegr: \?zlsttaegn; (v Kilovoltamperes Line Kilovoltamperes Line
(Um) amperes amperes
(kV RMS) | (kV RMS) (V RMS) (kV) (kVA) (A) (kVA) (A)
7,2 6,6 6 600 75 500 253 625 316
750 379 937 474
1 000 505 1250 631
1 500 758 2 000 1010
12 11 6 350/11 000Y 95 500 243 625 304
750 364 937 456
1 000 485 1250 607
1 500 729 2 000 971
12 11 11 000 95 500 262 625 328
750 394 937 492
1 000 525 1250 656
1 500 787 2 000 1 050
17.5 15 15 000 95 500 111 625 139
750 167 937 208
1 000 222 1250 278
1 500 333 2 000 444
2 000 444 2 667 593
2 500 556 3333 741
24 22 22 000 150 500 131 625 164
750 197 937 246
1 000 262 1250 328
1500 394 2 000 525
36 33 33 000 170 500 87 625 189
750 131 937 164
1 000 175 1250 219
6.2.4 Supplementary-voltage ratings
6.2.4.1 General
In addition to their rated voltage, as defined in 6.2.3, voltage regulators shall delivgr rated
kVA oytput without exceeding the specified temperature-rise per Table 2 at the operating
voltagels given in Table 7.

Voltage regulators with multi-tapped 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

Rated voltage (V RMS) Operating voltage (V RMS)
7 620/13 200Y 7 200/12 470Y
15 000 14 400
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6.2.4.2 Overexcitation

A voltage regulator shall be capable of continuous operation at rated load without damage
under conditions of "over fluxing" where the value of voltage divided by frequency (V/Hz)
exceeds the corresponding value at rated voltage and rated frequency by no more than 5 %,

unless otherwise specified by the purchaser.

At no-load, voltage regulators shall be capable of continuous operation at V/Hz of 110 % of
the rated V/Hz. At load current, X times the voltage regulator rated current (0 < X < 1), the

over fluxing shall be limited in accordance with the following Equation (1):

LL

£
Y Jr

x100<110-5X (%)

Upxf

where
U is the system voltage;

f is the system frequency;
U,

. is the rated voltage of voltage regulator;

fr is the rated frequency of voltage regulator.

If the vpltage regulator is to be operated at V/Hz in excess of those stated above, this {

identifiId by the purchaser in the enquiry.

6.3 upplementary continuous-current ratings

6.3.1 General

Step-vgltage regulators without a series<transformer construction rated up to 3
inclusiVe, and rated 668 A and below shall’have supplementary continuous-current rat
intermddiate ranges of steps as shown in Table 8. Maximum continuous-current s

668 A.

Table 8 — Supplementary continuous-current ratings

(1)

hall be

4.5 kV,
ngs on
hall be

Range of voltage regulation (%) Continuous-current rating (%)
10,00 100
8,75 110
7,50 120
6,25 135
5,00 160

6.3.2 Optional forced-air ratings

Optional forced-air ratings are given in Table 9.
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Table 9 — Forced-air ratings relationship
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Class Self-cooled ratings Percent of self-cooled
N rating with auxiliary
Single-phase Three-phase cooling
ONAN/ONAF
333 kVA and below 1 000 kVA and below 125
KNAN/KNAF
ONAN/ONAF
above 333 kVA above 1 000 kVA 133 1/3
KNAN/KNAF
6.4 aps

Load tdp-changing apparatus and windings shall be furnished to provide automatic adjystment
of the binregulated circuit voltage on the source side of the voltage regulator: This is to be
done with sixteen steps above and sixteen steps below rated voltage. Maximum percent
regulatfon in the Raise and Lower positions is based on the design,,Type A or Tlype B.
Minimum range of regulation in the Raise direction shall be 10 % ‘The output poltage

obtaingble with a given input voltage is limited by the voltage regulationranges.

6.5 VYoltage supply ratios

Values|of voltage supply ratios are given in Table 10. When @’ voltage supply ratio is specified
that is |not a preferred value shown in Table 10, an aneillary transformer may be fufnished
within the apparatus or control to modify the ratio.

Table 10 — Values of voltage supply ratios

Voltage regulator rating (V RMS) Values of voltage supply ratios
2 500 20, 20,8
5000 40, 41,7
6 350 52,9
6 600 55
7 620 60, 63,5
7 970 66,4
14.000 91,7
13 800 115, 110
14 400 120
15 000 125, 120
19 920 166
22 000 183,3
33 000 275
34 500 287,5

6.6 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 11.
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When single-phase voltage regulators are connected in wye, it is recommended that the
neutral ("SL" terminals) of the voltage regulator bank be connected to a grounded neutral of
the system. A closed or open delta connection of the voltage regulators is recommended
when the system is three-wire ungrounded with the "SL" terminals connected to live phases.

Table 11 — Interrelationships of dielectric insulation levels for voltage regulators

BIL kV Applied-voltage Impulse levels
insulation level
(kV RMS) Full wave Chopped wave
(kV crest) (kV crest) Minimum time to
flashover (ys)
60 19 60 66 165
75 26 75 83 1,5
95 34 95 105 1,8
10 34 110 120 2,0
50 50 150 165 3,0
70 70 170 187 3,0
P00 70 200 220 3,0

6.7 Losses
6.7.1 General

The logses specified by the manufacturer shall be ‘the no-load (excitation) loss and logd loss,
as defiped in Clause 3.

6.7.2 Total loss

The totpl loss of a voltage regulator 'shall be the sum of the no-load (excitation) loss apd load
loss.

6.7.3 Tolerance for losses

Unless|otherwise specified, the losses represented by a test of a voltage regulator ghall be
subject|to the following.tolerances: the no-load loss of a voltage regulator shall not exceed the
specifigd no-load less by more than 10 %, and the total loss of a voltage regulator shall not
exceed| the specified total loss by more than 6 %. Failure to meet the loss tolerances shall not
warran{ immediate rejection but lead to consultation between purchaser and manufacturer
about frther investigation of possible causes and the consequences of the higher lossegs.

NOTE $imce—tossesdifferatdifferent—operatmy—positions—of—the—vottage—Tegutator,—Tare—s—exercised in the
consideration of tap position with losses. Some styles of step-voltage regulators exhibit appreciable change in load
loss when boosting versus bucking, or exhibit appreciable change in no-load loss on alternate tap positions. See
6.7.4.

6.7.4 Determination of losses and excitation current

No-load (excitation) loss and excitation current shall be determined for the rated voltage and
frequency on a sine-wave basis, unless a different form is inherent in the operation of the
apparatus.

Load loss shall be determined for rated voltage, current, and frequency and shall be corrected
to a reference temperature equal to the sum of the limiting (rated) winding temperature-rise by
resistance from Table 2 plus 20 °C.
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Since losses may be very different at different operating positions and with various design
options, losses shall be considered in practice as the sum of no-load loss and load loss
where:

a)

b)

c)

6.8

6.8.1 General

No-load loss is the average of no-load loss in the Neutral position and the adjacent boost
position with rated voltage applied to the shunt or series winding for voltage regulators not
incorporating a series transformer construction.

NOTE It is apparent, in the case of a Type B step-voltage regulator in the adjacent boost position, the
excitation voltage applied at the Source "S" terminal is higher at the shunt winding. Care is exercised to assure
rated excitation is present on the shunt winding; this may be accomplished by exciting the voltage regulator
from the Load "L" terminal.

No-load loss is reported for Neutral position, maximum boost position, and position
adjacent-to-maximum boost position for voltage regulators incorporating a| series
tranjsformer construction.

Logd loss is the average load loss in both the maximum and adjacent-to-maximum buck
posfitions, and the maximum and adjacent-to-maximum boost positiopss (that is, four
posfitions) with rated current in the windings.

hort-circuit requirements

Step-vgltage regulators shall be designed and constructed to withstand the mechani¢al and
thermal| stresses produced by external short-circuits at a maximum value of 25 times the base

RMS symmetrical rated load current to a maximum requiretment of 16 kA.

a)

Theg first-cycle asymmetrical peak current the veltage regulator is required to withstand
shglll be determined as shown in Equation €2) and Table 12. The test procedure for
demonstrating this mechanical capability for duration of 250 ms is defined in 9.11.

Is. (peak asym) = kxIg. (RMS sym) (2)

Table 12 — Values of &

Base rated kVA k
60 Hz 50 Hz
< 250 ($ingle-phase) ©
2,262 2,192
< 750 ({hree-phase) ©
= 250 ($ingle-phase)
2,60° 2,55°

2 750 ({hree-phase)

a

Valje of(the first-cycle asymmetrical peak current is based on an X/R ratio of 6 and 5, 60 Hz and| 50 Hz,
resgectively, which are common for distribution circuits.

Valueof the firstcycle asymmetricat peak current s basedomnm anm XIR1atio of 7 and—t4, 60 Hz=anmd 50 Hz,
respectively, which are common for substation circuits.

Purchaser may specify the higher 2,60 or 2,55 factor for 60 Hz and 50 Hz ratings, respectively, for specific
applications.

b)

c)

The short-circuit, thermal withstand capability, shall be based on a symmetrical current
with a duration of 2 s calculated by methods described in 9.13.4 not to exceed the limiting
temperatures of 6.8.3.

Larger kVA sizes with the same voltage rating should be considered if the available fault
current exceeds the 25 times base rated current.

It is recognized that short-circuit withstand capability can be adversely affected by the
cumulative effects of repeated mechanical and thermal overstressing, as produced by short-
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circuits and loads above the nameplate rating. Since means are not available to continuously
monitor and quantitatively evaluate the degrading effects of such duty, short-circuit tests,
when required, should be performed prior to placing the voltage regulator in service.

Voltage regulator components such as leads, bushings, and on-load tap-changers carrying
current continuously shall meet all the requirements of 6.8.1. On-load tap-changers are not
required to change tap position coincident with a short-circuit condition.

It is recommended that current-limiting reactors be installed by the purchaser, when
necessary, to limit the short-circuit current to a maximum of 25 times the base rated full-load
current or 16 000 A, whichever is less.

NOTE $hort-circuit limiting reactors are not covered by the definition in 3.24.
6.8.2 Mechanical capability demonstration

It is nqt the intent of 6.8.1 that every voltage regulator design have a short-circuit|test to
demongtrate adequate construction. When specified, tests of short<circuit mechanical
capabiljty shall be performed as described in 9.11.

6.8.3 Thermal capability of voltage regulators for short-circuit conditions

The teinperature of the conductor material in the windings *of 'voltage regulators unger the
short-c|rcuit condition specified in 6.8.1, as calculated by methods described in 9.13.4, shall
not exgeed 250 °C for a copper conductor or 200G for an electrical conductgr (EC)
aIumini’Fm. A maximum temperature of 250 °C shall ke "allowed for aluminium alloys|having

resistafce to annealing properties at 250 °C, equivalent to EC aluminium at 200 °C{ or for
application of EC aluminium where the characteristics of the fully annealed material| satisfy
the mechanical requirements. In setting these~t€mperature limits, the following factofs were
considgred:

a) gas generation from liquid or solid insutlation;
b) conlductor annealing;

c) insulation aging.
6.9 ound pressure level for liquid-immersed voltage regulators

The sgund pressure level produced by the voltage regulator under a no-load (exditation)
conditign should not éxceed the values specified in Table 13 when measured in accqrdance
with the requirements.of 9.12.

Table 13 — Maximum no-load (excitation) sound pressure levels

kVA Average sound pressure level

(dB)

0-50 48

51 -100 51
101 - 300 55
301 -500 60
501 — 750 61
751 -1 000 62
1001 - 1500 64
1501 -2000 65
2001 -2 500 66
2501 -3 000 67
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6.10 Tests
6.10.1 General

Tests are divided into two categories: routine and type. Routine tests are made for quality
control by the manufacturer to verify during production that the product meets the design
specifications. Type tests are made to determine the adequacy of the design of a particular
type, style, or model of equipment or its component parts. Design adequacy includes but is
not limited to: meeting assigned ratings, operating satisfactorily under normal service
conditions or under special conditions if specified, and compliance with appropriate standards
of the industry. The sequence of routine and type tests can be performed in any order unless
otherwise specified in this document.

6.10.2 [ Routine tests
Routing tests shall be made on all voltage regulators per the following list:

a) leak test;

b) opdrational test of voltage regulator including all devices. Controlled devices suchfas on-
loadl tap-changers, position indicators, fans, etc., shall be operated for proper functioning;

c) resistance measurements of all windings (see 9.2);
d) polarity test (see 9.3);

e) ratip test (see 9.4);

f) no-|oad loss at rated voltage and rated frequency (see 9.5);

g) exdjtation current at rated voltage and rated frequency (see 9.5);

h) impedance and load loss at rated current and,rated frequency (see 9.6);
i) lightning impulse test (see 9.7.3);

j) appglied-voltage test (see 9.7.4);

k) indliced-voltage test (see 9.7.5);
[) insdilation power factor test (see 977.6);

m) insdlation resistance test (s€€.9.7.7);

n) on-|oad tap-changer tests (see 9.8);

0) conjtrol system tests/(see 9.9).

NOTE \listed tests are not'in a required sequence.
6.10.3 | Type tests
6.10.3.1 General

The typertests described in 6 1032 to 6 10.3 5 shall be made on representative Voltage
regulators to substantiate the ratings assigned to all other voltage regulators of basically the
same design. Type tests are not intended to be used as a part of normal production. The
applicable portion of these type tests may also be used to evaluate modifications of a
previous design and to assure the performance has not been adversely affected. Test data
from previous similar designs may be used for current designs, where appropriate. Once
made, the type tests need not be repeated unless the design is changed to modify
performance.

6.10.3.2 Temperature-rise test

Temperature-rise test shall be carried out on one unit of a given rating produced by a
manufacturer as a record that this design meets the temperature-rise requirement for a 55 °C
or 65 °C winding rise rating. The temperature-rise test shall be carried out at the tap position
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producing the highest total loss at rated load current for the highest operating voltage per
nameplate, supplementary voltage rating (see 6.2.4), and the 160 % or 668 A rating (see 6.3).
When a voltage regulator is supplied with ancillary cooling equipment to provide higher kVA
ratings, a temperature-rise test shall be carried out at those ratings also. The test shall be
carried out in accordance with 9.10.

When specifications state a temperature-rise test may be omitted if there is thermal test data
available for a thermal duplicate voltage regulator, then calculated data based upon the
thermal test data may be submitted as thermal duplicate test data. A thermal duplicate is a
voltage regulator whose thermal design characteristics are identical to a design previously
tested, or whose differences in thermal characteristics are within agreed-upon variations,
such that the thermal performance of the thermal duplicate voltage regulator shall meet the
perfornfance guaraniees established by standards or specificalions.

6.10.3.3 Lightning impulse test

A lightning impulse test shall be carried out on one unit of a given rating,produced by a
manufdcturer for the purpose of demonstrating the adequacy of thesinsulating materials’
breakdpwn and spacing under normal conditions. Test shall be carried(out in accordance with
9.7.2. Impulse test is to be followed by the application of the low-frequency applied-poltage
and induced-voltage tests.

6.10.3.4 Short-circuit test

A shortrcircuit test shall be carried out on one unit of adating produced by a manufactprer for
the purpose of demonstrating that the unit meets the” mechanical requirements of 6.8.2.
Where jother ratings have the same design configuration, core and coil framing, and clamping
as the lnit tested, a short-circuit test is not required; and it is adequate to show by calgulation
the mechanical forces are equal or less than-the unit tested. Test is to be carried out in
accordance with 9.11.

6.10.3.p Sound level test

A No-lpad (excitation) sound level-test shall be carried out on one unit of a given rating
produced by a manufacturer as\a-record that this design meets the sound level requirement
for the|specific power rating spécified in Table 13. This test shall be performed by applying
rated vpltage directly to the excitation winding of the equipment at nominal frequeng¢y. The
same djrcuit used for measuring no-load loss shall be adopted for this measurement. The test
shall be performed wijththe voltage regulator fully assembled with all accessories. The test
shall b¢ performed at the tap position in which the reactor is energized at its maximum level.
Voltaggq regulatorsincorporating a series transformer construction shall have thIir test
performed at thetap position in which the reactor and series transformer deliver the maximum
No-load (excitation) sound level. This test is to be carried out in accordance with 9.12.

7 Construction

7.1 Bushings

Voltage regulators shall be equipped with bushings having an insulation level not less than
the winding terminal to which they are connected, unless otherwise specified.

Bushings for use in voltage regulators shall have impulse and applied-voltage insulation
levels as listed in Table 14. Unless otherwise specified, the colour of the bushings shall
conform to Light Gray Number 70, Munsell Notation 5BG7.0/0.4, as described in
IEEE Std C57.12.31.
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Table 14 — Electrical characteristics of voltage regulator bushings

BIL Creep distance Applied-voltage withstand Impulse full-wave dry|
(kV) (minimum) ) withstand
mm (in) 1 min dry 10 s wet ?
(kV RMS) (kV RMS) kV crest
(1,2 x 50 ps)
60 90 (3,5) 21 20 60
75 150 (6) 27 24 75
95 255 (10) 35 30 95
110 280 (11) 50 45 110
+56 43547 66 56 +56
170 660 (26) 70 65 170
200 660 (26) 80 75 200
?  Wet ithstand values are based on water resistivity of 180 Q-m (7 000 Q-in) and precipijtation rate [of 0,085
mm/q (0,2 in/min).

7.2 External dielectric clearances

Table 15 establishes the required minimum external clearances\between live parts of different
phases| and live parts to ground. In the formation of these(tlearances, it is recognized the
bushing ends normally have rounded electrode shapes){lt is also expected the copductor
clamps| are suitably shaped so they do not reduce./the withstand strengths, ahd the
arranggment of the incoming conductors does not reduce the effective clearances provjded by
the voltage regulator bushings. In other words, the clearances were established based upon
electrostatic fields not usually being divergent.

Factory dielectric test conditions may require larger clearances than those defined in
Table 15.

Table 15~ External dielectric clearances

BIL Minimum clearance between live parts Minimum clearance between live parts of
(kV) and ground different phases
mm in mm in
B0 76 3 76 3
75 89 3,5 102 4
D5 114 4,5 127 5
10 152 6 165 6,5
50 203 8 229 9
170 230 9 254 10
200 305 12 330 13

7.3 Terminal markings

Voltage regulator terminals connected to the regulated circuit (load) shall be designated by an
"L", and those connected to the unregulated circuit (source) shall be designated by an "S".
For example, in the case of a single-phase voltage regulator, the terminals shall be identified
by "S", "L", and "SL". In the case of a three-phase voltage regulator, the terminals shall be
identified S4, Sy, S3, L4, Ly, L3, and, if a neutral is provided, SyLg.
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Single-phase voltage regulators, when viewed from the top, shall have the "S" terminal on the
left, followed in sequence in a clockwise direction by the "L" terminal and the common
terminal "SL", as shown in Figure 1.

r——=

For thr
circuit

directly]
the righ

7 T|Control |_

Figure 1 — Single-phase voltage regulators

ce-phase voltage regulators, when facing the voltage regulator on the unre
bide (source), the S terminal shall be in front on the right,(and the L, terminal s

t, and the L, terminal shall be directly to the left of the.Sy terminal, as shown in
2(b). The other terminals shall be located as shown in Figure 2.

[

I I

| Q 5O O
o~o SOLO

I lo o %O |

| S3 Ly O |

o 0 i |

| S2 L2 S2 O ‘

O O |

I Sy Ly L4 O |

g 20 ||

SO o

: |Contro| | | Control | :
a) b)

- -

julated
hall be

behind the S, terminal, as shown in Figure 2(a), or the.§4 terminal shall be in front on

Figure

NOTE The dotted circle in Figure 2(a) shows alternate location of neutral (S,LZ,) bushing.

Figure 2 — Three-phase voltage regulators with two arrangements of bushings

7.4 Diagram of connections

The manufacturer shall furnish, with each voltage regulator, complete diagrams showing the
leads and internal connections and their markings, including polarity markings, and the
voltages obtainable with the various connections. These diagrams shall be inscribed on and

be part

of the nameplate.
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Voltage transformers and current transformers shall be indicated on the nameplate. Polarity
and electrical location shall be identified.

Any nonlinear devices, capacitors, or resistors installed on the winding assembly or on the on-
load tap-changer shall be indicated on the nameplate.

7.5 Nameplates

Two durable metal nameplates shall be furnished with each voltage regulator and shall be
affixed to the main tank and on the front of the control enclosure. Unless otherwise specified,
they shall be of corrosion-resistant material. The nameplates shall show, at a minimum, the
ratings and other essential operating data as specified below:

a) mahnufacturer's name;

b) typé and form designation or the equivalent;
c) codling class;

d) serjal number;

e) mohnth and year of manufacturing (not coded);
f) number of phases;

g) ratad kVA;

h) ratgd current;

i) supplementary continuous-current ratings;
j) ratgd voltage;

k) volfage transformer ratio;

[) rated range of regulation;

m) rated frequency;

n) impulse level, full wave in kilovolts (kV);

0) untanking weight;

p) totdl weight;

q) insulating liquid type;
r) voléime of insulatingiquid (weight of insulating liquid when specified in place of volume);
s) conductor material,

t) avedrage winding:rise in degrees Celsius (°C);
u) diagrams as specified in 7.4;

v) installation and operating instructions reference;

w) symmetrical short-circuit withstand ampere rating with time duration;

x) asymmetrical short-circuit withstand, first peak ampere rating (when specified);

y) on-load tap-changer model number and maximum through-current rating;

z) tap-changer motor capacitor rating;

aa) ratio of load current to switched current (if series transformer construction is used).
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7.6 Tank construction
7.6.1 General

Voltage regulators shall have a sealed-tank liquid-preservation system. Sealed-tank
construction is a construction in which the interior of the tank is sealed to prevent the
introduction of external atmosphere into the tank. As a part of the normal operation, a device,
as defined in 7.6.2, shall be provided to relieve excess pressure due to normal temperature
variation of top liquid and/or due to on-load tap-changer operations. The voltage regulator
shall remain effectively sealed for a top liquid temperature range of -20 °C to +110 °C for
continuous operation at rated kilovoltamperes and under operating conditions as described in
IEEE Std 057 91 and IEC 60076 -7[11] W|thout gaskets and O- rlngs selzmg or deterloratmg,
for thelife C S d—L due to
overloads, or hlgh amblent temperatures or external secondary faults or mternal imcipient
faults ip the series or shunt windings. This excess pressure should result in ancemigsion of
only a megligible amount of liquid.

7.6.2 Pressure-relief valve

The replaceable pressure-relief valve shall be located on the tank above’the 110 °C top liquid
level, ds determined by the manufacturer's calculation. The valve_shall be located so|it does
not interfere with the use of support lugs and lifting lugs. I shall not be located|in the
quadrapt of the tank that contains the control enclosure.

Exposdgd parts shall be of weather- and corrosion-resistant materials. Gaskets and P-rings
shall withstand liquid vapour at 110 °C continuousiy™and under operating conditipns as
described in IEEE Std C57.91 and IEC 60076-7[11{, without seizing or deteriorating, |for the
life of the voltage regulator.

The valve shall have a pull ring for manually reducing pressure to atmospheric level uUsing a
standand hook stick, and shall be capable-of withstanding a static pull force of 112 N (25 Ibf)
for 1 mjin without permanent deformation."The valve shall withstand for 1 min a static force of
445 N (100 Ibf) applied normal to its longitudinal axis at the outermost extremity of th¢ body.
When gpecified, the venting port onthe outward side of the valve-head seat shall be prptected
to prevent entry of dust, moisture,~and insects before and after the valve has operated.

Venting and sealing characteristics shall be as follows:

a) venting pressure 34,5 kPa (5 psig) £ 13 kPa (gauge) (2 psig);
b) resealing pressure = 6,9 kPa (gauge) (1 psig) minimum;
c) zerp leakageéyfrom reseal pressure to —-56 kPa (gauge) (-8 psig);

d) flow at #03 kPa (gauge) (15 psig) = 23,6 I/s [50 standard cubic feet per minute (FCFM)]
minimum’corrected for air pressure of 101 kPa (14,7 psi) (absolute) and air tempererture of
21 tC

7.6.3 Cover assembly

A cover assembly designed to relieve excessive pressure in the voltage regulator tank shall
remain effectively sealed for overloads (IEEE Std C57.91 and IEC 60076-7[11]) and short-
circuits (6.8 and IEC 60076-5[10]). The assembly shall relieve pressure at a minimum of
20 kPa (gauge) (3 psig) if designed to reseal, or at a minimum of 138 kPa (gauge) (20 psig) if
designed for pressure relief without resealing. Such operation shall occur before other
components of the tank are ruptured or displaced, and the cover shall remain in position.
Manual means of venting the tank before removal of the cover shall be provided. The flow rate
shall be at least equal to that of the pressure-relief device specified in 7.6.2.
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7.6.4 Sudden pressure relay

When specified, a sudden pressure relay with a seal-in circuit shall be provided for the
indication of voltage regulator faults, and to minimize damage to equipment. The relay shall
not actuate under normal voltage regulator operating pressures. The sudden pressure relay
may be either a gas space mounted relay or an under liquid relay. Under liquid relays shall
actuate under rapidly changing pressures of 10 kPa/s to 38 kPa/s (1,5 psi/s to 5,5 psi/s). The
gas space mounted relays shall actuate with a pressure change of 3,5 kPa/s to 21 kPa/s
(0,5 psi/s to 3,0 psi/s). These two types of relays shall have their seal-in circuits actuate
within three cycles of the rated power frequency after the pressure relay operation.

The sudden pressure relay shall be able to withstand full vacuum or positive pressure of
103 kKPR {T5 psiywithout damage.

7.6.5 Lifting lugs

balancgd lift in a vertical direction for the completely assembled voltage regulator and shall be
designgd to provide a safety factor of five. The safety factor of five is_the‘ratio of the yltimate
stress [to the working stress of the material used. The working-siress is the maximum
combined stress developed in the lifting lugs by the static load of the completely assgmbled
voltagel regulator. If the angle of the lifting means interferes with the cover, bufshings,
arrestels or other components, a spreader bar should be provided by the purchaser.

The Iifiing lugs shall be permanently attached to and arranged on the tank to provide a

7.6.6 Support lugs

Support lugs for pole mounting shall be provided forratings 288 kVA and less, with raied line
current|of 668 A or less. Support lugs shall be designed to provide a safety factor of five when
supporfed in a vertical plane from the top lug only. The safety factor of five shall be as fefined
for lifting lugs in 7.6.5. Interchangeable mounting to the maximum extent is accomplighed by
use of [Type-B and Type-C support lugs designed in accordance with Figure 3 and Figure 4,
respecfively. An upper and a lower support lug shall be provided for direct-pole mqunting.
Type apd spacing of support lugs used are dependent on the total weight and height of the
voltage| regulator.

NOTE 1| Support lug identification\ ahd descriptions come from IEEE Std C57.12.20™[19]. Owing tp weight
restrictiops, Type-A support lug is not relevant to voltage regulators.

NOTE 2 | Depending on the manufacturer, weights can be significantly different for the same rating. The purchaser
is adviseld to verify the polé is suitable for the weight specified on the voltage regulator's nameplate.

Published by IEC under licence from IEEE. © 2018 IEEE. All rights reserved.



https://iecnorm.com/api/?name=96c3f1b073f830258d2a6b783aac0b34

IEC 60076-21:2018 -39 -
IEEE Std C57.15-2017

NOTE UWnless otherwise noted, all dimensions have a tolerance of +2 mm (0,063 in).

a

b

C

Dimensions in millimetres (dimensions in inches)

Horizontal
reference plane

Iil +19
108 0

+0,75
(4,25 0 )

11 a,b

Horizontal reference

Jump proof¢ lips

Iy

|
o

: S

N Upper support

—_—

Concavity " Ig"

l7

I3

Lower support

Dimensions? Support lug B¢ mm (in)
l 44,5 (1,75)
/ 63,5 (2,50)
20,2 (0,80)
15,9 (0,63)
6,4 (0,25)
12,7 (0,50)
6,4 (0,25)

S
- [38]

o w»

7
8

~ o~~~

"[," djmegnsion is 590 mm (23,25 in) or 895 mm (35,25 in) depending on the tank height.

Slots "/," dimension is spaced 20 mm (0,75 in) less than pole bolt spacing.
Jump-proof lips are on upper support only.

The dimensions shown shall be maintained to obtain a standard mounting and are not intended to show
construction details except for slot dimensions.

Type-B support lugs use 20 mm (0,75 in) bolts.

Tolerance for slot dimension "14" shall be £0,4 mm (£0,016 in).

Figure 3 — Type-B support lugs
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Dimensions in millimetres (dimensions in inches)

146 £32 (5% +1%) Horizontal reference plan
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\ S Depth spacing
P (Note 6)
S | O
O \Z
@
- _]

NOTE 1
pole mou

NOTE 2
NOTE 3
NOTE 4
NOTE 5
from polg
the many
NOTE 6

be offsef
support |

7.6.7

Bases
arrangq
voltage)

base interfere with-the mounting of the voltage regulator to the pole.

7.6.8

Support lugs attached to voltage regulator have provisions for bolting on Trype-C adapter plates
nting.

Slots can be vertical as well as horizontal and are suitable for 16 qnm. (0,625 in) bolts.

Support lug faces are located in one plane.

Vertical spacing is 914 mm (36 in).

Type-C adapter plates for direct pole mounting and-cluster mounting of voltage regulators are
-line hardware manufacturers. If such adapter plates are to be used, it is suggested the purchase
facturer for maximum loading capacities.

Depth of support lugs is dependent on a_mahufacturer's design. Bushing profiles on top of cov|

Some manufacturers incorporate the desigh specifications of a Type-C adapter plate within thei
g design for ease of installation.

Figure 4 — Type-C support lugs

Substation bases

for substation mounting shall be provided for 165 kVA and higher and s
d for rolling or(skidding in two directions: parallel to and right angles to one sidg
regulator. Voltage regulators with substation base and support lugs shall not h

Tank-grounding provisions

7.6.8.1

e

or direct

Bvailable
r contact

er are to
I Type-C

hall be
b of the
bve the

Maxi . inal han 300 A

Tank grounding provisions shall consist, at a minimum, of one steel pad with a 0,5 in-13 NC

tapped

7.6.8.2

hole, 11 mm (0,44 in) deep and located near the bottom of the tank.

Maximum continuous rating 300 A or greater

Tank grounding provision shall consist, at a minimum, of one unpainted copper-faced steel or
stainless-steel pad, 50 mm x 90 mm (2,0 in x 3,5 in), with two holes horizontally spaced on
44,5 mm (1,75 in) centres, tapped for 0,5 inch 13 NC thread and located near the bottom of
the tank. Minimum thread depth of each hole shall be 13 mm (0,5 in). Minimum thickness of
the copper facing, when used, shall be 0,4 mm (0,015 in).

Published by IEC under licence from IEEE. © 2018 IEEE. All rights reserved.



https://iecnorm.com/api/?name=96c3f1b073f830258d2a6b783aac0b34

IEC 60076-21:2018 - 41 -

IEEE S

td C57.15-2017

7.7 Components and accessories

7.71

Components for full automatic control and operation

a) Control system

b) Current and voltage transformers or the equivalent for supplying the control system

c) On-load tap-changer equipment consisting of a liquid-immersed arcing tap switch, a tap
selector and an arcing switch, or a tap selector with vacuum switch or other current
interrupting facility, and motor mechanism

d) Internal power supply for on-load tap-changer motor

e) Pro
f) Pos
han

1)

2)

7.7.2

a) Combination drain and lower filter valve with sampling device

b) Fill
c) Ind

d) Bug
nan
at |

copper conductor. Spade terminals shalC*hiave a pad with a minimum dimen
,6 mm x 101,6 mm (4,0 in x 4,0 in),.with four 14,2 mm (0,562 5 in) holes horizontally
vertically spaced on 44,5 mm (1,757in) centres. Thicknesses of the pad are shown in
Tahle 16. The purchaser has the responsibility of selecting the proper conductor
usel with the clamp-type or spade terminals. When selecting the conductor si
chaser should consider factors such as additional current carrying capabilil;y with

101
and

pur
red
oth

vision for disconnecting control power supply

ition indicator for the on-load tap-changer with maximum and minimum gind
ds and provision for resetting

Adjustable range of regulation for the Raise and Lower ranges. provid
supplementary current ratings per 6.3

Mechanically actuated electric limit switches provided preventingCtravel beyg
maximum Raise and Lower positions

Accessories for single-phase step-voltage regulators

plug located at the top of the tank above liquid level
cator for 25 °C liquid level

hing terminals shall be either clamp-type 'or threaded stud, depending
neplate line current ratings as shown in Table*16. The clamp-type terminals sha

Liced regulation (see 6.3)y"supplementary voltage ratings (see 6.2.4) and loa
br than rated conditions\(see 5.2).

Table 16 — Bushing terminal applications

licating
ed for

nd the

on the
Il have

least the conductor range stated and shall*be capable of accepting an aluminium or

sion  of

size for
ve, the

ing at

Nanpeplate line Conductor size range or 4-hole spade
curyent rating
(A)

150 or |ess 8—-4/0 AWG
151 to B0OQ 2 AWG - 477 kCM
301 to 663 Z AWG — 800U KCM
669 to 1 200 1-1/8—-12 UNF-2A with 4-hole spade — 9,5 mm (0,375 in) minimum thickness
1201 to 2 000 1-1/2-12 UNF-2A with 4-hole spade — 12,7 mm (0,5 in) minimum thickness
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Accessories for three-phase step-voltage regulators

a) Combination drain and lower filter valve with sampling device

b) Fill
c) Ind
d) Cla

plug located at the top of the tank
icator for 25 °C liquid level
mp-type terminals in accordance with single-phase criteria [see item d) in 7.7.2]

e) Provision for thermometer

f) Openings to permit inspection of core and coil and on-load tap-changer

8 Other requirements

8.1 General

Certain| specific applications have voltage regulator requirements not covered in“Clau

Clause

voltage| regulators. They shall be provided only when specified in conjunction w

require

specifigd for some applications.

8.2 (Qther components and accessories

8.2.1 General

When gpecified, the other components and accessories listed in 8.2.2 and 8.2.3 1

providgd.

8.2.2 Single- and three-phase voltage regulators

a) Control cabinet removable for remote control operation [up to 15 m (50 ft) from the
regllator]

b) Uniyersal interface (see Clause 11

c) Vol

d) Control cabinet heater
e) Remote communication.interfaces

f) 5A

g) Surge arresters

h) Thgrmometerlwith or without alarm contacts

i) Oi
i) Sig

middlevof dial)

5-2017

7. Clause 8 comprises descriptions of the most frequently used requitements f

ments of Clause 5 to Clause 7. Information in the following\ subclauses T

age transformer for source side sensing for reverse power flow mode of control

secondary rating for current transformer

evel gauge with or without alarm contacts
ntgauge for critical liquid level indication (decal required for designating |

se 5 to
br such
ith the
nay be

hay be

voltage

evel at

k) Tank and control enclosure ground connectors

I) Forced air cooling (ONAF or KNAF) with fan motors rated 120V or 240V, 50/60 Hz,
single-phase, without centrifugal switch, and individually fused or otherwise thermally
protected. In addition the following equipment shall be provided:

1)
2)
3)

fan control circuitry including relays and operation switch;
mechanical arrangement and provisions for mounting fans;
thermometer with alarm contacts.
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8.2.3

Three-phase voltage regulators

a) Hand operation crank for on-load tap-changer

b) On-

load tap-changer compartment separate from the core and coil

c) Remote position indicator4

9 Test code

9.1 General

Although the figures with the following test procedures show conventional meters, ad

digital i
are corj

9.2 Resistance measurements

9.2.1
Resistd

a) cal
b) cal

c) as I quality control test of the manufacturing process;

d) as
9.2.2
9.2.2.1

The co
measur
regulat

stable if the top liquid temperaturesxdoes not vary by more than 2 °C in a 1 h period.

9.2.2.2

The temperature of theywindings shall be assumed to be the same as the 4

temper
a) the
min
b) the
bot

sidered to be satisfactory alternatives.

General
nce measurements are of fundamental importance for the following purposes:

ulation of the /2R component of conductor loss;
ulation of winding temperatures at the end of a tempetature-rise test;

base for assessing possible damage in the fielq:
Determination of cold temperature
General

Id temperature of the winding shall*be determined as accurately as possiblg
ing the cold-resistance. Cold-resistance measurements shall be made on a
br only when the liquid or winding temperature is stable. The temperature is con

Voltage regulator windings immersed in insulating liquid

ature of the insulating liquid, provided:
windings/have been under insulating liquid without excitation and curren
imum of 3)h before the cold-resistance is measured;

temperature of the insulating liquid has stabilized, and the difference between {
onytémperatures does not exceed 5 °C.

equate
lations

b when
voltage
sidered

verage

for a

op and

9.2.2.3

Voltage regulator windings out of insulating liquid

The temperature of the windings shall be recorded as the average of several thermometers or
thermocouples inserted between the coils, with care used to see their measuring points are as
nearly as possible in actual contact with the winding conductors. It should not be assumed the
windings are at the same temperature as the surrounding air.

4 For Selsyn-type systems, care shall be exercised to assure that the conductor size is commensurate with the
distance used.
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9.2.3 Conversion of resistance measurements

Cold winding resistance measurements are normally converted to a standard reference
temperature (Tg) equal to the rated average winding temperature-rise plus 20 °C. In addition,
it may be necessary to convert the resistance measurements to the temperature at which the
impedance loss measurements were made. The conversions are accomplished by the
following Equation (3):

R TS+Tk

S _Rm T +T (3)
m 'k

where

Ry i the resistance at desired temperature T (Q);

R, i9 the measured resistance (Q);

T i the desired reference temperature (°C);

T, iqthe temperature at which resistance was measured (°C);
Ty ig 234,5 °C (copper) or 225 °C (aluminium; see Note).

NOTE The temperature 225 °C applies for pure or EC aluminium. 7, cam be’as high as 230 °C fof alloyed
aluminiufn. Where copper and aluminium windings are employed in the same Woltage regulator, a value [for 7\ of
229 °C id applied for the correction of load loss.

9.2.4 Resistance measurement methods
9.24.1 Voltmeter-ammeter method

The vqgltmeter-ammeter method is the most _¢ommon method used for voltage rggulator
winding resistance measurements. Resistance-measuring systems employing computer-
controlled digital voltmeters, current measufing shunts, and/or digital ammeters of appropriate
accura¢y are commonly used for cold-résistance measurements and in connectign with
temperpture-rise determinations.

To uselthis method, the following.steps should be taken:

a) Mersurement is made with direct current (DC), and simultaneous readings of currgent and
volfage are taken usingithe connections of Figure 5. The required resistance is calculated
from the readings jin\accordance with Ohm's law. Electronic switching power supplies may
be lused as voltage’ sources; however, batteries or filtered rectifiers may also bg¢ used,
especially in_those instances where fewer ripples are desired in the measufement.
Autpmatic recording of the resistance data is recommended so the time to saturation and
the|variability of the resistance readings after stabilization can be documented.

A A )

N

= DC source @: Regulator under test

Figure 5 — Connections for voltmeter-ammeter method of resistance measurement
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b) The voltmeter leads shall be independent of the current leads and shall be connected as
closely as possible to the terminals of the winding to be measured. This step is to avoid
including, in the reading, the resistances of current-carrying leads and their contacts and
of extra lengths of leads.

¢) When making manual resistance measurements:

1) The voltmeter may be disconnected from the circuit before switching the current on or
off, to protect the voltmeter from damage by off-scale deflections. To protect test
personnel from inductive kick, the current may be switched off by a suitably insulated
switch with a protective circuit to discharge the energy.

2) Due to inaccuracy of deflecting ammeters and voltmeters, current shunts and digital
voltmeters or high-accuracy digital ammeters or other high-accuracy instrumentation
should be used.

d) Regdistance is recommended to be measured at intervals of 5 s to 10 s, and the -readings
used shall be after the current and voltage have reached steady-state values.

When measuring the cold-resistance, preparatory to making a temperatGre-rise tes$t, note
the|time required for the readings to become constant. This periodof time shquld be
allowed to elapse before taking the first reading when final winding hot-resfstance
measurements are being made. The residual flux in the cores should be made the same
for poth the cold-resistance and hot-resistance measurements-by-’saturating the cqre with
dirgcet current prior to the measurement.

In deneral, the winding will exhibit a long time constant,*To reduce the time requjred for
the [current to reach its steady-state value, a noninductive’ external resistor may bg added
in sleries with the DC source. It may then be necessary to increase the source voltage to
compensate for the voltage drop in the series “esistor. The time is also reduced by
pasping a direct current through other windings:in the same polarity as the winding being
tested.

e) It i recommended that ten or more readings, but a minimum of four readings should be
usefd for each cold-resistance measuremént, and the average of the resistances calgulated
from these measurements shall be -gonsidered to be the resistance of the circyit. The
curent used shall not exceed 15 % of the rated current of the winding whose resistance is
to He measured. Larger values may cause inaccuracy by heating the winding and thereby
chapging its temperature and resistance.

9.2.4.2 Bridge method

Bridge methods may beused.

NOTE FKor resistance values of 1 Q or more, a Wheatstone bridge (or equivalent) is commonly used; for values
less than 1Q2, a Kelvin)bridge (or equivalent) is commonly used.

9.3 Polarity:test

9.3.1 General

Polarity testing of a voltage regulator is to assure correct polarity of the instrument
transformers used in conjunction with the line-drop compensation circuit of the control device.
Polarity tests on voltage regulators shall be made in accordance with one of the following
methods:

a) inductive kick;

b) ratio meter.

NOTE Testing for additive or subtractive polarity of a main winding, as commonly required for transformers, is not
required for voltage regulators. See 3.10.
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9.3.2 Polarity by inductive kick

Polarity with regard to the instrument transformers used in voltage regulators may be
determined with a low-voltage direct current supply and analogue high-voltage voltmeter. The
following procedure may be used to check polarity by means of an inductive kick with direct
current:

a) The example shown in Figure 6 is set up for a voltage regulator with a voltage
transformer, a current transformer, and a utility winding within the main core and coil
assembly. Connect the voltage regulator as shown.

b) Impress a direct voltage of known polarity "S" to "SL", with positive polarity at "S". Wait
several seconds while the current stabilizes.

c) Comnnect a zero-centre-reading direct current voltmeter to the voltage trangformer
secondary winding, point 1 to point 0 shown in Figure 6.

d) Opé¢n the switch. A negative kick response on the voltmeter indicates the polarity is
corfect as marked.

e) Repeat the test for the current transformer (point 2) and the utility winding (point 3)| It may
be |necessary to place a shunt from "L" to "SL" when testing .thg ‘current trangformer

polarity.
3 1
Switch ] CT
o—0 ( } / M

Shunt g
winding VT

Utility
IEDE] winding

Figure 6 — Voltage regulator connected for polarity testing —
Voltage regulator in Neutral position

9.3.3 Polarity by\ratio meter

The ratjo meter.described in 9.4.6.3 can also be used to test polarity.

9.4 IFatio test

9.4.1 General

The turns ratios of a voltage regulator, depending on the design type, can involve one to two
core and coil assemblies with two to five individual windings and separate voltage
transformer(s) used for control and on-load tap-changer motor supplies. Ratios are made
between the number of turns in one winding to the other individual windings of the same core
and coil assemblies. The turns ratio of separate voltage transformer(s), if supplied, is made
between the turns of the primary and secondary windings.

9.4.2 Taps

The turns ratio shall be determined for all taps as well as for the full winding involved.
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9.4.3 Voltage and frequency

The ratio test shall be made at rated or lower voltage and rated or higher frequency.

9.4.4 Three-phase voltage regulators

In the case of three-phase voltage regulators, when each phase is independent and
accessible, single-phase power should be used; although, when convenient, three-phase
power may be used.

9.4.5 Tolerance for ratio

The turns ratio between windings shall be such that, with the voltage regulator at no.ldad and
with rafed voltage on the winding with the least number of turns, the voltages ofta|l other
windings and all tap connections shall be within 0,5 % of the manufacturer's spektified|design
voltages.

NOTE 1| By design, as per 6.2.2, voltage regulators are approximately compensated for \their internal regulation.
Also, thg voltages of the individual steps are commonly not identical when combined, to achieve the maximum
range of [regulation. The purchaser does not commonly know the extent of the internal\compensation or the values
of the individual steps. Known design values assist in accurately performing this test(

NOTE 2 | For three-phase wye connected voltage regulators, this tolerance applies to the phase-to-neutral|voltage.
9.4.6 Ratio test methods

9.4.6.1 Voltmeter method
Two vdltmeters shall be used (with voltage transférmers when necessary): one to rg¢ad the
voltage of the shunt winding, and the other the series winding.

The two voltmeters shall be read simultanegusly.

A second set of readings shall be taken with the instruments interchanged, and the average of
the twq sets of readings shall be taken to compensate for instrument errors.

Voltaggq transformer ratios should vyield approximately the same readings on the two
voltmeters. Compensationt.for instrument errors by an interchange of instruments shall
otheere not be satisfactory, and it shall be necessary to apply appropriate corrections$ to the
voltmeter readings.

Tests ghall be _made at not less than four voltages in approximately 10 % steps gnd the
average result'shall be taken as the true value. These several values should checK within
1 %. Otherwise, the tests shall be repeated with other voltmeters.

When appropriate corrections are appliedtothe vottmeter readings,tests may bemade at
only one voltage.

When several voltage regulators of duplicate rating are to be tested, work may be expedited
by applying the foregoing tests to only one unit, and then comparing the other units with this
one as a standard, in accordance with the comparison voltage regulator method discussed in
9.4.6.2.

9.4.6.2 Comparison method

A convenient method of measuring the ratio of a voltage regulator is by comparison with a
voltage regulator of known ratio.
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The voltage regulator to be tested is excited in parallel with a voltage regulator of the same
nominal ratio, and the two output sides connected in parallel but with a voltmeter or detector
in the connection between two terminals of similar polarity (see Figure 7). The voltmeter or
detector indicates the difference in voltage. This method is more accurate than the following
alternative method.

Regulator
S under test

= O

P

oource \\j

L

Regulator
with known ratio

SL

Figure 7 — Voltmeter arranged to read the difference
between the two output sideoltages

For an plternate method, the voltage regulator to betested is excited in parallel with a poltage
regulatpr of known ratio, and the voltmeters are arranged to measure the two series winding
voltagels (see Figure 8). The voltmeters shall be interchanged and the test repeatgd. The
averages of the results are the correct voltages.

Regulator
under test

Source @ st

L

Regulator
with known ratio

Figure 8 — Voltmeters arranged to read the two series winding voltages

9.4.6.3 Ratio meter

A meter using the basic circuit of Figure 9 may be used to measure the ratio. When detector
DET is in balance, the voltage regulator ratio is equal to R/R,.
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Regulator
under test

NOTE 1
potentior

NOTE 2

NOTE 3

9.5 No-load loss and excitation current

9.5.1

No-IoaJi loss is incident to the excitation of\ a’ voltage regulator. No-load loss includ

loss,
condug]
excitati

The ex
the vol
paralle
in perc

The ng
regulat

Figure 9 — Basic circuit of ratio meter

A measurement of ratio using circuits of this type has also been described as a ratio by re
heter.

More accurate results can be obtained using a ratio meter providing phase-angle correction.

The ratio meter can also be used to test polarity.

General

ielectric loss, and conductor losg;in the windings due to excitation curre
tor loss due to circulating currentin parallel windings. No-load loss changes V
pn voltage.

Citation current (no-load-current) includes current flowing in any winding used tg
fage regulator when all~other windings are open-circuited, and circulating cu
windings. The excitation current referred to the shunt winding is generally exp
ent of the rated lgad current.

-load loss.%ofi'a voltage regulator consists primarily of the iron loss in the

sistance

s core
t, and
vith the

excite
rent in
ressed

voltage

pr cores-and circulating current in parallel windings, both of which are a function of the
magnityide, frequency, and waveform of the impressed voltage.

The nq

Jload loss and current are particularly sensitive to differences in wave

shape;

therefore, a no-load Toss measurement varies markedly with the waveform of the test voltage.

The excitation kVA is the product of the rated voltage across the energized winding in kV
multiplied by the excitation current in amperes. The ratio of the no-load loss (in kW) to the
excitation kVA is the no-load loss power factor of the voltage regulator during the test, and is

used in

correction for phase-angle error as specified in 9.5.7.

In addition, several other factors affect the no-load loss and excitation current of a voltage
regulator. The design-related factors include the type and thickness of core steel, the core

configu

ration, the geometry of core joints, and the core flux density.
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Factors that cause differences in the no-load loss of the same design include variability in
characteristics of the core steel, mechanical stresses induced in manufacturing, variation in
gap structure, core joints, and variability of reactor core gaps.

9.5.2 No-load loss test
9.5.2.1 General

The purpose of the no-load loss test is to measure no-load loss at a specified excitation
voltage, frequency and tap position. The no-load loss determination shall be based on a sine-
wave voltage, unless a different waveform is inherent in the operation of the voltage regulator.
The average-voltage voltmeter method is the most accurate method for correcting the
measu i i i —T i Dys two
parallel-connected voltmeters: one is an average-responding [but root mean squared

(RMS)
tage is
ings of
juation
cordance with 9.5.3.

9.5.2.2 Connection diagrams

Tests fpr the no-load loss determination of a single-phase voltage regulator are cariied out
using the schemes depicted in Figure 10 and Figure 11. Eigure 10 shows the neg¢essary
equipment and connections when instrument transformers are'not required. When insfrument
transfofmers are required, the equipment and connegctions shown in Figure 11 apply. If
necesspry, correction for loss in a connected measurement instrument may be mpde by
disconnecting the voltage regulator under test and “noting the wattmeter reading|at the
specifigd test circuit voltage. This loss represents.the loss of the connected instruments (and
voltagel transformer, if used). It may be subtracted from the earlier wattmeter reading td obtain
the no-Joad loss of the voltage regulator under test.

Regulator
Source @ @ under test

O,

Figure 10 — Connection for no-load loss test of single-phase
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VT

Regulator
Source
@ ° 0 o under test

A vy
CT

9.5.2.3

Either
energiz
shunt
applied
portion
portion

9.5.2.4

The oplerating and performance characteristics of\a voltage regulator are based upo

voltage]
condud]
voltage]
unless

To det
frequer
regulat
averag
power,
voltage]
value.

9.5.3
The ed

Figure 11 — Connections for no-load loss test of a single-phase
voltage regulator with instrument transformers

Energized windings

he shunt winding or the series winding of the voltage regulator under test

to, or induced into, the shunt winding. In any case, .the full winding (not m
of the winding) should be used whenever possible. If,for some unusual reason
of a winding is excited, this portion shall not be less than 25 % of the winding.

Voltage and frequency

and rated frequency, unless otherwise.specified. Therefore, the no-load loss
ted with rated voltage impressed across the voltage regulator terminals, U
source at a frequency equal to the-rated frequency of the voltage regulator und
ptherwise specified.

cy of the test source ,shall be within 0,5 % of the rated frequency of the
br under test. The voltage shall be adjusted to the specified value as indicated
p-voltage voltmeteri\ Simultaneous values of RMS voltage, RMS current, el
and the average=voltage voltmeter readings shall be recorded. For a thres
regulator, the(average of the three voltmeter readings shall be the desired 1

Waveform correction of no-load loss

ay be

ed, but it is generally preferred to perform this test using therated voltage acrpss the
inding. The voltage to be maintained during test should result in rated voltag¢ being

rely a
only a

h rated
test is
sing a
er test,

ermine the no-load loss ofi-a single-phase or a three-phase voltage regulafor, the

voltage
by the

pctrical

-phase
ominal

alue of

dy-current component of the no-load loss varies with the square of the RMS V

excitati

he test

voltage is held at the specified value as read on the average-voltage voltmeter, the actual
RMS value of the test voltage may not be equal to the specified value. The no-load loss of the
voltage regulator corrected to a sine-wave basis shall be determined from the measured value
using Equation (4) and Equation (5):

_ Pm
(P +kP,)
where
P is the no-load loss corrected for waveform;
P,, is measured no-load loss;

(4)
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P, is the per unit hysteresis loss, referred to P,;
P, is the per unit eddy-current loss, referred to P,.

where
E, is the test voltage measured by RMS voltage meter;
E, is the test voltage measured by average-voltage voltmeter.

The acjual per-unit values of hysteresis and eddy-current losses should be used if @vpilable.
A portipn of the no load loss of a voltage regulator, depending on tap position, is 'asspciated
with the reactor circulating current induced by a portion of the series winding. If"actual| values
are not| available, it is suggested that these two loss components be assumed\equal inj value,
assignihg each a value of 0,5 per unit.

Equatign (4) is valid only for test voltages with moderate waveform~distortion. If wgveform
distortipn in the test voltage causes the magnitude of the correctior)to be greater than 5 %,
the tes{ voltage waveform shall be improved for an adequate determination of the no-lopd loss
and cufrent.

9.5.4 Test methods for three-phase voltage regulators

Tests fpr the no-load loss determination of a threesphase voltage regulator shall be |carried
out by|using the three-wattmeter method. Figure 12 is a schematic representation| of the
equipmient and connections necessary for conducting no-load loss measurements of g three-
phase yoltage regulator where instrument transformers are necessary.

9.5.5 Determination of excitation (no<load) current

The excitation (no-load) current of “a@-“voltage regulator consists of current maintainjng the
rated magnetic flux excitation incthe cores of the voltage regulator and circulating |current
between parallel windings. Theexcitation current is usually expressed in per unit or in percent
of the [rated load current of the voltage regulator (where the cooling class of the poltage
regulatpr involves more than one kilovoltampere rating, the lowest kilovoltampere rating is
used td determine the base current). Measurement of excitation current is usually carfied out
in conjlinction with the_test for no-load loss. RMS current is recorded simultaneously| during
the tesf for no-load.loss using the average-voltage voltmeter method. This value is Used in
calculating the per-unit or percent excitation current. For a three-phase voltage regulator, the
excitatipn current is calculated by taking the average of the magnitudes of the three line
currentp.
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9.5.6

At low

judiciou

Regulator
under test

Power
source

A

shunt winding /‘))

Series winding

\ A
Figure 12 — Three-phase voltage regulator connections(for no-load loss and
excitation current test using three-wattmeter method

Measurements

bower factor, such as those encountered while ‘theasuring losses of voltage reg
s selection of measurement method and. test system components is essen

accurafe and repeatable test results. The phasesangle errors in the instrument transf

measu
results

9.5.7.

9.5.7

No-loa

ing instruments, bridge networks, and.accessories affect the no-load and load Ig
Procedures for correcting the losses\for metering phase-angle errors are desc

Correction of loss measurement due to metering phase-angle errors

and load loss errors can~be magnitude related, such as instrument transform

errors and meter calibration. .Cofrection of loss measurement due to phase-angle error
wattmefers, voltage-measuring circuit and current-measuring circuit shall be apq
accordance with Table 17yusing the correction formula in Equation (6):

=By _VmAm[_¢Wd_(PVd+(”Cd]

therwattmeter reading, corrected for phase-angle error (W);

m is the actual wattmeter reading (W);
m is the voltmeter reading across wattmeter voltage element (V);
m is the ammeter reading in wattmeter current element (A);

oWy is the phase-angle error of wattmeter where applicable (rad);

V4 is the phase-angle error of voltage transformer (rad);

pCy is the phase-angle error of current transformer (rad).

Llators,

tial for

prmers,

ss test
ibed in

er ratio
5 in the

lied in

(6)
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Table 17 — Requirements for phase-angle error correction

Apparent loss power factor Comments
(PF =P_/VA)
PF <0,03 Apply phase-angle error correction
0,03 <PF<0,10 Apply phase-angle error correction if [-pW  — ¢V, + ¢C4l > 290 yrad (1 min)
PF>0,10 Apply phase-angle error correction if |-pW — ¢V, + ¢C4l > 870 yrad (3 min)

In general, instrument transformer phase-angle errors are a function of burden and excitation.
Likewise—wattmeterphase-angle—errors—are—atorctonoithesealebeirgused—and—thg circuit
power factor. Thus, the instrumentation phase-angle errors used in the correctioRyformula
shall be specific for the test conditions involved. Only instrument transformers' meeting
0,3 mefering accuracy class, or better, are acceptable for measurements.

Use of|Equation (6) is limited to conditions of apparent power factor less~than 0,20 and the
total system phase-angle less than 20 min. If corrections are required\with apparen{ power
factor ¢r system phase error outside this range, the following exact-formulas in Equation (7)
and Eqpation (8) apply:

_ -1 Pm
@, = COS 7)
° { m4m }
Py = Vi 4 COS| 0 — oWy — Vg + pCy | (8)

For three-phase measurements, the corrections are applied to the reading of each wattmeter
employed. The voltage regulator loss is then calculated to Equation (9) as follows:

3
R= zRvRaPci ©)
i=1
where
P. is fhe voltage regutator loss, corrected for phase-angle error (W);

ci is {he corrected wattmeter reading of the ith wattmeter;
v is fhe truewoltage ratio of voltage-measuring circuit;

a is the'true current ratio of current-measuring circuit.

9.6 Load loss and impedance voltage
9.6.1 General

The load loss of a voltage regulator is a loss incident to a specified load carried by the voltage
regulator. Load loss includes /2R loss in the windings due to load current and stray loss due to
eddy currents induced by leakage flux in the windings, core clamps, magnetic shields, tank
walls, and other conducting parts. Stray loss may also be caused by circulating currents in
parallel windings or strands. Load loss is measured by applying a short-circuit across the
series winding and applying sufficient voltage across the shunt winding to cause a specified
current to flow in the windings. The power loss within the voltage regulator under these
conditions equals the load loss of the voltage regulator at the temperature of the test for the
specified load current and tap position.
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The impedance voltage of a voltage regulator is the voltage required to circulate rated current
through the shunt winding while the series winding is short-circuited in a specified tap
position. Impedance voltage is usually expressed in per unit or in percent of the rated voltage
of the winding across which the voltage is applied and measured. The impedance voltage
comprises a resistive component and a reactive component. The resistive component of the
impedance voltage, called the resistance drop, is in phase with the current and corresponds
to the load loss. The reactive component of the impedance voltage, called the reactance drop,
is in quadrature with the current and corresponds to the leakage-flux linkage of the windings.
The impedance voltage is the phasor sum of the two components. The impedance voltage is
measured during the load loss test by measuring the voltage required to circulate rated
current in the windings. The measured voltage is the impedance voltage at the temperature of
the test, and the power loss dissipated within the voltage regulator is equal to the load loss at
the te ature—of-the—testand—=atratedtoac e—i . oad—tpss are
corrected to a reference temperature

Oal pela V

g the equations specified in 9.6.4.2.

|
usin

The maximum impedance voltage of a step-voltage regulator is generally less than 0[6 % of
the ratg¢d voltage, stated on the circuit kVA base. Maximum impedance can‘ogccur at different
tap po}itions depending on the design type, coil construction and rpating. Impedance is
minimal in the Neutral position. The impedance voltage varies withy tap position |and is
somewhat higher for a two-core and coil assembly design (series transformer constructjon).

The impedance kilovoltampere is the product of the impedanceoltage across the engrgized
winding in kilovolts and the winding current in amperes. The ratio of the load loss (kW) to the
impedance (kVA) at the temperature of test is the load, less power factor of the poltage
regulatpr during the test and is used for correction of phase-angle error as specified in P.5.7.

9.6.2 Factors affecting the values of load lossand impedance voltage
9.6.2.1 General

The magnitudes of the load loss and the-impedance voltage vary depending on the poltage
regulatpr tap position. These changes are due to the changes in the magnitudes of winding
currents and associated leakage-flux linkages, as well as changes in stray flix and
accompanying stray loss. In addition,” several other factors affect the value of load Idss and
impedance voltage of a voltage'.regulator. Considerations of these factors partly explain
variatigns in a load loss valué_and impedance voltage for the same voltage regulatof under
different test conditions, as well as variations between a load loss value and impedance
voltage| of different voltage regulators of the same design. These factors are discugsed in
9.6.2.2|to 9.6.2.4.

9.6.2.2 Desigh

The depign-refated factors include conductor material, conductor dimensions, winding design,
winding arrangement, shielding design, and selection of structural materials.

9.6.2.3 Process

The process-related factors impacting the values of load loss and impedance voltage are the
dimensional tolerances of conductor materials, the final dimensions of completed windings,
phase assemblies, metallic parts exposed to stray flux, and variations in properties of
conductor material and other metallic parts.

9.6.2.4 Temperature

Load loss values are also a function of temperature. The I2R component of the load loss
increases with temperature, whereas the stray loss component decreases with temperature.
Procedures for correcting the load loss and impedance voltage to the standard reference
temperature are described in 9.6.4.2.

Published by IEC under licence from IEEE. © 2018 IEEE. All rights reserved.



https://iecnorm.com/api/?name=96c3f1b073f830258d2a6b783aac0b34

- 56 - IEC 60076-21:2018
IEEE Std C57.15-2017

9.6.3 Tests for measuring load loss and impedance voltage

9.6.3.1 Preparation

The following preparatory requirements shall be satisfied for accurate test results:

a) To determine the temperature of the windings with sufficient accuracy, the following

conditions shall be met, except as stated in the Note below:

1) The temperature of the insulating liquid has stabilized, and the difference between top
and bottom liquid temperatures does not exceed 5 °C.

2) The temperature of the windings shall be taken immediately before and after the load
loss and impedance voltage test in a manner similar to that described in 9.2.2. The
bverage shall be taken as the true temperature.

3) [The difference in winding temperature before and after the test shall not exceed|5 °C.

NOT[E For voltage regulators, where it may not be practical to wait for thermal equilibrium,, the method used
to determine the winding temperature takes into consideration the lack of thermal equilibrium and the|effect of
ohm|c heating of the winding conductors by load current during the test. The method\used can be vgrified by
stag|ng a repeated measurement of the load loss and impedance voltage at a later.time when conditiohs 1 to 3
aboye are met.

b) Theg conductors used to short-circuit the series winding of the voltage regulator shall have
a cfoss-sectional area equal to or greater than the corresponding voltage regulator Jeads.

c) Thdg frequency of the test source used for measuring load loss and impedance poltage
shall be within £0,5 % of the nominal value.

d) Thg maximum value of correction to the measuredoad loss due to the test system|phase-
andle is limited to +5 % of the measured loss. Ifmore than 5 % correction is required, test
methods and/or test apparatus should be impreved for an adequate determination |of load
los$.

9.6.3.2 Load loss and impedance test of a single-phase voltage regulator

e regulator, which basically is-an autotransformer, may be tested for load Idss and
impedance with its internal connections unchanged and with the unit in a specifled tap
. The test is made by shoiting the unregulated (or regulated) circuit terminals while
(at rated frequency) is applied to the other terminals. The voltage is adjusted t@ cause
rated lipe current to flow. For the purpose of measuring load loss and impedance voltage, it is
more dqommon that the series and shunt windings of the voltage regulator are treated as
separafe windings, the sseries winding short-circuited and the shunt winding excited.|In this
situation, where the voltage regulator is connected in a two-winding connection for the test,
the curfent held shall be the rated current of the excited winding based on tap position. The
load lops watts and applied voltamperes is the same, regardless of whether the serjes and
shunt windings ‘are treated as separate windings in the two-winding connection [or are
attachegd in_asautotransformer connection, so long as rated winding current is held in fhe first
case and_ rated line current in the second case. The impedance voltage measurement fom the
two-wirlding connection is revised to reflect the autotransformer connection. Simultneous
readings of the ammeter, voltmeter, and wattmeter are recorded for determination of load loss
and impedance voltage. The voltage regulator under test should then be disconnected, and
readings of loss taken on the wattmeter representing the loss of the measuring equipment,
similar to the procedure in the no-load loss test.

The connections and apparatus needed for the determination of the load loss and impedance
voltage of a single-phase voltage regulator are shown in Figure 13 and Figure 14. Figure 13
applies when instrument transformers are not required. When instrument transformers are
required, Figure 14 applies.
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Regulator
under test

Shunt winding
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Figure 13 — Single-phase voltage regulator connections for load loss
and impedance voltage test without instrument transformenrs

Redulator
under test

VT

Shunt winding

Source @ ° o

Short

CT
Series winding

Figure 14 — Single-phase voltage regulator connections for load loss and
impedance voltage’test with instrument transformers

9.6.3.3 Impedance test ofia,three-phase voltage regulator

9.6.3.3|1 General

The teqminals of the §eries winding of each phase are short-circuited together, and 4
phase poltage (at.ated frequency) at suitable magnitude is applied to the terminals

ions-and measurements are three-phase instead of single-phase. If the thr
¢annhot be balanced, their average RMS value should correspond to the

be recorded.

9.6.3.3.2 Measurement connections

three-
of the

n. The
cept all
ee line
Hesired
should

For three-phase voltage regulators, Figure 15 shows the apparatus and connections using the

three-wattmeter method.
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Figure 15 — Three-phase voltage regulator connections for load loss and
impedance voltage test using the three-wattmeter method
9.6.4 Calculation of load loss and impedance voltage from test data
9.6.4.1 General
Load Igss and impedance voltage measurements vary with temperature and, in general, shall
be corrected to a reference temperature. In addijtion, a load loss measurement value ghall be
corrected for metering phase-angle error as defined in 9.5.7.
9.6.4.2 Temperature correction of toad loss
Both /2R loss and stray loss of a vdltage regulator vary with temperature. The /2R loss P (Ty)
is calcyilated from the ohmic resistance measurements (corrected to the temperature 7., at
which the measurement of load/loss and impedance voltage was completed) and the [current
used il the impedance measurement. This 2R loss subtracted from the measured lopd loss
watts A(T,,) gives the stray loss P, (T,,) at the temperature at which the load loss tgst was
made, @s shown in Equation (10):
Py (Tm) = P(Ti) = £ (T) (10)
where
Py(Ty) ts-the-catettated-straytossattemperatureF(W);
P(Ty) is the load loss corrected in accordance with 9.5.7, for phase angle error at
temperature T\, (W);
P(Ty) is the calculated /2R loss at temperature Ty (W),

The I2R component of the load loss increases with temperature. The stray loss component
diminishes with temperature. Therefore, when it is desirable to convert the load loss from the
temperature at which it is measured T, to another temperature 7, the two components of the

load loss are corrected separately.

Thus, as shown in Equation (11) and Equation (12):
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and, then, as shown in Equation (13):

P(T) = pP(T\+ P (T)
AN LN >\

where
P(T)
Ps(T)
P(T)
Ty

NOTE 1
aluminiu
229 °C is

9.6.4.3
9.6.4.3

The im
are det

is I2R loss (W) at temperature T (°C);

is stray loss (W) at temperature T (°C);

is load loss (W) corrected to temperature T (°C);

is 234,5 °C (copper) or 225 °C (aluminium; see the following INote).

he temperature 225 °C applies for pure or EC aluminium. 7\, caf/be as high as 230 °C fo
m. Where copper and aluminium windings are employed in the same Vvoltage regulator, a value
applied for the correction of load loss.

Impedance voltage
1 General

bedance voltage and its resistive and reactive components at a specified tap j
ermined by the use of Equation (14) threugh Equation (17):

E, (1) =B (1)* + E2

where
E(Ty)
E(T)

EZ(Tm)
EL(T)
P(T)
P(Tr,)

is the resistance voltage drop of in-phase component at temperature T, (V);

(11)

(12)

(13)

alloyed
for T, of

osition

(14)

(15)

(16)

(17)

is the resistance voltage drop of in-phase component corrected to temperature 7 (V);

is the reactance voltage drop of quadrature component (V);

is the impedance voltage at temperature 7, (V);

is the impedance voltage at temperature T (V);

is the voltage regulator load loss corrected to temperature T (W);
is the voltage regulator load loss measured at temperature 7, (W).
is the current in the excited winding (A)
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Per unit values of the resistance, reactance, and impedance voltage are obtained by dividing
E(T), E,, and E,(T) by the rated voltage. Percentage values are obtained by multiplying per
unit values by 100.

If the voltage regulator is tested as a two-winding transformer, with the series winding short-
circuited and the shunt winding excited, the impedance value shall be revised to reflect the
autotransformer connection. As an autotransformer, the voltage regulator transfers only the
kVA related to the amount of the series winding located in the power circuit between the
source and the load. Maximum kVA is transferred and supplied to the load at the maximum
boost or buck position depending on the design type. This maximum kVA is 10 % of the kVA
supplied to the load when operating at a 10 % range of regulation. This ratio of the rated kVA
of the series winding to the output kVA of the voltage regulator is used to convert the effective
impedance value of the two-winding connection fo the effective impedance value] of the
autotrapsformer connection. This conversion is established by Equation (18):

Zauto = Zuu 221 (18)
output
where
Ziw is the two-winding (transformer) impedance;
Zauto is the autotransformer (voltage regulator) impedancej

Poutput is the output kVA supplied by the voltage regulator;

P.eries | is the rated kVA of the series winding at a speggific tap position,
9.6.4.3{2 Tolerance for impedance

The impedance of a voltage regulator shall have a tolerance of £10 % of the specified value.
Differemces of impedance between duplicate, voltage regulators, when two or more unijits of a
given rating are produced by one manufacturer at the same time, shall not exceed 10 % of the
specifigd value.

NOTE The impedance is stated for given tap positions, normally the maximum boost and buck tap positipns. The
impedange is less at the lower tap pesitions and is essentially zero at the Neutral tap position except fof voltage
regulators having a series transformer.construction.

9.7 Dielectric tests
9.7.1 General

9.7.11 Factory dielectric tests

The purpose of dielectric tests in the factory is to demonstrate the voltage regulator hgs been
desigan and constructed to withstand the specified insulation levels.

9.7.1.2 Test requirements

Test levels shall be as outlined in Table 11.

9.7.1.3 Measurement of test voltages

Unless otherwise specified, the dielectric test voltages shall be measured or applied, or both,
in accordance with IEEE Std 4 or IEC 60060, with the following exceptions:

a) a protective resistance may be used in series with sphere gaps, on either the live or the
grounded sphere. Where unnecessary to protect the spheres from arc damage, it may be
omitted;
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b) the bushing-type voltage divider method shall be considered a standard method for

volt

age regulator tests;

c) the rectified capacitor-current method shall be considered a standard method for voltage
regulator tests.

9.71.4

Field di

9.7.1.5

Dielectric tests in the field

electric tests are performed in accordance with Annex B.

Factory dielectric tests and conditions

9.7.1.51 Test sequence

It is prg

a) lighitning impulse test;

b) app
c) ind

9.71.5

Dielect
temper

9.7.1.5

Voltags

ferred that the dielectric tests be performed in the following sequence:

lied voltage test;

iced voltage test.
2 Temperature

[ic tests may be made at temperatures assumed undéefnormal operation or
Atures attained during the tests.

3 Assembly

regulators, including bushings and terminal.compartments where necessary t

items
shall,
regulat

9.7.2
9.7.2.1

Lightning impulse tests, when required as a type test, shall consist of and be applieg

followir
The tin
should

Impuls¢ tests shall.be made without excitation.

9.7.2.2

ot affecting dielectric tests, such as radiators and cabinets, is not necessary. B
nless otherwise authorized by the purchaser, be those to be supplied with the
DI

air cleﬂrances, shall be assembled prior to making dielectric tests. However, asserbly of

Lightning impulse type test

General

g order: one reduced full wave, one full wave, two chopped waves, and two full

be minimized,. without intentional delays, to avoid recovery of dielectric s

Reduced full-wave test

at the

D verify

shings
voltage

in the
waves.

e interval betwegen applications of the last chopped wave and the following futlll wave

rength.

A redu
and 70

9.7.2.3

% of the full-wave value given in Table 11.

Full-wave test

n 50 %

The test wave rises to crest in 1,2 ys and decays to half of crest value in 50 ys from the
virtual time zero. The crest value shall be in accordance with Table 11, subject to a tolerance
of £3 %, and no flashover of the bushing or test gap shall occur. The tolerance on virtual front
time should normally be +30 %, and the tolerance on time to half of crest shall normally be
120 %. However, as a practical matter, once the manufacturer has proven they have test

equipm

ent limitations, the following shall be considered:
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Upiy  is the rated BIL of the tested winding (V);

a) The virtual front time shall not exceed 2,5 us except for windings of large impulse
capacitance (low-voltage, high-kilovoltampere and some high-voltage, high-kilovoltampere
windings). To demonstrate the large capacitance of the winding causes the long front, the
impulse generator series resistance may be reduced. The reduction should cause
superimposed oscillations. Only the inherent generator and lead inductances should be in
the circuit.

b) The impedance of some windings may be so low that the desired time to the 50 % voltage
point on the tail of the wave cannot be obtained with available equipment. For such cases,
shorter waves are considered acceptable provided the optimum impulse generator
connection is used (i.e. using parallel stages, if applicable, and the largest available
capacitance). However, if by using the optimum impulse generator connection, the
minimum tail time specified (40 ys) cannot still be achieved, apply a resistor on the
gropnded terminal of the impulsed winding. The resistor value shall be the mfinimum
nedessary to achieve the required minimum tail time of 40 ys and shall not exceed#50 Q.
Thg impulse voltage applied to the resistor should not exceed 80 % of the .rated lightning
impulse level of the terminal on which the resistor is connected unless¢the manuflacturer
hag consented.

In peneral, the voltage peak appearing across the resistor isCeonsiderably delayed
compared to the instant of the voltage peak of the applied lightning impulse. Thus, the
resulting difference between the applied impulse and the voltage across the resistpr (e.g.
volfage across the winding) is similar to the one appearing”across the winding if the
res|stor was not used and the terminal was directly gtounded. If the resistor ppplied
volfage peak coincides within 10 us of the voltage impulse peak, then the voltage drop
acrpss the winding is significantly reduced and a_special procedure should be [agreed
updn between the manufacturer and the purchaser]

Theg use of the Glaninger circuit as described in\lEEE Std C57.98 [23] is also an effective
method to increase the tail time. If such a circuit is used, care should be exercised on the
overswing in the opposite polarity. Overswing-in opposite polarity up to 75 % is common.
NOTE IEEE Std C57.98 [23] and IEC 60076-4-[9] give background information regarding the effgct of an
add¢d resistor to the dielectric stresses applied-to the voltage regulator.

If the calculated tail time for a particular connection and voltage regulator design is such the
minimum time to 50 % (e.g. 40 ps) cannot be achieved, the manufacturer shall nofify the
purchaser of this possibility. THhe-manufacturer shall also state the strategy to be taken to
obtain the best achievable wave shape. Notification should be given during the bidding stage
for casps where the minimum tail time cannot be obtained for a particular voltage rggulator
design jand/or because of test laboratory limitations. In such cases, shorter wave shapgs may
be agrged upon between-the manufacturer and the purchaser.

The mipimum impulse generator energy required to meet the minimum tail time (40 ps) during

an impllse teston a particular voltage regulator design and connection can be estimated by

using the following Equation 19:

5 P —2
Emin :L(;)[@] 7 (19)
zU n

where

Epin  is the minimum energy required from the impulse generator (J);

f is the power frequency, 60 Hz or 50 Hz;

ty is the tail time (s)(¢, equals 40 ps);

z is the impedance (in per unit), seen from the impulsed terminal;

U is the rated voltage (V, phase to phase);
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n is the impulse generator efficiency (in per unit) (7 = 1,0);
VA is the three-phase volt-ampere rating for which the impedance z is defined.

Preceding equation has been derived from the equations given in IEC 60076-4 [9]. More
information about wave shape control can be found in IEEE Std C57.98 [23] and |IEC 60076-
4 [9]. For single-phase voltage regulators, the three-phase bank power rating and associated
phase-to-phase voltage shall be used in the above equation.

9.7.2.4 Chopped-wave test

A chopped wave is inherently a full lightning impulse wave, except the crest value shall be at
the required level and the voltage wave shall be chopped at or after the required time to
flashoy, i ' ' ' virtual
origin. [The virtual front time of the chopped wave may be different than the virtual fron{ during
full-waye test because of the presence of the chopping gap. Nevertheless, the.toJergnce on
irfual front time for the chopped-wave test should remain as defined for the full-wave

The gdp or other equivalent chopping device shall be located as clése as possiblel to the
termingdls of the voltage regulator without disrupting its electrical\field distribution. The
distance between the chopping device and the test object shall not exceed a lead| length
greater| than the total height of the voltage regulator (tank plas bushings). The impgdance
between the tested terminal and the grounded end of the ch@pping device shall be limited to
that of|the necessary leads. The voltage zero following the’ instant of chopping shall occur
within 1 ys. However, for some winding designs, the cireuit response after chopping may not
be osclllatory; it may be overdamped. For such case€s,“the time interval to the first poltage
zero afier the instant of chopping may be significantlysgreater than 1,0 ps.

Only for cases where the overswing to the~opposite polarity is greater than 30 po is it
permissible to add a series-connected resistor in the chopping circuit to limit the ampunt of
oversw|ng. The resistor shall not decreasg the overswing below 30 % of the amplitudg of the
chopped wave.

The usg of a resistor in the chopping circuit may increase the time interval to the first yoltage
zero after the instant of chopping: If this conflicts with the above requirement regardEng the
maximym time interval to the first voltage zero after the instant of chopping, the priority shall
be givgn to maximum limit\of the time interval. For such cases, it may not be possible to
reduce|the overswing to/the opposite polarity to 30 %.

NOTE This method willNincrease the likelihood the steepness of the voltage collapse (dv/dt) is as| high as
possible)

preferr¢d, chopping method since it usually gives faster voltage collapse. The use of a fod-rod
chopping.gap is also permissible since this more accurately replicates in-service flashover of
an air insulator. Notably, the rod-rod gap requires a greater distance between its electrodes
for a given operating voltage than does a sphere gap. The extended arc length of the rod-rod
gap provides more natural circuit damping than the shorter arc length of a sphere gap.

The USf of _a~ehopping gap made of sphere gap(s) (single or multiple sphere gaps] is the

If the above prescribed maximum lead length to the chopping gap cannot be achieved
because of the presence of accessories such as fans or any other voltage regulator
accessories, then the shortest possible lead length should be used during tests.

9.7.2.5 Wave polarity

For liquid-immersed voltage regulators, the test waves are normally of negative polarity to
reduce the risk of erratic external flashover in the test circuit.
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9.7.2.6 Impulse oscillograms

All impulses applied to a voltage regulator shall be recorded by an oscilloscope or by a
suitable digital transient recorder, unless their crest voltage is less than 40 % of the full-wave
level. These oscillograms shall include voltage oscillograms for all impulses and ground-
current oscillograms for all full-wave and reduced full-wave impulses. Sweep times should be
on the order of 5 ys to 10 ys for chopped-wave tests, 50 pys to 100 ps for full-wave tests, and
100 ys to 600 us for ground-current measurements.

When reports require oscillograms, those of the first reduced full-wave voltage and current,
the first full-wave voltage and current, the two chopped waves, and the last two full waves of
voltage and current shall represent a record of the successful application of the impulse test
to the Joftage regulator-

9.7.2.7 Connections and tap positions for impulse tests of line terminals
9.7.2.711 General

The sefies and shunt windings of a voltage regulator are considered as‘a single winding for
the punpose of the impulse test. The line terminals, "S" and "L", are\tied together through a
resistof of 450 (1 £ 10 %) Q to limit induced voltage. Current flowing in this limiting fesistor
shall npt interfere with the ability to detect a staged single<urn fault. A Type A yoltage
regulatpr shall have the test applied to the "S" terminal while set in the maximum buck
position. A Type B voltage regulator shall have the test applied to the "L" terminal whilg set in
the mgximum boost position. The value of the induced{voltage on the non-impulsed line
termingl shall be in accordance with Table 11, subject to a tolerance of £10 %. Yoltage
regulatprs intended for an open or closed delta connection shall in addition have impulse
voltagel applied to the "SL" line terminal.

A voltape regulator with a series transformer construction is similar in nature to a Type A or
Type B| design depending on the location-of'the series transformer with respect to th¢ shunt
transfofmer and should be tested accordingly. For example, if the shunt transfofmer is
connected between "S" and "SL", thecvoltage regulator shall be tested as a Type A dgsign; if
the shunt transformer is connected between "L" and "SL", the voltage regulator shall bg tested
as a Type B design.

NOTE Refer to Annex C for additional information on step-voltage regulator constructions.
9.7.2.7|2 Terminals.not being tested

Neutral| terminals_shall be solidly grounded. Line terminals shall be either solidly grounded or
groundgd throughia resistor with an ohmic value not in excess of 450 Q.

The following factors shall be considered in the actual choice of grounding a terminal:

a) The voltage-to-ground on any terminal not being iesied should not exceed 80 % of the
full-wave impulse voltage level for that terminal.

b) When a terminal has been specified to be directly grounded in service, it shall be solidly
grounded.

c) When a terminal is to be connected to a low-impedance cable connection in service, it
shall either be directly grounded or grounded through a resistor with an ohmic value not in
excess of the surge impedance of the cable.

d) Grounding through a low-impedance shunt for current measurements may be considered
the equivalent of a solid ground.
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9.7.2.7.3 Protective devices as an integral part of the voltage regulator

Voltage regulators may have, as an integral part of their design, nonlinear protective devices
connected across whole or portions of windings. Operation of these protective devices during
impulse testing may cause differences between the reduced full-wave and the full-wave
and/or chopped-wave oscillograms. In order to demonstrate these differences are solely
caused by the operation of the protective devices and not by a voltage regulator failure,
additional reduced full-wave impulse tests at different voltage levels shall be applied to show
the effect of the operation of the nonlinear devices on voltage and current oscillograms and its
reproducibility.

A nonlinear protective device conveniently accessible, for example, connected externally
betweef e o and pushing may be J onnected and olated during the pulse
testing

The pufpose of the nonlinear protective devices is to limit transient overvoltages, which may
be imptessed or induced across the windings during lightning impulse surges (high-frequency
voltage| surges).

NOTE Typical oscillograms depicting the operation of protective devices duringsitnpulse testing are shown in
IEEE Std C57.98 [23] and IEC 60076-4 [9].

The following test sequence shall be performed:

e one|reduced full wave between 50 % and 70 % of the-required full-wave impulse leVel;

e oneg|or more intermediate reduced full waves between 75 % and 100 % of the requirted full-
waye impulse level;

o ong|full wave at 100 % of the required full-waye impulse level;
e two|chopped waves at 100 % of the required chopped-wave impulse level;
o twolfull waves at 100 % of the requiredfull-wave impulse level;

e one| or more intermediate reduced full waves at the same voltage levels as used|before
the [first full-wave test;

e onegreduced full wave between 50 % and 70 % of the required full-wave impulse leVel.

The voltage level to be applied for the intermediate reduced full wave is not specifically given.
Only afrange is proposed“because the threshold operating level of the nonlinear deyices is
dependent on the voltage regulator's design. Generally, a lightning impulse within a specified
voltage] range causes the operation of the nonlinear devices. The specific number of
intermgdiate full<wave tests and their voltage levels cannot be given here. The number of
intermgdiate full-wave tests and their respective voltage level for a given voltage rggulator
should |be chasen by the manufacturer and agreed to by the purchaser.

Wlth t avecantion of tha cnacial cacac rafarancad halaow tha intarmadiata radiicad | pulse
exception—of-the-spescial-casesreferenced belowtheintermediatereduced—

level shall show the operation of the nonlinear devices and its effect on the current and

voltage oscillograms.

In some cases, tests at the required full-wave impulse level with the standardized lightning
impulse wave shape do not show the operation of the nonlinear devices. If this is the case,
additional intermediate reduced full-wave tests are not necessary and may be waived.

In some other special cases, the operation of the nonlinear devices can be observed only
during the chopped-wave impulse tests. If this is the case, the intermediate reduced full-wave
tests are also not necessary and may be waived. As explained in item a) under 9.7.2.9.3,
comparison of the recorded oscillograms may be done by comparing the two chopped-wave
tests together up to the time of chopping. Chopped-wave tests cannot be compared during
and after chopping. For such cases, reduced chopped-wave impulses at a test level of

Published by IEC under licence from IEEE. © 2018 IEEE. All rights reserved.



https://iecnorm.com/api/?name=96c3f1b073f830258d2a6b783aac0b34

- 66 - IEC 60076-21:2018
IEEE Std C57.15-2017

approximately 75 % of the required chopped-wave test level may be a useful tool to assess
that the differences on the recorded oscillograms are solely caused by the operation of the
nonlinear devices. If reduced chopped-wave tests are performed, they should, by agreement,
be performed before and after the required chopped-wave tests.

Because of the operation of the nonlinear devices, the comparison of the voltage and current
oscillograms shall be made only between two tests performed at the same voltage level, for
example, comparing the two 80 % reduced full-wave tests. Each reduced full-wave test
performed after a full-wave test shall be compared with the corresponding reduced full-wave
test performed prior to the full-wave tests. All three full-wave tests at 100 % shall be
compared with each other.

9.7.2.7@ Current transformer grounding

The sefondaries of current transformers, either on bushings or permanently connected to the
equipmlent being tested, shall be short-circuited and grounded.

9.7.2.7|5 Core and tank grounding

The cofe and tank shall be grounded for all impulse tests.

9.7.2.7|6 Grounding of voltage transformers and utility windings

The sgcondaries of voltage transformers and utility windings shall be terminatgd with
impedance not to exceed 450 Q to ground. Current flowing in this limiting resistor shall not
interfere with the ability to detect a staged single-turn €ault.

9.7.2.8 Impulse tests on voltage regulator neutrals

Impuls¢ tests on the neutral terminal of a voltage regulator or a separate voltage rggulator
connecfed in the neutral of a transformerirequire one reduced and two full waveg to be
applied directly to the neutral or voltage regulator winding with an amplitude equalf to the
insulatipn level of the neutral. The voltage regulator being tested shall be set on the maximum
buck of boost position. A wave haying a front of not more than 10 ys and a tail of 50 ps to
half-crgst shall be used except when the inductance of the winding is so low that the fesired
voltagel magnitude and durationjto the 50 % point on the tail of the wave cannot be ohjtained,
a shorter wave tail may be ysed.

9.7.2.9 Detection (of failure during impulse test
9.7.2.91 General

Given the nature of impulse test failures, one of the most important matters to consider is the
detectipn of such failures. Several indications of insulation failure exist.

9.7.2.9.2 Ground current oscillograms

In the ground-current method of failure detection, the impulse current in the grounded end of
the winding tested is measured by an oscilloscope or by a suitable digital transient recorder
connected across a suitable shunt inserted between the normally grounded end of the winding
and the ground. Any differences in the wave shape between the reduced full-wave and final
full-wave detected by comparison of the two current oscillograms may be indications of failure
or deviations due to noninjurious causes. They should be fully investigated and explained by
new reduced full-wave and full-wave tests. Examples of probable causes of different wave
shapes are operation of protective devices, core saturation, or conditions in the test circuit
external to the voltage regulator.

The ground-current method of detection is not suitable for use with chopped-wave tests.
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9.7.2.9.3 Other methods of failure detection
Other methods of detecting failure include the following:

a) Voltage oscillograms. Any unexplained differences between the reduced full-wave and
final full-wave detected by comparison of the two voltage oscillograms, or observed by
comparing the chopped-waves to each other and to the full-wave up to the time of
chopping, are indications of failure.

b) Failure of gap to sparkover. In making the chopped-wave test, failure of the chopping gap
or any external part to sparkover, although the voltage oscillogram shows a chopped
wave, is a definite indication of a failure either within the voltage regulator or in the test
circuit.

c) Noilse. Unusual noise within the voltage regulator at the instant of applying the impulse is
an |ndication of trouble. Such noise should be investigated.

d) Measurement. Measurement of voltage and current induced in another winding mpy also
be bsed for failure detection.

9.7.3 Lightning impulse routine test
9.7.3.1 General

Subclapyse 9.7.3 defines a routine lightning impulse quality \control test suitable fgr high-
volume]| production-line testing.

9.7.3.2 Connections and tap positions for impulse tests of line terminals

The sefies and shunt windings of a voltage regulator are considered as a single winding for
the punpose of the impulse test. The line terminals; "S" and "L", are tied together thrjough a
resistof of 450 (1 £ 10 %) Q to limit induced Moltage. Current flowing in this limiting fesistor
shall npt interfere with the ability to detect @ staged single-turn fault. A Type A Voltage
regulatpr shall have the test applied tocthe "S" terminal while set in the maximum buck
position. A Type B voltage regulator shall'have the test applied to the "L" terminal whilg set in
the maximum boost position. The value of the induced voltage on the non-impulsed line
termingl shall be in accordance ‘with Table 11, subject to a tolerance of +10 %. Yoltage
regulatprs intended for an opennor closed delta connection shall in addition have impulse
voltage| applied to the "SL" line-terminal.

A voltage regulator with a‘series transformer construction is similar in nature to a Type A or
Type Bl design depending on the location of the series transformer with respect to th¢ shunt
transfofmer and should be tested accordingly. For example, if the shunt transformer is
connecfed between-"S" and "SL", the voltage regulator shall be tested as a Type A dgsign; if
the shunt transformer is connected between "L" and "SL", the voltage regulator shall bg tested

NOTE
9.7.3.3 Procedure
9.7.3.3.1 General

The windings under test are connected to ground through a low-impedance shunt. The tank
and core are grounded. This shunt shall consist of either of the following:

a) Ground-current method. A suitable resistance shunt or wide-band pulse current
transformer is employed to examine the waveform of the ground current.

b) Neutral impedance method. A low-impedance shunt, consisting of a parallel combination
of resistance and capacitance (RC), is employed. The voltage across this neutral
impedance shunt is examined.
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An impulse voltage with 1,2 pys x 50 ys wave shape and with specified crest magnitude shall
be applied in each test. The tolerances, polarity, and method of determining the wave shape
shall be as specified in 9.7.2.3 and 9.7.2.5. During each test, the waveform of the ground
current or the voltage wave across the neutral impedance shall be examined.

The required impulse tests shall be applied using either of the following test series described
in 9.7.3.3.2 0r 9.7.3.3.3.

9.7.3.3.2 Method 1

One reduced full-wave test is performed, followed by one 100 % magnitude full-wave test.
The applied-voltage wave in the first test shall have a crest value of between 50 % and 70 %
of the assigned BIL. The applied-voltage wave in the second test shall have a crest Value of
100 % pf the assigned BIL. Failure detection is accomplished by comparing the reduced full-
wave test with the 100 % magnitude full-wave test, using either the ground-current wgveform
or the pheutral impedance voltage waveform. A dielectric breakdown causesha-differgnce in
compafed waveforms. Observed differences in the waveforms may be indications of faijure, or
they may be due to noninjurious causes. The criteria used to judge the maghitude of ohserved
differerlces shall be based upon the ability to detect a staged single-turn fault mpde by
placing|a loop of wire around the core leg and over the coil.

9.7.3.3|3 Method 2

Two full-wave tests, with crest magnitude equal to the’,assigned BIL, are applied|to the
voltage| regulator under test. A neutral impedance shunt)yusing suitable values of resjstance
and capacitance, is employed to record waveforms for ‘comparison. The waveforms jn both
tests je compared to pre-established levels. A dielectric breakdown causes a sighificant

upturn [and increase in magnitude of the voltage wave examined across the |neutral
impedalnce. The pre-established levels are base€d upon a staged single-turn fault tesf, made
by placjng a loop of wire around the core leg,and over the coil.

9.7.3.3|4 Failure detection

The fajlure detection methods for- the routine impulse tests described in 9.7.3.3.2 and
9.7.3.3|3 are based on the following two conditions:

a) the|voltage regulator connections during the test are such that the series winding is not
shorted;

b) chopped-wave testsjare not applied.

In addftion to thHese methods of failure detection, other methods of failure detecfion as
described in 9,7.2.9.3 are also indications of failure and shall be investigated.

When {héstest is complete and the process of failure detection is complete, the wgveform

re—orotarattos

An exception to the test order given in 9.7.1.5.1, the routine impulse test may be conducted
either before or after the low-frequency dielectric tests; however, the preferred sequence is
for the impulse test to precede the low-frequency dielectric tests.

9.7.3.4 Terminals not being tested

Neutral terminals shall be solidly grounded. Line terminals shall be either solidly grounded or
grounded through a resistor with an ohmic value not in excess of 450 Q.

The following factors shall be considered in the actual choice of grounding for a terminal:
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a) The voltage-to-ground on any terminal not being tested should not exceed 80 % of the

full-

wave impulse voltage level for that terminal.

b) When a terminal has been specified to be directly grounded in service, it shall be solidly
grounded.

c) When a terminal is to be connected to a low-impedance cable connection in service, then
that terminal shall either be directly grounded or grounded through a resistor with an
ohmic value not in excess of the surge impedance of the cable.

d) Grounding through a low-impedance shunt for current measurements may be considered

the

equivalent of a solid ground.

9.7.4 Applied-voltage test

9.7.41 General

Applieq voltage test shall be performed in accordance with the requirements of Table 1{1.
9.7.4.2 Duration, frequency, and connections

The tegt shall be performed at low frequency (< 500 Hz) and the duration of the test ghall be
1 min.

The wihding being tested shall have all its parts joined together and connected to the line
termingl of the testing transformer.

All othgr terminals and parts (including core and tank)‘shall be connected to ground.

9.7.4.3 Tap connections

The choice of tap position shall be made by the manufacturer.

9.7.4.4 Relief gap

A relieff gap set at a voltage of 108% or more in excess of the specified test voltage mmay be
connecfted during the applied-voltage test.

9.7.4.5 Application of.test voltage

The voltage should beJstarted at one quarter or less of the full value and be broyght up
gradually to full value. After being held for the time specified in 9.7.4.2, it should be reduced
gradually before the circuit is opened.

9.7.4.6 Failure detection
Particutar—attenrtion—showd—be—maintained—for—evidence—ef—possible—fature—sueh- as an

indication of smoke and bubbles rising in the insulating liquid, an audible sound as a thump,
or a sudden increase in test circuit current. Any such indication should be prudently
investigated by observation, by repeating the test, or by other tests to determine whether a
failure occurred.

9.7.5

9.7.51

Induced-voltage test

Test value and duration

Two times rated turn-to-turn voltage shall be developed in each winding. The induced-voltage
test shall be applied for 7 200 cycles, or 60 s, whichever is shorter.
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9.7.5.2 Tap connection

A Type A voltage regulator shall have the tap position set at the 15 Lower position. A Type B
voltage regulator shall have the tap position set at the 15 Raise position.

A voltage regulator with a series transformer construction is similar in nature to a Type A or
Type B design depending on the location of the series transformer with respect to the shunt
transformer and should be tested accordingly. For example, if the shunt transformer is
connected between "S" and "SL", the voltage regulator shall be tested as a Type A design; if
the shunt transformer is connected between "L" and "SL", the voltage regulator shall be tested
as a Type B design.

NOTE Refer to Annex C for additional information on step-voltage regulator constructions.
9.7.5.3 Test frequency

As an induced-voltage test applies greater than rated volts per turn to the woltage regulator,
the frequency of the impressed voltage shall be high enough to limit the-flux density in the
core to| that permitted by the operating voltage limit established by Equation (1) in ¢.2.4.2.
The mipimum test frequency to meet this condition is shown in Equation(20):

Ly

Minimum test frequency =
, XEr

xrated-frequency (20)

where
E; is the induced test voltage across winding (V);

E, is the rated voltage across winding (V).

9.7.5.4 Application of voltage

The voltage should be started at one, quarter or less of the full value and be broyght up
gradually to a full value. After being held for the time specified in 9.7.5.1, it should be reduced
gradually before the circuit is opened.

9.7.5.5 Need for additional induced-voltage test

When the induced-voltage test on a winding results in a voltage between terminals af other
windings in excess of the low-frequency test voltage specified in Table 11, the other winding
may bg sectionalizeéd and grounded. Additional induced-voltage tests shall then be made to
give th¢ requiredytest voltage between terminals of sectionalized windings.

9.7.5.6 Grounded windings

When a voltage regulator has one end of the shunt winding grounded for operation on a
grounded-neutral system, special care should be taken to avoid high electrostatic stresses
between the other windings and ground.

9.7.5.7 Single-phase testing of three-phase voltage regulators

Three-phase voltage regulators may be tested with single-phase voltage. The specified test
voltage is induced, successively, from each line terminal to ground and to adjacent line
terminals. The neutrals of the windings may or may not be held at ground potential during
these tests. A separate single-phase test or three-phase test may be required when the test
voltage between adjacent line terminals is higher than the test voltage from the line terminals
to ground.
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9.7.5.8 Failure detection

Particular attention should be maintained for evidence of possible failure, such as indication
of smoke and bubbles rising in the insulating liquid, an audible sound such as a thump, a
sudden increase in test circuit current, or an appreciable increase in partial discharge level.
Any such indication should be prudently investigated by observation, by repeating the test, or
by other tests to determine whether a failure has occurred.

9.7.6 Insulation power factor tests
9.7.6.1 General

Insulati
produc
voltagel and prescribed conditions.

9.7.6.2 Preparation for tests
The teqt specimen shall have the following:

a) all windings immersed in insulating liquid;
b) al
c) al

vindings short-circuited;

bushings in place;

d) thel|average temperature of the windings and insulating liquid between 10 °C and| 40 °C,
preferably as near to 20 °C as practical with the)tep liquid temperature measured and
recprded.

9.7.6.3 Tap connection

The chopice of tap position shall be made by.the manufacturer.

9.7.6.4 Instrumentation

Insulatijon power factor may be measured by special bridge circuits or by the voltampgre-watt
method. The accuracy of measurement should be within 0,25 %, and the measurement
should pbe made at or near the design operating frequency.

9.7.6.5 Voltage to be applied
The voltage to befapplied for measuring insulation power factor shall not exceed half of the

low-frequency test™ voltage given in Table 11 for any part of the winding, or 10{000 V,
whicheyer is lower.

9.7.6.6 Procedure

Insulation power-factor tests shall be made from windings to ground and between windings as
shown in Table 18.
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Table 18 — Measurements to be made in insulation power factor tests

Method 1-Test without guard circuit 2 Method 2-Test with guard circuit 2
Voltage regulators with shunt and series Voltage regulators with utility winding
windings only —  Shunt and series windings to utility winding and
—  Shunt and series windings® to ground ground

Voltage regulators with utility winding - VSv?nudni:]and series windings to ground, guard on utility
— Shunt and series windings to utility winding g

and ground

NOTE 1 Although the real significance that can be attached to the power factor of liquid-immersed voltage
regulators is still a matter of opinion, experience has shown that the power factor is helpful in assessing the
probablecomditiomof themsutatiom whrermrgoodjudgnent s used:

NOTE In interpreting the results of power-factor test values, the comparative values of tests takenat periodic
intervals are useful in identifying potential problems rather than an absolute value of power factof:

NOTE The factory power-factor test will be of value for comparison with field power-factor measurenjents to
assess|the probable condition of the insulation. It has not been feasible to establish(standard powef-factor
values for liquid-immersed voltage regulators for the following reasons:

a) Experience has indicated that little or no relation exists between power factor-and the ability of the foltage
reglilator to withstand the prescribed dielectric tests.

b) Experience has shown that the variation in power factor with temperatufe’ is” substantial and erratic |so that
no pingle correction curve will fit all cases. The power factor shall ¢pe\reported along with the top liquid
temjperature measured and the bottom liquid temperature if available No temperature correction ghall be
applied. Temperature correction of the power factor results fat, trending basis may be applied |by the
pur¢haser.

c) Theg various liquids and insulating materials used in voltage régulators result in large variations in ingulation
power-factor values.

2 In this table, the term "guard" signifies one or more-conducting elements arranged and connected on an
elegtrical instrument or measuring circuit so as to divert unwanted currents from the measuring meang.

Permanently connected windings shall be considered as one winding.

9.7.7 Insulation resistance tests
9.7.71 General

Insulation resistance tests.shall be made to determine the insulation resistance from wjndings
to groynd. The insulation) resistance tests are commonly measured in megohms or ay be
calculated from measuréments of applied voltage and leakage current.

The indulation resistance of electrical apparatus is of doubtful significance compared with the
dielectic strength. It is subject to wide variation in design, temperature, drynegs, and
cleanliness{ of 'the parts. When the insulation resistance falls below prescribed values|| it can,
in mos|cases of good design and where no defect exists, be brought up to the required
standard—by cleaning and drymng the apparatus. 1 herefore, the msutation resistance may be
useful to indicate whether the voltage regulator is in suitable condition for application of
dielectric test.

The significance of values of insulation-resistance tests generally requires some
interpretation, depending on the design and the dryness and cleanliness of the insulation
involved. It is recommended insulation resistance values be measured periodically (during
maintenance shutdown) and plotted. Substantial variations in the plotted insulation resistance
values should be investigated for cause.

Insulation resistances may vary with applied voltage, and any comparison shall be made with
measurements at the same voltage.

Under no circumstances should tests be made while the voltage regulator is under vacuum.
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9.7.7.2

Preparation for tests

The test specimen shall have:

a) all windings immersed in insulating liquid;

b) all windings short-circuited;

c) all bushings in place;

d) temperature of windings and insulating liquid near (the reference temperature of) 20 °C.

9.7.7.3

The ch

Tap connection

ice of f:\p pncifinn shall be made hy the manufacturer

9.7.7.4

Insulati

a) a vrtriable-voltage DC power supply with means to measure voltage and current (gs

in
b) am

NOTE N
applied-

9.7.7.5

The D(
value €

Partial
damag

NOTE
windings

insulation.

9.7.7.6

Insulati
connec]

Instrumentation

on resistance may be measured using the following equipment:

icroamperes or milliamperes);
egohmeter.

legohmeters are commonly available with nominal voltages of 500 V,v 000 V, 2 500 V, and 50
oltage test equipment is available at higher voltages.

Voltage to be applied

[ voltage applied for measuring insulation ¥esistance to ground shall not ex
qual to the RMS low-frequency applied voltage allowed in Table 11.

discharges should not be present during insulation resistance tests because the
b a voltage regulator and may also ¢esult in erroneous values of insulation resist

Vhen measurements are to be madewusing DC voltages exceeding the RMS operating voltag
involved (or 1 000 V for a solidly grounded wye winding), a relief gap can be employed to pr

Procedure

on-resistance testsi'shall be made with all circuits of equal voltage above
ted together. Examples of procedures include the following:

nerally

0V; DC

ceed a

y could
ance.

e of the
btect the

ground

a) voltage should,be increased in increments, typically 1 kV to 5 kV, and held for 1 min while

curfent is reads;

b) the|test-should be discontinued immediately if the current begins to increase without
stabilizing;

c) afterthetesttas beenmcompteted,attermimats shoutdbegrounded—for aperiod-of time

sufficient to allow any trapped charges to decay to a negligible value.

9.8 On-load tap-changer routine tests

9.8.1

General

This subclause applies to routine tests for vacuum and non-vacuum reactor type on-load tap-
changers immersed in insulating liquid. The voltage regulator on-load tap-changer is a
selector switch capable of carrying, making and breaking current, combining the duties of a
tap selector and a diverter switch.
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9.8.2 Mechanical test

With the on-load tap-changer fully assembled but without the contacts energized, ten
complete cycles (maximum boost to maximum buck and back) of operation shall be performed
without failure. A sequence of operations, switching time, of the on-load tap-changer shall be
recorded oscillographically. The on-load tap-changer shall not show abnormal contact
pressure causing dragging or misalignment, causing abnormal bouncing or jamming during
measurement of switching time through its full cycle.

9.8.3 Auxiliary circuits insulation test

The on-load tap-changer auxiliary circuits shall withstand without failure an applied voltage

4~ 1N OOt o 4 H Lot (I 4 H
test Of I, RV, YUU TI1Z4 TTUTTT alt TTve LTI dis 1O yroundu 1or 1 T,

9.9 Control system routine tests
9.9.1 Applied voltage

The coptrol system circuitry shall withstand an applied voltage of 1,5-kV, <500 Hz f][om all
live terminals to ground for 1 min. The test shall be performed with the control front panel
totally fisconnected from the control system circuitry. After the test, it shall be detgrmined
that no|change in performance has occurred.

NOTE To prevent possible excessive damage or failure, use of a resistorito limit the current is suggested
9.9.2 Operation

All feaJﬂures of the control system shall be operated and checked for verification of|proper
functioning. The control device shall be checked for calibration at this point.

9.10 Temperature-rise test
9.10.1 | General

A temperature-rise test is defined as a test to determine the temperature-rise above gmbient
of one |or more of the voltage regulator's windings, as measured at the terminals. The result
for a diven terminal pair or winding is the average value of the temperature of thg entire
circuit; [it is not the tempefature at any given point in a specific winding. The term "gdverage
temperpture-rise" refersiterthe value determined by measurements on a given terminal| pair of
the winding. It does not refer to the arithmetic average of results determined from different
termingl pairs of the'voltage regulator.

Conditipns under which temperature limits apply are described in 5.1. All temperatlire-rise
tests s%[sll be'made under normal (or equivalent to normal) conditions of the means of ¢ooling,

as follows:

a) temperature-rise test shall be conducted on a voltage regulator completely assembled and
filled to the proper liquid level;

b) the temperature-rise test shall be made in a room free from drafts as practicable defined
as a wind speed of 0,5 m/s, or less;

c) when it is not possible or practical to test the voltage regulator as a completed assembly,
the voltage regulator shall be tested with the components required to replicate normal
means of cooling the voltage regulator during a temperature-rise test. When a voltage
regulator is equipped with thermal indicator, or the like, such devices shall be assembled
with the voltage regulator.
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9.10.2 Test methods

9.10.2.1 General

Tests shall be carried out by one of the following methods:

a) actual loading;
b) simulated loading;
1) the loading back (opposition) method, in which rated voltage and current are induced
in the voltage regulator under test;
2) the short-circuit method, in which the appropriate total loss is produced by the effect of
chnrt ~Alr~iit A irrANt
9.10.2.2 Actual loading
Actual Joading method is the most accurate method, but energy requirements. are exgessive
for larde-voltage regulators. Voltage regulators of small output may be tested unden actual

load conditions by loading them on a rheostat, bank of lamps, water boxy/and so forth.

9.10.2.

9.10.2.

Some
series
for the
averag

resultin

used if

a)

b)
c)

d)

e)

Apf

B Simulated loading

B.1 Loading back method

particular combination of design type, connectiens, and tap position giving the

they are associated with highest average‘winding temperature-rise.

opgning the connections of either pair of windings at one point and impress a

acr

pss the break just sufficient (to circulate rated current at rated frequency

connection and loading used. Jhe" total loss applied during this test shall be the s

the

sum of the no-load loss andload loss measured according to 9.5 and 9.6.

Measure liquid temperatures, and determine liquid temperature-rise as descr

9.1

Imn

D.4.2.

with 9.10.3.2.

Wh
for

en needed)to meet the time limit criteria of 9.10.3.2, resume the temperature-r

Measure‘the liquid temperatures, immediately shut down, and measure the hot-res|
of gdditional terminal pairs in accordance with 9.10.3.2.

De

smaller voltage regulators may be tested by connhecting their respective shynt and
vindings in parallel (see Figure 16 and Figure 17). Voltage regulators shall be tested

highest

e winding temperature-rise. This generally involves those connections and tap position
g in the highest loss. Supplementary current ratings in accordance with 6.3 ghall be

ly rated voltage at rated frequency-to one set of windings. Circulate load curfent by

voltage
for the
Bme as

bed in

nediately shut down, and measure the hot-resistance measurements in accgrdance

se test

1 h, holding rated voltage at rated frequency for the connection and loading used.

stance
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Figure 16 — Example of loading back method: single-phase

eferred to use duplicate voltage regulators, but it iscnot mandatory as long
regulator under test is energized at the required ‘voltage and current level
provides the closest simulation to actual loading~as both the no-load and load

arily need to be in phase; the power sourcessmay be in phase or 120 degrees

h the connection scheme shown in Figure 16, even if voltage regulators VR1 and VR2 are dupl
er, their respective loading conditions are -qot identical. VR1 sees an apparent inductive load

er factor whereas VR2 sees an apparent.capacitive load at nearly zero power factor. As a cons
e appearing on the series winding of the voltage regulators is different. Voltage on VR1 drops ¢
e while voltage on VR2 will increase) Therefore, parts of the voltage regulator cores are eith
VR2) or under-excited (VR1) and the no-load loss and sound vary accordingly. Which parts of
perience this depends on the construction of the voltage regulators. This test method is not

tation of an actual loading of*a\voltage regulator at a power factor near unity, but is nevertheles
ation.
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Figure 17 — Example of loading back method: three-phase

For voILage regulators with three windings, the same principles can be applied to load either

simulta
windings. All loads are nearly at/zero power factor.

9.10.2.8.2 Short-circuit method

Condugt the short-circuit method as follows:

a)

eously all three windings' if the test facility allows it, or separately by pairs of

prigr to making the total loss run, measure load loss at rated current and frequency|for the
parficularscombination of design type, connections, and tap position giving the highest
average-winding temperature-rise. This generally involves the connection and tap position
resllting in the highest loss. Supplementary current ratings in accordance with 6|3 shall
be used if they are associated with highest average winding temperature-rise. This
thermal connection load loss shall be measured in accordance with 9.6 and referenced to
a temperature equal to rated average winding rise plus 20 °C. The required total loss for
the total loss run shall be the sum of thermal connection load loss plus no-load loss
measured in accordance with 9.5;

for the total loss run: short-circuit one or more windings and circulate sufficient current at
rated frequency to produce the required total loss as determined in step a) and 9.10.5.3;

determine the liquid temperature-rise as described in 9.10.4.2;

for the rated current run: reduce the current in the windings to the rated current (or
reduced current according to 9.10.5.2) value for the connection and the loading used.
Hold the current constant for 1 h. Measure the liquid temperatures and immediately shut
down, and measure the hot-resistance in accordance with 9.10.3.2;
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e) repeat the rated current run step d) for hot-resistance measurements on additional
terminal pairs if needed to meet the time limit criteria of 9.10.3.2;

f) determine average winding rises in accordance with 9.10.4.3.
9.10.3 Resistance measurements
9.10.3.1 Cold-resistance measurements

Cold-resistance measurements shall be taken on all terminal pairs in accordance with 9.2.
The same test equipment shall be used for both cold-resistance and hot-resistance
measurements. Normally, cold-resistance measurements are taken prior to loading the
voltage regulator for temperature-rise test. However, it is permissible to allow the voltage
regulatprtocoottoambient-temperature—and-perform—cotd=resistance-measurements—after the
loading| test. Whenever it is necessary to make cold-resistance measurements follawing the
temperature-rise test, the cool down time shall be sufficient to allow the criteria in“9:2 ]2 to be
met.

9.10.3.2 Hot-resistance measurements

Fan(s),|if available, shall be shut off after the voltage regulator is shut.down for hot-resjstance
measurements. Hot-resistance measurements shall be taken ,as“soon as possible after
shutdoyn, allowing sufficient time for the inductive effects to disappear as indicated fjom the
cold-resistance measurement. To minimize inductive effects“when transferring megsuring
instrument leads from one terminal pair to another, the same relative polarity shquld be
maintained between measuring leads and voltage regulator terminals.

a) Thg time from instant of shutdown, i.e. time zero,“shall be recorded for each resfistance
measurement.

b) A sgries of hot-resistance measurements shall be made on each terminal pair under test,
and all terminal pairs shall be tested.

c) Thgq first hot-resistance measurement shall be taken as quickly as possible after shutdown
and after the inductive effects disappear and in any case, no later than 4 min after
shutdown. In order to achieve core’saturation in a short time period, the DC power|supply
volfage shall be large enough te-saturate the cores in a short time.

Theg DC source should be §elected such that it can also provide sufficient current {o keep
the |core saturated without causing excessive heating of windings. A series resistolf added
to the circuit will decrease time to stabilization.

When performing (winding resistance measurements on a voltage regulator utilizing a
series transformier.for load tap-changing, care is required to increase the likelihgod the
whaqle circuit is_saturated before stable readings of the combined winding resistanges can
be ¢btained.

d) Thqg hotsresistance versus time data shall be used as the basis for correction to time zero.
Theg cooling curve format shall consist of a series of hot-resistance measuremgnts in

acclordance-with-c)-

At least ten resistance measurements shall be made on each terminal pair. All resistance
measurements shall be recorded at no longer than 30 s intervals and no less than 10 s
intervals.

e) The hot-resistance-time data collected in d) shall be extrapolated to the instant of
shutdown using a computerized curve fitting program to determine the hot-resistance-time
cooling curve. The hot-resistance-time data collected shall be fitted to an exponential
decay curve using the method of least squares.

NOTE 1 Comparative to large voltage regulators, the time constant of small voltage regulators can be short due to
thermal characteristics and measuring equipment, which can affect the appropriateness of an exponential decay
curve.
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NOTE 2 The mean liquid temperature surrounding the winding and the actual location of the winding can result in

top and bottom liquid temperatures not giving the intended average winding liquid temperature which could affect
the appropriateness of the exponential decay curve.

9.10.4 Temperature measurements
9.10.4.1 Ambient temperature measurement

The ambient temperature shall be taken of the surrounding air, which should not be less than
10 °C nor more than 40 °C. For temperatures within this range, no correction factor shall be
applied. Tests may be made at temperatures outside this range when suitable correction
factors are available.

The terhperature of the surrounding air shall be determined by at Teast three thermocoyples or
thermometers in containers spaced uniformly around the voltage regulator undernrést. They
shall bg¢ located at about mid-height of the voltage regulator and 1 m to 2 m (3 ft\to 6 ft) from
the voltage regulator. They shall be protected from drafts and radiant heat from’ the ypoltage
regulatpr under test or other sources.

When {he liquid time constant of the voltage regulator as calculatediaccording to Efjuation
(21) is|2 h or less, the time constant of the containers shall be between 50 % and 1%0 % of
that of the voltage regulator under test. When the liquid time constant of the voltage regulator
under test is more than 2 h, the time constant of the containers.shall be within 1 h of the liquid
time constant of the voltage regulator under test.

CxABge
Toyr = — RN (21)
B
where
Tio.r is the time constant for rated load;beginning with initial top-liquid temperaturef-rise of

0 °C, expressed in h;
A6y, | is the top-liquid rise over ambient temperature at rated load, expressed in °C;
Py is the total loss at rated-load, expressed in W;

C=0,182 3 x (weight of core and-coil assembly in kilograms)
+ 0,088 2 x (weight of tank+and fittings in kilograms)
+ 0,851 3 x (litres of-oil)
or
C=0,06 x (weightof core and coil assembly in pounds)
+ 0,04 x (weight of tank and fittings in pounds)
+ 1,B34\US gallons of oil)

The time constant of a container shall be taken as the time necessary for its temperature to
change 6,3 °C when the ambient temperature is abruptly changed 10 °C.

9.10.4.2 Liquid temperature-rise determination

Liquid temperature-rise is the difference between liquid temperature and the ambient
temperature. The ultimate liquid temperature-rise above ambient shall be considered to be
reached when the top liquid temperature-rise does not vary by more than 2,5 % or 1 °C,
whichever is greater, during a consecutive 3 h period.

It is permissible to shorten the time required for the test by the use of initial overloads,
restricted cooling, and so on.
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The top liquid temperature shall be measured by a thermocouple or suitable thermometer
immersed approximately 50 mm (2 in) below the top liquid surface.

The bottom liquid temperature shall be measured by one of the following methods:

a) thermocouples may be attached to an insulated rod and located inside the tank within the
liquid flow path from the external cooling means to the bottom of the windings;

CAUTION

Exercise caution when employing this method.
This method may be hazardous for voltage regulators with very high-voltage windings.

b) if héat exchangers or radiators are mounted on a common manifold with a sjrigle eptrance
to the tank, the thermocouples may be located in the piping of the single entrance;

c) if heat exchangers or radiators have multiple entrances into the tank, thermocouples may
be |nstalled in the bottom of one radiator or heat exchanger. For accuracy, a radjator or
heat exchanger located in the middle of the bank is preferred;

d) if it]is not possible to measure the temperature of the liquid inside the tank, radiafors, or
heaft exchangers, surface temperature measurements may..be used with the |results
corffected to account for the temperature difference between the surface and the
insifle the tank. If surface temperature measurementscare made on radiator headers,
chopse headers one-third or one-half the way in from_gither end of a bank of radiatgrs. For
voltage regulators without radiators, locate the thermocouples on the tank walll at the
eleyation of the bottom of the winding. Thermocouples located on external cooling
surfaces, for the purpose of determining internaliquid temperatures, shall be shielded and
insUlated so their readings are not significantly affected by the air movement from fan(s), if
avajlable, or thermally induced air currents;

The avgrage liquid temperature shall be. determined as equal to top liquid temperaturg minus
half thg difference in temperature of the~moving liquid at the top and the bottom of the cooling
means| When bottom liquid temperature cannot be measured directly, the tempjerature
differenjce may be taken as the difference between the surface temperature of the ligyid inlet
and ouflet. A thermocouple is-the’preferred method of measuring surface temperature (see
9.10.4.4 for method of measurement). Infrared measurement devices may also be ysed to
measutle surface temperatures.

9.10.4.3 Average winding temperature-rise determination

The average winding temperature of a terminal pair corresponding to a winding phase ghall be
determ|ned fram_the terminal pair's hot-resistance at shutdown. When the determination of the
hot-res|stance.is not possible (for example, with extremely low-resistance windings), other
methods {may be used. The average winding temperature of a terminal pair shall be
determlned by Equation (22):

O =(§h }(ekwm)—ek (22)

The average temperature-rise of a terminal pair corresponding to a winding phase shall be
determined by Equation (23):

Aby =AG +6,, -6 (23)
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where

AB,, is the average winding temperature-rise of a terminal pair (°C);

A6 =6 - 0, is the liquid temperature-rise as determined from the total loss run (°C);

O is the average winding temperature of a terminal pair corresponding to hot-

resistance Ry, (°C);

1 is the average liquid temperature at end of total loss run (°C);

[ is the average liquid temperature at shutdown (°C);

A is the ambient temperature (°C);

- is the temperature at which cold-resistance R. was measured (°C);
c is the cold-resistance measured according to 9.2 (Q);

Ry, is the hot-resistance of a terminal pair (Q);

6k is 234,5 °C for copper and 225,0 °C for aluminium.

NOTE The temperature 225 °C applies for pure or EC aluminium. ¢ can be as high~as 230 °C fof alloyed

aluminiufn. Where copper and aluminium windings are employed in the same voltage\regulator, a value [for ¢, of

229 °C iq applied for the correction of load loss.

Average winding rise shall be calculated by using either top liquid-rise or average liqyid rise.

When o¢ther than rated winding current is used, the average diquid rise method shall He used

to detefmine winding rises.

a) In ljhe top liquid rise method, the average winding\temperature-rise is equal to the top
liguid rise, measured during the total loss run, plis the difference between the gverage
wingding temperature at shutdown and the top liquid temperature at shutdown.

b) In the average liquid rise method, the average winding temperature-rise is equal to the

avedrage liquid rise, measured during the“total loss run, plus the difference betwgen the

av
sh

The a\
phase
9.10.5.
pair of

9.10.4.4 Other temperature measurements

When 1
by use
approp

shall be corrected for actual test currents, test losses, and altitude as presct

rage winding temperature at shutdown and the average liquid tempera
tdown.

erage winding temperaturerrise for each terminal pair corresponding to a

The corrected averagé winding temperature-rise shall be reported for each t
he voltage regulator.

heasured, the temperature-rise of metal parts other than windings shall be dete
of a thermocouple, suitable thermometer, fibre optic temperature sensor, o
riate temperature measurement techniques.

ure at

winding
ibed in
erminal

rmined
r other

A therr

hocouple is the preferred method of measuring surface temperature. When u

sed for

this purpose, the thermocouple should be soldered to the surface. When this is not practical,
the thermocouple should be soldered to a thin metal plate or foil approximately 645 mm?2
(1 in2) in size. The plate should be held firmly and snugly against the surface. The
thermocouple should be thoroughly insulated thermally from the surrounding medium.

The surface temperature of metal parts surrounding, or adjacent, to outlet leads or terminals
carrying heavy current may be measured at intervals or immediately after shutdown.
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9.10.5.1 General

5-2017

For any of the loading methods adopted, temperature-rise test results shall be corrected for
the predictable effects caused by the following:

a) difference in winding rated current and the winding test current;

b) difference in required loss and test loss;

c) difference in altitude of operation.

9.10.5.2

Correction for differences between winding rated current and test current

When iest equipment limitations dictate, it is permissible to hold winding currentat

less th
the cur
differer
temper
winding

where
AG

w, C

A6,

w, O

m

The co

9.10.5.

This m
Equatidg

n rated current for the winding, but not less than 85 % of rated winding clrrent
rent held in any of the windings under test differs from the rated current, the ok

hture at shutdown shall be corrected to give the average temperature-rise
s at the rated current by using Equation (24):

rated current Tm

A6, =A6 _
w, ¢ W, o[ test current

is the corrected difference between average winding temperature, corre
shutdown, and the average liquid temperature at shutdown (°C);

is the observed difference between “average winding temperature corre
shutdown, and the average liquid temperature at shutdown (°C);

is 0,8 for class ONAN and ONAF:

rected average winding risgjis'the average liquid rise plus A6, .

and actual loss

bthod may be wused when actual loss is within 20 % of the required total loss
n (25):

h value
. When
served

ces between the average winding temperature at shutdown and thg, averag¢ liquid

of the

(24)

cted to

tted to

B Correction of liquid’'temperature-rise for differences in required total loss

, as in

(25)

where

is the liquid temperature-rise correction (°C);
is the observed liquid temperature-rise (°C);
is the required total loss (W);

is the actual test loss (W);

is 0,8 for class ONAN;

is 0,9 for class ONAF.

Corrected liquid temperature-rise = observed liquid temperature-rise + AG .
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Corrected average winding temperature-rise = observed winding temperature-rise + AG .

9.10.5.4 Correction of liquid temperature-rise for differences in altitude

When tests are made at an altitude of 1 000 m (3 300 ft) or less, no altitude correction shall
be applied to the temperature-rise.

When a voltage regulator tested at an altitude of less than 1 000 m (3 300 ft) is to be operated
at an altitude above 1 000 m (3 300 ft), it shall be assumed the liquid temperature-rise
increases in accordance with Equation (26):

Ab, = AG, [i—qF (26)
4o
where
A@, g the increase in liquid temperature-rise (°C) at altitude (4) in mettes (feet);
A@, g the observed liquid temperature-rise (°C);
A ig altitude in metres (feet);
Ay i 1000 m (3 300 ft);
F ig 0,04 for class ONAN;
F ig 0,06 for class ONAF.

NOTE \inding temperature-rise above liquid temperature is; nof*affected by altitude
9.11 $hort-circuit test
9.11.1 | General

This test code applies to liquid-immersed step-voltage regulators both single- and| three-
phase.

The cofle defines a procedure‘\to demonstrate the mechanical capability of a voltage rggulator
to withgtand short-circuit stresses. The prescribed tests are not designed to verify thermal
performance.

The short-circuit d¢est procedure described in this document is intended principally for
application to new- voltage regulators to verify design. Tests may be conducted|at the
manuf{cturer's facilities, at test laboratories, or in the field, but it shall be recognized that
complefe equipment is not usually available in the field for conducting tests and vegrifying
results

NOTE Some voltage regulators may not be fully tested because of limitations of testing facility (test laboratory,
manufacturer's facility, or field test capability). Thermal ability to withstand short-circuit can be demonstrated by
calculations as per 9.13.4 or IEC 60076-5[10], upon agreement between the manufacturer and the purchaser. The
ability to withstand the dynamic effects of short-circuit is demonstrated by a test; if not possible, it can be
demonstrated by calculation and design considerations as per IEC 60076-5[10] upon agreement between
manufacturer and purchaser.

9.11.2 Test connections
9.11.2.1 Fault location

The short-circuit may be applied on the voltage regulator's unregulated or regulated circuit
terminals as dictated by the available voltage source. The short-circuit shall be applied by
means of suitable low-resistance connectors.
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In order of preference, the tests may be conducted by either of the following:
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a) pre-set method: closing a breaker at the voltage supplied terminals applying energy to a
previously short-circuited voltage regulator;

b) post-set method: closing a breaker, applying a short-circuit to a previously energized

volt

age regulator.

9.11.2.2 Fault type

For single-phase voltage regulators, a single-phase voltage supply shall be used. For three-
phase voltage regulators, a three-phase voltage supply is preferable; as long as the fault
current requirements defined in 6.8.1 are met. If this is not possible, a single-phase source

with a g
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B Tap connection for test

st satisfying the asymmetrical current requirement shall be madefwith the
pr at the maximum boost position and also at the maximum buck(position. TW
hg the symmetrical current requirement shall be made at the maximum boost {
0 at the maximum buck position.

Test requirements
I Symmetrical current requirements

1S symmetrical short-circuit current shall have)a/magnitude as defined in 6.8
ted load current is the rated self-cooled load-current of the voltage regulator.

P Asymmetrical current requirements

5t-cycle asymmetrical peak current.that the voltage regulator is required to wi

b cases, the inherent X/R ratio of the voltage regulator may be sufficient to imp
try of the fault as seen by the voltage regulator. The symmetrical current then g
d in order for the first'cycle peak current to be at the required level for the test,

B  Number of tests

hase of the Voltage regulator shall be subjected to a total of six tests. Four o
nall satisfy the symmetrical current requirements. Two additional tests on each
tisfy the asymmetrical current requirements.

9.11.3.[1 Duration of tests

voltage
o tests
osition

1. The

hstand

act the
hall be

f these
phase

The duration of each test shall be 250 ms of rated frequency current.

9.11.4

Test procedure

9.11.4.1 Fault application

To produce the fully asymmetrical current wave specified in 9.11.3.2, the moment of switching
on shall be adjusted by means of a synchronous switch or another controlled switching

device.
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9.11.4.2 Calibration tests

Calibration tests shall be carried out at less than 70 % of specified current to check the proper
functioning of the test setup with regard to the moment of switching on, the current setting,
the damping, and the duration. Tests that result in current of 95 % or more of the specified
current may be counted toward fulfiiment of the required number of tests.

9.11.4.3 Terminal voltage limits

Using the preferred pre-set method, magnetizing inrushes can occur due to saturation of the
magnetic core leading to an excessive magnetizing current superimposed on the short-circuit
current during the first few cycles. Special precautions shall be taken, for example, pre-
magnefizatiomof-the—core;toprevent-the-inrushof- magnetizingcurrent—t-mayberequired to
use thg post-set method instead of the preferred pre-set method.

When tests are made using the post-set method, excessive excitation voltages.cah occpr prior
to faulf] initiation unless a large enough power source with low enough source impedance is
employed. The no-load voltage supply shall not exceed 110 % of the sated voltage,|unless
otherwise agreed upon between the manufacturer and the purchaser.

Throughout the course of either test method, the voltage supply, at the voltage regulatpr shall
be maiptained within a range of 95 % to 105 % of that neceSsary to produce the required
symmefrical short-circuit current as determined in 9.11.3.1.

9.11.4.4 Temperature limits

The top liquid temperature at the start of the test shall'be between 0 °C and 40 °C.

9.11.4.p Current measurements

Currenf magnitudes shall be measured intthe low-resistance connection between the shorted
regulated circuit terminals and on the voltage regulator primary circuit terminals conngcted to
the enprgy source. Oscillograms of-currents shall be representative of stresses|in the
windings.

Wheneyer possible, record the tank current by connecting the voltage regulator tank to|ground
through a current measuring-device.

NOTE Any appropriate, measuring devices can be used, as long that they give correct measuremgnts with
approprigte sensitivityssprecision, and uncertainty. Those measuring devices can be, for example| current
transformers, shunts{.orRogowski coils.

The ostillograms should show a scaled image of the current passing through the prifnary of
the mepsuring device or a scaled image of the current passing in the corresponding winding.
For example, the Rogowski coil voltage output shall be properly treated by digital or
analogical means in order to show an image of the real primary current instead of the primary
current derivative.

9.11.4.6 Tolerances on required currents

After the measured impedance is taken into account, the measured current (symmetrical or
asymmetrical) in the tested phase(s) shall not be less than 95 % of the required current.

9.11.4.7 On-load tap-changer operation

Upon completion of each of the required short-circuit tests; the on-load tap-changer shall be
operated from the test position through the Neutral position, and then back to the test position
or on to the next test position.
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9.11.5 Proof of satisfactory performance
9.11.5.1 General

The voltage regulator under test shall be judged to have performed satisfactorily when the
dielectric tests (9.11.5.2) and visual inspection (9.11.5.3) criteria have been satisfactorily met.
In 9.11.5.4 to 9.11.5.6, recommended measurements listed can be made during the course of
the tests, but are not required unless specified. When the terminal measurements are made
and the requirements of 9.11.5.4 to 9.11.5.6 have been met following all tests, it is probable
that the voltage regulator has sustained no mechanical damage during the test. A composite
evaluation of the degree to which all criteria of 9.11.5.4 to 9.11.5.6 have been met may
indicate the need for a greater or lesser degree of visual inspection to confirm satisfactory
performance A decision to waive all or part(s) on the extent of the visual inspection or
dielectric test criteria shall be based on discussion and negotiation of all parties invdlved in
specifigation and performance of a short-circuit test.

9.11.5.2 Dielectric tests

The voltage regulator shall withstand dielectric tests in accordance with{9.7.2, 9.7.4 and 9.7.5
and Taple 11 following the short-circuit test.

9.11.5.3 Visual inspection

Visual |nspection shall take place after all testing has been concluded owing to the possibility
of introducing air and moisture within the assembly. Visual inspection of the core arjd coils
shall npt give indication of change occurring with the.,mechanical condition impairjng the
function of the voltage regulator. The extent of thewisual inspection shall be established on
the bagis of combined evidence obtained from thé 'measurements described in 9.151.5.4 to
9.11.5.6. The extent of necessary visual inspeection may range from an inspection through
apertures on the tank (hand hole, manhole) ta:complete dismantling of the core and cojls. The
appropfiate level of visual inspection shallsbe based upon discussion and negotiatiop of all
parties|involved. The measurements and.@bservations made during the tests and the rgsult of
the standard dielectric tests should then*be considered during the negotiation.

Visual finspection of the on-load(tap-changer shall not indicate any changes impairjng the
switch function. The extent ofthis examination shall be established on the basis of operation
through the Neutral position after each test. When the on-load tap-changer operates
successfully through the Neutral position after each test, then an inspection of the switch as
assembled may suffice.

9.11.5.4 Wave,shape of terminal voltage and current

No abrlupt changes shall occur in the terminal voltage or short-circuit current wave ghapes
during finy test.

9.11.5.5 Leakage impedance

Leakage impedance measured on a per-phase basis after the test series shall not differ from
that measured before the test series by more than the percentage variation calculated by the
following equation:

AIZ=225-5xZ (27)

auto

where

Z is the result of Equation (18).

auto

Published by IEC under licence from IEEE. © 2018 IEEE. All rights reserved.



https://iecnorm.com/api/?name=96c3f1b073f830258d2a6b783aac0b34

IEC 60076-21:2018 - 87 —
IEEE Std C57.15-2017

The measuring equipment shall have the demonstrated capability of giving reproducible
readings within an accuracy of £0,2 %.

NOTE It can be worthwhile to measure the impedance after each short-circuit. These measurements allow for
identifying progressive variations or early substantial impedance changes.

9.11.5.6 Excitation current

Excitation current measured after the test series shall not increase above that measured
before the test series by more than 5 % for stacked-type cores. For wound core construction,
the increase shall not exceed 25 %.

9.11.5.F—Other-diagnostie-meastrements

Other ¢iagnostic measurements may be made during the course of the testscto: ejvaluate
whether any sudden or progressive changes have occurred in the mechanical condition of the
voltage| regulator. Such results may be useful to understand the response to shorf-circuit
forces, |but they shall not form part of the proof criteria.

9.12 Determination of sound level
9.12.1 | General
Sound power level of a voltage regulator is composed of the following three componenfs:

a) Sodnd power at no-load (excitation): this sound €omponent originates in the poltage
regulator cores and transmits through the dielectric liquid and structural supporty to the
tank, where it radiates as airborne sound. The«ffequency spectrum of main coreg sound
consists primarily of the even harmonics of ‘the power frequency. For a 60 Hzl power
system, the main frequency components~are 120 Hz, 240 Hz, 360 Hz, and 480 Hz,
whegreas for a 50 Hz power system, the_main frequency components are 100 Hz, 200 Hz,
304 Hz, and 400 Hz.

Theg reactor assembly has a number-of gaps in the core(s) used to regulate the inductive
impedance managing the amount-of interrupting kVA seen during the switching cycle.
Redctive current is generated during the time the reactor is energized by a tapped [section
of the series winding and/er the equalizer winding. The highest sound level occurg at the
tap [position with the highest*voltage exciting the reactor assembly.

b) Sodnd power of the-todling device: The frequency spectrum of this sound confponent
typically consists ef\broadband fan sound, plus discrete tones (of low levels) at the fan
blagle passage frequency and its harmonics.

c) Sound powet/due to load current: This sound component is primarily produfged by
vibjations .of ) the windings and tank walls when the voltage regulator is loaded. The
frequeney of this sound component is primarily twice the power frequency (i.e. 120 Hz for
a 6D Hz-voltage regulator, 100 Hz for a 50 Hz voltage regulator). The magnitude [of load
sound."power is highly dependent on the voltage requlator load. For example, the load
sound power level at 60 % of full load is about 9 dB lower than at full load.

NOTE Voltage regulators usually do not require consideration of sound power due to load current.

The sum of no-load (excitation) and cooling device sound power components is typically
referred to as the no-load sound power level of a voltage regulator.

Described in this subclause are methods for:

- measuring voltage regulator sound level in terms of A-weighted using both the sound
pressure, and sound intensity measuring methods. Included are methods of correcting the
measurements for environmental factors, namely ambient sound and wall sound
reflections;
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- determining the sound level of the voltage regulator using the measured sound pressure
data. Included are methods for:

e calculating the average sound pressure level;
e adding no-load and load sound levels;
e calculating the total sound power level;

- reporting the results in a standard matter.

9.12.2 Applicability

The procedures specified for measuring voltage regulator sound pressure levels or for
calculating voltage regulator sound power levels are intended to be applicable to voltage
regulatprs being tested in an indoor or outdoor laboratory, to voltage regulators being tested
in a fadtory, or to voltage regulators that have been installed in substations (either.single or in
combin@ation with other equipment).

9.12.3 | Instrumentation
9.12.3.1 Sound level meter

Sound [level measurements shall be made with instrumentation, imeeting the requiremlents of
ANSI S1.4[3] and IEC 61672-1.

9.12.3.2 Wind screen

A suitaple wind screen shall be used when measuring sound.

9.12.3.B Calibration

Sound-measuring instrumentation shall becalibrated as recommended by the soun(d level
meter manufacturer before and after each’set of measurements. When calibration change is
greater| than 1 dB, sound measurements shall be declared invalid, and the test shall be
repeatqd.

9.12.4 | Test conditions
9.12.4.1 Test environment

The tept environment, represented by "ambient sound" and "wall sound reflectiong", can
significantly impact.the accuracy of the measurement of voltage regulator sound. Therefore,
environmental cofrections explained in 9.12.6.3.3 and 9.12.6.3.4 shall be madg when
applicaple.

9.12.4.2.5/Voltage regulator location

The voltage regulator shall be located so that no acoustically reflecting surface is within 3 m
(10 ft) of the measuring microphone, other than the floor or ground. When a voltage regulator
is to be tested within a semi-reverberant facility, it shall be located in an asymmetrical manner
with respect to the room geometry. If the specified conditions cannot be met, the voltage
regulator shall be no closer than 3 m (10 ft) from a sound-reflecting surface. When voltage
regulator sound is measured in an enclosed space, sound reflections from walls or other large
objects can influence the results owing to the sound containing discrete tones affected by
room acoustics, room geometry, or reflecting objects. Thus, larger differences may exist
between the sound measured in an indoor voltage regulator installation and the sound
measured in an acoustical laboratory or an outdoor installation, if the proper correction for
"wall sound reflections"”, as described in 9.12.6.3.4, is not made.
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9.12.4.3 Determination of total sound level of a voltage regulator

9.12.4.3.1 No-load (excitation) sound level

When measuring no-load (excitation) sound level, the voltage regulator shall be connected
and energized at rated voltage and rated frequency across its excitation (shunt) winding or
sections of its series winding. The on-load tap-changer shall be set in the tap position in
which the reactor is energized at its maximum level.

The rated voltage shall be measured with a voltmeter responsive to the average value of the
voltage but scaled to read the RMS value of a sinusoidal wave having the same average
value. The voltmeter shall be connected between the terminals of the energized windings.
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measuf
When t
(60 %

measuf

han load current sound-level of the voltage regulator at full load, it is permis
e load current sound. of the voltage regulator at a different current than rated
he test current differs from the rated current, but is within the range of equation
o0 130 % of rated current), Equation (28) can be used to convert the value
ed load current sound level to the corresponding level at rated current.

1
Lp,r = Lp,t + 40'0910 (]_rj
t

sible to
urrent.
validity
of the

(28)

where

is the rated load current sound level of the voltage regulator;

is the measured load current sound level of the voltage regulator at the test current;

is the rated current;
is the test current.
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9.12.5 Microphone positions
9.12.5.1 Reference sound-producing surface

The reference sound-producing surface of a voltage regulator is a vertical surface following
the contour of a taut string stretched around the periphery of the voltage regulator or integral
enclosure (see Figure 18). The contour shall include radiators, corrugated fins, cooling tubes,
fans, control enclosures; but it shall exclude bushings and minor extensions, such as valves,
position indicators, oil gauges, thermometers, junction terminal boxes, universal interface
enclosures, and projections at or above cover height.

Dimensions in metres (dimensions in feet)

12(6)

Reference sound
Producing surface 0,3 (1)

}

Microphone focations

Measurement

Measurement contour (ONAN)

contour (ONAF)

/

2 (6) 0,3 (1)
I!I J—
Microphone )
locations g - L
1 5
o ] - T
2]
N HIR
A
9
=z Q
L __|CE so|_ __ | il

Figure 18 — Microphone location for measuring sound level

9.12.5.2 First measurement position

The first microphone location shall coincide with the main drain valve. Additional microphone
locations shall be at 1 m (3 ft) intervals in a horizontal direction, proceeding clockwise as
viewed from above along the measurement surface defined in 9.12.5.1.
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9.12.5.3 Number of microphone locations

No fewer than four microphone locations shall be used. For small voltage regulators, intervals
of less than 1 m (3 ft) may result. When fans are not in operation, the microphone shall be
spaced 0,3 m (1 ft) from the reference sound-producing surface (ONAN contour). When fans
are in operation, the microphone shall be located 2 m (6 ft) from the reference sound-
producing surface (ONAF contour), refer to Figure 18.

9.12.5.4 Height of microphone locations

For voltage regulators having an overall tank or enclosure height of less than 2,4 m (7,9 ft),
measurements shall be made at half height. For voltage regulators having an overall tank or
enclosyre ilcigilt of254m (7,9 ft) ormore, measurements—stattbemade—atone=third; and at

two-thifds height.

9.12.6 | Sound level measurements
9.12.6.1 General

The sound level of a voltage regulator can be measured using either\the sound presgsure or
the soynd intensity measuring method. When using the sound pressure measuring method,
correctlons for ambient sound, wall sound reflections, and near-fjeld effect are to be made as
explainEd in 9.12.6.3. Since the sound intensity measuring method allows measurement of
only the sound radiating from the voltage regulator, these “corrections need not bel made.
Instead, a correction, specified in 9.12.6.4.2, shall be made when ambient sound apd wall
sound feflections are such that they affect the accuracy,of the measurements.

Voltagg regulator sound level shall be measured%n’conformance with 9.12.3 to 9.12.5 using
A-weighted sound level measurements.

9.12.6.2 A-weighted sound level measurements

The A-yweighted sound level shall be_measured with a sound level meter set to the A-wgighted
network.

9.12.6.3 Sound level measurements using the sound pressure method
9.12.6.8.1 General

Measurled sound pressure levels shall be corrected for ambient sound, wall sound reflgctions,
and nepr-field effects. The correction for ambient sound shall be made using the prqcedure
described in 9742.6.3.3. The correction for wall sound reflections shall be performed by
subtragdting the.sound reflection correction "K" as calculated by Equation (29) in 9.12.6.3.4.
The cofrection for the near-field effect shall be made per 9.12.6.3.5. The reported fipal test
data shallKinclude the measured sound levels along with the corrections used in detefmining
the finalvalue(sy.

9.12.6.3.2 Measuring ambient sound pressure level

The ambient sound pressure level shall be established by averaging the ambient sound
pressure levels measured immediately preceding and immediately following the sound
measurements of an energized voltage regulator. The ambient sound shall be measured at a
minimum of four locations, and the instruments shall be in conformance with 9.12.3. However,
additional measurements may be made if agreed to by the manufacturer and purchaser or if
the ambient measurements vary by more than 3 dB around the voltage regulator. At least one
of the locations for measuring ambient sound pressure level shall be on the centre of each
face of the measurement surface. Ambient sound pressure level corrections may be made at
each microphone location before the average voltage regulator sound pressure level is
computed. Ambient sound pressure levels shall be measured using the same A-weighted
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bandwidth specified for measuring the voltage regulator sound. The ambient sound pressure
level corrections shall be made with the identical frequency bandwidths used to measure the
combined voltage regulator and ambient sound pressure level.

9.12.6.3.3 Correction for ambient sound level

Measurements shall be made in an environment having an ambient sound pressure level at
least 5 dB below the combined voltage regulator and ambient sound pressure level. When the
ambient sound pressure level is 5 dB, or more, below the combined voltage regulator and
ambient sound pressure level, the corrections shown in Table 19 shall be applied to the
combined voltage regulator and ambient sound pressure level to obtain the voltage regulator
sound pressure IeveI When the dlfference between the amblent sound pressure IeveI and the
combing ) ) ' f apd it is
desired only to know the sound pressure level the voltage regulator does not exceed, a
correctlon of —1,6 dB may be used. Alternatively, the manufacturer may attempt.to'redpice the
ambienft sound during the test.

Table 19 — Ambient sound pressure level correction

Ambignt sound pressure level and the combined Correction to be addéd to the combined vo|ltage
voltage regulator and ambient sound pressure regulator and ambient sound pressure level
level difference

(dB) (dB)

5 -1,6

6 -1,3

7 -1,0

8 -0,8

9 -0,6

10 -0,4

over 10 0,0

9.12.6.8.4 Wall sound reflection correction "K"

This correction accountsyfor the influence of undesired sound reflections from tegt room
bounddries (walls, ceiling, and floor) and reflecting objects near the voltage regulatpr. The
magnityide of "K" depends principally on the ratio of the voltage regulator sound megsuring
surfacqg "S" to the,sound absorption area of the test room "4". The sound reflection cofrection
"K" shdll be calculated using Equation (29), or obtained from Figure 19 using the calgulated
value of "4/5"

K =10 Iog10[1+ (A/S)J (29)

The value of "4", in square metres, is given by Equation (30):

A=asS, (30)
where
a is average acoustic absorption coefficient (from Table 20);
Sy is total area of the surface of the test room (walls, ceilings and floors), in square metres.
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The sound measuring surface area "S" is the vertical area (in square metres or square feet)
enveloping the voltage regulator (measurement surface) on which the sound measurement
points are located plus the horizontal plane bounded by the vertical measurement surface.
The measurement surface area is approximately equal to 125 % of the vertical area
enveloping the voltage regulator. Therefore, the sound measuring surface area "S", is
calculated using the following Equation (31):

S=1,25xhxlm (31)

where
h is the height of the voltage regulator tank, in metres;

I, is the length of the sound measuring contour, in metres.

The empirical factor of 1,25 accounts for the sound radiated by the voltage regulator cqver.

The mgximum value allowed for this sound reflection correction is 4 dB.,This is equivalent to
allowing sound reflection equivalent to 1,5 times the sound radiated from the )oltage
regulatpr. In cases of high wall sound reflections, the voltage regulater manufacturer qould, if
applicaple/feasible, move the voltage regulator to a larger test area/room, or outdoors.

NOTE The sound level reflection correction described above is based on%EC 60076-10 [12] for voltage fegulator
sound measurements.

Table 20 — Approximate values of the average-acoustic absorption coefficient
Description of room Average acoustic absorption coefficient] a
Nearly,|or partly empty, room with smooth hard walls 0,1
Industrial room with machinery and no sound 0.2

absorbihg material on walls or ceiling

Industrifal room with a small amount of sound 0.3
absorbing material on ceiling or walls ’

Room with substantial amount of sound @bsorbing
. o 0,4
materials on both ceilings and walls

Sound foom or room with an open+side 0,5

Published by IEC under licence from IEEE. © 2018 IEEE. All rights reserved.



https://iecnorm.com/api/?name=96c3f1b073f830258d2a6b783aac0b34

- 94 — IEC 60076-21:2018
IEEE Std C57.15-2017

K (dB)

3,5

2,5

1,5 T~

0,5

AlS

Figure 19 — Sound reflection correction factor "K" calculated as per Equation (29)

9.12.6.8.5 Near-field correction

This cdrrection compensates for the measuring @yror caused by the near-field reactivg sound
power ground the voltage regulator at the ONAN sound measuring contour. The valug to be
used fdr this correction is —1,0 dB for the ONAN measurements. No correction is to be made
to the QNAF measurements.

L2 ¢

9.12.6.E Sound pressure level. measurements using the sound intensity method
1

9.12.6.4. General

As stated earlier, in 9.12:6,"measurements using the sound intensity method do not peed to
be corrected for ambient sound or wall sound reflections. However, ambient sound andfor wall
sound reflections, when high, affect the accuracy of the measurements using this method.
Under those conditions, the correction, described below, shall be made.

9.12.6.4.2 Environmental correction

The sound intensity measuring equipment provides two measured values for the sound level
of the uitagc lcguiatw, one uoillu the—sotnd pressure method "Lp", ard-one uaillg the sound
intensity method "L|". The sound intensity method of measurements is based on
ISO 9614-1[28] and ISO 9614-2[29]. Under favourable environmental conditions (reasonable
levels of ambient sound and wall sound reflections), the difference between the two measured
values of the sound level of the voltage regulator is typically < 4 dB. Under these conditions,
no correction, to the measurements using the sound intensity method, is needed. However,
when the environmental conditions are such that this difference (Lp — ;) is > 4 and < 6 dB,
the following correction shall be made per Equation (32) or (33):

4 < (Lp-1;)<5dB, corrected L =Measured I, +1 (32)
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5< (Lp-1)<6dB, corrected L, =Measured I, +2 (33)

where Lp and L; are average sound levels measured using the sound pressure and sound
intensity measuring methods, respectively.

When the environmental conditions are such that (Lp — L) > 6 dB, using the sound intensity
method would be considered invalid. Alternatively, the voltage regulator sound could be
measured using the sound pressure method while following the recommended corrections
described in 9.12.6.3. Alternatively, as above environmental conditions are typically caused
by high ambient sound and/or high wall sound reflections, the voltage regulator manufacturer
could attempt to reduce the ambient sound and/or move the voltage regulator into a larger
test arga/room, if feasible.

9.12.7 | Determination of sound level of a voltage regulator
9.12.7.1 Average sound pressure level (Lp)

The average voltage regulator sound pressure level (measured either by*'the sound pfessure
or the sound intensity method) shall be computed by logarithmicallysaveraging the ambient-
corrected sound pressure levels measured at each microphong J|ocation and for gach A-
weighted frequency band using Equation (34):

Ly, =10xlogro (34)

1% {5,/10)
— ) 1045
N3

where

L; is the sound pressure level measured.at the ith location for the A-weighted sourld level
(dB);

N is the total number of sound measdrements.
9.12.7.2 Determination of total. sound pressure level of a voltage regulator
9.12.7.2.1  Addition of no=load (excitation) and load current sound levels

The tofal sound pressure level of a voltage regulator at a certain operating condjtion of
voltage]|, current, and cobling stage, can be calculated by logarithmically adding the mgasured
sound pressure levels of no-load (excitation) and load current corresponding to this ogerating
conditipn. It can-b&-calculated using Equation (35) below:

0,1L 0,1L
Lo :1O><qu10(10 P!+ 10 P'\ (35)
\ )
where
Lot is thc'e'total sound pressure level of the voltage regulator at the specified operating
condition;
Loni is the no-load (excitation) sound pressure level of the voltage regulator at the specified

operating condition;

L is the load current sound pressure level of the voltage regulator at the specified
operating condition.
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The determination of the total sound pressure level of a voltage regulator at different loading
conditions requires the following measurements:

a) no-load (excitation) sound with no fans running; at ONAN contour;

b) no-load (excitation) sound with half of the fans running; at ONAF contour;

c) no-load (excitation) sound with all fans running; at ONAF contour;

d) load current sound with no fans running; at ONAF contour.

Subclapse9424-32ard-Equaten{28—shal-beusedtodetermine—thetead—eurrent sound
level af a specific load using the load current sound level measured at a differeft)Joading
conditign.

Equatign (35) shall be used to determine the logarithmic sum of no-load (eXcitation) and load
current|sound levels.

For thd determination of the total sound level of the voltage regulater at a specific Joading
conditipn, the following procedure shall be used:

At top power rating of voltage regulator

Total spund level = logarithmic sum of the measured no-load (excitation) sound level with all

fans operating and load current sound level at the top_power rating.

At a logd up to the ONAN rating of voltage regulator

Total spund level = logarithmic sum of the measured ONAN no-load (excitation) sour
and logd current sound level at the specified loading condition corrected to the ONAN

using

contout) is the ratio of the lengths «of the two contours.

At an

he adder (10-logo(ONAF .contour/ONAN contour)) where (ONAF contour

intermediate load between the ONAN rating and top rating of the voltage requlato

d level
contour
/ONAN

=

Total

corresgonding cooling\stage and load current sound level at the specified loading cond

The abjpve caleulations would not be needed when the purchaser requires adherence
specifigd no-lead (excitation) sound pressure levels in Table 13.

9.12.7.83-{Sound power level calculation (L

spund level = logarithmic sum of the measured no-load (excitation) sound leve

w)

at the
tion.

to the

The sound power level shall be computed for each A-weighted frequency band using
Equation (36):

where

L
L

w

p

Ly =L, +10xlog10(S)

is the sound power level of the voltage regulator, in dB(A);
is the sound pressure level of the voltage regulator, in dB(A).

Refer to Equation (31) for the calculation of the sound measuring surface area "S".

(36)
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9.12.8 Presentation of results

Reports describing voltage regulator sound ratings shall include, as a minimum, the following
data and Figure 20 (for sound pressure method measurements) and Figure 21 (for sound
intensity method measurements), as applicable:

a)
b)
c)

d)

e)

f)

g)

h)

a statement the measurements were made and reported as described in this document;

a detailed description of all deviations from this document;

a description of the voltage regulator being tested, including rated power, voltage, voltage
ratio, tap position, and connections;

measured voltage at the start of the no-load (excitation) sound level test and measured

cur

the
reg
engd
ad

mo
the

a g

posfition of the voltage regulator with respect to other objects;” location of the me

sur
the

clear descriptions of the sound level measured“for any of the following op

con
1)
2)
3)
the

wh

when using\the sound intensity method:

1)

IocItions and the voltage regulater;

Ay 4 PR 2t ! ! 4 (1 [ 4
ClIt Aal UIT Slalt UT U1 104U CUTTTITL SUUTTU TC VTl (TS,

name of the voltage regulator manufacturer, the location of manufacturer, the
Lilator type, the serial number, the date and time of the test, and thenname
ineer giving the approval for the test;

jel, serial number, and calibration source as well description of the micropho
calibration method;

escription of the test environment, including a dimensioned sketch, show

ace, the microphone positions, and sound reflecting or.absorbing surfaces;
descriptor specified by the purchaser and manufacturer for sound level measureé

ditions:

Voltage regulator fully equipped with its auxiliaries in service;

voltage regulator fully equipped with its‘Quxiliaries not in service;

cooling devices in service with voltage regulator not energized,;

measurement surface area and-the distance between the measurement micr

n using the sound pressune,;method:

bmbient sound pressure_levels measured at each location;
ocation and the (ogarithmical average sound pressure level;

sound conditions, wall sound reflections, and near-field effects;

voltage regulator sound pressure level measured at each location and the logari

combined voltage«regulator and ambient sound pressure level measured 3

bverage A-weighted voltage regulator sound pressure levels corrected for &

voltage
of the

escription of the sound-measuring instruments including the name- of manufxcturer,

e, and

ng the
asuring

ment;

erating

bphone

t each

mbient

thmical

bverage sound pressure level;

2) average A-weighted voltage regulator sound pressure levels corrected for

environmental conditions if needed;

m) A-weighted sound power level of the voltage regulator.

Sound level data shall be rounded to the nearest whole decibel; values of 0,5 and above
being rounded to the next higher integer.
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(voltage regulator + ambient) Sound level Ambient sound level at > 4 points
Measuring position
1/3 Height 2/3 Height 1/3 Height 2/3 Height
1
2
3
4
5
n
Logarithnic average sound level of (voltage regulator + ambient) dB (A)
Logarithnic average sound level of ambient dB.(A)
Sound leyel of voltage regulator (corrected for ambient sound level) dB (A)
Near-field correction dB (A)
Measured sound level corrected for ambient sound level, wall sound
, . dB (A)
reflection] and near-field effect
Figure 20 — Measurements using the sound pressure method
Sound pressure Sound intensity
Measurihg position 1/3 Height 2/3 Height
1/3 Height 2/3 Height
Level + Level +
1
2
3
4
5
n
Logarithnic average séuhd pressure measurements dB (A)
Logarithnic averagessound intensity measurements dB (P)
(Pressurg < Iatensity) index dB (P)
Environmental correction dB (A)
Measured sound level corrected environmental correction dB (A)

Figure 21 — Measurements using the sound intensity method

9.13 Calculated data

9.13.1

Reference temperature

The reference temperature for determining load loss, voltage regulation, and efficiency shall
be equal to the sum of the rated average winding temperature-rise by resistance plus 20 °C.
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9.13.2 Loss and excitation current
9.13.2.1 Determination of no-load loss and excitation current

No-load loss and excitation current shall be determined for the rated voltage and frequency on
a sine-wave basis unless a different form is inherent in the operation of the voltage regulator.

9.13.2.2 Load loss

Load loss shall be determined for rated voltage, current, and frequency and shall be corrected
to the reference temperature (9.13.1).

9.13.2.B Total Toss

Total Idss is the sum of the no-load loss and load loss.

9.13.3 | Efficiency

The efficiency of a voltage regulator is the ratio of its useful power output to its tota|l power
input, gxclusive of fans, and other ancillary devices. See Equation (37).

P_
n:(iJz—( ! H) :1_(5J=1_ L (37)
R R R (R +R)

where
n is the efficiency;
P, is the output (W);
is the input (W);
P, is the loss (W).
When gpecified, efficiency shall be-calculated on the basis of the reference temperature for

the avgrage winding temperature-rise of the voltage regulator. If fans are supplied, thg power
requirements shall be provided-as supplementary data.

9.13.4 | Calculation of(winding temperature during a short-circuit

The final winding«temperature, 7;, at the end of a short-circuit of duration, ¢, spall be
calculated as shéown in Equations (38) to (43), on the basis of all heat stored in the copductor
materigl and its ‘associated turn insulation. T3 shall not exceed the limiting tempergture in
6.8.3. All temperatures are in degrees Celsius.

Ty =(Ty +Tg)xmx(1+ E+0,6m)+Ty (38)

where

= (st)
[Cx(T+Ty) ]

These equations are approximate formulas, and their use should be restricted to values of
m = 0,6 or less.

For values of m in excess of 0,6, the following more nearly exact equation should be used:
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T; is final winding temperature;
Ty is 234,5 °C (copper) or 225 °C (aluminium).
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(39)

NOTE The temperature 225 °C applies for pure or EC aluminium. T can be as high as 230 °C for alloyed
aluminium. Where copper and aluminium windings are employed in the same voltage regulator, a value for T} of
229 °C is applied for the correction of load loss.

Ty is the starting temperature equal to:
a) B0 °C ambient temperature plus the average winding rise plus the manufacturer's
recommended hottest-spot allowance, or
b) BO °C ambient temperature plus the limiting winding hottest-spot temperatlire-rise
specified for the appropriate type of voltage regulator;
¢ is the base of natural logarithm, 2,718;
E is the per unit eddy-current loss, based on resistance loss, W, at the’starting
temperature.
T, +T, 2
E=E, kT (40)
T + 1
where
E, i the per-unit eddy-current loss at referenge temperature;
T, ig the reference temperature, which is*20 °C ambient temperature plus rated gverage
winding rise;
Ws ig the short-circuit resistance loss\of the winding at the starting temperature, inh watts
per weight of conductor material.
WNZ| T +T. W.N? [ T +T.
Ws(Wikg) == 2—51(2,2) or Wg(W/lb)=—"—| =*—= (41)
Myg | T+ T My | T+ T
where
W, iq the resistanee loss of winding at rated current and reference temperature (W);
N ig the ratio of symmetric short-circuit magnitude to normal rated current;
ng i§ the'mass of winding conductor, in kilograms;
M,, iq the’'mass of winding conductor, in pounds;
C is the average thermal capacitance per mass of conductor material and its associated

turn insulation (W4/°C). It shall be determined by iteration from either of the following

e

mpirical equations:

C=384+0,049 6(T; +T; ) +11 0% for copper

C=893+0,220(7, +T; )+ 360% for aluminium

(42)

(43)
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where

4,
AC

is the cross-sectional area of turn insulation;

is the cross-sectional area of conductor.

9.13.5 Certified test data

Minimum information to be included in certified test data:

a) order data;

b)

1)
2)
3)

tes{ and calculated data (by individual serial number; if the results are from another
volfage regulator "type" tested, provide sefial number, kV and kVA ratings, and datg
test);

10)
11)
12)
13)
14)
15)
16)

ihg data;

purchaser;

purchaser's order number;

manufacturer's production order number and serial number;

ype;

cooling class;
humber of phases;
frequency;
nsulating medium;
emperature-rise;

winding ratings: voltage, voltampere, BIL, all-temperature-rise ratings sp
ncluding future ratings*;

harmonic factor if other than standard*;

Hate of test;

winding resistances™;

osses: no-load, load, and. total;
osses: cooling fans *;
mpedances in pereent (%);
excitation current-in percent (%);
bpplied-voltage'test value;
nducedsvoltage test value;
routine impulse test value;
ratio-test results™;

ecified,

of

polarity test results®;

insulation power factor in percent (%);

insulation resistance (megger) test value*;

other special test (defined by purchaser) results*;
lightning impulse type test data*;

thermal performance data*;

i) ambient temperature;

ii) tap position, total loss, and line currents for total loss run;

iii) final bottom and top liquid temperature-rise over ambient for total loss run for each

test;
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17
18
19
20
21
22
23
24

Ite
by

d) ce

Numbef of significant figures of reported data should reflect the level ef\confidence of t
accuragy.

All temjperature sensitive data should be reported after correcting to reference temp|
(9.13.1).

Other
conne

included.

NOTE

duplicating the same information.

10 Component tests

10.1

Compohent tests are not included as part of the testing as per Clause 9 for the cqg

voltag

10.2
10.2.1

An endlosurelintegrity test for the purposes of demonstrating mechanical force wi
requirements,shall be made on voltage regulators with cylindrical enclosures. Wher
ratings| have the same tank and cover configuration, a test is not required, an
SatiSfautUIy tU D;IUVV IL.Jy bdibuidtiull tiIU lllﬂb;ldll;bdi fUlbUD dalc uquai Ul icbb tildll t
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iv) average winding temperature-rise over ambient for each winding for each test;

v) calculated winding hottest spot temperature-rise over ambient for maximum rating;

)short-circuit test data*;

)sound level test data*;

Yenclosure integrity test data*;

Jon-load tap-changer type test data*;

ycontrol type test data*;

)zero-sequence impedance (calculated when specified)*;

Ydissolved gas in liquid analysis*;

)|ift and support lug safety factor®;

13 identified with an asterisk (*) are not required for voltage regulators unless sj
e purchaser.

rfification statement and approval.

dignificant information, such as tap position during-loss tests, induced-voltage te
ction used, and any particular method used when“alternatives are allowed, sh

Dther drawings, such as nameplate and outline, can be made a part of certified test data in

General

el regulator.

Enclosure integrity

General

ecified

he data

erature

st, test
buld be

place of

mplete

hstand
B other
d it is

tested.

e unit

NOTE The enclosure integrity test establishes minimum mechanical force withstand requirements, however, it
does not establish requirements for withstanding an abnormal fault condition such as bypassing a voltage regulator
off of the Neutral position while energized.

10.2.2 Static pressure

The completely assembled voltage regulator enclosure shall be of sufficient strength to
withstand an internal pressure of 49 kPa (gauge) (7 psig) without permanent deformation to
the enclosure. The voltage regulator shall be of sufficient strength to withstand an internal
pressure of 138 kPA (gauge) (20 psig) without rupturing or displacing components (excluding
the cover gasket and gasket liquid leaks) of the voltage regulator.
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10.2.3 Dynamic pressure

The completely assembled voltage regulator enclosure shall be capable of passing the fault
current tests as defined in 10.2.4.

10.2.4 Type test for fault current capability of a voltage regulator enclosure
10.2.4.1 Objective

This test procedure has been designed to determine the ability of a voltage regulator
enclosure to withstand a jolt- or impulse-type application of internal pressure. It is recognized
that the test conditions should ultimately be described in terms of the energy applied, with the
pressure-wave-defired-by-therateofrisepeakpressure—duratieon—andtetal-erergyunder the
curve. However, at this time, sufficient information is not available to describe an, applicable
pressuffe wave. For the interim period, until such knowledge is available, this testprocgdure is
based ppon defining the electrical conditions associated with generating a particulay jolt or
impulsg pressure wave, which shall be used as a measure of the enclosure strength. This test
procedlire is not intended to include all possible conditions occurring insservice under fault
conditipns, but rather to establish a meaningful test repeatable and capable of duplication in
various| laboratories and test situations.

Some faults can quickly develop high pressures inside the voltage regulator enclosufe. The
rate of [pressure rise and the ultimate pressure may vary fordifferent faults. This typeg test is
to be made on a new voltage regulator tank and cover configuration, subjected to np more
than two tests or pressure shots, to demonstrate its capakbility to withstand pressure changes
owing tp specified test parameters.

10.2.4.2 General requirements

The new tank and cover configuration to be*tested shall be complete with its core gnd coil
assemblies, reactor, tap-changer, bushings; etc. The test shall be conducted at gmbient
temperpture with an initial internal presstire from 14 kPa to 17 kPa (gauge) (2 psig to 2,5
psig). The voltage regulator enclosure,being tested shall be securely supported solely by its
support lugs, platform bolt-down_provisions or substation mounting provisions. The test
current|shall be symmetrical. A new tank and cover shall be used for each test duty consisting
of two fests. The second test is accomplished by reusing, "as specified by the manufagturer,”
all of the original components_inside the enclosure. Provisions shall be made for venting in a
safe manner any internal pressure remaining after each test.

If speclfied by the purchaser, the manufacturer shall provide a test report. This report shall
describe tests an) fepresentative production samples of each enclosure diameter with its
minimum designed air space.

10.2.4. Test duty — Arcing fault inside a voltage regulator enclosure

10.2.4.3.1 First test

Test duty with a high-current arcing fault shall be conducted on each tank diameter with its
minimum designed air space. The minimum designed air space shall consider production
tolerances.

A simulated internal fault shall be provided. This fault shall consist of a 25 mm (1 in) arc gap
mounted horizontally and located 25 mm (1 in) above the core clamps. This gap shall be
bridged initially by a copper wire having a diameter smaller than 1,0 mm (0,039 4 in). The gap
shall be connected between two of the voltage regulator bushing terminals or from one of the
bushing terminals to ground. The mounting blocks or terminals of the gap shall consist of
copper-bearing material and shall have flat surfaces from 6 mm to 20 mm (0,25 in to 0,75 in)
in diameter or in width. These mounting blocks or terminals shall be designed to maintain this
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25 mm (1 in) arc gap for the duration of the test. The voltage regulator core and coil
assemblies, reactor and tap-changer shall not be electrically connected into this test circuit.
The power source shall be at least 7,2 kV and adjusted to supply a current of 8 000 RMS
symmetrical amperes.

As this arcing fault is not self-clearing, back-up protection or proper test circuit timing shall be
provided to clear the circuit in approximately 1 cycle (16,7 ms at 60 Hz or 20 ms at 50 Hz). A
cut-out with up to a 25 K fuse link or appropriate timing of a test circuit breaker shall be used
to provide back-up protection. A current-limiting device, such as a current-limiting fuse, shall
not be included in the back-up protection.

10.2.4.3.2 Second test

For thg second test, the test described in 10.2.4.3.1 shall be repeated on the samg’yoltage
regulatpr enclosure.

10.2.4.4 Test results

For a yoltage regulator enclosure to pass the test duty, it shall satisfy all of the fgllowing
criteria

a) no |mechanical components from the voltage regulator enclosure shall be propelled or
dropped during the tests. Bushings shall remain in place and'intact;

b) thefe shall be no rupture of the enclosure casing or seams;

c) thefe shall be less than one litre (one quart) of liquid ‘€mitted;

d) thefe shall be no expulsion of flaming liquid during the tests;

e) no Jiquid shall continue to leave from the inside of the voltage regulator enclosufe after
the[completion of the test;

f) the|voltage regulator enclosure shall netibe dislodged from its mounting.

The amount of liquid emitted, criteriayc), shall be measured when there is no obsgrvable
deformption by measuring the liquid level before and after test. For other cases, weighing the
voltage| regulator before and aftet_the test or a pan can be used. The test report shdll state
which method is used and the (minimum sensitivity of the method.

10.3 On-load tap-changer
10.3.1 | General

This sybclause—applies to type tests for vacuum and non-vacuum reactor type on-lopd tap-
changers immersed in insulated liquid.

NOTE Type-tests for on-load tap-changers of other basic technologies will be per agreement of the purchaser and
the manufacturer using standard IEC 602 TZ4-T [T3]0f IEEE Std CH7.131 [26] as a reference.

Up to the maximum rated through-current of the on-load tap-changer, there are different
assigned combinations of values of rated through-current and corresponding rated step
voltage. When a value of rated step voltage is referred to a specific value of rated through-
current, it is called the 'relevant rated step voltage'.

10.3.2 Type tests
10.3.2.1 General

The following type tests shall be performed on samples of the relevant on-load tap-changer
after its final development or on equivalent components provided the manufacturer can
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demonstrate the relevant test conditions and results are not influenced by testing only
components instead of the complete on-load tap-changer.

NOTE No differentiation has to be made with respect to the test supply with frequencies of 50 Hz or 60 Hz. The
tests can be carried out with either frequency.

a) Temperature-rise of contacts test (10.3.2.2)
b) Switching tests (10.3.2.3)

c) Short-circuit test (10.3.2.4)

d) Reactor test (10.3.2.5)

e) Mechanical test (10.3.2.6)

f) Diejectric tests (10.3.2.7)

10.3.2.p Temperature-rise of contacts test

Test shall be performed to verify the temperature-rise above the insulating liquid, surrqunding
each t)l'Lpe of contact carrying through-current continuously, does not exgéed 20 °C risp when
the conmtacts have reached a steady temperature, carrying 1,2 times,'the maximum rated
through-current. Contacts tested are those carrying current continupusly and are opened and
closed pt some instant during service or maintenance.

NOTE (ontacts operating in vacuum do not need to be measured.

The type test shall be performed in the position in which the highest total current flows
through the on-load tap-changer. The current is calculated on the following basis:

a) thrqugh-current equalling 1,2 times the maximum rated through-current;

b) cirdulating current equalling 50 % of the_maximum rated through-current (or otherwise
specified by the manufacturer and stated, in“the type test report;

c) power factor equalling 80 %.

The tedt shall be performed at a starting temperature of not more than 40 °C and not legs than
10 °C.

The temperature of the surrounding medium shall be measured at not less than 25 mnp below
the contacts.

The temperature shall\be measured by thermocouples or other suitable means positiorled in a
mannef to accurately reflect the actual contact temperature as near the point of contact as
possible. The measuring device should be embedded into the contact or brazed or welded on
to the ¢ontactso’it is measuring the bulk temperature of the contact and not the tempjrature
of the ipterface between the contact and cooling medium.

The temperature condition is considered fo be steady when the difference of the temperature
between the contact and the surrounding medium does not change more than 1 K over an
hour.

The cross-section and insulation of the conductor carrying the current into the on-load tap-
changer or components under test shall be stated.

10.3.2.3 Switching tests
10.3.2.3.1 General

Switching tests that include service duty and breaking capacity tests shall have the following
provisions:
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Service duty test

a) Maximum circulating current of reactor equalling 50 % of the maximum rated through-
current (or otherwise specified by the manufacturer and stated in the type test report).

b) Power factor equalling 80 %.

Breaking capacity test

a) Maximum circulating current of reactor equalling 50 % of the maximum rated
through-current (or otherwise specified by the manufacturer and stated in the type test
report).

b) Power factor equalling 0 %.

For vaquum type on-load tap-changers, the breaking capacity test shall be performed alfter the
completion of the service duty test using the identical test sample.

Contacts and liquid in the case of liquid-immersed on-load tap-changers shall’nhot be renewed
during the tests.

In the qase of three-phase switches, it is normally sufficient to test the)contacts of one phase.

The anrangement for testing shall be such that, except whére otherwise specifi¢d, the
switchgd current, the recovery voltage, or the product of these shall not, in any case, pe less
than 99 % of the calculated values.

10.3.2.8.2  Service duty test

The cqntacts of the on-load tap-changer shall) be subjected to a number of opgrations
corresgonding to N, tap-change operationsiiin normal service when carrying a [current
corresgonding to not less than the maximum rated through-current and the relevant rated
step-vditage. The number of tap-change\eperations, N, to be carried out depends on the type
of on-lpad tap-changer. For non-vacuum type on-load tap-changers, N shall be 50 0DPO0 tap-
change| operations. In the case of vacuum type on-load tap-changers, N shall be equal to 1,2
times fhe number of tap-change operations between maintenance according |to the
manufdcturer, but N shall not bejtess than 50 000 operations. This number of operations shall
be declared by the manufacturer.

Comparison of oscillograms taken at regular intervals during the test shall show there is no
significhnt alteration.in the characteristics of the on-load tap-changer in such a way as to
comprdmise the .operation of the apparatus. Twenty (20) oscillograms shall be taken at the
start of| the test,"and twenty (20) after each succeeding quarter of N (N/4) operations, making
a total pf 100<escillograms.

After thetest, inspections of contact wear shall take place, the results of these leaving no
doubt as to the suitability of the on-load tap-changer for service.

NOTE 1 The results of this test can be used by the manufacturer to demonstrate the contacts used for making
and breaking current are capable of performing, without replacement of the contacts, the number of tap-change
operations declared by the manufacturer at the maximum rated through-current and at the relevant rated step
voltage.

NOTE 2 Generally, it is sufficient to compare the series of oscillograms taken at the beginning and at the end of
the test.

In order to approximate to service conditions, non-vacuum type on-load tap-changers shall
have the test performed at not more than eight tap-change operations, these being centrally
disposed about the change-over selector (mid-position plus/minus four (4) positions, without
dead positions).
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In the case of vacuum type on-load tap-changers, the breaking action will take place within
the vacuum interrupters and does not depend on the tap-changer position. Therefore, the
above-mentioned approximation to the service conditions is not required.

10.3.2.3.3 Breaking capacity tests

Forty operations shall be performed at a current corresponding to twice the maximum rated
through-current at its relevant rated step voltage.

In order to approximate to service conditions, non-vacuum type on-load tap-changer shall
have the test performed at not more than eight tap-change operations, these being centrally
disposed about the change-over selector (mid-position plus/minus four (4) positions, without
dead positions).

In casg of vacuum type on-load tap-changers, the breaking action will take place within the
vacuunp interrupters and depends not on the tap-changer position. Therefore, the| above
mentioned approximation to the service conditions is not required.

The osfillograms taken for each operation shall indicate that in no(case is the arcipg time
such a$ to jeopardize the operation of the apparatus.

For vaquum type on-load tap-changers, the breaking capacityiest shall be performed affter the
complefion of the service duty test using the identical test sample.

10.3.2. Short-circuit test

All disgimilar designed contacts of a new on-load*“tap-changer, carrying current continuously,
shall bg subjected to short-circuit currents, each‘@f 2 (1 + 10 %) s in duration.

In the fase of three-phase on-load tap-changers, it is sufficient to test the contacts|of one
phase ¢nly unless otherwise specified.

Three applications shall be made-using an asymmetrical current determined per 6.8.fl using
the makimum rated through-current of the tap-changer as the base RMS symmetrical ¢urrent.
The value of the symmetrical short-circuit test current to be applied shall be a maximum value
of 25 times the maximum.RMS symmetrical rated through-current of the tap-changer orf 16 kA,
whicheyer is less. The contacts shall not be moved between these applications.

When it is not possible to obtain the three asymmetrical current applications per 6.8.1, the
symmefrical RMS{value of the short-circuit test current shall be increased so that thge rated
asymmetrical_ peak current is obtained for the three applications, resulting in the test duration
being reduced. The product of the square of the increased RMS current and the shorter test
duratiop<shall not be less than the product of the square of the rated short-circuit RMS [current
and thetwo=second (2 ::) duration:

The open-circuit voltage for the test shall be at least 50 V.

At the conclusion of the test, the contacts shall not have been damaged so as to prevent
continued correct operation at maximum rated through-current. This has to be proven by a no-
load operation, oscillographically recorded, breaking any created weld. Comparison of this
oscillogram with those obtained before the test shall show suitability for service.

Other current-carrying parts shall not show signs of permanent mechanical distortion, which
can influence the normal operation of the on-load tap-changer.
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The short-circuit current is divided into two equal parts at the tap selector or selector switch
contacts. Therefore, the current carried by each contact is 50 % of the full test current.

10.3.2.5 Reactor test

Reactors are normally tested in accordance with the specification for the voltage regulator
with which the on-load tap-changer is intended for use.

Attention should be taken in the design of the reactor to avoid high inrush currents during
switching.

10.3.2.6 Mechanical test

The onf-load tap-changer shall be assembled and immersed in a test tank filled ywith clean
dielectric liquid, and operated as for normal service conditions. The contacts-'shall [not be
energiZed and the full range of taps shall be utilized until a minimum of 500,000  tap-change
operatipns have been performed. At least 50 000 tap-change operations shall'be carfied out
on the ghange-over selector.

If the number of operations carried out during the service duty testds+higher than or gqual to
the redquested 500 000 operations during mechanical endurance ,test, it is allowed|to use
these pperations for the verification of the 500 000 operations, provided that all test
conditigns fit.

Half thé number of operations shall be performed at a_temperature of not less than 75|°C and
half at|a lower temperature, for example during the{ heating or cooling period, with daily
temperpture cycles being permitted.

Ten timing oscillograms shall be taken at thé\start and finish of the mechanical endurance
test. Comparison of these timing oscillograms shall show no significant difference.

One hyindred operations shall be performed at 110 °C to demonstrate the capalility to
withstapd the voltage regulator liquid-temperatures during emergency loading as spegified in
IEEE Std C57.91 or IEC 60076-7_[11]. The operation shall be oscillographically regorded.
Compa’rson of these oscillograms with those obtained at the start and the end|of the
mechanical endurance test shall show suitability for service.

One hpndred operations shall be performed at -20 °C with the on-load tap-dhanger
oscillographically recorded. Comparison of these oscillograms with those obtaipned in
accordance with/the' previous paragraph shall show suitability for service. The viscosity at
—-20 °C|of the liquid used in this test shall be stated. Tests with a higher viscosity altgrnative
liquid may net-be applicable at —20 °C. The manufacturer shall be consulted on the mjnimum
allowahle teniperature.

During the test, there shall be no failure or undue wear of the contacts or mechanical parts
leading to mechanical failure if the operation is continued.

10.3.2.7 Dielectric tests
10.3.2.7.1 General

The dielectric requirements for the on-load tap-changer depend on the voltage regulator rating
to which it is to be connected. The on-load tap-changer shall have the appropriate insulation
level, as well as the connecting leads between the on-load tap-changer and the windings of
the voltage regulator.
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The on-load tap-changer shall be immersed in a test tank filled with clean dielectric liquid

before the tests are performed.

10.3.2.7.2 Nature of tests

The insulation level of the on-load tap-changer shall be proved by dielectric tests performed

at the following distances:

a) to earth;
b) between phases (where applicable);
c) between the first and last contacts of the tapped winding;

d) between any two adjacent contacts.
10.3.2.7.3 Test voltages

Test vgltage levels for applied voltage, impulse full wave and chopped wave are f(q
Table 11.

10.3.2.y.4 Application of test voltages

For the dielectric tests, the on-load tap-changer shall be assembled, arranged and di
in @ manner similar to that used in service. It is not, howevet, necessary to include le
connecfing the on-load tap-changer to the windings of a voltage regulator. If using lead
should |be an approximation of those in service.

For tesf a) of 10.3.2.7.2, the live parts of each phase.shall be short-circuited and conne
the volfage source.

For tedts b), c), and d), appropriate withstand values of full and chopped wave i
impuls¢ voltage, and applied voltage, shali>be declared by the manufacturer.

The prégferred testing sequence is as*follows:

a) fulljwave lightning impulse tést;
b) chopped wave lightning impulse test;
c) appglied voltage test.

10.3.2.y.5 Full wave lightning impulse test

The tedt shall beperformed in accordance with 9.7.2.3, at the required value.

10.3.2.7.6,~“Chopped wave lightning impulse test

und in

ied-out
ads for
s, they

cted to

ghtning

The test shall be performed in accordance with 9.7.2.4, at the required value.

10.3.2.7.7 Applied-voltage test

The test shall be performed in accordance with 9.7.4, at the required value.

10.4 Control system
10.4.1 General

The control system of a voltage regulator is composed of sensing apparatus to provide

signals

proportioned to the system voltage within the control voltage operating range and load
current, and a control device interpreting the output of the sensing apparatus, relating this
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input to conditions desired by the operator, and to automatically command the voltage
regulator to function to hold the output thereby required.

The total control system is furnished as a complete package with the voltage regulator;
however, the usual stand-alone nature of the control device portion of the control system
makes it appropriate to consider the control system in a unified context.

10.4.2 Control device construction
10.4.2.1 Setpoint adjustment ranges

The control device shall permit parameter adjustments as follows:

a) volfage level setting adjustable from at least 108 V to 132 V (related to system voltlage-by-
volfage supply ratio as defined in Table 10);

b) bardwidth setting adjustable from at least 1,0 V to 6,0 V (total range);

c) acthation time delay setting adjustable from at least 10 s to 120 s. Thé-time delay @pplies
only to the first required change if subsequent changes are required\to bring the [system
volfage within the bandwidth setting;

d) ling-drop compensation adjustment including independently adjustable resistange and
reagtance in the range of at least -24 V to +24 V.

NOTE The voltage refers to line-drop compensation at the nominal contfo) base voltage of 120 V and rafted base
current pf 0,2 A. It is not required to provide negative resistaricé and negative reactance compgensation
simultangously.

10.4.2.p Components and accessories

W

The following components and accessories will.be provided as part of the control devic

a) Voltage test terminals. Measurement ofivoltage is proportional to voltage regulatonq output
volfage and shall not change by moresthan 1 % after connecting a burden of 25 VA at 0,7
power factor across the test terminals, unless otherwise specified. This is not included in
the[specification of accuracy of the control relays.

b) Mahual-automatic control switch.
c) Mahual raise/lower switch.

d) Nedtral position indicator. Display shall be independent of the on-load tap-dhanger
position indicator

e) External voltage'source terminals

f) Intgrnal/exterhal power switch. Switch allows the control to be energized from the poltage
reglatorishinternal voltage supply or from an external voltage source. Voltage rggulator
windings shall not be able to be energized by an external voltage source being connected
to theexternal source terminals while the power switch is in the external power posjtion.

g) Operations counter. Accumulated number of on-load tap-changer operations is shown.
h) High- and low-band limit indicators.

10.4.3 Accuracy
10.4.3.1 General

The control system of a voltage regulator shall have an overall system error not exceeding
11 %. The accuracy requirement is based on the combined performance of the control device
and sensing apparatus, including instrument current and voltage transformers, utility
windings, transducers, and so forth, with the voltage and current input signals of a sinusoidal
wave shape.
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Since it is not practical to test the overall control system accuracy, it is permissible to
individually test the control system components and then add their accuracies together to
arrive at the overall control system accuracy. Accuracy tests are type tests not made on every
unit. The test voltage and current signals should have a sinusoidal wave shape. No analytical
correction is permitted to remove effects of harmonics in the accuracy test results.

10.4.3.2 Voltage source

The voltage source accuracy shall be determined on a nominal secondary voltage base of
120 V and a burden of 10 VA.

10.4.3.3 Current source

The cufrent source accuracy shall be determined on a nominal 0,2 A secondary currer]t and a
burden|of 3,5 VA.

10.4.3.E Control device
1

10.4.3.4. General

The agcuracy of the control device shall be determined based-on test digressiong at an
ambientt temperature of 25 °C, rated frequency, a nominal inpuivoltage of 120 V and|a base
current|of 0,2 A at unity power factor and at zero power factorilagging.

The uspr should be made aware that harmonic distortion ‘of the control device input yoltage
and/or |current can result in differences in the sensed average or RMS magnitude| which
affects [the overall accuracy of the control device and\eontrol system. Such differences may be
inhererlt in the product design and do not constitute an additional error in the context of
controllaccuracy.

10.4.3.4.2 Errors

Each individual error-producing parameter is stated in terms of its effect on the resppnse of
the control device and is determined separately with the other parameters held cgnstant.
Errors fausing the control device(to hold a higher voltage level than the reference value are
plus erfors and those causing(a,lower voltage level are minus errors. The overall errof of the
control|device is the sum of‘the individual errors as separately determined; the overgll error
causes|a divergence fromxthe voltage level setting.

10.4.3.4.3 Factors for accuracy determination of control device

The greater magnitude of the sum of the positive or negative errors of the following three
areas ghall censtitute the accuracy of the control device:

a) varlafions in ambient temperature of the control environment between -30 °C and 65 °C;

b) frequency variation of +0,25 % in rated frequency;
c) line-drop compensation:

1) resistance compensation of 12 V and an in-phase base current of 0,2 A with reactance
compensation of zero;

2) resistance compensation of 12 V and a 90° lagging base current of 0,2 A with
reactance compensation of zero;

3) reactance compensation of 12 V and an in-phase base current of 0,2 A with resistance
compensation of zero;

4) reactance compensation of 12 V and a 90° lagging base current of 0,2 A with
resistance compensation of zero.
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10.4.4 Type tests
10.4.4.1 General

Type tests shall be carried out to insure required accuracy and ability to operate under a
normal service condition. The control device and voltage regulator shall continue to operate
properly and not cause any unintentional tap-change during or after the tests.

10.4.4.2 Control device accuracy

10.4.4.2.1 Procedure for determination of accuracy of control device

This subclause outlines pr‘(‘\(“ﬂdlll"ﬂQ for dnfnrmining values of errors contributed hy the factors

describled in 10.4.3.4.3. The voltage and current sources applied may be as free of hafmonics
or other distortions as the test facility permits.

10.4.4.2.2 Test for errors relating to voltage level

With tHe control device set at a voltage level of 120 V and at an amhient temperdture of
25 °C, |energize the control device for 1 h using a 120V source at rated frequengy. The
control|is calibrated at this point. Errors in voltage level in the following three tepts will
determ|ne the control device accuracy:

a) Tedqts for error in voltage level due to temperature. The centrol device shall be tested over
a t¢mperature range of —30 °C to 65 °C in not more ¢han 20 °C temperature incrgments.
Theg air temperature surrounding the control device shall be held constant and tniform
within £1 °C of each increment for a period of not less than 1 h before taking| a test
reafling. Tests are carried out at rated frequency with zero current in the lipe-drop
compensation circuit.

b) Tedts for error in voltage level due to frequency. The control device shall be tested over a
sufficient range of frequencies to accurately determine the error over the specified range
of rpted frequency, £0,25 %. Tests are‘imade at a constant temperature of 25 °C with zero
curfent in the line-drop compensation'circuit.

c) Tedqts for errors in voltage level due to line-drop compensation. Four tests shall b¢ made
at nated frequency and a constant temperature of 25 °C and a voltage level sefting of
12(Q V. Determine the voltage level required to balance the control with 0,2 A|in the
compensator circuit of the-control under the conditions specified in Table 21.

Table 21 —~Voltage level values for select line-drop compensation
Test| Set Set Current phasing Determine error relative to
LDC-R LDC-X expected voltage
(M) (V)
1 12 0 In-phase 132,0 £ 0° V
2 0 12 In-phase 1194 £ 0° V
3 12 0 90° lagging 119,4 £ 0°V
4 0 12 90° lagging 132,0 £ 0°V

Use the individual test error (plus or minus), which produces the largest overall error
magnitude when summed as per 10.4.3.4.2.
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10.4.4.3 Set point display deviations

10.4.4.3.1 General

Deviation of set point display for voltage level, bandwidth, line-drop compensation, and time
delay settings are not considered as a portion of the errors in determining the accuracy
classification.

10.4.4.3.2 Voltage level display deviation

The difference between the actual voltage level value and the displayed value at any setting
over the range of 120 (1 £ 10 %) V shall not exceed 1 %.

10.4.4.

The di
exceed

10.4.4.

B.3 Bandwidth display deviation

ference between the actual bandwidth voltage and the displayed yvalue sh
+10 % of the displayed value setting.

B.4 Line-drop compensation display deviation

all not

The arithmetic difference between the actual line-drop compensation’voltage expresse¢d as a

percen

of 120 V and the displayed value of any setting of eithér'the resistance or reg

ctance

elemenit of line-drop compensation (expressed as a percent ©f\120 V, with 0,2 A in the line-

drop cdg

10.4.4.

The difference between the actual time delay and the value of any setting shall not

+2 s of
stored

mpensation circuit) shall not exceed £1 %.

B.5 Time delay display deviation

+10 %, whichever is greater. An integrating-type circuit shall be initiated wi
Helay.

10.4.4.E Environmental tests per IEC,60255-1
10.4.4.4.1

The ca
environ
-40 °C
+85 °C
service

of any iInternal heatsource (i.e. self-heating).

The fol
a) IEQ

Temperature

ntrol shall meet all réquirements specified herein when operated in an ogp
to +65 °C. Controkdevice components shall withstand a temperature range -4

without loss of\control. This requirement includes powering up of a control
or a control diseonnected from the primary power source and does include the

owingstests shall be completed:

60255-1, cold, -40 °C, 96 h;

exceed
thout a

erating

ment (air temperature,. solar radiation, and other heat sources) with temperatur¢ range

0 °C to
not in
effects

b) IEC 60255-1, dry heat, +65 °C, 96 h.

10.4.4.4.2 Humidity

Tests a

re to be conducted as per IEC 60255-1, 25 °C to 55 °C, 6 cycles.

10.4.4.4.3 Vibration

Tests s

hall be completed as per IEC 60255-21-1 (Class 1).

10.4.4.5 Insulation coordination tests

Tests shall be completed as per IEC 60255-27, impulse voltage 5 kV, dielectric test (2 kV).
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10.4.4.6 Electromagnetic compatibility (EMC) tests
10.4.4.6.1 Electrostatic discharge immunity

Tests shall be completed either as per IEEE Std C37.90.3 (testing shall be completed for all
voltage levels specified, highest level being 8 kV contact discharge and 15 kV air discharge)
or as per IEC 60255-26 (2 kV, 4 kV and 6 kV contact discharge and 2 kV, 4 kV and 8 kV air
discharge) as specified.

10.4.4.6.2 Radiated interference immunity

Tests shall be completed per either IEEE Std C37.90.2 (20 V/m unmodulated, 35 V/m

d | tad) ~Ar IEC BND2ELE 26 (AN \//r 111 dilnatoad 19 \//m mAadAl~atanA) Ao on
modulatedy-or+EG-66255-26{16 ed—18

TN 2aPay
v o rogoTrat

acifiad
v Ot ot C o o SpP Tttt

10.4.4.6.3 Surge withstand capability

Tests ghall be completed either as per IEEE Std C37.90.1 or as per IEC 60255-26 (4one A)
as spegified.

10.4.4.6.4 Surge immunity
Tests shall be completed as per IEC 60255-26 (Zone A).

10.4.4.6.5 Conducted interference immunity

Tests shall be completed as per IEC 60255-26.

10.4.4.6.6 Voltage dips and interruptions immunity
Tests shall be completed per IEC 60255-26.

10.4.4.f On-load tap-changer compatibility type test
10.4.4.¥ 1 General

This pfocedure shall be followed to validate acceptable operational functionality of a
manufdcturer's control when. used in conjunction with any manufacturer's on-load tap-
changer. As modificationstare made to the control or on-load tap-changer, it is imperat|ve that
functionality is validated\for the set.

10.4.4.7.2 Testprocedure set up

a) RerTr to the“manufacturer's control instruction manual for description of proper |control
configuration and operation.

b) Supply-control with external voltage as per Table 22 with the power switch in the Bxternal
position.
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Table 22 — Control supply voltage

Frequency Control supply voltage
60 103

120

132,5

50 103

120

132,5

c) Selgct on-load tap-changer model in the control, if applicable.

d) Reg
e) Beg
f) Eao

buck direction, maximum position to maximum position.
g) Complete test sequences in 10.4.4.7.3 (Manual test sequence) a@nd 10.4.4.7.4 (Au

test

h) Ver
the
cortf

i) Reg

10.4.4.f.3 Manual test sequence, five hundred-twelve (512) operations (16 cycle

a) Plage control switch in manual position.

b) Ver
c) Pau

d) Operations of the first eight (8) cycles are initiated one step at a time while monito

tap

e) Attgmpt to make five (5)\additional operations at the end of the first eight (8)

ver
f) Op

po
10.4.4.
a) Set
b) Set

et operations counter to zero (0).
in a test sequence from one of the maximum tap positions, 16 Raise or 16 Lowsg
h cycle of a test sequence is equal to thirty-two (32) operations inCeither the b

sequence) for all applied voltage levels identified in Table'22.

fy that the tap position, displayed by the control, matches the tap position sh
mechanical position indicator. Reset tap position displayed by the con
espond with mechanical position indicator, if necessary.

ord test results.

se for a minimum of five (5) seconds between cycles.
position displayed by the control.

fying the operationsycounter is not indexing.

rations of the last)eight (8) cycles are driven without a pause while monitoring
ition displayed\by the control.

y.4 Automatic test sequence, five hundred twelve (512) operations (16 cy
bandwidth to 1,0 V.
time-delay to 5 s.

r.
oost or

fomatic

own by
trol to

s)

ify and record operations count at the‘end of each cycle of thirty-two (32) operafions.

ing the
cycles

the tap

cles)

NOTE |

a minimum value of 5 s is not available, the minimum value of a specific control is acceptable.

c) Place Control switch in Automatic position.

d) Begin a test sequence from one of the maximum tap positions, 16 Lower or 16 Raise.

e) Set Voltage Level to 100 V for an "out of band high" condition for buck operation cycles

and

135 V for an "out of band low" condition for boost operation cycles.

f) After the time delay elapses, allow the on-load tap-changer to operate until a maximum

pos

ition is reached while monitoring the tap position displayed by the control.

g) Verify the tap position and record operations count at the end of each cycle of thirty-two
(32) operations.
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10.4.4.7.5 Test summary

5-2017

Successful pass completion of "Manual" and "Auto" test sequences is determined by not

having

a) mis
b) out

the following:

operations;
of sequence displayed tap positions;

c) inaccurate operations count totals.

Failures or inconsistent test results should be noted and analyzed.

10.4.4.

The dg
purcha
The fol

a) Av
the
the
reg

8  Devices to be tested

vices making up the control system vary depending on the requirements

owing examples spell out certain specifics:

bltage regulator with control mounted on the tank or on the pole at{ground leve
voltage regulator and with no circuits except the power conductors and a cab|
voltage regulator to the control. (The control system is both the-control and the
ilator. Since there are no other control conductors connected to the system, th

no

connections are otherwise covered and hence fall beyond‘this requirement.)

b) A vpltage regulator mounted as in item (a) but with potential device, control, or m
conlductors being connected into the control. (These conductors would be suk
10.4.4.4 to 10.4.4.6 test requirements.)

c) A

connections to the control. (Here, all condugtors connected to the control, includin

tot

d) If t
pur

11 Unliversal interface

1.1

A univd
control
auxilian

a) uni
b) a

tests as per 10.4.4.4 to 10.4.4.6 required. The power system line co

ontrol enclosure mounted remotely withw potential device, control, or m

ne voltage regulator, would be subjectto 10.4.4.4 to 10.4.4.6 test requirements.

e foregoing examples do not adeguately cover the application, the manufactu
chaser shall agree on the connection scheme and the tests to be applied.

Connection between control enclosure and apparatus

rsal interface, when specified, shall be made available between the voltage rg
enclosure and\apparatus. This is accomplished by way of an auxiliary enclosu
y enclosurgtshall include the following features:

ersal interface receptacle;

means of shorting the current transformer secondary; either mechanic

of the

ser. The requirements for tests as per 10.4.4.4 to 10.4.4.6 vary with the jappljcation.

| below
le from
voltage
ere are
hductor

etering
ject to

etering
j those

rer and

gulator
re. The

ally or

ele

ctronically;

c) terminal boards and wiring for managing signals between voltage regulator apparatus and

con
d) min

e) cap

trol enclosure;
imum IP rating of 24 (NEMA 3R);
acitor for the tap-changer motor (if not included within the control enclosure);

f) grounding provision shall be provided for metal enclosures. For proper control operation
and improved safety, interface enclosure shall be grounded using the same ground used
for the voltage regulator apparatus and control enclosure.

NOTE 1
degrees

Refer to NEMA Standards Publication 250-2003 [30] or IEC 60529 [15] for details regarding the various

of protection provided by electrical circuitry enclosures.

NOTE 2 Other types of enclosures are available that are more resistant to dust and water. These options can be

specified

by the purchaser based on discussions with the manufacturer.
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