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STATION SERVICE VOLTAGE TRANSFORMERS (SSVT)

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC document(s)”’). Their
preparation 1S entrusted 1o technicat Committess,; any [EC Nationar Committes Mterested I the subject deatt with
may participate in this preparatory work. International, governmental and non-governmental organizations ljiaisir|g
with the IEC also participate in this preparation.

EEE Standards documents are developed within IEEE Societies and subcommittees of IEEE .Standard
Association (IEEE SA) Board of Governors. IEEE develops its standards through an accredited{ consensu
development process, which brings together volunteers representing varied viewpoints and intefests to achiey
the final product. IEEE standards are documents developed by volunteers with scientific, academic, and industr
based expertise in technical working groups. Volunteers involved in technical working groups.are not necessari
members of IEEE or IEEE SA and participate without compensation from IEEE. Whilge, IEEE administers th
process and establishes rules to promote fairness in the consensus development¢process, IEEE does n
independently evaluate, test, or verify the accuracy of any of the information or the soundness of any judgmen
contained in its standards.

O A T OO0 ®

IEC collaborates closely with IEEE in accordance with conditions determined by agreement between the two
organizations. This Dual Logo International Standard was jointly developed by.thé IEC and IEEE under the ternjs
of that agreement.

2) The formal decisions of IEC on technical matters express, as nearly as _possible, an international consensus ¢f
opinion on the relevant subjects since each technical committee/has’ representation from all interested IEC
National Committees. The formal decisions of IEEE on technical mattérs, once consensus within IEEE Societigs
and Standards Coordinating Committees has been reached, is<determined by a balanced ballot of materially
interested parties who indicate interest in reviewing the propesed’standard. Final approval of the IEEE standarqs
document is given by the IEEE Standards Association (IEEE“SA) Standards Board.

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

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

5) IEC and IEEE do not provide anys.atfestation of conformity. Independent certification bodies provide conformi
assessment services and, in some areas, access to IEC marks of conformity. IEC and IEEE are not responsib
for any services carried out by(independent certification bodies.

D <

6) All users should ensure thatthey have the latest edition of this publication.

No liability shall attach t6 IEC or IEEE or their directors, employees, servants or agents including individugl
experts and members.of technical committees and IEC National Committees, or volunteers of IEEE Societies and
the Standards Ceordinating Committees of the IEEE Standards Association (IEEE SA) Standards Board, for arly
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
Publicatian/or any other IEC or IEEE Publications.

8) Attention_is drawn to the normative references cited in this publication. Use of the referenced publications |s
indispénsable for the correct application of this publication.

9) . Attention is drawn to the possibility that implementation of this IEC/IEEE Publication may require use of materig
covered by patent rights. By publication of this standard, no position is taken with respect to the existence ¢r
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.

IEC/IEEE 63253-5713-8 has been prepared by IEC technical committee 38: Instrument
Transformers, in cooperation with Transformers Committee of the IEEE Power and Energy
Society, under the IEC/IEEE Dual Logo Agreement.

It is published as an IEC/IEEE dual logo standard.
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The text of this International Standard is based on the following IEC documents:

Draft Report on voting

38/788/FDIS 38/789/RVD

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

his document was drafted in accordance with the rules given in the ISO/IEC Directives;Part 2
gvailable at www.iec.ch/members_experts/refdocs. The main document types developegd'by IE
dre described in greater detail at www.iec.ch/publications/.

C)d

Tlhe IEC Technical Committee and IEEE Technical Committee have decided that the contents
f]fthis document will remain unchanged until the stability date indicated on the IEC website

nder webstore.iec.ch in the data related to the specific document. At this-date, the document
will be

reconfirmed,

withdrawn, or

revised.
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STATION SERVICE VOLTAGE TRANSFORMERS (SSVT)

1 Scope

This document describes electrical and mechanical requirements of single-phase station

A [
rated voltage of the power winding of 1 000 V.

[®N

his document is a basis for the establishment of performance and limited electrical an
echanical interchangeability requirements of the equipment are described. It is also a basi
for assistance in the proper selection of such equipment.

[2]

Al station service voltage transformer (SSVT) is a single-phase transformer/to be connecte
line-to-earth on an effectively earthed system. It can be used either asan individual unit fg
supplying single-phase loads, or in a three-phase bank to support three-phase loads. A typica
application is to supply substation power such as lighting, pump and-motor loads. The SSV
cpn be provided with a measuring winding when requested by the user.

— == O

Normative references

—

he following documents are referred to in the text in such a way that some or all of their conter
cpnstitutes requirements of this document. For datedreferences, only the edition cited applieg.
or undated references, the latest edition @f ‘the referenced document (including an
amendments) applies.

<

~

EC 60060-1:2010, High-voltage testing~techniques — Part 1: General definitions and tes
pquirements

=

EC 60060-2, High-voltage testing~techniques — Part 2: Measuring systems

FC 60071-2:2023, Insulation;co-ordination — Part 2: Application guidelines

FC 60076-1:2011, Power transformers — Part 1: General

FC 60076-5, Powet transformers — Part 5: Ability to withstand short circuit

FC 602705High-voltage test techniques — Partial discharge measurements

FC 60376, Specification of technical grade sulphur hexafluoride (SFg) and complementary
gases to be used in its mixtures for use in electrical equipment

IEC 60475, Method of sampling insulating liquids

IEC 60480, Specifications for the re-use of sulphur hexafluoride (SFg) and its mixtures in
electrical equipment

IEC 60567, Oil-filled electrical equipment — Sampling of free gases and analysis of free and
dissolved gases in mineral oils and other insulating liquids — Guidance

IEC 60529, Degrees of protection provided by enclosures (IP Code)
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IEC 60867, Insulating liquids — Specifications for unused liquids based on synthetic aromatic
hydrocarbons

IEC 60836, Specifications for used silicon insulating liquids for electrotechnical purposes

IEC 60944, Guide for the maintenance of silicon transformer liquids

IEC 61099, Insulating liquids — Specifications for unused synthetic organic esters for electrical
purposes

< —

Q —

Q —

0 — — > 0O > >

FC 61869-1:2023, Instrument transformers — Part 1: General requirements

FC 61869-3:2011, Instrument transformers — Part 3: Additional requirements forinductive
pltage transformers

FC 61869-99:2022, Instrument transformers — Part 99: Glossary

~

FC 62262, Degrees of protection provided by enclosures for electrical equipment agains
xternal mechanical impacts (IK Code)

FC 62770, Fluids for electrotechnical applications — Unused natural esters for transformerns
nd similar electrical equipment

STM D2225, Standard Test Methods for Silicone Liquids Used for Electrical Insulation
STM D3487, Standard Specification for MineralAnsulating Oil Used in Electrical Apparatus
STM D5222, Standard Specification for High Fire-Point Mineral Electrical Insulating Oils

STM D6871, Standard Specification far Natural (Vegetable Oil) Ester Fluids Used in Electrical
pparatus

ISPR TR 18-2:2017, Radio, interference characteristics of overhead power lines angd
igh-voltage equipment — Part 2: Methods of measurement and procedure for determining limit

[7)

FEE Std 4™-2013, High-Voltage Testing Techniques

FEE Std C57.12.70™, |[EEE Standard Terminal Markings and Connections for Distribution anfd
ower Transformers

FEE Std\€57.12.80™-2010, [EEE Standard Terminology for Power and Distributio
ransformers

S

EESTd C57.1T2.90™-20715, IEEE Standard Test Code for E/qwa-immersea Distribution,

Power, and Regulating Transformers

IEEE Std C57.13™-2016, IEEE Standard for Requirements for Instrument Transformers

IEEE Std C57.13.5™, |[EEE Standard of Performance and Test Requirements for Instrument
Transformers of a Nominal System Voltage of 115 kV and Above

IEEE Std C57.19.100™, |EEE Guide for Application of Power Apparatus Bushings

IEEE Std 693™, I[EEE Recommended Practice for Seismic Design of Substations
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NEMA 107-2016, Methods of measurement of radio influence voltage (RIV) of high-voltage

apparatus

NEMA 250, Enclosures for Electrical Equipment (1000 Volts Maximum)

3 Terms and definitions

For the purposes of this document, the terms and definitions given in |IEC 61869-99,

I DL Qtd A7 49 ONTM ad-tkb £allarara-c P 1
L OO OJUT . TZ.UU , alld arCc TOTTOWTTT appTy-

50, IEC and IEEE maintain terminological databases for use in standardization at the fellowin
addresses:

IEC Electropedia: available at http://www.electropedia.org/

ISO Online browsing platform: available at http://www.iso.org/obp

IEEE Standards Dictionary Online: available at http://dictionary.ieee. org

3.1 General definitions

[5%]

1.1

ation service voltage transformer

SVT

line-to-earth connected single-phase transformer that can‘é used either as an individual un
for supplying single-phase loads, or in a three-phase bank to supply three-phase loads and ca
provided with a measuring winding

AMPLE A typical application is to supply power to the _control house and yard loads inside a substation.

1.2
nclosure
ousing affording the type and degree of“protection suitable for the intended application

-

ote 1 to entry: This definition needs the-following explanations under the scope of this document:
enclosure provides protection for persons or animals against access to hazardous parts;

enclosure provides protection for equipment against the harmful effects of mechanical impact;

W N =

barriers, shapes of openings or other means — whether attached to the enclosure or formed by the enclose
equipment — suitable to prevent or limit penetration, are considered as part of the enclosure, except when theg
can be removed witheut\the use of a key or tool.

[FOURCE: IEC 60050-151:2001, 151-13-08, modified — the Note to entry has been added.]
31.3

rimary \terminal
terminalrto which the voltage to be transformed is applied

o iy

o

3.1.4
secondary terminal

terminal which transfers the power to the secondary circuit or transmits the secondary signal to

measuring instruments, meters and protective or control devices or similar apparatus

3.1.5
neutral terminal
terminal intended for connection to a neutral point of a network
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3.1.6
secondary circuit
external circuit connected to the secondary terminals

[SOURCE: IEC 61869-99:2022, 3.1.4]

3.1.7
pressure relief device
device suitable to limit dangerous over-pressures inside the SSVT

[POURCE: IEC 61869-99:2022, 3.2.61, modified — Reference to "instrument transfofmer"
replaced with "SSVT".]

acceleration level of the high-frequency, non-amplified portion of the ¢esponse spectrun
cprresponding to the maximum (peak) acceleration of the time history,-Used to derive th
spectrum

[

ote 1 to entry: The ZPA is assumed to be the acceleration at 33 Hz or greater,

[FOURCE: IEEE Std 693™-2018- 3.1, modified — second pari of the definition moved to a Notel]

.1.9
IEC profile
iferation of this document where the user of this decument follows the IEC references

.1.10
IEEE profile
ifleration of this document where the user.of this document follows the IEEE references

.2 Definitions related to voltage and dielectric aspects

.2.1
ominal system voltage
suitable approximate valueof voltage used to designate or identify a system

[POURCE: IEC 60050-601:1985, 601-01-21, modified — the term "nominal voltage of a systen"
hlas been replaced-with "nominal system voltage", which is the common term in North Americal]

Note 1 to entry: Transient overvoltages due e.g. to switching operations and unusual temporary variations of
voltage, are not taken into account.

[SOURCE: IEC 60050-601:1985, 601-01-23, modified — the term "maximum system voltage"
and symbol have been added; the word "abnormal” replaced with "unusual” in the definition.]
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3.2.3

highest voltage for equipment

maximum equipment voltage

Um

highest value of line-to-line voltage (RMS value) for which the equipment is designed in respect
of its insulation as well as other characteristics which relate to this voltage in the relevant
equipment standards under normal operating conditions

[SOURCE IEC 60050-614: 2016 614-03- 01 modified — the term "maximum equment voltage

terminals with rated primary voltage

.2.6
armonic factor
ratio of the RMS value of harmonic content to the RMS value of an alternating quantity

[POURCE: IEC 60050-161:1990, 161-02-23, modified — "total" has been omitted from the term}]

2.7
rated voltage factor

V

ultiplying factor to be applied to the rated primary voltage to determine the maximum voltagtE
at which an SSVT must comply.with the relevant thermal and optional accuracy requiremen
for a specific time

[9%)

.2.8
gted insulation level
st voltages, under/specified conditions, that the insulation is designed to withstand

— -

Z

ote 1 to entpy; \\These test voltages can be for instance:

[V

rated lightning impulse and short duration power frequency withstand voltages;

O

rated lightning and switching impulse withstand voltages (phase-to-earth).

[BOYRCE: IEC 60050-421:1990, 421-09-02]

3.2.9

earth fault factor

at a given location of a three-phase system, and for a given system configuration, ratio of the
highest RMS value of line-to-earth power frequency voltage on a healthy line conductor during
an earth fault affecting one or more line conductors at any point on the system, to the RMS
value of line-to-earth power frequency voltage which would be obtained at the given location in
the absence of such earth fault

[SOURCE: IEC 60050-614:2016, 614-03-06, modified — The term "ground fault factor, US" has
been omitted.]
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3.2.10

effectively earthed neutral system

system on which the neutral is connected to earth solidly or through an impedance of sufficiently
low value to reduce transient oscillations and to give a current sufficient for selective earth fault
protection

Note 1 to entry: A three-phase system with effectively earthed neutral at a given location is a system characterized
by an earth fault factor at this point which does not exceed 1,4. This condition is obtained approximately when, for
all system configurations, the ratio of zero-sequence reactance to the positive sequence reactance is less than 3 and
the ratio of zero sequence resistance to positive sequence reactance is less than one.

ote 2 to entry: A three-phase system with non-effectively earthed neutral at a given location is a system
characterized by an earth fault factor at this point that may exceed 1,4.

.2.11
lidly earthed neutral system
system whose neutral point(s) is (are) earthed directly

[POURCE: IEC 60050-601:1985, 601-02-25]

.3  Definitions related to windings

sembly of turns forming an electric circuit associated with one of the voltages assigned to th
SVT

n
[¢]

—

BOURCE: IEC 60050-421:1990, 421-03-01, modified — Reference to transformer or reactg
pplaced with SSVT.]

—
=

3.3.2
primary winding
winding to which is applied the voltage toerbe transformed

BOURCE: IEC 60050-321:1986, -321-01-05, modified — removed "(of a voltage transformer])"
om the term.]

—h—

3.3.3

slecondary winding
winding which supplies ‘power to the secondary circuit or voltage to measuring instrumentsg,
eters, protective or-control devices

.3.4
ower winding
secondary-winding that supplies power to the secondary circuit

.3.6

u nt winding
additional winding that supplies the voltage circuits of measuring instruments, meters, relays or
similar apparatus

Note 1 to entry: The accuracy of measuring windings depends not only on the load and the power factor of the
winding itself, but also on the load and power factor of the power windings.

3.3.6

section

electrically conductive part of an SSVT insulated from other similar parts and equipped with
terminals

EXAMPLE Primary or secondary reconnectable windings, shielding to be externally earthed, temperature sensors.
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3.3.7
tap
connection made at some intermediate point in a winding to permit changing of the ratio

[SOURCE: IEC 60050-421:1990, 421-05-01, modified — The term "tapping" removed, and "to
permit changing the ratio" added to the definition.]

3.4 Definitions related to ratings
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rated value
value of a quantity used for specification purposes, established for a specified set of operating
cpnditions of a component, device, equipment, or system

ote 1 to entry: Voltages and currents are always expressed by their RMS valUesy unless otherwise specified.

[POURCE: IEC 60050-151:2001, 151-16-08, modified — Note-torentry added.]

.4.3
rated frequency

flequency at which the SSVT is designed to opéerate and on which the requirements of this
cument are based

OURCE: IEC 60050-421:1990, 421-04403, modified — symbol added, and "and on which the
quirements of this document are based" added, and changed "transformer or reactor" t
SVT".]

O

nventional value of ‘apparent power assigned to a winding which, together with its ratefd
Itage, determinestits rated current

.4.5
ted current

—

current\flowing through terminals of a winding which is derived by dividing the rated outpt
wer-S, by the rated voltage of the winding

3.4.6
reference temperature
temperature defined as 20 °C plus the rated average winding temperature rise

[SOURCE: IEEE C57.12.80-2010, 3.368, modified — removed "unless otherwise stated" and the
second sentence.]
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3.4.7
temperature rise
difference between the temperature of the part under consideration and ambient air temperature

[SOURCE IEC 60050-151:2001, 151-16-26, modified — "a reference temperature" replaced by
"ambient air temperature" and the note deleted.]

3.4.8
rated arc-proof current
1

rc
aximum current, within a specified withstand duration, for which the internal arc classification
pplies

.5 Definitions related to losses

tive power absorbed when the rated primary voltage Upr at rated frequency f, is applied t
the primary winding with the other windings open-circuited

O

.5.2

o-load current

current flowing through a line terminal of a winding whenra_given voltage is applied at rate
flequency, the other winding(s) being open-circuited

[oN

ote 1 to entry: Normally the applied voltage is the rated voltage and the energized winding, if fitted with taps, [s
cpnnected on its principal tapping.

ote 2 to entry: The no-load current of a winding is often expressed as a percentage of the rated current of the
sfme winding.

.5.3

Ipad loss

bsorbed active power at rated frequency f, and reference temperature associated with a pa
windings when rated current is,flowing through the terminals of one of the windings, and th

terminals of the other winding are short-circuited

D =

ote 1 to entry: Other windings, if existing, are open circuited.

.5.4
total loss
sum of the no-load loss and the load loss

ote 1 to entryx  For a two-winding SSVT there is only one winding combination and one value of load loss. For
ulti-winding”SSVT there are several values of load loss corresponding to the different two-winding combination
(4ee IEC60076-8:1997, Clause 7). A combined load loss figure for the complete SSVT is referred to a specifig
inding-foad combination.

[

[eNN7)

3.5.5

short-circuit impedance

percent impedance, US

equivalent series impedance Z = R + jX, in ohms, at rated frequency and reference temperature,
across the terminals of one winding of a pair, when the terminals of the other winding are short-
circuited and other windings, if existing, are open-circuited

Note 1 to entry: In an SSVT having a tapped winding the short-circuit impedance is referred to a particular tapping.
Unless otherwise specified the rated voltage tap applies.

Note 2 to entry: This quantity can be expressed as a fraction z of the reference impedance Z
of the pair and expressed in percent, hence the term "percent impedance".

rop Of the same winding
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In percentage notation:

VA
z( %) =100 (1)
ref
where:
Lypas = U2
ref S, )
U is the voltage (rated voltage or tapping voltage) of the winding to which Z and Z_ belong;
S is value of rated output power.

—

he relative value is also equal to the ratio between the applied voltage during a,short-circuit measurement whidg
buses the relevant rated current (or tapping current) to flow, and rated voltage“(6r tapping voltage). This applig
bltage is referred to as the short-circuit voltage of the pair of windings.

< O
[eN=y

3.5.6

hort circuit voltage
impedance voltage
vpltage required to be applied at rated frequency to thelline terminals of a winding of a singlg
pjhase transformer, to cause the rated current to flow-through these terminals when the terminals
of the other winding are short-circuited

ote 1 to entry: The value is normally related to the appropriate reference temperature.

[]

ote 2 to entry: The impedance voltage is usually.expressed as a percentage of the rated voltage of the winding
hich the voltage is applied.

ote 3 to entry: When expressed in relative form (in %) the short circuit voltage has the same value as the shoft
c|rcuit impedance in %.

.5.7

oltage drop or rise for a'specified load condition
vpltage regulation for a specified load condition
arithmetic difference-between the no-load voltage of a power winding and the voltage develope
at terminals of thé_same winding at a specified load and power factor, the voltage supplied t
the power winding being equal to:

(e eN

its rated¢value if the SSVT is connected to the rated voltage tap (the no-load voltage of th
power.winding then being equal to its rated value)

[]

the tap voltage if the SSVT is connected to another tap

Note 2 to entry: For SSVTs with multiple windings (also applicable to measuring windings) the voltage drop depends
not only on the load and power factor of the winding itself, but also on the load and power factor of the other windings.

[SOURCE: IEC 60050-421:1990, 421-07-03, modified — In the definition, "winding" has been
replaced with "power winding", "transformer" has been replaced with "SSVT" and "tapping"
replaced with "tap"; the existing note to entry deleted and replaced with two new notes to entry.]

3.6 Definitions related to gas insulation

3.6.1
closed pressure system
volume that is replenished only when needed by manual connection to an external gas source
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3.6.2

rated filling pressure

pressure referred to the standard atmospheric air conditions (20 °C and 101,3 kPa) to which
the gas-insulated SSVT is filled before being put in service, or replenished as needed

[SOURCE: IEC 61869-99:2022, 3.6.7, modified — changed "instrument transformer" to "SSVT"
and "periodically replenished" to "replenished as needed".]

3.6.3

ressure referred to the standard atmospheric air conditions (20 °C and 101,3 kPa) at which,
nd above which, rated insulation and other characteristics of the gas-insulated SSVTare
aintained and at which gas replenishment becomes necessary

=

[POURCE: IEC 61869-99:2022, 3.6.8, modified — "instrument transformer”sreplaced wit
"BSVT".]

.6.4

bsolute leakage rate
mount of gas escaped by time unit under standard atmosphéric conditions (20 °C anfd
101,3 kPa)

ote 1 to entry: The absolute leakage rate is typically expressed in pas¢al/meter cubed per second (Pa-m3/s).

[FOURCE: IEC 61869-99:2022, 3.6.9]

bsolute leakage rate related to the total amount of gas in the SSVT at rated filling pressure (g
ensity)

o
=

Note 1 to entry: Relative leakage rate is typically expressed in per cent per year (%/y).

=

[POURCE: IEC 61869-99:2022,-3.6.10, modified — "instrument transformer" replaced wit
"SBSVT".]

3.7 Index of abbreviated terms

Tlhe abbreviated.terms are given in Table 1.

Table 1 — Index of abbreviated terms

Abbreviated term Full term
F. Relative leakage rate
T Rated vortage tactor
I Rated frequency
GNAN Gas natural air natural (cooling method)
Iarc Rated arc-proof current
1 Rated current
KNAN K-fluid® natural air natural (cooling method)
ONAN Oil natural air natural (cooling method)
SSVT Station service voltage transformer
S, Rated power



https://iecnorm.com/api/?name=fdcb6dc899ab6030d5d595ab3e4af431

IEC/IEEE 63253-5713-8:2024 - 19 -
© IEC/IEEE 2024

Abbreviated term Full term

U Highest voltage for equipment / Maximum
equipment voltage

Rated primary voltage

Rated secondary voltage

Highest voltage of a system / Maximum system
voltage

a8 K-type cooling medium is a fluid with fire point greater than 300 °C

Profiles and use of normative references

his document can be used with either IEC or IEEE normative references but the-reference
shall not be mixed. For the IEC profile (3.1.9), IEC references are used; for,the IEEE profil
(B.1.10), IEEE references are used. The purchaser shall include in the enquiry-and order whic
normative references are to be used. By default, if the choice of normative’references is ng
specified, IEC references shall be used. For SSVTs intended for installation in North Americg,
IEEE references are used.

— = (D O

ee Annex C for technical information exchange during contraeting stage.

Environmental conditions

.1 Normal (usual) environmental conditions
.1.1 General

3SVTs conforming to this document shall-be suitable for operation at rated power under the
bllowing normal environmental conditions:

=

5.1.2 Temperature

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

Tlhe minimum ambient air temperature is =30 °C.

(3, ]

.1.3  Altitude

—

he altitudeydoes not exceed 1 000 m (3 300 ft).

[3,]

1.4 Other environmental conditions

Q

thef environmental conditions are as follows:

a) solar radiation up to a level of 1 000 W/m?2 should be considered:;

b) the ambient air may be polluted by dust, smoke, corrosive gases, vapours or salt. The
pollution or contamination does not exceed the medium level defined in IEC 60815-1 or
IEEE C57.19.100™;

c) the wind speed does not exceed 34 m/s (76 mph);
d) the presence of condensation or precipitation;

e) the ice coating does not exceed 20 mm (0,79 in).

NOTE These environmental conditions are consistent with normal environmental conditions for outdoor instrument
transformers according to IEC 61869-1.
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5.1.5 Primary voltage

The primary voltage wave shape is approximately sinusoidal. The harmonic factor of the primary
voltage does not exceed 0,05 per unit.

5.1.6 Load current

The load current is approximately sinusoidal. The harmonic factor of the load current does not
exceed 0,05 per unit.

5.1.7 Step-down operation

Unless otherwise specified, an SSVT shall be utilized in a step-down operation in which the
outgoing power from the SSVT is at a lower voltage than the incoming power.

5.1.8 Operation above rated voltage or below rated frequency

5.1.8.1 Capability

()]

SVTs shall be capable of the following:

a) Operating continuously above rated voltage or below ratedfrequency, at maximum ratefd
power for any tap, without exceeding the limits of .@bservable temperature rise ip
accordance with 6.18 when all of the following conditions are present:

1) Secondary voltage and the ratio of secondary voltage over frequency do not exceefd
105 % of rated values

2) Load power factor is 80 % or higher
3) Frequency is at least 95 % of rated value.

b) Operating continuously above rated ¥oltage or below rated frequency, on any tap at n
load, without exceeding limits of observable temperature rise in accordance with 6.1§,
when neither the voltage nor the: ratio of secondary voltage over frequency exceef
110 % of rated values.

O

.1.8.2 Maximum continuous SSVT operating voltage

he primary voltage shall -not exceed the specified highest voltage for equipment (U).
referential values of U, are listed in Table 4. System conditions may require voltage

ansformation ratios_involving tap voltages higher than the maximum system voltage fg
pgulation of the setendary voltage.

S 7 o
o

—

he current associated with the power rating on the nameplate shall not be exceeded at anly
perating voltage.

(o]

OTE ,~Normal load power factor is 80 % or higher. A lower power factor may affect secondary voltage drop (or rise).
he yoltage drop (or rise) can be calculated as instructed in 6.5.4.

5183 Rated voltage factor (F,)

=4z

The SSVT shall be capable of operating at a line-to-earth overvoltage according to Table 2
without any damage. When specified by the user, the following F, and time duration options

can be selected:
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Table 2 — Standard values of rated voltage factor

F Duration Applicability Source
1,1 Continuous IEEE
1,2 Continuous Default for all voltage levels IEC
1,25 60 s IEEE/IEC
1,4 60 s Optional IEEE
1.5 30s Optional IEC

5.2 Special (unusual) environmental conditions
5.2.1 General

(Jonditions other than those described in 5.1 are considered special environmeéntal condition
:Ind, when prevalent, shall be brought to the attention of those responsible for the design an
pplication of the SSVT. Examples of some of these conditions are listed)in' 5.2.2 and in 5.2.4.

[®NN)

.2.2 Special (unusual) temperature

or installations located in a place where the ambient temperatiure can be significantly outsid
the normal environmental condition range stated in 5.1.2, the preferred ranges of minimum an
aximum temperature to be specified should be:

[N ¢

) —50 °C to 40 °C for very cold climates;
) —5 °C to 50 °C for very hot climates.

OTE Under certain conditions of solar radiation, appropriate measures, e.g. roofing, forced ventilation, etc., cgn
b necessary in order not to exceed the specified temperature rises. Alternatively, the SSVT power can be derateq.

.2.3 Altitude correction factor for“altitudes greater than 1 000 m

he coordination withstand voltages’ are considered valid up to an altitude of 1 000 m. T
cpnsider the reduced withstand capability of the air at an installation site with an altitude abov
11000 m, the required type test insulation withstand level of external insulation at standar
reference atmospheric conditions shall be determined by multiplying the withstand voltag
required at the environmgntal site by an altitude correction factor K,. The correction factor sha|

not be applied for routine tests, because a routine test validates the quality of the interna
sulation only.

— —® O 0P O

—

he altitude correction factor shall be determined in accordance with IEC 60071-2:2023, 7.2.2,
sing Formula H.11 from Annex H of IEC 60071-2:2023 as follows:

H —1000 |
m 8150 (€))

c

K =¢

where
H is the altitude above sea level (in meters);
m is as follows:
m = 1,0 for co-ordination lightning impulse withstand voltages;
m = 1,0 for power-frequency withstand voltages in the case of wet tests;

m is in accordance with Figure 1 for co-ordination switching impulse withstand voltages.
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Figure 1 — Factor m for the switching impulse withstand test

o withstand a voltage at an altitude greater than 1 000 m, it'can be necessary to increase th

o O

erified arcing distance of a similar product, it can be cénsidered valid without further testing.

the withstand voltages corrected for altitude cahhot be validated by an increased arcin
istance of a similar product, external insulation shall be tested in accordance wit
FC 60071-2:2023.

D Q

is considered that the altitude does netlaffect the internal insulation.

.2.4 Loading beyond rated power

ny overload rating, if needed,“shall be defined by the user.

.2.5 Other special (unusual) environmental conditions
ther special envirenmental conditions include the following:

a) Damaging.fumes or vapours, excessive or abrasive dust, explosive mixtures of dust gr
gases;.steam, salt spray, etc.
b) Special vibration, tilting, shock, or seismic conditions.

c)- Special transportation or storage conditions.

d) Special space limitations.

e) Special maintenance problems.
f) Special duty or frequency of operation, or high-current short-duration loading.

g) Unbalanced AC voltages, or departure of AC system voltages from a substantially
sinusoidal wave form.

h) Conditions exceeding those listed in 5.1.

i) Special voltage conditions (transient overvoltages, resonance, switching surges, etc.)
can require special consideration in insulation design.

j) Unusually strong magnetic fields. It should be noted that solar magnetic disturbances
may result in the flow of telluric currents in transformer neutral(s).
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6 Ratings

6.1 Secondary voltage

The maximum rated voltage of the power winding shall be 1 000 V.

The rated voltage of a secondary winding is equal to the no-load secondary voltage and ma

y

be higher than the nominal secondary voltage. This is to compensate for the voltage drop due

to loading which occurs with unity or lagging load power factors.

he rated voltage of the secondary winding is equal to the rated voltage of the primary windin
ivided by the turns ratio. At least two of the following shall be known in order to design a
SVT:

mno -

1) rated voltage of the primary winding;
2) rated voltage of the secondary winding;

3) turns ratio.

Tlhe values in the above list may be established based on a calculation of voltage drop a
described in 6.5.4 if the necessary parameters are known. Alternatively, they may be based o
t:Fe maximum secondary voltage allowed by standards or operating practices applicable to th
imstallation.

The rated secondary voltage shall be shown on the SSV.T'nameplate.

6.2 Cooling classes of SSVTs

gSVTs shall use the ONAN or KNAN mode of:cooling for liquid-immersed SSVTs and GNA
mode of cooling for gas-filled SSVTs.

6.3 Frequency

nless otherwise specified, SSVTs'shall be designed for operation at a frequency of 50 Hz @
0 Hz.

(o) N el

6.4 Rated power

Hower ratings are foricontinuous duty and are based on not exceeding the limits of temperatur|
rise. The temperature rise shall not exceed the temperature rise class or insulation class afs
diven in 6.18.

Hreferred power ratings for SSVTs are:

25-50-75-100-167 — 250 — 333 — 500 kVA

=

[CEE= 2]

=

]

These ratings are based on the normal temperature and altitude environmental condition
specified in 5.1.

6.5 Voltage ratings and taps
6.5.1 General

Standard nominal system voltages and maximum system voltages are listed in Table 4.

6.5.2 Voltage ratings

The voltage ratings are at no load.

S
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6.5.3 Ratings of SSVT taps

Whenever an SSVT is provided with taps from a winding for de-energized operation, they shall
be full power taps.

6.5.4 Voltage drop or rise (voltage regulation) for a specified load condition

The voltage drop or rise (voltage regulation) for a specified load condition may need to be
calculated to help ensure compliance with system standards or operating practices.

Hxamples of formulae for calculating regulation are shown in Formula (4) and Formula (5):

a) When the load is lagging:

Ureg:\/<R+Fp)z+(X+q)2—1 )

b) When the load is leading:

Ureg:\/(R+Fp)2+(X—q)2—1 (8)

where:
Utreg is the voltage drop or rise (voltage regulation)
Fy is power factor of load
2
q = «/1—Fp
R is resistance factor of SSVT, which is equal to the load loss in kilowatts divided by
the rated power in kilovoltamperes
X is reactance factoriof SSVT: x =+/z2 - R?
Z is impedance( factor of SSVT, which is equal to the short circuit impedance in

percentage multiplied by 100.

—

he quantities Fp,.¢, R, X, and Z are on a per-unit basis. Results shall be multiplied by 100 tp
btain the percentage of regulation.

(o]

6.6 Connections

Jtandard connection arrangements shall be in accordance with |IEEE Std C57.12.70™ qr
IEC.60076-1, however the arrangement may be varied by the manufacturer when desigh
conditions so dictate. The connection arrangements for measuring are as specified in
IEEE Std C57.13™ or IEC 61869-3.

6.7 Markings
6.7.1 Polarity of single-phase SSVTs

The polarity of SSVTs covered by this document shall be as follows: the voltage at terminals A
or H1 shall be in phase with the voltage at terminal a or X1.

6.7.2 Terminal markings

Terminal markings shall be in accordance with IEEE Std C57.13 or IEC 61869-3.
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6.7.3

A durable weatherproof nameplate designed to be legible for the life of the equipment shall be
affixed to the outside of each SSVT by the manufacturer. Unless otherwise specified, it shall be
made of corrosion-resistant material. It shall bear the rating and other essential operating data
as specified in Table 3. This document recognizes the use of metric (Sl) and imperial (U.S.
customary) units for data appearing on SSVT nameplates. It should be noted that although this
document recognizes the possibility of using Sl units as an alternative to the U.S. customary
units used in the past, it is not intended that both appear on the specific nameplate. However,

Nameplates

units used shall be explicitly shown.

Table 3 — Nameplate information

1 Serial number 2

2 Month/year of manufacture

3 Model / Style number

4 Cooling class (ONAN, GNAN, KNAN)

5 Frequency

6 Rated output power 2

7 Rated primary and secondary voltages @

8 Voltage factor

9 Insulation levels (BIL, BSL)

10 Temperature rise class or insulation class

11 Polarity (Subtractive)

12 Highest voltage for equipment and rated voltage factor

13 Short-circuit impedance

14 Short-circuit voltage [%] (alias impedance voltage)

15 Arc-proof current and duration«(if applicable)

16 Approximate total mass in kg-or weight in Ib

17 Winding and connectioh_diagram (optional placement on separate nameplate)

18 Name and location-(€ountry) of manufacturer

19 The abbreviation SSVT

20 Type of jnsulating liquid (generic name preferred) °

or gasrtype

21 Conductor material (of each winding)

22 Eiquid volume or mass of gas

23 Measuring accuracy class (if applicable)

24 Rated burden of the measuring winding (if applicable)

25 Power winding load range for rated measuring winding accuracy

26 Rated filling pressure, minimal functional pressure and alarm pressure (if applicable)
27 Standard reference number including edition

a8 The letters and numerals showing kVA, serial number, and voltage ratings shall have a minimum height of
4,00 mm (0,157 in) whether engraved or stamped. The height of other letters and numerals shall be optional
with the manufacturer.
b For liquid filled units, the nameplate shall state: "Contains no detectable level of PCB at the time of

manufacture”.
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6.8 Turns ratio
6.8.1 General

The turns ratio of an SSVT is the ratio of the number of turns in the primary winding to that in
the secondary winding.

6.8.2 Taps

When an SSVT has taps for changing its voltage ratio, the turns ratio is based on the number
turns corresponding to the normal rated voltage of the respective windings to which operating
nd performance characteristics are referred.

L9 Accuracy ratings of measurement windings

.9.1 General

=

he accuracy of measuring windings will vary with loading of the power windjng. The variatio
ig influenced by both load kVA and power factor (Fp) of the power winding. Non-sinusoidal loa

currents may result in non-sinusoidal measuring voltages.

[®N

[®N

he accuracy performance of the measurement winding shall bg specified over a range of loa
the power winding. The load range for different power factors’may be specified separately.
atio and phase error limits may be specified separately fora’specific load range.

|

b~

s a minimum, the following values for which the guaranteed accuracy performance is achievefd
hall be specified:

n

power winding load range at unity power fagtor;

power winding load range at 0,8 lagging ‘power factor.

f only one range is specified, it shall apply to both values of the power factor.

Qther accuracy ratings may be specified by the user.

Tlhe load range may be expressed in kVA or as a percentage of rated output power S,.
Hxamples of correctly specified measurement winding information:
Example 1: |[EC Class 0,5 75 VA Power winding load range: 0 kVA to 5 kVA
IEEE Class 0,6 WXY Power winding load range: 0 kVA to 5 kVA
Ejxample 2:_J IEC Class 3P 200 VA Power winding load range: 0 % to 25 % at F, = 0,8
0 % to 35 % at Fp = 1,0
IEEE Class 1,2 WXYZ Power winding load range: 0 % to 25 % at Fp = 0,8
0% to35%atF,=1,0
Example 3: IEC Class 0,5 75 VA Power winding load range: 0 kVA to 5 kVA at F, = 0,8

0 kVA to 7,5kVA at Fp, = 1,0
Class 1,0 75 VA Power winding load range 0 kVA to 10 kVA at F, = 0,8

0 kVA to 15 kVA at F, = 1,0
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IEEE Class 0,6 WXY Power winding load range: 0 kVA to 5 kVA at F, = 0,8
0 kVAto 7,5kVA at Fp, =1,0
Class 1,2 WXY Power winding load range: 0 kVA to 10 kVA at F, = 0,8
0 kVA to 15 kVA at F, = 1,0

Example 4: (applicable to both IEC and IEEE) Voltage (ratio) error +3 %, phase error £250 min

Power winding load range: 0%to75%atF, =08

0 % to 100 % at F, = 1,0

6.9.2 Assignment of accuracy class

b~

ccuracy class shall be according to Clause 5 of IEEE C57.13-2016 or IEC 61869-3:2011, 5.9.

6.9.3 Accuracy classification for SSVT with two secondary measuring windings or
tapped secondary windings

he burden on any two secondary terminals affects the accuracy/on-all other terminals. Th
urden stated in the accuracy ratings is the total burden on the SSYT. The accuracy class sha
pply with the burden divided between the secondary outputs.in(any manner.

o -

=

.10 Short-circuit impedance

he short-circuit impedance shall be referred to a’temperature equal to the rated average
inding temperature rise by resistance, specified in\Table 7, plus 20 °C.

hen specifying short-circuit impedance, the\user may specify a minimum value, in order t
it short-circuit current, a maximum value, in order to limit voltage drop due to loading, or
referred range of impedance.

O O

ach SSVT design has an inherent short-circuit impedance. It is recommended to limjt
rgstrictions on short-circuit impedance to those which are necessary for the application.

.11 Total losses

he total losses of an SSVT are equal to the sum of the no-load losses and the load losses.

he reference temperature for the load losses of an SSVT shall be the temperature rise clasps
specified in Table 7 plus 20 °C. The standard reference temperature for the no-load losses ¢
n SSVT shall'be 20 °C.

—h

.12 ~Rated insulation levels of primary terminals

L1211 Line terminal

SSVTs shall be designed to provide coordinated power frequency and impulse insulation levels
on line terminals and power frequency insulation levels on neutral terminals. The coordinated
levels shall be identified by the highest voltage for equipment and basic lightning impulse
insulation level (BIL). The BIL will be selected dependent on the degree of exposure of the
SSVT and characteristics of the overvoltage protection system.
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Table 4 — Basic impulse insulation levels and power frequency withstand voltages

Nom. I-::ghesft Switching
system voltage for Lightning impulse impulse Power frequency
equipment Source a .
voltage voltage (BIL) voltage withstand voltage
(IEEE) (U,,) (BSL)
(kV, RMS) (kV, RMS) (kV, peak) (kV, peak) (kV, RMS)
Full wave Choppsd Dry WetP
wave
46 48,3 IEEE 250 290 — 95 95
52 IEC 250 290 — 95 95
IEC 325 375 — 140 140
69 72,5
IEEE/IEC 350 400 — 140 140
100 IEC 450 520 — 185 185
IEEE/IEC 450 520 — 185 185
115 123
IEEE/IEC 550 630 — 230 230
IEEE/IEC 550 630 — 230 230
138 145
IEEE/IEC 650 750 — 275 275
IEEE/IEC 650 750 — 275 275
161 170
IEEE/IEC 750 865 — 325 325
IEEE 900 1035 — 395 395
230 245 IEC 950 1090 — 395 395
IEEE/IEC 1 050 1210 — 460 460
IEC 950 1090 750 396 —
300
IEC 1050 1210 850 460 —
IEC 1 050 1210 850 460 —
345 362 IEEE/IEC 1175 1350 950 510 —
IEEE/EC 1 300 1 500 975 575 —
[EC 1 300 1 500 950 570 —
420
IEC 1425 1640 1050 630 —
IEC 1425 1640 1050 630 —
500 550 IEEE/IEC 1550 1785 1175 680 —
IEEE 1800 2070 1300 830 —
IEC 1950 2 250 1425 880 —
765 800
IEEE/IEC 2100 2420 1550 975 —
IEC 2 250 2 590 1550 —
IEC 2 550 2930 1800 —
IEC 2 250 2 590 1675 —
1200 IEC 2 400 2760 1800 1200 —
IEC 2700 3105 1800 —

Caution — The selection of a lower BIL for a given nominal system voltage also reduces other requirements as

tabulated in this Table 4 and should be supported by insulation coordination studies. The acceptability of these
reduced requirements should be evaluated for a specific SSVT design and application.

The minimum time to chopping shall be 3 ps.

For test procedures, see IEEE Std 4™ or IEC 60060.
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6.12.2 Creepage distance requirements

The following minimum creepage values in Table 5 are based on U, / J3 . These values may
need to be adjusted for factors such as shape, number of sheds, and bushing inclination.

Table 5 — Creepage distances as a function of U,/ \/3

Contamination

Creepage distance

oot

LIHIIK

20 JTAW]
ZO mmrey

Medium 35 mm/kV
Heavy 44 mm/kV

Extra heavy

54 mm/kV or greater

—

he definitions of contamination levels are provided in IEEE C57.19.100 andyIEC 60815-1.

(<]

.12.3 Basic lightning impulse insulation level (BIL)

b~

BIL from Table 4 shall be assigned to the line terminal of the HV winding.

(<]

.12.4 Switching impulse insulation level (BSL)

=

Vindings for U, equal to or greater than 300 kV shall b&.designed for the BSL associated with
he assigned BIL as shown in Table 4.

—

]

.12.5 Neutral terminals

—
~

he neutral terminal of the primary winding, shall withstand a 19 kV RMS applied-voltage tes
cording to clause 8.5.3 of IEEE C57.13-2016 or 3 kV power frequency withstand voltage tes
cording to IEC 61869-1:2023, 5.4.2:)In some cases the voltage ratio adjustment is achieve

tapping the primary winding in itsipart close to the neutral terminal. In this case the SSVT i
cpnsidered to have multiple neutralterminals.

[/200 ©

.13 Rated insulation levels of secondary terminals

.13.1 Secondary power windings terminals

—

he rated power frequency withstand voltage of secondary power windings is 5 kV (RMS) fg
s. For windings divided into two or more sections the same rating applies between sectiong.

.13.2 Secondary measuring windings terminals

~

he nated power frequency withstand voltage of secondary measuring windings is 3 kV (RMS
for<60s. For windings divided into two or more sections the same rating applies betweep

OTTTIoTTOoT

6.14 Insulation resistance requirements

The insulation resistances between individual windings and earth and between windings shall
be measured at a voltage not less than 1,0 kV (DC). The measured values shall not be less
than 200 MQ.
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6.15 Earth shield requirements

The SSVT shall be provided with an earth shield between the primary winding and the
secondary windings. The existence of the earth shield shall be verified by 9.4.12.

NOTE The earth shield provides some degree of protection in the secondary circuit against an insulation failure
between the primary and secondary windings.

6.16 Dissolved gas and water content requirements for new mineral oil-immersed
SSVTs

]

or new mineral oil-immersed SSVTs, the maximum concentration of the dissolved gas-an(d
ater content in the oil, after all tests, shall be in accordance with the values in Table 6!

=

—

he minimum sensitivity of gas spectrum analyzer shall be in accordance with thejlast columhn
f Table 6.

o

Table 6 — Dissolved gas and water content for new mineral oil-immeérsed SSVTs

Maximum concentration Minimum sensitivity
Component
(p.p-m.) (p.p-m.)
Hydrogen H, 15,0 2,0
Carbon monoxide co 40,0 5,0
Carbon Dioxide Co, 200,0 10,0
Methane CH, 5,0 0,1
Ethylene C,H, 2,0 0,1
Ethane C,Hq 3.0 0,1
Acetylene C,H, Not detectable 0,1
Water H,O 10,0 3,0

NOTE Table values from IEEE C57.185™,

.17 Internal arc requirements

n SSVT, when'déesigned to limit the hazardous effects of an internal arc, shall conform during
e test with the requirements defined for the classes as provided in 6.17.1 and 6.17.2.

6
6.17.1 General
A
t

he special features of internal arc protection shall be specified in the enquiry, including th

D O

The values of rated arc-proof current should be selected from the R 10 series, specified in
IEC 60059.

NOTE 1 The R 10 series comprises the numbers 1 -1,25-1,6-2-2,5-3,15-4 -5 - 6,3 — 8 and their products
by the powers of 10.

NOTE 2 If the specified rated arc-proof current is higher than the actual phase to earth fault current it can require
over-design of the SSVT.
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6.17.2

—-31-—

Internal arc protection class |

A specific design with a feature that, during an internal arc test with the arc taking place at a
location, which is technically most probable, the debris of the SSVT will be confined to a circle
centred at the SSVT. The diameter of this circle is equal to the sum of twice the height of the
SSVT and the diameter, or largest horizontal dimension, of the SSVT.

6.17.3 Internal arc protection class Il

A specific design with a feature that, during an internal arc test with the arc taking place at a
Igcation, which is technically the most probable, will not fracture the insulator or housing of ith
SVT.

9]

OTE The above definitions regarding the classification of internal arc protection apply only to the test)conditior]
specified in this document. The SSVT can have different performance during an in-service internalfarC fault. Refé
tg Annex B for more information regarding the interpretation of internal arc protection. The performance does n
apply to any internal pressure relief device (e.g. rupture disc and protective cover, if applicable)\provided with th

VT.

O A =0

.18 Temperature rise and loading conditions for SSVT

he limits of observable temperature rise in SSVTs when tested in atccordance with their rating
all be as given in Table 7.

(7))
[2]

SVTs of standard temperature rise may be operated at rated power at altitudes higher tha
000 m (3 300 ft) provided that the cooling air temperature does not exceed the values i
able 8 for the respective altitudes. If this is done, the-standard temperature limits will not bge
xceeded.

o R

D - =

[®N

I{ is recommended that when SSVTs with standard temperature rise are used in standar,
ambient temperatures at altitudes greater ¢han 1 000 m (3 300 ft), the maximum power b
reduced below rating by 0,4 % for each 100>m (330 ft). If this is done, the standard temperatur
rise will not be exceeded.

D O

=

Tlhe top-oil temperature is the temperature of the top layer of the insulating fluid, which fq
§SVTs is generally measured approximately 50 mm below the top of the housing surrounding
the core and windings.

Table 7 — Limits of temperature rise

30 °C ambient, 24 h average
Type of SSVI Insulation Average Hottest spot Top-oil Other metallic
class winding winding temperature parts
temperature temperature rise (K) temperature
rise (K) rise (K) rise (K)
55 55 65 55 65
Oil insulated
65 65 80 65 80
120 (E) 75 90
130 (B) 85 100
Gas insulated N/A 80
155 (F) 110 125
180 (H) 135 150
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Table 8 — Maximum allowable 24 h average temperature of
cooling air to permit SSVT to operate at rated power

Insulation Average winding Cooling air temperature (°C)
Class temperature rise :
(K) at altitude (m)
1000 2000 3000 4000
55 55 30 28 26 23
65 65 30 27 25 22
120 (E) 75 30 27 24 21
130 (B) 85 30 27 23 20
155 (F) 110 30 26 21 17
180 (H) 135 30 25 19 14
It is recommended that the average temperature of the cooling air be calculated by
averaging 24 consecutive hourly readings. Alternatively, the average of the-maXimum
and minimum daily temperature may be used. The value that is obtained in{this manner
is usually slightly higher than the true daily average.

Tlerminals for use in air shall be designed so that their maximyum, operating temperature whep
g¢sted with their ratings do not exceed the values provided i Table 9.

—

Table 9 — Maximum operating temperature of power
terminals intended for bolted connection in air

Performance Bare copper or Tin-plated Silver-plated Stainless steel
aluminum terminals terminals terminals
terminals

(°C) (°C) (°C) (°C)

Maximum operating

90 105 115 115
temperature

6.19 Partial discharge requirements

Maximum partial discharge voltages are provided in Table 15 of 9.4.8.

6.20 RIV requirements

Maximum R\ \woltages are provided in Table 16 of 9.5.5.4.

71 Construction

AN o . s fortiatuid-filled-SSVE

Tank pressure under rated conditions for sealed SSVTs shall not exceed two atmospheres
(101,3 kPa relative or 14,7 psig) unless requirements of applicable Pressure Vessel Code
(BPV) are met.

7.2 Mechanical performance requirements
7.21 Overview

All SSVTs shall comply with the following mechanical performance requirements described in
7.2.2 and 7.2.3.
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7.2.2 Sealing requirements tests
7.2.21 General

All SSVTs shall be sealed against leakage of insulating medium for the normal environmental
conditions stated in 5.1.

7.2.2.2 Liquid filled SSVTs

The manufacturers shall review the sealing tests outlined in Table 10 and adopt the one most
suitable for their SSVTs. Other test methods can also be fully acceptable.

Tlhe manufacturer shall submit the routine sealing test procedure and acceptance criteria to thg
user for approval.

Table 10 — Sealing test options for liquid filled SSVTs

Test Average oil Internal pressure Time
temperature kPa relative
°C h
(1 50 35 24
() 50 103 12
1y 2 85 0 12
(V) 25 35 60
(V) 25 103 24
@ This document recommends this procedure for SSVTs equipped with oil
expansion diaphragms or bellows» Other procedures as shown in this
Table 10, with application of pressure, e.g. by clamping the oil expansion
diaphragms or bellows, instead,of' raising the average oil temperature of the
SSVT to 85 °C should alsosbe‘considered acceptable.

7.2.2.3 Gas-filled SSVTs

Tlhe construction of the tank®shall be in accordance with the national standards on enclosurefs
for gas-filled electrical equipment. The manufacturer shall submit the certificate of the tank tp
the user for approval befere the routine tests.

Tlhe tightness chabacteristic of a gas-filed SSVT shall be consistent with a minimum
aintenance and_inspection philosophy.

he tightness of closed pressure systems for gas is specified by the relative leakage rate F},
the_gas-filled SSVT.

per year, for SFg and SFg-N, mixtures.

Lower leakage rates can be specified according to national regulations and regional practice.
An increased leakage rate at extreme temperatures is acceptable, provided that this rate resets
to a value not higher than the maximum permissible value at normal ambient air temperature
prevailing in factories. The increased temporary leakage rate shall not exceed the following
values (where T| is the lower limit of the ambient temperature range):

a) For low ambient temperature (7 = -5 °C, =10 °C, =15 °C, =25 °C and -40 °C): 1,5 %/year

b) For ultra-low ambient temperature (7| = -50 °C): 3,0 %/year
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The manufacturer shall submit the routine sealing test procedure and acceptance criteria to the
user for approval.

7.2.3 Mechanical strength of the SSVT

All SSVTs intended for pedestal mounting shall be capable of withstanding the following non-
simultaneous mechanical stresses:

a) Static terminal loads according to load values shown in Table 11 and Table 12;

L _\AL ol ] P oot H P N <l +lo H -+ ol Fppn | + ol ol [aYalWis sl + +
V) vviITTU TUAU To UTILITTITITICTU UdoTU UITT UTTT opPJTUITICTU TTUUTOSITU WITIU SJTTU. OOV T OolITITYU

to withstand a wind force may be demonstrated by using a static analysis;

c) If the SSVT's high voltage insulator is installed with its center line not in thesyertica
direction, a resulting mechanical stress produced by an ice coating of 20 mm-(0,79 in)
may be added into the total mechanical stress on the insulator;

—h

d) Seismic performance qualification shall be performed as per the Jlatest edition ¢
IEEE Std 693 or the latest revision of IEC 61869-1.

Table 11 — Static terminal loads for high voltage termijnals

Highest voltage for equipment Static terminaldoad
U, in N (1b)
<170 1 000\(225)
245 to 362 1250 (281)
2420 1500 (337)

Table 12 — Static terminal loads for low voltage terminals

Rated terminal current Moment
in A in N-m (ft-1b)
<500 100 (75)
> 500 135 (100)

NOTE The ft-lb values are rounded up to the nearest whole
number.

nlike high voltagethushings, low voltage bushings normally have the length of the insulatiop
art relatively shorter than the terminal part. The typical length of the insulation part is from
ss than 25@mm’ (1 inch) up to about 50 mm (2 inches), while the typical length of the
cpnnectingtetminal part might be well above 100 mm (4 inches). As the testing force could b
pplied anywhere on the terminal, different locations of the applied force on the terminal migh
cpuse significantly different bending moment values at the sealing surface of the bushing (t
n SSVT wall), and consequently alter the result of the cantilever test. Therefore, the tes
requirement is specified as a moment to eliminate the effect of the testing force location.

oo

e
t
0
t

For example, the test requirement values in Table 12, with current less than or equal to 500 A,
is equivalent to a testing force of 680 N (150 Ibf), at the end of a bushing which has 150 mm
(6 inches) total length from the end of the terminal to the sealing surface.

The sum of loads acting in routine operating conditions should not exceed 50 % of the specified
terminal load.

Test procedure is specified in 9.5.2.
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7
7

.3 Liquid insulation system

.31 Insulating liquids

SSVTs shall be filled with a suitable insulating liquid such as:

a) Mineral oil: New, unused mineral oil shall meet the requirements of ASTM D3487 or

IEC 60296.

NOTE 1 |IEEE Std C57.106™ and IEC 60422 provide information concerning the acceptance an
maintenance of mineral oil, including dielectric test breakdown criteria according to oil application. age. a

d
d

= -

D (D

N

7.

test method.
b) Less flammable hydrocarbon fluid: New, unused less flammable hydrocarbon fluid\sha
meet the requirements of ASTM D5222 or IEC 60867.

NOTE 2 |EEE Std C57.121™ provides information concerning the acceptance and maintehance of les
flammable fluid in transformers.

c) Silicone fluid: New, unused silicone fluid shall meet the requirements off ASTM D2225 g
IEC 60836.

NOTE 3 |IEEE Std C57.111™ and IEC 60944 provide information congerning the acceptance an
maintenance of silicone insulating fluid in transformers.

d) Natural ester fluid: New, unused natural ester fluid shall, meet the requirements ¢
ASTM D6871 or IEC 62770.

NOTE 4 |EEE Std C57.147™ provides information concerning the acceptance and maintenance of natur
ester fluids in transformers.

e) Synthetic ester fluid: New, unused synthetic ester fluid shall meet the requirements ¢
IEC 61099.

NOTE 5 IEC 61203 provides information concérning the acceptance and maintenance of synthetic estg
fluids in transformers.

here are other insulating fluids that may-be suitable and are commercially available. At th
me of writing of this document, neither ASTM specifications nor |IEEE guides provid
uidelines for use of liquids other than'those mentioned above.

.3.2 Insulating liquid preservation

SVTs shall be equipped with an insulating liquid preservation system such as the followin
xamples:

a) Sealed tank-system
b) Gas-oil seal system

c) Metallic'bellows

OTE \arious insulating liquid (oil) preservation systems are described and defined in IEEE Std C57.12.80.

—h

hl

—h

[

4/ ,Gas insulation system

7

4.1 Requirements for gases in SSVTs

The equipment manufacturer shall specify the type and the required quantity, quality and
density of the gas to be used in an SSVT and provide the user with necessary instructions for
renewing the gas and maintaining its required quantity and quality. This requirement does not

a

pply to sealed pressure systems.

For sulfur hexafluoride (SFg)-filled SSVTs, new SFg shall comply with ASTM D 2472 or
IEC 60376.
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In order to prevent condensation, the maximum allowable moisture content within gas-filled
SSVTs filled with gas at rated filling density for insulation shall be such that the dew point is
not higher than -5 °C for a measurement at 20 °C. Corrections shall be made for measurement
made at other temperatures. For the measurement and determination of the dew point, refer to
IEEE C37.122.5™ or to IEC 60376 and IEC 60480.

NOTE Attention is drawn to the need to comply with local regulations relevant to pressure vessels, e.g., ASME
Boiler and Pressure Vessel Code.

7.4.2 Pressure monitoring devices

(losed pressure systems filled with compressed gas and having a minimum functional pressure
above 203 kPa (29,4 psia) shall be provided with pressure (or density) monitoring devices, t
be continuously, or at least periodically, checked as part of the maintenance program.

O

Tlhe pressure/density monitors shall have switches for low pressure alarming and/er tripping.

Hor SSVTs having a minimum functional pressure not higher than 203 kPa’(29,4 psia), such
means should be subject to agreement between manufacturer and user,

7.4.3 Tank construction and maximum gas leakage rates

Tlhe construction of the tank shall meet the requirements of 7.2.273.

7.5 Earthing

~J

.5.1 SSVT tank earthing

A tank earthing pad shall be provided and consist of a copper-faced steel pad, aluminum pagd
or a stainless-steel pad without copper facing."Minimum thickness of the copper facing shall be
0,4 mm (0,015 in).
Tlhe recommended dimensions for thetvearthing pad are shown in Figure 2.
2 identical holes
—1" C -
I
| A
¥ A
--—--i—-—— <| o
A
| A
| IEC
Profile A B T
mm (In) mm (In) mm (In)
IEEE 44,5 (1,75) 88,9 (3,50) 50,8 (2,00)
IEC 50,0 (1,97) 100,0 (3,94) 40,0 (1,57)

Figure 2 —- Recommended earth pad dimensions

The earth pad shall be welded on or cast into the base or on the tank wall near the base. If the
base is detachable, the earth pad shall be located on the tank wall. The preferred location of
the earth pad is the right-side tank wall as viewed facing the low voltage terminal box.
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F
d

or SSVTs following the IEEE profile, the holes should be threaded 2-13 UNC with a minimum
epth of 13 mm (0,5 in). Thread protection is recommended. Alternatively, two through holes

may be provided. The diameter of the through holes should be 14,3 mm (0,562 in). In this case
the thickness of the earthing pad should be 10 mm (or 0,375 in) minimum.

F

or the SSVTs which are determined to follow the IEC profile, the earth pad dimensions may

comply with applicable national standards.

7

.5.2 Earthing of core

= QO

—

Do —

=

=~ 0

fd

e | ~

he SSVT core shall be electrically connected to the SSVT tank in such a way to avoid a circult
op.
.6 Degrees of protection by enclosures

.6.1 General

egrees of protection shall be specified, for all enclosures of SSVTs caontaining live parts, als
ell as for enclosures for appropriate low-voltage control and/or auxiliatylcircuits.

he following parts shall be considered as an enclosure, if existing:

Low-voltage terminal box(es);
Compensation equipment for thermal dilatation of oil.

OTE Other components can be considered as enclosures according to the definition in 3.1.2.

.6.2 Protection of persons against access-to/hazardous parts and protection of the
equipment against ingress of solid. foreign objects

he degree of protection of persons provided by an enclosure against access to hazardou
arts of the main circuit, control and/ex auxiliary circuits shall be indicated by means of
esignation specified in IEC 60529 for SSVTs that follow the IEC profile and NEMA 250 fg
SVTs that follow IEEE profile.

= D 0

OTE Generally the protection of persons against access to hazardous parts of live circuit, or control or auxilia
rcuits, and the protection of the SSVTs against foreign objects, can be provided by the immediate surroundings
e SSVT, such as substation fence, building, module enclosure, and so on. Further protection can be required as
ature of the whole SSVT or parts of it.

<

[

.6.3 Protection:against ingress of water
.6.3.1 General

he degreé of protection provided by an enclosure against ingress of water may be indicatefd
y means_of a designation specified in IEC 60529 for SSVTs that follow the IEC profile an
EMA- 250 for SSVTs that follow IEEE profile.

[oN

7

-6-3-2—Recommendedprotectiontevet

The recommended minimum degree of protection for low-voltage control and/or auxiliary

e

7.

nclosures for SSVTs is IP54 or NEMA 3, depending on the profile.

6.4 Protection of equipment against mechanical impact under normal
environmental conditions

The mechanical degree of protection of enclosures of SSVTs shall comply with the requirements

(0]

f IEC 62262, as there is no NEMA equivalent at the time of writing of this document.

For SSVTs, the recommended level of protection against effects of mechanical impacts is
impact level IK10 (Protected against 20 Joules Impact).


https://iecnorm.com/api/?name=fdcb6dc899ab6030d5d595ab3e4af431

- 38 - IEC/IEEE 63253-5713-8:2024
© IEC/IEEE 2024

Corresponding tests are specified in 9.6.5.2.

7.6.5 Tank or enclosure finish

Temperature limits and tests shall be based on as-delivered finish. It should be noted that some
designs may have unpainted finish. It should be noted that metallic-flake paints, such as
aluminium and zinc, have properties that increase the temperature rise of SSVTs, except in
direct sunlight.

Short-circuit characteristics

.1 Short-circuit withstand requirements
1.1 General

SVTs shall be designed and constructed to withstand the mechanical and‘thermal stressejs
roduced by external short-circuits on the low voltage winding.

hort-circuit withstand capability can be adversely affected by the~cumulative effects qf
repeated mechanical and thermal overstressing produced by short<circuits and loads beyongd
the nameplate rating. It is not feasible to continuously monitor and quantitatively evaluate the
degrading effects of such duty; short-circuit tests, when required; should be performed prior tp
lacing SSVT(s) in service.

1.2 Duration of short-circuit tests

()

hen short-circuit tests are performed, the duration of each test shall be 0,25 s except that on
test satisfying the symmetrical current requirement shall be made for a longer duration. Th
duration of the long test shall be 2 s.

(]

Iong-duration tests should be specified at purchase. When making consecutive tests witho
llowing time for winding cooling, care should be taken to avoid exceeding temperature limi
pecified in 8.3) for SSVTs under short-circuit conditions.

or special applications when longer fault durations are common in service, specil
t

1.3 Number of short-¢ircuit shots

he short-circuit test . sequence shall consist of two "short" tests with asymmetrical current and
ne "long" test withssymmetrical current.

.2  Short-circuit current calculations
.2.1 Symmetrical current

I{ shauld be noted that the required RMS value of symmetrical current in each winding shall b
determined by calculation as shown in Formula (6) and Formula (7).

[

I
Isc = (6)
I
I :i (7)
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where
I is the symmetrical short-circuit current in multiple of normal base;

Igc is the symmetrical short-circuit current (A, RMS);

Ir is the rated current on the given tap connection (A, RMS);

z s the relative short-circuit impedance of the SSVT on the given tap connection, in percent

(see 3.5.5).

8.2.2 Asymmetrical current

The first-cycle asymmetrical peak current that the SSVT is required to withstand shall ’b
determined as shown in Formula (8) and Formula (9).

wWhere
@& is arc tan (x/r) (radians);
e is the base of natural logarithm;

is the ratio of effective AC reactance to resistance, both in ohms, in the total impedanc|
that limits the fault current for the SSVT<¢onnections when the short-circuit occurs.

=
~

.3  Temperature limits of SSVTs for short-circuit conditions

- oo

he temperature of the conductor.material in the windings of SSVTs under the short-circu
pnditions specified in 8.1.1 through 8.1.3, as calculated by methods described in 8.2, shall ng
xceed 250 °C for copper conductor. A maximum temperature of 250 °C shall be allowed fg
luminum alloys that have.resistance to annealing properties at 250 °C equivalent to aluminun

200 °C, or for applications of aluminum where the characteristics of the fully anneale
aterial satisfy the mechanical requirements. In setting these temperature limits, the followin
factors were considered:

(Ol e)

T O = =

a) Gas generation from oil or solid insulation,
b) Conductor annealing,

c) Insulation aging.

8.4/ Calculation of winding temperature during a short-circuit

he final winding temperature 0, at the end of a short-circuit of duration, ¢, shall be calculated
as shown in Formula (10) and Formula (11). All temperatures are in degrees Celsius.

2><(60 +235)
106000

) -1
Joxt

01 =0+ for copper

(10)

Isc(pkasym) = Klsc @)

K =41+ e_(mgj£ sing (/2 (9

[d
~

()]

—
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2><(90 +225) o
qu for aluminium (11)

J2xt

912(904-

where
0o is the initial winding temperature in degrees Celsius (°C);

J| is the short-circuit current density in amperes per square millimeter (A/mm2), basedioh
the RMS value of the symmetrical short-circuit current;

t is the duration in seconds (s).

Hormula (10) and Formula (11) are based on adiabatic condition and are valid“for only g

n

hort-time duration, not exceeding 10 s.

9 Tests

9.1 General

Tlests shall be done at the factory or other testing facilities desighated by the manufacturer.

.2 Dielectric tests

2.1 General

Dielectric tests should be done with the SSVT at ambient temperature between 10 °C and 40 °Q
nd unless otherwise specified, the voltage¢shall be measured in accordance with IEEE Std
r IEC 60060-2.

=

.2.2 Dielectric tests at factory

he purpose of dielectric tests in the factory is to check the insulation and workmanship ang
hen required, to demonstrate.that the SSVT has been designed to withstand the specifie
imsulation tests.

o

or SSVT using compressed gas for insulation, dielectric tests shall be performed at minimurn
finctional pressuref(density) as specified by the manufacturer. The ambient temperature an
ressure of the gas/shall be measured and noted before test(s).

[© N )

.2.3 Dielectric tests by end user

[oN

I is recognized that the dielectric tests impose a severe stress on the insulation and, if applie
frlequently, will accelerate ageing of the insulation and may cause premature failure/breakdown.

he‘imposed stress is more severe when the applied voltage is higher. Hence, periodic testing
is not advisable.

It is recommended that user tests of insulation are not in excess of 75 % of the factory test
voltage; for old apparatus rebuilt in the field, tests should not be in excess of 75 % of the factory
test voltage; and the periodic insulation tests by the user should not be in excess of 65 % of
the factory test voltage. Tests done by the user for design approval may be made at 100 % of
the factory test voltage.
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9.3 Overview of tests for SSVTs

41 -

9.3.1 General
Table 13 — Routine, type, and other tests for SSVTs
Test Comments Clause
Routine Type Special
Resistance measurements of .
DA 9.4.1
indings
Verification of terminal markings .
f 9(4.2
hnd polarity
Vinding insulation resistance * 9.4.3
No-load losses and excitation
Characteristics with respect to * * 9.4.4
ated voltage
oad-losses and impedance These measurements shal’be
i P * taken at all secondary. winding 9.4.4.2
measurements
taps.
Capacitance and dissipation . N Measurements(for-LV winding to 045
actor requirements be made up@n user request. o
Applied voltage test * 9.4.6
nduced voltage test * * 9.4.7
Partial discharge measurement * 9.4.8
boutine leak test . 7.2.2_.2 for oil-filled, 7.2.2.3 for 949
gas-filled
Routine accuracy performance For SSVTs which contain
ost yp * * windings with measurement / 9.4.10
protection output
Routine test for units 300 kV and
. . L . . above. For units below 300 kV
Routine lightning impulse tests this test is a special test at user 9.4.11
request.
Farthing shield check * 9.4.12
Dissolved gas and water content » . Routine tests for 362 kV and 9.5.1
hnalysis above units. o
Mechanical test * 9.5.2
['ype lightning impulse tests * 9.5.3
Bwitching impulse voltage test’in * Type tests for 300 kV and above 954
et condition units. -
Fxternal radio influence voltage . Type test for 245 kV and above 955
RIV) test units. "
nduced voltadeest in wet This test is done without PD
L onditions g * measurements. Type test for 9.5.6
[ units below 300 kV.
femperature rise and loading . 957
Conditiohs o
Fndurance chopped wave test * 9.6.1
Internal arc test * 9.6.2
For gas filled units only. Test on
Low temperature sealing system similar sealing systems shall be
P ) 93y * valid for qualifying the system 9.6.3
type test for gas-filled SSVTs ;
down to lowest ambient
temperature.
Seismic qualification * 9.6.4
Verification of degree of .
’ 9.6.5
protection by enclosure
Short-circuit test * 9.6.6
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Routine, type, and special tests shall be performed in accordance with the requirements of
Table 13. The sequence of tests listed in Table 13 does not imply the order in which these tests
are to be performed.

For gas-filled SSVTs, the gas pressure shall be set, for all electrical tests, unless otherwise
stated, at the minimum functional pressure, which corresponds to the equivalent gas density at
20 °C for which the second alarm level is set.

9.3.2 Routine tests

outine tests shall be performed on every SSVT to verify that the product meets the design
specifications.

.3.3 Type tests

=}

ype tests shall be done on an SSVT of new design to determine the adequacy. of the desig
nd manufacture of a particular model of SSVT or its component parts. Adeguacy includes b

not limited to: meeting assigned ratings, operating satisfactorily under-nigrmal environments
cpnditions or under special conditions if specified, and compliance with“appropriate industn
standards. Type tests are done on an SSVT that is representative of the ratings assigned to a
her SSVTs of basically the same design and construction subject’to user acceptance. Th
pplicable portion of these type tests may also be used to evaldate’modifications of a previou
design and to ensure that performance has not been adversely\affected. Reports of a previousl
rformed type test may be accepted in lieu of the same test’on a representative SSVT, if th
anufacturer shows that there is no significant variationin\tHe design and construction betwee
the tested object and the prototype. Type tests are mot required to be repeated unless th
design, construction or material is changed.

= << — —+

oSO OO

[©)

OTE Additional type tests can be specified by the user\(Examples: temperature rise, mechanical test, wet voltag
ithstand.)

he type tests should preferably be carried out on a single sample. Routine tests shall bge
rformed before and after the type test.”For the convenience of scheduling, other samples ¢
the same design and construction.are’ allowed. In order to meet the purpose of the dissolve
gas analysis, the dielectric tests shall be performed on the same SSVT.

[on—n

.3.4 Special tests

pecial tests are test performed optionally according to a standardized procedure to check thg
cpnformity to a specific requirement

AMPLES: seismic_qualification, internal arc, short-circuit, etc.
.4  Roufine test procedures

.4.1 Resistance measurement of windings

he‘resistance of all windings, including tapped portions of the windings, shall be measureq.
The measured values shall be corrected to the average winding temperature rise class per
Table 7.

The gas pressure of a gas-filled SSVT may be at any setting for the test.

The resistance data obtained shall be compared with the design values to verify proper
construction.

9.4.2 Verification of terminal markings and polarity

The terminal markings and polarity shall be verified for all windings. The test shall be performed
during the unit assembly and repeated as a part of the accuracy test.
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The terminal markings and polarity shall be in accordance with the nameplate and schematic
diagram.

9.4.3 Winding insulation resistance

The insulation resistance of the individual winding to earth and between windings shall be
measured at a voltage not less than 1,0 kV (DC).

The insulation resistance shall be in accordance with 6.14.

.4.4 Losses measurement

.4.4.1 No-load losses and excitation current measurement

[© N

.2.3 of IEEE Std C57.90™-2015 or IEC 60076-1, with the voltage corresponding to the rate

9
9
Tlhe no-load losses and excitation current of the SSVT shall be measured in aceordance wit
Soltage applied to one of the windings and with the other windings open-cirguited.

—

he impressed voltage shall be measured with both the RMS<voltmeter and the
verage-voltmeter (but RMS calibrated). The form factor is defined,as:

Q

2
Y ]
k= | ZRMS (13)
Uavg
Where
Urms  Vvoltage measured with the RMS voltmeter, and
Uavg voltage measured with the average-voltmeter.

NOTE The form factor is an indication of watéform distortion.

Tlhe excitation current and the form factor shall be included in the routine test report.

—
D

he gas pressure of a gas-filled SSVT may be at any setting equal to or higher than the pressur|
diven in 9.3.1 for the test.

—

he measured exeitation current shall be compared with the design value to verify prope
pnstruction.

Q
=

9.4.4.2 Load losses and short circuit impedance measurements

Tlhes short-circuit impedance and load loss for a pair of windings shall be measured at ratefd
flequeéncy with voltage applied to the terminals of one winding, with the terminals of the othgr
winding short-circuited, and with possible other windings open-circuited. The supplied current
should be equal to the relevant rated current but shall not be less than 50 % thereof. The
measurements shall be performed quickly, so that temperature rises do not cause significant
errors.

For SSVTs that have multiple neutral terminals, for adjusting the SSVT's voltage ratio, in order
to adjust the SSVT's voltage ratio, the short-circuit impedance shall be measured in the
connection corresponding to the rated voltage ratio.

For SSVTs having other provisions for adjusting the voltage, the short-circuit impedance shall
be measured in the connection corresponding to the rated voltage ratio.
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NOTE If the voltage adjustment range exceeds +5 %, the user may specify additional testing points correspondin
to other voltage ratio connections.

g

The short-circuit impedance can be measured by the wattmeter, voltmeter, ammeter method.

The wattmeter, voltmeter, ammeter method is shown in Figure 3.

It is recommended that the high-voltage winding be excited and the low-voltage winding b
short-circuited.

e

HV Lv
L4
Voltage < /" )| (
supply (W) Lv) \ \f
[T T M C
~ L= 7
— A}
RMS
ammeter

IEC
Figure 3 — Circuit for measuring impedance: wattmeter, voltmeter, ammeter method

Tlhe measured value of load loss shall be multiplied with the/square of the ratio of rated currer
tp test current. The resulting figure shall then be corrected to reference temperature. The /2
lpss (R being DC resistance) is taken as varying directly* with the temperature and all othg
Ipsses inversely with the temperature. The measurement of winding resistance shall be mad
according to 9.4.1. The temperature correction proc€dure is detailed in Annex D.

Tlhe short-circuit impedance is represented as*reactance and AC resistance in series. Th
;Fpedance is corrected to reference temperature assuming that the reactance is constant an
at the AC resistance derived from the load loss varies as described above.

t

—

he short circuit voltage (alias impgdance voltage), as a percentage, shall be included in th
butine test report and on the SSV¥'s nameplate.

—

9.4.4.3 Tolerances for losses

Unless otherwise specified, the losses represented by a test of a transformer shall be subjeq
to the following tolerances: The no-load losses of a transformer shall not exceed the specifie
no-load losses by(more than 10 %. The total losses shall not exceed specified total losses b

ore than 10 %\Individual component losses shall not exceed 15 % of the specified componer
Ipss, provided\that the tolerance for total losses is not exceeded. Failure to meet the los
toplerancesSshall not warrant immediate rejection but shall lead to consultation between usg

nd manufacturer regarding further investigation of possible causes and the consequences ¢
the higher losses.

[oNN ()

N/ = ©

replace a manufacturer’s guarantee of losses for economic loss evaluation purposes.

9.4.4.4 Accuracies required for measuring losses

Measured values of electric power, voltages, currents, resistances, and temperatures are used
in the calculations of reported data. Test procedures in accordance with IEEE Std C57.12.90 or
IEC 60076 (all parts) are required. To ensure sufficient accuracy in the measured and

calculated data, the requirements set out in Table 14 shall be met.


https://iecnorm.com/api/?name=fdcb6dc899ab6030d5d595ab3e4af431

IEC/IEEE 63253-5713-8:2024 - 45—
© IEC/IEEE 2024

Table 14 — Test system accuracy requirements

Quantity measured Test system accuracy
Losses +3,0 %
Voltage +0,5 %
Current +0,5 %

Resistance +0,5 %
Temperature +1,5 °C

- ©

9
"

—

e

he following test voltages:

.4.4.5 Tolerances for impedance
he tolerances for impedance shall be as follows:

a) The impedance of a two-winding SSVT (including windings for series- panallel operatior})
shall have a tolerance of £10 % of the specified value.
Differences of impedance between duplicate two-winding SSVTs,“when two or morg
units of a given rating are produced by one manufacturer at the ‘same time, shall ng
exceed 7,5 % of the specified value.

—

b) SSVTs shall be considered suitable for operation in parallel when reactances comg
within the limitations of the preceding paragraphs, prowidéed that turns ratios and othd
controlling characteristics are suitable for such operation.

—

.4.5 Capacitance and dissipation factor measurements

=3

he capacitance and dissipation factor of the SSVT,'shall be measured at power frequency

a) 10 kV (RMS) (or lower for SSVTs which"have neutrals rated lower than 10 kV)

The measurement at 10 kV is optional as the values are useful as a reference fg
commissioning.

b) Up /3.

c) 2,5kV (RMS) for LV.winding

The measurementat” 2,5 kV is optional as the values are useful as a reference fd
commissioning.

=

—

he test shall be performed before and after the dielectric tests.

he dissipatien-factor shall be in accordance with the following requirements:

) For gil-immersed SSVTs:

i)(_ he dissipation factor shall be 0,5 % maximum at a reference ambient temperature ¢
20 °C, and

—h

2

ii) The absolute increase of the dissipation factor value measured after compared with the
value measured before the dielectric tests, shall be less than 0,1 %. The increase of
capacitance measured after dielectric tests compared with that measured before the
dielectric tests shall be less than the value produced by the breakdown of one capacitive
element.

) For gas-filled SSVTs:

i) The dissipation factor shall be 0,15 % maximum at a reference ambient temperature of
20 °C, and

ii) The absolute increase of the dissipation factor value measured after compared with the
value measured before the dielectric tests, shall be less than 0,03 %. The change in
capacitance value shall be less than 5 %.
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The dielectric dissipation factor shall be corrected taking into account the resistance of the coil.
9.4.6 Applied voltage tests

9.4.6.1 General

For the applied voltage test, all windings shall be short-circuited. All other terminals and parts
(including tank and core, if accessible) shall be connected to earth and to the other terminal of
the SSVT being tested.

.4.6.2 Applied voltage test on the neutral terminal

ith the earth link temporarily removed from the neutral terminal of the SSVT, the test yoltag
specified in 6.12.5 shall be applied between the neutral terminal and the earth for 60s.

9]

or an SSVT with multiple neutral terminals, all terminals shall be shorted as required in 9.4.6.1.

[

he gas pressure of a gas-filled SSVT may be at any setting equal to or tess than the pressur
given in 9.2.2 for the test.

he SSVT shall be considered as having met the requirements’,if no external and interna
disruptive discharge or collapse of voltage is observed.

.4.6.3 Applied voltage test on secondary windings
.4.6.3.1 Applied voltage test on secondary power windings

he test voltage specified in 6.13.1 shall be applied to the secondary power windings for 60 g.

or windings divided into two or more sections, the test voltage shall be applied betweep
sections also.

he SSVT shall be considered as:vaving met the requirements if no disruptive discharge d@
cpllapse of voltage is observed.

-

he test frequency shall be the rated frequency of the SSVT.

.4.6.3.2 Applied.voltage test on secondary measuring windings

he test voltage specified in 6.13.2 shall be applied to the secondary power windings for 60 §.

or windings-divided into two or more sections, the test voltage shall be applied betweep
sections also.

hée/SSVT shall be considered as having met the requirements if no disruptive discharge g

e abhocarua

—

The test frequency shall be the rated frequency of the SSVT.

9.4.7 Induced voltage test

These tests are done by applying voltage as specified in Table 4 to one winding with all the
other windings open. At the manufacturer's discretion, the test may be performed by exciting
the secondary winding with a voltage of sufficient magnitude to induce the specified test voltage
in the primary winding, or by exciting the primary winding directly at the specified test voltage.
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The test voltage shall be measured at the high-voltage side in each case. The frame, case (

if

any), core (if intended to be earthed) and one terminal of each secondary winding and the other

terminal of the primary winding shall be connected together and to earth.

As this test (if done at rated frequency) may overexcite the SSVT under test, the frequency of
the applied voltage shall be such as to prevent saturation of the core. Ordinarily this requirement
necessitates the use of a frequency of 100/120 Hz or more when exciting 50/60 Hz SSVTs. For

those types that have large distributed capacitance, the excitation current increases with th

e

frequency of the applied voltage, making it necessary to guard against an excitation current

thatwill_exceed 200 %

flequencies higher than 120 Hz are used, the severity o

=

here
Ty is the duration of test [s],

N is the rated frequency [HZz],
A is the test frequency [HZz],

ith a minimum duration of 15 s.

=

he voltage should be started at one third or fess of the full value and be increased graduall
b full value in not more than 15 s. After being held for the duration of time specified accordin
b Formula (13), it should be reduced gradually in not more than 15 s to one third the maximur
alue, or less, and the circuit opened.

< oo

or an SSVT with multiple neutral terminals, the induced voltage test shall be performed oncg
ith only one of the neutral tefminals earthed. This earthed neutral terminal shall correspon
b the lowest ratio, thus providing the highest stress on the high voltage winding. The SSV
hall be considered as having met the requirements if no disruptive discharge or collapse ¢
pltage is observed.

< 0w == T

©

.4.8 Partial discharge test

artial discharge (PD) tests are intended to determine the freedom of internal insulation fror
amaging-internal discharges.

o T

Tlhe preferred arrangement for making the partial discharge test is to have the SSVT under teq
t

x 60 (13)

o O <<

S=a

t
f

b ‘beAfully assembled prior to conducting the test; however, during the partial discharge test,

external TIttings or hardware on the assembled SSV I being tested results In mieriering with i
test, they may be removed or provided with supplementary shielding.

At the discretion of the manufacturer, the induced voltage test and partial discharge tests ma
be performed together.

e

y

If necessary, external electrodes may be used for the primary terminal and the tank of the SSVT.

The test method shall be in accordance with IEC 60270.
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The magnitude of the pre-stress voltage shall be in accordance with Table 15. Subsequently
the voltage shall be reduced to the level of the prescribed test voltage in accordance with
Table 15, which shall then be maintained for a minimum of 30 s. The average partial discharge
intensity shall be measured during this time. It is recommended that the reduction from the pre-
stress to test voltage be done over approximately 10 s.

— 48 —

The SSVT shall be considered as having met the requirements if the partial discharge intensity
measured at the prescribed test voltage level is equal to or less than the limit given in Table 15.
The extinction voltage shall be recorded.

hen performing the partial discharge test, the power supply should be relatively free fro

rtial discharge. The partial discharge level of the power supply at the required voltage.level
shall not exceed the limits given in Table 15. Preferably, the background partial discharge lev
should be half of the prescribed maximum levels for the SSVT under test. The measuring circu
shall have sufficient sensitivity to clearly detect a signal of the limits given in Table-15.

—_,~—

he test voltage shall be applied to primary terminal. The neutral terminal;yone end of each
secondary winding, and the tank, shall be earthed.

)

partial discharge test shall be made after all dielectric tests are completed; however, th

rtial discharge test may be performed while decreasing the voltage after the induced test.
the measured PD level exceeds the permitted limits, a separate’test shall be performed an
shall govern.

Q-

Table 15 — Partial discharge test voltages
e:ILgi;r“:Is;n‘ﬁllt]?:);Iel\;Z;. Profile fr:qo:::’cy Pre-stress Zf:;th\;g:‘ta:g: thvth‘;gllﬁﬁ:
withstand voltage PD level shall PD level shall
system voltage voltage (RFWV) be < 5pC be < 10 pC
[kV, RMS] KV RMS] [kV, RMS] [kV, RMS] [kV, RMS]

48,3 IEEE 95 50 N/A 33

52 IEC 95 76 36 52
72,5 IEC 140 112 50 72
72,5 IEEE 140 72 N/A 48
100 IEC 185 148 69 100
123 IEC 185 148 85 123
123 IEC 230 184 85 123
123 IEEE 185 185 N/A 107
123 IEEE 230 185 N/A 107
145 IEC 230 184 100 145
145 IEC 275 220 100 145
145 |IEEE 275 220 N/A, 126
170 IEC 275 220 118 170
170 IEC 325 260 118 170
170 IEEE 325 260 N/A 147
245 IEC 395 316 170 245
245 IEC 460 368 170 245
245 IEEE 395 315 N/A 212
245 IEEE 460 370 N/A 212
300 IEC 395 316 208 300
300 IEC 460 368 208 300
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: Power Test voltage Test voltage
Highest voltage f
'ghest vortage ror . frequency Pre-stress at which the at which the
equipment (U, )/ Max. Profile N
withstand voltage PD level shall PD level shall
system voltage voltage (PFWV) be < 5pC be <10 pC
[KV, RMS] [kV, RMS] [kV, RMS] [KV, RMS] [kV, RMS]
362 IEC 460 368 251 362
362 IEC 510 408 251 362
362 IEEE 510 410 N/A 300
420 IEC 570 456 291 420
420 IEC 630 504 291 40
550 IEC 630 550 381 550
550 IEC 680 550 381 550
550 IEEE 680 545 N/A 435
550 IEEE 830 665 N/A 435
800 IEC 880 800 554 800
800 IEC 975 800 554 800
800 IEEE 975 780 N/A 665
1100 IEC 1100 1100 762 1100
1100 IEEE 1100 953 N/A - 953
1200 IEC 1200 1200 831 1200
1200 IEEE 1200 1039 N/A 1039
9.4.9 Routine leak test
9.4.9.1 Routine leak test for oil-immersed SSVTs
Tlhe routine leak test for oil-immersed SSVTs shall be performed in accordance with 7.2.2.2.
Tlhe SSVT shall be considered-as having withstood the test if there is:
a) No permanent deformation of the tank,
b) No sign of oil.leakage, and
c) No significant pressure reduction (if applicable).
9.4.9.2 Routine leak test for gas-filled SSVTs
Tlhe sealing test on gas-filled SSVTs shall be performed by using a cumulative test method (als
descfibed for sealing system type test). The measurement shall be performed at normal ambient
temperature with the SSVT filled at the rated pressure (or density) corresponding to the normal

ambienttemperature:

The SSVT shall be considered as having withstood the test if the gas leakage is lower than or
equal to the 20 °C limit as provided in 7.2.2.3.

9.4.10 Routine ratio and accuracy tests
9.4.10.1 Ratio test for power windings

The test shall be performed in accordance with IEEE Std C57.12.90-2015, 7.3. or with
IEC 60076-1:2011, 11.3.
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9.4.10.2 Accuracy test for measuring / protection windings

The test shall be performed in accordance with IEEE Std C57.13-2016, 10.1 or with
IEC 61869-3:2011, 7.3.5. The accuracy measurement shall be performed at no load on the
power winding.

It should be noted that testing of accuracy performance with simultaneous loading of the power
winding and measuring windings to verify the guaranteed accuracy as specified in 6.9.1 is very
demandlng Both loading capability and suff|C|ent tolerances on the power W|nd|ng burden are

ith the power winding loaded as descrlbed in 6.9.1 is subJect to agreement between the
anufacturer and the user.

9.4.10.3 Tolerances for ratio

[®N

he voltage ratios between windings shall be such that, with the SSVT at no load\and with rate
vpltage on the winding with the least number of turns, the voltages of all other windings and af
tap connections shall be within 0,5 % of the rated voltages. However, when’/the volts per tur
of the winding exceeds 0,5 % of the rated voltage, the voltage ratio of'the winding on all tap
cpnnections shall be to the nearest turn.

> —

9.4.11 Lightning impulse tests
9.4.11.1 General

or SSVTs of U, 300 kV and above, the test shall be performed as a routine test.

9.4.11.2 Test procedure and criteria

he routine lightning impulse test shall be the'simplified version of the type test outlined in 9.5.3
ith the following modifications.

[®N

he specified test voltage shall be ,applied to the line side with the neutral terminal earthe
through a low-impedance shunt forNimpulse current measurement terminal. All other terminal
shall be earthed.

[2]

he applied voltage wave'shall be of negative polarity only, and the test shall be carried out ip
e following sequence:

=

a) One or two-reduced wave(s) with 50 % to 70 % of the full wave value as provided i
Table 4,

b) One full'\wave,
c) Two '‘chopped waves of the value provided in Table 4,
d)-Two full waves

I{ is.riot permitted to condition the insulation of the test sample by applying several reduced fu|
wave tests.

Reduced waves are only permitted for the sake of checking the waveshape parameters and for
the determination of the impulse generator charging voltage.

If more than two reduced waves are needed before the full wave impulses, the reason justifying
the use of more than two reduced waves shall be clearly described in the test report.

Reduced waves having voltage values less than 50 % of the full wave value may be applied at
any moment without any number of application limitations.
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The SSVT shall be considered as having met the requirements if:

1) Neither external nor internal disruptive discharge is observed,
2) No audible noise is noted from the SSVT,

3) No deviation is detected between the reduced wave and full wave impulse records and/or
between full wave impulse records and

4) No internal insulation failure is found with the capacitance and dissipation factor
measurement.

—_

or capacitive graded insulation systems having multiple capacitive layers, impulse curner
shall be recorded because of its effectiveness to detect internal faults during the impulse/test

—

ny changes in the impulse current waveshape such as sudden current spikes, dursts g
discontinuities occurring after the impulse voltage peak may be an indication of a partig
uncture within the insulation body and should be carefully investigated. Comparison with the
reduced impulse current waveshape may ease the evaluation process.

.4.11.3 Chopped-wave test

or this test, the applied voltage wave shall be chopped by a suitable air gap. It shall have p
crest value and time to flashover in accordance with Table 4.

9]

o avoid recovery of insulation strength if failure has occudrred during a previous impulse, th
time interval between the application of the last chopped wave and the first following full wayv
shall be minimized and shall not exceed 10 min.

[©)

he gap, or other equivalent chopping device,<shall be located as close as possible to th
terminals of the SSVT without influencing thexelectric field distribution around the SSVT an
cpnsequently the discharge probability. The distance between the chopping device and the tes
bject shall not exceed a lead length grgater than the total height of the SSVT (tank plu
ushing). The impedance between the tested terminal and the earthed end of the choppin
device shall be limited to that of the necessary leads. The voltage zero following the instant g
chopping shall occur within 1 ys. However, for some winding designs (particularly low-voltage
indings of high stray capacitance and some layer windings), the circuit response afte
chopping cannot be oscillatory; it can be overdamped. For such cases, the time interval to th
first voltage zero after theinstant of chopping may be significantly greater than 1 ps.

= (® I/ B o N 03}

D =

he chopping device\for the chopped voltage wave shall be set up as close to the SSVT as
ssible in order o maximize the oscillatory voltage after the chopping. Moreover, it is ng
rmitted to add a;series resistance in the chopping circuit even if the overshoot is greater tha
%.

= o~

[

OTE This_method will increase the likelihood that the steepness of the voltage collapse (dv/dt) is as high 3
ppssiblet

[0

he‘dse of a chopping gap made of sphere gap(s) (single or multiple sphere gaps) is th
preferred chopping method since It usually gives faster voltage collapse. The use of a rod-rod
chopping gap is also permissible since this method more accurately replicates in-service
flashover of an air insulator. Notably, the rod-rod gap requires a greater distance between its
electrode 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.

If the above prescribed maximum lead length to the chopping gap cannot be achieved because
of the presence of SSVT accessories such as coolers or any other SSVT accessories, then the
shortest possible lead length should be used during tests.
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.4.12 Earth shield check

A three-terminal capacitance and dissipation factor measurement in the earthed specimen
mode and at a voltage of 1,0 kV (RMS) shall be performed to determine:

a) The capacitance of the primary winding to earth Cp,
b) The capacitance of the secondary winding to earth Cg, and

c) The capacitance between the primary and secondary windings Cps.

1

I+

O

S T

T

m accordance with Formula (14):

9.
9.

and above.

accordance with~Table 6.

or gas-filled SSVTs the test may be performed at any setting of the gas pressure.

he evidence of the presence of the earth shield if given when the measured capacitances ar,

e (14

is withi

he SSVT shall be considered as having met the earth shield 'présence check if c
ps
10 % of the value determined with Formula (14).

5 Type test procedures
5.1 Dissolved gas and water content analysis

issolved gas analysis (DGA) is required as a'routine test for oil-immersed SSVTs rated 362 k

or oil-immersed SSVT designs,the dissolved gas and water content analysis shall b
erformed as per IEEE C57.13.5.0r IEC 60567 and IEC 60475:

a) At the commencementiof the type test program, and
b) At the specified reference point of the type test sequence.

he SSVT design is:considered as having met the requirements if the last set of results is i

t

more than_two samples are used for the type test program as described in 9.3.3, then th
ird oil sample should be taken four days after the completion of the last dielectric test in orde
get.ahomogeneous dissolved gas content within the oil.

= D

for the test before shipping the SSVT.

These limits apply only to mineral oil immersed SSVTs. For other liquids the appropriate limits
have not yet been determined. However, DGA should still be done to gain experience and
manufacturers may apply their own limits.
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9.5.2 Mechanical test
9.5.2.1 General

The SSVT shall be subjected to a test load applied to the SSVT terminals.

The test loads shall be increased smoothly within 30 s to 90 s to the test load values i

n

accordance with 7.2.2. When the value is reached, it will be maintained for at least 60 s. During
this time the deflection shall be measured. The test load shall then be released smoothly, and

the residual deflection shall be recorded.

he SSVT shall be completely assembled, installed in the same position as in service, with.th
ame rigidly fixed.

=

Liquid-immersed SSVTs shall be filled with the insulation medium specified for bperation an
ubjected to the operating pressure.

n

Q)

as-insulated free-standing SSVTs shall be filled with gas at rated fillingpressure.

uccessful completion shall be determined with the absence of petmanent deformation of th
SVT and the absence of oil or gas leakage during the test and within 2 h after the test.

n

©

.5.2.2 Test procedure for primary terminal

—

he test load shall be applied horizontally to the terminal as indicated in Figure 4. Test loa
alues shall be in accordance with Table 11.

<

Tlhe test load shall be applied to the center of the*terminal.

[Vl ]

vertical test load may be specified to, confirm the terminal strength.

IEC

Figure 4 — Application of the test loads to the primary terminals

©

.5.2.3 Test procedure for secondary terminals

The'test load shall be applied to the external terminal or extending conductor, respectivel
ormial to the longitudinal axis of the secondary bushing (Figure 5) or the support insulator(s

epending upon the shape and location ofthe terminal, such as a spade on the dome diametef

<

(Figure 6). The test load shall be determined per the following Formula (15):

F=" (15)

where:
F is the test load (N or Ibf),
M is the test moment (N-m or ft:Ib), specified in Table 12,
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is the distance (m or ft), from the location of the applied test load to the sealing surface
with regard to the SSVT tank wall, of the bushing (Figure 5), or from the extending

conductor to the end of the support insulator(s) (Figure 6).

External Internal

D

’4—» Tank wall
v

T

e e e
Terminal /

Insulator IEC

Figure 5 — Application of the test load to the secondary terminals

Secondary Tank wall
bushing
Support

insulator(s) \ nt |
nterna
|

External

Qt;‘\ ] ‘
i s s /‘t

Extending
conductor

)\f/ Output cable

IEC

Figure 6 — Example of the application of the test load
to the secondary extending conductor

he SSVT shall be subjected to a cantilever force applied to the SSVT terminals in accordanc

with 7.2.2 for a duration of 1 min.

Successful completion shall be determined with the absence of permanent deformation of the
SSVT and the absence of oil or gas leakage during the test and within 2 h after the test.

9.5.3

The test voltage shall be applied between the primary terminal and the earth terminal of the
SSVT. All the terminals of the secondary windings and the base frame shall be earthed during

Lightning impulse voltage test on the primary winding

the test.
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The wave shape of the voltage shall be 1,2 ys (£30 %) / 50 us (220 %). The test voltage shall
be in accordance with Table 4.

The chopping device for the chopped voltage wave shall be set up as close to the SSVT as
possible in order to maximize the oscillatory voltage after the chopping. No series resistance
shall be added in the chopping circuit even if the overshoot is greater than 30 %.

Both the voltage and the earth current oscillograms shall be taken.

If is recommended that the test series should begin with the negative polarity sequence anfd
cpntinue with the positive polarity sequence.

—

he negative polarity sequence comprises the following applications of voltage wave:

a) One or two reduced waves with 50 % to 70 % of full wave value as provided Table 4,
b) One full wave,

c) Two chopped waves of the value provided in Table 4,

d) Fourteen full waves, and

e) One reduced wave.

Tlhe positive polarity sequence comprises the following applieations of voltage wave:

f) One or two reduced waves with 50 % to 70 % of full"\wave value as provided in Table 4
g) Fifteen full waves, and
h) One reduced wave.

No more than two reduced waves can be applied*before the test sequence with positive polarity.

tis not permitted to condition the insulation system of the test unit by applying several reduced
full wave tests.

Reduced waves are only permitted for the sake of checking the waveshape parameters and fg
the determination of the impulse-‘generator charging voltage.

f more than two reduced-waves are needed before the full wave impulses, the reason justifying
the use of more than«we reduced waves shall be clearly described in the test report.

Heduced waves(having voltage values less than 50 % of the full wave value may be applied &
any moment.without any number of application limitations.

—

he design’shall be considered as having met the requirements if:

1)) <Fhe number of external disruptive discharges is not more than two for the sequence of each
nolarity

2) No deviation is detected between the reduced wave and full wave impulse records and/or
between full wave impulse records,

3) No deviation is detected between the two chopped waves before the instant of chopping,
4) No internal disruptive discharge or puncture of the solid insulation is observed,

5) No audible noise is noted from the SSVT during the test, and

6) No internal insulation failure is found with the capacitance and dissipation factor

measurement.

For capacitive graded insulation systems having multiple capacitive layers, impulse current
shall be recorded because of its effectiveness to detect internal faults during the impulse test.

—

—


https://iecnorm.com/api/?name=fdcb6dc899ab6030d5d595ab3e4af431

- 56 — IEC/IEEE 63253-5713-8:2024
© IEC/IEEE 2024

Any changes in the impulse current waveshape such as sudden current spikes, bursts or
discontinuities occurring after the impulse voltage peak may be an indication of a partial
puncture within the insulation body and should be carefully investigated. Comparison with the
reduced impulse current waveshape may ease the evaluation process.

9.5.4 Switching impulse voltage test in wet conditions

The test shall be performed only on SSVT designs of a nominal system voltage of 300 kV and
above.

=1

he voltage shall be applied on the primary terminal with the neutral terminal of the SSV
rthed through a low-ohmic resistive shunt. One end of each secondary winding and thé‘bas
frame shall be earthed.

9]

o

he preparation of the SSVT and wetting procedure shall be in accordance wit
IEEE Std 4-2013, 11.2 or with IEC 60060-1:2010, 4.4. The precipitation conditions shall be a
described under the "Standard test procedure" as outlined in IEEE Std-4-2043™, Table 5 or i
FC 60060-1:2010, Table 2.

S O

he voltage waveshape shall be a 250pus+20% / 2500 uys+60 % (or [200 t
00] us / [1 000 to 4 000] us) standard wave shape. The test valtage shall be in accordanc
ith Table 4. The applied wave shall be at positive polarity .only. Atmospheric correction a
efined in IEEE Std 4 or IEC 60060-1 shall be applied.

Q= W -
O O

—

he test sequence shall consist of:

a) One or two reduced waves with 50 % to 70(% 'of rated value provided in Table 4, and

b) Fifteen full waves.

fis not permitted to condition the insulatiop,system of the test unit by applying several reducef
full wave tests.

Reduced waves are only permitted for the sake of checking the waveshape parameters and fag
he determination of the impulse-generator charging voltage.

—

fmore than two reduced waves are needed before the full wave impulses, the reason justifying
the use of more than two_reduced waves shall be clearly described in the test report.

Tlhe design shall beyconsidered as having met the requirements if:

The number of external disruptive discharges is not more than two.

2) No deviation is detected between the reduced wave and full wave impulse records and/d
between full wave impulse records;

3) No_internal disruptive discharge or puncture of the solid insulation is observed;

No audible naise is noted from the SSVT during the test _and:

5) No internal insulation failure is found with the capacitance and dissipation factor
measurement.

For capacitive graded insulation systems having multiple capacitive layers, impulse current
shall be recorded because of its effectiveness to detect internal faults during the impulse test.

NOTE Any changes in the impulse current waveshape such as sudden current spikes, bursts or discontinuities
occurring after the impulse voltage peak can be an indication of a partial puncture within the insulation body.
Comparison with the reduced impulse current waveshape can ease the evaluation process.

=
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9.5.5 External radio interference voltage (RIV) test

9.5.5.1 General

The external radio interference voltage (RIV) meter and the method used for the test shall be

in accordance with CISPR 18-2 or NEMA Std. 107.

The SSVT shall be assembled with the primary terminal, connector and corona ring(s),

if

provided. The SSVT shall be set up at a level above ground not greater than the height of the

supporting structure used in service. Metallic pipe(s) of approximately 2 m (78,7 in) in lengt

h

ith sphere terminations, for the simulation of the bus or line connections in service shallwb
sembled on the primary terminal.

Tlhe test connections and their ends shall not be a source of radio interference.

As the radio interference voltage level can be affected by fibres or dust.deposit on th

Tlhe test shall be performed under the following atmospheric conditions:

Temperature: from 10 °C to 40 °C;
Pressure: from 87 kPa to 107 kPa;
Relative humidity: from 45 % to 75 %.

=

OTE No correction factors for atmospheric conditions in accordance with IEEE Std 4 or IEC 60060-1 a
bplicable to radio interference tests.

)

.5.5.2 RIV test performed according to CISPR 18-2

he test circuit is shown in Figure 7.

Msulators, it is permitted to wipe the insulators with a clean cloth before taking a measurement.

e

[
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Key

T test high voltage generator

q, test object

q, Z coupling capacitance or impedance

L}, Ry, R, tuned detection circuit

Fi filter

B corona-free termination

M measuring set with input resistance RM

Figure 7 — RIV measuring circuit according to CISPR 18-2

Tlhe test voltage shall be applied between the HV terminal of the primary winding of the SSV
under test and earth. The frame, case(if any), core (if present and intended to be earthed) an
one terminal of each secondary winding shall be connected to earth.

[ONNEy |

Tlhe measuring circuit should:preferably be tuned to a frequency in the range of 0,5 MHz tp
2/MHz, the measuring frequéncy being recorded. The results shall be expressed in microvoltg.

Tlhe impedance between the test conductor and earth, shall be 300 Q + 40 Q with a phase anglg
not exceeding 20% at the measuring frequency.

A capacitor;Cs, may also be used instead of the filter Z, = C, + L, and a capacitance of 1 000 pF
i$ generadlly adequate.

The filter F shall have a high impedance at the measurmg frequency in order to decouple the

been found to be 10 000 Q to 20 000 Q at the measurmg frequency

The radio interference background level (radio interference caused by external field and by the
high-voltage SSVT) shall be maximum 50 % (preferably 30 % or lower) of the specified radio
interference level.

Care should be taken to avoid disturbances caused by nearby objects to the SSVT and to the
test and measuring circuits.

Calibration methods for the measuring instruments and for the measuring circuit are given in
CISPR 18-2.
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9.5.5.3 RIV test performed according to NEMA 107

The test circuit is shown in Figure 8. Only the test circuit given in 3-3 ¢c) of NEMA 107 may be
used as an alternative to the test circuit according to CISPR 18-2.

2228 o
L L
C

; Ly "2 A S
=
._ﬁ_% Ry Coaxial cable

RG-114

P

B

High voltage transformer

IEC

Kley

\Y variable voltage source

F power line filter

q, test object

d coupling capacitor

L variable tuning inductor, if necessary

S series shorting switch where L, is not fequired

L radio-frequency choke, impedance’greater than 1 500 Q at measuring frequency
g protective gap

L} power frequency drain coilyimpedance greater than 1 500 Q at measuring frequency
R non-inductive resistor~100 Q

R} non-inductive resistor 185 Q

Qoaxial cable characteristic impedance 185 Q

M measuring meter with input resistance greater than 1,0 MQ

Figure 8 —~RIV measuring circuit according to NEMA 107 (alternative 3-3 c)

Tlhe test voltage shall be applied between the HV terminal of the primary winding of the SSV[I
(f5) and(earth. The measuring circuit should preferably be tuned to a frequency of 1,0 MHz.
d
S

ther-frequencies ranging from 0,015 MHZ to 30 MHz can also be used. The test frequency
hatl be stated in the test report. The results shall be expressed in microvolts.

The impedance between the test conductor and earth, shall be 65 Q + 10 % with a phase angle
not exceeding 20° at the measuring frequency.

Capacitor C shall be equal to or higher than of 1 000 pF.

The radio-frequency choke L shall have a high impedance at the measuring frequency in order
to decouple the power frequency source from the measuring circuit. A suitable value for this
impedance has been found to be at least 1 500 Q at the measuring frequency.

The radio interference background level (radio interference caused by external field and by the
high-voltage SSVT) shall be maximum 50 % of the specified radio interference level.
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Care should be taken to avoid disturbances caused by nearby objects to the SSVT and to the
test and measuring circuits.

Calibration methods for the measuring instruments and for the measuring circuit are given in
NEMA 107.

9.5.5.4 Test voltages and maximum RIV voltage

The test voltage, in accordance with Table 16, shall be applied to the primary terminal of the
<1 NLY Te—MetEe t o€e—CO ”’ivv' "’iii’i-v acto iii;’ us

external RIV level of the tested SSVT.

he SSVT shall be considered as having met the requirements if the external RIVdgvél is in
cordance with Table 16.

Table 16 — External radio interference voltage (RIV)

Highest voltage of RIV test voltage Maximum radio Maximum radio
equipment (U, ) . interference voltage if interference voltage if
(line to earth) measured according to'{) measured according to
(line to line) CISPR 18-22 NEMA 107°
kV, RMS kV, RMS pv pv
245 156 1150 250
300 191 INI50 250
362 230 1600 350
420 267 2 300 500
550 349 2 300 500
800 508 2 300 500
1100 699 2 300 500
1200 762 2 300
F 300 Q
P alternative 3-3c, 65 Q

.5.6 Induced voltage test in wet conditions

—

he test shall be-performed only on SSVTs of a nominal system voltage below 300 kV. This tes
i$ performed without PD measurements.

he test(shall be performed as outlined in 9.4.7. The preparation of the SSVT and wetting
rocedure shall be in accordance with IEEE Std 4-2013, 11.2 or with IEC 60060-1:2010, 4.4.
he, précipitation conditions shall be as described under the "Standard test procedure" 4
outlined in IEEE Std 4-2013, Table 3 or in IEC 60060-1:2010, Table 2. Atmospheric correctioﬁ
as defined In I[EEE Std 4 or I[EC 60060-1 shall be applied. The design shall be considered as
having met the requirements if:

—Ho o

a) No disruptive discharge or collapse of test voltage is observed during the test, and

b) No internal insulation failure is found with the capacitance and dissipation factor
measurement.

9.5.7 Temperature rise test
9.5.7.1 General

All temperature rise tests shall be made under the normal conditions of the means, or method,
of cooling.
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All temperature rise tests shall be made with the SSVT under test in the orientation and under
the conditions for which it is designed to operate. If the SSVT is designed for use in any one of
several orientations, or under several possible conditions, the test shall be made in the
orientation and condition that is expected to result in the greatest temperature rise. Tests shall
be done at rated power when tested using the combination of connections and taps that give
the highest average winding temperature rise. This will generally involve those connections and
taps resulting in the highest losses.

The SSVT shall be mounted in a normal manner "Mounted in a normal manner shall be

Tlemperature rise tests shall be made in an area as free from drafts as possibie.

NOTE In general, this condition is met when the air velocity does not exceed 0,5 m/st

Tlhe design shall be considered as having met the requirements of\6.18 if the temperature rise
i$ in accordance with Table 7 and Table 9.

9.5.7.2 Ambient or cooling air temperature

—

he ambient temperature shall be the temperature of the air surrounding the SSVT under tes{.

—

he ambient temperature shall be not less than 10’ °C nor more than 40 °C during a temperatur,
se test.

_1
9]

As a minimum, three thermometers or temperature sensors shall be used for the measuremer
the ambient temperature. They shall*be distributed around the periphery of the SSVT 34
pproximately the same level as thecgeentre of the maximum vertical heat-dissipating surface g
the SSVT, at a horizontal distance\adequate to prevent the SSVT under test from influencin
the readings (1 m to 2 m (39,4.i)to 78,7 in) is usually sufficient). They shall be placed in non
etallic containers filled withlapproximately half-liter of oil.

1 ©Q S o~ —~+

—_

he temperature rise depends on both the winding losses and the core losses. Only that par

the temperature rise due to the winding losses is affected by the ambient temperature, a

the core losses aré not appreciably changed over the temperature range in which SSVTs usuall
perate.

< O

.5.7.3 Temperature rise measurements

rovision shall be made to measure the surface temperature of all metal parts surrounding, g
jacent to, the outlet leads or terminals carrying large currents.

=

When possible, the top liquid temperature of oil-filled SSVTs shall be measured by a
thermometer or temperature sensor immersed to approximately 5 cm (1,97 in) below the top
liquid surface.

The bulbs of the spirit thermometer or other temperature-reading means used for taking
temperatures of the SSVT surfaces in air shall be covered by small felt pads, or the equivalent,
cemented to the SSVT. If thermocouples are used, the leads shall be so arranged that excessive
heat is not conducted to or from the junction.

The ultimate average temperature rise of the windings shall be determined by the resistance
method whenever practical.
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NOTE SSVTs typically have insulation structures that are similar to instrument transformers, where temperatur

e

sensors cannot be installed at the expected hotspot locations. Moreover, due to the typical operating flux density

and typical winding assemblies of an SSVT, neither direct measurements nor calculations are required, as th

e

average winding temperature rise requirement is considered sufficient to also meet the hot-spot winding temperature

rise requirement.

To avoid measurement errors, the first resistance measurement shall be taken after the
measuring current has stabilized. The time required shall be determined during the
measurement of the winding resistance reference temperature. An equal or slightly longer time
shall be allowed when making ultimate and cooling rate temperature measurements.
Measurements of temperature rise by the resistance method shall not include contact

résistances.

—

he SSVT shall be considered in thermal equilibrium with the ambient air if both of the followin
pnditions are met:

Q

a) When the duration of test is equal to or longer than 3 times the thermal time constan
(Annex A) of the SSVT and,

b) When the first and last of three consecutive temperature rise #eadings (differenc
between the temperature of the tank cover and the average ambient temperature) taker
without shutdown, at intervals of no less than 1/3 of the time comstant show the chang
of temperature rises is equal to or less than 1 K.

9.5.7.4 Determination of winding temperature at time of\shutdown

A correction shall be made for the cooling that occurs fremi,the time that the power is shut o
¢ the time that the hot resistance is measured.

—

Tlhe recommended method of determining the~temperature of the winding at the time d
utdown shall be by measuring the resistance-of‘the windings, as the SSVT cools, immediatel
ter shutdown and extrapolating to the time_ of.shutdown. At least four measurements shall b
taken at intervals of not more than 3 min but*no less than the time required for the measurin
current to stabilize. If the current does notexceed 15 % of the rated current of the winding,
ay be maintained during the entire périod.

n

©

.5.7.5 Determination of average temperature by the resistance method

—

he average temperature of-a-winding shall be determined by the following formula:

etz[[%]x(ﬂeo)}r (16

g

—

]

9]

ii

- P < =

Where:
is-for copper equal to 234,5 (°C),
7 ;D fUI EC d:ulll;lliulll cqua: tU 225 (OC),

6, is the temperature in degrees Celsius corresponding to the resistance of the winding at

time of shutdown,

winding,
R; is the resistance of the winding at time of shutdown,

is the reference resistance of the winding.

is the temperature in degrees Celsius corresponding to the reference resistance of the
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9.5.7.6 Determination of temperature rise from temperature measurements

The temperature rise is the corrected total temperature minus the ambient temperature at the
time the observations were made.

9.5.7.7 Correction of observed temperature rise for variation in altitude

When tests are performed at an altitude not exceeding 1 000 m above sea level, no altitude
correction shall be applied to the temperature rise. The allowable temperature rise at altitudes
above 1 000 m is calculated as:

h—1000
0. =0 1-0,004 x| — 7
r mx{ X[ 100 H (17)

here

- is the temperature rise with standard conditions,

|, is the measured temperature rise corrected to 30 °C conditions,

= =

is the altitude in meters above sea level.
.5.7.8 Test methods for temperature rise test

.5.7.8.1 General

—H © ¢©

he tests shall be performed by one of the following) methods:

Q

) Actual loading
b)) Simulated loading

1) The loading back (opposition) method, in which rated voltage and current are induced i
the SSVT under test.

2) The short-circuit method, in“which appropriate total losses are produced by the effect g
short-circuit current. Caution shall be exercised when using the short-circuit method.
Usually and contrary-to power transformers, the no-load losses could be a significarn
percentage of the-total losses. Adding these losses to the short-circuited SSVT during
the constant power’part of the temperature rise test may overstress the SSVT windings.
This method.shall only be used with the consent of the manufacturer.

=}

=

=3

3) The open-~circuit and short-circuit method, in which the temperature rises of the two tesfs
are added-together to determine the total temperature rise.

c) Thermal’duplicate

9.5.7.8:2 Actual loading

Actual loading is the most accurate method, but energy requirements may be excessive fqr
some SSVIs.

9.5.7.8.3 Simulated loading
9.5.7.8.3.1 Loading back method

This method requires two SSVTs, tested by connecting their respective primary and secondary
windings as shown in Figure 9. SSVTs shall be tested with the combination of connections and
taps that give the highest average winding temperature rise. This process will generally involve
those connections and taps resulting in the highest losses. In the case of internally earthed
SSVTs, caution should be taken for possible elevated tank voltages.
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a) Apply rated voltage at rated frequency to one set of windings. Circulate load current b
opening the connections of either pair of windings at one point and impress a voltage acros

y
S

the break just sufficient to circulate rated current at rated frequency for the connection and
loading used. The total loss applied during this test shall be the same as the sum of the no-

load loss and load loss measured according to 9.4.4.1 and 9.4.4.2.
b) Perform temperature rise measurements in accordance with 9.5.7.3.

c) Determine temperature rise in accordance with 9.5.7.4 and 9.5.7.5.

HV Lv ~ -~ Lv HV
) ° & L 4 * [
Excitation
C\D QN power source
Y y N
A4
T1 T2
A

Current
power source
IEC

Figure 9 — Exampleé of loading back method

f is preferred to use duplicate SSVTs, but it is not mandatory as long as the SSVT under teg
i§ energized at the required voltage and current levels. This method provides the closes

excitation and loading powersources do not necessarily need to be in phase; the power source
ay be in phase or 120°,-0ut of phase.

OTE In the connection_ secheme shown in Figure 9, even if SSVTs T1 and T2 are duplicate, their respective loadin
cpnditions are not identical. T1 will see an apparent inductive load at nearly zero power factor whereas T2 will sg
ah apparent capacitive-toad at nearly zero power factor. As a consequence, the voltage appearing on the seconda
s|de of the SSVTswilbe different. The voltage on T1 will drop due to its impedance while voltage on T2 will increas
Therefore, partsiof'the SSVT cores will be either over-excited (T2) or under-excited (T1) and the no-load losses an
npise will varyaecordingly. Which parts of the core would experience this depends on the construction of the SSVT
This test method is not an exact representation of an actual loading of an SSVT at a power factor near unity, but
nevertheless a good approximation.

.5.7:8.3.2 Short-circuit method

simulation to actual loading as’both no-load and load losses are present in the SSVT. The
S

— —.

U< 0Q

w7 a

Conduct the short-circuit method as follows:

a) Prior to making the total loss run (see step b), measure load loss at rated current and
frequency for the combination of connections and taps that give the highest average winding
temperature rise. This process will generally involve those connections and taps resulting
in the highest losses. This thermal connection load loss shall be measured in accordance
with 9.4.4.2 and reported at the reference temperature as defined in 6.11. The required total
losses for the total loss run shall be the sum of thermal connection load loss plus no-load

loss measured in accordance with 9.4 .4.

b) For the total loss run, short-circuit one or more windings and circulate sufficient current at

rated frequency to produce the required total losses as determined in step a).

c) Determine liquid temperature rises as described in 9.5.7.3.
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d) For the rated current run, reduce the current in the windings to the rated current value for
the connection and the loading used. Hold the current constant for 1 h.

e) Determine temperature rise in accordance with 9.5.7.4 and 9.5.7.5.

f) Repeat the rated current run (step d) for temperature rise measurements on additional
terminal pairs if needed to meet the time limit criteria of 9.5.7.4.

g) Determine average winding temperature rise in accordance with 9.5.7.5.

9.5.7.8.3.3 Open-circuit and short-circuit method

) Perform an open-circuit test to determine the temperature rises due to the no-load losses

) Perform a test at rated current in primary/secondary winding with the secondary/primar
winding(s) short-circuited to determine the temperature rises due to load losses.

<

dd the temperature rises from a) to the temperature rises from b) to get the total temperatur
rises.

9]

—

r higher losses, then the temperature rises from the previous test may be used in lieu
repeating a). If in addition the core has been upgraded to a lower Joss material, then this sti

pplies.

I test a) has previously been performed on an SSVT with identical core or'one having the sam{
|

OTE 1 The no-load part of the temperature rise test can require a long-time to get accurate results and generally
this test can last for several days, typically around 3 to 4 days.

OTE 2 When fiber optic or other sensors are being used to continously monitor internal temperatures during th
tgst, the thermal time constant can be determined from the resulting-curve (see Annex A).

®

OTE 3 This test method is new and therefore can be impfoved in the future.
.5.7.8.4 Determination of thermal duplicate temperature rise data

temperature rise test may be omitted.if thermal test data is available for a thermal duplicat
SVT. In this case, the calculated data based upon the thermal test data may be submitted a
thermal duplicate test data. A thermal, duplicate is an SSVT with thermal design characteristic
identical to a design previously tested, or whose differences in thermal characteristics are withi
reed upon variations, such thatthe thermal performance of the thermal duplicate SSVT mee
the required temperature riseHimits.

a':swwm

.6 Special test procedures
.6.1 Endurance chopped wave test for liquid filled SSVT
.6.1.1 General

he test {s'applicable for SSVTs with U, of 345 kV and above.
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The voltage of the chopped wave shall be 80 % of the rated lightning impulse voltage (full wave)
provided in Table 4 and the polarity shall be negative only.

The test consists of 600 consecutive chopped waves. The time, between consecutive
applications shall be approximately 1 min.

If agreed between manufacturer and user, the number of chopped wave tests may be reduced
to 100.
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9.6.1.2 Test sequence
The endurance chopped wave test program shall be performed in the following sequence:
a) Before the test, an oil sample shall be taken from the SSVT for dissolved gas content

analysis, if the test object is an oil-immersed SSVT;

c¢) As a minimum, 600 chopped wave tests shall be applied to the SSVT at a rate of
approximately one impulse per minute;

d) At least three days after the test, an oil sample shall be taken from the SSVT, if it is oil-
frmersed; for aissotvedgas Comtent anatys(s;

) The SSVT shall then be dismantled for autopsy.

9.6.1.3 Requirements of the applied wave

he applied voltage wave shall be a standard 1,2 ys / 50 ys impulse chopped clgse to the peak.
he chopping time, for example is the time interval from the chopping instant to the zer

than the total height of the SSVT and that no additional resistancefis"introduced in serie
between the SSVT and the chopping device as described in IEEE Std 4-2013, 8.6.2.1. Th
vpltage shall be measured and recorded in accordance with IEEE Std 4-2013, 8.
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9.6.1.4 Chopping device

he applied voltage shall be chopped with a suitable device. Because a shorter chopping tim
than normal is critical for the test, a chopping device,made of multiple series connected spher
daps should preferably be used instead of a rod gap:

(OB

9.6.1.5 SSVT connections

he test voltage shall be applied to the pfimary terminal, while the neutral terminal shall b
rthed through a current sensor. The secondary winding terminals shall be short-circuited and
rthed.

9]

9.6.1.6 Measurement of veltage and current

or each application of thexwave, the peak voltage shall be measured with a peak voltmeter g
al digital oscilloscope After a series of fifty consecutive tests, oscillograms of the voltage and
current(s) shall be taken and compared with earlier tests.

=

9.6.1.7 Detection of failure
he design{shall be considered as having met the requirements if:

) After-the endurance chopped-wave test, the SSVT passes the capacitance and dissipatio
factor test in accordance with 9.4.5,

=)

Al o ne. __ana S

partial discharge tests in accordance with 9.4.7 and 9.4.8,

c) For oil-immersed SSVT, there is no significant increase of the dissolved gas content
compared with those before the test, and

d) The inspection and autopsy of the complete internal insulation structure for the dismantled
SSVT reveal no trace of tracking or burn marks.

A significant increase of dissolved gas content is considered, with the exception of acetylene,
to be twice the maximum acceptable limit shown in Table 6. There shall not be any increase in
acetylene concentration.
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9.6.2 Internal arc test
9.6.2.1 General

The internal arc test is a destructive test intended to verify that an SSVT satisfies the internal
arc protection class, see 6.17 for additional information. This test is not a guarantee of
containment under all short-circuit conditions, but a test to demonstrate conformance with an
agreed set of conditions. Internal arc testing does not guarantee performance in the event of
failure in a substation. More information on the internal arc test can be found in Annex B.

.6.2.2 Test prerequisites and documentation

efore the test, the manufacturer shall submit the insulation design report to the user forreview.
he report shall include a description of the insulation system for the SSVT. With the necessary
cplculations, drawings and electric field studies, the manufacturer shall justify the-focation gf
the fuse element within the test sample. The dimensions and material of the earth shield leafd
shall form part of the report. The manufacturer shall also describe the strategy‘of limiting the
hiazardous effects in the event of an internal arc.

he test shall be performed to verify the design with the special features intended to limit th
hiazardous effects of an internal arc. The manufacturer shall submit_ proof that the implemente
easures are also representative of production units, and not limited to the unit under test.

o

ome SSVT constructions (e.g. SSVTs with multi-sectioned windings), are designed t
drastically decrease the energy of the internal arc. For such-Units, it is possible that the internal
rc testing as described in this subclause 9.6.2.2 will not be fully applicable, as the arc is ng
imcepted over the entire insulation system. In such<ases, additional testing, calculations an
documentation should be presented to demonstrate the performance under internal an
cpnditions. Calculations, supporting documentation, and tests should be agreed upon by th
anufacturer and the user.

O

DO O O ~

the event that an SSVT of similar design is already qualified, the manufacturer shall provid
the documents demonstrating the ability of the non-qualified SSVT to withstand an internal anc
ult without performing any additignal test.

]

9.6.2.3 Requirement of thefuse wire installation
The fuse wire shall be posjtioned in a location defined according to the following criteria:

a) Location where the dielectric stress is the highest in respect to SSVT performance;

b)) Location with the highest probability of arc inception due to the construction of the SSVT,
and/or most probable failure mode;

c) Location‘that is the least favorable for controlled pressure relief.

Im case of conflicting locations, criteria given in a) and b) above have precedence.

9-6-24—TFestconditions

The test shall be conducted under the following conditions:

a) The test current shall be the rated arc-proof current initiated as close as possible to the
voltage zero crossing in order to obtain a fully asymmetrical current.

b) The tolerance on RMS value is +5 %. The tolerance on duration is + % cycle.

c) The tolerance on the angle of initiation of fault current shall be +15°.

d) The frequency of the test current shall be between 48 Hz and 62 Hz. For laboratories using
short-circuit generators, this frequency tolerance applies to the first 6 cycles of short-circuit
current. After this time, the frequency may fall below the lower frequency limit.
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e) If the arc-proof current is below 25 kA, the duration of the test shall be 0,3 s. If the arc-proof

current is 25 kA or above, the duration shall be 0,2 s.

f) The power source shall be capable of maintaining a sinusoidal current throughout the entire
course of the test. It shall also be capable of obtaining, as a minimum, an asymmetrical
peak current of 2,7 times the RMS symmetrical current in the presence of the arc voltage,

and
g) For the gas-filled SSVT, the gas pressure shall be set at the rated filling value.

The arc shall be initiated by means of fuse wire. The fuse wire material and size shall be

sEIecfea SO that the wire will melt within the Tirst 30 elecirical degrees after the Initiation of the
tgst current.

Hor environmental reasons and to not release SFg5 and SF4 arc by-products in the envisonment,
the SF4 gas shall be replaced by an alternative gas such as nitrogen, air or CO,,
Tlhe SSVT shall be mounted on a pedestal of minimum 500 mm (19,7 in)height to simulate
service conditions. Figure 10 shows the test setup.
A containment area encircling the tested SSVT, or an optional physical’ enclosure for projected
plarts, shall be defined using Formula (18) below with a minimim diameter of 1 800 mm
(Y0,9in).
|
‘ A
SSVT !
| <
|
|
[
Enclosure :
(optional) A M o
Pedestal - . \
I T
A
A | .
|
= — |y
A |
|
— D -
I I IEC
Kley
A Height'of the tested SSVT
B Height of the pedestal, greater than or equal to 500 mm (20 in)
M Diameter or largest horizontal dimension of the SSVT
H Height of the enclosure/containment area. H is in a range from zero (no enclosure) to B (as high as the
pedestal)
D Diameter of the enclosure/containment area.

Figure 10 — Internal arc fault test setup

D=M+2-(4+B-H) (18)
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