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INTERNATIONAL ELECTROTECHNICAL COMMISSION

HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 307: Guidance for the extension of validity of type tests of

—AC metal and solid-insulation enclosed switchgear and controlgear
for rated voltages above 1 kV and up to and including 52 kV

FOREWORD

1] The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprisin
all national electrotechnical committees (IEC National Committees). The object of IEC is to_promote internation
co-operation on all questions concerning standardization in the electrical and electronic-fields. To this end an
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Report
Publicly Available Specifications (PAS) and Guides (hereafter referred to as YIE€ Publication(s)"). The
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt wi
may participate in this preparatory work. International, governmental and non-governmental organizations liaisir]
with the IEC also participate in this preparation. IEC collaborates closely with'the International Organization fp
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.

2 Q

Q>57% a

=

2] The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an internationpl
consensus of opinion on the relevant subjects since each technical tommittee has representation from 3all
interested IEC National Committees.

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

4] In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in théirnnational and regional publications. Any divergence betwegn
any IEC Publication and the corresponding natiopal or regional publication shall be clearly indicated in the lattdr.

5] IEC itself does not provide any attestation of’conformity. Independent certification bodies provide conformify
assessment services and, in some areas,vaccess to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certifigation bodies.

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

No liability shall attach to IEC or its directors, employees, servants or agents including individual experts a
members of its technical commiti€es and IEC National Committees for any personal injury, property damage
other damage of any nature’Whatsoever, whether direct or indirect, or for costs (including legal fees) arn
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IH
Publications.

Oa s a

8] Attention is drawn/tethe Normative references cited in this publication. Use of the referenced publications |s
indispensable for-the’correct application of this publication.

9] IEC draws attention to the possibility that the implementation of this document may involve the use of (
patent(s). /EC takes no position concerning the evidence, validity or applicability of any claimed patent rights
respect theteof. As of the date of publication of this document, IEC had not received notice of (a) patent(s), whig
may be required to implement this document. However, implementers are cautioned that this may not represe
theAatest information, which may be obtained from the patent database available at https://patents.iec.ch. IH
shall.not be held responsible for identifying any or all such patent rights.

o
~

O=55

is redline version of the official [EC Standard allows the user to identify the changes
made to the previous edition TR 62271-307:2015. A vertical bar appears in the margin
wherever a change has been made. Additions are in green text, deletions are in
strikethrough red text.
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IEC TR 62271-307 has been prepared by subcommittee 17C: Assemblies, of IEC technical
committee 17: High-voltage switchgear and controlgear. It is a Technical Report.

This second edition cancels and replaces the first edition published in 2015. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

ay—Strd
b) Updated references to IEC 62271-200:2021 and IEC 62271-1:2017.

c) Addition of criteria for the extension of validity of type tests from functional unit(s)with [a
different insulating gas to the functional unit to be validated.

d) Figure 5 for the validation of a design modification was added.

e) Clause B.7 for the extension of validity of type test for a GIS with inSulation gas A fo
insulation gas B was added.

The text of this Technical Report is based on the following documents"
Draft Report on voting
17C/939/DTR 17C/957/RVDTR

n

ull information on the voting for its approval can be faund in the report on voting indicated iIn
the above table.

The language used for the development of thissTechnical Report is English.

This document was drafted in accordance®with ISO/IEC Directives, Part 2, and developed in
akcordance with ISO/IEC Directives, Part*1 and ISO/IEC Directives, IEC Supplement, available
al www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/publications.

>

list of all parts in the IE€C62271 series, published under the general title High-voltage
itchgear and controlgear,~can be found on the IEC website.

(%]

—

his Technical Reportis to be used in conjunction with IEC 62271-1:2017, IEC 62271-200:202
nd IEC 62271-201:2014 to which it refers and which are applicable unless otherwise specified.

Q

—

he committee*has decided that the contents of this document will remain unchanged until the
ability date indicated on the IEC website under webstore.iec.ch in the data related to the
becifie-document. At this date, the document will be

n n

reconfirmed,

e withdrawn, or

e revised.

IMPORTANT - The "colour inside” logo on the cover page of this document indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this document using a colour printer.
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HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 307: Guidance for the extension of validity of type tests of
AC metal and solid-insulation enclosed switchgear and controlgear
for rated voltages above 1 kV and up to and including 52 kV

Kh—Ceneral

1 Scope

This part of IEC 62271, which is a Technical Report, refers to prefabricated metal-enclosed an(d
splid-insulation enclosed (both hereinafter called enclosed) switchgearyand controlgear
apsemblies for alternating current of rated voltages above 1 kV and up_to6.and including 52 kM
ap specified in IEC 62271-200 and IEC 62271-201, and to other equipment included in the samle
ehclosure with any possible mutual influence.

This document-may can be used for the extension of the validity of type tests performed on onle
test object with a defined set of ratings to another switchgear and controlgear assembly of the
ame family with a different set of ratings or different arrangements of components or insulating
flpids. It supports the selection of representative test objects composed of functional units ofja
gmily of switchgear and controlgear aimed at the optimization of type tests in order to perfor
consistent conformity assessment.

[72]

Q

he extension of validity, as this is the casgor type tests, does not cover ageing, material
bmpatibility, human health toxicity or impact'on the environment, among others. It is the tagk
f the manufacturer and the user to check{those aspects are covered for the technical validatign
f an assembly design.

O O 0O -

_|

he extension of validity of typeteSts according to a component standard is outside the scope
f this document.

[e]

—

his document utilises alcombination of sound technical and physical principles, manufacturgr
nd user experience,.and calculations to establish guidance for the extension of validity of type
gsts, covering varigus design and rating aspects.

o Q

2| Normative references

cpnstitutes requirements of this document. For dated references, only the edition cited applies.
Fordndated references, the latest edition of the referenced document (including a
amendments) applies.

The following documents are referred to in the text in such a way that some or all of their conte}t

Yy

IEC 60050-151:2001, International Electrotechnical Vocabulary (IEV) — Part 151: Electrical and
magnetic devices

IEC 60050-441:1984, International Electrotechnical Vocabulary (IEV) — Part 441: Switchgear,
controlgear and fuses
IEC 60050-441:1984/AMD1:2000

IEC 62271-1:20072017, High-voltage switchgear and controlgear — Part 1: Common
specifications for alternating current switchgear and controlgear
IEC 62271-1:20042017/AMD1:20442021
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IEC 62271-200:20442021, High-voltage switchgear and controlgear — Part 200: AC metal-
enclosed switchgear and controlgear for rated voltages above 1 kV and up to and including
52 kV

IEC 62271-201:2014, High-voltage switchgear and controlgear — Part 201: AC solid-insulation
enclosed switchgear and controlgear for rated voltages above 1 kV and up to and including
52 kV

3

Terms and definitions

|

B

N

$0O and IEC maintain terminology databases for use in standardization atfihe following

or the purposes of this document, the terms and definitions given in IEC 60050-%5
FC 60050-441, IEC 62271-1, IEC 62271-200, IEC 62271-201 and the following apply.

afddresses:
e| IEC Electropedia: available at https://www.electropedia.org/
e| ISO Online browsing platform: available at https://www.iso.org/obp
NOTE Some standard terms and definitions are recalled here for ease of reference.
21101
switchgear and controlgear
cfnoral oo nrineovdiebine dloadece o tnole conbinolion wiih cocosloiod coniofl
meaeasuring nrotective_and reaulatina eauinment alcn accambhliee of cuch devices 2
measuring—protective—and—regulating—egquipment,—also—assemblies—ot—such—devices—at
ehuinment with aceneciatad intarconnections accecesdfies anclosures and csunnortina struecturds
epupment-with-assoctatedinterconnections—accessories,enclosuresand-suppertingstrueturgs
{g . .

EOURCEIEC 680050-441:1984,-441-11-01]
3|1
family of switchgear and controlgear

—h

U

-

3

flnctional unit

<
1
fu

©o 0=z

[$

atings and characteristics (e.g. current, voltage, degree of protection)

nctional units designed to be physically combined in assemblies and providing a range of

2

pf an assembly> part of an assembly—ef-switchgear—and-—contrelgear comprising—at—the
bmponents—of the qmain circuits, earthing circuit and auxiliary circuits that contribute to the

Ifilment of a single)function

pte 1 to entry.S~Functional units-may can be distinguished according to the function for which they are intende
g. incomingiunit, through which electrical energy is normally fed into the assembly, outgoing unit, through whigh
ectrical energy is normally supplied to one or more external circuits.

T

bOURCE:HEC60060-441:1984,-441-13-04 |EC 62271-200:2021, 3.5.103]

3

.3

assembly
<of switchgear and controlgear> a combination of switchgear and/or controlgear completely
assembled with all internal electrical and mechanical interconnections

Note 1 to entry: An assembly is comprised of one or more functional units.

[SOURCE: IEC 60050-441:1984, 441-12-01, modified — addition of a note to entry.]
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3.4
component

<pf an assembly> essential part of the high-voltage or earthing circuits of an assembly whitih
serves a specific function (e.g. circuit-breaker, disconnector, switch, fuse, earthing/switch,
instrument transformer, bushing, busbar)

[$OURCE: IEC 62271-200:2021, 3.5.104]

3|5
main circuit

<pf an assembly> all the high-voltage conductive parts ‘ef#/an assembly included in a circyit
which is intended to carry the rated continuous current

[$OURCE: IEC 62271-200:2021, 3.5.105]

3(6
e¢st object
tem submitted to a test, including any accessories, unless otherwise specified

rlll o

—

$OURCE: IEC 60050-151:2001, 131-16-28]

7

ktension (of validity) eriterion
riterion based on the design parameters, which can be applied to validate the performance of
h untested assembly based on the positive results of test(s) performed on another assembly
r a specific characteristic

VDO DO W

—h
o

3(8

homogeneous group

group ofifunctional units of a family of switchgear and controlgear having design parameteis
hich_allows for a specific characteristic extending the validity of the result of a type tes

performed on one member of the group to the rest of the group

—

3.9

clearance

the distance between two conductive parts along a string stretched the shortest way between
these conductive parts

[SOURCE: IEC 60050-441:1984, 441-17-31]

3.10
clearance between phases
the clearance between any conductive parts of adjacent phases
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3.11

clearance to earth

clearance between any conductive parts and any parts which are earthed or intended to be
earthed

[SOURCE: IEC 60050-441:1984, 441-17-33]

3[12
centre distance between phases
djstance between the centres of adjacent phase conductors

13

pntinuous current performance
pf insulation fluid> ability of the gas or gas mixture to carry heat losses from(hner componenis
¢ the walls of the gas filled compartment for identical construction design

A O W

—

4 Use of extension criteria

41 General

Blecause of the variety of types of functional units, ratibgs and possible combinations of
cpmponents, it is not practical to perform type tests with-all the possible assemblies of enclosed
vitchgear and controlgear. Therefore, the performance of a particular assembly-may can be
valuated by reference to type test reports of otherassemblies of the same family of switchgear
hd controlgear. Subclauses 5.1 to 5.7 provide for each kind of type test (or characteristic) |a
bn-exhaustive list of design parameters,-which-should to be analysed for extension of validity.

>0 O ®»

—

he analysis-should is intended to be based on sound technical and physical principles and
}ay can also be supported by calculations, if applicable.

5

o M

gdbles in 5.1 to 5.7-should is .intended to be compared with the design parameter of the alrea
ype tested assembly applying the acceptance criteria provided in the same tables. T
Ffirmation of every extension criterion allows a test performed on one assembly having specif
naracteristics to bge - applied to another assembly of the same family with different
haracteristics (e.g.«s@me of the ratings or dimensions). For example, the affirmation of item (1)
n Table 2 reads: the clearance between phases of the assessed assembly is larger than ¢r
jual to the clearance between phases of the tested assembly.

ach design parameter of the assembly to be assessed listed in the respective column of ta

—

e
Yy
e
c

D S0 00

Ifflany of the‘extension criteria cannot be affirmed, further evidence is required, for example Hy
technicalvarguments, calculation/simulation or specific tests. Calculations—can—onhybe aile
applied)in a comparative sense as indicated in 4.3.

4.2 Parameters for extension criteria

The criteria for the extension of type tests available for a family of switchgear and controlgear
depend on a number of design parameters such as the ones listed in Table 1. Every assembly
is characterized by its own set of design parameters.

Component parameters are design and operating parameters that influence the capability of
the component with respect to its own ratings. These parameters are controlled and specified
by the manufacturer of the component. All applications of a component within a family of
switchgear and controlgear—should are expected to meet the manufacturer's specified
tolerances for component parameters.-TFhe-extension—of-validityof type-tests—accoerding-toa


https://iecnorm.com/api/?name=89aaa1975fe7a71f649cc0db1c2d3af2

-12—- [|EC TR 62271-307:2024 RLV © IEC 2024

NOTE Some switching devices, such as earthing switches,-may—net can be-available unavailable as a separate
component and-reed-te will be tested inside an assembly according to their relevant component standards.

Table 1 — Examples of design parameters

Design parameter Related to
Raw material of a contact in a switching device Component
Geometry of a contact in a switching device Component
Opening and closing speed of a switching device Component
Allowable rebound time of a switching device Component
Clearance between phases Component / assembly
Clearance to earth Component / assembly
Pressure of insulating gas in a compartment Component / assembly,
nsulation gas or gas mixture Component / asSembly
nsulation class of all insulation parts in contact with conductors Component flassembly
L ength of unsupported section of busbar Assembly
Arrangement of components Assembly
NOTE This table includes examples only; it is not intended to be complete.

Assembly parameters are those parameters that are directly influenced by the design of gn
apsembly of a family of switchgear and controlgear;)however, they—may can depend o
c
d

>

bmponent parameters. Assembly parameters af€ considered within the scope of this
bcument.

3 Use of calculations
3.1 General
bmparative sense using calculation results available for a type tested assembly and resul{s

btained for another assembly’that is under investigation. The comparison is always based o
the design parameters and the acceptance criteria in Table 2 to Table 7.

4
4
Flor the purpose of this document,;¢alculations and simulations-may can only be applied inja
o

>

In many cases the performance of a given assembly, with respect to a particular type tes
chnnot be evaluatediby a single value of a design parameter due to the complexity of the desig
Flor example, the\clearance between phase conductors might vary considerably along the
c

s

Lirrent path. Galeulations have the potential to compare the respective design parameter with
pbatial resolution supporting a comparison using technical arguments and expertise.

Depending on the type test and the particular design parameter, sometimes a simple model ¢f
the relevant switchgear and controlgear might be sufficient using an analytical or empirical
formula, and sometimes a complete three-dimensional simulation model might be requirgd
using a complex numerical tool provided the results of the simulation tool are consistent and
repeatable.

The validation of software tools and calculation methods themselves is outside the scope of
this document. Some of these calculation methods are briefly mentioned below with their
particular characteristics.
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4.3.2 Temperature rise calculations

IEC TR 60890 [1]! provides calculation procedures for low-voltage assemblies, which could
also be applied to high-voltage switchgear and controlgear assemblies having regard to the
particular limitations of this calculation method. The calculation is done in dependence of the
total power generated inside, the area of enclosure walls and their mounting conditions, the
number of horizontal partitions, and the area of ventilation openings. The temperature of air
inside the tested compartment is the parameter to compare.

re

dynamics (CFD) tools-may can be applied requiring a complete three-dimensional model of the
sitchgear and controlgear.

JIGRE TB 830 [2] provides guidelines for state-of-the-art temperature rise -modelling ¢f
medium- and high-voltage switchgear and controlgear.

4/3.3 Electric field calculations

The dielectric withstand performance of two assemblies-may can be assessed by an electr|c
field simulation of both designs comparing the resulting electric field strengths. Finite eIemeIt
(FE) or finite volume (FV) software tools exist, which allow simulating even complex thre

djmensional geometries. A CIGRE publication [3] concludes/in“particular with respect to electric
field calculations: "Simulation is an excellent and instructive tool... to predict performanceg
where performance is proven by tests on similar desjgns (interpolation)".

Hmay-be-remarked-thatthis Technical Report-This"document does not provide information fq
ktrapolation but only for interpolation of characteristics, for example extending validity {o
gher values of electric field strengths is not\covered.

=

> O

4(3.4 Mechanical stress calculations

Siimulation software for operating* mechanisms exists and can give information on the
echanical stress on parts of(the mechanism. However, it is not feasible to assess the
echanical endurance by these programs. Therefore, at the present state of available
mulation software, it is-qotrecommended-to—use better if simulations for the extension ¢f
hlidity of mechanical typé tests are not used. Nevertheless, the strength of single parts ¢
echanical supportssmay can be assessed by such calculations.

3

3 < » 3
-

4/3.5 Short-circuit current calculations

With respect-*to the short-time current withstand performance, guidance and calculatign
formulas (for bus-bar designs can be found in the guideline on short-circuit withstand of low-
vpltagetassemblies IEC TR 61117 [4], and on the calculation of the short-circuit current effec{s
in JEE60865-1 [5] and IEC TR 60865-2 [6]. This includes the determination of mutu
electromagnetic forces between phase conductors and the resulting mechanical stress which |s
able to bend bus-bar conductors and damage insulators. The mechanical stress on busbars
and forces on the supports—may can be assessed through stress analysis programs, when
applying the calculated electromagnetic forces. Additionally, a calculation of the thermal stress
using [, %t -right can be done when the assessment is made for a lower I, and higher #, than

the ones tested.

T Numbers in square brackets refer to the Bibliography.
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4.3.6 Internal arc pressure rise calculations

The comparison of the pressure withstand performance of two assemblies—may can be
substantiated by pressure rise calculations for the compartments under investigation.
CIGRE TB 602 [7] provides some guidance on simulation tools for this purpose. The
calculations are able to provide the pressure rise in the compartments under-consideration-of
investigation, taking into account the opening of pressure relief devices. An assessment of the
strength of the enclosure walls under the pressure stress can be made for simple geometries
using calculation formulae, otherwise using finite element mechanical stress analysis.

The flow of hot gases expelled from the compartment-may can be simulated by CFD programs,
hpwever, it is, at the time of the publication of this document, not possible to simulate ,the
ignition of indicators, which is an important acceptance criterion in the type test.

herefore, such programs have limited applications for the extension of type)test validity.
IGRE TB 686 [8] provides some examples of pressure rise calculations.

(@K

4 Information needed for extension of type test validity

4

Flor the extension of type test validity, similar information on the assembly under evaluatio
should—be are collected as it is required for type test objects according ll
HHC 6227112007643 |EC 62271-200:2021, 7.1.3 or |E€62271-201:2014, 6.1.3. |
a
c
o]
u

haracteristic, i.e. type test relevant information on design/parameters of the tested object an
f the functional units under evaluation. Only the tablescthat are relevant for the characterist
hder evaluation need to be used.

n
(o}
n
ddition, Table 2 to Table 7 given in Clause 5-should can be used to provide for eagh
d
c

—

he applicable type test reports of the tested assembly-sheuld are to be-provided considergd
5 far as they concern the comparison of the twe assemblies.

QD

Hsrecommended-that-ldeally, the manufacturer-prevides will provide relevant information o
esign parameters of the tested object aslisted in Table 2 to Table 7 of Clause 5 to be include
n any type test report in addition to the information required by the product standards.

=0 =
[oNli=]

=z

ost often single value design*parameters are not sufficient to perform the evaluation. In th{s
hse relevant drawings of beth-objects-may can be necessary.

(¢

fl a comparison is substantiated by calculations, numerical data or by formula, the type of
bftware used, the reference number of the calculation report and short summary of the resul{s
howtd will be-giverprovided.

¢ o

(W)

ocumentspreviding proving traceability of the analysis performed-sheuld-be-established aie
fovided(Such documents—should—be are part of the report for extending the validity of
erformed type tests to the whole family or part of the family of switchgear and controlgear.

© T

415 Extension of validity when using different insulating gas or gas mixture

Apart from SFg other insulation gases or gas mixtures are used in assemblies. These gases

can, for example, differ in dielectric and thermal performance and in the behaviour during
internal arc failures. It can happen, that identical assembly designs could be used with several
insulation gases or gas mixtures depending on service conditions. It can be of interest to test
only the gas or gas mixture with the lowest performance or highest stress to the design, covering
other gases or gas mixtures for the same construction design assembly.

For this purpose, reference tests for direct comparison can be performed on the same
construction design. Test object(s) with the different insulation gases or gas mixtures can be
used to demonstrate which of the gas or gas mixture can be used as base for the transfer of
each specific type test. The reference test(s) to be performed under type test conditions and
the comparison test(s) are documented as well for later reference.
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Then the transfer of test reports can follow a two-step approach as shown in Figure 1:

1) transfer of test for different construction design 1 to design 2 using the same gas;

2) transfer of test for an identical construction design from gas A to gas B.

The order of the transfer steps can be swapped.

<
[2]
®
(o))
5
ke) '
= .
g Variant
7] transfer
=
Insulation
gas transfer
Combined
o) transfer
[2]
®
(o))
A R A AR A" T —
E=} i1
o "
3
[2]
L

IEC

Figure 1 — Example for extension ofvalidity of test report for dielectric testing with

-

of switchgear and controlgear

[3) ]

Application of extension criteria

A

1 General

@)

lause 5 to be gead in conjunction with Annex A where the rationale behind is given for t
Lidance giveR in”5.2 to 5.7.

Q

2 Diéelectric tests

itchgear and controlgear assembly. The evaluation is applicable to the extension of valid

e¢gard to different construction design variants and insulation gases of the same familly

hle

b

5
The, criteria listed in Table 2-should can be taken into consideration for all parts of t
S
o]

dielectric withstand tests from one functional unit or assembly to another belonging to t

he

same family of switchgear and controlgear having the same or a lower rated insulation level.

If necessary for dielectric performance, insulating barriers and supplementary insulation-may
can have been included in type tested objects according to—tEC82271-14:20076-2.3

I[EC 62271-1:2017, 7.2.4, and therefore extension of the type test validity—may can only
performed on functional units or assemblies having the same arrangement and design of su
insulation.

be
ch
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The test object-shall is expected to contain suitable items or replicas that reproduce the field
configuration of, for example, the high-voltage connections of instrument transformers or fuses
posing the most onerous test conditions (refer to+EC622714-200:2041,6-2.6-1and6-2.6-2
IEC 62271-200:2021, 7.2.7.2 and 7.2.7.3). This allows extending the validity of type tests to the
use of components with different technical specification provided they have the same external
electric field configuration. The same considerations can be made for other high and low-voltage
accessories like surge arresters and heaters.

Table 2 — Extension criteria for dielectric withstand-performance tests

q

Ilem Design parameter Acceptance Condition
criterion
(1) (2) (3) (4)
1 Clearance between 2
phases
2 Clearance to earth 2
3 | Creepage distance 2 NOTE 1
4 Electrical properties of 2 A comparative result between twosmaterials might be required
insulating material (e.g. comparative tracking index"aceording to IEC 60112 [9])
5 | Surface roughness of <
live parts
6 Radius of conductive 2 Not only the radius of(live parts, but also the radius of all othe
parts conductive parts facirig live parts (e.g. earthing devices,
enclosure, LV witing, 'supporting structures)-shoeuld need to be
considered.
NOTE 2
7 | Open contact gap 2 If influenCed by the switchgear and controlgear assembly
8 | Isolating distance = If infloenced by the switchgear and controlgear assembly
9 | Minimum functional > Same-fluid;for-fluid-insulated-switchgear If same gas or gas
pressure for insulation mixture for gas insulated switchgear and controlgear
10 | Minimum ambient 2 If partial liquefaction of insulation gas can happen at service
temperature in service conditions
11 | Minimum dielectric 2 If different gas or gas mixture are used for identical
properties of insulation construction designs at defined minimum functional pressure
gas or gas mixture for insulation
NOTE 3
OTE 1 The field distribution along the insulating surface is also relevant.

OTE 2 The geometry of parts made of insulating materials changes the electric field as well.

OTE 3 The~ndielectric performances of different insulation gas or gas mixture for identical construction desig

an be verjfied using the procedure below Table 2.

T

p eoVver a different insulation gas or gas mixture, the dielectric performance difference betweegn

one gas and another gas or gas mixture or between two gas mixtures with different mixing ratios
can be verified by reference tests, which are:

lightning impulse voltage test (BIL),

power-frequency voltage test (PFV),

DC voltage test on cable testing circuits.

However, regarding the partial discharge (PD) type test, extension from one gas to another gas
is not possible due to the following conflicting conditions:

for the comparison of PD results in ideal circumstances the same test object is used,;
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e BIL and PFV to be carried out prior to PD measurement requires two separate but identical
test samples.

Therefore, no extension of validity from one gas to another can be done for products according
to IEC 62271-201.

Testing to the limit can demonstrate which gas or gas mixture has the lowest dielectric
performance and would cover gases with higher performance on the identical construction
design.

The minimum dielectric performance of a gas or gas mixture is assessed at a defined minimluln
unctional pressure (density) for insulation and a defined gas composition for gas mixtt@s./

—h

Z

OTE 1 The use of a minimum gas composition can be appropriate in case of different gas losses of@alpomponen s
the mixture or significant decomposition of single gas components.

[e]

-

ff needs to be taken into account, that for some gases or gas mixtures the iéekctric behavioyr

non-linear with the pressure, especially at higher pressures (see CIG§ rochure 730 [10]

hd CIGRE brochure 849 [11]). Solid insulated parts need to be identicaﬂ\a d tested in the most

herous electric field configuration. (l,
Qv

7

o Q

Tlest objects with identical construction and design for the refg@me test are preferably used.
Blut it is better not to use the same test object, as the remoyal of all traces of previous testc{d
ghs or gas mixture being in practice impossible, except @jsecond gas mixture consists ¢f
the first with additional gas components providing a bet erformance.

o
Affter verification of higher dielectric properties at f@ﬁ pressure compared to those at minimuin
functional pressure, this process will imply: Q

N
o to test to the limit the lowest dielectric ﬁq%rming gas or gas mixture at defined minimun
functional pressure; %,
NN
i

o| to test the expected highest diele%c performing gas or gas mixture at same gas pressure
and at a higher voltage level ao@ ing to the procedure defined below.
N\

>

s the impact of flash-over of J{Q)Itning impulse voltage tests compared with power frequendy
bltage tests is normally Iow{.l.ightning impulse voltage source is preferably used for the fir$
bmparison. S

o

OTE 2 The risk of sugf§e ‘damages and resulting weakening of the dielectric performance of the tests object

<
—

[e]

(2]

ually higher in cas isruptive discharges during power frequency voltage tests than during lighting impul{
Itage tests due tog} her energy of the power frequency source. A current limiting resistor can be added to lin
e breakdown curreat.

0]

=+ < oz
=

—

ghtning i Ise voltage tests to be performed at increasing test voltage values by steps gs

fq IIows:%

° \Q;ﬂling at rated lightning impulse withstand voltage;

e —the voltage 1S Increased Slepwise by voltage Steps of o % of the rated Hghtning impuise
withstand voltage (e.g. 4 kV (75 kV); 7 kV (125 kV); 9 kV (170 kV)).

NOTE 3 Values are rounded up to next full digit.
The tests are started with the gas or gas mixture with the lowest expected performance:

e 15 impulses with positive polarity, followed by 15 impulses with negative polarity;

e when not more than 2 discharges occur, the voltage level is passed, and the test voltage is
increased by a voltage step as described above;

e when 3 discharges occur, the voltage level is not passed, and the former passed voltage
level is taken as the limit value for this gas or gas mixture;
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e the same sequence is repeated for the other gases and gas mixtures at the same starting
point with the same voltage steps.
NOTE 4 In case of damages on the test sample it can be necessary to change to a new test sample
During power frequency voltage tests the test voltage values are increased as follows:

e starting at rated power frequency withstand voltage;

e the voltage is increased stepwise by voltage steps, of 5 % of the rated power frequency
withstand voltage (e.g. 2 kV (28 kV); 3 kV (50 kV); 4 kV (70 kV)).

NIOTE 5 Values are rounded up to next full digit.

—

he tests are performed as follows, starting with the gas or gas mixture with the lowest
kpected performance:

D

e| the test voltage is kept for 1 min;

| when no disruptive discharge occurs, the voltage level is passed, and the test voltage |[s
increased by a voltage step as described above;

e| when a disruptive discharge occurs, the voltage level is not passedj)/and the former passed
voltage level is taken as the limit value for this gas or gas mixtufeat defined gas pressurag;

o| the same sequence is repeated for the other gases at the saqie starting point with the same
voltage steps.

—

he DC voltage test on cable testing circuits are ferformed and passed according fo
EC 62271-200:2021, 7.2.101, for each gas being campared.

m

vidence of higher performance for a switchgearand controlgear construction design is given
| case the limit value of the gas or gas mixtureyat defined gas pressure compared to the lowes$
electric performing gas or gas mixture at déefined gas pressure is at least 3 voltage stefs
gher. If this is not the case, no evidenge\js given, and it is not possible to assess.

—

o0 QO

5|3 TFemperaturerise-Continuous current tests

The extension criteria for-temperature-rise-performance continuous current type tests at rate
et

a

[o}

brmal continuous current equal to or smaller than assigned to the type tested functional unit
re summarised in Table.3.:\Fhe table does not consider forced ventilation.

The current carrying.€apacity of a functional unit is also dependent on the design of the bug-
bar connection anhd‘on the distribution of current in adjacent functional units. Since the
tg¢mperature—rise Jcontinuous current test-should-be is performed under the most severe
cpnditions as.required by the standard (e.g.tEC682271-200:2014,6.5 [EC 62271-200:2021,
715), it is_assumed that the impact of surrounding functional units on the-temperature—rige
cpntinuous/current performance is equal to or lower than the impact during the type test.

Whete a functional unit-may-include includes different members of a family of components sugh
asTmstrumenttransformers—or fuses,; these components—shooid Teedto be comparedone by
one with respect to power dissipation in order to extend the validity of the type test to the whole
family of components.

For extension of rated frequency from 50 Hz to 60 Hz refer to-6-5-2of 1EC 622714-200:2014
IEC 62271-1:2017, 7.5.3.1.
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Current transformers-have-to-be are type tested and verified according to their own-cempeonent
product standard. Where current transformers are fitted in a functional unit, they-may can be
considered acceptable if they have a power dissipation of the primary and secondary windings
at the rated-normal continuous current of the functional unit that is equal to or less than that
installed in the type tested functional unit. Current transformers with lower current rating that
have a higher primary resistance can only be applied in the switchgear and controlgear at lower
normal continuous currents, where they have the same or lower primary and secondary power
dissipation. The same-should will be considered for other components such as transformers
supplying auxiliary and control circuits.

Table 3 — Extension criteria for-temperature-rise continuous current performance
Item Design parameter Acceptance Condition
criterion

(1) (2) (3) (4)

1 Centre distance between phases > Only to be validated for rated-resmal continuous
currents above 1250 A (see lEC62271-1:2007;
6-5-2 IEC 62271-1:2017, 7;5.2)

2 Phase to earth distance 2 Only to be validated if an influence on the
surrounding elements due to currents cannot be
excluded, e.g. eddy(Currents and magnetising
currents
NOTE 1

3 Enclosure/compartment dimensions 2 The enclosure and compartments are of the same

(L, H, W) and volume consttuction
NOTE1

4 | Minimum pressure of insulating gas > |f/same gas or gas mixture; for gas insulated
switchgear and controlgear

5 | Current density of conductors < The conductors have the same physical
arrangement

6 |Resi : ‘ - - ) .

conductors
NOTE 2

6 Main circuit electrical resistance < Resistance per unit length of conductors and
contact resistance

7 | Contact surface area of copnections 2 Same or better contact material

/ joints
NOTE 2

8 | Contact force of connections / joints 2 Same or better contact material

9 | Permissible temperature of contact 2 Including metallic coatings having the same or

materials of lconnections / joints lower resistivity

10 | Effectiveiventilation area of 2 NOTE 3

partitions-and enclosure

11 | Rower dissipation of components < Here the main switching devices, fuses and current
transformers are considered
NOTE 4

12 | Area of insulating barriers < Barriers have the same physical arrangement

13 | Thickness of insulating coating of < Thermal resistivity and emission coefficient of the

conductors coating-should are expected to be the same
NOTE 5

14 | Total coated surface area of 2 The emission coefficient of the coating-should is

enclosure for heat transfer expected to be the same

15 | Temperature class of insulating 2 Lower temperature classes can be applied with

material in contact with conductors regard to margins obtained during the continuous
current tests

16 | Thermal performance of gas or gas = If different gas or gas mixture is used for gas

mixture insulated switchgear and controlgear
NOTE 6
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Item Design parameter Acceptance Condition
criterion

(1) (2) (3) (4)

NOTE 1 The use of non-ferromagnetic material for enclosure and partitions will reduce heat generated by
alternating magnetic fields compared with for example mild steel, when the conductors cross them.

NOTE 2 Electrical-and-thermalresistance-are-supposed-to-be-propertional The lubrication of contacts is expected

to be the same.

NOTE 3 The degree of protection (IP code)-is can be relevant.

OTE 4 The power dissipation of both primary and secondary windings of current transformers is relevant.

®

OTE 5 Coating of busbar, for example with paint, improves the heat transfer to the surrounding medium: Th
dolour of the paint has no significant effect on the thermal radiation.

NOTE 6 The thermal performances of different insulation gas or gas mixture for identical construcCtion design ca
he verified using the procedure below Table 3.

o cover a different insulation gas or gas mixture, the performance difference between one ggs
hd another gas or gas mixture or between two gas mixtures with different mixing ratio can be
emonstrated by reference tests. In case of thermal performancencontinuous current tests with
fferent gases in the identical design and test object at the same‘gas pressure and test curreft
An be used to demonstrate which gas or gas mixture has thé Jowest thermal performance and
ould cover gases with higher thermal performance on thésdentical construction design at thie
hme gas pressure.

w0000 -

—

he minimum thermal performance of a gas or ga§ mixture is assessed at a defined minimum
unctional pressure (density) for insulation.

—h

Itlis preferable that the tests are carried ogt ih the order of the expected thermal performang
flom lowest to highest performance. The'tests will be carried out on the same test object fill¢g
with the different insulation gas or gas mixture at defined gas pressure. It is preferable fo
perform the continuous current testsi@as follows:

o

e| measure the resistance of main circuit before test;

e| perform the continuous.current test as described in IEC 62271-200 or IEC 62271-201 &t
defined pressure(s) and° measure the temperature rise inside the gas compartment, taking
care of temperature limits defined in IEC 62271-1:2017, Table 14, related to the nature ¢f
conducting paristand of the insulation gas or gas mixture;

o| let the test object cool down and repeat the test with the other gas or gas mixture;

o| the same'sequence can be repeated with other gases or gas mixtures, if any.

Evidenceef the extension criteria from the lowest thermal performing gas or gas mixture to t
ekpected highest thermal performing gas or gas mixture, at defined gas pressure, is given iIn
chse’the temperature rise on all measurement points inside the gas compartment of the lowest
thermat—rerformma—gas—or—gas—mixture—are—hiche e —on TOSe—0O re—hriches rerma
performing gas or gas mixture and below the defined acceptable temperature limits for each
measurement point and related gas or gas mixture.

5.4 Mechanical tests

The switching devices used in a family of switchgear and controlgear have to be type tested
with respect to functionality and mechanical endurance according to the relevant component
standard. This is applicable to the operating mechanisms of the switching devices, as well as
to the shafts and interfaces used for manual or power operation. Mechanical position indicators
are also covered by the component standards.
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The mechanical parts being assessed in the switchgear and controlgear assembly, which are
not covered by a dedicated component standard, are:

— shutter systems,

— contacts of the removable part,

— interlocks and kinematic chain of operating linkages.

Any changes in the design of the functional unit affecting the mounting / support of the switching
device and the above-mentioned parts-should need to be carefully checked with respect to their

e type tested arrangement of components is considered to operate under equal or mare
oherous conditions. Table 4 provides extension criteria for parts not covered by componrent
sfandards provided that the number of assigned operations of the involved parts is equal or leds
than those of the type tested assembly.

Table 4 — Extension criteria for mechanical performance

tem Part Design parameter Acc_ept_ance Condition

criterion

(1) (2) (3) (4) (5)

1 Shutter systems 1. Strength of locked 2 The principal design of the
mechanical linkage, shutter system is the same, but
including shutter dimensions-may can be

different.
2. Mass of shutter <
See NOTE
2 Contacts of removable | 1. Number of contact < The designs of contacts,
part points including base and coating
material, and supports of
2. Contact force per < movable and fixed contacts are
contact the same
3. Roughness pf{ontact <
surface
3 Interlocking-system 1. Strengthof locked 2 The principal design of the
directly operated on mechariical linkage interlocking system is the same,
the mechanical chain - ; but dimensions-may can be
2. yTorque applied during < different.
operation attempt
See NOTE
4 Interlocking- system 1. Strength of locked 2 The principal design of the
preventing access to mechanical linkage interlocking system is the same,
the operating devices - but dimensions-may can be
2. Normal operating < different.
force
See NOTE
nte#eeks—anéeperahﬂgshaﬁt&ar&eeneemed&nclosure/compartment frame is part of the assessment when flxmc
bnd/or qaounting of interlocking parts or mechanical devices is made on that structure.

5.5 Short-time withstand current and peak withstand current tests

Extension of validity of the short-time and peak withstand current type tests obtained on the
main and earthing circuits of assemblies of functional units in accordance with IEC 62271-200
or IEC 62271-201 to other assemblies of the same family-may can be made using the criteria
given in Table 5 provided that they have equal or smaller short-circuit current ratings (/, and Ip)

regardless of the value of the frequency (50/60 Hz). The short-circuit duration 7 —may can be
longer as long as the condition for 7, 2#, given in-6.6.2-ef {EC 62271-1:2007 |IEC 62271-1:2017,
7.6. 3 |s respected —Exehange—e#type—tested—swrtem%—dewees—rs—emqsrdered—miabteé—
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In order to extend the validity of a type test performed on a bus-bar compartment, it is assumed
that the type test has been performed with at least two sections in series with identical bus-bar
cross-section. This also allows for the evaluation of different bus-bar joints by affirmation of the
items in Table 5.

Table 5 — Extension criteria for short-time and peak withstand current performance

Item Design parameter Acceptance Condition
criterion
) 2 3 4
1 Centre distance between phases 2
2 Electro-dynamic forces due to < The conductors have the same physical
current path arrangement.
NOTE 1
3 Mechanical strength of insulating 2 NOTE 2 and NOTE 3
conductor supports
4 Length of unsupported sections of <
conductors
5 Cross-section of conductors = Connections of the.cenductors are scaled and
have the same-or greater clamping force and
contact area¢
NOTE 4 and NOTE 5
6 Material of conductors Same NOTE4.and NOTE 5
7 Temperature class of insulating 2
material in contact with
conductors
8 Mechanical strength of the 2 NOTE 2 and NOTE 3

enclosure /partitions/ bushings

9 Contacts of removable part Same Consider complete design of contact sub-
assembly and the fixing / mounting of the
removable part.

NOTE 1 The effect of different paths can'be assessed by calculation of electro-dynamic forces.
NOTE 2 Strength includes mechanical resistance to compression, traction, and bending loads.
NOTE 3 The enclosure can provide the base for the mechanical supports.

NOTE 4 In case of earthing circuits: in some designs, conductors can include parts of the metallic enclosurg
being used as earthingselireuit.

NOTE 5 Conductors include connections in the main circuit and in the earthing circuit up to the earthing terminal

5|6 Making and breaking tests

Switching devices forming part of the main and earthing circuit of enclosed switchgear and
CJIItIU:UGGI uhu:: alrc auppuocd tU hGVG thGII latcd |||a|r\;||y Glld blcal\;lly uapau;t;ca Vcl;f;
according to the relevant component standards. IEC 62271-200:20442021, 7.101.1, expresses
that additional "tests are not necessary if making and breaking tests have been performed on
the switching devices installed in—metal-enclosed-switchgearand-controlgear assembly with
identical or more onerous conditions." It already provides a note with respect to which effects
might influence the performance of the switching devices such as mechanical forces due to the
short circuit, the venting of arc products, the possibility of disruptive discharges, etc., and also
recognizes that, in some cases, such influence-may can be negligible.

The rules for the extension of validity of breaking and making tests are described in-6-464-of
1EC62274-200:2044 |EC 62271-200:2021, 7.101, and equivalent in IEC 62271-201:2014.
Table 6 lists the relevant design parameters that-sheuld need to be considered to establish the
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same or less onerous conditions. All parameters in Table 6 are assembly parameters. Table 6
also applies to removable parts.

Table 6 — Extension criteria for making and breaking capacity

Item Design parameter Acceptance Condition
criterion
(1) (2) (3) (4)
1 Clearance between phases 2 See NOTE 1
2 Clearance to earth 2
3 Enclosure/compartment volume = Only to be validated, if the fluid (gas ‘of

liquid) in the volume is involved,inthe
making and breaking process:

4 Minimum functional pressure for insulation 2 The travel characteristic i§\within the
of insulating gas permissible tolerances:
5 Cross-section of conductors 2 See NOTE 2
6 Electro-dynamic forces due to the current < Only to be validated, if there is an impact
in the connection paths to the switching of the current'path on the making and
device breaking péerfofmance
7 Mechanical strength of insulating supports 2 Here, the supports of the phase
conductors-sheuld need to be considered
see NOTE 3
8 Mechanical strength of the enclosure/ 2 See NOTE 3
partitions / bushings
9 Length of unsupported section of < See NOTE 3
conductors

\Y

10 Dielectric withstand capability of insulating The required dielectric properties are
gas or gas mixture verified during the dielectric tests or
extension of validity studies.

Extension only possible in case the gas
is not involved in the making and
breaking process.

11 Contacts of removable part Same Consider complete design of contact
sub-assembly and the fixing / mounting
of the removable part.

NOTE 1 Extensions of type test.validity with respect to the centre distance between phases inside the switching
Hevice are possibly treated by_the relevant component standards.

NOTE 2 The contactstaof*a removable part do not affect the making and breaking capacity of the associated
switching device and therefore are not considered here.

NOTE 3 It is_assumed that the mechanical strength is already validated by a short-time withstand current ang
beak withstand“ current test. Not applicable for capacitive or any other load switching currents.

In gas¥e the identical design is used with different insulation gases or gas mixtures and the afc
net in the insulation gas, but for nynmpln inavacuum infnrrnpfnr, the test can be transferrd
from one insulation gas to another. Precondition is that the dielectric test is available for all
gases or gas mixtures or a transfer of the dielectric tests for a gas or gas mixture to another
gas or gas mixture was possible and proven by reference tests. The gas or gas mixture with
the lowest dielectric performance Is intended to be used during making and breaking tests.

5.7 Internal arc fault tests
5.7.1 General

Switchgear and controlgear for which an internal arc classification (IAC) has been assigned has
been subjected to internal arc tests for verification as specified in IEC 62271-200 or in
IEC 62271-201. Depending on the purpose of the extension, criteria—should need to be
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considered with respect to the switchgear and controlgear design or with respect to the ratings
and installation conditions or both.

5.7.2

Extension criteria with respect to the switchgear and controlgear design

Since internal arc tests are performed on individual compartments, the extension criteria
provided in Table 7-should-be are applied-en for each high-voltage compartment. The complete
assessment of a functional unit or assembly is achieved after all the associated high-voltage
compartments have been assessed. It is possible to combine different internal arc tests carried

out on compartments in different functional units to extend the validity of type tests to the
apsembly under investigation. Details about design parameters and acceptance criteria for |Ja
cpmpartment having arc fault current and duration equal to or smaller than assigned to the type
tgsted compartment are given in Table 7.
Table 7 — Extension criteria for internal arc fault withstand performance
tem Design parameter Acceptance Condition
criterion
(1) (2) (3) (4)
1 Clearance between phases <
2 Clearance to earth Same This concerns the region where the arc is
initiated.
SeerNOTE 1
3 Net compartment volume 2
4 Rated-Filling pressure of insulating < For fluid insulated switchgear and
gas—i—ootenblo oo Lo = controlgear
NOTE 2
5 Cross-section of conductors 2 This concerns the region where the arc is
initiated.
6 Raw material of conductors (Al or Same This concerns the region where the arc is
Cu or their alloys) initiated.
See NOTE 1
7 Location of the point of arc initiation Same Applying the rules of IEC 62271-200 or
IEC 62271-201
8 Insulating material expaosed to the Same See NOTE 23
arc
9 Exhaust cross Sectional area > The position of the exhaust in the
compartment and the gas flow path are the
same.
Larger cross-sectional areas are only
acceptable, if an exhaust duct is used
10 Exhaust opening pressure < Applicable to fluid tight compartments
14 Mechanical strength of elements to < Applicable to non-tight compartments.
let open the relief device (flap) The relief device and its retaining elements
have the same design.
12 Mechanical strength of the > This also includes the strength of partitions
enclosure and compartment and bushings
See NOTE 34
13 Thickness of the enclosure walls > Same material
See NOTE 34
14 Mechanical strength of the doors > See NOTE 34
and covers
15 Degree of protection (IP-code) of > Where relevant for indicator ignition criterion
enclosure
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Item Design parameter Acceptance Condition
criterion

(1) (2) (3) (4)

NOTE 1 The arc could move from the point of initiation.

NOTE 42 For SF, insulated switchgear and controlgear the test is performed with air (see IEC 62271-
200:20142021,-6-106-37.105.3, or IEC 62271-201:2014, 6.105.3) at the same-rated filling pressure as for SFg.

NOTE 23 For details refer to the first item of 6-106-3 of {EC-62271-200:2011-and-6-105.3- of IEC 62271-201:2014
EC 62271-200:2021,. 7. 1053, or IEC 62271-201:2014_6 105.3

NOTE 34 An assessment of the strength can require calculations or stress analysis by finite element methods
he assessment considers the location, strength and number of all fixing points (bolts, hinges and latches).

5{7.3 Extension criteria with respect to ratings and installation conditions

The installation instructions supplied by the manufacturer are the base for the selection of tet
cpnditions during the laboratory test as defined in IEC 62271-200:20142021, Annex A, ¢r
IEC 62271-201:2014, Annex AA. These test conditions comprise positioning of the switchgear
ahd controlgear in the simulated room, determination of the ceiling height and location ¢f
afcessible or non-accessible sides. It-may can be possible to accept a change of the installatign
instructions by a closer evaluation of the installation conditions\in a previously performed type
test. For this purpose, additional rules-may can be considered to extend the validity of an
internal arc test performed on one switchgear and copifrolgear assembly under specified
installation instructions to a different installation of the same assembly giving the same or legs

e

r

oherous conditions. Details about test ratings, installation conditions and extension criteria an
gjven in Table 8. Most of the information provided<in Table 8 is contained in IEC 62271-200 ¢
IEC 62271-201. The table aims to summarize all\the relevant information for easier use.

Table 8 — Extension criteria for internal arc fault classification with respect
to installation conditions

tem | IAC test ratings and Extension criterion Condition
installation (Reference to
conditions a: IEC 62271-200:20112021 or

b: IEC 62271-201:2014)
(1) (2) (3) )

1 Rated arc fault < a: A4.1;
current b: AA.4.1
2 Rated arc fault < a: A4.1;
duration b: AA.4.1
3 Rated yoltage < a: A4.2;
b: AA.4.2;
see NOTE 1
4 Erequency Type tests performed at 50 Hz | a: A.4.4 and A.4.3.2 concerning the peak
or 60 Hz-may can prove both current;
frequencies b: AA.4.4 and AA.4.3.2 concerning the peak
5 Distance between the > a: Clause A.1;
assembly and ceiling b: Clause AA.1;
and, if the test was performed with a
clearance of at least 200 mm;
see NOTE 2
6 Distance between > a: Clause A.1;
assembly and lateral b: Clause AA.1;
wall if hot gases are not directed to the walls
7 Distance between Depending on accessibility Validation criteria are specified in
assembly and rear a: Clause A.1;

wall b: Clause AA.1
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Item | IAC test ratings and Extension criterion Condition
installation (Reference to
conditions a: IEC 62271-200:20112021 or
b: IEC 62271-201:2014)
(1) (2) (3) (4)
8 Indoor/outdoor Type test performed for indoor | a: A.1.2;
condition application covers outdoor b: AA.1.2
application with the same
accessibility
9 Accessibility type Type test performed for
(A _BorC) nr'm:e:ihilify B covers
accessibility A
10 Accessible sides Classification FLR covers Applicable to accessibility type A and By if
(F, L, R) classification F, FR, FL (and distances to all walls are larger than 300 mm
theoretically LR, L, R) and 100 mm, respectively.
NOTE 1 According to IEC 62271-200:20442021, A.4.2, or IEC 62271-201:2014, AA.4.2, the test voltage can be

bny voltage equal to the rated voltage or lower. Respectively, A.4.3 or AA.4.3 specifies thesactual test curren
conditions to be met in order to accept a test performed at a voltage lower than the rated voltage.

NOTE 2 The criterion is not applicable in case of an exhaust duct that carries the hot gases outside the room. In
such case the distance between the test-specimen object and ceiling is not relevant, but only that between thg
exhaust duct and ceiling.

(2]

-

q

[<2]

(2]

Extending-Typical processes for the application of the extension of the
validity of type tests
1 General
he guidance for the extension of validity of typé,teSts can be applied, but is not limited to the
llowing situations:
when the validity of a type test perfotmed on one test object for one characteristic of |a
functional unit (FU) is extended to other functional units within the family of switchgear and
controlgear, (Figure 2);
when, for a family of switchgear and controlgear, test objects are selected for eagh
characteristic, the results ef.which validate the complete family with a minimum number ¢f
test objects and type tests-(Figure 3);
when for an untested assembly, an analysis is carried out using available type test repor{s
of the same family- of switchgear and controlgear to determine if the test results validafe
the assembly withvrespect to the specified characteristics (Figure 4);
when the type-test validity of a previously type tested assembly is extended to a design
modification.(Figure 5).
2 Extension of validity of a test report to other functional units (situation a)
guré 2°'shows how one-may can extend the validity of a given type test report by the following

eps:

step 1: examine the report with respect to the description of the tested object (FU or
combination of several FUs), and collect additional information (e.g. from referenced
drawings);

step 2: compare the relevant design parameters of the tested object with the extension
criteria proposed in Clause 5 applicable to the considered type test (e.g. clearance between
phases for the power frequency voltage withstand test) by using technical arguments,
calculations or simulations;

step 3: check the various FUs of the family or combination of FUs, to determine which of
them share the same design parameters or have design parameters which could be
considered as covered by the tested object (e.g. clearance between phases equal to or
greater than those of the tested object). The check—sheould also—reveal considers



https://iecnorm.com/api/?name=89aaa1975fe7a71f649cc0db1c2d3af2

IEC TR 62271-307:2024 RLV © |IEC 2024 -27 -
contradicting design parameters, which-may can restrict the extension of validity of test
results concerning other characteristics.

NOTE "Contradicting design parameters" means that their variation in one direction increases one performance but
decreases another performance (characteristic) for the same object.
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Figure 2 — Extension of validity of one test report — Situation a)

If a FU of the family or a combination of FUs can be checked positively with respect to the
proposed criteria, no further tests are required, and the available test report is acceptable for
this FU.
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6.3

6.3.1 General

Validation of a family by selection of test objects (situation b)

Figure 3 shows how one-may can select the test objects in such a way that the total number of
tests is minimized for validation of the whole family. The steps illustrated-sheuld are intended
to be carried out for each characteristic of the family of switchgear and controlgear:

step 1: for a given characteristic (e.g. dielectric withstand), analyse the associated design
parameters (e.g. clearance between phases) proposed in Table 2 to Table 7 and identify

o) 1 el £ HI| £ I} /L P T H QN H
WIHICTT TTICTTTUTTS UT 1T Tallhity TUTTIT a TTUTTTUOYTTICTUUS YlTuupy (oTT UTTITIIUUTT T 0.0 ) Uy USIIl

technical arguments, calculations or simulations;

step 2: within each homogeneous group, select a test object with associated characteristia
to cover the whole group (i.e. the test results obtained on this test object will allow,extensio

of validity to the whole group);
step 3: perform the type tests.

Family (set of

functional units) FU1 FU2 FU3 F F5 FU6 | \WFU7
b
J — , J

¥ ¥

Analysis according to Analysis according to
characteristic A characteristic B

Homogeneous

Step 1

g

[

aroLp.
= T

Definition ©
test obje:

|
|
|
|
|
|
|
|
¥

Step 2

Step 3

IEQ]
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N
| » | Step3 I
JV \ 4 I
Test reportE Test report 2 |
\4 -
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Figure 3 — Validation of a family by selection of appropriate test objects — Situation b)
6}3.2 Mapping of the family
Jonsideringythe type test to be performed and the associated acceptance criteria of design
pprameters,‘proposed in the relevant clauses, step 1 in situation b)-sheuld can be prepared Qy
a|mappingof the family of switchgear and controlgear. This analysis comprises:
—| Jidentifying the variation of design parameters within the family of switchgear and controlgezrr

£ 1 L 4 :
10T ©4aClIlTl CIidairdULTristuu,

— identifying homogeneous groups fulfilling the acceptance criteria of design parameters for
one or more type tests.

Such mapping differs with the type test under consideration, because the relevant set of
parameters and criteria for possible extension of validity of the results are different so that the
analysis-sheould is intended to be prepared for each kind of test.

As a family of switchgear and controlgear has many dimensions with respect to the design
parameters listed for the considered type tests, the representation of the result of the analysis
is complex. Several tables as given in this document can be established, or spreadsheets with
columns for different type tests can be created.-tisrecommended-that Preferably, explanations
are included for traceability reasons and future use.
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6.3.3 Specification of test objects

On the basis of the mapping, test object(s) can be chosen in such a way that the validity of the
results of a type test can be extended to other functional units of the family. Most often, it will
not be possible to specify only one test object (one functional unit in the family) which combines
all the most severe conditions in order to validate the whole family. Usually, more than one test
object will be necessary.

Some hints can be provided:

—

¢| homogeneous groups with shared technical characteristics are often covered by the lowes
or the highest value of design parameters or by the highest value of a rating;

e| extension of validity is easier to establish when considering numerical data i.e. design
parameters (ratings, cross sections, clearances...);

¢| identification of homogeneous groups-may can require analysis by skilled engineers;

o| all extension criteria listed in the tables for the considered type tests-shetid to be reviewed.

6l{4 Validation of an assembly by existing test reports (situation’c)

Figure 4 shows how one-may can check the validity of type test reports for a given assembl
bhpsed on a family of switchgear and controlgear:

o| step 1: identify the different functional units (FUs) used.in the assembly;

o| step 2: for each FU and each characteristic, identify the homogeneous group to which |it
belongs (those FUs of the same family from which validity of test results could be extended)
using the design parameters provided in Table 2 to Table 7 and technical arguments,
calculations or simulations;

o| step 3: check the available test reports andiincorporate the test report, if appropriate, in the
supporting documentation of the evaluation.

flan appropriate test report is not available, the extension of validity is not possible.
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------------- — Step 1
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\ J
IEE
Figure 4 — Validation of actual assembly with existing test reports — Situation ¢)
6{5 Validation-of'a design modification (situation d)
fynctional unit (FU), based on test reports from a homogeneous group belonging to the same

family of switchgear and controlgear:

— step 1: for each characteristic, identify the homogeneous group to which it belongs (those
FUs of the same family from which validity of test results could be extended) using the
design parameters provided in Table 2 to Table 7 and technical arguments, calculations or
simulations;

— step 2: check the available test reports and incorporate the test report, if appropriate, in the
supporting documentation of the evaluation.

If an appropriate test report is not available, the extension of validity is not possible.
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Figure 5 — Validation of a design modification — Situation d)
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Annex A
(informative)

Rationale for the extension criteria

A.1 General

The definition of an acceptance criterion for each of the design parameters listed in Table 2 to
Tlable 7 rests on proven technical and physical principles and manufacturer and user
ekperience. The evaluation of the criteria-should—be is performed out of a generalized vie

which assumes that the manufacturer has designed the switchgear and controlgear aceording
tg the same technical and physical principles on which the criteria are based. In case 0f doub{s
cpncerning acceptance criteria further evidence is needed to support extension of validity, for
ekample calculations. In the following, those technical and physical principles, which result in
the selection of extension criteria, i.e. design parameters and corresponding acceptance criteria
in Table 2 to Table 7, are provided.

A.2 Dielectric tests

>

2.1 General

()

esign parameters such as clearance between phases/,and clearance to earth and the
brresponding acceptance criteria-sheuld need to be taken into consideration when evaluating
he extension of validity of dielectric withstand tests. Fhe-principles behind each of the extensign
riteria (items) listed in Table 2 are given below.

[ol=-3e)

A.2.2 Clearances (items 1 and 2)

o

Lprger clearances increase the dielectric withstand capability compared to the type test
siitchgear and controlgear provided;that all other design parameters listed in Table 2 a
upchanged or enhanced with respect to dielectric properties.

Plhase to phase and phase to earth clearahces are directly related to the dielectric withstan%i.

hase to phase and phase te'earth clearances could be smaller for switchgear and controlges
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iffthe conductors are arranged in the same manner (i.e. vertical, horizontal or trefoil alignment

electric withstand could be reduced compared to the type tested switchgear and controlgeayr.
Flor a smaller number of parallel conductors, the opposite might be true and can be used fq
ektension of validity of dielectric type tests. If the arrangement of conductors diffefs
s|gnificantly,even with equal or larger clearances, the dielectric withstand compared to the typ
tested swit€hgear and controlgear cannot be demonstrated without further technical analysis)

=

[]

eprth,, hence reducing the dielectric withstand compared to the type tested switchgear and

Afralanor
contt orgoars

e installation of additional earthing facilities or test points-may can reduce the clearancerr

A.2.3 Insulating supports and material (items 3 and 4)

An increased creepage distance for insulating supports with the same dielectric properties of
the material increases the dielectric withstand compared to the type tested switchgear and
controlgear. However, the dielectric withstand capability might be influenced by the field
distribution along the insulating surface. The presence of field control electrodes or insulating
barriers could affect the electrical field at the surface of the insulating support. Therefore, the
electric field distribution—should—notbe—changedconsiderably basically needs to remain
unchanged, for example by parts on floating potential or the introduction of additional
components such as a voltage divider.
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The insulating material-should requires to have equal or improved-electrical dielectric properties
compared to the type tested switchgear and controlgear. Important dielectric properties are for
example dielectric strength, permittivity and tracking index. If these properties cannot be
determined from available specifications, a test of properties might be necessary as written in
the condition to item 4.

The impact of insulating barriers and additional insulation on the withstand voltage is difficult
to assess. Changes in the design of such insulating parts will normally invalidate the dielectric
type test, unless it can be shown that the design change is insignificant.

A|.2.4 Live parts (items 5 and 6)

Ljve parts with a lower surface roughness entail a more uniform electric field distributionyaveld
hgherlocal-elestric result in a lower electrical field strength, and hence increase the dielectric
withstand.

onductors with a larger radius, including bends and corners in the path, result in lower local
ectrical field strength, hence also increase the dielectric withstand. Thisrextension criterion (s
so applicable to other conductive parts at high potential and even to earthed parts. The
fluence of earthed parts needs to be evaluated when they are opposite to live parts and-mdy
hn influence the dielectric withstand.

S0 00

O

A.2.5 Open contact gap and isolating distance (items(7,and 8)

o =

ssembly design, then a larger gap will increase the-dielectric withstand compared to the ty
¢sted switchgear and controlgear. This applies foryexample to an earthing switch or switc
sconnector with separate supports for fixed and’moving contacts.

[]

fl the open contact gap of a switching device or the isolating distance is determined by tae

—

o

Iffthe contact gap is incorporated in a switching component, the influence from the assembly ¢
the dielectric withstand might be minor,showever, it-should-alse needs to be considered. The
influence might come from the proximity of the earthed enclosure or partition, for example.

=}

A.2.6 Minimum functional préessure for insulation (item 9)

The pressure or the corresponding density of a gas used for insulation has direct influence dn
the dielectric withstand;hich-is-tested capability. Therefore, tests are required at minimum
functional pressure for, insulation defined by the manufacturer. A higher pressure or densify
sually increases the ‘dielectric withstand performance compared with the type tested
itchgear and controlgear. Since different gases have different dielectric properties, th|s
ktension criterion " can only be applied to the same gas after verifying that the dielectr|c
ithstand capahility increases with increasing pressure in the range of functional pressures.

= O Wnw C

A.2.7 Minimum ambient temperature in service (item 10)

In €ase partial liquefaction of the insulation gas or gas mixture starts below the minimu
ambilent temperature in service there is no imlnm*’r aon the dielectric withstand Palnnhili’rl,
However, in case the liquefaction starts above the minimum ambient temperature in service,
usually the component with highest dielectric withstand capability having a low vapour pressure
at service temperatures, this behaviour implies a reduction of the insulation level and therefore
needs to be considered when comparing a functional unit filled with two different gases or gas
mixtures.
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A.2.8 Minimum dielectric properties of insulation gas or gas mixture (item 11)

The level of insulation provided by a gas or gas mixture depends not only on its inherent
properties but on the geometries of parts under voltage and all surrounding components earthed
or isolated. Also, the pressure or density has influence on such insulation properties. Therefore,
there is a need to evaluate the minimum dielectric properties of the insulation gas or gas mixture
for identical construction design at defined minimum functional pressure for insulation for each
defined gas composition in order to make possible an extension of validity of performed type
tests from the weakest to stronger insulation case.

A.3 Temperaturerise-Continuous current tests

.3.1 General

=4 >

he-rermal continuous current-rating of switchgear and controlgear is dependent'upon the par{s
at experience the highest temperature rise during current flow through the main circuits$.
hese parts-may can comprise contacts of switching devices, bolted connections (or equivalent
f conductors, terminals, and accessible parts of the switchgear and"controlgear such gs
hclosures.

—
=
~

® O -

he temperature rise of these parts can be influenced by many.design parameters such gs
bentre distance between conductors, material type of conductors,; contact pressure, enclosurne
ze and volume, area of ventilation openings and power (dissipation of components and/qgr
evices.

Qv o -

—

he general principles behind the extension criteria(items) influencing temperature rise of the
vitchgear and controlgear and the corresponding’ acceptance criteria listed in Table 3 aie
ven in more detail below.

«Q »n

A.3.2 Centre distance between phase’conductors (item 1)

n a three-phase circuit the alternating-magnetic field generated by current in a conductor will
duce eddy currents in the same and adjacent conductors which will alter the overall currerlt

=

stribution in all conductors. Forexample, the current density is higher in an area of thle
bnductor furthest away from thie-adjacent conductor when current flow is in the same direction.
his is known as the proximity effect and it can increase the power loss and produces highgr
mperatures within the~switchgear and controlgear. The centre distance between phase
pnductors measured from the geometric centres of the conductors is therefore important when
hlidating the temperature rise criteria. These distances—may can be impacted by the
frangement of canductors within the compartment.

10 o

N < O

witchgear -and controlgear having conductors arranged in the same manner, i.e. vertic
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pbnductors differs significantly from the already tested assembly, then larger centre distancgs

may can be required.

Itis noted that-6-5-20f1EC62271-1:2007 |IEC 62271-1:2017, 7.5.2, permits to testup to 1 250 A
with a single-phase source with all poles connected in series, which indicates that the mutual
influence of the other poles is not significant in this case.
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A.3.3 Phase to earth distance (item 2)

Eddy currents can be induced in metallic, non-current carrying parts of the switchgear and
controlgear. Because of the lower conductivity of steel and small thickness of walls, this effect
is normally negligible for enclosures. However, alternating magnetic fields create heat losses
in ferromagnetic steel enclosures perpendicular to the current path due to the reversal of
magnetic domains in the material. This-may can lead to additional heating power losses which
cause higher temperature rise. The relevant phase to earth distance is not a clearance, nor a
centre distance, but a distance determined by the effects described above.

Iff these current heating effects cannot be excluded, the phase to earth distance-has needs fo
be evaluated. Switchgear and controlgear with greater than or equal phase to earth distande
then can be considered to produce equal or lower heat losses. If the arrangement of conductors
in proximity to the earthed parts of the switchgear and controlgear differs significantly then
apain lower temperature rise cannot be ensured.

A.3.4 Enclosure and compartment volume (item 3)

The temperature rise within a switchgear and controlgear compartment s directly influenced Hy
the ability of the enclosure to dissipate heat via conduction and/or cohvection and radiation fo
the ambient environment. This effect is dependent upon the surfacécarea of the switchgear and
cpntrolgear enclosure (and hence volume) and the type of matetial used. For the same power
Igss, switchgear and controlgear with larger surface area of the. enclosure walls will dissipafe
more heat and hence have lower temperature rise of the\internal parts. Similarly, material
hpving lower thermal resistance will dissipate more heat\The use of non-ferromagnetic stegl
for the enclosure can avoid heat generation by eliminating the magnetizing current effect.

The convection behaviour of gas within the switchgear and controlgear compartment can, in
pfinciple, be affected by the volume and the surface area of the compartment. This effect s
djfficult to assess and-may can in some cases impact the heat dissipation. Further referende
chn be made to IEC TR 60890 [1] oto gain understanding of the effects o¢f
ehclosure/compartment dimensions on teniperature rise.

.3.5 Pressure (density) of insulating gas (item 4)

A

The pressure or the correspanding density of insulating gas in a high-voltage compartment hds
djrect influence on the ability to dissipate heat away from current carrying conductors to the
ehclosure and further to the ambient environment. An increase in the minimum functional
pressure or density increases the heat transfer capability of the gas resulting in a reduction ¢f
temperature rise of the internal parts of the switchgear and controlgear. Since different gasds
hpve different thermal properties, this extension criterion can only be applied to the same gas.

A.3.6 Conductors (items 5 and 6)

Qurrent-flow through the conductors of the main circuit produces a power loss (/2R) which [s
depehdent on the current magnitude, 7, and conductor resistance, R. The /2R power loss fro
thésmain circuit contributes the most significant portion of total power loss within the switchgezrr
and controlgear. An increase in cross sectional area of a conductor, while maintaining a
constant current magnitude, will lower the current density and therefore the power loss of the
conductor assuming the same type of conductor material. This effect decreases the temperature
rise of internal parts.

For a given arrangement of conductors within the switchgear and controlgear, heat removal
from hot spots will be improved and the temperature of these hot spots lowered for a conductor
system with lower electrical and thermal resistance per unit length of conductor.
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A.3.7 Conductor joints and connections (items 7, 8 and 9)

Joints and connections contribute to power loss and hence to temperature rise due to the /2R
losses resulting from current flow through the joint or connection resistance. The resistance at
joints and connections, also called contact resistance, depends upon the raw material and type
of metallic coating, contact pressure (or force) and contact surface area. Assuming the same
type of contact material (either conductor material for uncoated surfaces or coating material for
coated surfaces), an increase in contact pressure and/or contact surface area will lower the
resistance across the joint or connection resulting in lower power losses and a reduction in
temperature rise at that location.

Ithough the resistivity of the coating material has limited influence on the overall resistande
ue to its small thickness, the permissible maximum temperature of the coating as defined in
EC 62271-1 has an impact. An extension can only be made from the materialcwith lowgr
ermissible maximum temperature to that with a higher assigned value for\ péermissible
aximum temperature.

30 =09 >

urther reference can be made to IEC TR 60943 [12] to gain understandingof the impact that
bntact resistances can have on temperature rise and to find infdrmation about conta¢t
g¢sistances for connections and joints using equal or different matenials’and metallic coatings.
opper is deemed a "better" contact material than aluminium when oxygen is present, for
kample, due to the low conductivity of the aluminium oxide which will be formed if no othgr
easures are taken.

= 0 T
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A.3.8 Ventilation area of partitions and enclosure(item 10)

Tl enable effective dissipation of heat by air convéction, some switchgear and controlgegr
designs include ventilation openings in compartments and/or the enclosure. For switchgear anld
cpntrolgear having larger ventilation openingsyhoth for incoming and outgoing air flow, the nét
heat dissipation will be greater and hence the\femperature rise of internal parts reduced.

—

he position of ventilation openings is also important. Significant changes to the location ¢f
Lich openings within a compartment;or enclosure-may can impede the flow of air through the
vitchgear and controlgear and could reduce the net dissipation of heat.

n

=]

he modification of the degree of protection (IP-code) of a mesh or grid covering ventilatio
penings-may can also have’an impact on the heat dissipation. A higher degree of protectio
buld result in a reduction/of the effective area of the ventilation opening reducing the air flow
rough the switchgear and controlgear.

0 o —
o]

—
=

T

urther reference’can be made to IEC TR 60890 [1] to gain understanding of the effects ¢f
bntilation onfemperature rise.

<

A.3.9 Power dissipation of components (item 11)

Thédncorporation of components such as switching devices, fuses and current transformeis
ﬁu] odarl \JUIItI;bUtU O;Hll;f;balltly tU thc tUIIIpUIGtUIU I;OU VV;th;II thc OVV;tbhyUGI GII\".JI UUIItIU:sCG .
Such components have a finite resistance and will be subject to /2R power losses caused by
the current flow through them. Switchgear and controlgear components having lower /2R power
losses will produce lower overall temperature rise in particular at the critical parts of these
components.

The power loss of primary and secondary windings of current transformers depends on the
primary and secondary currents. Therefore, both-sheuld windings need to be considered. The
data sheet of current transformers-may can provide the resistance of the secondary winding at
an elevated temperature.
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A.3.10 Insulating barriers (Item 12)

The addition of insulating barriers between phase conductors or between conductors and
enclosure walls will probably increase the dielectric withstand of the switchgear and
controlgear, however, they can also impede air flow within the switchgear and controlgear and
reduce heat transfer to the enclosure. This might have a negative impact on the heat dissipation
and thus increase the temperature within the switchgear and controlgear. Therefore, the
addition of such barriers will normally require repeating the-temperaturerise continuous current
type test.

e surface area of insulating barriers is important in that an increase in the surface area w|ll
tend to restrict air flow whereas a reduction in surface area would produce the opposite_effec
e effect is less important for vertical barriers but-may can have a large impact for horizontal
bprriers.

—F

.3.11 Insulating coating of conductors and enclosures (items 13 and 14)

e use of solid insulation on conductors and/or enclosures will generally restrict the ability fo
djssipate heat into the surrounding medium due to its thermal resistancé. On the other hand, |i
ight help removing heat by radiation depending on the heat transfercapability of the insulating
aterial and emission coefficient of the external surface.

—

aint or special coatings on the conductors and the enclosure can lower the temperature risLe
improving the heat transfer to the surrounding enclosure by thermal radiation. Thermal
resistivity and emission coefficient of the coating-sheuld-bevare basically the same. The coloyr
of the paint has no significant effect on the thermal radiation since the emission coefficient |s
ainly determined by the polymeric properties oflthe paint. Conversely, some coatings ¢r
cpverings that-may can be intended to improve the/dielectric withstand performance-may can
duce the heat transfer.

2o T

cat transfer capability and contribute tova reduction in temperature rise of the internal parts in
he switchgear and controlgear such as'the conductor connections. It-sheuld needs to be note
pwever, that such a reduction igvsolid insulation material thickness will also result in ja
reduction in the dielectric withstand of the coating.

or a specified material, a reduction in the'thickness of such material will normally improve t1e

—

=

A.3.12 Insulating material in contact with conductors (item 15)

=

hen changing the insulation material of support insulators, for example, the temperature clags
f the material-should=achieve is the same or a larger value will ideally be achieved in order not
@ risk a degradation of the material at rated-nermal continuous current conditions.

= O

A.3.13 Miaimum thermal performance of gas or gas mixture (item 16)

The abitity of a gas or gas mixture to carry the heat losses generated by the inner componen{s
tg thewwalls of the gas-filled compartment containing those components depends on sever
physital characteristics of the gas or gas mixture itself, like density, viscosity, conductivity and
specific heat capacity, but also it depends on the geometries of the inner components, their
disposition and the geometry of the walls of the enclosure. That makes it very complex to
directly compare different gases and gas mixtures without performing comparative tests on
identical construction designs at defined minimum functional pressure for insulation. In general,
for the same gas or gas mixture increasing the pressure improves its thermal performance to
carry the generated heat, this is the reason to make this evaluation at same minimum functional
pressure.
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A.4 Mechanical tests

A.4.1 General

For mechanical tests the extension criteria focus on the comparison of mechanical parts with
respect to strength, structure and resulting or applied forces. Particular attention-should needs
to be given to the safety aspects, especially with respect to the interlocking systems.

Interlocks between d|fferent components of the equment%ay can be requwed for safety
r 77777 v gt aCCeSS v n C - v VvV 3 W3E l)
movable parts.

Mechanical parts to be compared are:

—| shutter systems,
—| contacts of removable parts,
—| interlocks and kinematic chains.

Alccording to—6-4022 of IEC62271-200:2011or 1EC 62271-201:2014 |EC 62271-200:202
71102.2, or IEC 62271-201:2014, 6.102.2, interlocks are consideredt0 be satisfactory, if:

—| the switching devices cannot be operated;
—| access to the interlocked compartments is prevented,;
—| the insertion and withdrawal of the removable parts are prevented;

—| the switching devices, removable parts and the-interlocks are still operative and the effoft
to operate them before and after the tests, dogs'not differ from the maximum hand operatin
forces (manual operation) or peak energy:.consumption (motor operation) by more thg|
50 %. In case of the test with 750 N, damage is acceptable, provided that the interlock st
prevents operation.

= 35 Q
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Blesides the checking of the correct fun¢tioning of interlocks in a type test, the standard requirg
he proof of functionality and usabilityyeven after an endurance test.

—

_|

he general principles behind each of the extension criteria (items) included in Table 4 ane
ven in more detail below:

Q

A.4.2 Shutter systems (item 1)

pi4

wo different shutter systems having the same technical principles of, for example, shuttI
Ctuation or interaction with the switching device,—ean need to be compared considering
[ the strength of the

3$m—|

echanicallinkage and the whole mass of the shutters, as follows:

—_

With*focus on the mechanical linkage, extension is possible from a weaker system to [a
stronger one. The strength of a design can be determined by consideration of the materials
uaed, dilllUllb;Ull Uf pdltb, btlcllyth Uf ;IItUIbUIIIIUbt;IIy thftb, Utb. CIIU UACIIIIP:U ;D thU :UIIth
and thickness of a shaft in the mechanical linkage. Due to the complexity of shutter systems,
an extension of validity can only be made to shutter systems using the same principal
design;

2) In general, lower mass is easier to move and exerts lower stress on the mechanical
components. Lower masses can be achieved by smaller dimensions of moving parts not
involved in the mechanical linkage and, for example, change of the material.
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A.4.3 Contacts of removable parts (item 2)

C

oncerning the contacts of removable parts in switchgear and controlgear, the focus is on the

mechanical behaviour during connecting and disconnecting operations. The comparison
comprises the number of contact points, the contact forces acting between movable and fixed
contacts, and the contact surface roughness. Possible wear of contact coatings-sheuld will be
considered too, since the standard requires a continuous layer even after mechanical
endurance.

A

[elKe)

In
fu

A
s
Iq

bntact system is identical or directly comparable with respect, for example, to the shape, ¢f
bntact fingers and the kind and hardness of the material:

Each contact causes friction during insertion: a higher number of contacts withiidentical
force per contact leads to an increase of operating force of the movable device» Therefor
the number of contact points-sheuld needs to be less than or equal to the tested system for
an extension of validity. Care-should has to be applied, if the contact foerce changes with
the number of contacts due to, for example, a common spring system.'In this case furthgr

evidence for extension-should-be-given is required.

Friction during insertion of the removable part decreases withnlower contact force per
contact point. Besides this effect, a lower contact force also leads™to less wear of the contagt
area and therefore allows extending the validity. It is noted that lower contact forces might
impede the extension of validity with respect to the short-time and peak withstand current
performance.

The friction between moveable and fixed contacts also depends on the roughness of the
participating surfaces: higher roughness causes ‘higher force for the operation of the
removable part and additionally increases contaet wear.

4.4 Interlocking systems (items 3 and 4)

terlocking systems are linked to operator,safety. The comparison requires an evaluation ,Tf
nctionality and strength of the mechanical linkage. Two types of interlocking systems are
pnsidered:

an interlocking system directly*operated on the kinematic chain of the switching devicg¢
which has to react to the manual operating force or any power-driven force. In this case, |it
is necessary to test the locked interlocking system to the limits prescribed by the standand
during pushing and/erturning the access point or shaft for manual operation, or during
actuation of non-electrically interlocked power operating devices;

an interlocking-system preventing access to the operating chain of the switching devic¢
which are normally designed for being actuated by small forces exerted by the fingers offa
hand. These~access systems avoid the application of forces that could damage the
components of the device.

n extension of validity of interlocking systems can only be attempted when the compared
ystems*are based on the same technical principle and design elements. The strength of thie

ckéd mechanical linkage, i.e. in the condition, where the interlock condition is-vielated;should
S

Cc

Taitenged; Teeds to be fdemnticator better— T hismight beassessedunder thesame comnditior

as described under item 1.

E

xtension-may can also be allowed, if the applied torque or force is limited to a smaller value,

for example by a strain-limiting device or a different handle and by a smaller operating force of
the access preventing device.
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A.5 Short-time withstand current and peak withstand current tests

A.5.1 General

Short-circuit currents generate electromagnetic forces between the phase conductors, which
depend on the course of the current carrying path including bends and corners. These mutual
forces can be calculated for simple conductor geometries by analytical equations; for complex
geometries, however, finite-element simulation tools are needed. The smaller the centre
distance between conductors, the higher are the mutual forces. The ability of the switchgear
apd controlgear design to cope with these forces is determined by the strength of all supporfs
cpnsidering steady state and transient components of the current. In addition, all movable
cpntacts and fixed connections are important. All these influences-sheuld need to be consideregd
in the evaluation of design parameters.

>

dditionally, a calculation of the thermal stress using the equation Ikztk might be done when the

apsessment is made for a lower /, and higher 7, than the ones tested respecting the principlgs
pfovided in-8-6-2-ef lEC62271-1:2007 I[EC 62271-1:2017, 7.6.3.

Tlable 5 can be applied not only to the main circuit, but also to the earthing circuit. In this casg,
mainly items 5 and 6 need to be considered. Since the earthing circuit is normally designedjo
wlithstand only a single short-circuit fault with maintenance afterwards, the requirements on the
other items are reduced.

The general principles behind each of the extension criteria (items) included in Table 5 are

gjven in more detail below.

A.5.2 Centre distance between phase conductors (item 1)

fl the centre distance between phases is<larger than in the type-tested switchgear anld
pntrolgear, the mutual forces between.phases are smaller. Therefore, the design under
valuation-should is able to withstand the same short-circuit current applied in the type test
ssuming that all connections and contacts in the current path have the same design (see
bndition to item 5) and the path of the' conductors do not produce higher electromagnetic forcgs
han in the type tested design (see item 2).

T O 0 ® O

.5.3 Conductors (items’2, 5 and 6)

he electromagneticforces due to bends and corners in the conductor path can exceed the
utual forces between phases. An extension of validity-sheuld might be possible, when 4l
bnding inner angles of the conductors bends and corners have the same or larger values thagn
the originalygeometry. If the current path differs too much from the type tested design, dn
ktension might be achieved by a complete modelling of the three-dimensional conductor
rrangement and subsequent calculation of the electromagnetic forces by appropriafe
fograms.

SOOI T 3 4 P

The.mutual electromagnetic forces between two conductors are determined by their centre
distances, not by the cross-section of the conductors. However, because of the heating effect
of the current and possible current density effects, it-should has to be ensured that the cross-
section of the conductors is the same as or larger than in the original switchgear and
controlgear. The similarity of the connections, for example between busbar,-sheuld needs to be
evaluated with regard to local heating effects.

The material of the conductors first determines the heat loss in relation to the material resistivity,
second the mechanical stability of the conductors and third the current carrying capability of
connections. Because these connections-may can involve a complicated behaviour, a deviation
from the original material-eannet-be is not permitted without type test.
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In case of earthing circuits, the earth fault current-may can not only be conducted via conductors
made specifically for this purpose, but also via the metallic enclosure. It is difficult to compare
assemblies which mainly rely on this effect. Conductors include connections in the earthing
circuit up to the earthing terminal.

A.5.4 Insulating conductor supports (items 3 and 4)

During short-circuit current the mechanical reaction of all insulating parts supporting the
conductors-may might result in damage of the supports, which would make a type test invalid.
Therefore, it i med that th rts ar ign rding to th me principl nd
hpve the same or better strength than the type tested design. For complicated suppoft
structures this might not be evident, in which case a mechanical stress calculation might
required.

Flor conductors supported by a row of insulators, the strength of the design“is not only
determined by the strength of the supports, but also by the arrangement of the.'supports. As
ninimum requirement, the distance between two supports-sheuld-be are the-same or smaller o
e
S

hsure the same mechanical strength. This criterion-sheuld needs to,be”evaluated for gl
Lipports of all conductors.

.5.5 Insulating material in contact with conductors (item-7)

A

The short-circuit current will heat up the conductors during the short-time current. All support
of components in contact with the conductors will experience the same temperature as t
cpnductors, where they are in contact with them. Different\materials from that used in the ty

[CICICEE

¢sted assembly-may can be used if they have the same©r higher temperature class and provi
he same or better mechanical strength (see item 3);

.5.6 Enclosure, partitions or bushings (item 8)

A

The mechanical withstand of the supports @f any conductor is also determined by the strength
of its mounting base. Therefore, the enclosure-may can have an influence on the short-circdit
chrrent withstand capability. The wall-thickness of the enclosure, for example,-should has to be
the same or larger, and similar stifféening elements of the enclosure are used. This item also
cpnsiders the strength of partitions and bushings, which is difficult to assess simply Hy
geometry. If different partitions*and bushings are used, they-should need to be verified in gn
arrangement of components ;simulating the new switchgear and controlgear design or typ

te¢sted within other functional units.

5.7 Contacts-of‘'removable part (item 9)

hort-circuit-current withstand capability. Since it is difficult to assess the impact of even sm3ll
odificatjoris, different contact geometries-should need to be type-tested in the new switchgear

A

Any modifications’in the design of movable contacts in the current path-may can impair the
S

N

ahd conirolgear or verified in a similar arrangement of the contacts.

h -

& Maki 'y ki test
A.6.1 General
The making and breaking performance of the components is type tested according to the

relevant standards. The scope of this document is limited to the impact of assembly parameters
on making and breaking tests.
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The making and breaking performance of a device in a switchgear and controlgear assembly
may can depend on electromagnetic forces in the vicinity of the making and breaking contacts,
on the dielectric properties influenced by nearby potentials and the outflow of hot gases
produced during making and breaking. In the following, these effects are checked for each
design parameter given in Table 6. The mechanical chain of the operating mechanism might
also have an impact on the performance of the switching device, for example an earthing switch.
Such an influence-should can be considered under the relevant component standard.

The general principles behind each of the extension criteria (items) included in Table 6 are
gixen in mare detail helow

A.6.2 Clearance between phases and to earth (items 1 and 2)

fl the clearance between phase conductors is larger than in the type-tested switchgear anld
cpntrolgear, the dielectric withstand level is larger in the new design and hot gases expelled
flom interrupting parts, for example nozzles, have a smaller chance to bridge phases and ignite
a|short-circuit.

Ellectromagnetic forces acting between conductors might influence the interruption performande
ahd would be reduced with an increased centre distance between phasges. If the centre distande
i changed, the switching device-sheould needs to be verified acecording to its own component
standard with respect to making and breaking performance.

The distance between phases might have an impact on the{making and breaking performance
iffthe strength of the kinematic chain between operation:point and farthest pole is reduced by|a
Igrger phase distance increasing the length of the operation shaft.

Iff the clearance between conductors and earth is larger, then the dielectric withstand
increased. As a result, the possible impact of vented arc products or gases on the making an
bfreaking performance is reduced.

[eXN7)

A.6.3 Enclosure and compartment volume (item 3)

Iff the air, gas or liquid contained inside the compartment or the enclosure of the assembly |s
involved in the making and breaking process, venting of arc products and gases might have |a
negative impact on the performance of the switching device. For larger volumes, it can be
apsumed that this impact-is.less severe.

A.6.4 Insulatingzgas (item 4)

n

or higher pressure or density of the insulating gas the making and breaking performance (s
mproved inside the pressure limits for correct mechanical operation of the switching device.

However;there might be an impact of the gas density on the travel characteristics of a switching
device.)For vacuum interrupters inside gas-insulated switchgear and controlgear, for exampl

n | u | | u WS. IS'1 \'
breaking capacity as well as for the endurance of the switching device. If the opening and
closing speed of the drive mechanism is within the tolerances prescribed by the manufacturer,
the mechanical impact of the gas pressure-might can be neglected.

A.6.5 Conductors (items 5 and 6)

The heating effect of the current flowing in the connecting conductors normally has no impact
on the making and breaking process. However, if such an impact cannot be excluded, it-should
needs to be ensured that the cross-section of the conductors is equal or larger than in the type
tested switchgear and controlgear.
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The electro-dynamic forces due to the current flowing in the connection paths of the switching
device-may might impair the breaking and making performance, for example, when during the
breaking operation some switching devices use a local magnetic field to manage the arc
behaviour. Under this condition the impact of a new arrangement of the current path-sheould
needs to be considered, possibly simulated by calculation or verified in a similar arrangement
of a different functional unit.

A.6.6 Insulating supports (items 7, 8 and 9)

If the making and breaking performance is influenced by the mechanical stability of moving or
fixed contacts, the mechanical stability of the supports of these contacts-may can have %n
impact on the performance of the device. A typical example is an earthing switch in_an, ajir

insulated high-voltage compartment. Though the mechanical strength of such jnsulating

Lipports-sheuld, which were already-be validated by a short-time withstand current @and pedk
wlithstand current test, was confirmed, nevertheless there could be an impact during'the making
aphd breaking operation.

n

A.6.7 Dielectric withstand capability (item 10)

Ouring the making and breaking operations, the insulating elemepis|need to withstand the
tnansitory overvoltage which can be generated and therefore, if the(insulating elements like thle
insulating gas or gas mixture and/or the insulating supports diffeffrom those of the type tested
uhit, it needs to be verified that the dielectric withstand capability of the unit to be validated |s
npt inferior to that of the type tested one.

A.7 Internal arc fault tests

A.7.1 General

Internal arc classification (IAC) is demonstrated for metal-enclosed or solid-insulation enclosegd
spvitchgear and controlgear by the relevant type test by meeting the acceptance criteria
specified by—EC622714-200:20H1—h—6-106-5 |IEC 62271-200:2021, 7.105.5, r
IEC 62271-201:2014, 6.105.5. Thesercriteria consider several issues such as openmg of doo s
ahd covers, enclosure fragmentation and burn through, ignition of indicators simulating persgn
clothes, and the integrity of earthing connections. The fulfilment of all these acceptance criteria
intends to ensure protection®of persons in the event of an internal arc. It has to be remarked
that these acceptance criteria-should are not-be mixed up with the acceptance criteria used in
Tlable 7.

Pressure rise, hat gas and heating of material are effects of the internal arc and exeft
mechanical and\thermal stress on the compartment. The severity of impact is related to the
amount of energy generated by the arc, the volume in which the arc energy is deposited, and
the efficiedey-of pressure relief devices for venting hot gases. On the other hand, a stronger
structure'of the compartment and its doors and covers can improve the capability to withstan(d
this stress. Finally, the amount and direction of vented hot gases determine the probability ¢f
indicator ignition in combination with the installation conditions.

Based on the above considerations the extension criteria given in Table 7 have been
determined. Their evaluation-sheuld-result results in a more favourable condition to meet the
acceptance criteria of IEC 62271-200 or IEC 62271-201. The rationale behind all extension
criteria (items) listed in Table 7, which is applicable to design modifications of a single high-
voltage compartment within a family of switchgear and controlgear, is provided below.

A.7.2 Clearance between phases and to earth (items 1 and 2)

The energy generated by the internal arc increases with the arc voltage, which in turn is
proportional to the length of the arc. When the arc burns between the phases, a smaller
clearance between the conductors leads to a shorter arc and therefore to less arc energy and
to a reduced severity of the test.
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T

he same rationale can be applied to the clearance between conductors and earth. However,

when the arc burns against the enclosure walls, which is most often the case, the region where
the arc is initiated and stays during the whole arc duration-sheuld needs to be considered. In
principle, smaller clearances cannot be permitted, since the probability to burn through the
compartment walls is higher for a smaller clearance. This effect might be disregarded, when
the burn through in this region has no impact on the acceptance criteria no. 3 and 4 of
IEC 62271-200:20442021 or IEC 62271-201:2014. An example could be the melting through a
non-accessible enclosure side.
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e larger the net volume of the high-voltage compartment, the lower is the specific arc enerdy
r volume, and the lower is the thermal and mechanical stress on the compartment, The rafe
pressure rise is reduced, which in turn reduces the overshoot of pressure afterca\pressuie
lief device opens. However, the mechanical withstand capability of the ,compartment,
cluding doors and covers-sheuld, needs also to be considered (see items 12 and 14). In thee
hse of larger net compartment volume the amount of gas to be exhausted\s higher, whigh
fluences the dimensioning of the pressure relief system. In particular cases) the performande
f a test on the smallest and on the largest compartment-could-cover.covers all intermediafe
ze compartments.

.7.4 Pressure of insulating gas (item 4)

ith smaller initial pressure or density which is determined, by _the-rated filling pressure, the gds
pantity in the compartment is smaller and results in assmaller overshoot of pressure aftgr
pening of the relief device though the rate of pressure rise is identical. See CIGRE TB 602 [7].
herefore, the stress on the compartment is less severe. Though the obtained gas temperatune
ill be higher in this case, the release of thermalfenergy through the pressure relief device (s
e same. The thermal energy is determined by the product of density and temperature, whigh
so determine the pressure. Therefore, an impact outside the compartment is not expected.

.7.5 Material in the region of arc initiation (items 5, 6, 7 and 8)

general, the type tests are carriedZout with the arc initiated in a location and in a manner gs
Fescribed-by specified in IEC 62271-200:20442021, A.5.2 or IEC 62271-201:2014, AA.5.2. The
chaviour of the internal arélis affected by the arc initiation conditions in an almosgt
hpredictable way. Therefore;-it is not possible to extend the results of a type test carried o
h a particular compartment when the arrangement of components would require a differejj
bsition of the arc initiation. With "region", the space and metal or insulating parts around t
rc initiation point istimeant, which determines the arc voltage and composition of the af
asma.

t
t
e
c

orst case.the complete conductor is melted away. This effect is less probable when the cros
pction_of-the conductor is larger. Also, the material of conductors is decisive from this point
ew.(Itjis known that air as well as SFg behaves differently when burning on different materials

he roots of the internal arc melt the surface of conductors and consume material until in tT
f

T
W
s
v
b
T

ccause of the release of exothermic energy from the reaction of the gas with the materigl.
Wmmma—rwmmmwwwg;u Ti uctor require 1o i y Wi r

and controlgear.

T

he kind of material might also have an impact on the composition of the exhausted hot gases

i.e. the probability of indicator ignition. The external material of insulating parts exposed to the
arc-may can be either vaporized or burnt during the arcing test. The effect of the resulting gases
on the pressure rise and exhaust of hot gases is difficult to predict. Therefore, extension of
validity can only be considered for the same material. This also takes care of the fact that the
material might have an impact on the mechanical strength of the insulating supports at the point
of arc initiation.
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A.7.6 Pressure relief opening devices (items 9, 10 and 11)

A lower pressure relief (exhaust) opening pressure and a larger area of the opening make the
venting of the hot gases out of the compartment more efficient, decrease the overshoot of
pressure and hence reduce the mechanical stress on the switchgear and controlgear enclosure,
door and covers. Therefore, the probability to pass the acceptance criteria no. 1, 2 and 3 from
IEC 62271-200:20442021 or IEC 62271-201:2014 is higher. However, larger opening areas
might change the outflow of hot gases considerably and might have an impact on the ignition
of indicators placed around the switchgear and controlgear (acceptance criterion no. 4). Thus,
the applicability of item 9 of Table 7-should needs to be limited to switchgear and controlgear
fifted with a gas exhaust duct, where indicators do not play a role for the hot gas flowing info
the duct.

=

gas insulated switchgear and controlgear circular gas-tight burst discs are often,used, the
pening pressure of which can be tested statically with good reliability and therefore the
cceptance criterion of item 10 can be applied. In air insulated switchgear and controlgedr
\IS), flaps are commonly used, where the opening pressure is determined ©y‘the strength of
| elements intended to let open the relief flap, for example screws, when ,an overpressure |[s
reated by the arc fault. In this case, item 11 can be evaluated, for example, from the material
nd dimension of such screws. Of course, the elements retaining the' flap from flying off-have
ced to have the same or higher strength.

—~90 O
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A.7.7 Enclosure and compartments (items 12, 13, 14 and™15)

Improved strength of the compartments, enclosure doors and covers leads to a highgr
pfobability to meet the acceptance criteria according to IEC 62271-200:2044 ¢r
IEC 62271-201:2044. The evaluation of mechanical §trength can be performed by evidence fq
s|mple geometries or by numerical calculations for.complex geometries. Note 24 in Table 7 pufs
aftention to the distance between all fixing points (bolts, hinges and latches). The materig
thickness of the enclosure walls influences the strength of the compartment, but also-may cgn
affect burn through. For thicker walls, the probability of burn through will be reduced compared
tg thinner walls. It might have to be considered that if the stiffness of the enclosure is greatly
increased then care-should will be taken'in ensuring that the enclosure as a whole reacts inja
s|milar way as in the test object.

-

—

he degree of protection (IP-code) of the enclosure is a measure of possible small openings
he enclosure. Hot gases .might escape through holes and gaps and might ignite indicatons
aced outside the switghgear and controlgear. From that perspective, the enclosure
ceds to be "tighter" i.e.=Sheould possess a smaller total area of holes, gaps, and openings,
hich might be coherent with an equal or higher IP-code. It is assumed that the peak pressuie
n the compartment)is always determined by the area of the relief device. If any holes in the
hclosure in accordance with the IP-code have an impact, the two compartments cannot be
bmpared for.extension of validity.

O M= s 5T =

tlis obyieus that a higher IP-code needs to be considered in the exhaust cross-sectional arga
.p. itém9.

A.8 Rationale for extension criteria with respect to arc fault ratings and
installation conditions

A.8.1 General

Below, some explanations are provided for each of the extension criteria (items) listed in
Table 8, which is applicable to the installation conditions of a switchgear and controlgear
assembly.
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A.8.2 Rated arc fault current and duration (items 1 and 2)

The lower the value of the test current and/or arc duration, the lower is the energy generated
by the internal arc. Lower energy reduces the thermal stress and decreases the pressure rise
and the overshoot of pressure in the compartment and hence reduces the mechanical stress on
the compartment.

A.8.3 Rated voltage (item 3)

The rated voltage is generally not a basic test parameter for the internal arc test, though the
rated voltage of the switchgear and controlgear implicates the minimum clearances betwedn
phases and to earth, which in turn determine arc length, arc voltage and the amount of fault afc
ehergy. However, for the given compartment geometry and provided that the making‘current
peak is not suppressed below 90 % of the prospective value, the arc energy does notcdepend
o]
S
o]

h the rated voltage. This condition is ensured by the requirements for the actual test current
pecified in IEC 62271-200:26442021, A.4.2 or IEC 62271-201:2014, AA.4.2 (see also note |1
f Table 8).

n principle, extension to higher rated voltage could be possible following this rationalg.
However, IEC 62271-200:20442021, A.4.2, and IEC 62271-204.2014, AA.4.2, pose
¢quirements on the evaluation of the 90 % prospective peak curreatyand premature extinctig
f the arc which have to be respected.

_1
=}

o

>

.8.4 Rated frequency (item 4)

—

he impact on the outcome of an internal arc test is negligible, when the frequency at the fir$
firee half-cycles of the test is in the range of 48 Hz %0 62 Hz.

—

.8.5 Arrangement of assembly (items 5;.6 and 7)

rovided a minimum distance to the ceilingis ensured as specified in IEC 62271-200:20442021,
lause A.1, or IEC 62271-201:2014, ‘Clause AA.1, the higher the distance between the
vitchgear and controlgear assembly.and the ceiling (equivalent for the lateral and rear walls)),
the lower is the gas temperature anddensity of the hot gases reflected from the ceiling towards
the indicators, and the lower is the probability of indicator ignition. If an exhaust duct is installed
oh top of the switchgear and controlgear assembly, the ceiling height is not relevant. Howevey,
the laboratory requires a minimum distance to the ceiling of 100 mm during the test to be able
tg document permanent deformations of the exhaust duct.

0TV P

A.8.6 Indoor orloutdoor installation (item 8)

n order to simulate outdoor conditions in case of accessibility from all sides, neither ceiling ngr
alls of an.Sinstallation room are required. Hot gases ejected from the switchgear and
pntrolgearfreely flow into the environment and cannot be reflected by surrounding walls, whigh
akes the-test inside an installation room more severe for same accessibility. See also A.8{7
hd A'8:8.

v 30 =

A.8.7 Type of accessibility (item 9)

In the test set-up required for accessibility type B, lighter weight indicators (with less energy
needed to ignite) are placed closer to the switchgear and controlgear than in the test required
for accessibility type A. As far as the acceptance criterion no. 4 (ignition of indicators) of
IEC 62271-200:20442021 or IEC 62271-201:2014 is concerned, the test set-up for accessibility
type B covers type A.
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A.8.8 Accessible sides (item 10)

For accessibility type A and B, the set-up for a type test carried out according to classification
FLR comprises the set-ups for classification F, FR and FL and therefore covers them as long
as the distance between switchgear and controlgear and rear wall complies with the
requirements given in IEC 62271-200:20442021, A.1.1, or IEC 62271-201:2014, Clause AA.1,
under the heading: accessible rear side. Theoretically, FLR also covers the classifications LR,
L and R, which however make little sense, since the main target of the classification is to protect
persons in front of the switchgear and controlgear (F).
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Annex B
(informative)

Examples for the extension of validity of type tests

B.1 General

The first three examples below demonstrate the use of the tables given in this document as a
necklist to support the extension of validity of a performed type test on one functional

hen introducing a design modification into this unit. First, the design modification is_briefly
escribed. Second, an evaluation is given for one characteristic of the assembly Q%( n

kemplary table giving affirmation, if possible, to the listed design parameters a;é:&ptan e

c
W

d

e

cfiteria. Where the comparison is not readily obvious, an explanation is provide e design
modification might also impact other type tests, respective characteristics of th chgear and
cpntrolgear, which requires further analysis. Two other examples concerr(z\e extension ¢f
vhlidity of performed type tests on other members of a family of switch d controlgear.
The last example concerns the extension of validity of performed dielec Wwithstand type tesfs
oh a functional unit having an insulation gas-A to the same fun(q{/‘&al unit filled with gn

nsulation gas-B. <b

Q~

.2 Design modification of a cable terminal in air@sulated switchgear and

controlgear (AIS) &
;\\

or a special customer request, the copper bar o({th cable termination in the connectign

-

cpmpartment of AIS was elongated to accept an&@ cable lug requiring two holes instead o¢f
the standard single hole (Figure B.1).
N
QO

IEC

Figure B.1 — Cable terminals in the connection compartment of AIS
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The centre distance and clearance between phases remained the same as well as the creepage
distance between phases since the length of the insulating partition plate between the cable
terminals was also increased (see items 1 and 3 in Table B.1). The clearance between the outer
terminals and the wall of the compartment was not changed. The distance between the cable
termination and the bottom plate of the functional unit has been reduced, however it remained
larger than the minimum dielectric distance required by
IEC 60071-1:2006/AMD1:20402019 [13], Table A.1 (see item 2 in Table B.1). Considering
these changes, all extension criteria according to the dielectric withstand performance can be
affirmed.

The-temperature—rise continuous current test of the original arrangement of components_cgn
also be applied to the new design, since the elongation of the cable termination bar presents fa
lqwer resistance than the cable itself. Provided that the connected cable is mechanically fixed
af the same position in the connection compartment as before, the electro-dynamicforces due
te the current path are the same as before. If the cable lug mounted to the terminal with twlo
bplts has been tested before, the short-circuit current withstand test need naot be’repeated. |If
the cable connection has not been tested in a similar arrangement of components, the test
should needs to be performed.

Table B.1 — Affirmation of extension criteria with respectito dielectric
withstand performance of a functional unit

tem Design parameter for the cable compartment Acceptance,criterion Affirmation
(1) (2) (3) (4) (5)
1 Clearance between phases 2 Same Y
2 Clearance to earth 2 Smaller, but still ok
(see text)
3 Creepage distance 2 Longer Y
4 Electrical properties of Insulating material 2 Same Y
5 Surface roughness of live parts < Same Y
6 Radius of conductive parts 2 Same Y
7 Open contact gap 2 Not applicable
8 Isolating distance 2 Not applicable
9 Minimum functional pressure for insulation 2 Not applicable
10 Minimum ambient tentp€rature in service > Not applicable
11 Minimum dielectgic“properties of insulation gas or 2 Not applicable
gas mixture

B.3 Design modification of an AIS bus riser functional unit by adding current
transformers

AItCI UIGVGiUplIIUIIt Uf d fallliiy Uf AiS, It wdaos quuUbtUd tU ;IIDCIt bullcllt tldllbellllClb ;IItU d IUU\)'
bar riser functional unit (FU). Normally, these current transformers are installed in the incoming
feeder FU. For implementation, the straight copper bars of the bus riser FU were cut and the
current transformers were inserted (Figure B.2). The original bus riser FU had been completely
type tested. The extension of the type test validity to this new design is demonstrated with
respect to the short-time current test.
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Figure B.2 — Addition of block-type currenttransformers into

the bus riser functional unit.of’AlS

Table B.2 — Affirmation of extension criteria’with respect to short-time current
withstand performance_ofja functional unit

tem Design parameter for bus riser functional unit Acceptance Affirmation
criterion
(1) (2) (3) (4) (5
1 Centre distance between phases 2 Same Y
2 Electro-dynamic forces due to curtent path < Same Y
3 Mechanical strength of insulating conductor 2 CT is acting as additional Y
supports support
4 Length of unsupported-sections of conductors < Smaller Y
5 Cross-section of conductors 2 Same Y
6 Material of conductors Same Same Y
7 Temperature_class of insulating material in contact 2 Temperature class of CT Y
with conductors material
8 Meehanical strength of the enclosure/ partitions = Same Y
/bushings
9 Contacts of removable part Same Not applicable

If it can be proven that the cantilever strength of the current transformers exceeds that of the
replaced support insulators, or if the current transformers were tested with respect to their rated
short-time withstand current before in a similar switchgear and controlgear assembly using the
same connections to the busbar (see items 2 and 7 in Table B.2), the type test of the bus
riser FU need not be repeated and its validity can be extended to the new design. All design
modifications indicate suitable short-time current performance.

The extension of the validity of dielectric, temperature rise, and internal arc tests-should needs
to be checked separately.
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B.4 Design modification of a key-lock in the door of a functional unit of AIS

After development of all functional units of an air insulated family of switchgear and controlgear,
customers often ask for the addition of special interlocks or key-locks. In the example shown in
Figure B.3, the customer requested to replace a standard key-lock system assembled in the
door of a circuit-breaker compartment by a special type of key-lock.

V. ammm a4

%

IEC

Figure B.3 — Special type of key-lock as replacement for a standard key-lock
in the door ©f)AIS

—

he key-lock operates as an interlock system“preventing access to the operating interfac
hich gives in this case access to the remoyable circuit-breaker. According to item 4 of Table
he strength of the locked mechanical linkage-should needs to be identical or better than the
ype tested part. Since the strength is\not known, this extension criterion cannot be affirmed
hd therefore the test-applying-25-operations according to IEC 62271-200:2021, 7.102.2,
i required to be repeated. The internal arc test for example need not be repeated because
is design change since the strength of the door is not lower than before provided that the ne
ey-lock has a similar fixing in-the door.

AgneZss
==

B.5 Extension of a-ring-main unit{GlS) (RMU) of gas insulated type to
functional-units with larger width

For an existing, completely type-tested RMU (SFg-insulation) with two cable connectign

functional-units and one transformer protection functional unit in a common enclosure, the
centre distance between the cable terminations was changed by 45 mm in the two cab
cpnnéction compartments. The width of these two functional units increased from 315 mm {o
5p0«mm (Figure B.4). All other design parameters of the new switchgear and controlgear aie
e O ; ; ; ,
filling gas pressure, bus-bar cross-section and connections). There was no change in the
transformer protection functional unit. The main difference is that the busbar between the
functional units increased in length.

For an extension of the validity of type tests, all tables contained in this document-should need
to be considered, but in the following only Table 3 concerning-temperature—rise continuous
current tests is evaluated.
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O

C) Figure B.4 — Front view and top cross-sectional view of a combination
\Q/ of functional units making up a RMU

The resistance of the busbar per unit length is the same as before so that this criterion can be
affirmed. However, the overall resistance of the bus-bar system is increased because of the
larger length, which results in a larger power dissipation inside the switchgear and controlgear.
Since at the same time, the volume of the enclosure increased accordingly, it can be concluded
that the temperatures will be equal to or less than those measured before in the smaller
switchgear and controlgear. From Table B.3 it is obvious that all the extension criteria can be

affirmed as far as they are applicable. Therefore, the validity of-the-temperature—rise-type-test

continuous current tests can be extended.
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Table B.3 — Affirmation of extension criteria with respect
to-temperaturerise continuous current performance of a RMU

Item Design parameter of RMU Acceptance Affirmation
criterion

(1) (2) (3) (4) (5)
1 Centre distance between phases 2 Larger Y
2 | Phase to earth distance 2 Same or larger Y
3 | Fnclosure/compartment dimensjons (I _H_W) and volume > | arger Y
4 | Minimum pressure of insulating gas 2 Same YA
5 | Current density of conductors < Same Y
6 | Resistanceperunitlength-of-conductors Main circuit < Same Y

resistance

7 | Contact surface area of connections / joints 2 Same Y
8 | Contact force of connections / joints 2 Same
9 Permissible temperature of contact materials of 2 Same Y

connections / joints

v

10 | Effective ventilation area of partitions and enclosure Not applicable

IA,

Same components Y
used

11 | Power dissipation of components

IN

12 | Area of Insulating barriers Not applicable

IN

13 | Thickness of insulating coating of conductors Same Y

v

14 | Total coated surface area of enclosure for heat transfer Not applicable

15 | Temperature class of insulating material in contact with > Same Y
conductors
16 | Thermal performance of gas or gas mixture 2 Same gas Y

B.6 Extension of a family of\gas insulated switchgear and controlgear (GIS) by
a functional unit

ne practical application-0f\the present document-may can be the extension of the validity ¢f

connections as coupling elements to the neighbouring comprtment.

Since the shape of the current path, which determines the electro-dynamic forces, and the
supports are different between both functional units, item 2 of Table 5 cannot be simply
affirmed. This requires either a calculation of the electro-dynamic forces and subsequent
assessment or the retesting of the short time withstand capability.
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a) Type tested functional unit b) Bus coupler functional unit
(version without heat sinks)

Figure B.5 — Cross-section of two different functional units of GIS

=

ith respect to making and breaking tests, all items but item 6 can be affirmed in Table 6. If|i
An be shown that one of the geometries in Figure B.5 pases the more onerous conditions o

(¢

—

TS

the vacuum interrupters concerning mutual electro-dynamic forces, only this geometry-sheul
will necessarily be type tested.
Table B.4 — Affirmation of extension criteria with respect to internal arc
classification of a GIS circuit-breaker compartment
tem Design parameter for circuit-breaker;compartment Acceptance criterion Affirmation
(1) (2) (3) (4) (3)
1 Clearance between phases < Same Y
2 Clearance to earth Same Larger N
3 Net compartment volume 2 Same Y
4 RatedFilling pressure‘of insulating gas—if-applicable < Same Y
5 Cross-section of.conductors > Same Y
6 Raw materjal of conductors (Al or Cu or their alloys) Same Same Y
7 Location 'of the point of arc initiation Same Dissimilar N
8 Insulating material exposed to the arc Same Different N
9 Exhaust cross sectional area > Same Y
10 Exhaust opening pressure < Same Y
1 Mectamicatstrengthof-fixmg etementsto et opemthe = Not
relief device (flap) applicable
12 Mechanical strength of the enclosure and compartment 2 Same Y
13 Thickness of the enclosure walls > Same
14 Mechanical strength of the doors and covers 2 Not
applicable
15 Degree of protection (IP-code) of enclosure Same Not
applicable
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With respect to the internal arc classification, the validity of the original type test cannot be
extended to the new functional unit. The main reason is the different arc initiation point (see
Table B.4), which was in the vicinity of the cable plugs in the type-tested circuit-breaker
compartment. The arc initiating wire would now be positioned at the bushings in the circuit-
breaker compartment or at the circuit-breaker upper terminals depending on the direction of
feed for the test. Both positions are different to the one used in the type-tested object. In
addition, the clearance to earth is larger in some locations, which might increase the arc voltage
and the arc energy.

g7 exiension or a Glo with Insulation gas-A 1o Insulation gas-b

o

Flr an existing, completely type-tested feeder panel using gas-A as insulation gas with Tateg
insulation level Uy = 28 kV and U, = 75 kV an extension of the dielectric withstandg,type tes

tg a version using gas-B as insulation gas at the same minimum functionalyppessure fq
insulation and with same rated insulation level is described.

= O

Frior to this evaluation lightning impulse and power frequency voltagée tests have begn
performed with both insulation gases at the same pressure in the maogst ‘critical functional unif.
The circuit-breaker compartment at the most compact dimension with ‘the disconnector in the
open position has been selected as the most critical configuratiol.) Criteria items 1 to 10 ¢f
Tlable 2 have been considered to decide which is the most gritical configuration from those
ekisting in the family of switchgear and controlgear.

The acceptance criterion item 11 of Table 2 is that the passed test voltages of gas-B have o
be a minimum 3 steps higher than the passed test veltages of gas-A, for all test voltaggs
apcording to Table B.5 for the selected most criticahconfiguration.

Table B.5 — Reference test results.\for lightning impulse voltage tests

Rated voltage U [kV] Test voltage [kV] in steps of 4 kV
Test Gas Result
75 75|79|83|87(91(95(99(103 | 107 [ 111 | 115
Polarity + | Gas-A v R
Polarity + | Gas-B v Vi v ivI|v v v]|v] v x +6 (ok
Polarity - Gas-A v Viv|v|x
Polarity - | Gas-B v VIVvIVIVI|VIVI|V| VY v v x +7 (ok

Tahle'B.6 — Reference test results for power-frequency voltage tests

Rated voltage U, [kV] Test voltage [kV] in steps of 2 kV
Gas Result
28 28 | 30 |32 |34 |36 |38 |40 |42 | 44 | 46 | 48
Sas=A v v v *
Gas-B v Vi v |iv]|v]|v]|v] =« +4 (ok)

Based on the reference tests, it is considered that the minimum dielectric properties of gas-B
are equal or superior to gas-A for such most critical configuration and therefore items 1 to 10
of Table 2 can be used to extend the validity of type tests from one to other functional unit of
the same family of switchgear and controlgear. See Table B.7.
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Table B.7 — Extension criteria for dielectric withstand tests

Item Design parameter Acceptance criterion Affirmation

(1) (2) (3) (4) (5)
1 |Clearance between phases 2 Same Y
2 [Clearance to earth 2 Same Y
3 |Creepage distance 2 Same Y
4 [Electrical properties of Insulating material 2 Same Y
5 |[Surface roughness of live parts < Same Y
6 |Radius of conductive parts 2 Same Y
7 |Open contact gap 2 Same Y
8 [Isolating distance > Same Y
9 |Minimum functional pressure for insulation 2 Same Y
0 [Minimum ambient temperature in service 2 Same Y
1 [Minimum dielectric properties of insulation gas or gas mixture 2 See Table B.6 | Y

<

Blased on the fulfilment of all criteria items 1 to 11 of Table 2,"t€produced in Table B.7, the
hlidity of dielectric type test reports can be extended from the feeder panel using gas-A to the
shme feeder panel using gas-B.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 307: Guidance for the extension of validity of type tests of

—AC metal and solid-insulation enclosed switchgear and controlgear
for rated voltages above 1 kV and up to and including 52 kV

FOREWORD

1] The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprisin
all national electrotechnical committees (IEC National Committees). The object of IEC is to_promote internation
co-operation on all questions concerning standardization in the electrical and electronic-fields. To this end an
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Report
Publicly Available Specifications (PAS) and Guides (hereafter referred to as YIE€ Publication(s)"). The
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt wi
may participate in this preparatory work. International, governmental and non-governmental organizations liaisir]
with the IEC also participate in this preparation. IEC collaborates closely with'the International Organization fp
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.

2 Q

Q>57% a
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2] The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an internationpl
consensus of opinion on the relevant subjects since each technical tommittee has representation from 3all
interested IEC National Committees.

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

4] In order to promote international uniformity, IEC National Committees undertake to apply IEC Publicatiops
transparently to the maximum extent possible in théirnnational and regional publications. Any divergence betwegn
any IEC Publication and the corresponding natiopal or regional publication shall be clearly indicated in the lattdr.

5] IEC itself does not provide any attestation of’conformity. Independent certification bodies provide conformify
assessment services and, in some areas,vaccess to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certifigation bodies.

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

No liability shall attach to IEC or its directors, employees, servants or agents including individual experts a
members of its technical commiti€es and IEC National Committees for any personal injury, property damage
other damage of any nature’Whatsoever, whether direct or indirect, or for costs (including legal fees) arn
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IH
Publications.

Oa s a

8] Attention is drawn/tethe Normative references cited in this publication. Use of the referenced publications |s
indispensable for-the’correct application of this publication.

9] IEC draws attention to the possibility that the implementation of this document may involve the use of (
patent(s). /EC takes no position concerning the evidence, validity or applicability of any claimed patent rights
respect theteof. As of the date of publication of this document, IEC had not received notice of (a) patent(s), whig
may be required to implement this document. However, implementers are cautioned that this may not represe
theAatest information, which may be obtained from the patent database available at https://patents.iec.ch. IH
shall.not be held responsible for identifying any or all such patent rights.

o
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IEC TR 62Z771-307 has been prepared by subcommitiee 1/C: Assemblies, of IEC technical
committee 17: High-voltage switchgear and controlgear. It is a Technical Report.

This second edition cancels and replaces the first edition published in 2015. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) Structure of document updated.
b) Updated references to IEC 62271-200:2021 and IEC 62271-1:2017.
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c) Addition of criteria for the extension of validity of type tests from functional unit(s) with a

different insulating gas to the functional unit to be validated.

d) Figure 5 for the validation of a design modification was added.

e) Clause B.7 for the extension of validity of type test for a GIS with insulation gas A to

insulation gas B was added.

The text of this Technical Report is based on the following documents:

Draft Report on voting

T

w >

Q -

n »n —

17C/939/DTR 17C/957/RVDTR

=]

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

he language used for the development of this Technical Report is English

his document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
ccordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives~IEC Supplement, available
| www.iec.ch/members_experts/refdocs. The main document types developed by IEC arne
bscribed in greater detail at www.iec.ch/publications.

list of all parts in the IEC 62271 series, published urder the general title High-voltage
itchgear and controlgear, can be found on the IEC website.

his Technical Report is to be used in conjunctionwith IEC 62271-1:2017, IEC 62271-200:202
nd IEC 62271-201:2014 to which it refers and.which are applicable unless otherwise specifiedl.

he committee has decided that the contents of this document will remain unchanged until the
ability date indicated on the IEC website under webstore.iec.ch in the data related to the
becific document. At this date, the document will be
reconfirmed,

withdrawn, or

revised.

MPORTANT.—The "colour inside"” logo on the cover page of this document indicateg
that it contains colours which are considered to be useful for the correct understanding
pf its contents. Users should therefore print this document using a colour printer.
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HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 307: Guidance for the extension of validity of type tests of
AC metal and solid-insulation enclosed switchgear and controlgear
for rated voltages above 1 kV and up to and including 52 kV

1 Scope

This part of IEC 62271, which is a Technical Report, refers to prefabricated metal-enclosed an(d
splid-insulation enclosed (both hereinafter called enclosed) switchgear and(Ccontrolgear
apsemblies for alternating current of rated voltages above 1 kV and up to and,including 52 kv
ap specified in IEC 62271-200 and IEC 62271-201, and to other equipment inctuded in the samle
ehclosure with any possible mutual influence.

This document can be used for the extension of the validity of type tests-performed on one test
opject with a defined set of ratings to another switchgear and controlgear assembly of the samle
gmily with a different set of ratings or different arrangements of coOmponents or insulating fluids.
It supports the selection of representative test objects composed of functional units of a fami
of switchgear and controlgear aimed at the optimization ,of_type tests in order to perform
cpnsistent conformity assessment.

<

The extension of validity, as this is the case for type tests, does not cover ageing, material
cpmpatibility, human health toxicity or impact onsthe’ environment, among others. It is the tagdk
of the manufacturer and the user to check those.aspects are covered for the technical validatign
of an assembly design.

_|

he extension of validity of type tests according to a component standard is outside the scope
f this document.

(o]

—

his document utilises a combination of sound technical and physical principles, manufacturgr
nd user experience, and caldulations to establish guidance for the extension of validity of type
gsts, covering various desijgn and rating aspects.

o=

2| Normative references

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

|[EC260050-151 '9001, International Electrotechnical \/nr\::hul:)ry \/IF\/) — Part 151: Electrical and
magnetic devices

IEC 60050-441:1984, International Electrotechnical Vocabulary (IEV) — Part 441: Switchgear,
controlgear and fuses
IEC 60050-441:1984/AMD1:2000

IEC 62271-1:2017, High-voltage switchgear and controlgear — Part 1: Common specifications
for alternating current switchgear and controlgear
IEC 62271-1:2017/AMD1:2021

IEC 62271-200:2021, High-voltage switchgear and controlgear — Part 200: AC metal-enclosed
switchgear and controlgear for rated voltages above 1 kV and up to and including 52 kV
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IEC 62271-201:2014, High-voltage switchgear and controlgear — Part 201: AC solid-insulation
enclosed switchgear and controlgear for rated voltages above 1 kV and up to and including
52 kV

3

Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60050-151,
IEC 60050-441, IEC 62271-1, IEC 62271-200, IEC 62271-201 and the following apply.

o —

N

3

—h -

l

—

3

flnctional unit

<
C

$0 and IEC maintain terminology databases for use in standardization at the following

amily of switchgear and controlgear

atings and characteristics (e.g. current, voltage, degree of protéction)

3
assembly
<
a

Hdresses:

IEC Electropedia: available at https://www.electropedia.org/
ISO Online browsing platform: available at https://www.iso.org/obp

ODTE Some standard terms and definitions are recalled here for ease of reference.

1

nctional units designed to be physically combined in assemblieshand providing a range ¢f

2

pf an assembly> part of an assembly comprising the main circuits, earthing circuit and auxiliafy
rcuits that contribute to the fulfilment of a single function

bte 1 to entry: Functional units can be distinguished according to the function for which they are intended, e.
coming unit, through which electrical energy is normally fed into the assembly, outgoing unit, through whid
ectrical energy is normally supplied to one or more-external circuits.

>

bOURCE: IEC 62271-200:2021, 3.5.103]

3

pf switchgear and controlgear> a combination of switchgear and/or controlgear completely
5sembled with all internal electrical and mechanical interconnections

bte 1 to entry: An assembly is comprised of one or more functional units.
BOURCE: IEC 60050-441:1984, 441-12-01, modified — addition of a note to entry.]
4

pmponent
pf ah assembly> essential part of the high-voltage or earthing circuits of an assembly whigh

3
c
<
s
[

brves a specific function (e.g. circuit-breaker, disconnector, switch, fuse, earthing switcll\

s 44 £ 1o o lo lo AY
SUUTeI irartistortmeT, DUSITiTy, vusudart)

[SOURCE: IEC 62271-200:2021, 3.5.104]

3

.5

main circuit

<

of an assembly> all the high-voltage conductive parts of an assembly included in a circuit

which is intended to carry the rated continuous current

[SOURCE: IEC 62271-200:2021, 3.5.105]


https://www.electropedia.org/
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3.6
test object
item submitted to a test, including any accessories, unless otherwise specified

[SOURCE: IEC 60050-151:2001, 151-16-28]

3.7
extension (of validity) criterion

criterion based on the design parameters, which can be applied to validate the performance of

a uutuatcu‘ GDDUIII;J:)/ ;JGDUUI UTl t:IU pUbit;VU IUBUH.D Uf tcat(c) IJUII‘UIIIIULJI Ul dllUt:IUl dDbUIIIb
for a specific characteristic

318
homogeneous group
roup of functional units of a family of switchgear and controlgear having design parameter

erformed on one member of the group to the rest of the group

w

9

earance

he distance between two conductive parts along a string stretched the shortest way betwee
hese conductive parts

~ =0

[$OURCE: IEC 60050-441:1984, 441-17-31]

3{10
clearance between phases
the clearance between any conductive parts ofiadjacent phases

3{11

clearance to earth
clearance between any conductive parts and any parts which are earthed or intended to b
eprthed

[$OURCE: IEC 60050-441:1984, 441-17-33]

3j12
centre distance between phases
djstance between {the centres of adjacent phase conductors

3j13

cpntinuous\current performance
<pf insulation fluid> ability of the gas or gas mixture to carry heat losses from inner component
q the walls of the gas filled compartment for identical construction design

—

4
—

g
which allows for a specific characteristic extending the validity of the result\of a type te$
p

y

>

[

4 Use of extension criteria

4.1 General

Because of the variety of types of functional units, ratings and possible combinations of

components, it is not practical to perform type tests with all the possible assemblies of enclose

d

switchgear and controlgear. Therefore, the performance of a particular assembly can be
evaluated by reference to type test reports of other assemblies of the same family of switchgear

and controlgear. Subclauses 5.1 to 5.7 provide for each kind of type test (or characteristic)
non-exhaustive list of design parameters, to be analysed for extension of validity.

a
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The analysis is intended to be based on sound technical and physical principles and can also
be supported by calculations, if applicable.

Each design parameter of the assembly to be assessed listed in the respective column of the
tables in 5.1 to 5.7 is intended to be compared with the design parameter of the already type
tested assembly applying the acceptance criteria provided in the same tables. The affirmation
of every extension criterion allows a test performed on one assembly having specific
characteristics to be applied to another assembly of the same family with different
characteristics (e.g. some of the ratings or dimensions). For example, the affirmation of item (1)
innTable 2 reads: the clearance between Inh:lqpe of the assessed nQmeth is Inrgpr than or

efjual to the clearance between phases of the tested assembly.

Iflany of the extension criteria cannot be affirmed, further evidence is required, for example Hy
technical arguments, calculation/simulation or specific tests. Calculations are applied in |a
cpmparative sense as indicated in 4.3.

2 Parameters for extension criteria

4

The criteria for the extension of type tests available for a family of switchgear and controlgear
depend on a number of design parameters such as the ones listed,in|T'able 1. Every assembly
i characterized by its own set of design parameters.

Jomponent parameters are design and operating parametérs that influence the capability of
the component with respect to its own ratings. These parameters are controlled and specifi{d

by the manufacturer of the component. All applicationis of a component within a family of
svitchgear and controlgear are expected to meet the manufacturer's specified tolerances fgr
cpmponent parameters.
NIOTE Some switching devices, such as earthing switches, can be unavailable as a separate component and wjll
bé tested inside an assembly according to their relevant component standards.
Table 1 — Examples of design parameters
Design parameter Related to
Raw material of a contact in a switchihg device Component
[Seometry of a contact in a switching device Component
Dpening and closing speed of a switching device Component
Allowable rebound time 6f a‘switching device Component
Clearance between phases Component / assembly
Clearance to earth Component / assembly
Pressure ofqnsulating gas in a compartment Component / assembly
nsulatioh.gas or gas mixture Component / assembly
nsulation class of all insulation parts in contact with conductors Component / assembly
ength of unsupported section of busbar Assembly
Arrangement of components Assembly
NOTE This table includes examples only; it is not intended to be complete.

Assembly parameters are those parameters that are directly influenced by the design of an
assembly of a family of switchgear and controlgear, however, they can depend on component
parameters. Assembly parameters are considered within the scope of this document.


https://iecnorm.com/api/?name=89aaa1975fe7a71f649cc0db1c2d3af2

-12 - IEC TR 62271-307:2024 © |IEC 2024

4.3 Use of calculations
4.3.1 General

For the purpose of this document, calculations and simulations can only be applied in a
comparative sense using calculation results available for a type tested assembly and results
obtained for another assembly that is under investigation. The comparison is always based on
the design parameters and the acceptance criteria in Table 2 to Table 7.

In many cases the performance of a given assembly, with respect to a particular type test,
annot be evaluated by a single value of a design parameter due to the complexity of the design.
Flor example, the clearance between phase conductors might vary considerably along the
clirrent path. Calculations have the potential to compare the respective design parameéter with
spatial resolution supporting a comparison using technical arguments and expertise-

[¢)

Depending on the type test and the particular design parameter, sometimes a/simple model ¢f
the relevant switchgear and controlgear might be sufficient using an analytical or empirical
formula, and sometimes a complete three-dimensional simulation model, might be required
uping a complex numerical tool provided the results of the simulation ool are consistent and
r¢peatable.

_|

he validation of software tools and calculation methods themse€lves is outside the scope ¢f
his document. Some of these calculation methods are briefly mentioned below with thejir
articular characteristics.

T =

D

3.2 Temperature rise calculations

FC TR 60890 [1]! provides calculation proceddres’ for low-voltage assemblies, which could
so be applied to high-voltage switchgear and. controlgear assemblies having regard to the
articular limitations of this calculation methad. The calculation is done in dependence of the
gtal power generated inside, the area of‘enclosure walls and their mounting conditions, the
Lmber of horizontal partitions, and thevarea of ventilation openings. The temperature of ajir
nside the tested compartment is the parameter to compare.

505 T 0

or complex geometries, a comparison can be performed by thermal networks, where the who
ssembly with all components is divided into discrete elements built from heat generatin
g¢sistors and heat conducting’and convection elements. Also, more complex computational flu
ynamics (CFD) tools can be applied requiring a complete three-dimensional model of th
vitchgear and contrelgear.

(DQ.“Q)'I'I
® QQ O

(@)

IGRE TB 830 (2] provides guidelines for state-of-the-art temperature rise modelling of
edium- and.high-voltage switchgear and controlgear.

3

4/3.3 Electric field calculations

The dlelectrlc W|thstand performance of two assemblles can be assessed by an electric field

or f|n|te volume (FV) software tooIs eX|st WhICh aIIow S|mulat|ng even complex three—
dimensional geometries. A CIGRE publication [3] concludes in particular with respect to electric
field calculations: "Simulation is an excellent and instructive tool... to predict performance,
where performance is proven by tests on similar designs (interpolation)".

This document does not provide information for extrapolation but only for interpolation of
characteristics, for example extending validity to higher values of electric field strengths is not
covered.

T Numbers in square brackets refer to the Bibliography.
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4.3.4 Mechanical stress calculations

Simulation software for operating mechanisms exists and can give information on the
mechanical stress on parts of the mechanism. However, it is not feasible to assess the
mechanical endurance by these programs. Therefore, at the present state of available
simulation software, it is better if simulations for the extension of validity of mechanical type
tests are not used. Nevertheless, the strength of single parts or mechanical supports can be
assessed by such calculations.

4.3, hort-circui rren Iculation

With respect to the short-time current withstand performance, guidance and calculatign
formulas for bus-bar designs can be found in the guideline on short-circuit withstand‘“of low-
vpltage assemblies IEC TR 61117 [4], and on the calculation of the short-circuit current effec{s
in IEC 60865-1 [5] and IEC TR 60865-2 [6]. This includes the determination 'of mutual
electromagnetic forces between phase conductors and the resulting mechanical stress which |s
aple to bend bus-bar conductors and damage insulators. The mechanical stress on busbais
and forces on the supports can be assessed through stress analysis programs, when applying
the calculated electromagnetic forces. Additionally, a calculation of the thermal stress using
I)?, can be done when the assessment is made for a lower 7, and“higher ¢, than the onds

tgsted.

3.6 Internal arc pressure rise calculations

4

The comparison of the pressure withstand performance of twWo assemblies can be substantiated
by pressure rise calculations for the compartments ander investigation. CIGRE TB 602 [T]
pfovides some guidance on simulation tools for this purpose. The calculations are able fo
pfovide the pressure rise in the compartmentsunder investigation, taking into account the
opening of pressure relief devices. An assessment of the strength of the enclosure walls under
the pressure stress can be made for simplecgeometries using calculation formulae, otherwide
uping finite element mechanical stress analysis.

The flow of hot gases expelled fromithe compartment can be simulated by CFD programs
hpwever, it is, at the time of the publication of this document, not possible to simulate the
ignition of indicators, which is an<important acceptance criterion in the type test.

Therefore, such programs-have limited applications for the extension of type test validity.
JIGRE TB 686 [8] provides some examples of pressure rise calculations.

44 Information needed for extension of type test validity

Flor the extension of type test validity, similar information on the assembly under evaluation ar
cpllected asvit is required for type test objects according to IEC 62271-200:2021, 7.1.3 ¢
IEC 6227(1-201:2014, 6.1.3. In addition, Table 2 to Table 7 given in Clause 5 can be used
providesfor each characteristic, i.e. type test relevant information on design parameters of t
tested-object and of the functional units under evaluation. Only the tables that are relevant fq
thecharacteristic under evaluation need to be used.

= d® O s 0O

The applicable type test reports of the tested assembly are to be considered as far as they
concern the comparison of the two assemblies.

Ideally, the manufacturer will provide relevant information on design parameters of the tested
object as listed in Table 2 to Table 7 of Clause 5 to be included in any type test report in addition
to the information required by the product standards.

Most often single value design parameters are not sufficient to perform the evaluation. In this
case relevant drawings of both objects can be necessary.
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If a comparison is substantiated by calculations, numerical data or by formula, the type of
software used, the reference number of the calculation report and short summary of the results
will be provided.

Documents proving traceability of the analysis performed are provided. Such documents are
part of the report for extending the validity of performed type tests to the whole family or part
of the family of switchgear and controlgear.

4.5 Extension of validity when using different insulating gas or gas mixture

Apart from SFg4 other insulation gases or gas mixtures are used in assemblies. These gasgs

can, for example, differ in dielectric and thermal performance and in the behaviour during
internal arc failures. It can happen, that identical assembly designs could be used with. several
nsulation gases or gas mixtures depending on service conditions. It can be of interest to tegt
hly the gas or gas mixture with the lowest performance or highest stress to the de€signh, covering
[her gases or gas mixtures for the same construction design assembly.

O O =

or this purpose, reference tests for direct comparison can be performed on the same
pnstruction design. Test object(s) with the different insulation gases’or gas mixtures can be
sed to demonstrate which of the gas or gas mixture can be used-;as’base for the transfer ¢f
ach specific type test. The reference test(s) to be performed under type test conditions and
e comparison test(s) are documented as well for later reference.

®OcCc O M

—
=

Then the transfer of test reports can follow a two-step approach as shown in Figure 1:

-_—

transfer of test for different construction design ¥todesign 2 using the same gas;

N

transfer of test for an identical construction design from gas A to gas B.

—

he order of the transfer steps can be swapped:

<
(2]
®
(o))
: >
ke) i
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Figure 1 — Example for extension of validity of test report for dielectric testing with
regard to different construction design variants and insulation gases of the same family
of switchgear and controlgear


https://iecnorm.com/api/?name=89aaa1975fe7a71f649cc0db1c2d3af2

IEC TR 62271-307:2024 © |IEC 2024 - 15—

5 Application of extension criteria

5.1 General

Clause 5 to be read in conjunction with Annex A where the rationale behind is given for the
guidance given in 5.2 to 5.7.

.2 Dielectric tests

5

T S+a oralparis—o 6—SWiHLG a
cpntrolgear extension of validity of dielectr|c
w

s

ithstand tests from one functional unit or assembly to another belonging to the same family ¢f
vitchgear and controlgear having the same or a lower rated insulation level.

fl necessary for dielectric performance, insulating barriers and supplementary finsulation can
hpve been included in type tested objects according to IEC 62271-1:2017, 7.2.4, ‘and therefone
ektension of the type test validity can only be performed on functional units or assembligs
hpving the same arrangement and design of such insulation.

he test object is expected to contain suitable items or replicas, that reproduce the field
pnfiguration of, for example, the high-voltage connections of instrument transformers or fusgs
bsing the most onerous test conditions (refer to IEC 62271<200:2021, 7.2.7.2 and 7.2.7.3).
his allows extending the validity of type tests to the use of gcomponents with different technical
pbecification provided they have the same external el€etric field configuration. The same
bnsiderations can be made for other high and low-voltage accessories like surge arresters and
paters.

00 0w 4T O -

Table 2 — Extension criteria for. dielectric withstand tests

Item Design parameter Acceptance Condition
criterion
(1) (2) (3) (4)
1 Clearance between >
phases

v

2 Clearance to earth

[\

3 | Creepage distance NOTE 1

v

4 Electrical properties of A comparative result between two materials might be required

insulating material (e.g. comparative tracking index according to IEC 60112 [9])
5 | Surface roughness of live <
parts
6 Radius ef\conductive 2 Not only the radius of live parts, but also the radius of all
parts other conductive parts facing live parts (e.g. earthing devices,
enclosure, LV wiring, supporting structures) need to be
considered.
NOTE 2

v

7 | Open contact gap If influenced by the switchgear and controlgear assembly

v

8 | Isolating distance If influenced by the switchgear and controlgear assembly

v

9 | Minimum functional If same gas or gas mixture for gas insulated switchgear and

pressure for insulation controlgear

10 | Minimum ambient 2 If partial liquefaction of insulation gas can happen at service
temperature in service conditions

11 | Minimum dielectric 2 If different gas or gas mixture are used for identical
properties of insulation construction designs at defined minimum functional pressure
gas or gas mixture for insulation

NOTE 3
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NOTE 1 The field distribution along the insulating surface is also relevant.
NOTE 2 The geometry of parts made of insulating materials changes the electric field as well.

NOTE 3 The dielectric performances of different insulation gas or gas mixture for identical construction design
can be verified using the procedure below Table 2.

To cover a different insulation gas or gas mixture, the dielectric performance difference between
one gas and another gas or gas mixture or between two gas mixtures with different mixing ratios
chn be verified by reference tests, which are:

lightning impulse voltage test (BIL),

power-frequency voltage test (PFV),

DC voltage test on cable testing circuits.

L

owever, regarding the partial discharge (PD) type test, extension from one“gas to another ggs
not possible due to the following conflicting conditions:

7

for the comparison of PD results in ideal circumstances the samé test object is used,;

BIL and PFV to be carried out prior to PD measurement requires two separate but identical
test samples.

—

herefore, no extension of validity from one gas to another«€an be done for products according
g IEC 62271-201.

—

—
[¢]

esting to the limit can demonstrate which gas. or gas mixture has the lowest dielectr
erformance and would cover gases with higher performance on the identical construction
Esign.

o T

_|

he minimum dielectric performance of a'gas or gas mixture is assessed at a defined minimum
ynctional pressure (density) for insulation and a defined gas composition for gas mixtures.

)

Z

OTE 1 The use of a minimum gas composition can be appropriate in case of different gas losses of the componengs
the mixture or significant decomposition of single gas components.

o

tf needs to be taken into,account, that for some gases or gas mixtures the dielectric behavioyr
non-linear with the pressure, especially at higher pressures (see CIGRE brochure 730 [10]
hd CIGRE brochurg 849 [11]). Solid insulated parts need to be identical and tested in the mosgt
herous electric field configuration.

7

oo

Tlest objects with identical construction and design for the reference test are preferably used.
Blut it is belter not to use the same test object, as the removal of all traces of previous teste
ghs or gas/mixture being in practice impossible, except if the second gas mixture consists ¢f
the first' with additional gas components providing a better performance.

o

After verification of higher diefectric properties at filling pressure compared to those at minimu
functional pressure, this process will imply:

o to test to the limit the lowest dielectric performing gas or gas mixture at defined minimum
functional pressure;

e to test the expected highest dielectric performing gas or gas mixture at same gas pressure
and at a higher voltage level according to the procedure defined below.

As the impact of flash-over of lightning impulse voltage tests compared with power frequency
voltage tests is normally low, lightning impulse voltage source is preferably used for the first
comparison.
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NOTE 2 The risk of surface damages and resulting weakening of the dielectric performance of the tests object is
usually higher in case of disruptive discharges during power frequency voltage tests than during lighting impulse
voltage tests due to a higher energy of the power frequency source. A current limiting resistor can be added to limit
the breakdown current.

Lightning impulse voltage tests to be performed at increasing test voltage values by steps as
follows:

o starting at rated lightning impulse withstand voltage;
e the voltage is increased stepwise by voltage steps of 5 % of the rated lightning impulse

andvaliaaao [ a4 WN\L (78 L \/\: 7 LN/ (4928 L\/\- Q l.\/ (4170 l\/\\
IS Y A FIEN B AN AN W S~ A L Ay PRI AN A AN WL I BA- AN A Ay b I

withaota a
wHAStaRe—vortage{e-g—41<v—{
N[OTE 3 Values are rounded up to next full digit.

The tests are started with the gas or gas mixture with the lowest expected performance:

¢| 15 impulses with positive polarity, followed by 15 impulses with negative polatrity;

¢| when not more than 2 discharges occur, the voltage level is passed, and the test voltage [s
increased by a voltage step as described above;

¢| when 3 discharges occur, the voltage level is not passed, and the) foermer passed voltage
level is taken as the limit value for this gas or gas mixture;

¢| the same sequence is repeated for the other gases and gasimixtures at the same starting
point with the same voltage steps.

NOTE 4 In case of damages on the test sample it can be necessary tochange to a new test sample

During power frequency voltage tests the test voltage values are increased as follows:

starting at rated power frequency withstand voltage;

the voltage is increased stepwise by voltage steps, of 5 % of the rated power frequenqy
withstand voltage (e.g. 2 kV (28 kV); 3 kV*(50 kV); 4 kV (70 kV)).

NOTE 5 Values are rounded up to next full digit:

—

he tests are performed as followsy starting with the gas or gas mixture with the lowest
kpected performance:

D

o| the test voltage is kept-fo5*1 min;

| when no disruptive discharge occurs, the voltage level is passed, and the test voltage |s
increased by a voltage step as described above;

¢| when a disruptive discharge occurs, the voltage level is not passed, and the former passed
voltage level\is taken as the limit value for this gas or gas mixture at defined gas pressurse;

o| the samgé.sequence is repeated for the other gases at the same starting point with the same
voltage steps.

—

he- DC voltage test on cable testing circuits are performed and passed according fo
EC62271-200:2021, 7.2.101, for each gas being compared.

Evidence of higher performance for a switchgear and controlgear construction design is given
in case the limit value of the gas or gas mixture at defined gas pressure compared to the lowest
dielectric performing gas or gas mixture at defined gas pressure is at least 3 voltage steps
higher. If this is not the case, no evidence is given, and it is not possible to assess.

5.3 Continuous current tests

The extension criteria for continuous current type tests at rated continuous current equal to or
smaller than assigned to the type tested functional unit are summarised in Table 3. The table
does not consider forced ventilation.
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The current carrying capacity of a functional unit is also dependent on the design of the bus-
bar connection and on the distribution of current in adjacent functional units. Since the
continuous current test is performed under the most severe conditions as required by the
standard (e.g. IEC 62271-200:2021, 7.5), it is assumed that the impact of surrounding functional
units on the continuous current performance is equal to or lower than the impact during the type

test.

Where a functional unit includes different members of a family of components such as
instrument transformers or fuses, these components need to be compared one by one with

respect to power diqcipnfinn in order to extend the vnlidify of the typp test to the whole fami

Yy

Aoz <s0

O

of components.

Flor extension of rated frequency from 50 Hz to 60 Hz refer to IEC 62271-1:2017, 7.5:3. 1.

urrent transformers are type tested and verified according to their own product standard.
here current transformers are fitted in a functional unit, they can be considered acceptable
hey have a power dissipation of the primary and secondary windings at théyrated continuoy
irrent of the functional unit that is equal to or less than that installed in the type teste
Unctional unit. Current transformers with lower current rating thathhave a higher primal
g¢sistance can only be applied in the switchgear and controlgear at-lower continuous current$
where they have the same or lower primary and secondary power-dissipation. The same will b
bnsidered for other components such as transformers supplying auxiliary and control circuit

Table 3 — Extension criteria for continuous<current performance

if

[eXN7)

p

Item

Design parameter

Acceptance
criterion

Condition

(1)

(2)

(3)

(4)

Centre distance between phases

=

Only to be validated for rated continuous currents
above 1250 A (see IEC 62271-1:2017, 7.5.2)

2 | Phase to earth distance = Only to be validated if an influence on the
surrounding elements due to currents cannot be
excluded, e.g. eddy currents and magnetising
currents
NOTE 1

3 Enclosure/compartment dimensions 2 The enclosure and compartments are of the same

(L, H, W) and volume construction
NOTE 1

4 | Minimum pressure*of insulating gas 2 If same gas or gas mixture; for gas insulated
switchgear and controlgear

5 | Current density of conductors < The conductors have the same physical
arrangement

6 | Main-circuit electrical resistance < Resistance per unit length of conductors and
contact resistance

7<)/ Contact surface area of connections 2 Same or better contact material

Il jU;IItO NOTE 2

8 | Contact force of connections / joints 2 Same or better contact material

9 | Permissible temperature of contact 2 Including metallic coatings having the same or

materials of connections / joints lower resistivity

10 | Effective ventilation area of 2 NOTE 3

partitions and enclosure

11 | Power dissipation of components < Here the main switching devices, fuses and current
transformers are considered
NOTE 4

12 | Area of insulating barriers < Barriers have the same physical arrangement
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Item Design parameter Acceptance Condition
criterion
(1) (2) (3) (4)
13 | Thickness of insulating coating of < Thermal resistivity and emission coefficient of the
conductors coating are expected to be the same
NOTE 5
14 | Total coated surface area of 2 The emission coefficient of the coating is expected
enclosure for heat transfer to be the same
15 Tnmlhnrnhlrn class of inclllnfing > Lower fnmlhnrnhlrn classes can be thlr_\“Q!" with
material in contact with conductors regard to margins obtained during the continuous

current tests

v

16 | Thermal performance of gas or gas If different gas or gas mixture is used for,gas
mixture insulated switchgear and controlgear

NOTE 6

NOTE 1 The use of non-ferromagnetic material for enclosure and partitions will reduce~heat generated b
glternating magnetic fields compared with for example mild steel, when the conductors cross-them.

OTE 2 The lubrication of contacts is expected to be the same.
OTE 3 The degree of protection (IP code) can be relevant.
OTE 4 The power dissipation of both primary and secondary windings of €ufrent transformers is relevant.

OTE 5 Coating of busbar, for example with paint, improves the heat transfer to the surrounding medium. Th
dolour of the paint has no significant effect on the thermal radiation,

NOTE 6 The thermal performances of different insulation gas or gas mixture for identical construction design ca
e verified using the procedure below Table 3.

emonstrated by reference tests. In caseof thermal performance, continuous current tests wi

ould cover gases with higherithermal performance on the identical construction design at t
Ame gas pressure.

w0000 -

functional pressure (density) for insulation.

perform the continuous current tests as follows:

¢| drieasure the resistance of main circuit before test;

o cover a different insulation gas or gas mixture, the performance difference between one g4

nd another gas or gas mixture or between-two gas mixtures with different mixing ratio can b

The minimum thermal performance of a gas or gas mixture is assessed at a defined minimum

Itlis preferable that the tests are carried out in the order of the expected thermal performang
frlom lowest to-highest performance. The tests will be carried out on the same test object fillg
with the different insulation gas or gas mixture at defined gas pressure. It is preferable fo

S
e
h

fferent gases in the identical designrand test object at the same gas pressure and test current
N be used to demonstrate which.gas or gas mixture has the lowest thermal performance and

e

e
d

perform the continuous current test as described in IEC 62271-200 or IEC 62271-201 at
defined pressure(s) and measure the temperature rise inside the gas compartment, taking
care of temperature limits defined in IEC 62271-1:2017, Table 14, related to the nature of
conducting parts and of the insulation gas or gas mixture;

let the test object cool down and repeat the test with the other gas or gas mixture;

the same sequence can be repeated with other gases or gas mixtures, if any.
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Evidence of the extension criteria from the lowest thermal performing gas or gas mixture to the
expected highest thermal performing gas or gas mixture, at defined gas pressure, is given in
case the temperature rise on all measurement points inside the gas compartment of the lowest
thermal performing gas or gas mixture are higher than on those of the highest thermal
performing gas or gas mixture and below the defined acceptable temperature limits for each
measurement point and related gas or gas mixture.

5.4 Mechanical tests

The switching devices used in a family of switchgear and controlgear have to be type tested
wlith respect to functionality and mechanical endurance according to the relevant componeﬂn
standard. This is applicable to the operating mechanisms of the switching devices, as well ds

tg the shafts and interfaces used for manual or power operation. Mechanical position indicatois
afe also covered by the component standards.

—

he mechanical parts being assessed in the switchgear and controlgear assembly, which aie
bt covered by a dedicated component standard, are:

>

shutter systems,

contacts of the removable part,

interlocks and kinematic chain of operating linkages.

ny changes in the design of the functional unit affecting the mounting / support of the switchin
evice and the above-mentioned parts need to be carefully\Checked with respect to their impa
h the mechanical behaviour. An extension of validity .¢an only be carried out when the typ
¢sted arrangement of components is considered to operate under equal or more oneroy

o o >
o)

—
S n n O

cpnditions. Table 4 provides extension criteria for{parts not covered by component standard
provided that the number of assigned operations of the involved parts is equal or less thag
those of the type tested assembly.

Table 4 — Extension criteria for mechanical performance

tem Part Design-parameter Acc_ept:‘«mce Condition
criterion
(1) (2) (3) (4) (3)

1 Shutter systems 1) Strength of locked 2 The principal design of the
mechanical linkage, shutter system is the same, but
including shutter dimensions can be different.

2. Mass of shutter < See NOTE
2 Contacts of removable |1. Number of contact < The designs of contacts, including
part points base and coating material, and
supports of movable and fixed
2. Contact force per s contacts are the same
contact
3. Roughness of <
contact surface
3 :IItUI:U\;II\;IIB'DyDtUIII 1. StlUllch Uf :Ublr\D‘d = Thb‘ pl;llb;pa: dcb;yll Uf thU
directly operated on mechanical linkage interlocking system is the same,
the mechanical chain - but dimensions can be different.
2. Torque applied <
during operation See NOTE
attempt
4 Interlocking- system 1. Strength of locked 2 The principal design of the
preventing access to mechanical linkage interlocking system is the same,
the operating devices - but dimensions can be different.
2.  Normal operating <
force See NOTE
NOTE Enclosure/compartment frame is part of the assessment when fixing and/or mounting of interlocking parts
or mechanical devices is made on that structure.
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5.5 Short-time withstand current and peak withstand current tests

Extension of validity of the short-time and peak withstand current type tests obtained on the
main and earthing circuits of assemblies of functional units in accordance with IEC 62271-200
or IEC 62271-201 to other assemblies of the same family can be made using the criteria given
in Table 5 provided that they have equal or smaller short-circuit current ratings (7, and Ip)

regardless of the value of the frequency (50/60 Hz). The short-circuit duration 7, can be longer
as long as the condition for Ikztk given in IEC 62271-1:2017, 7.6.3, is respected.

In order to extend the validity of a type test performed on a bus-bar compartment, it is assumed
that the type test has been performed with at least two sections in series with identical bus-bar
closs-section. This also allows for the evaluation of different bus-bar joints by affirmation“ef the
items in Table 5.

Table 5 — Extension criteria for short-time and peak withstand current performance

tem Design parameter Acceptance Condition
criterion
(1) (2) (3) (4)
1 Centre distance between phases 2
2 Electro-dynamic forces due to < The conductors have the same physical
current path arrangement.
NOTE\1
3 Mechanical strength of insulating 2 NQTE 2 and NOTE 3
conductor supports
4 Length of unsupported sections of <
conductors
5 Cross-section of conductors > Connections of the conductors are scaled and
have the same or greater clamping force and
contact area.
NOTE 4 and NOTE 5
6 Material of conductors Same NOTE 4 and NOTE 5
7 Temperature class of insulating 2
material in contact with
conductors

v

8 Mechanical strength of‘the NOTE 2 and NOTE 3

enclosure /partitigns/ bushings

9 Contacts of removable part Same Consider complete design of contact sub-
assembly and the fixing / mounting of the
removable part.

NOTE 1 Fhe. effect of different paths can be assessed by calculation of electro-dynamic forces.
NOTE-2\ Strength includes mechanical resistance to compression, traction, and bending loads.

NOTE 3 The enclosure can provide the base for the mechanical supports.

NOTE 4 In case of earthing circuits: in some designs, conductors can include parts of the metallic enclosure
being used as earthing circuit.

NOTE 5 Conductors include connections in the main circuit and in the earthing circuit up to the earthing terminal.
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.6 Making and breaking tests

4

Switching devices forming part of the main and earthing circuit of enclosed switchgear and
controlgear are supposed to have their rated making and breaking capacities verified according
to the relevant component standards. IEC 62271-200:2021, 7.101.1, expresses that additional
"tests are not necessary if making and breaking tests have been performed on the switching
devices installed in assembly with identical or more onerous conditions." It already provides a
note with respect to which effects might influence the performance of the switching devices
such as mechanical forces due to the short circuit, the venting of arc products, the possibility
of disruptive discharges, etc., and also recognizes that, in some cases, such influence can be

n

= -

egligible.

he rules for the extension of validity of breaking and making tests are described J‘n
EC 62271-200:2021, 7.101, and equivalent in IEC 62271-201:2014. Table 6 lists the’relevant

design parameters that need to be considered to establish the same or less onerous'condition$.
Al parameters in Table 6 are assembly parameters. Table 6 also applies to removable parts.
Table 6 — Extension criteria for making and breaking capacity
tem Design parameter Acceptance Condition
criterion
(1) (2) (3) (4)
1 Clearance between phases 2 See NOTE 1
2 Clearance to earth 2
3 Enclosure/compartment volume 2 Only to be validated, if the fluid (gas or
liquid) in the volume is involved in the
making and breaking process.
4 Minimum functional pressure for insulation 2 The travel characteristic is within the
of insulating gas permissible tolerances.
5 Cross-section of conductors 2 See NOTE 2
6 Electro-dynamic forces due to the current < Only to be validated, if there is an impact
in the connection paths to the switching of the current path on the making and
device breaking performance
7 Mechanical strength of insulating supports 2 Here, the supports of the phase
conductors need to be considered
see NOTE 3
8 Mechanical strength of the enclosure/ 2 See NOTE 3
partitions / bushings
9 Length of unstpported section of < See NOTE 3
conductors,
10 Dielectric,withstand capability of insulating 2 The required dielectric properties are
gas ar)gas mixture verified during the dielectric tests or
extension of validity studies.
Extension only possible in case the gas
is not involved in the making and
breaking process.
11 Contacts of removable part Same Consider complete design of contact
sub-assembly and the fixing / mounting
of the removable part.

NOTE 1 Extensions of type test validity with respect to the centre distance between phases inside the switching
device are possibly treated by the relevant component standards.

NOTE 2 The contacts of a removable part do not affect the making and breaking capacity of the associated
switching device and therefore are not considered here.

NOTE 3 It is assumed that the mechanical strength is already validated by a short-time withstand current and
peak withstand current test. Not applicable for capacitive or any other load switching currents.
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In case the identical design is used with different insulation gases or gas mixtures and the arc
is not in the insulation gas, but for example in a vacuum interrupter, the test can be transferred
from one insulation gas to another. Precondition is that the dielectric test is available for all
gases or gas mixtures or a transfer of the dielectric tests for a gas or gas mixture to another
gas or gas mixture was possible and proven by reference tests. The gas or gas mixture with
the lowest dielectric performance Is intended to be used during making and breaking tests.

5.7 Internal arc fault tests

5.7.1 General

itchgear and controlgear for which an internal arc classification (IAC) has been assigned hgs
been subjected to internal arc tests for verification as specified in IEC 62271-20Q0~or in
IEC 62271-201. Depending on the purpose of the extension, criteria need to be considered with
spect to the switchgear and controlgear design or with respect to the ratings and\installation
bnditions or both.

O =

7.2 Extension criteria with respect to the switchgear and controlgear design

ince internal arc tests are performed on individual compartments, the extension criterifa
rovided in Table 7 are applied for each high-voltage compartment(-The complete assessment
f a functional unit or assembly is achieved after all the associatéd.high-voltage compartmen{s
bve been assessed. It is possible to combine different internal arc tests carried out on
bmpartments in different functional units to extend the validity of type tests to the assembly
hder investigation. Details about design parameters and aceceptance criteria for a compartment
pving arc fault current and duration equal to or smaller than assigned to the type tested
bmpartment are given in Table 7.

O JC O30T W a
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Table 7 — Extension criteria for internal arc fault withstand performance

Item Design parameter Acceptance Condition
criterion
(1) (2) (3) (4)
1 Clearance between phases <
2 Clearance to earth Same This concerns the region where the arc is
initiated.
See NOTE 1
3 Net compartment volume 2
4 Filling pressure of insulating gas < For fluid insulated switchgear and
controlgear
NOTE 2
5 Cross-section of conductors 2 This concerns the region where'the arc is
initiated.
6 Raw material of conductors (Al or Same This concerns the region“where the arc is
Cu or their alloys) initiated.
See NOTE 1
7 Location of the point of arc initiation Same Applying the rules of IEC 62271-200 or
IEC 62271201
8 Insulating material exposed to the Same SeeNQTE 3
arc
9 Exhaust cross sectional area > The position of the exhaust in the
compartment and the gas flow path are the
same.
Larger cross-sectional areas are only
acceptable, if an exhaust duct is used
10 Exhaust opening pressure < Applicable to fluid tight compartments
11 Mechanical strength of elements to < Applicable to non-tight compartments.
let open the relief device (flap) The relief device and its retaining elements
have the same design.
12 Mechanical strength of the > This also includes the strength of partitions
enclosure and compartment and bushings
See NOTE 4
13 Thickness of the enclosure walls > Same material
See NOTE 4
14 Mechanical-strength of the doors > See NOTE 4
and covers
15 Degrege of protection (IP-code) of > Where relevant for indicator ignition criterion
enelosure
NOTE-1\"The arc could move from the point of initiation.
NOQTE 2 For SFj insulated switchgear and controlgear the test is performed with air (see IEC 62271-200:2021

.105.3, or [EC 62271-201:2014, 6.105.3) at the same filling pressure as for SFg,.

NOTE 3 For details refer to the first item of IEC 62271-200:2021, 7.105.3, or IEC 62271-201:2014, 6.105.3.

NOTE 4 An assessment of the strength can require calculations or stress analysis by finite element methods.
The assessment considers the location, strength and number of all fixing points (bolts, hinges and latches).
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5.7.3 Extension criteria with respect to ratings and installation conditions

The installation instructions supplied by the manufacturer are the base for the selection of test
conditions during the laboratory test as defined in IEC 62271-200:2021, Annex A, or
IEC 62271-201:2014, Annex AA. These test conditions comprise positioning of the switchgear
and controlgear in the simulated room, determination of the ceiling height and location of
accessible or non-accessible sides. It can be possible to accept a change of the installation
instructions by a closer evaluation of the installation conditions in a previously performed type
test. For this purpose, additional rules can be considered to extend the validity of an internal
arc test performed on one switchgear and controlgear assembly under specified installation

=0

ifstructions to a different installation of the same assembly giving the same or less oneroy
pnditions. Details about test ratings, installation conditions and extension criteria are given
able 8. Most of the information provided in Table 8 is contained in IEC 622714200 (
EC 62271-201. The table aims to summarize all the relevant information for easier use.

Table 8 — Extension criteria for internal arc fault classification with,respect
to installation conditions

S
n
r

tem | IAC test ratings and Extension criterion Condition
installation (Reference to
conditions a: IEC 62271-200:2021 or
b: IEC 62271;201:2014)
(1) (2) (3) (4)
1 Rated arc fault current < a:A.4.1;
b:AA.4.1
2 Rated arc fault < a: A4d.1;
duration b: AA.4.1
3 Rated voltage < a: A.4.2;
b: AA.4.2;
see NOTE 1

4 Frequency

Type tests performed.at 50 Hz or
60 Hz can.prove both
frequencies

a: A.4.4 and A.4.3.2 concerning the peak
current;

b: AA.4.4 and AA.4.3.2 concerning the
peak current

5 Distance between the
assembly and ceiling

v

a: Clause A.1;

b: Clause AA.1;

and, if the test was performed with a
clearance of at least 200 mm;

see NOTE 2

6 Distance between > a: Clause A.1;

assembly and lateral b: Clause AA.1;

wall if hot gases are not directed to the walls
7 Distance between Depending on accessibility Validation criteria are specified in

assemblynand rear a: Clause A.1;

wall b: Clause AA.1
8 Indoor/outdoor Type test performed for indoor a: A.1.2;

condition application covers outdoor b: AA.1.2

application with the same
accessibility

9 Accessibility type
(A, B)

Type test performed for
accessibility B covers
accessibility A

10 Accessible sides

Classification FLR covers

Applicable to accessibility type A and B, if

and ceiling.

(F, L, R) classification F, FR, FL (and distances to all walls are larger than
theoretically LR, L, R) 300 mm and 100 mm, respectively.
NOTE 1 According to IEC 62271-200:2021, A.4.2, or IEC 62271-201:2014, AA.4.2, the test voltage can be any

voltage equal to the rated voltage or lower. Respectively, A.4.3 or AA.4.3 specifies the actual test current
conditions to be met in order to accept a test performed at a voltage lower than the rated voltage.

NOTE 2 The criterion is not applicable in case of an exhaust duct that carries the hot gases outside the room. In
such case the distance between the test object and ceiling is not relevant, but only that between the exhaust duct
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Typical processes for the application of the extension of the validity of
type tests

General

The guidance for the extension of validity of type tests can be applied, but is not limited to the
following situations:

a) when the validity of a type test performed on one test object for one characteristic of a

[<2]

(2]

Q Z

2

gure 2 shows how one can extend the validity of a given_type test report by the following
eps:

OTE "Contradicting.design parameters" means that their variation in one direction increases one performance bp
bcreases another performance (characteristic) for the same object.

d

controlgear, (Figure 2);

when, for a family of switchgear and controlgear, test objects are selected fgp_eadh
characteristic, the results of which validate the complete family with a minimum number
test objects and type tests (Figure 3);

when for an untested assembly, an analysis is carried out using available type test reporis
of the same family of switchgear and controlgear to determine if the test results validafe
the assembly with respect to the specified characteristics (Figure 4);

when the type test validity of a previously type tested assembly .is\extended to a design
modification (Figure 5).

Extension of validity of a test report to other functional-units (situation a)

step 1: examine the report with respect to the’,description of the tested object (FU ¢
combination of several FUs), and collect additional information (e.g. from reference
drawings);

[o NI

>

step 2: compare the relevant design parameters of the tested object with the extensio
criteria proposed in Clause 5 applicable;to the considered type test (e.g. clearance betweegn
phases for the power frequency veltage withstand test) by using technical arguments,
calculations or simulations;

step 3: check the various FUs_0fthe family or combination of FUs, to determine which ¢f
them share the same design parameters or have design parameters which could be
considered as covered by the tested object (e.g. clearance between phases equal to ¢r
greater than those of.the tested object). The check also considers contradicting design
parameters, which can‘restrict the extension of validity of test results concerning other
characteristics.

—
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—
Test report 1

FU — Step 1
or
Tested object combination of FUs

—J

\ 4 W

Analysis of
extension criteria on SteRA
the tested object N

)

Identification
of covered FUs

v v v
Family
—J

Figure 2 — Extension of validity of one test report — Situation a)

I

Step 3

a FU of the family or a combination of FUs\can be checked positively with respect to the
roposed criteria, no further tests are required, and the available test report is acceptable fq
is FU.

=4

3 Validation of a family by seléction of test objects (situation b)
3.1 General

gure 3 shows how one can-select the test objects in such a way that the total number of tes
minimized for validation/of the whole family. The steps illustrated are intended to be carrie
Lt for each characteristic of the family of switchgear and controlgear:

[eXN7))

step 1: for asgiven characteristic (e.g. dielectric withstand), analyse the associated design
parameters. (e°g. clearance between phases) proposed in Table 2 to Table 7 and identify
which members of the family form a homogeneous group (see definition in 3.8) by using
technical arguments, calculations or simulations;

step 2: within each homogeneous group, select a test object with associated characteristids
fo cover the whole group (i.e. the test results obtained on this test object will allow extensign

of validity to the whole group):

step 3: perform the type tests.
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Family FU1 FU2 FU3 FU4
(set of functional units)
I I I
v

Analysis according to
characteristic A

Analysis according to
characteristic B

— Step 1

v
Homogeneous group ﬁ

Definition of
test object

FU

Tested object or
combination of FUs

i
Definition of
test object

I

FU
or
combination of FUs

Type test

‘) Type test

v
Test report 4

3.2 Mapping of the family

3T O [<}]

\ 4
Test report 2

|
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
A\

- Step 2

— Step 3

Figure 3 — Validation of a family by selection of appropriate test objects — Situation b)

onsideringythe type test to be performed and the associated acceptance criteria of desig
hrameters,‘proposed in the relevant clauses, step 1 in situation b) can be prepared by
apping-of the family of switchgear and controlgear. This analysis comprises:

Q 5

identifying the variation of design parameters within the family of switchgear and controlgearr

£ 1 1 4 ;e
10T ©4aCllT LlTdrdULCTIsliC,

— identifying homogeneous groups fulfilling the acceptance criteria of design parameters for

one or more type tests.

Such mapping differs with the type test under consideration, because the relevant set of
parameters and criteria for possible extension of validity of the results are different so that the
analysis is intended to be prepared for each kind of test.

As a family of switchgear and controlgear has many dimensions with respect to the design
parameters listed for the considered type tests, the representation of the result of the analysis
is complex. Several tables as given in this document can be established, or spreadsheets with
columns for different type tests can be created. Preferably, explanations are included for

traceability reasons and future use.
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6.3.3 Specification of test objects

On the basis of the mapping, test object(s) can be chosen in such a way that the validity of the
results of a type test can be extended to other functional units of the family. Most often, it will
not be possible to specify only one test object (one functional unit in the family) which combines
all the most severe conditions in order to validate the whole family. Usually, more than one test
object will be necessary.

Some hints can be provided:

—

| homogeneous groups with shared technical characteristics are often covered by the lowes
or the highest value of design parameters or by the highest value of a rating;

o[ extension of validity is easier to establish when considering numerical data i.e, desig
parameters (ratings, cross sections, clearances...);

>

¢| identification of homogeneous groups can require analysis by skilled engineers;

¢| all extension criteria listed in the tables for the considered type tests to he-reviewed.

(2]

4 Validation of an assembly by existing test reports (situationc)

-n
o

gure 4 shows how one can check the validity of type test reports for'a given assembly, basg
h a family of switchgear and controlgear:

(o]

o| step 1: identify the different functional units (FUs) used.in the assembly;

o[ step 2: for each FU and each characteristic, identify the homogeneous group to which |it
belongs (those FUs of the same family from which validity of test results could be extended)
using the design parameters provided in Tablel2 to Table 7 and technical arguments
calculations or simulations;

¢| step 3: check the available test reports andiincorporate the test report, if appropriate, in the
supporting documentation of the evaluation.

flan appropriate test report is not available, the extension of validity is not possible.
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.
Actual assembly
) / / )" - -; - } / F Step 1
Family
- ) EU1 FU2 FU3 FU4 FU5 FU6 FU7
| -/
v v -
Analysis according to Analysis according to
characteristic A characteristic B
l I
| — Step 2
I
Homogeneous group |
I
-/
I
I =
Yo information available Test already I
for extension done? |
I
| - Step 3
Test report 1
I
Available test reports |
\ J
IEP
Figure 4 — Validation of actual assembly with existing test reports — Situation c)
6{5 Validation-of'a design modification (situation d)
Figure 5 shows' how one can check the validity of type test reports for a given modifigd
functional-uhit (FU), based on test reports from a homogeneous group belonging to the same
gmily ofsswitchgear and controlgear:
—| step 1: for each characteristic, identify the homogeneous group to which it belongs (those

design parameters provided in Table 2 to Table 7 and technical arguments, calculations or
simulations;

— step 2: check the available test reports and incorporate the test report, if appropriate, in the
supporting documentation of the evaluation.

If an appropriate test report is not available, the extension of validity is not possible.
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Functional unit FU
Analysis according to Analysis according to Sten 1
characteristic A characteristic B ep
l [
I
I
Homogeneous group |
I
-
I
| -
Test already Test to be |
done? performed |
Step 2

Available test reports Test report 1 Test report 2 | | Test report 3 |
\4 —J

Figure 5 — Validation of a design modification — Situation d)
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Annex A
(informative)

Rationale for the extension criteria

A.1 General

The definition of an acceptance criterion for each of the design parameters listed in Table 2 to
Tlable 7 rests on proven technical and physical principles and manufacturer and user
ekperience. The evaluation of the criteria is performed out of a generalized view which assumgs
that the manufacturer has designed the switchgear and controlgear according to the~samle
technical and physical principles on which the criteria are based. In case of doubts cancerninlg
akceptance criteria further evidence is needed to support extension of validity, (for’ example
chlculations. In the following, those technical and physical principles, which [result in the
selection of extension criteria, i.e. design parameters and corresponding acceptance criteria |n
Tiable 2 to Table 7, are provided.

A.2 Dielectric tests

2.1 General

brresponding acceptance criteria need to be taken into'consideration when evaluating thie
ktension of validity of dielectric withstand tests. The principles behind each of the extension

A

Design parameters such as clearance between phaseS/and clearance to earth and the
c

e

cliteria (items) listed in Table 2 are given below.

A.2.2 Clearances (items 1 and 2)

o

Lprger clearances increase the dielectric withstand capability compared to the type test
vitchgear and controlgear provided that all other design parameters listed in Table 2 a
upchanged or enhanced with respect to dielectric properties.

Plhase to phase and phase to earth clearahces are directly related to the dielectric withstan%i.

(2]

e

Plhase to phase and phase teearth clearances could be smaller for switchgear and controlgear
hpving a higher number of parallel conductors per phase to cope with higher rated current. Even
iffthe conductors are arranged in the same manner (i.e. vertical, horizontal or trefoil alignment)
djelectric withstand could be reduced compared to the type tested switchgear and controlgeay.
Flor a smaller number of parallel conductors, the opposite might be true and can be used for
ektension of validity of dielectric type tests. If the arrangement of conductors diffefs
gnificantly,even with equal or larger clearances, the dielectric withstand compared to the type
tested swit€hgear and controlgear cannot be demonstrated without further technical analysis

n

he installation of additional earthing facilities or test points can reduce the clearance to earth,
erice reducing the dielectric withstand compared to the type tested switchgear and controlgeay.

o

A.2.3 Insulating supports and material (items 3 and 4)

An increased creepage distance for insulating supports with the same dielectric properties of
the material increases the dielectric withstand compared to the type tested switchgear and
controlgear. However, the dielectric withstand capability might be influenced by the field
distribution along the insulating surface. The presence of field control electrodes or insulating
barriers could affect the electrical field at the surface of the insulating support. Therefore, the
electric field distribution basically needs to remain unchanged, for example by parts on floating
potential or the introduction of additional components such as a voltage divider.
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T

he insulating material requires to have equal or improved dielectric properties compared to

the type tested switchgear and controlgear. Important dielectric properties are for example
dielectric strength, permittivity and tracking index. If these properties cannot be determined
from available specifications, a test of properties might be necessary as written in the condition
to item 4.

T

he impact of insulating barriers and additional insulation on the withstand voltage is difficult

to assess. Changes in the design of such insulating parts will normally invalidate the dielectric
type test, unless it can be shown that the design change is insignificant.
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.24 Live parts (items 5 and 6)

ve parts with a lower surface roughness entail a more uniform electric field distribution} result
a lower electrical field strength, and hence increase the dielectric withstand.

onductors with a larger radius, including bends and corners in the path, result in lower local
ectrical field strength, hence also increase the dielectric withstand. This extension criterion [s
so applicable to other conductive parts at high potential and even to ‘earthed parts. The
fluence of earthed parts needs to be evaluated when they are opposite to live parts and can
fluence the dielectric withstand.

.2.5 Open contact gap and isolating distance (items 77and 8)

5sembly design, then a larger gap will increase the dielectric withstand compared to the ty
sted switchgear and controlgear. This applies for,example to an earthing switch or switc
sconnector with separate supports for fixed and moving contacts.

the open contact gap of a switching device or the isolating distance is determined by tae

the contact gap is incorporated in a switching:component, the influence from the assembly gn
e dielectric withstand might be minor, however, it needs to be considered. The influence might
bme from the proximity of the earthed enelosure or partition, for example.

.2.6 Minimum functional pressure for insulation (item 9)

he pressure or the corresponding density of a gas used for insulation has direct influence on
e dielectric withstand capability. Therefore, tests are required at minimum functional pressure
r insulation defined by the manufacturer. A higher pressure or density usually increases the
electric withstand performance compared with the type tested switchgear and controlgear.

Siince different gasesthave different dielectric properties, this extension criterion can only be

pbplied to the same‘gas after verifying that the dielectric withstand capability increases with
creasing pressuné in the range of functional pressures.

2.7 Minimum ambient temperature in service (item 10)

casenpartial liquefaction of the insulation gas or gas mixture starts below the minimum

mblent temperature |n serV|ce there is no |mpact on the d|electr|c W|thstand capab|I|t :

usuaIIy the component with h|ghest d|electr|c withstand capability having a Iow vapour pressure
at service temperatures, this behaviour implies a reduction of the insulation level and therefore
needs to be considered when comparing a functional unit filled with two different gases or gas
mixtures.
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A.2.8 Minimum dielectric properties of insulation gas or gas mixture (item 11)

The level of insulation provided by a gas or gas mixture depends not only on its inherent
properties but on the geometries of parts under voltage and all surrounding components earthed
or isolated. Also, the pressure or density has influence on such insulation properties. Therefore,
there is a need to evaluate the minimum dielectric properties of the insulation gas or gas mixture
for identical construction design at defined minimum functional pressure for insulation for each
defined gas composition in order to make possible an extension of validity of performed type
tests from the weakest to stronger insulation case.

A.3 Continuous current tests

.3.1 General

A

The continuous current of switchgear and controlgear is dependent upon, the parts that
ekperience the highest temperature rise during current flow through the main\circuits. Thede
pprts can comprise contacts of switching devices, bolted connections‘(or equivalent) o¢f
cpnductors, terminals, and accessible parts of the switchgear and,’controlgear such ds
ehclosures.

The temperature rise of these parts can be influenced by many.design parameters such gs
centre distance between conductors, material type of conductors,; contact pressure, enclosure
s|ze and volume, area of ventilation openings and power (dissipation of components and/gr
devices.

—

he general principles behind the extension criteria(items) influencing temperature rise of the
vitchgear and controlgear and the corresponding’ acceptance criteria listed in Table 3 aie
gjven in more detail below.

n

A.3.2 Centre distance between phase’conductors (item 1)

In a three-phase circuit the alternatingmagnetic field generated by current in a conductor will
induce eddy currents in the same and adjacent conductors which will alter the overall current
djstribution in all conductors. For“example, the current density is higher in an area of thle
cpnductor furthest away from the-adjacent conductor when current flow is in the same direction.
This is known as the proximity effect and it can increase the power loss and produces higher
temperatures within the~switchgear and controlgear. The centre distance between phage
pnductors measured from the geometric centres of the conductors is therefore important when

can be required.

It is noted that IEC 62271-1:2017, 7.5.2, permits to test up to 1 250 A with a single-phase
source with all poles connected in series, which indicates that the mutual influence of the other
poles is not significant in this case.
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A.3.3 Phase to earth distance (item 2)

Eddy currents can be induced in metallic, non-current carrying parts of the switchgear and
controlgear. Because of the lower conductivity of steel and small thickness of walls, this effect
is normally negligible for enclosures. However, alternating magnetic fields create heat losses
in ferromagnetic steel enclosures perpendicular to the current path due to the reversal of
magnetic domains in the material. This can lead to additional heating power losses which cause
higher temperature rise. The relevant phase to earth distance is not a clearance, nor a centre
distance, but a distance determined by the effects described above.

Iff these current heating effects cannot be excluded, the phase to earth distance needs to\be
valuated. Switchgear and controlgear with greater than or equal phase to earth distance then
An be considered to produce equal or lower heat losses. If the arrangement of condueiors in
Foximity to the earthed parts of the switchgear and controlgear differs significantly-thén again
wer temperature rise cannot be ensured.

(oK<

oo

A.3.4 Enclosure and compartment volume (item 3)

The temperature rise within a switchgear and controlgear compartment s directly influenced Hy
the ability of the enclosure to dissipate heat via conduction and/or cohvection and radiation fo
the ambient environment. This effect is dependent upon the surfacécarea of the switchgear and
cpntrolgear enclosure (and hence volume) and the type of matetial used. For the same power
Igss, switchgear and controlgear with larger surface area of _the enclosure walls will dissipafe
more heat and hence have lower temperature rise of the\internal parts. Similarly, material
hpving lower thermal resistance will dissipate more heat\The use of non-ferromagnetic ste¢l
for the enclosure can avoid heat generation by eliminating the magnetizing current effect.

The convection behaviour of gas within the switchgear and controlgear compartment can, in
principle, be affected by the volume and the surface area of the compartment. This effect [s
djfficult to assess and can in some cases impact the heat dissipation. Further reference can

made to IEC TR 60890 [1] to gain understanding of the effects of enclosure/compartment
djmensions on temperature rise.

.3.5 Pressure (density) of insulating gas (item 4)

A

The pressure or the corresponding density of insulating gas in a high-voltage compartment hgs
djrect influence on the ability to dissipate heat away from current carrying conductors to thle
ehclosure and further to the ambient environment. An increase in the minimum function}l
pressure or density increases the heat transfer capability of the gas resulting in a reduction ¢f
temperature rise of the internal parts of the switchgear and controlgear. Since different gasqs
hpve different thermal properties, this extension criterion can only be applied to the same gas.

A.3.6 Conductors (items 5 and 6)

Qurrent-flow through the conductors of the main circuit produces a power loss (I2R) which [s
depehdent on the current magnitude, 7, and conductor resistance, R. The /2R power loss fro
theumain circuit contributes the most significant portion of total power loss within the switchgezrr
and controlgear. An increase in cross sectional area of a conductor, while maintaining a
constant current magnitude, will lower the current density and therefore the power loss of the
conductor assuming the same type of conductor material. This effect decreases the temperature
rise of internal parts.

For a given arrangement of conductors within the switchgear and controlgear, heat removal
from hot spots will be improved and the temperature of these hot spots lowered for a conductor
system with lower electrical and thermal resistance per unit length of conductor.
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