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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 abhove 1 kV and up to and including 52 kV____
FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization comp
| national electrotechnical committees (IEC National Committees). The object of IEC is to promote interna
-operation on all questions concerning standardization in the electrical and electronic fields. To this en
addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Re
Liblicly Available Specifications (PAS) and Guides (hereafter referred to as *EC Publication(s)").

eparation is entrusted to technical committees; any IEC National Committee interested in the subject deal
ay participate in this preparatory work. International, governmental and non-governmental organizations li
th the IEC also participate in this preparation. IEC collaborates closely with the International Organizati
andardization (ISO) in accordance with conditions determined by agreement‘between the two organizatig

he formal decisions or agreements of IEC on technical matters expresSy as nearly as possible, an interna
nsensus of opinion on the relevant subjects since each technicahkcommittee has representation fro
terested IEC National Committees.

C Publications have the form of recommendations for interpdational use and are accepted by IEC Na
bmmittees in that sense. While all reasonable efforts are.made to ensure that the technical content o
Liblications is accurate, IEC cannot be held responsible/ for the way in which they are used or fo
isinterpretation by any end user.

order to promote international uniformity, IEC National Committees undertake to apply IEC Publica
bnsparently to the maximum extent possible in theirdiational and regional publications. Any divergence bef]
y IEC Publication and the corresponding nationahor regional publication shall be clearly indicated in the |

C itself does not provide any attestation ,oficonformity. Independent certification bodies provide confd
sessment services and, in some areas,‘'decess to IEC marks of conformity. IEC is not responsible fol
brvices carried out by independent certification bodies.

| users should ensure that they haye‘the latest edition of this publication.

b liability shall attach to IEC orit$ directors, employees, servants or agents including individual expert
embers of its technical committees and IEC National Committees for any personal injury, property dama|
her damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees
penses arising out of the publication, use of, or reliance upon, this IEC Publication or any othe
Liblications.

tention is drawn fo the Normative references cited in this publication. Use of the referenced publicatig
dispensable for'the correct application of this publication.

C draws atteniion to the possibility that the implementation of this document may involve the use
htent(s). |EC) takes no position concerning the evidence, validity or applicability of any claimed patent rig
spect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s),
ay bé required to implement this document. However, implementers are cautioned that this may not repr
e fatest information, which may be obtained from the patent database available at https://patents.iec.ch
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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:

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

17C/Q39/DTR 17C/A57/RV/DTR

Full

the @bove table.

The

This
accq
at W
desq

A i
swit

This
and
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stab
sped
o 1
o

o 1

information on the voting for its approval can be found in the report on voting indicated in

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

document was drafted in accordance with ISO/IEC Directives, Rart' 2, and develops

din

rdance with ISO/IEC Directives, Part 1 and ISO/IEC Directives/IEC Supplement, available

ww.iec.ch/members_experts/refdocs. The main document types developed by IEC
ribed in greater detail at www.iec.ch/publications.

t of all parts in the IEC 62271 series, published under the general title High-vo
Chgear and controlgear, can be found on the IEC website.

Technical Report is to be used in conjunctionwith [IEC 62271-1:2017, IEC 62271-200:2

are

fage

D21,

EC 62271-201:2014 to which it refers and which are applicable unless otherwise specified.

committee has decided that the contents of this document will remain unchanged unti| the

lity date indicated on the IEC wehsite under webstore.iec.ch in the data related to
ific document. At this date, the document will be
econfirmed,

vithdrawn, or

evised.

the

IM
th
of

ORTANT " The "colour inside" logo on the cover page of this document indic
t it contains colours which are considered to be useful for the correct understand
ts 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

Shnnn
Al A

part of IEC 62271, which is a Technical Report, refers to prefabricated metal-enclosed

solid-insulation enclosed (both hereinafter called enclosed) switchgear andy ‘control
assgmblies for alternating current of rated voltages above 1 kV and up to and_ineluding 5

ass
encl

This
obje
fami
It su
of s

pecified in IEC 62271-200 and IEC 62271-201, and to other equipment included in the s
bsure with any possible mutual influence.

document can be used for the extension of the validity of type tests performed on oneg
ct with a defined set of ratings to another switchgear and controlgear assembly of the s
Jy with a different set of ratings or different arrangements of components or insulating fl

vitchgear and controlgear aimed at the optimization of\type tests in order to perfo

congistent conformity assessment.

The
com
of th
of a

The

extension of validity, as this is the case for type“tests, does not cover ageing, maf
patibility, human health toxicity or impact on the environment, among others. It is the

assembly design.

extension of validity of type tests.agcording to a component standard is outside the s

of this document.

This
and

document utilises a combination of sound technical and physical principles, manufac
user experience, and calculations to establish guidance for the extension of validity of

testg, covering various design and rating aspects.

2

The

Normative references

following documents are referred to in the text in such a way that some or all of their con

congtituteswrequirements of this document. For dated references, only the edition cited app

For
ame

undated references, the latest edition of the referenced document (including
rdments) applies.

and
jear
D kV
lame

test
me
ids.

pports the selection of representative test objects compased’of functional units of a fgmily

m a

erial
task

manufacturer and the user to check those*aspects are covered for the technical validation

ope

urer
type

tent
lies.
any

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 62271-1:2017, 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.

e |EC Electropedia: available at https://www.electropedia.org/

e |SO Online browsing platform: available at https://www.iso.org/obp

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

3.1
family of switchgear and controlgear
functional units designed to be physically combined in assemblies{and providing a randge of
ratings and characteristics (e.g. current, voltage, degree of protection)

3.2
fungtional unit
<of an assembly> part of an assembly comprising the main circuits, earthing circuit and auxiliary
circyits that contribute to the fulfilment of a single fdnction

Note [1 to entry: Functional units can be distinguished according to the function for which they are intended| e.g.
inconping unit, through which electrical energy is normally fed into the assembly, outgoing unit, through yhich
electfical energy is normally supplied to one or morexexternal circuits.

[SOURCE: IEC 62271-200:2021, 3.5.103]

3.3
asseémbly
<of pwitchgear and controlgear> a combination of switchgear and/or controlgear complgtely
assgmbled 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.]

3.4
component
<of an‘assembly> essential part of the high-voltage or earthing circuits of an assembly which
Serves a specific function (e.g. circuii-breaker, disconnector, switch, fuse, earthing switch,
instrument transformer, bushing, busbar)

[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]
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object
submitted to a test, including any accessories, unless otherwise specified

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

3.7
exte

nsion (of validity) criterion

criterion based on the design parameters, which can be applied to validate the performance of
an untested assembly based on the positive results of test(s) performed on another assembly

for

specific characteristic
L

3.8
hom

group of functional units of a family of switchgear and controlgear having design*paramg

whid
perf

3.9

clearance

the
thes

[SO

3.10

clearance between phases

the

3.11

clearance to earth

clea
eart

[SO

3.12
cent
dista

3.13
con
<of i

ogeneous group

h allows for a specific characteristic extending the validity of the resultbof a type
brmed on one member of the group to the rest of the group

listance between two conductive parts along a string stretched the shortest way bety
e conductive parts

URCE: [EC 60050-441:1984, 441-17-31]

learance between any conductive parts of ‘adjacent phases

rance between any conductive parts and any parts which are earthed or intended t
hed

URCE: IEC 60050-441:1984, 441-17-33]

re distance between phases
nce between,the centres of adjacent phase conductors

ters
test

een

D be

inuous*current performance

to th

e\walls of the gas filled compartment for identical construction design

hsulation fluid> ability of the gas or gas mixture to carry heat losses from inner componlents

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 enclosed
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) a

non-

exhaustive list of design parameters, to be analysed for extension of validity.
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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)
in Table 2 reads: the clearance between phases of the assessed assembly is larger than or
equal to the clearance between phases of the tested assembly.

If any of the extension criteria cannot be affirmed, further evidence is required, for example by
techpical arguments, calculation/simulation or specific tests. Calculations are 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
depg¢nd 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.

Comnlponent parameters are design and operating parameters/that influence the capability of
the gomponent with respect to its own ratings. These paraineters are controlled and spedjfied
by the manufacturer of the component. All applicatiohs of a component within a family of
switthgear and controlgear are expected to meet the manufacturer's specified tolerances for
component parameters.

NOTE Some switching devices, such as earthing switehes, can be unavailable as a separate component and will
be tepted inside an assembly according to their relevafnt component standards.

Table 1 — Examples of design parameters

Design parameter Related to
Raw material of a contact in a switching-device Component
Gedmetry of a contact in a switching device Component
Opgning and closing speed of a*switching device Component
Allovable rebound time 0f a'switching device Component
Clearance betweenphases Component / assembly
Clegrance to eafth Component / assembly
Pregsure of insulating gas in a compartment Component / assembly
Insylation gas or gas mixture Component / assembly
Insylation class of all insulation parts in contact with conductors Component / assembly
Length 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=c2865437f71d8100fc362d93be48991f

-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,
cannot be evaluated by a single value of a design parameter due to the complexity of the design.
For [example, the clearance between phase conductors might vary considerably alongl the
current path. Calculations have the potential to compare the respective design parameter|with
spatjal resolution supporting a comparison using technical arguments and expertise-

Depgending on the type test and the particular design parameter, sometimes arsimple modFI of
the relevant switchgear and controlgear might be sufficient using an analytical or empifical
formula, and sometimes a complete three-dimensional simulation mode€l\might be reqyired
using a complex numerical tool provided the results of the simulation teol are consistent|/and
repegatable.

The|validation of software tools and calculation methods themselves is outside the scoge of
this [document. Some of these calculation methods are briefly mentioned below with their
particular characteristics.

4.3.2 Temperature rise calculations

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

For complex geometries, a comparison can be performed by thermal networks, where the whole
assgmbly with all components”is divided into discrete elements built from heat generating
resigtors and heat conducting’and convection elements. Also, more complex computational [fluid
dynamics (CFD) tools_can’ be applied requiring a complete three-dimensional model of the
switchgear and contrgolgear.

CIGRE TB 830_42] provides guidelines for state-of-the-art temperature rise modelling of
medjum- and-high-voltage switchgear and controlgear.

4.3. Electric field calculations

The field
simulation of both designs comparing the resulting electric field strengths. Finite element (FE)
or finite volume (FV) software tools exist, which allow simulating 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.

4.3.5 Short-circuit current calculations

WithTespect to the shori-ime current withstand periormance, guidance and calculation
formulas for bus-bar designs can be found in the guideline on short-circuit withstandyof|low-
voltage assemblies IEC TR 61117 [4], and on the calculation of the short-circuit current eflects
in [EC 60865-1 [5] and IEC TR 60865-2 [6]. This includes the determinationr 'of mutual
elecfromagnetic forces between phase conductors and the resulting mechanical(stress whigch is
able| to bend bus-bar conductors and damage insulators. The mechanical stress on buspars
and fforces on the supports can be assessed through stress analysis programs, when applying
the galculated electromagnetic forces. Additionally, a calculation of the thermal stress ysing
I,21,| can be done when the assessment is made for a lower 7, andthigher ¢, than the ¢nes

tested.

4.3.6 Internal arc pressure rise calculations

by pressure rise calculations for the compartments~tnder investigation. CIGRE TB 60R [7]
provides some guidance on simulation tools for thisvpurpose. The calculations are able to
provide the pressure rise in the compartments «Under investigation, taking into accoun{ the
opening of pressure relief devices. An assessnient of the strength of the enclosure walls upder
the pressure stress can be made for simple geometries using calculation formulae, otherpvise
using finite element mechanical stress analysis.

Thejcomparison of the pressure withstand performance of two assemblies can be substantiFted

The|flow of hot gases expelled from\the compartment can be simulated by CFD programs,
howgver, it is, at the time of the, publication of this document, not possible to simulatg the
ignitjon 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.
CIGRE TB 686 [8] provides some examples of pressure rise calculations.

4.4 | Information‘needed for extension of type test validity

For the extension of type test validity, similar information on the assembly under evaluation are
collgcted as. it is required for type test objects according to IEC 62271-200:2021, 7.1.3 or
IEC 62271-201:2014, 6.1.3. In addition, Table 2 to Table 7 given in Clause 5 can be usqgd to
provjide fof each characteristic, i.e. type test relevant information on design parameters of the
tested abject and of the functional units under evaluation. Only the tables that are relevant for
the characteristic under evaluation need to be used.

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

Apa

Extension of validity when using different insulating gas or gas mixture

rt from SFC other insulation gases or gas mixtures are used in assemblies. These g

ASes

can,

intenal arc failures. It can happen, that identical assembly designs could be used with, se
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other gases or gas mixtures for the same construction design assembly.
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Then the transfer of test reports can follow a two-step appfroach as shown in Figure 1:
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to demonstrate which of the gas or gas mixture can be used{as base for the transf
specific type test. The reference test(s) to be performed uhder type test conditions
omparison test(s) are documented as well for later reference.

ransfer of test for different construction design Jto’design 2 using the same gas;
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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
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5 Application of extension criteria

5.1

General

15—

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.

5.2

Dielectric tests

The criteria listed in Table 2 can be taken into consideration for all parts of the switchgear and

cont

ctric

withgtand tests from one functional unit or assembly to another belonging to the same family of

switthgear and controlgear having the same or a lower rated insulation level.

If ngcessary for dielectric performance, insulating barriers and supplementarycinsulation

can

have been included in type tested objects according to IEC 62271-1:2017, 7.2'4y"and thergfore

exte)
havi

The
conf
posi
This
speq
cons

test object is expected to contain suitable items or replicas-that reproduce the

sion of the type test validity can only be performed on functional units or assemblies
ng the same arrangement and design of such insulation.

field

guration of, for example, the high-voltage connections of instrument transformers or flises

g the most onerous test conditions (refer to IEC 62271-200:2021, 7.2.7.2 and 7.2.7.3).

allows extending the validity of type tests to the use of components with different techpical
ification provided they have the same external electric field configuration. The same
iderations can be made for other high and low-voltage accessories like surge arresters|and
heaters.

Table 2 — Extension criteria for dielectric withstand tests

Item Design parameter Acceptance Condition
criterion
(1) (2) (3) (4)
1 Clearance between P
phases
2 Clearance to earth 2
3 | | Creepage distance 2 NOTE 1
4 Electrical properties.of 2 A comparative result between two materials might be requjred
insulating material (e.g. comparative tracking index according to IEC 60112 [9])
5 | | Surface roughness of live <
parts
6 Radius lof 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 deviges,
enclosure, LV wiring, supporting structures) need to be
considered.
NOTE 2
7 | Open contact gap 2 If influenced by the switchgear and controlgear assembly
8 | Isolating distance 2 If influenced by the switchgear and controlgear assembly
9 | Minimum functional 2 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
gas or gas mixture

construction designs at defined minimum functional pressure
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
can be verified by reference tests, which are:

e llghtning impulse voltage test (BIL),

e power-frequency voltage test (PFV),

e [PDC voltage test on cable testing circuits.
However, regarding the partial discharge (PD) type test, extension from ong ‘gas to another gas
is ngt possible due to the following conflicting conditions:

o fpr the comparison of PD results in ideal circumstances the same test object is used;

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 IHC 62271-201.

Tesfing to the limit can demonstrate which gas_or gas mixture has the lowest dielectric
perfoprmance and would cover gases with higher performance on the identical construgtion
design.

The minimum dielectric performance of a\gas or gas mixture is assessed at a defined minimum
funcfional pressure (density) for insulation and a defined gas composition for gas mixtures.

NOTE 1 The use of a minimum gas composition can be appropriate in case of different gas losses of the compopents
of thg mixture or significant decompesition of single gas components.

It neleds to be taken into account, that for some gases or gas mixtures the dielectric behayiour
is non-linear with the pressure, especially at higher pressures (see CIGRE brochure 730][10]
and CIGRE brochure(849 [11]). Solid insulated parts need to be identical and tested in the most
onetous electric field/configuration.

Test objects-with identical construction and design for the reference test are preferably used.
But |t is better not to use the same test object, as the removal of all traces of previous tested
gas Jor gas 'mixture being in practice impossible, except if the second gas mixture consisfs of
the first.with additional gas components providing a better performance.

After verification of higher dielectric properties at filling pressure compared to those at minimum
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
withstand voltage (e.g. 4 kV (75 kV); 7 kV (125 kV); 9 kV (170 kV)).

NOTKE 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
ihcreased by a voltage step as described above;

e when 3 discharges occur, the voltage level is not passed, and thé-fermer passed voltage
level is taken as the limit value for this gas or gas mixture;

e the same sequence is repeated for the other gases and gas mixtures at the same stafting
point with the same voltage steps.

NOTE 4 In case of damages on the test sample it can be necessary te~change to a new test sample
Duripg power frequency voltage tests the test voltage values are increased as follows:

e gtarting at rated power frequency withstand veltage;

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

NOTE 5 Values are rounded up to next full digit;

The [tests are performed as follows( starting with the gas or gas mixture with the lowest
expected performance:
o the test voltage is kept fon1 min;

e Wwhen no disruptive.discharge occurs, the voltage level is passed, and the test voltage is
ihcreased by a valtage step as described above;

e when a disruptive discharge occurs, the voltage level is not passed, and the former passed
Joltage leveliis taken as the limit value for this gas or gas mixture at defined gas pressLJre;

e the same.sequence is repeated for the other gases at the same starting point with the same

Joltage-steps.

The| DC voltage test on cable testing circuits are performed and passed accordinf to
IEC 62271-200:2021, 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 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 IEC 62271-1:2017, 7.5:3.%.

Current transformers are type tested and verified according to their own product standard.
Whedre current transformers are fitted in a functional unit, they can be considered acceptable if
they| have a power dissipation of the primary and secondary windings at the‘rated continlious
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 thatGhave a higher prifnary
resigtance can only be applied in the switchgear and controlgear atJower continuous currénts,
whefe they have the same or lower primary and secondary power‘dissipation. The same will be
congidered for other components such as transformers supplyingjauxiliary and control circuits.

Table 3 — Extension criteria for continuous-current performance

Item Design parameter Acceptance Condition
criterion
(1) (2) (3) (4)
1 Centre distance between phases 2 Only to be validated for rated continuous currerjts

above 1250 A (see IEC 62271-1:2017, 7.5.2)

v

2 | | Phase to earth distance Only to be validated if an influence on the
surrounding elements due to currents cannot bq

excluded, e.g. eddy currents and magnetising

currents
NOTE 1
3 Enclosure/compartment dimensions 2 The enclosure and compartments are of the sarpe
(L, H, W) and volume construction
NOTE 1

\Y

4 | | Minimum pressure/of insulating gas If same gas or gas mixture; for gas insulated

switchgear and controlgear

IN

5 | | Current,density of conductors The conductors have the same physical

arrangement

IN

6 | | Main kircuit electrical resistance Resistance per unit length of conductors and

contact resistance

v

Same or better contact material
NOTE 2

7 Contact surface area of connections
/ joints

[\

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

v

9 | Permissible temperature of contact Including metallic coatings having the same or
materials of connections / joints lower resistivity

NOTE 3

v

10 | Effective ventilation area of
partitions and enclosure

IA

11 | Power dissipation of components Here the main switching devices, fuses and current

transformers are considered
NOTE 4

IN

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 | 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 2 If different gas or gas mixture is used for.gas

mixture insulated switchgear and controlgear

NOTE 6

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

NOTIE 2 The lubrication of contacts is expected to be the same.
NOT|E 3 The degree of protection (IP code) can be relevant.
NOT|E 4 The power dissipation of both primary and secondary windings of Current transformers is relevant.

NOTIE 5 Coating of busbar, for example with paint, improves the heat transfer to the surrounding medium.|The
colopr of the paint has no significant effect on the thermal radiation.

NOTIE 6 The thermal performances of different insulation gas ot gas mixture for identical construction design can
be vgrified using the procedure below Table 3.

To cover a different insulation gas or gas mixture, the performance difference between onegl gas

and

another gas or gas mixture or between two gas mixtures with different mixing ratio cap be

dempnstrated by reference tests. In cagé of thermal performance, continuous current tests|with
different gases in the identical design-and test object at the same gas pressure and test cufrent

can

be used to demonstrate whichigas or gas mixture has the lowest thermal performance|and

would cover gases with higher thermal performance on the identical construction design af the

Samgpg gas pressure.

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

functional pressure (density) for insulation.

It is

from lowest toyhighest performance. The tests will be carried out on the same test object

preferable-fhat the tests are carried out in the order of the expected thermal performfnce
illed

with|the different insulation gas or gas mixture at defined gas pressure. It is preferable to

perfprm the continuous current tests as follows:

neasure tne resistance or main CIrCuit betore 1test,

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
with respect to functionality and mechanical endurance according to the relevant component
stanEard. This is applicable to the operating mechanisms of the switching devices, as welll as
to thie shafts and interfaces used for manual or power operation. Mechanical position indicators
are @lso covered by the component standards.

The|mechanical parts being assessed in the switchgear and controlgear assembly, whicH are
not ¢overed by a dedicated component standard, are:

|
n

ghutter systems,
— gontacts of the removable part,
— ipterlocks and kinematic chain of operating linkages.

Anychanges in the design of the functional unit affecting the mounting / support of the switching
device and the above-mentioned parts need to be carefully-Checked with respect to their impact
on the mechanical behaviour. An extension of validitycan only be carried out when the ftype
tested arrangement of components is considered t6_operate under equal or more onefous
conditions. Table 4 provides extension criteria for_parts not covered by component standprds
provided that the number of assigned operations of the involved parts is equal or less than
thosk of the type tested assembly.

Table 4 — Extension criteria for mechanical performance

Iten] Part Desigh parameter Acc_ept:‘«mce Condition
criterion
(1) (2) (3) (4) (3)

1 Shutter systems Strength of locked 2 The principal design of the
mechanical linkage, shutter system is the same, byt
including shutter dimensions can be different.
Mass of shutter < See NOTE

2 Contacts of.removable Number of contact < The designs of contacts, inclufling

part points base and coating material, an
supports of movable and fixed
Contact force per = contacts are the same
contact
Roughness of <
contact surface
3 Interlocking-system Strength of locked 2 The principal design of the
directly operated on mechanical linkage interlocking system is the same,
the mechanical chain - but dimensions can be different.
Torque applied <
during operation See NOTE
attempt
4 Interlocking- system 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.
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 1,24, 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 thetype testtas beemn performed with at teasttwo sections i series withidenticat bug-bar
crosp-section. This also allows for the evaluation of different bus-bar joints by affirmatien.of the
itemps in Table 5.

Thable 5 — Extension criteria for short-time and peak withstand current performande

Iten Design parameter Acceptance Condition
criterion
(1) (2) (3) (4)
1 Centre distance between phases 2
2 Electro-dynamic forces due to < The conducters have the same physical
current path arrangement/.
NOTE(
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 >4 Connections of the conductors are scaled ang
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-ofthe NOTE 2 and NOTE 3

enclosure /partitions/ bushings

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

NOTE 1 Theseffect 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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5.6 Making and breaking tests

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
negligible.

The|rules for the extension of validity of breaking and making tests are describefd in
IEC 62271-200:2021, 7.101, and equivalent in IEC 62271-201:2014. Table 6 lists the.relejvant
design parameters that need to be considered to establish the same or less onerouds conditions.
All parameters in Table 6 are assembly parameters. Table 6 also applies to remoyable paits.

Table 6 — Extension criteria for making and breaking capacity

Iten Design parameter Acceptance Condition
criterion
(1) (2) (3) (4)
1 Clearance between phases 2 SeeNOTE 1
2 Clearance to earth 2
3 Enclosure/compartment volume 2 Only to be validated, if the fluid (gas ¢r

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 / bushipgs
9 Length of unsupported section of < See NOTE 3
conductors

v

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

Extension only possible in case the gés
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

eria

ent
Fnts
on

compartments in different functional units to extend the validity of type tests to the assembly
under investigation. Details about design parameters and acceptance criteria for a compartment
havipg arc fault current and duration equal to or smatler than assigned to the type tejsted
compartment are given in Table 7.
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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 >

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 ig
initiated.

6 Raw material of conductors (Al or Same This concerns the region where the arc ig

Cu or their alloys) initiated.

See NOTE 1

7 Location of the point of arc initiation Same Applying thevrules of IEC 62271-200 or
IEC 62271:201

8 Insulating material exposed to the Same See NOTE 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 partitiops
enclosure and compartment and bushings
See NOTE 4
13 Thickness of the enclesure walls > Same material
See NOTE 4
14 Mechanical sstrength of the doors > See NOTE 4
and covers
15 Degree of protection (IP-code) of > Where relevant for indicator ignition critefion

enclosure

NOTE<l, ,The arc could move from the point of initiation.

NOTE 2 For SFy insulated switchgear and controlgear the test is performed with air (see IEC 62271-200:2021,
7.105.3, or IEC 62271-201:2014, 6.105.3) at the same filling pressure as for SF.

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
instructions to a different installation of the same assembly giving the same or less onerous

8. Most of the information ;;rovided in Table 8 is contained in IEC 62271-20D or
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

Iterh | IAC test ratings and Extension criterion Condition
installation (Reference to
conditions a: IEC 62271-200:2021 or
b: IEC 622714-201:2014)
(1) (2) (3) (4)
1 Rated arc fault current < a:AdA;
B: AA.4.1
2 Rated arc fault < ar 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 performéd.at 50 Hz or
60 Hz can prove both
frequencies

a: A.4.4 and A.4.3.2 concerning the pedk
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 wall
7 Distance beiween Depending on accessibility Validation criteria are specified in

assembly/and rear a: Clause A.1;

wall b: Clause AA.1
8 IndQor/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

(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
and ceiling.
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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

follo

a)

b)

c)

d)

NOTHE

decrg

wing situations:

when the validity of a type test performed on one test object for one characteristic
functional unit (FU) is extended to other functional units within the family of switchgear
controlgear, (Figure 2);

of a
and

characteristic, the results of which validate the complete family with a minimum_pumb
test objects and type tests (Figure 3);

when for an untested assembly, an analysis is carried out using available type'test ref
of the same family of switchgear and controlgear to determine if the test results vali
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 d¢g
modification (Figure 5).

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

re 2 shows how one can extend the validity of a given\type test report by the follo
S

tep 1: examine the report with respect to theidescription of the tested object (F

rawings);
tep 2: compare the relevant design parameters of the tested object with the exten
riteria proposed in Clause 5 applicableto the considered type test (e.g. clearance bety
alculations or simulations;

tep 3: check the various FUs.of the family or combination of FUs, to determine whig
hem share the same design parameters or have design parameters which coulg

reater than those of the' tested object). The check also considers contradicting de
arameters, which can-restrict the extension of validity of test results concerning ¢
haracteristics.

"Contradicting design parameters” means that their variation in one direction increases one performand
ases another performance (characteristic) for the same object.

when, for a family of switchgear and controlgear, test objects are selected for Jzach

br of

orts
date

sign

ving

) or

ombination of several FUs), and collect additional information (e.g. from referenced

sion
een

hases for the power frequency voltage withstand test) by using technical arguments,

h of
be

onsidered as covered by the tested object (e.g. clearance between phases equal fo or

sign
ther

e but
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Test report 1

FU
or
combination of FUs

A\ 4

Analysis of
extension criteria on

L

Step 1

Step 2

the tested object

|

Identification
of covered FUs

Family
(seloffunctlonalunlts) ﬂ r‘ H ﬂ ﬂ ﬂ ﬂ

FU.

General

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

J

-

I

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

Sted 3

IEC

FU of the family or a combination of FUs ¢can be checked positively with respect tq the
osed criteria, no further tests are required, and the available test report is acceptable for

re 3 shows how one can-select the test objects in such a way that the total number of {ests
nimized for validation of the whole family. The steps illustrated are intended to be cafried
or each charactefistic of the family of switchgear and controlgear:

gtep 1: for a_given characteristic (e.g. dielectric withstand), analyse the associated dgsign

hich mémbers of the family form a homogeneous group (see definition in 3.8)
chnical arguments calculations or simulations;

of valldlty to the whole group)

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

Analysis according to Analysis according to Step 1
characteristic A characteristic B e
I I
N L
v v I
I
Honogeneous group |
I
I
I
Definition of Definition of I
test object test object |
[
/ | Step 2
FU FU |
Tested object or or
combination of FUs combination of FUs I
I
I
A4 Y.
I
Type test “Type test |
| Step 3
Ir \ 4 I
Test report j Test report 2 |
A\ 4
IEC
Figure 3 — Validationof a family by selection of appropriate test objects — Situation b)

6.3.1

Con

4 Mapping of the family

par

mapping.of the family of switchgear and controlgear. This analysis comprises:

sidering(the type test to be performed and the associated acceptance criteria of de

meters—proposed in the relevant clauses, step 1 in situation b) can be prepared

sign
Dy a

— identifying the variation of design parametiers within the Tamily of switchgear and confrolgear
for each characteristic;

— 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.

Som

e hints can be provided:

e homogeneous groups with shared technical characteristics are often covered by the lowest

q

® g
!

r the highest value of design parameters or by the highest value of a rating;

xtension of validity is easier to establish when considering numerical data i®, ldg
arameters (ratings, cross sections, clearances...);

Hentification of homogeneous groups can require analysis by skilled engingers;

Il extension criteria listed in the tables for the considered type tests to,be‘reviewed.

Validation of an assembly by existing test reports (situation.c)

family of switchgear and controlgear:

tep 1: identify the different functional units (FUs) used,in.the assembly;

tep 2: for each FU and each characteristic, identify the homogeneous group to whi
elongs (those FUs of the same family from whichevalidity of test results could be exten
alculations or simulations;

tep 3: check the available test reports and.incorporate the test report, if appropriate, i
upporting documentation of the evaluation.

appropriate test report is not available, the extension of validity is not possible.

sign

re 4 shows how one can check the validity of type test reports/far-a given assembly, based

ch it
Hed)

sing the design parameters provided in Table 2 to Table 7 and technical arguments,

the
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.
Actual assembly
------------- Step 1
Family
(Set of functional un|ts) FU1 FU2 FU3 FU4 FU5 FU6 FU7
| -/
v v -
Analysis according to Analysis according to
characteristic A characteristic B
l I
| — Sted 2
I
Homogeneous group |
I
-/
I
I =
No ifformation available Test already I
for extension done? |
I
| - Sted 3
Test report 1
I
Available test reports Test report |
Test report 3
\ J
IEC
Figure 4 — Validation of actual assembly with existing test reports — Situation c)
6.5 | Validationtofa design modification (situation d)
Figure 5 shows how one can check the validity of type test reports for a given modified
functional<unit (FU), based on test reports from a homogeneous group belonging to the sfame
family ofiswitchgear and controlgear:

T ; 10se
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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-
Functional unit FU
Analysis according to Analysis according to - Sten 1
characteristic A characteristic B ep
l |
I
I
Hormogeneous group |
I
-
I
| -
Test already Test to be |
done? performed |
- Step|2
I
Avajlable test reports Test report 1 Test report 2 | | Test reponQ) |
\4 —J

Figure 5 — Validation of a'design modification — Situation d)

IEC
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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
Table 7 rests on proven technical and physical principles and manufacturer and user

that|the manufacturer has designed the switchgear and controlgear according to the'same
technical and physical principles on which the criteria are based. In case of doubts concernning
accgptance criteria further evidence is needed to support extension of validity, 4 for’ example
calclulations. In the following, those technical and physical principles, which“result in| the
seleftion of extension criteria, i.e. design parameters and corresponding acceptance criteffia in
Table 2 to Table 7, are provided.

A.2| Dielectric tests

A2 General

Deslgn parameters such as clearance between phasesi\and clearance to earth and| the
corrgsponding acceptance criteria need to be taken into consideration when evaluating the
extepsion of validity of dielectric withstand tests. Thé principles behind each of the extension
critefria (items) listed in Table 2 are given below.

A.2.p Clearances (items 1 and 2)

Phage to phase and phase to earth clearances are directly related to the dielectric withstand.
Lardger clearances increase the dielectric withstand capability compared to the type tested
switthgear and controlgear provided-that all other design parameters listed in Table 2| are
unchanged or enhanced with respect to dielectric properties.

Phasge to phase and phase 10 earth clearances could be smaller for switchgear and controlgear
having a higher number of-parallel conductors per phase to cope with higher rated current. Even
if the conductors are arranged in the same manner (i.e. vertical, horizontal or trefoil alignment)
dielgctric withstand could be reduced compared to the type tested switchgear and controlgear.
For p smaller number of parallel conductors, the opposite might be true and can be used for
extepsion of validity of dielectric type tests. If the arrangement of conductors differs
sign|ficantly,.even with equal or larger clearances, the dielectric withstand compared to the type
tested switchgear and controlgear cannot be demonstrated without further technical analysis.

Thelinstallation of additional earthing facilities or test points can reduce the clearance to egrth,
henceTeducing the diefectric withstand compared to the type tested switchgear and controigear.

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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The 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.

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)

Live|parts with a lower surface roughness entail a more uniform electric field distribution, result
in a Jower electrical field strength, and hence increase the dielectric withstand.

Conguctors with a larger radius, including bends and corners in the path, resuliin lower local
electrical field strength, hence also increase the dielectric withstand. This extension criteripn is
also| applicable to other conductive parts at high potential and even t0 ,earthed parts.|The
ianuEnce of earthed parts needs to be evaluated when they are opposite-to live parts and|can
influence the dielectric withstand.

A.2.p Open contact gap and isolating distance (items 7 and 8)

If the open contact gap of a switching device or the isolating distance is determined by the
assgmbly design, then a larger gap will increase the diglectric withstand compared to the ftype
teste¢d switchgear and controlgear. This applies for_ €xample to an earthing switch or swjtch-
discpnnector with separate supports for fixed and moving contacts.

If theé contact gap is incorporated in a switching component, the influence from the assembly on
the dielectric withstand might be minor, howgver, it needs to be considered. The influence might
comg from the proximity of the earthed enclosure or partition, for example.

A.2.p Minimum functional pressure for insulation (item 9)

The |pressure or the corresponding density of a gas used for insulation has direct influencge on
the dlielectric withstand capability. Therefore, tests are required at minimum functional presgsure
for ipsulation defined by the"manufacturer. A higher pressure or density usually increaseg the
dielgctric withstand performance compared with the type tested switchgear and controlgear.
Since different gases have different dielectric properties, this extension criterion can only be
appied to the same_gas after verifying that the dielectric withstand capability increases |with
incrgasing pressure in the range of functional pressures.

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

amb emperatt vee—th 3 hstand—capab ility.
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 —Continuous—currenttests

A.31 General

The| continuous current of switchgear and controlgear is dependent upon ¢the parts [that
experience the highest temperature rise during current flow through the main_circuits. These
parts can comprise contacts of switching devices, bolted connectionsy (or equivalent) of
conductors, terminals, and accessible parts of the switchgear and./Controlgear such as
enclpsures.

The|temperature rise of these parts can be influenced by many design parameters such as
centre distance between conductors, material type of conductors), contact pressure, enclogure
size|and volume, area of ventilation openings and power disSipation of components ar|d/or
devites.

The|general principles behind the extension criteria‘fitems) influencing temperature rise of the
switthgear and controlgear and the corresponding *acceptance criteria listed in Table 3| are
givep in more detail below.

A.3.p Centre distance between phase conductors (item 1)

In a|three-phase circuit the alternatingsmagnetic field generated by current in a conductor will
induce eddy currents in the same and adjacent conductors which will alter the overall cufrent
distrfbution in all conductors. Forvexample, the current density is higher in an area of| the
conductor 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 phase
conductors measured frem the geometric centres of the conductors is therefore important when
validating the temperature rise criteria. These distances can be impacted by the arrangement
of conductors within-the compartment.

Switchgear @nd controlgear having conductors arranged in the same manner, i.e. verfical,
horizontalvortrefoil alignments, with the same number of conductors per phase and larger cgntre
distances_between phases can be considered to produce lower power losses and hg¢nce
contribute to lower temperature rise of the switchgear and controlgear. If the arrangemept of
conductors differs significantly from the already tested assembly, then larger centre distances
cannot ensure lower power losses and temperature rise. In such cases further technical analysis
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.

If these current heating effects cannot be excluded, the phase to earth distance needs to be
evalpated. Switchgear and controlgear with greater than or equal phase to earth distance fthen
can |pe considered to produce equal or lower heat losses. If the arrangement of conddctofs in
proximity to the earthed parts of the switchgear and controlgear differs significantly-then ajgain
lowdr temperature rise cannot be ensured.

A.3.4 Enclosure and compartment volume (item 3)

The temperature rise within a switchgear and controlgear compartment i§ directly influenced by
the ability of the enclosure to dissipate heat via conduction and/or convection and radiatign to
the ambient environment. This effect is dependent upon the surface\area of the switchgearfand
controlgear enclosure (and hence volume) and the type of material' used. For the same ppwer
loss| switchgear and controlgear with larger surface area of the-“enclosure walls will dissipate
mor¢ heat and hence have lower temperature rise of the ‘internal parts. Similarly, matgerial
havihg lower thermal resistance will dissipate more heat.(The use of non-ferromagnetic steel
for the enclosure can avoid heat generation by eliminating the magnetizing current effect.

The|convection behaviour of gas within the switehgear and controlgear compartment cap, in
pringiple, be affected by the volume and the surface area of the compartment. This effect is
diffigult to assess and can in some cases impact the heat dissipation. Further reference canh be
made to IEC TR 60890 [1] to gain understanding of the effects of enclosure/compartent
dimegnsions on temperature rise.

A.3.p Pressure (density) of insulating gas (item 4)

The [pressure or the corresponding density of insulating gas in a high-voltage compartment has
dire¢t influence on the ability to dissipate heat away from current carrying conductors td the
enclpsure 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 reductign of
temperature rise ofsthe’internal parts of the switchgear and controlgear. Since different gases
haveg different thernmal properties, this extension criterion can only be applied to the same gas.

A.3.p Conductors (items 5 and 6)

Current flow through the conductors of the main circuit produces a power loss (I2R) whigh is
dep¢ndént on the current magnitude, 7, and conductor resistance, R. The /2R power loss from
the main circuit contributes the most significant portion of total power loss within the switchgear
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.

Althpugh the resistivity of the coating material has limited influence on the overall resistance
due [to its small thickness, the permissible maximum temperature of the coating as défined in
IEC62271-1 has an impact. An extension can only be made from the materialcwith lpwer
permissible maximum temperature to that with a higher assigned value for\ péermissgible
maxjmum temperature.

Further reference can be made to IEC TR 60943 [12] to gain understanding of the impact|that
contpct resistances can have on temperature rise and to find information about conptact
resigtances for connections and joints using equal or different materials’ and metallic coatings.
Copper is deemed a "better" contact material than aluminium when oxygen is present] for
example, due to the low conductivity of the aluminium oxide whjch will be formed if no qther
meagures are taken.

A.3.B Ventilation area of partitions and enclosurg (item 10)

To gnable effective dissipation of heat by air convection, some switchgear and controlgear
designs include ventilation openings in compartmehts and/or the enclosure. For switchgearfand
confrolgear having larger ventilation openings, both for incoming and outgoing air flow, the net
heaf dissipation will be greater and hence thedemperature rise of internal parts reduced.

The [position of ventilation openings isgalso important. Significant changes to the locatign of
such openings within a compartment or enclosure can impede the flow of air through| the
switchgear and controlgear and cetld reduce the net dissipation of heat.

The [modification of the degree of protection (IP-code) of a mesh or grid covering ventilation
openings can also have an impact on the heat dissipation. A higher degree of protection gould
result in a reduction of the. effective area of the ventilation opening reducing the air flow thrgugh
the $witchgear and controlgear.

Further referenteican be made to IEC TR 60890 [1] to gain understanding of the effecls of
ventjlation on~temperature rise.

A.3.p Power dissipation of components (item 11)

The Tncorporation of components such as switching devices, 1uUses and current transiormers
can contribute significantly to the temperature rise within the switchgear and controlgear. 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 windings need to be considered. The data
sheet of current transformers 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 continuous current type test.

The surface area of insulating barriers is important in that an increase in the surface area will
tend to restrict air flow whereas a reduction in surface area would produce the opposite effect.
The|effect is less important for vertical barriers but can have a large impact for horizgntal
barrlers.

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

The|use of solid insulation on conductors and/or enclosures will generally restrict the ability to
diss|pate heat into the surrounding medium due to its thermal resistance,.On the other hand, it
might help removing heat by radiation depending on the heat transfer capability of the insulating
material and emission coefficient of the external surface.

Paint or special coatings on the conductors and the enclosure/can lower the temperature|rise
by improving the heat transfer to the surrounding enclosufe by thermal radiation. Thefmal
resigtivity and emission coefficient of the coating are basically‘the same. The colour of the paint
has |no significant effect on the thermal radiation since-the emission coefficient is mainly
determined by the polymeric properties of the paint..Gonversely, some coatings or covellings
that|can be intended to improve the dielectric withstand performance can reduce the heat
trangfer.

For & specified material, a reduction in the thickness of such material will normally improveg the
heaf transfer capability and contribute to a reduction in temperature rise of the internal pants in
the pwitchgear and controlgear such @s' the conductor connections. It needs to be nagted,
howgver, that such a reduction in -solid insulation material thickness will also result fin a
reduction in the dielectric withstand_ of the coating.

A.3J!2 Insulating material\in contact with conductors (item 15)

When changing the insulation material of support insulators, for example, the temperature dlass
of the material is the~same or a larger value will ideally be achieved in order not to rigk a
degnadation of the material at rated continuous current conditions.

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

The Jability of a gas or gas mixture to carry the heat losses generated by the inner compongents
to the«walls of the gas-filled compartment containing those components depends on seyeral
phydical characteristics of the gas or gas mixture itself, like density, viscasity, conductivityland
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 needs to be
given to the safety aspects, especially with respect to the interlocking systems.

Interlocks between different components of the equipment can be required for safety reasons
concerning the access to operation interfaces and the insertion or withdrawal of removable

parts

Mechanical parts to be compared are:

ghutter systems,
gontacts of removable parts,

ihterlocks and kinematic chains.

According to IEC 62271-200:2021, 7.102.2, or IEC 62271-201:2014,6.102.2, interlocks| are

congidered to be satisfactory, if:

the switching devices cannot be operated;
gccess to the interlocked compartments is prevented;
he insertion and withdrawal of the removable partstare prevented,;

t

the switching devices, removable parts and the{jntérlocks are still operative and the dffort
tp operate them before and after the tests, does\not differ from the maximum hand operating
fprces (manual operation) or peak energy*censumption (motor operation) by more fhan
80 %. In case of the test with 750 N, damage is acceptable, provided that the interlocH still
Arevents operation.

Besides the checking of the correct functioning of interlocks in a type test, the standard requires

the proof of functionality and usability even after an endurance test.

The|general principles behind!each of the extension criteria (items) included in Table 4 are

given in more detail below.

A.4.

P Shutter systems (item 1)

Two| different shuatter systems having the same technical principles of, for example, shltter

1)

acttli]ation or interaction with the switching device, need to be compared considering the strenhgth
of t

e mechanijcal linkage and the whole mass of the shutters, as follows:

Vith\focus on the mechanical linkage, extension is possible from a weaker system |to a
g$tronger one. The strength of a design can be determined by consideration of the materials
used, dimension of parts, strength of interconnecting shafts, efc. One example 1S the Tength
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;

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)

Concerning 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 will be
considered too, since the standard requires a continuous layer even after mechanical
endurance.

All the following points need to be evaluated under the condition that the design of the contact
system is identical or directly comparable with respect, for example, to the shape of contact
finggrs and the kind and hardness of the material:

1) [kach contact causes friction during insertion: a higher number of contacts with. identical
rce per contact leads to an increase of operating force of the movable device:. Therefore,
he number of contact points needs to be less than or equal to the tested(system fgr an
xtension of validity. Care has to be applied, if the contact force changes with the number
f contacts due to, for example, a common spring system. In this case/further evidencge for
xtension is required.

Kriction during insertion of the removable part decreases with lower contact force| per
gontact point. Besides this effect, a lower contact force also leads(io less wear of the cor:[:tact
grea and therefore allows extending the validity. It is noted that lower contact forces might
impede the extension of validity with respect to the shortstime and peak withstand cufrent
performance.
.
!
M

3) The friction between moveable and fixed contacts«@lso depends on the roughness of the
articipating surfaces: higher roughness causes “higher force for the operation of| the

emovable part and additionally increases contaet wear.
A.44 Interlocking systems (items 3 and 4)

Inteflocking systems are linked to operator.safety. The comparison requires an evaluatign of
functionality and strength of the mechanical linkage. Two types of interlocking systems| are
congidered:

an interlocking system directly~operated on the kinematic chain of the switching deyice,
which has to react to the manual operating force or any power-driven force. In this cage, it
is necessary to test the(ocked interlocking system to the limits prescribed by the stanflard
during pushing and/or turning the access point or shaft for manual operation, or dyring

ctuation of non-elecfrically interlocked power operating devices;

gn interlocking (System preventing access to the operating chain of the switching deyice,
which are normally designed for being actuated by small forces exerted by the fingers|of a
hand. TheSe“access systems avoid the application of forces that could damage| the
gomponents of the device.

An ¢xtension of validity of interlocking systems can only be attempted when the comppred
systems/are based on the same technical principle and design elements. The strength of the
locked mechanical Tinkage, i.e. in the condition, where the interlock condition is challenged,
needs to be identical or better. This might be assessed under the same conditions as described
under item 1.

Extension 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
and controlgear design to cope with these forces is determined by the strength of all supports
considering steady state and transient components of the current. In addition, all movable
conticts and fixed connections are important. All these influences need to be considered.in the
evalpation of design parameters.

Additionally, a calculation of the thermal stress using the equation Ikztk might be.done when the
assgssment is made for a lower /, and higher 7, than the ones tested respecting the principles
provided in IEC 62271-1:2017, 7.6.3.

Table 5 can be applied not only to the main circuit, but also to the earthing circuit. In this case,
mainly items 5 and 6 need to be considered. Since the earthing circdit is normally designgd to
withgtand only a single short-circuit fault with maintenance afterwards, the requirements on the
othefr items are reduced.

The|general principles behind each of the extension griteria (items) included in Table § are
giveph in more detail below.

A.5.p Centre distance between phase conductors (item 1)

If the centre distance between phases is~Jarger than in the type-tested switchgear|and
controlgear, the mutual forces between,phases are smaller. Therefore, the design upder
evallation is able to withstand the samg short-circuit current applied in the type test assuming
that|all connections and contacts in the current path have the same design (see conditign to
item|5) and the path of the conductons do not produce higher electromagnetic forces than in the
type|tested design (see item 2):

A.5.3 Conductors (items’2, 5 and 6)

The |[electromagnetic forces due to bends and corners in the conductor path can exceed the
mutdal forces betwéen’phases. An extension of validity might be possible, when all inner angles
of the conductors, bends and corners have the same or larger values than in the orirxinal
geometry. If thé_surrent path differs too much from the type tested design, an extension might
be gchieved by a complete modelling of the three-dimensional conductor arrangement|and
subgequent-calculation of the electromagnetic forces by appropriate programs.

The lmutual electromagnetic forces hetween two conductors are determined hy their cantre
distances, not by the cross-section of the conductors. However, because of the heating effect
of the current and possible current density effects, it 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, 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 can involve a complicated behaviour, a deviation from
the original material is not permitted without type test.
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In case of earthing circuits, the earth fault current 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 might result in damage of the supports, which would make a type test invalid.
Therefore, it is assumed that the supports are designed according to the same principles and
have the same or better strength than the type tested design. For complicated support
stru¢tures this might not be evident, in which case a mechanical stress calculation migHt be
required.

For [conductors supported by a row of insulators, the strength of the desigh\is not |only
determined by the strength of the supports, but also by the arrangement of the/supporty. As
minimum requirement, the distance between two supports are the same omsmaller to enpure
the pame mechanical strength. This criterion needs to be evaluated faer\all supports df all
conductors.

A.5.p Insulating material in contact with conductors (item%)

The|short-circuit current will heat up the conductors during the’ short-time current. All supports
or cpmponents in contact with the conductors will experience the same temperature ag the
conductors, where they are in contact with them. Different-materials from that used in the jtype
testgd assembly can be used if they have the same ort‘higher temperature class and prgvide
the same or better mechanical strength (see item 39,

A.5.p Enclosure, partitions or bushings (item 8)

The |mechanical withstand of the supports of'any conductor is also determined by the strength

of it§ mounting base. Therefore, the enclosure can have an influence on the short-circuit cufrent

withstand capability. The wall thickness of the enclosure, for example, has to be the same or

IargF, and similar stiffening elements of the enclosure are used. This item also considerg the
t

strength of partitions and bushings; which is difficult to assess simply by geometry. If diffgrent
partitions and bushings are used, they need to be verified in an arrangement of componjents
simylating the new switchgear and controlgear design or type-tested within other functijonal
unitg.

A.5.7 Contacts(of removable part (item 9)

Any|modifications'in the design of movable contacts in the current path can impair the short-
circyit currentywithstand capability. Since it is difficult to assess the impact of even gmall
modFications, different contact geometries need to be type-tested in the new switchgear|and

controlgear or verified in a similar arrangement of the contacts.

A.6 Making and breaking tests

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
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 can be considered under the relevant component standard.

The general principles behind each of the extension criteria (items) included in Table 6 are
given in more detail below.

A.6.p Clearance between phases and to earth (items 1 and 2)

If thpe clearance between phase conductors is larger than in the type-tested switchgear|and
controlgear, the dielectric withstand level is larger in the new design and hot gases expé¢lled
from interrupting parts, for example nozzles, have a smaller chance to bridge phases and ignite
a shprt-circuit.

Elegtromagnetic forces acting between conductors might influence the interruption performInce
and would be reduced with an increased centre distance between phases. If the centre distance
is changed, the switching device needs to be verified according te‘its own component stanfard
with|respect to making and breaking performance.

The|distance between phases might have an impact on thesmaking and breaking performance,
if thI strength of the kinematic chain between operation_point and farthest pole is reduced |py a
larger phase distance increasing the length of the opgeration shaft.

incrgased. As a result, the possible impact ofvented arc products or gases on the making|and

If t3e clearance between conductors and earth'is larger, then the dielectric withstand is
bregking performance is reduced.

A.6.B Enclosure and compartmentvolume (item 3)

If the air, gas or liquid contained inside the compartment or the enclosure of the assemblly is
involved in the making and breaking process, venting of arc products and gases might haje a
negative impact on the performance of the switching device. For larger volumes, it can be
assymed that this impact is less severe.

A.6.1 Insulating-gas (item 4)

For higher pressure or density of the insulating gas the making and breaking performange is
imprioved inside the pressure limits for correct mechanical operation of the switching devide.

However,.there might be an impact of the gas density on the travel characteristics of a switching
devige.\For vacuum interrupters inside gas-insulated switchgear and controlgear, for exanpple,
the pressure of the insulating gas can influence the opening and closing speed of the driving
mechanism through the differential pressure on the bellows. This is relevant for the making and
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 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 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 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 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 can have an impact
on the performance of the device. A typical example is an earthing switch in an air insulpted
hightvoltage compartment. Though the mechanical strength of such insulating supports), ‘Which
werg already validated by a short-time withstand current and peak withstand current\test,(was
confjrmed, nevertheless there could be an impact during the making and breaking| operatign.

A.6.7 Dielectric withstand capability (item 10)

During the making and breaking operations, the insulating elementsmeed to withstand the
trangitory overvoltage which can be generated and therefore, if the ins@lating elements likg the
insulating gas or gas mixture and/or the insulating supports differ ffem those of the type tejsted
unit,| it needs to be verified that the dielectric withstand capability of the unit to be validatgd is
not inferior to that of the type tested one.

A.7| Internal arc fault tests

A7/ General

Intefqnal arc classification (IAC) is demonstrated for metal-enclosed or solid-insulation encl¢sed
switchgear and controlgear by the relevant type test by meeting the acceptance criferia
spegified by IEC 62271-200:2021, 7.105.5, or IEC 62271-201:2014, 6.105.5. These criferia
congider several issues such as opening of doors and covers, enclosure fragmentation|and
burn through, ignition of indicators_simulating person clothes, and the integrity of earthing
connections. The fulfiiment of allkthese acceptance criteria intends to ensure protectign of
pers’ﬁns in the event of an internal arc. It has to be remarked that these acceptance criterig are
not mixed up with the acceptance criteria used in Table 7.

Predsure rise, hot gas-and heating of material are effects of the internal arc and gxert
mechanical and thermal stress on the compartment. The severity of impact is related tq the
amount of energy. generated by the arc, the volume in which the arc energy is deposited,|and
the efficiency ofspressure relief devices for venting hot gases. On the other hand, a stropger
strugture of th&. compartment and its doors and covers can improve the capability to withsfand
this jstress.“Finally, the amount and direction of vented hot gases determine the probability of
indigator ignition in combination with the installation conditions.

Based on the above considerations the extension criteria given Iin Table 7 have been
determined. Their evaluation 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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The 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 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 62271-200:2021 or
IEC 62271-201:2014. An example could be the melting through a non-accessible enclosure
side.

A.7.3 Compartment volume (item 3)

The[larger the net volume of the high-voltage compartment, the lower is the specific arc engergy
per yolume, and the lower is the thermal and mechanical stress on the compartment. The|rate
of pressure rise is reduced, which in turn reduces the overshoot of pressure afterqa-presgsure
relief device opens. However, the mechanical withstand capability of the compartment,
inclyding doors and covers, needs also to be considered (see items 12 and 14)\1In the cage of
larger net compartment volume the amount of gas to be exhausted is higher, which influences
the flimensioning of the pressure relief system. In particular cases, the pérformance of a|test
on the smallest and on the largest compartment covers all intermediatessize compartments.

A.7.4 Pressure of insulating gas (item 4)

Withl smaller initial pressure or density which is determined’ by’ the filling pressure, the|gas
qua:l:tity in the compartment is smaller and results in a smaller overshoot of pressure gafter
opening of the relief device though the rate of pressure ris¢’is identical. See CIGRE TB 602 [7].
Therefore, the stress on the compartment is less severé{ Though the obtained gas temperdture
will be higher in this case, the release of thermal enetgy through the pressure relief devige is
the $ame. The thermal energy is determined by the product of density and temperature, which
also|determine the pressure. Therefore, an impact'outside the compartment is not expectdd.

A.7.b Material in the region of arc injtiation (items 5, 6, 7 and 8)

In géneral, the type tests are carried out’with the arc initiated in a location and in a mannegr as
spegified in IEC 62271-200:2021, A.5.2 or IEC 62271-201:2014, AA.5.2. The behaviour of the
intennal arc is affected by the arc jnitiation conditions in an almost unpredictable way. Therefore,
it is |not possible to extend the results of a type test carried out on a particular compartment
whep the arrangement of gGmponents would require a different position of the arc initiafion.
With "region”, the space and metal or insulating parts around the arc initiation point is mgant,
whigh determines the ar¢'woltage and composition of the arc plasma.

The [roots of the internal arc melt the surface of conductors and consume material until i the
worgt case the-.camplete conductor is melted away. This effect is less probable when the cross-
sect|on of the~conductor is larger. Also, the material of conductors is decisive from this poipt of
view. It is known that air as well as SFg behaves differently when burning on different matefrials
becguse\of the release of exothermic energy from the reaction of the gas with the matgrial.

Thug,thé materials of conductors require to be the same as in the type tested switchgear[and
controlgear.

The 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 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 62271-200:2021 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 needs to be limited to switchgear and controlgear fitted with a
gas exhaust duct, where indicators do not play a role for the hot gas flowing into the duct.

In gas insulated switchgear and controlgear circular gas-tight burst discs are often used| the
opening pressure of which can be tested statically with good reliability and therefore| the
accgptance criterion of item 10 can be applied. In air insulated switchgear and ‘controlgear
(AlS)), flaps are commonly used, where the opening pressure is determined by, 'the strengfh of
all elements intended to let open the relief flap, for example screws, when an everpressufe is
created by the arc fault. In this case, item 11 can be evaluated, for example, from the material
and |[dimension of such screws. Of course, the elements retaining the flap.from flying off need
to have the same or higher strength.

A.7. Enclosure and compartments (items 12, 13, 14 and-15)

Improved strength of the compartments, enclosure doors\‘and covers leads to a higher
probability to meet the acceptance criteria according to IEC62271-200 or IEC 62271-201.|The
evalpation of mechanical strength can be performed by evidence for simple geometries qr by
numerical calculations for complex geometries. Notey4.in Table 7 puts attention to the distéance
between all fixing points (bolts, hinges and latches). The material thickness of the enclosure
wall$ influences the strength of the compartment,)but also can affect burn through. For thicker
wall$, the probability of burn through will be reduced compared to thinner walls. It might have
to bg considered that if the stiffness of the enclosure is greatly increased then care will be taken
in enpsuring that the enclosure as a wholesteacts in a similar way as in the test object.

The|degree of protection (IP-code) of the enclosure is a measure of possible small openings in
the pnclosure. Hot gases might,escape through holes and gaps and might ignite indicgtors
placed outside the switchgear. @nd controlgear. From that perspective, the enclosure needs to
be "tighter" i.e. possess a(smaller total area of holes, gaps, and openings, which might be
cohgrent with an equal or higher IP-code. It is assumed that the peak pressure in| the
compartment is alwaystdetermined by the area of the relief device. If any holes in the enclopure
in agcordance with the IP-code have an impact, the two compartments cannot be comparefl for
extepsion of validity~

It is jobvious(that a higher IP-code needs to be considered in the exhaust cross-sectional prea
i.e. item 9

A8 Ratiomatetf . eTiawitt frattrati I

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 between

rent
spegified in IEC 62271-200:2021, A.4.2 or IEC 62271-201:2014, AA.4.2 (seefalso note|1 of

In principle, extension to higher rated voltage could be possible following this ratiorlleale.
However, IEC 62271-200:2021, A.4.2, and IEC 62271-201:2014, AA4)2, pose requiremlents
on the evaluation of the 90 % prospective peak current and premature extinction of thg arc

A.8. Rated frequency (item 4)

Thelimpact on the outcome of an internal arc test is negligible, when the frequency at the|first
threg half-cycles of the test is in the range of 48 Hzt0"62 Hz.

A.8.p Arrangement of assembly (items 5,6 and 7)

Provided a minimum distance to the ceiling*is ensured as specified in IEC 62271-200:2D21,
Clayse A.1, or IEC 62271-201:2014, Clause AA.1, the higher the distance between| the
switthgear and controlgear assembly and the ceiling (equivalent for the lateral and rear walls),
the lpwer is the gas temperature and,density of the hot gases reflected from the ceiling tow}rds
the indicators, and the lower is the probability of indicator ignition. If an exhaust duct is installed
on top of the switchgear and ecantrolgear assembly, the ceiling height is not relevant. However,
the [aboratory requires a minimum distance to the ceiling of 100 mm during the test to be fable
to document permanent deformations of the exhaust duct.

A.8. Indoor oroutdoor installation (item 8)

In orlder to simujate outdoor conditions in case of accessibility from all sides, neither ceiling nor
wall$ of an/installation room are required. Hot gases ejected from the switchgear [and
controlgearfreely flow into the environment and cannot be reflected by surrounding walls, which
makgs the) test inside an installation room more severe for same accessibility. See also A.8.7
and A.8.8.

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 62271-200:2021 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 62271-200:2021, 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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