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INTERNATIONAL ELECTROTECHNICAL COMMISSION

HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 312: Guidance for the transferability of type tests
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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, Jechnical Re
Liblicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC, '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 thelintérnational Organizati
andardization (ISO) in accordance with conditions determined by agreement{etween the two organizatig

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

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 Publicg
hnsparently to the maximum extent possible in their national and regional publications. Any divergence bef]
y IEC Publication and the corresponding national pf regional publication shall be clearly indicated in the |

C itself does not provide any attestation of cenformity. Independent certification bodies provide confd
sessment services and, in some areas, aceess to IEC marks of conformity. IEC is not responsible fo
brvices carried out by independent certification bodies.

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

b liability shall attach to IEC or its 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 to the.Normative references cited in this publication. Use of the referenced publicatig
dispensable for the-carrect application of this publication.

tention is drawnto.the possibility that some of the elements of this IEC Publication may be the subject of p
phts. IEC shall*not be held responsible for identifying any or all such patent rights.

main task of IEC technical committees is to prepare International Standards. Howev

ofcsa different kind from that which is normally published as an International Standard
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IEC TR 62271-312, which is a Technical Report, has been prepared by subcommittee 17C:
Assemblies, of IEC technical committee 17: High-voltage switchgear and controlgear.

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

Draft TR Report on voting
17C/737/DTR 17C/753B/RVDTR

Full information on the voting for the approval of this Technical Report can be found in the
report on voting indicated in the above table.
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This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

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

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to
the specific document. At this date, the document will be

e reconfirmed,

e \fithdrawn,
e replaced by a revised edition, or

e 3gmended.

IMPORTANT - The 'colour inside' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the €orrect understandjng
of {ts contents. Users should therefore print this document using a colour printer.
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HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 312: Guidance for the transferability of type tests
of high-voltage/low-voltage prefabricated substations

1 Scope

This| document refers to high-voltage / low-voltage prefabricated substations (herein
prefabricated substations) as specified in IEC 62271-202:2014.

hfter

This|document, among other options as agreed between manufacturer and user, ¢an be lised

for the transferability of type tests performed on one or more prefabricated substations w,
defined set of ratings and arrangement of components to another prefabricated substation
a different set of ratings or different arrangement of components. It supports the selectig

app

procedure for a consistent conformity assessment.

This
and
guid

2

The

congtitutes requirements of this document.*For dated references, only the edition cited app

For
ame

IEC

contyolgear and fuses

IEC

IEC

IEC

IEC
tran

IEC

opriate representative test objects for that purpose in order to optimize the type tes

document utilises a combination of sound technical and_physical principles, manufac
user experience and mutually agreed upon methods of ‘calculation to establish prag
ance for the transferability of type test results, covering various design and rating asp

Normative references

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

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

60050-441:1984, InternationalvElectrotechnical Vocabulary (IEV) — Part 441: Switchg

60050-441:1984/AMD 12000
60076-1:2011, Power transformers — Part 1: General
60076-2, Pewer transformers — Part 2: Temperature rise for liquid-immersed transforn

60076-7;~Power transformers — Part 7: Loading guide for mineral-oil-immersed p
sformers

th a
with
n of
ting

urer
atic
cts.

tent
lies.
any

ear,

1ers

bwer

600/6-11, Power transformers — Part 11: Dry-type transformers

IEC 60076-12, Power transformers — Part 12: Loading guide for dry-type power transformers

IEC

60282-1:2020, High-voltage fuses — Part 1: Current-limiting fuses

IEC 61439-1:2020, Low-voltage switchgear and controlgear assemblies — Part 1: General rules

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

IEC 62271-200:2011, 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 62271-202:2014, High-voltage switchgear and controlgear — Part 202: High-voltage/low-
voltage prefabricated substation

IEC TR 62271-208:2009, High-voltage switchgear and controlgear — Part 208: Methods to
quantify the steady state, power-frequency electromagnetic fields generated by HV switchgear
assemblies and HV/LV prefabricated substations

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60050-441,
IEC [62271-202 and the following apply.

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

ISOjand IEC maintain terminological databases for use in standardization rat ‘the following
addnesses:

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

3.1
prefabricated substation
prefabricated and type-tested assembly comprising an enélosure containing in general ppwer
trangformers, high-voltage and low-voltage switchgear and’ controlgear, high-voltage and [low-
voltage interconnections, auxiliary equipment and cirguits

Note[1 to entry: The term type-tested assembly includes  prefabricated substations verified based on the
transferability of type test results in accordance with this doetment.

[SOURCE: IEC 62271-202:2014, 3.101, modified — New Note 1 to entry.]

3.2
prefabricated substation under consideration
prefabricated substation being. verified based on the transferability of type test resulfs in
accqrdance with this document

3.3
component
essdgntial part of the prefabricated substation, which serves one or several specific functiops

Note |1 to entry: <Examples of components include power transformer, high-voltage switchgear and controlgear| low-
voltage switchgear'and controlgear, etc.

[SOURCE) IEC 62271-202:2014, 3.105, modified — Addition of "power" in Note 1 to entry.]

3.4

enclosure

part of a prefabricated substation providing protection against external influences to the
components and a specified degree of protection for operators and the general public with
respect to approach to, or contact with, live parts and against contact with moving parts

[SOURCE: IEC 62271-202:2014, 3.103, modified — Replacing “substation” by “components” in
the definition.]

3.5

class of enclosure

difference of temperature rise between the power transformer in the enclosure and the same
power transformer outside the enclosure at normal operating conditions
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[SOURCE: IEC 62271-202:2014, 3.112, modified — In the definition, "power" was added,
"normal service conditions as defined in 2.1" was replaced by "normal operating condition", and
the note was deleted.]

3.6

compartment

part of a prefabricated substation enclosed except for openings necessary for interconnection,
control or ventilation

Note 1 to entry: A compartment can be designated by the component contained therein, for example, power
transformer, high-voltage switchgear and controlgear, low-voltage switchgear and controlgear respectively.

[SOURCE: IEC 62271-202:2014, 3.104, modified — In Note 1 to entry, addition of "power™

3.7
prefabricated substation layout
threg-dimensional spatial arrangement of main components, covers, doors, ventilation openlings
and compartments, if any

Note |1 to entry: Relative clearances and distances from main components to one another and to the enclosurg can
vary.

3.8
high-voltage switchgear compartment
compartment inside the prefabricated substation whereythe high-voltage switchgear |and
controlgear or high-voltage electrical protection of the circuit is installed

3.9
swifichgear and controlgear
gengral term covering switching devices and their combination with associated control,
meapuring, protective and regulating equipment, also assemblies of such devices |[and
equipment with associated interconnections, accessories, enclosures and supporting structures

[SOURCE: IEC 60050-441:1984, 441-11-01]

3.10
family of high-voltage switchgear and controlgear
functional units designed to be physically combined in assemblies and providing a rande of
ratings and characteristics (e.g. current, voltage, degree of protection)

[SOURCE: IEC ¥R 62271-307:2015, 2.102, modified — Addition of "high-voltage" in the term.]

3.11
main circuit
all donductive parts of a prefabricated substation included in a circuit which is intendgd to
transmitetectricatenerygy

[SOURCE: IEC 62271-202:2014, 3.107]

3.12

high-voltage interconnection

electrical connection between the terminals of the high-voltage switchgear and controlgear and
the high-voltage terminals of the power transformer

[SOURCE: IEC 62271-202:2014, 3.105.1, modified — Replacing "high-voltage/low-voltage
power transformer" by “power transformer” in the definition.]


https://iecnorm.com/api/?name=bd39108113cd7a03bec060d5f4dbf104

IEC TR 62271-312:2021 © IEC 2021 -1 -

3.13

low-voltage interconnection

electrical connection between the low-voltage terminals of the power transformer and the
incoming terminals of the low-voltage switchgear and controlgear

[SOURCE: IEC 62271-202:2014, 3.105.2, modified — Replacing "high-voltage/low-voltage
power transformer” by “power transformer” in the definition.]

3.14
test object

item-submitted-to-a-test-including-anyv-accessories—unless-otherwise specified
4 J J L) | g

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

3.15
transferability criteria
pringiple for evaluating based on the design parameters, which can be applied to validatg the
performance of an untested prefabricated substation based on the peositive results of a|test
perfprmed on another prefabricated substation for a specific charactefistic

4 Use of transferability criteria

4.1 General

Because of the variety of types of prefabricated substations, size of enclosures, layout|and
different types of components, it is neither practical hor affordable to perform type tests with all
the |possible variations and combinations. (herefore, the performance of a partigular
prefabricated substation can be evaluated-with reference to type test reports of qther
prefabricated substation(s). This document(gives support for the transferability of type|test
resuflts concerning the following characteristics according to 6.1 of IEC 62271-202:2014:
— temperature rise;

— (dielectric;

— glectromagnetic field;

— mechanical;

— ghort-circuit; and

— ipternal arc.

Sub¢lauses 52.to 5.7 provide, for each kind of characteristic, a non-exhaustive list of design
pargmeters,(which should be analysed for the transferability of type test results.

The janalysis should be based on sound technical and physical principles and may be suppqrted

by c |r~|||ahnnc’ if appllhnhln_

For each characteristic, the design parameters of the prefabricated substation under
consideration, listed in the respective column of Table 2 to Table 7, should be compared with
the design parameters of the already type-tested prefabricated substation(s) by applying the
transferability criteria provided in the same tables. The affirmation of every transferability
criteria for a determined characteristic supports the type test results transferability from the
original prefabricated substation(s) to the prefabricated substation under consideration. The
transferability of the type test results of a particular characteristic does not imply immediate
acceptance of other characteristic(s), as each characteristic should be independently assessed.
For example, the affirmation of item 7 in Table 2 for transferability assessment of temperature
rise type test results reads: power transformer total losses of the prefabricated substation under
consideration should be equal or smaller than those of the type-tested prefabricated substation.
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If any of the transferability criteria cannot be affirmed, further evidence e.g. by technical
arguments, calculation or simulation, or specific tests may be used and it can be subjected to
agreement between the manufacturer and the user. Calculations can only be applied in a
comparative sense as indicated in 4.3.

4.2 Design parameters for transferability criteria

Some ratings of a prefabricated substation are not linked to the parameters of specific main
components. For example, a layout change can significantly affect the performance of a
prefabricated substation characteristic.

The|criteria for the transferability of type test results available for a prefabricated substgtion
depg¢nd on a number of design parameters such as the examples listed in Table~1/ Every
prefabricated substation is characterized by its own set of design parameters.

The|transferability of type test results of a component with regard to its pafticular product
standard is outside the scope of this document.

Table 1 — Examples of design parameters

Design parameter

Thefmal conductivity of enclosure material (steel, reinforced concrete, polyester)

Insylation type of the power transformer (oil- or dry-type)

Effgctive cross-section of ventilation openings (inlet and outlet)

Degree of protection (IP code) of the enclosure

Disance from components incorporating the main circuits ef\a prefabricated substation to the enclosure

Medhanical strength of the enclosure roof material

Matgrial of high voltage interconnections conductors

Deslign, position and cross-section area of gas(flow cooling device(s)

NOTE This table includes examples only;it is not intended to be complete.

4.3 Use of calculations
4.3. General

For |the purposevof-this document, calculations and simulations may only be applied |in a
comparative sense. Calculation results available for a type-tested prefabricated substation| can
be used for yalidation and be compared with calculation results obtained for the prefabricpted
subgtation.under consideration. The comparison is always based on the design parametersfand
the cheptance criteria provided in Table 2 to Table 7.

In many cases the performance of a given prefabricated substation, 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 low-voltage interconnection layout can vary considerably along
the current path. Calculations have the potential to compare the respective design parameter
with spatial resolution supporting a comparison using technical arguments and expertise.

Depending on the type test and the particular design parameter, sometimes a simple model of
the relevant prefabricated substation can be sufficient using an analytical or empirical formula,
and sometimes a complete three-dimensional simulation model should be required using a
complex numerical tool provided that the results of the simulation tool are consistent and
repeatable.

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

The assessment procedure is applied to the prefabricated substation under consideration taking
into account the total losses generated inside the prefabricated substation, the layout, and the
area and mounting conditions of the enclosure walls and the effective area of the ventilation
openings. The air temperature inside the enclosure in various locations is the parameter to
compare.

For complex geometries, a comparison may be performed by thermal networks, where the whole
assembly with all components is divided into discrete elements built from heat generating
resistors and heat conducting and convection elements. Furthermore, more complex CFD tools
(computational fluid dynamics) or other techniques such as nodal tools may be applied requfring
a complete three-dimensional model of the prefabricated substation and main componénty.

IEC61439-1 gives conditions for the verification of temperature rise by calc¢ulation|and
IEC[TR 60890 [1]7 provides calculation procedures for low voltage assemblies)which canlalso
be applied to a prefabricated substation while having due regard for the particdlar limitatiofs of
this ralculation method.

Electric field calculations

IEC 62271-202:2014 only requires dielectric type tests o interconnections between the
components (i.e. interconnection between the high-voltage switchgear and controlgear
and |the power transformer and interconnection between the*power transformer and the [low-
voltgge switchgear and controlgear), the dielectric withstand performance of two prefabricpted
subgtations may be assessed by an electric field simtlation of both designs comparing the

e (FV) software tools exist, which allows the simulation of complex three-dimensional
etries. It should be noted that this *document does not provide information for| the
polation but only for the interpolatiofn-of design parameters, e.g. extending validity to higher
s of electric field strengths is nof\covered.

Electromagnetic field'calculations

se the reference prefabricated substation has been evaluated following the calculation
odology described in 1IEC TR 62271-208, the same procedure should be applied tq the
prefabricated substation-under consideration in a comparative sense.

4.3.5 Mechanical stress calculations

The |mathematical methods of calculation make provision for the full assessment in relatign to
the mechanical withstand capability of the enclosure. Furthermore, national structural codes
and |other’local regulations may also make provision for the assessment in relation tg the
mechanical withstand capability of the enclosure

4.3.6 Short-circuit current calculations

This subclause may only be applied to the interconnection between the components, (i.e.
interconnection between the high-voltage switchgear and controlgear and the power
transformer and interconnection between the power transformer and the low-voltage switchgear
and controlgear) and the earthing circuit of the prefabricated substation.

1 Numbers in square brackets refer to the Bibliography.
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With respect to the short-time and peak current withstand performance, guidance and
calculation formulas for bus-bar designs can be found in IEC 60865-1 [4] and IEC TR 60865-2
[5]. This includes the determination of mutual electromagnetic forces between phase conductors
and the resulting mechanical stresses, which may overstress conductors and damage
insulators. The mechanical stresses on conductors and forces on the supports may be assessed
through stress analysis programs, when applying the calculated electro-magnetic forces.
Additionally, a calculation of the thermal stress using I, 2#, can be done when the assessment
is made for a lower I, and higher ¢, than those tested, considering that short-time withstand
current (/) and duration of short-circuit (7)) are in accordance with 4.5 and 4.7 of

IEC 62271-202:2014.

4.3.7 Internal arc calculations

The|assessment of the effects of an internal arc inside of a prefabricated substation maly be
subgtantiated by pressure-rise calculations and hot gas flow simulations for the compartments,
exhausting ducts and pressure relief volumes [7, 8].

They also provide parameters for the mechanical strength design ofypressure relief ddvice
elements, if any. An assessment of the strength of the enclosure walls-under the pressure sfress
can pbe made for simple geometries using calculation formula, or.otherwise using finite element
mechanical stress analysis.

The [calculations are able to provide the pressure-rise in the compartments lunder considera{on.

The [flow of hot gases expelled from the high-voltage switchgear and controlgear or high-voltage
intelconnection in the event of an internal arc, may<be simulated by computational [fluid
dynamics (CFD) programs.

However, it is, at the time of the publication of*this document, not possible to simulatg the
ignitjon of indicators, which is an important.acéeptance criterion in the type test.

4.4 | Information needed for transferability of type test results

Prefpbricated substation type test reports include general arrangement drawings [and
component ratings. However, itimay not contain sufficient or precise information about sjome
desipn aspects (e.g. layout, cledrance distances) necessary for the transferability assessinent
of a given characteristic. Forthe transferability of type test results, the Table 2 to Table 7 shjould
be ysed to provide the required information for each design parameter of both prefabrichted
subgtations. Only thestable that is relevant for the characteristic under evaluation may be used.

Thelapplicable type test reports of the type-tested prefabricated substation should be provided
in ag far as they-are concerned with the transferability assessment.

It is| recontmended that the manufacturer provides the relevant information on the design
parmeters of the type -tested prefabrlcated substation to be mcluded in any type test repq rtin

on information that should be included in a type test report.

Most often single value design parameters are not sufficient to perform the evaluation. In this
case, relevant drawings of both objects may be necessary.

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 input
parameters and results should be given.

Documents providing traceability of the analysis performed may be established. Such
documents should form part of the report for the transferability of type test results to the
prefabricated substation under consideration.
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5 Application of transferability criteria

5.1

General

Various design parameters have been considered in addition to those provided in 5.2 to 5.7,
the impact of which are considered to be sufficiently negligible. To facilitate a practical
transferability process, only those design parameters which could reasonably influence the
transferability of type test results from the type-tested object to the prefabricated substation
under consideration have been provided in this document.

5.2

The
are
com
com
assd

— Temperature rise tests

summarised in Table 2. The objective is to ensure that the temperature risg-of
ponent within the prefabricated substation under consideration is equal of)lower W
bared to the type-tested prefabricated substation. Furthermore, the designrparameters

intenal ambient temperature equal to or lower than that of the type-tested abject.

For
sam
testi

A te
Refg

NOTE

transferability criteria for the temperature rise performance of a prefabricated substItion

ach
hen
and

ciated acceptance criteria are intended to ensure that each component operates gt an

ransferability of temperature rise type test results, the rated class of enclosure shall bg¢ the

. Therefore, it is not possible to assign a different class of enclosure without further
ng.

mperature rise assessment of the high voltage switchgear and controlgear is not requ
rto 6.5.102 of IEC 62271-202:2014.

The assessment of the low-voltage assemblies used\within prefabricated substations can be do

accolldance with 10.10.3 of IEC 61439-1:2020.

This
vent
vent

list of design parameters does not~consider prefabricated substations with fo

lation is out of the scope of IEC 6227%1-202:2014.

Table 2 — Transferability criteria for temperature rise performance

type

red.

he in

rced

lation for the transferability of tempgerature rise type test results because this type of

Itenp Design parameter Acceptance Condition

criterion

(1)

(2) (3) (4)

Layout and encloesure

1.1 Type of the_substation same Same type of substation (non-walk-in type vs. walk-
in type).
Same prefabricated substation layout.
Same class of enclosure
1.2 Prefabricated substation 2
compartment volume(s)
1.3 Thermal conductivity of material(s) 2 NOTE 1
walls
— roof
— doors and covers
1.4 Degree of protection (IP code) < IEC 60529 [11]
2 Ventilation openings
2.1 Air inlet cross-section area 2 NOTE 2
2.2 Air outlet cross-section area 2 NOTE 2
2.3 Air outlet/air inlet cross-section ratio 2
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Item Design parameter Acceptance Condition

criterion

(1)

(2) (3) (4)

2.4

Air drag coefficient [(] of the < In the absence of air-drag coefficient, the type of
ventilation openings, if any ventilation openings should be the same.

NOTE 3

v

Difference in height between mid-
points of the air inlet and air outlet
ventilation openings

v

Clearance between low-voltage Only applicable if both components are in the same
switchgear and controlgear and the compartment
power transformer

v

Difference in height from mid-point of
the tank of the oil-filed power
transformer or the mid-point of the
winding of a dry-type power
transformer to the mid-point of the
corresponding air outlet ventilation
opening

Power transformer insulation type (oil same
or dry-type)

IN

Power transformer total losses

IA

Maximum current of the low-voltage Rated curreqt,of the low-voltage assembly,
circuit accordingto IEC 61439-1, may be equal or higher
than the'maximum current of the low-voltage cirfuit.

NQOTE 4

Type and arrangement of same NOTE 4
interconnections (e.g. solid bars vs.
cable, vertical bars vs. horizontal
bars)

NO

IEC

NOT|E 1 Solar radiation is not considered.

NOTIE 3 See A.2.2 for air-drag coefficient [C] definition.

NOTIE 2 The cross-section area of a ventilation opening is the smallest area perpendicular to the air flow direction.

E 4 The conductor materiak \Cross-section, number of conductors/phase and lengths can vary with|due

congideration of the temperaturesrise limits of high-voltage and low-voltage interconnections given in Table 14 of

62271-1:2011 and Table6 of IEC 61439-1:2011 respectively.

5.3
The

Dielectric-tests

prefabricated substation shall be verified with respect to its dielectric performancg. In

accqrdance with 6.2 of IEC 62271-202:2014, since the high-voltage switchgear and controlgear,

pow
subsg
prim

arily applies to the interconnections between the main components when changes to their

design and/or installation arrangements affects their dielectric withstand capability.

NOTE The assessment of high-voltage metal-enclosed switchgear and controlgear and of high-voltage solid-
insulation enclosed [2] switchgear and controlgear assemblies used within prefabricated substations can be done in
accordance with IEC TR 62271-307 [3].

The

-t
t

-t

criteria listed in Table 3 should be affirmed, where applicable, for

he interconnection between the high-voltage switchgear and controlgear and the power
ransformer;

he interconnection between the power transformer and the low-voltage switchgear and

controlgear.
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For the high-voltage interconnection, the transferability criteria are only applicable when the
interconnection is required to be subjected to dielectric tests according to 6.2.101.1 of
IEC 62271-202:2014. Exempted are therefore those interconnections made of earth-shielded
high-voltage cables connected using type-tested earth-shielded connectors or by other types of
terminations which have been type-tested on both sides, the high-voltage switchgear and
controlgear and the power transformer, in the same installation conditions within the
prefabricated substation.

If necessary for dielectric performance, insulating barriers and supplementary insulation may
have been included in the type-tested object(s) according to 6.2.101 and 6.2.102 of IEC 62271-
202:2014 and therefore transferability of type test assessment may only be performed on
inteflconnections having a similar arrangement and design of such insulation.

The[impact of insulating barriers and/or additional insulation is difficult to assess. Chang¢s in
the design of such insulating parts can normally impede the transferability of type|tést resjults,
unless it can be evinced that the design change is insignificant.

The [transferability criteria of Table 3 are also applicable to the following two situations where
dielgctric type tests are required by IEC 62271-202:

where non-earth-shielded high-voltage interconnections are dsed within enclosures made
a@f non-conductive material, the insulation between the non¢earth-shielded live parts of the
interconnection and the enclosures shall withstand the di€lectric tests in accordance |with
§.2.101.2.2 of IEC 62271-202:2014;

— Wwhere the low-voltage interconnections are partially or totally covered by a non-metallic
gnclosure, the arrangement shall withstand the dielectric tests in accordance with 6.2,102
qf IEC 62271-202:2014.

Table 3 — Transferability criteria for'dielectric withstand performance

Itent Design parameter Acceptance Condition
criterion
(1) (2) (3) (4)
1 Rated voltage(s) and insulation <
level(s)
2 Clearance between phases 2
3 Clearance to earth 2
4 Creepage distapce 2 NOTE 1
5 Electrical properties of insulating 2 A comparative result between two materials might
material(s)yofinterconnections and be required (e.g. Comparative Tracking Index
enclosures, of non-conductive according to IEC 60112 [9], evaluating resistande to
material tracking and erosion according IEC 60587 [10])

IN

6 Surface roughness of live parts

v

Not only the radius of live parts, but also the radius
of all other conductive parts facing live parts (e.g.
earthing devices, enclosure, LV wiring, supporting
structures) should be considered.

NOTE 2

7 Radius of conductive parts

NOTE 1 The field distribution along the insulating surface is also relevant.

NOTE 2 The geometry of insulated conductive parts and other insulating materials affects the electric field as
well.

5.4 Electromagnetic field tests

Guidance for measurement of electromagnetic fields generated by prefabricated substations is
given in IEC TR 62271-208.
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The transferability of electromagnetic type test results only applies to electromagnetic field
outside the prefabricated substation with all covers and doors in closed position in normal
service conditions.

NOTE Apart from the main components (e.g. switchgear and controlgear, power transformer, etc.) and high-voltage
and low-voltage interconnections placed within a prefabricated substation, the electric and magnetic fields in service
are dependent on the physical arrangement and installation conditions of incoming and outgoing cables and their
loads, which is outside the scope of this document.

The evaluation of a prefabricated substation can be carried out based on an existing report from
a type-tested prefabricated substation. The transferability criteria listed in Table 4 should be

taken into consideration for the assessment.
Table 4 — Transferability criteria for electromagnetic field performance
Item Related to Design parameter Acceptance Condition
criterion
(1) (2) (3) (4) (3)
1 Substation Layout same
2 Substation Distance from components 2
incorporating the main circuits of
a prefabricated substation to the
external surface of the enclosure
3 Substation Rated voltages of high-voltage S Only applicable to non-earth-
circuits shielded high-voltage circuits,|
The type of high-voltage
switchgear and controlgear (i.p.
metal-enclosed or solid insulafion
enclosed) should be the sameg].
NOTE 1
4 Substation Rated normal currents < NOTE 1
5 Substation Rated frequency. 50 Hz or Tests performed at 50 Hz or
60 Hz 60 Hz prove both frequencies
6 Enclosure Permeability.'and conductivity of 2
the encloslure material(s)
7 Interconnections Type-oftinterconnection shielding same NOTE 2
8 Interconnections Distance between phases <
9 Interconnections Phase sequence by 2 or more same
cables / phase
10 Power transformer | Type of insulation same NOTE 3
11 Low-voltage Distance between main circuit <
switchgear and phases
controlgear
12 Low-voltage Permeability and conductivity of 2 If any
| ['switchgear and the enclosure material
controlgear

NOTE 1 More than one rated value is applicable: see Clause 4 of IEC 62271-202:2014.

NOTE 2 Non-shielded interconnections can be replaced by shielded interconnections in the prefabricated
substation under consideration, considering that a shield is always better than no shield.

NOTE 3 Refer to type of insulation: liquid-immersed or dry-type.
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5.5 Mechanical tests

The enclosure used for the prefabricated substation can be verified with respect to its ability to
withstand mechanical loads and impacts. The assessment of the components used within the
prefabricated substation (e.g. switchgear and controlgear, power transformer, etc.) is excluded
from the scope of this document.

The ability of the prefabricated substation to withstand the following mechanical loads and
impacts is to be assessed:

— wind pressure,

— rpof loads, and

— rechanical impact.

The| above calculations and/or tests are applicable to the enclosure of an prefabricpted
subgtation. Any changes in the design of the prefabricated substation enclosureiinfluencing the
mechanical strength might affect the ability of the enclosure to withstand, wind pressure, |[roof
loads and mechanical impact. Changes should be evaluated with respect)to their influence on
the mechanical strength. The transferability of type test results to theprefabricated substation
undegr consideration may be carried out when the type-tested .enclosure design and| the
assqciated arrangement and design of access doors, covers, ventilation openings and roof (as
applicable) is considered to represent a mechanically equal or Weaker condition.

Table 5 provides the transferability criteria to be evaluated in relation to the ability off the
enclpsure to withstand mechanical stress.

Table 5 — Transferability criteria for the mechanical strength of the enclosure

Itent Related to Design parameter Acceptance Condition
criterion
(1) (2) (3) (4) (3)
1 Walls Basic design of enclosure walls same The basic design of the enclogure
- - walls is the same, but the

Mechanical strength of material 2 material(s) and dimensions mfy
Height of the efclosure walls above < be different
ground level:
See NQTE.1
Widthyand height of individual wall <
séctions

v

Mechanical strength of reinforcements
(if applicable)

IN

Centre line distance between
reinforcements (if applicable)

Fastening system used to secure same

onclosure-walls

IN

Enclosure wall fastener fixing centres
distance (if applicable)
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Item | Related to Design parameter Acceptance Condition
criterion
(1) (2) (3) (4) (3)
2 Doors and Method of mounting doors and covers same The basic design of the enclosure
covers (e.g. external-mounted, flush-mounted / doors and covers are the same,
recessed, etc.) but the material(s) and
- - dimensions may be different
Mechanical strength of material 2
Height of the door above ground level. <
See NOTE 2
ALtk P~ Y i F ool d Ld =i
Wheth-erd-hetght-o-ndividual-doors-eand <
covers
Mechanical strength of reinforcements 2
(if applicable)
Centre line distance between <
reinforcements (if applicable)
Mechanical strength of door hinges / 2
locking mechanism / door stays / cover
fasteners
Door hinge / cover fastener fixing centres <
distance
3 Roof Type of roof design and pitch (e.g. flat, same The basic design of the enclogure
single-pitched, dual-pitched (gable), roof is the same, but the
etc.). material(s) and dimensions may
be different
See NOTE 1
Mechanical strength of material 2
Width and length of individual roof <
sections
Mechanical strength of reinforcéments 2
(if applicable)
Centre line distance between <
reinforcements (if applieable)
Mechanical strength.of roof fasteners 2
(if applicable)
Roof fastenernfixing centres distance <
(if applicable)
4 Ventilation Type.@fiventilation opening design (e.g. same The basic design of the
openings louvre, grille, mesh, etc.) ventilation openings is the same,
- - but the material(s) and
Mechanical strength of material 2 dimensions may be different.
Width and height of individual ventilation < The number of openings and
openings overall cross-section area of the
. inlet and/or outlet openings mpy
The number of openings < also be different.
Mechan|ca| strength of reinforcements 2 The influence of filter material (if
It amy) any) is considered to be
Centre line distance between < negligible
reinforcements (if any)
Method of fastening ventilation openings same
to enclosure structure (if applicable)
NOTE 1 For wind pressure and roof load type test transferability purposes only.

NOTE 2 For wind pressure type test transferability purposes only.
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Short-time withstand current and peak withstand current tests

Transferability of the short-time and peak withstand current type test results obtained on the
main and earthing circuits of prefabricated substations to other prefabricated substations should
consider the different components of the substation.

Since the high-voltage switchgear and controlgear, power transformer(s) and low-voltage
switchgear and controlgear contained in a prefabricated substation have been type-tested with
respect to their short-circuit current withstand capability according to their relevant standards,
this subclause applies only to the high-voltage interconnections, low-voltage interconnections
and earthing circuits (refer to 6.6 of IEC 62271-202:2014).

If current limiting devices were present in the type-tested prefabricated substation [and

prot

|
[ds)

t
t
t

bcting the interconnection, then the following extension criteria are applicable:

elf-tripping circuit-breakers: same or lower tripping values (current, time characteristi¢);

~

he alternative type of fuse is such that the cut-off current and operating«/?rof the alternative
ype, as established by test-duty 1 and/or test-duty 2 of IEC 60282-1¢2020, are not grgater
han those of the fuses used in the type-tested prefabricated substation.

Table 6 lists particular design parameters of the circuits and provides associated acceptance
critefria.
Tablle 6 — Transferability criteria for short-time and peak withstand current performance
Iten Design parameter Acceptance Condition
criterion
(1) (2) (3) (4)
1 Rated short-time withstand currents (7, ) < NOTE 1
2 Rated peak withstand currents (Ip) < NOTE 1
3 Rated duration of short-circuit (z,) < NOTE 1
4 Centre distance between phase 2
conductors
5 High-voltage interconnection\ayout and same
low-voltage interconnection’layout
6 Mechanical strengthyef ‘conductor 2 NOTE 2
supports
7 Mechanical strength of parts used to 2 NOTE 2 and NOTE 3
mount conductor supports
8 Centre(line distance between conductor <
supports
9 Cross-section area of conductors = Connections of the conductors are scaled|and
have the same or greater clamping force|and
contactarea.
Conductor cross-section shape should be the
same.
NOTE 4 and NOTE 5
10 | Type of high-voltage and low-voltage same Both sides
terminations
11 Material of conductors same NOTE 4 and NOTE 5
12 | Temperature class of insulating material 2
in contact with conductors



https://iecnorm.com/api/?name=bd39108113cd7a03bec060d5f4dbf104

- 22 - IEC TR 62271-312:2021 © IEC 2021

NOTE 1 Subclauses 4.5, 4.6 and 4.7 from IEC 62271-202:2014 apply. The short-circuit duration # can be longer,
as long as the condition for Ikztk is respected, i.e. equal or smaller.

NOTE 2 Strength includes mechanical resistance to compression, traction, and bending loads.
NOTE 3 The enclosure can provide the base for the mechanical support.

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.

5.7 Internal arc tests

Prefpbricated substations for which an internal arc classification (IAC) has been assigned have
been subjected to an internal arc test for verification as specified in IEC 62271-202:2D14.
Depgending on the purpose of the type test transferability assessment, criteria should be
congidered with respect to the high-voltage switchgear and controlgear and high-voltage
interflconnection, the type of accessibility, the substation design and layout or with respeft to
the IAC ratings and the installation conditions.

Inteqnal arc gas flow depends on the substation layout and its compartments. Exhausting dIcts,
gas [flow cooling devices, pressure relief devices and expansion volumes play a fundamental
role|in the heat and pressure control management during an‘internal arc. For the purposgs of
trangferability of type test results, the following volumes are defined:

- olume of high-voltage switchgear compartment/(Vyc): expansion volume inside| the
prefabricated substation where the high-voltage switchgear and controlgear is installed,
gxcluding the volume occupied by the high-\Veltage switchgear and controlgear and al| the
gther components inside the given volume segregated from all other volumes of| the
gubstation by intermediate walls and floer.
Primary expansion volume (Vpgy):.ilmmediate expansion volume of the hot gases just after

A

the high-voltage compartment where the internal arc is ignited. In some cases, the primary
gxpansion volume is the same®as the volume of the high-voltage switchgear compartment
(

Vhve)-
becondary expansion velume (Vggy): if applicable, subsequent expansion volume befind

he primary expansion volume, segregated from it by gas flow cooling devices or pressure
elief devices or just*an opening.

-~ _rn

— Total net expanhsion volume (Vygy): the sum of the primary and secondary expansion
Jolumes.

Detgiled guidance on interpretation and illustrative examples are included in Clause A.7.

In 6[102.7 of IEC 62271-202:2014, the possibility of transferring type test results to qther
prefabricated substation designs or representative parts of it is described just in general terms.
The transferability of type test results to the prefabricated substation under consideration
should consider the acceptance criteria provided in Table 7.
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Table 7 — Transferability criteria for internal

- 23—

arc fault withstand performance

Item Design parameter Acceptance Condition
criteria
(1) (2) (3) (4)
1 Rated arc fault current and peak current < Referring to IEC 62271-200:2011, AA.4.3.2.
See NOTE 1
2 Rated arc fault duration <
3 HV switchgear and controlgear family same Referring to IEC 62271-202:2014, 6.102.7,
same direction of gas flow from the internal arc
4 Layout of the prefabricated substation same Provided that distances between componenip
are equal or larger than in the type-tested’onje
5 Viuve: Volume of high-voltage switchgear 2 See A.7.5.1.
compartment See NOTE 2
6 Vegy: Primary expansion volume 2 See A.7.5.1
7 Vuey: Total net expansion volume 2 See A.7.5.1
8 Cross-section of ventilation openings 2 Type of ventilation opening design to be the
same
9 Design, position, cross-section of the same If any
cooling device(s) and gas flow
10| | Distances between high-voltage 2 For internal arc accessibility type B,
switchgear and controlgear assembly transferability of type test results cannot be
and the prefabricated substation done from a prefabricated substation with a
enclosure (walls, doors, covers, roof, height higher or equal than 1,9 m above grotind
floor and ventilation openings) to a prefabricated substation with a height Iqwer
than 1,9 m above ground level
(see IEC 62271-202:2014; AA.3.2)
11 Mechanical strength of the enclosure, 2 For all compartments affected by internal ar
including partition walls, doors, covers, dynamic pressure, see items (1), (2) and (4)|of
roof, floor and ventilation openings Table 5
12| | The shortest path length of hot gases in 2 Path length measured from an arc gas flow
the last compartment to the closest cooling device, pressure relief devices or judt an
ventilation opening before leaving the opening, if any, at the entry of the last
substation expansion volume to the closest ventilation
opening
13| | Type of high-voltage electrical protection same If test is needed according to
of the circuit IEC 62271-202:2014, Figure AA.6 and
Figure AA.7
14| | Type of high-Voltage interconnection same See NOTE 3
NOTE 1 Type-tests performed at 60 Hz can prove 50 Hz, type tests performed at 50 Hz with 2,6 x I, can pfove
60 Hz (IEC 62271-200:2011, AA.4.3.2).
NOTIE'2"Y According to 6.102.3 of IEC 62271-202:2014, dummy mock-up(s) can be used to reduce volume dyring
the test.
NOTE 3 The transferability is also valid from unscreened to screened solid insulated high-voltage

interconnections.
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6 Transferability of type test reports

6.1

General

The guidance for the transferability of type test reports can be applied, but is not limited to the
following situations:

a) when the validity of a type test performed on one prefabricated substation design for one
characteristic is transferred to another prefabricated substation design,

b) when an analysis is carried out using available type test reports from other prefabricated

ubstation anign(Q) to determine if the test results validate the doeign of the prnfnhrin

ted

q

J

c) M
€

6.2

Figu
subs

step

step

step

ubstation under consideration with respect to the specified characteristic,

vhen the type test validity of a previously type-tested prefabricated substation'\desig
xtended to a design modification.

Transferability of a type test report to another prefabricated substation
(situation a))

re 1 shows how to assess the transferability of a type test resulttolanother prefabric
tation design by the following steps:

1:

examine the report with respect to the description, of the tested prefabric
substation and collect additional information (e.g. ftorm referenced drawings);

compare the relevant design parameters of theested prefabricated substation
the extension criteria proposed in Clause 4{applicable to the considered type
(e.g. difference in height between averagefairinlet and air outlet for the temperg
rise test) by using technical arguments,.cdlculations or simulations;

check the new prefabricated substatien design to determine if it shares the s
design parameters, or if it has deSign parameters which could be considere
covered by the tested prefabricated substation (e.g. difference in height bety
average air inlet and air outlet.equal to or greater than that of the tested object).
check should also reveal coftradicting design parameters, which may restrict
transferability of type test.résults concerning other characteristics.
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Figure 1 — Transferability of one type test report

If the new prefabricated substation design can be checked positively with respect to

the

proposed criteria, no furthertésts are required, and the available type test report is accepfable
for the prefabricated substation under consideration.

6.3 | Validation of a substation design by existing type test reports (situation b))

Figure 2 shows-*how one may check available type test reports from other prefabrichted
subgtation design(s) to determine if those test results validate a given prefabricated substation
design withi respect to the specified characteristic(s):

step| 1x.v" identify the layout and different components used in the prefabricated substation

under consideration;
step 2:  for each characteristic, identify the tested substation design from which transferability

step

step

of type test results could be assessed and collect additional information (e.g. from

referenced drawings) that could be useful regarding design parameters;

3: compare the relevant design parameters of the prefabricated substation under
consideration to the considered type-tested prefabricated substation using the design
parameters provided in Table 2 to Table 7 and technical arguments, calculations or

simulations;
Repeat the same exercice for each characteristic.

4. check the available type test reports and incorporate the type test report, if

appropriate, in the supporting documentation of the assessment.
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Figure 2 — Validation of a prefabricated substation by existing test reports

6.4 | Validation of a design modification (situation c))

Situgtion ¢)xmay be evaluated in the same way as described for situation b) starting with the
modjfied prefabricated substation design.
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A1

Annex A
(informative)

Rationale for the transferability criteria

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

exp
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Tem
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openings affect the temperature rise behaviour of the prefabricated substation. Because of

com
cons

rrence. 1 he evatuation of the criteria shoutd—be performed—out—of a generatized
ming that the manufacturer has designed the prefabricated substation according tg
e technical and physical principles on which the criteria are based. In case-of,'doj
erning acceptance criteria further evidence is needed to support transferability of type|
Its, like for example calculations or detailed drawings. In the following, thosé.technical
ical principles, which result in the selection of extension criteria i.e. design, parameters|
bsponding acceptance criteria in Table 2 to Table 7, are provided.

Temperature rise

L Layout and enclosure
1.1 General

perature rise performance of a prefabricated substation has significant dependenc
components layout, their relative distances totyentilation openings and clearances tq
bsure and partition walls if any. All these design parameters are grouped under the |3

1.2 Type of the substation (items 1.1 and 1.2 of Table 2)

he purpose of this document, prefabricated substations, whether operated from the in
k-in type) or the outside (nonswalk-in type), can incorporate internal compartments dy
ific safety aspects or comiponent operational or maintenance procedures. The

ponent layout, clearances.between them and the enclosure, and distances to ventil

plex combination of\ factors, transferability of temperature rise type test results is
idered for the same prefabricated substation layout.

bneral, the geemetry of the prefabricated substation should be comparable regardleq
her it is_a/non-walk-in type or it is a walk-in type prefabricated substation. On the ¢

, the convection flow in the volume of each compartment is relevant for the heat trar
components to, as an example, the enclosure of the substation. Therefore, when
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examples of non-walk-in type prefabricated substations and Figure A.2 gives examples of walk-
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pe prefabricated substations.
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Figure A.1 — Different examples of non-walk-in type-tested prefabricated substation
and related prefabricated substation under consideration
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Figure A.2 — Different examples of walk-in type-tested prefabricated substation
and related prefabricated substation under consideration

A.211.3 Thermal conductivity.of material (item 1.3 of Table 2)

The [thermal conductivity [W/(in"K)] of the prefabricated substation enclosure depends orn the
mattrial properties. The enclosure radiates a determined amount of heat and therefore|has
influence on a prefabricaied substation temperature rise test. The thermal conductivity of the
enclpsure under consideration should be equal or higher than the type-tested prefabricpted
subgtation for type test results transferability assessment. Table A.1 shows some examplgs.

Table A.1 — Material thermal conductivity

Material [W/(m K)]
Concrete 0,7+ 1,8
Stainless steel sheet 16

Mild steel sheet 47 + 58
Aluminum sheet 205
Polyester 0,05

In case of a non-homogeneous material (e.g. sandwich panel) is used for the construction of
walls, covers or roof, a detailed analysis may be required to compare their thermal conductivity
performance.
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A.2.1.4 Degree of protection (IP code) (item 1.4 of Table 2)

The ability to evacuate heat from the prefabricated substation is critical for main components
electrical performance and service continuity. The degree of protection, IP code according to
IEC 60529 [11], of the prefabricated substation under consideration including enclosure, doors,
ventilation openings, conduits, etc. should be equal or lower to the type-tested prefabricated
substation.

A.2.2 Ventilation openings (items 2.1, 2.2, 2.3 and 2.4 of Table 2)

The number of ventilation openings, their size, type of design and their position within the
enclpsure determine s of
the ¢nclosure. All these parameters influence the natural ventilation process.

Natyral convection is the mechanism responsible for the evacuation of the majority-amoupt of
powgr losses produced by the main components in normal working conditions;The renewpl of
heafed air is directly proportional to the net free area of ventilation openings_and the ability of
cooler air to replace it. The cross-section area of a ventilation opening-is the smallest prea
perpendicular to the air flow direction. Larger ventilation openings have noe’negative impagt on
air motion while the inlet to outlet surface ratio remains equal or bigget.

Air flow resistance is dependent on the type of ventilation design. The air-drag coefficient or
(flow resistance coefficient) [C] is a dimensionless measure of the pressure loss in a flow-
throigh component, such as a ventilation opening. Thek effective cross-section area pf a
ventjlation opening is the product of the cross-section area’and the air-drag coefficient.

Thejsame method or formula used to determine the“air-drag coefficient should be used for poth
the fype-tested prefabricated substation and the_prefabricated substation under consideration.

In tHe absence of air-drag coefficient, the:type of ventilation openings design should bqg the
samg. The Figure A.3 below shows somedifferent design patterns.

NN NNNNN

VOIDIIDY:
ool

I
IS

AN

IEC
Figure A.3 — Types of ventilation opening designs

A.2.3 Distances between ventilation openings and power transformer (items 3 and 5
of Table 2)

According to fluid mechanics, the air pressure at the lower air ventilation opening is greater
than at the upper ventilation opening. This pressure difference results in a net upward
movement of air.
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Movement of air into and out of buildings is due to difference in indoor-to-outdoor air density
resulting from temperature and moisture differences. The greater the thermal difference and
the height between air inlet and outlet of the prefabricated substation (see Figure A.4), the
greater the movement of air into and out of the enclosure.

N\ IEC
X
o
Figure A.4 — Distance from air inlet and @utlet ventilation openings

the bottom to top as a result of differences in fl density. The greater the distance, the bigger
the dlifference in air density and heat ener nsfer. For transferability of type test resultg the
distgnce between heat source (power tr ormer mid-point) and air outlet mid-point in the
prefabricated substation under considp@éon (see Figure A.5) should be equal or greater than
the fype-tested one. K\

Wh}n cooler inlet air is heated, resulting in natﬁs@convection, heat energy is transferred from

IEC

Figure A.5 — Difference in height between power transformer
and air outlet ventilation openings
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A.2.4 Clearance between low-voltage-switchgear and controlgear and the power
transformer (item 4 of Table 2)

Low-voltage-switchgear and controlgear, low-voltage interconnection and power transformer
are the major heat sources and significantly influence the temperature rise type test. Low-
voltage switchgear and controlgear and power transformer placed in the same compartment
can produce adverse thermal interaction affecting allowable main component temperature rise.
Because of this, when both main components are placed in the same compartment, the
clearance between them (see Figure A.6) should be equal or higher when compared to type-
tested layout.

| °
'H°o0o0o0
| S oo o~
aQ )
LTI \ \ v
Type tested substation Substatiof under consideration

IEC
Key
D = distance between low-voltage-switchgear and controlgear and the power transformer

Figure A.6 — Clearance between/low-voltage-switchgear

and controlgear and thepower transformer

A.2.p Power transformer insulation type(item 6 of Table 2)

According to 6.5.101 of IEC 62271-202:2014, the test shall demonstrate that the tempergture
riseg of the power transformer inside the“enclosure do not exceed those measured on the sfame
powgr transformer outside the enctosure by more than the value which defines the clags of
enclpsure.

Product standards define temperature limits of each power transformer insulation type:

— The top oil tempetrature rise for liquid-immersed power transformers is given in IEC 600 6-2
nd for dry-type-pewer transformers is given in IEC 60076-11.

Q)

— The hot-spot.temperature for liquid-immersed power transformers is given in IEC 600 6-7
and for dry:type power transformers it is given in IEC 60076-12.

Singe thetype of power transformer design determines the class of enclosure, the insulation
type| of’the power transformer cannot be changed without new type tests.

A.2.6 Power transformer total losses (item 7 of Table 2)

The power transformer total losses are the sum of the no-load losses and the load losses as
defined in 3.6.1 and 3.6.3 of IEC 60076-1:2011.

The power transformer total losses provide the major energy contribution to the temperature
rise within the prefabricated substation and subsequent classification of the enclosure. An
increase in the total losses can produce an unacceptable temperature-rise for the expected
lifespan of the components.

A.2.7 Current of the low-voltage circuit (items 8 and 9 of Table 2)

The maximum current of the low-voltage circuit is the output of the power transformer when the
selected power transformer tapping produces the highest current in the low-voltage circuit.
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It is common sense that low-voltage switchgear and controlgear rated current has to be equal
or bigger than the maximum current of the low-voltage circuit, described above. Following this
rule, the temperature-rise of the circuit can be equal or smaller provided that the type and
arrangement of low-voltage interconnections remain equal as a design change cannot be
properly assessed.

A.3 Dielectric

A.3.1 General

Des the
corrgsponding acceptance criteria should be taken into consideration when evaluating| the
trangferability of dielectric type test results. The principles behind each design parameter listed
in Table 3 are given below.

A.3.pR Clearances (items 2 and 3 of Table 3)

Phase to phase and phase to earth clearances are directly related to the~dielectric withsfand
capdbility. Larger clearances increase the dielectric withstand capability Ccompared to the type-
tested arrangement of the interconnection provided that all other,design parameters listed in
Table 3 are unchanged or enhanced with respect to dielectric properties.

Phase to phase and phase to earth clearances could ¢dbé -'smaller for an interconnegtion
arrahgement having a higher number of parallel phasel_conductors per phase or a Igrger
conductor cross-section to cope with higher rated current. Even if the conductors are arranged
in the same manner (i.e. vertical, horizontal or trefai) alignment) dielectric withstand capability
could be reduced compared to the type-tested .interconnection arrangement. For a smpller
numper of parallel conductors or smaller condugtor cross-section, the opposite might be|true
and [transferability of dielectric type test results is possible. If the arrangement of condugtors
differs significantly, even with equal or larger clearances, the transferability of dielectric ftype
test results of the interconnection cannotibe assessed without further technical analysis.

Thelinstallation of additional earthing facilities or test points may reduce the clearance to earth,
henge reducing the dielectric withstand capability compared to the type-tested interconnection.

A.3.B Insulating supports and material (items 4 and 5 of Table 3)

An ipcreased creepage distance for insulating supports, with the same dielectric propertigs of
the material, increases‘the dielectric withstand capability compared to the type-tested suppprts.
ver, the dielectric withstand capability might be influenced by the electric field distribdtion
the insulating surface. Therefore, the distribution should not be changed considenably
e.g. by parts at a floating potential or by the introduction of additional components.

Thelinsutating material should have equal or improved electrical properties compared td the
mater| - ' ' i i from
available specifications, a test of properties might be necessary, as written in the condition to
item 5, to support transferability of type test results.

A.3.4 Live parts (items 6 and 7 of Table 3)

Live parts with a lower surface roughness produce a more uniform electric field distribution,
avoiding higher local electric field strength, and hence increasing the dielectric withstand
capability.

Conductors with a larger radius, including bends and corners in the path, result in a lower local
electric field strength that increases the dielectric withstand capability. This criterion is also
applicable to other conductive parts at high potential and even to earthed parts. The influence
of earthed parts needs to be evaluated when they are opposite to live parts and may influence
the electric field.
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A.4 Electromagnetic field

A.4.1 General

The electromagnetic field generated by a prefabricated substation comprises the values of the
electric and the magnetic fields outside the prefabricated substation. The electromagnetic field
is dependent on voltage, current, dimensions, layout and materials used.

The general principles behind each design parameter, described in Table 4, are defined in detail
in the following subclauses.

A.4. Substation layout and distance from components to external surfaces of thL
enclosure (items 1 and 2 of Table 4)

A.4.R.1 General

Prefpbricated substations can have different layouts, clearances between\omponents|and
distances to the external surfaces of the enclosure. Changes in layout andfor relative posfition
of mgin components have an effect on the electromagnetic field at accessible external surfaces
of the prefabricated substation.

A.4.2.2 Layout (item 1 of Table 4)

Due|to the complexity of the three-dimensional spatial distribution of electromagnetic fields
resulting from the main circuits, it is difficult to predict, the impact of layout changes or the
resulting electromagnetic field outside the enclosdre. Therefore, no fundamental layout
changes are allowed for the principle of transferabifity of type test results.

The [following Figure A.7 illustrates some examples of alternative layouts that should ngt be
subjpcted to a type test results transferability~assessment.
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W = width of the prefabricated substation

L = 1gngth of the prefabricated substation

H = height of the prefabricated substation

HA =|high-voltage switchgear and controlgear left hand side distance to the enclosure
HB =|high-voltage switchgear and controlgear front distance to the enclosure

HC =|high-voltage switchgear and controlgear rightthand side distance to the enclosure
HD =|high-voltage switchgear and controlgear.upper distance to the enclosure

TA = power transformer left hand side distance to the enclosure

TB = power transformer right hand side distance to the enclosure

TC = power transformer upper distance to the enclosure

LA = Jow-voltage switchgear.and controlgear right hand side distance to the enclosure
LB = Jow-voltage switchgear/and controlgear front distance to the enclosure

LC =Jow-voltage switechgear and controlgear left hand side distance to the enclosure

LD =|low-voltage<switchgear and controlgear upper distance to the enclosure

Figure A.8 — Distances from main components to external surfaces of the enclosufe

A.4.B Rated voltages (item 3 of Table 4)

The electric field strength is a linear function of the voltage. For the purpose of transferability,
the field strengths for different voltages may be interpolated from higher to lower values of
voltage.

A.4.4 Rated normal currents (item 4 of Table 4)

Magnetic field linear interpolation from higher to lower values of current is acceptable in all
cases since it can only result in an overestimation of the magnetic field.

The magnetic field strength is a linear function of the current when the magnetic shielding effect
is negligible, which is the general case in most prefabricated substations, except where specific
shielding elements are used.
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A.4.5

37—

Rated frequency (item 5 of Table 4)

In the frequency range up to and including 60 Hz, the actual value of frequency does not
significantly affect the levels of generated electric fields for any given values of voltage.
Therefore, evaluation at any frequency up to and including 60 Hz is considered valid.

Similarly, the difference in attenuation of magnetic fields by metallic enclosures at 50 Hz and
60 Hz can be ignored for the purpose of this document. For this reason, an evaluation at 50 Hz
is considered applicable also for 60 Hz and vice versa. Figure A.9 shows, as an example, the
negligible variation of the magnetic field generated around a conductor in the event of different
frequencies with the same continuous current.
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permeability 'and high conductivity materials can cause significant distortions of]
etic field. Two different measures can be considered to reduce the magnetic field at 50
etostatie;shielding and shielding by eddy currents (see Figure A.10).
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Figure A.10 — Magnetic field behaviour under shielded technologies

Magnetostatic shielding

IEC

is based upon the ferromagnetic properties of materials.

Consequent to the low magnetic resistance, the ferromagnetic material concentrates the
magnetic field lines. In this way, a protected zone is created inside (for external source of
magnetic field) or outside (for internal source of magnetic field) the ferromagnetic shield.

NOTE

In spite of its high shielding efficiency, magnetostatic shielding is seldom used because of the high cost
of the ferromagnetic material that is needed.
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— Shielding by eddy currents (conductive shielding). The shielding effect is obtained by
induced currents in a coupled circuit that constitutes the shielding. The induced currents
produce an electric field opposite to the inducing field. This results in a reduction of the
resulting magnetic field and a deviation of the magnetic field lines.

In case an enclosure material with a higher permeability or higher conductivity is used, the
resulting magnetic field is reduced.

Therefore, it is allowed that the enclosure, of the prefabricated substation or the low-voltage
switchgear and controlgear, under consideration can be made of similar material or material
with a higher permeability or higher conductivity than the type-tested one.

A.4.7 Interconnections (items 7, 8 and 9 of Table 4)

The Jresulting magnetic field of a three-phase system strongly depends on the distance between
phages, geometry and number of cables per phase:

he smaller the distance between phases, the lower the field strength;

t
— ffom a geometrical point of view, the delta shape configuration results in the lowest ffield
gtrength;

vhen using more than one cable per phase, different configurations are possible resulting
h (significantly) higher or lower field strength. Some examples of magnetic field varigtion
ccording to three different phase arrangements are given’in Figure A.11 below. For|this
tudy, the calculation method was done considering the following premises:

240 mm?2 cable cores loaded by 1200 A (RMS) installed within the grid of 30|mm
according to the three cases schemes,

|
0w — <

4 Neutral conductors were omitted — no harmonics calculated,

4 Horizontal and vertical lines were placed around the group of conductors with| the
spacing of 0,5 m, 1 m, 1,5 m, 2 m, 3im and 4 m from an outmost conductor,

4 Maximum value of magnetic field’|B| along these lines was located,

4 The magnetic field magnitude was divided by current and plotted.
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Figure A.11 — Example of magnetic field for different distributions
of phase currents in athree-phase interconnection having
the same geometky and number of cables per phase

Another parameter influencing-\the resulting magnetic field is the type of interconneg¢tion
shie|ding. Any type of shielding(see also A.4.6) is always better than no shielding with regard
to the resulting magnetic field. Therefore, it is allowed that the prefabricated substation upder
congideration can have'shielded interconnections instead of non-shielded ones used in the
typettested prefabricated substation.

Consgideration shaould also be given to whether the terminals of the power transformer| are
enclpsed or not as this may modify shielding properties of the interconnections.

A.4.B Power transformer type of insulation (item 10 of Table 4)

A wide Tange of power transformersis—avaitabte for useim prefabricatedsubstations;traving
different type of insulation: liquid-immersed or dry-type. In the case of liquid-immersed
technology, the presence of a metallic oil tank modifies the electric field once it is earthed. Each
particular technology requires specific bushings and power cable arrangement that influence
the generated magnetic field in the proximity.

Therefore, it is not allowed that the prefabricated substation under consideration can have a
power transformer with a different type of insulation than the one used in the type-tested
prefabricated substation.
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A.4.9 Distance between main circuit phases of the low-voltage switchgear and
controlgear (item 11 of Table 4)

Depending on the construction of the low-voltage switchgear and controlgear assemblies, the
resulting electromagnetic field can vary under the same rated current and rated voltage
conditions.

If the centre distance between phases in the low-voltage switchgear is larger than the low-
voltage switchgear installed during the type-tested prefabricated substation, the resulting
electromagnetic field is higher (Ampére’s law / Gauss law).

Therefore, it is only allowed that the prefabricated substation under consideration has [low-
voltage phase distances smaller or equal to the low-voltage phase distances in the typesteisted
prefabricated substation.

A.5| Mechanical stress

A.51 General

For the transferability of mechanical stress type test results, designi parameters are basef on
the comparison of the mechanical strength of the prefabricated” substation enclosure [(i.e.
phygical properties).

A prefabricated substation enclosure usually consists/of-the following key components|that
require verification with respect to their ability to withStand the required mechanical loads|and
imp4cts specified in IEC 62271-202:2014:

— walls;
— doors and covers;
— npof; and

— Ventilation openings.

Corrosion tests are excluded fram the scope of this document.

A.5.p Common design parameters to be assessed for the key components
A.5.R.1 General

For each of the key’components of the prefabricated substation given in A.5.1 that require
verification, the)following common design parameters are provided in Table 5.

A.5.2.2 Basic design (items 1, 2, 3 and 4 of Table 5)

The |pbasic design of the enclosure key components is required to be the same. Some examples
of basic designs which are not considered the same are:

— Walls: metallic versus concrete, welded versus fastened, with or without ventilation
openings;

— Doors and covers: external mounted versus flush mounted (see Figure A.12), single versus
double door, type of locking devices, ventilated versus non-ventilated;

— Roof: flat versus single pitched versus dual pitched (gabled) (see Figure A.13);
— Ventilation openings: louvre versus grille versus mesh, metallic versus polyester.
Basic design material(s) and dimensions of the prefabricated substation under consideration

may differ while the intrinsic mechanical properties compared to the type-tested prefabricated
substation are not impaired as it is explained in the following subclauses.
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xO
R.3 Mechanical stren%lrof material (items 1, 2, 3 and 4 of Table 5)

ssment of the intrinsic mechanical properties of the material(s) is required. Where the

material is used, theg erial thickness is considered sufficient when determining its rel

mec

A.5.p

hanical strengt@ efer to the considerations provided in A.5.3.

z@of enclosure walls and doors (items 1 and 2 of Table 5)

For |t
groyn
heig

reases its exposure to wind forces. For the transferability of roof load type tests

re different matenalscdre used for the enclosure key components, a compar{%ﬁve

he walls should also be taken into consideration

;ﬁsferabnny of wind pressure type tests, the height of the walls and doors alove

A.5.2.5 Surface dimensions (items 1, 2, 3 and 4 of Table 5)

-

me
tive

the

On an equal thickness and mechanical reinforcement basis, components having equal or
smaller surface dimensions (i.e. in length and/or height and/or width) when compared to the
type-tested object are considered to provide the same or increased mechanical strength. The
surface dimensions should not be confused with the surface area (being the product of the
surface dimensions). A reduced surface area, considered alone, does not necessarily translate
into reduced surface dimensions. Acceptance criteria specific to ventilation openings are

prov

ided in Table 5.
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A.5.2.6 Reinforcements (items 1, 2, 3 and 4 of Table 5)

The mechanical strength of reinforcements (if applicable) used to strengthen the enclosure key
components is required to be equal or greater. For the same kind of reinforcement (if
applicable), the spacing between the axes of reinforcements (centre line distance between
reinforcements) should be equal or smaller.

A comparative assessment of the intrinsic mechanical properties of the material(s) is required.
As an example for a reinforced concrete enclosure, the concrete coating of the metallic
reinforcement should be equal or thicker while the distance from the neutral axe of the wall and
the metallic reinforcement axe should be equal or bigger (if applicable). Refer to the
congiderations provided in A.5.3.

A.5.R.7 Fastening (items 1, 2, 3 and 4 of Table 5)

The |method of fastening, for example, welding, riveting, bolting, etc. (where applicable) lised
to sg¢cure the enclosure key components is required to be the same. For thespurposes of the
mechanical withstand requirements applicable to prefabricated substations, the mechanical
streLTgth of the fasteners (if applicable) used to secure the enclosutel/key componenis is
required to be equal or greater. The fastener fixing centres should be equal or lesg. A
comparative assessment of the intrinsic mechanical properties of the fastener material(s) yised
may|be required. Refer to the considerations provided in A.5.3,

A.5.B Considerations for different enclosure materials, fasteners and reinforcemegnts
(items 1, 2, 3 and 4 of Table 5)

Whegre alternative materials are used, the followifigvintrinsic mechanical properties of| the
material should be considered with consideratien® to the particular mechanical withstand
requirement:

— Mechanical impact: impact strengthx(fracture toughness) at the minimum sefvice
emperature. Variations in temperaturewithin the normal service conditions can significantly
ffect the mechanical impact strength of the materials (for example, synthetic materials)
sed for parts of the enclosure.

c0y —+

Vind pressure and roof loads:“tensile strength (yield strength) and stiffness (modulys of
lasticity). Yield strength.(one type of tensile strength) is an indication of the maximum
tress that can be devéloped in a material without causing plastic deformation. It if the
tress at which a material exhibits a specified permanent deformation and is a pradtical
pproximation of theselastic limit. Components should withstand the force(s) incurred dyring
se and cannot-deform plastically (i.e. beyond its elastic limit). Stiffness is the extent to
vhich a solid material (object) resists deformation in response to an applied force.

=l el o W ¢ o W ¢ 0 WY o W el

n assessitig the mechanical strength of reinforcements (if any), the section modulus and/or
other geometric properties of the reinforcing member(s) may be used. Section modulus|is a
geommetric property for a given cross-section used in the design of beams or flexural members.
For example, if two beams are made of the same material, when comparing the section modulus
of th ; Tttt i i i
higher loads.
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A.6 Short-time withstand current and peak withstand current

A.6.1 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 the mutual forces. The ability of the interconnections
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 contacts and fixed connections
are important. All these influences should be considered in the evaluation of design paramelers.

However, for the transferability of type test results, only the most relevant design paramgters
are ronsidered to facilitate a practical transferability process. The general principles behind
each of the design parameters (items) included in Table 6 are given in more detail below.

A.6.pR Rated short-time and peak currents (items 1 and 2 of Table(6)

The|lower the value of the short-circuit current, the lower the electromagnetic forces between
the phase conductors. Lower electromagnetic forces reduce the ‘mechanical stress on| the
congtruction.

For g given duration of a short-circuit current, the lower the value of the short-circuit curfent,
the |lower the temperature-rise of the conductors. A,Ilower temperature-rise reduces| the
temperature impact on insulating materials in contact\with the conductors.

A.6.B Rated duration of short-circuit (item-3-of Table 6)

Givgn a value of short-circuit current, the lower the duration of the short-circuit, the lowef the
temﬂ:erature-rise of the conductors. A lower temperature-rise reduces the temperature impact
on insulating materials in contact with-tlie conductors.

A.6.4 Centre distance between phase conductors (item 4 of Table 6)

Givgn a length of conductors and a short-circuit current, if the centre distance between phases
is larger than in the type-tested prefabricated substation, the mutual forces between phases
are lower on the conductors.

A.6.p Conductors (items 5, 9 and 11 of Table 6)

The |electromagnetic forces due to bends and corners in the conductor path can exceed the
mutyal forces’between phases. Transferability of type test results may be carried out when
conductorsthave the same layout and all bending radius of the conductors have equal or Igrger
valupsithan in the original geometry.

The mutual electromagnetic forces between two conductors are determined by their centre
distances, not by the cross-section area of the conductors. However, because of the heating
effect of the current, possible current density effects and mechanical strength, it should be
ensured that the cross-section area of the conductors is the same or larger than in the type-
tested prefabricated substation, while ensuring they keep the same conductor cross-section
shape. The similarity of the connections, for example between busbars, should be evaluated
with regard to local heating effects.

The material of the conductors first determines the heat loss in relation to the material resistivity,
second the mechanical stability of the conductors and third the current carrying capability of
connections. Because these connections may involve a complicated behaviour, a deviation from
the original conductor material cannot be permitted without type test.
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In case of metallic enclosure prefabricated substation, the earth fault current may not only be
conducted via conductors made specifically for this purpose, but also via the enclosure. In this
specific case and for the same enclosure material, conductivity and cross-section area of the
conductors should be the same or larger for the transferability of type test results.

A.6.6 Insulating conductor supports (items 6, 7 and 8 of Table 6)

The supports should be designed according to the same principles and have the same or higher
strength than the type-tested ones.

ForJWMMMMMMOMy
determined by the strength of the supports, but also by the arrangement of the supports. As a

minimum requirement, the distance between supports should be the same or smallerto|ensure
the withstand capability of the conductor supports. This criterion should be evaluated fgr all
supports of all conductors.

The|mechanical withstand performance of the conductor support is alsg,determined byl the
stremgth of its support base frame. Support base frame(s) also considers the strength of
partTtions and bushings which may be difficult to assess simply by. geometry. If diffgrent
partitions and bushings are used, transferability of type test results,may not be possible.

A.6.7 Type of high-voltage and low-voltage terminations.(item 10 of Table 6)

A termination is the assembly of components and installation method used to connec{ the
inte:lconnections to the equipment at either end. The typ€ of the high-voltage or Iow—vo}age
interfflconnection terminations has an impact on the méchanical strength of the interconnection.
The [mechanical strength of each type of terminationds very complex to compare. Thereforg the
type| of termination should be the same as the prefabricated substation type-tested one.

A.6.B Temperature class of insulating ‘material in contact with conductors (item 1R of
Table 6)

components in contact with the conductors experience the same increase in temperature as the
conductor. For the purpose of transferability of type test results, different materials from those
used in the type-tested assembly may be used if they have the same or higher tempergture
class.

The|short-circuit current heats up the conductors. All parts of the supports or terminition

A.7| Internal arc

A7/ Geneéral

Intefqnal arc-classification (IAC) is demonstrated for a prefabricated substation by the releivant
intenat “arc type test and meeting the acceptance criteria specified in 6.102.% of
IEC [62271-202:2014. These criteria_evaluate potential issues arising during the test on the
high-voltage switchgear and controlgear, on the enclosure of the prefabricated substation and
on the high-voltage interconnections such as opening of doors and covers, enclosure
fragmentation and burn through, ignition of indicators simulating clothing, and the integrity of
earthing connections. The fulfilment of all these acceptance criteria provides evidence that the
prefabricated substation under consideration performance is at least equivalent to the type-
tested level of protection in the event of an internal arc.

Pressure-rise and hot gases are effects produced by the internal arc. They exert mechanical
and thermal stress on the prefabricated substation. The severity of the arc fault within the high-
voltage switchgear and controlgear and in the high-voltage interconnections is related to the
amount of energy generated by the arc, the volume in which the arc energy is deposited, and
the efficiency of the gas flow cooling or pressure relief device, if any. Finally, the amount and
path of vented hot gases determine the probability of indicator ignition in combination with the
installation conditions.
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Based on the above considerations, the design parameters given in Table 7 have been
determined for the assessment on transferability of type test results. The rationale behind all
design parameters (items) listed in Table 7, which is applicable to the design of the
prefabricated substation under consideration equipped with the same family of high-voltage
switchgear and controlgear, is provided below.

A.7.2 Rated arc fault current, arc fault peak current and arc fault duration
(items 1 and 2 of Table 7)

For a given high-voltage switchgear and controlgear, the lower the value of the short-circuit
current and/or arc duration, the lower the energy generated by the internal arc.
Correspondingly, the thermal stress and dynamic pressure-rise decrease. Therefore,| the
mechanical and thermal stress on the enclosure is lower.

Refdrring to AA.4.3.2 of IEC 62271-200:2011, type tests performed at 60 Hz may |prove 50 Hz
and |type tests performed at 50 Hz with rated peak withstand current (Ip) 2,67% 1, may pfove

60 Hz.

A.7.B High-voltage switchgear family (item 3 of Table 7)

According to 6.102.7 of IEC 62271-202:2014, the transferability of\internal arc type test regults
of a|prefabricated substation is only possible with the same difection of the gas flow fron) the
intenal arc. This should be ensured if the functional units’Considered in the prefabrichted
subgtation under consideration are of the same family., of high-voltage switchgear [and
controlgear and having the same direction of gas flow from“the internal arc.

In case every particular functional unit of the high-voltage switchgear and controlgear assembly
tested within the prefabricated substation was internal arc classified on its own in accordance
with|IEC 62271-200 (see AA.6 of IEC 62271-202:2014), every functional unit of the high-voIage
switthgear and controlgear assembly of. the prefabricated substation under consideration
shodld also be internal arc classified on its own in accordance with IEC 62271-200 (see pA.6
of IEC 62271-202:2014), even being. ffrom the same family of high-voltage switchgear|and
controlgear.

In case any functional unit of .the high-voltage switchgear and controlgear assembly within the
typeftested prefabricated substation was not internal arc classified on its own in accord@nce
with| [EC 62271-200 or ~within a prefabricated substation in accordance [with
IEC 62271-202:2014 (€lause AA.6), transferability of type test results is not possible, ¢ven
being from the same (family of high-voltage switchgear and controlgear.

For fall cases,-high-voltage switchgear and controlgear internal arc classified on its own in
accqrdance with IEC 62271-200 should comply with installation conditions defined in this ftype
test| This«means that installation conditions and distances within the substation should be
resplected )when considering transferability of internal arc type test results according to
IEC [62271-202:2014.

NOTE The assessment of high-voltage metal-enclosed switchgear and controlgear and of high-voltage solid-

insulation enclosed [2]? switchgear and controlgear assemblies used within prefabricated substations can be done
in accordance with [IEC TR 62271-307 [3].

2 Numbers in square brackets refer to the Bibliography.
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A.7.4 Layout of the prefabricated substation (item 4 of Table 7)

Due to the variety of types of prefabricated substations, size of enclosures, arrangements and
mix of components, the transferability of internal arc type test results is only given when the
considered prefabricated substation has:

— the same basic design,

— the same three-dimensional spatial arrangement of the compartments,

— same or larger size of one or more compartments.

Figure A 14 a) shows as example a small non-walk-in type substation and a larger size non-
wall-in type prefabricated substation design, while Figure A.14 b) shows an example of diffgrent

]

sizefl walk-in type prefabricated substations.

|

{00

|

a) Non-walk-in type substation 1

b) Walk-in type substation 1 Walk-in type substation 2
IEC

Figure A.14 —Different size of prefabricated substations with same layout

When the layout of a larger prefabricated substation, like in Figure A.14, is equal to the layout
of a gmaller prefabricated substation, the transferability of the internal arc type test results from
the smaller, prefabricated substation to the larger prefabricated substations (high-voltage foom
volume 2->high-voltage room volume 1) is possible.

A.7.5—Expansion—velumes{items 5, 6-and 7of Fable 7)
A.7.51 Definition of volumes
a) Vyyc = Volume of high-voltage switchgear compartment

Expansion volume inside the prefabricated substation where the high-voltage switchgear
and controlgear is installed, excluding the volume occupied by the high-voltage switchgear
and controlgear and all other components inside a given volume segregated from all other
volumes of the substation by intermediate walls and floor.

b) Vpgy = primary expansion volume

Immediate expansion volume of the hot gases just after the high-voltage compartment where
the internal arc is ignited and:

— the secondary expansion volume, or
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c)

d)

e)

A.7.

— agas flow cooling device located in the path of the hot gases, if any, or
— a pressure relief device (e.g., cover or flap) directly to the outside of the enclosure.

When the gas flow cooling device forms indivisible part of the high-voltage switchgear and
controlgear, then the volume of this device is considered to be part of the high-voltage
switchgear and controlgear.

In some cases, the primary expansion volume is the same as the volume of the high-
voltage switchgear compartment (7 c)-

Vepy also includes any high-voltage switchgear and controlgear volume available for the

expansion of hot gasses during an internal arc, for example the high-voltage switchgear and
gontrolgear connection compartment of the test object unit or adjacent ones. If this,igq the
dase, type test report should preferably include detailed information.

¥sgy = secondary expansion volume (if applicable)

f applicable, subsequent expansion volume behind the primary expansion voI:l:me,
egregated from it by gas flow cooling devices or pressure relief devices pr/just an opening,
present, accessible for expansion of the hot gases during an internal’arc.

‘n —

Fnev = total net expansion volume
INev = Vpev + Vsec
Fay = arc ignition volume

olume of the high-voltage compartment in which the ignition of the internal arc took place
during the test

5.2 Examples of expansion volume in a prefabricated substation

Figure A.15 to Figure A.19 show the gas flow inJcase of an internal arc, designed expansion
volumes, compartments where a potential increase of pressure can be detected and qther
design parameters that should be considered for different designs and arrangements of

prefabricated substations.
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Figure A.15 — Gas flow in a non-walk-in type and walk-in type prefabricated substatipns
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Figure A.16 — Gas flow in a non-walk-in type and walk-in type prefabricated substations
without separate high-voltage switchgear compartment
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igure A.17 — Gas flow in a walk-in type prefabricated substation with high-voltage
switchgear compartment without'gas flow cooling device

Pressure relief

device .
. High-voltage
Auxiliary compartment Ventilation
equipment partition wall openings
[ "z
N ) e
Gas flow ) Low-
Voev = Vvl Power voltage
switchgear
transformer
and
y’w controlgear
I o N o
[
|
High-voltage switchgear and
controlgear with integrated
gas flow cooling device T
Key
Vive = volume of high-voltage switchgear compartment
= i i = >

Vpgy = Primary expansion volume Veey = Vhye 2 tested volume

Vv = arc ignition volume

Figure A.18 — Gas flow in a walk-in type prefabricated substation with high-voltage
switchgear compartment and high-voltage switchgear and controlgear with integrated
gas flow cooling device
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