
Disclosure to Promote the Right To Information

Whereas the Parliament of India has set out to provide a practical regime of right to 
information for citizens to secure access to information under the control of public authorities, 
in order to promote transparency and accountability in the working of every public authority, 
and whereas the attached publication of the Bureau of Indian Standards is of particular interest 
to the public, particularly disadvantaged communities and those engaged in the pursuit of 
education and knowledge, the attached public safety standard is made available to promote the 
timely dissemination of this information in an accurate manner to the public. 
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High-Voltage Switchgear and Controlgear Sect iona l Committe e, ETD 08

NATIONAL FOREWORD

Th is Indian Standard (Part 201 ) which is Identica l with IEC 62271-201 : 2006 "High-voltage switchgear and
controlgear - Part 201 : AC msutanon-enc tosed switchqear and con trolgear for rated voltages above 1 kV
and up to and includinq 52 kV' issued by the International Electrotechrucal Commission (lEG) was adopted
by the Bureau of Indian Standards on the recommendation of the Hig h-Voltage SWitchgea r and Controlgear
Sect ional Committee and approval of the Electrotechrucal Divisi on Counci l.

The text of IEC Standard has been approved as suitab le for publication as an Ind ian Standard Without
dev iat ions . Certain conventions are, however, not identical to those used in Indian Standards. Attention IS

particularly drawn to the following :

a) Wherever the words 'International Standard' appear referr ing to trus standard, they should be read as
'Indian Standard' .

b) Comma (,) has been used as a decimal marker In the International Standard while in Indian Stand ards ,
the current practice IS to use a point (.) as the decimal marker.

This standard IS to be read in conj unct ion With IS 12729 : 2004 'Common spec ificat ions fer high-voltage
switchgear and controlgear standards' . In orde r to simplify the indication of correspond ing requirements the
same numbenng of clauses and subclauses IS used as in IS 12729 : 2004. Amendments to these clauses
and subclauses are given under the same numbering, whilst additional subclauses are numbered from 101.

In trus adopted standard, reference appears to certain International Standards for which Indian Standards
also exist. The corresponding Indian Stand ards, which are to be substituted in their respective places are
listed below along With their degree of equ ivalence for the editions indicated:

tmemeu ooe)Standard

IEC 60050 151 1978 International
Etec trotech mcat Vocabul ary (lEV) ­
Electncat and magne tic dev rces

IEC 60050 44 1 1984 International
Eleclr otechnlcal Vocabulary (lEV) ­
SWitchgear. co n trotq ear and fuses

lEe 60060 -' 1989 Hl9h-voltage test
te c hn.u ue s - - Pa rt 1 . G ene ra l
l1ehnlflons and test requirements

IEC G0243·1 1998 Electf!cal strength
of Insulating rnatena ls - - Test methods
- Part 1. Tests at Dower !rec,uer.c es

IEC 602 65· t 1998 Hlgh ·v olta ge
SWitches - Part 1 Sv; .tcnes for rated
voltages above 1 kV and less than
52 kV

IEC 60270 : 2000 Partial d ischarge
meas urements

Correspondmg Indian Standard

IS 1885 (Pa r t 74) 1993
Electr o techrucal vocabu lary: Part 74
Electrical and mag nelic devices

IS 18 8 5 W a rt 17) 1979
Electroted lnlca l vocabulary : Part 17
SWitchgea r a nd co n tro!g ea r t i tr s !
[ t:' \' /S il ) !l i

IS 20','1,Part 1) . 1993 High-voltage test
:eGhniqUes : Part 1 General definitio ns
a nd te st r equrr e men ts ( sec o nd
re VJS1o n )

IS 2584 196 3 Method of lest for
e .ec trrc stre ngth of Solid msu latrn q
rnate r.ats at power frequenCies

IS IEC 60265· 1 1998 High-voltage
SWitches: Part 1 SWitches tor rated
vol tages abo ve 1 kV and less tha n
52 W

IS 62 09 1982 Methods for par tial
(jlschargp meas uternents i first reVISion)

Degree of Equivalence

Identical

Technica lly Equivalent

Ident ical

Techni ca lly Eq u rva tent

Idenltcal

Technically Equ ivalent

i Cont inued on truro cover)
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Indian Standard

HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR
PART 201 AC INSULATION-ENCLOSED SWITCHGEAR AND CONTROLGEAR FOR

RATED VOLTAGES ABOVE 1 kV AND UP TO AND INCLUDING 52 kV

1 General

1.1 Scope

This part of IEC 62271 specifies requirements for factory· assembled insulatIon-enclosed
switchgear and control gear for alternabng current of rated voltages above 1 kV and up to and
Including 52 kV for Indoor installation and for service frequencies up to and Including 60 Hz

Insulation-enclosed SWitchgear and controlgear complying WIth this standard can , II) prinCiple ,
be safely touched .

Insulation-enclosed SWItchgear and controlgear for speCial u.e . for example. In flammable
atmospheres. In mines or on board sh iPS. may be subject to additional requ.,ements

Components contained In Insulation-enclosed SWItchgear and controlgea, should be designed
and tested In accordance WIth their vaflous relevant standards ThiS standard supplements
the standards for the individual components regarding the., installation In SWItchgear and
controlgear assemblies

This standard does not preclude that other equipment may be Included In the same enclosure
In such a case. any pOSSible Influence of that eqUipment on the SWItchgear and controlgear
should be taken Into account

NOTE Switchgeer and conlrolgelt a$Semblle. haVing e mel. I enclo.ure .,. covered by lEe 82271 ·200

1.2 Normative references

The folloWIng referenced documents are indispensable for the applicatIon of this document
For dated references , only the edItion Cited applIes For undated references, the latest edrtlon
of the referenced document (Including any amendments) applies

IEC 60050-151 1978. International Electrotechmcal Vocabulary (lEV) - Electrical and
magnetic deVIces

IEC 60050-441 1984, International Electrotechnical Vocabulary (lEV) - SWitchgear. control·
gear and fuses

IEC 60060.11989, Hrgh-voltllge test techrnques - Part 1 General defmltion. and ,••,
requirements

IEC 60243-11998. Electrical strength of insulating mate"als - Test methods - Part 1 Tests
at power frequencies

lEC 60265-11998. High-voltllge swrtches - Part 1. SWItches for rated voltages above 1 IlV
and less then 52 IIV
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IEC 602702000, PartIal discharge measurements

IEC 60470:2000, High-voltage alternating current contactors and contactor-based motor­

slarters

IEC 604802004. GUIdelines for the checking and treatment of sulfur hexafluoride (SF6) taken
from e/ectrical eqUIpment and specification for its re-use

IEC 605291989, Degrees of protection provided by enclosures (IP Code)

IEC 60694:1996. Common specifications for high-voltage switchgear and contro/gear 1

standards
Amendment 1 (2000)
Amendment 2 (2001)

IEC 60909-0:2001, Short-circuit currents in three-phase a.c. systems - Part 0: Calculation of
currents

IEC 60932:1988 , Additional requirements for enclosed switchgear and controlgear from 1 kV
to 72. 5 kV to be used in severe climatic conditions

IEC 62271-1002001 , High-voltage switchgear and controlgear - Part 100 HIgh-voltage
alternating-current Circuit-breakers (formerly IEC 60056)

IEC 62271-1022002, High-voltage switchgear and controlgear - Part 102. Alternating current
disconnectors and earthing switches (formerly IEC 60129)

IEC 62271 -1052002, HIgh-voltage switchgear and contro/gear - Part 105: Alternating current
switch-fuse combinations (formerly IEC 60420)

ISO/IEC GUIde 51 .1999, Safety aspects - Guidelines for their inclusion in standards

2 Normal and special service conditions

Clause 2 of IEC 60694 is applicable WIth the follOWing addition:

Unless otherwise specified in this standard, the insulation-enclosed switchgear and
controlgear IS deSigned to be used under normal indoor service conditions .

NOTE If tM amb..nt tempe,.ture nceeds the value for normal service conditions. derating may be necessary.
and teshnll conditIOns may be conSIdered.

3 Terms and definitions

For the purpos8$ of this document, the following terms and definitions, as well as the
definItions of IEC 60050(441) , IEC 60050(151) and IEC 60694 apply. except where indicated
Some standard definitions are recalled here for ease of reference

Additional definttlons are claSSified so as to be aligned with the classification system used in
IEC 60050(441)

t 110 consollCMted edition is available (2002)
2
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3.101
switchgear and controlgear
general term covering sWitching devices and theH combination With assoClatt'd control ,
measuring, protective and regulating equ ipment also assemblies of such deVices and
equipment with asaocrated Interconnections, accessories, enclosures and supporting
structures

(lEV 441 -11-01]

3.102
assembly (of switchgear and controlgear)
combination of SWitchgear and/or controlgear completely assembled with all Internal electrical
and mechanical interconnections

(lEV 441 -12-01]

3.103
Insulation-enclosed switchgear and controlgear
switchgear and controlgear assemblies with an external insulation enclosure and completely
assembled, except for external connections

[lEV 441-12-06 , modified]

NOTE The ellternal insul.tion m.y be supplied with. (aem'-)conductlng layer

3.104
functional unit (of an assembly)
part of insulation-enclosed SWitchgear and controlgear compriSing all the components of the
main circurts and aUXIliary cucurts that contribute to the fulfilment of a Slnglt' function

[lEV 441-13-04 , modified]

NOTE Funcbonel units m.y be distlngu,ahed ecco,dlng to the functIOn fo' whICh they ",e ,ntended , fo, e.ample .
Incoming unit, outgoing un.t . etc .

3.105
transport unit
part of insulation-enclosed SWitchgear and controlgear SUItable for Shipment Without betng
dismantled

3.108
Insulation enclosure
part of insulation-enclosed SWitchgear and controlgear prOVIding a speCified degree of
protection of equipment against external Influences and a speCified degr•• of protection
against electnc shock by limitIng the approach to or contact With live parts and against contact
with moving parts

The main material of the enclosure IS of Insulating type, and , In the case of added conductive
layer., the resistance between any POint of the conductive layer to the earthing POint prOVided
may be more than 100 mil

(lEV 441-13-01 , modified]

NOTE II ttM resistllnce of !tie enclosure of !tie aftc••, .nd conl,olge.' to ttM eett'"ng POint p<ov,ded ,.
everywhe,e less !tI.n, or equal to . 100 mo. lEe112271-200 IS .ppllcable

3.107
compartment
part of Insulation-endosed SWitchgear and controlgear enclosed except for openings
necessary for Interconnection, control or ventilation

[lEV 441-13·05, modified!

3
,
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NOTE 1 Four types of compartments are dist inguished three that can be opened . called access-ere (see
3107 11213). and one that cannot be opened. called non-accessible (see 3.107 .4).

NOTE 2 Com~rtments.,. idenIIrted accord,ng10 the mam componenl(S) contained therein. refor to 5 .103 1.

3.107.1
Interlock-controlled accessible compartment
compartment containing high-voltage parts, intended to be opened for normal operation
and/or normal maintenance as stated by the manufacturer, in wh ich access is controlled by
integral design of the switchgear and controlgear

NOTE Installation, e.tension, repairing , etc . are not considered as normal maintenance.

3.107.2
procedure-based accessible compartment
compartment containing high-voltage parts , Intended to be opened for normal operation
and/or normal maintenance as stated by the manufacturer, in which access is controlled by a
suitable procedure combined with locking

NOTE Installation, extension, repairing, etc . are not considered as normal maintenance .

3.107.3
tool-based accessible compartment
compartment containing high-voltage parts that may be opened, but not for normal operation
and maintenance Special procedures are requ ired. Tools are necessary for opening

3.107.4
non-acc..slble compartment
compartment containing high-voltage parts. that must not be opened. Opening may destroy
the tntegnty of the compertment. Clear Indication not to open is provided on/by the
compartment

NOTE An insulation embeddell component, as defined in 3.114, can generally be qualified as a 'nen-accessible
compalrtment .

3.108
partition
part of ,"sulation-enclosed switchgear and controlgear separating one compartment from
other compartments

[lEV 441-13-06, modified!

3.101
partition class PI
iMulatlon-enclosed switchgear and controlgear having one or more non-metallic partitions or
shutters between opened accessible compartments and live parts of the main crrcuit

3.110
shutter
part of tnsulation-enclosed switchgear and controlgear that can be moved from a position
where It permits contacts of a removable part, or moving contact of a disconnector, to engage
fixed contacts. to a position where it becomes a part of the insulation enclosure or partition
shielding the fixed contacts

[lEV 441 -13-07, modified}

3.111
Mgreglltion (of conductors)
arrangement of conductors with earthed metal interposed between them in such a manner
that dlsruptive discharges can only occur to earth

4
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(lEV 441-11-11)

NOTE A HgNgation may be nlabhhed '*-" the COflduc:tora a. well .. betwMft tile .,.,. cerGcta of a
awltching device or cliac:onnector .

3.112
bushing
structure carrying one or more conductors through an enclosure or pertition and ineulating It
therefrom. including the meane of attachment •

3.113
component
essential part of the main or earthing circuits of insulation-enclo.ed switcl'lgear and
controlge.r which serves a specific function (for example, circuit-breaker, deaconnector,
switch, fuse, instrument transformer, bushing, bu.bar)

3.114
Insul.t1on-embedded component
component, the live parts of which are integrally .urrounded by solid In.ulation, with the
exception of the terminal., interfaces for driving mechanisms and aecondery winng

NOTE The insulation may form part of the lnauilltion encloaln .

3.115
main circuit (of .n .......bly)
all the conductive parts of insulation-enclosed .witchgear and controlgeer included In e Clrcurt

.which ia intended to tranamit electrical energy

[lEV 441-13-02, modified)

NOTE Connec:tlons to voltage tnInaform.... a,. not conaldefed part of the Il\IIIn circuit

3.111
earthing circuit
connection of each earthing device, or points provided for eerthing purpo.... to the terminal
intended to be connected to the earthing ay.tem of the inatallation

3.117
.uxillary circuit (of an ••sembly)
all the conductive parts of in.ulation-enclosed awitehgear and contro/gear included In a Clrcurt
(other than the main circuit) intended to eontrol, me..ure, aignal and regulate

[lEV 441-13-03, modified)

NOTE The aUlllllary clrc:vlta of Inaulatlon_1oMcI .wItc:hgHf and cont,...., InduOa the COftIrOI and --IV
cifculb of tile .wltc:hlng device•.

3.111
pres.ure-rellef device
device intended to limit the pr8Uure in a fluid-filled eompartment

3.118
ftulcl-fliled compartment
compartment of inaulation-enctoeed .witchgear and contro/gear filled with a fluid, either g•.
other th.n ambient air. or liquid, for insulation purpoMS

5
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3.111.1
gas-ftlled colllplirtment

NOTE Ref.r 10:U.5.1 oIlEC eoe84 .

3.111.2
liquid-filled compllrtlllent . . , . , .
compartment of insulation-enclosed switchgear and controlgear 10 which t~e liquid IS at
atmospheric p"essure, or under pressure that is maintained by one of the follOWing systems:

a) Controlled pressure system

b) Closed pressure system

c) sealed p"euure system

NOTE For pressure syst_s, refer to 3.8.4 of lEe 80894.

3.120
relative pressure
p"essure. referred to the standard atmospheric pressure of 101,3 kPa

3.121
minimum functional level (of f1uld.fllled compartments)
gas p"essure (relative pressure) in Pa (or density) or liquid mass at and above which the rated
values of the Insulation-enclosed switchgear and controlgear are mainta ined

3.122
design level (of fluid-filled compartments)
gas pressure (relative p"essure) in Pa (or density) or liqurd mass used to determine the
design of a gas·filled compartment or mass for a liqUid-filled compartment

3.123
design temperature (of fluid-filled compartments)
highest temperature which can be reached by the gas or liquid under service conditions

3.124
ambient air temperature (of Insulatlon-enclosed switchgear and controlgear)
temperature, determined under prescribed conditions, of the air surrounding the enclosure of
insulation-enclosed switchgear and controlg.ar

3.125
removable part
part of insulatton-enclosed switchgear and controlgear connected to the main circuit and that
may be removed entirely from the insulation-enclosed SWitchgear and controlgear and
replaced, even though the main circuit of the functional unit is energized

(lEV 441"3·08, modified)

3.12e
withclr..able part
removable part of insulation-enclosed s"titchgear and controlgear that can be moved to
positions in which an isolating distance or segregation between open contacts is establ ished,
while the part remains mechanica lly attached to the enclosure

(lEV 44' -13-09, modified)

6
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3.127
service position (connected position) (of a removable part)
position of a removable part In which it is fully connected for Its intended function

[lEV 441-16-25)

3.128
earthing position (of a removable part)
position of a removable part or state of a disconnector In which the clOSing of a mechanical
switching device causes a main Circuit to be short-circuited and earthed

[lEV 441-16-26, modified)

3.129
test position (of a withdrawable part)
position of a withdrawable part in which an isolating distance or segregation IS established In
the main circuit and in which the auxiliary circuits are connected

[lEV 441-16-27)

3.130
disconnected position (of a withdrawable part)
position of a withdrawable part in which an isolating distance or segregation IS established In
the circuits of the withdrawable part, that part remaining mechanically attached to the
enclosure

[lEV 441-16-28, modified)

NOTE In high-voltage lnaul.tIon-enclosed IWltl:hgea, and control,..r, the euKlliery Clreulls may ,,01 be
dlIc:onnec:t.d.

3.131
removed position (of a remonble part)
position of a removable part when it is outside and mechanically and electncally separated
from the enclosure

[lEV 441-16-29. modified)

3.132
loss of ..rvlce continuity category
LSC
category defining the possibtlity to keep other compartments and/or functlona' units energized
when opening a main circuit compartment

NOTE 1 The LSC C8tegory .Urlbel the extenl 10 wtllc:h lhe IwIIe.a, and controlg.., .re lftI....d 10 rem.,n
operatioMI In ca.. _. to • ",.In-clrcull COIlIpertm.nt Ia nee....ry The .lItent to wtrictr It .. COft••••d
nec:....ry to open rnaln-clrcull compertmentl wItII • 1Iv. lnItallatlon mrgtlt be dependant on ••"...1 ••pacts (,ofe.
108.2) .

NOTE 2 The LSC ca1egofY ... not delCribe renll. of reliability of .Wltchgea, and cont,olgea. (ref.. to 8 2)

3.132.1
category LSC2 switchgear and contro"'"
switchgear and controlgear having accessible compartments other than the busba'
compartment of a single busbar switchgear and controlgear

For insulation-enctoeed switchge.r and controlgear, when any accessible compartment," a
'unctional unit is open, all other functional units are intended to remalO energized and
operated normally. An exceptio" applies in the e..e 0' the busbar compartment of s,ngle­
buaber switchgear and controlgear which, when opened, prevents service continuity

7 
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Two aubdlviaioM are recognized:

LSC29: awltchgear and controlgear of category LSC2 where th~ cable compartment is
alao intended to remain energized when any other acceSSible compartment of the
corresponding functional unit is open .

LSC2A: LSC2 awitchgear and controlgear, other than LSC2B.

3.132.2
cMegory LSC1 awltchgear and controlgear
iMutation-encloaed awitchgear and controlgear other than category LSC2

3.133
Internal ere c..slfled switchgear and controlgear
lAC
inaulation-enclosed switchgear and controlgear for which prescribed criteria for protection of
pelSOM are met in the event of internal arc all demonstrated by the appropriate tests

NOTE Refer to Annex A for additional Information.

3.134
dear. of protection
extent of protection provided by an insulation enclosure, partition or shutter if applicable
against accesa to haZ8rdous parts, against ingress of solid foreign objects and/or ingress of
water and verified by atandardized test methods.

[tEC 80529:1989, definition 3.3, modified]

3.135
rated value
quantity value ..signed, generally by a manufacturer, for a specified operating condition of a
component dev ice or equipment

(lEV 151-18-08, modified]

NOTE Refer to Clause. for Individual rated values.

3.131
disruptive dlscMirge
phenomena ...ociated with the failure of insulation under electric stress, in which the
discharge completely bridges the insulati on under test. reducing the voltage between the
el~trod.. to zero or nearly to zero

NOTE 1 The tMlft epplin to d1Kharge. In solid, liquid and gaseous dielectrics and to combinations of Ihe ...

NOTE 2 A dlaruptiw dIadlarge In a sollcl dielectric produces permanent loss of dielectric strength (non-self­
restonno insulellon); in a liquid or gaseous dlalectrlc.!he loss may be only temporary (Hif-restoring insulation).

NOTE 3 The term "aperllover" is 11Mwhen a disruptive diadlarge occur. in a gaseous or liquid dielectric;

- IN tann "flashover" is UMd when a disruptive cliacharge occurs o.... r the surface of a solid dielectric in a
flIMOiIS or liquid medium ;

- IN lWIft "puncture" is UMd when a disruptive diacl\arge occurs through a solid dlalectric.

3.137
electric shock
physiological e"ect r..ulting from an electric current through a human or animal body

usv 195-01-04)

8
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3.138
protection grade against electric shock
grade of protection of the insulallon enclosure agamst electnc shock

3.138.1
protection grade PA
for protection grade PA the insulation is generally sufficIent for those PlIrta of the enclosure
which are touched by persons only accidentally or inadvertently

3.138.2
protection grade PB
protection grade PB IS considered as suitable for parts which are liable to be touched Two
different designs for class PB are recognized

• PB1 with an extra insulation in addItion to the grade PA insulation, as a safeguard In case
the protection grade PA insulation is damaged;

• PB2 with an earthed conductive coverllayer In addition to the grade PA msulatlon The
resistance between the POints of thiS conductive layer that are liable to be touched, to the
earthing point provided shall be less than 100 ma (refer to 3 1(6)

.. Ratings

The ratings of insulation-enclosed sWItchgear and controlg..r are the follOWing

a) rated voltage (V,) and number of phases;

b) rated insulation level ;

c) rated frequency if,);

d) rated normal current (lr) (for main circuits) :

e} rated short-time withstand current (Ill) (for main and earthing CirCUits);

f) rated peak withstand current (lp), if applicable (for main and earthing circuital.

g) rated duration of short circuit (Ik) (for main and earthing circUits).

h) rated values of the components forming part of the Insulatlun-enclosed SWItchgear and
controlgear including their operating devices and aUXIliary eqUipment

i) rated filling level (of fluid-filled companments)

4.1 Rated voltage (U,)

Subelauses 4 .1 and 4 .1.1 of IEC 60694 are appl icable

NOTE Components 'orming p.rt 0' in. ul. tion..nc:los.d ••ltcho'" .nc! controlge.' m.y have indioridual v.lues of
"t.d voltage in .cco,dlnc. with thai, ,.leVint standards .

4.2 Rated insulation level

SubelaUAe 42 of IEC 60694 is applicable

4.3 Rated frequency if,)

Subelause 4.3 of IEC 60694 is applicable

9
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•.• Rated normal cu"ent and temperature rise

• .•.1 Rated normal current (I,)

Subclause 4 .. 1 of IEC 60694 is applicable with the following addition :

Some main cIrcuits of insulation-enclosed switchgear and controlgear (for example, busbars,
feeder circulta) may have differing values of rated normal current.

•.•.2 Temperature rise

Subclause 4.42 of IEC 60694 is applicable with the following addition:

The temperature flse of components contained in the insulation-enclosed switchgear and
controlgear which are subject to individual specifications not covered by the scope of
IEC 60694 shall not exceed the temperature-rise limits permitted in the relevant standard for
that component.

The maximum permissible temperatures and temperature rises to be taken into account for
busbars are those specified for contacts, connections and metal parts in contact with
msulancn. as the case may be.

The temperature rise for accessible enclosures and covers shall not exceed 30 K for metal
surtaces and 40 K for insulation surtaces. In the case of enclosures and covers that are
accessIble but need not be touched during normal operation, the temperature-rise limit may
be increased by 10 K, If not accessible to publiC.

• ,5 Rated short-time withstand current (lk)

Subclause" 5 of IEC 60694 is applicable with the following addition:

A rated short-time withstand current shall also be assigned to the earthing circuit. This value
may differ from that of the main circuit

•.1 Rated peak withstand current (lp)

Subclause 46 of IEC 60694 is applicable with the following addition:

A rated peak WIthstand current shall also be assigned to the earthing circuit. This value may
dIffer from that of the main circuit.

NOTE In Pfinc:lple IN rated sllort-tima withstand currant and ttla rated peak withstand current of • main circuit
cllllllOt ••ceecl IN corresponding rated val_ of IN _knt of Its Hries connected components. Ho_ve,. fo,
_h corcUlt or compartnHlftt . advantage may be Iaken of a~ratus limiting ttla ahort-c:irc:uit current. such es
current·llmitlng fuses , rueto.- . Me .

4,7 Rated duration of short circuit (Ik)

Subclause 4.7 of IEC 60694 is applicable with the following addition:

A rated duration of short circ\Jit shall also be assigned to the earthing circuit. This value may
dtffer from that of the main circuit.

4.1 Rated supply voltage of clo'slng and opening devices and of auxiliary and control
circuits (ua»

SUbclause 4 8 of IEC 60694 ia appl icable
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4.9 Rated supply frequency of operating devlc" and or .uaUlary and control circuits

Subclause 4 .9 of IEC 60694 is applicable

4.10 Rated pressure of compressed gas supply for InSUlation andlor operation

Subclause 4 .10 of IEC 60694 is applicable

4.10.1 Rated filling level (of fluid-filled compartments)

The pressure (relative pressure) in P. (or densIty) or liqUId mass ..Signed by the
manufacturer referred to atmospheric air condItions of 20 ·C at which the g..- or IIquld·fllled
compartment is filled before being put into service .

5 Design and construction

Insulation-enclosed switchgear and controlge.r shall be deSigned so th.t normal service,
inspection and maintenance operations, determination of the energized or de-energized st.te
of the main circuit, inclUding the usu.1 checking of ph.se sequence, e.rthlng of connected
cables, locating of cable faults, volt.ge tes'- on connected c.bl.. or other .ppar.tus .nd the
elimination of electrost.tic charge. th.t m.y result ,n electnc shock, c.n be c.rned out s.fely

For insul.tion-enclosed switchgear and controlg.ar it is n.c....ry to take into .ccount
condensation and humidity condition. because such equIpment has to be safe for persons
touching it , not only in a dry st.te, but .i.o with condens.tlon on ,nsulation sur1ac..

All removable parts .nd compon.n'- of the ••me type, r.ting .nd con.tructton .hall be
mechanically and electrically interch.ng••b1.

Removable parts and componen'- of equ.1 or gr.ater current .nd ,nsulatlon r.tlngs may be
inst.lled in place of removable pa'" and components of equ" or I...., current .nd .nsulation
r.tings where the d..ign of these remov.ble parts .nd components and compertment "lows
mechanical interchange.bility. This do.. not generally apply for current-limiting devices

NOTE Installing ....moVllble pIIrt or _poMnI of • IlIgh8r retintI doe. 110I_~ Iftc-. 1M C8 .......
of • functioN' unit or imply the functioNl IInit i8 c.pebIe of OpIIr.bon Itt 1M ~nH ..... of 1M reMOV ....
pIIrt or compoMnl.

,
The various components with in the insulation enclosure are subf8Ct to the Indlvldu.1
specifications applying to them .

For m.in circuits with current-limiting rus... the m.nufacturer of the 8Witchge.r and
controlgear may assign the fu.ed short-circuit current

5.1 Requirements for liquids In swltdtgear and controlge8r

Subclause 5.1 of IEC 80894 is applicable.
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5.2 Requirements for gases In switchgear and controlgear

Subclause 52 of IEC 60694 is applicable with the following addition:

Sulphur hexafluoride (SF6) complying with IEC 60480 may be used .

NOTE For handling 01SF6. reler to lEe 61634 .

5.3 Earthing of switchgear and controlgear

Subclause 5.3. of IEC 60694 is applicable with the following addition:

All accessible metal parts, which do not belong to a main or auxiliary circuit and which ~an
•collect electric charges that may result in electrical shock, shall be connected to the earthing
terminal direct or through metallic structural parts . Thereupon, metallic frames and conductive
layers shall always be connected to the earthing terminal direct or through metalhc structural
parts.

The short-circuit current ratings applicable to the earth ing circuit depend upon the type of
Iystem n,utral earthing for which it is intended.

NOTE' For systems with solidly earthed neutral the maximum short·circuit current of the earthing circuit may
reech I_Is up to lila rated short·time withslllnd current of the main circuit.

NOTE 2 For systems with other than solidly earthed neutral the maximum short-time current of the earthing circuit
mey raach levels up to 87 ~ of the rated short-time withstand current of the main circuit (short circuit under
conditions 01double -earth fault).

1ne earthIng circurt is normally designed for a single short-circuit withstand.

5.3.1 Earthing of the .main circuit

To ensure personnel protection during maintenance work, all parts of the main circuit to wh ich
acc... il requ ired or provided shall be capable of being earthed prior to becoming accessible.
Thil do.. not apply to removable parts which become accessible after being separated from
the sWItchgear and controlgear.

5.3.2 Earthing conductor

An earthIng conductor shall be provided extending the whole length of the Insuletion-encloaed
IWltchgear and controlgear The current density in the earthing conductor, if of copper, shall
not exceed 200 Almm 2 for a rated duration of short circuit of 1 sand 125 Almm2 for a rated
duration of short CIICUlt of 3 s However, its cross-section shall be not less than 30 mm2

It shall be terminated by an adequate terminal intended for connection to the earth system of
the installation.

If the earthing conductor is not made of copper, equivalent thermal and mechanical
requirements shall be met.

NOTE As guodance. reference is made to a method of calcu..ting cross-sectional areas of condUctors given in
IEC IIOn4. CIa,," 3. .

5.3.3 Earthing of earthing devices

Where earthing connections have to carry the full three-phase short-circuit current (as in the
case of the short-CIICUltIOO connections used for earthing devices), these connections shall be
dImenSIoned accordingly
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5.3.4 Earthing of withdrawable and removabl. parts

The normally earthed metallic parts of a WIthdrawable part shall r.m.tn conn.ct.d to .arth in
the test and disconnected poSitIons Ind in any Intermed.ate position. Connections to earth In
any position shall not exceed 100 mO resistance (at 30 A e.e ) to the earthing POintprovlCMd

NOTE This demand on reststanc. do.. not apply 10 fteld stearing concluct.... "y... where ..0. PA IS applicable
(rof.r 10 3 138.1) .

On insertion, the normally earthed metallic parts of a removable part shall be connected to
earth prior to the making of the contacta of the fixed and removable parts of the main circuit

If the withdrawable or removable part includes any earth ing dev ice ; Intend.d to earth the main
circuit, then the earthing connection in tne .ervice position .hall be conSIdered as part of tt1e
earthing circuit with a.sociated rated value. (4.5, 4.6 and 4.7)

5.4 Auxlll.ry .nd control equipment

Subclause 5.4 of IEC 60694 i. applicable.

5.5 Dependent power closing

Subclause 5.5 of IEC 60694 ia applicable .

5.8 Stored energy closing

Subclause 5.6 of IEC 80894 is applicable.

5.7 Ind.pendent m.nu.' oper.tlon

Subclause 5.7 of IEC 80894 Is applicable.

5.8 Operation of r.......

Subclaus. 5.8 of IEC 80894 is appl icable .

5.1 Low- .nd hlgh-pressura Interlociling and monitoring devlcft

Subclause 5.9 of IEC 60694 is applicable.

5.10 N.m• .,.....

Subclause 5.10 of IEC 60894 is applicable with the following additions:

Insulation-enclosed switchgear and controlgear shall be provided with durable and clearly
legible nameplat.. which shall contain the informetion in accordance with Table 1.

13 
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Table 1 - Ham.plat.lnformatlon

MIN...... Unit - Condition:
...rIllng only required If

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

...nuf8ctu_ X

Type dnignetion X

SeriltI _bet X

lnatructioft book m.r- X
y_ of ...-.f8CtUt. X

AppIic8b1e stlindllld X

RMedvobge U, kV X

R8ted frequency /, Hz X

RMed lIgNning impuIH wlIMt8nd voboe UD kV X

RMed powe' hquency witMt8nd voltage Ud kV X

R8lad nonn81 current 1, A X

Rated short-time wittlstand current '. kA X
(for Iftm 8nd ••l1tling circuits)

R81ed peel! wittlstend current " kA y Diffe,.nt from 2.5 fo, 50 Hz
(fot 1ft", end e8lttllng circuits) end 2,8 fo, eo Hz

RMed dur.tion of short circuli I. I X
(tot Iftm eIId .ertlllng circuits)

..... of .uin Insulating mate,lel kg X

R8lad filling Ie".. fo, ""on ".. PI! (X)
or kg

Aterm lew! for inluletion ,. Pe (X)

or IIg

Minllltulft Iunctlonel level for InIuletIon ,- P. (X)
or kg

..... of IMuIeting fluid IIg (X)

lneemet erc cleMlflutlon lAC (X)

'"cc...lbIIIIy type (code) A(F,L,R) . (X)
II(f.L.R)

ore

Arc .... current kA (X)

Arc .... current duration • (X)

r·) II • 1M merlllng of IMM va"- Is mendetory;

(X) • 1M -1IItdnt of tMM va"- Is _ .pplQbIe;

y • c"'-'- for 1M IIl8ftIftI of ..... values _ glftn In column 5 .

NOTE 1 The ...evllltion In colullm (2) Mel be UMd insteed of 1M twIM In column (1) .

NOT£2 WIlen __ in coluntn (1) _ UNd. 1M _d "rMed" IIMd not .,....,.

The nameplate. of each 'undiona' Unit shall be legible during normal service. The removable
perts. if any, shall have a ..par~e nameplate with the data relating to the functional units
they belong to. but this nameplate need only be legible when .the removable part is in the
removed position .

14 
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5.11 Interlocking devices

Subclause 5.11 of IEC 60694 is applicable with the following additIons :

Interlocks between different components of the equipment are provlC:sed for re..ons of
,protection and for convenience of operation. The following prOVISions are mandatory for maIn
circuits :

a) Insulation-enclosed switchgear and controlgear with removable parts

The withdrawal or engagement of a circuit-breaker, switch or contactor shall be prevented
unless It is in the open position

The operation of a circuit-breaker, switch or contaetor shall be prevented unless It ,s only
in the service, disconnected, removed, test or earthing poSit ion .

The interlock shall prevent the closing of the circuit-breaker, switch or contaetor In the
service position unless any auxiliary circuits associated WIth the automatic opening of
these dev ices are connected . Conversely , it shall prevent the dIsconnection of the
aUXiliary circuits with the circu it-breeker closed in the servIce position .

b) Insulation-enclosed switchgear and controlgear provided with dr.connector.

Interlocks shall be provided to prevent operation of disconnectors under conditions other
than those for which they are intended (refer to IEC 62271-102) The operatIon of •
disconnector shall be prevented unle.s the cirCUit-breaker, SWItch or contaetor i. In the
open pos it ion .

NOTE 1 This rule m.y be disregarded if it is possible to have. bucber l1e".'" In • double bustler system
wilhoul current interruption .

The operation of the circuit-breaker, switch or contactor shall be prevented unl..s the
associated disconnector is in the closed, open or earthing position (if provided)

The provision of additional or alternative interlocks shall be subject to agreement between
manufacturer and user. The manufacturer shall give all necessary info rmation on the
character and function of interlocks .

Earthing switches having a rated short-circuit making capacity I... than ttle rated peak
withstand current of the main circuit should be interlocked with the a..odated
dlsconnectors.

Apparatus installed in main circuits , the incorrect operation of which can cause damage or
which are used for securing ~olat,"g distances during maintanance work, shall be
provided with locking facilities (for example prOVIsion for padlocks).

It the earthing of 8 circuit is provided by the main switching device (circuit-breakar, SWItch
or contactor) in series with an earthing switch, the earthing switch shall be interlocked WIth
the main switching device. Provision shall be made for the main switching device to be
secured aga inst unintentional open ing, for example, by disconnection of tripping circuits
and blocking of the mechanical trip .

NOTE 2 Inst••d of .n e.rthing switch• • "0 •dlscoftnector In the e.rthing posltiofl •• poulble

If non -mechanical interlocks are provided, the design shall be such that no Improper
situations can occur in case of lack of auxiliary supply However, for emergency ecntret ,
the manufacturer may provide additional means for manual operation wittlout interlocking
facilities . In such cne, the manufacturer shall clearly identify this facility and deftne the
procedures for operation.

5.12 Position Indication

Subclause 5.12 of lEe 6Oe94 is applicable.
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5.13 Degrees of protection by enclosure.

Subclause 5 13 of IEC e0694' ~ applicable. However for 5.13.3, the impact energy IS limited

to 1 J

5.14 Creepage dl...nc..

Subclause 514 of IEC e0694' il applicable.

5.15 Gas and vlICuum tlghtn...

Subclause 5.15 of IEC e0694' is applicable with the following addition:

Refer to 5103.2.3

5.1. Liquid tightness

Subclause 516 of IEC e0694'11 applicable with the following addition:

Refer to 5.1032 3

5.17 F...."'ability

Subclause 5 17 of IEC 60694 is appl icable.

5.1. ElectrOflt-anetlc: COfIIpMlblllty (fMC)

SubclauseS18 of IEC 60694' is applicable.

5.101 Internal fault

lneutation.enclosed switchgear and controlgear that satisfies the requirements of this
.andard. ~ designed and manufactured, in principle, to prevent the occurrence of internal
faults.

The user shell make a proper selection, according to the characteristics of the network,
o~,atJng procedures and service conditions, refer to 8.3.

It the aWltc:hgear and controlgear is installed, operated and maintained follOWing the
lnetrUc:tJons of the manufacturer, there should be little probability that an internal arc occurs
during its entira servica life, but it cannot be completely disregarded.

Failure within the enclosure of insulation-enclosed switchgear and controlgear due either to a
defect or an exceptional service condition or mal·operation may initiate an internal arc, which
constitut.. a hazard, if peROns are present.

Exper ience h.. shown that faulta are more likely to occur in some locations inside an
enclosure than in otheR. Table 8.1 in Clause 8 gives a list of such locations, causes of failure
and possible me..ur.. to decre..e the probability of internal faults.

Other me..ur.. may be adopted to provide the highest possible level of protection to persons
in cne of an internal arc . Th..e menures are aimed to limit the external consequences of
such an event.

The fonowing are some examples of these me..ures .

RaPId fault clearance times initiated by detectors sens itive to light, pressure or heat or by a
di"erential buster protection.
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- Application of suitable fuses in combination WIth sWItching device. to limit the let-through
current and fault duration.

- Fast elimination of arc by diverting It to metallic short cucuu by meant of fa.t .enl,"g and
fast closing devices (arc eliminator)

- Remote control.

- Pressure relief device

- Transfer of a withdrawable part to or from the .ervice position only when the front door ..
closed.

The effectiveness of the design for providing the pr..cribed level of protection of personl in
case of an internal are, occurring entirely in air within the enclo.ure of the ,"Iulatlon·enclosed
switchgear and controlgear, can ' be verified by testing according to Annex A. Dellgnl which
have been successfully tested qualify as lAC classified.

5.102 Insulation enclosure

5.102.1 General

The complete insulation enclosure as well a. the material. used in the cOMtruction shall be
capable of withstanding the mechanical, electrical and thermal .tr..... al well al the enecll
of humidity and ageing which are likely to be encountered in normal .ervice condltionl .

The main parts of the insulation enclosure may be con.idered al conlisting of non-.elf­
restoring insulation.

When the insulation-enclosed .witchgear and controlgear il inltall.d, the enclolure .hall
provide at least the degree of protection IP 2X. according IEC 80529 The welll and the "oor
of a room shall not be considered as parts of the enclosure .

Parts of the enclosure bordering non·acces.ible compartments .hall be prOVided with a clear
indication not to be dismantled

The complete insulation enclosure shall allo enlure protection in accordance with the
following conditions.

5.102.2 Protection grade of the Insulation .nclolur. against electric .hock

The insulation enclosure Ihall provide protection of person. againlt electric .hock when
touching the enclosure or operating in.ulation·enclosed .witchgear and controlg.ar . The
following two grades of protection are di.tingui.hed.

Protection grade PA with an in.ulation which meets ell the requirements given in the item. a)
to d) of 5.102 .3 is generally .ufficient for those parts of the encleeur. which are touched by
person. only accidentally or inadvertently.

Protection grade PB is con.idered as .uitable for parts which are liable to be touched when
operating. when replacing removable parts or when carrying out other normel maintenance
work. Two different de.igns for grade PB are distingui.hed:

PB1 with an insulation which meets, in addition to theee of protection grade PA. the
requirements given in item e) or f) of 5.102.3 .. a ••feguard in c..e the protection grade
PA iMutation i. damaged.
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• PB2 with an insulation of protection grade PA, supplied with an earthed conductive cover
or layer This earthed conductive cover or layer shall meet the raquirements given In Item
g) of 5 102 .3 aa a safeguard to demonstrate that the protection grade PA insulation IS

suffiCIent

5.102.3 Requirements for protection grade.

Reference IS made to the informative Annex 0 for clar ification.

For protection grade PA, the insulation enclosure shall meet the following requirements :

a) The insulation between parts of the main circuit and the accessible surface of the
insulation enclosure of the total assembly shall be capable of withstanding the test
voltages specified in 6 2 6 for dielectric tests to earth and between phases.

b) Apart from mechanical cons iderations, the th ickness of the insulating material of insulat ion
enclosures shall be sufficient to withstand the test voltages specified in item a). The
methods specified in IEC 60243 should be applied to the tests to meet the relevant
requ irem ents .

c) The Insulation between live parts of the main circuit and the inner surface of inSUlating
partitions and shutters facing these shall withstand at least 150 % of the rated voltage of
the eqUipment

d) Capacitive and leakage currents shall not be greater than 0,5 mA under the specified test
conditions (refer to 6104.2) . leakage currents may reach the accessible s ide of the
Insulation by a continuous path over insulating surfaces or by a path broken only by small
gaps of gas or liquid

For protectron grade PB1, the requirements of protection grade PA and one of the following
additional requirements shall be met by the insulation enclosure.

e) The Insulation enclosure shall consist of at least two layers of insulating material, one of
which shall comply with the requirements of item b) . The other layer shall be able to
WIthstand only a 1 min power-frequency test voltage equal to 150 % of the rated voltage.
lt shall not be possible to remove the additional insulation without the aid of a tool.

f) The insulat ion enclosure contains a fluid insulant or ambient air. In these cases , it shall be
ensured that the insulation of the main circuit with respect to the internal surface of the
insulation enclosure is capable of withstanding a 1 min power-frequency test lIoltage
equal to '50 % of the rated lIoltage, even when the gaseous or liquid insulant is replaced
by amblent alf at normal atmcspbertc pressure .

NOTE 1 In Ihts c.... the .xtra requ iremenl fo, PB proleclion is achieved on Ihe inside of the PA prolection.
Ra'e, also 10 Figure O.2b in Annex 0

For protection grade PB2, the requ irements of protection grade PA and the following
additional reqUIrement shall be met

g) The res istance of earthed conductive cover or layer shall be maximum 100 mn <at 30 A
d c) to the earthing point prollided

NOTE 2 If the ,rade P82 is complete for lhe whole switchg..r, lEe 62271·200 is .pplicable.

NOTE 3 If the re.istance of the e.rtt..d conduclive cover or layer 10 the earthing point provided is highe,
ttwn 100 mo(al 30 A d.e ) lIf1Ida PA is ••icable .

5.102.4 Covers and doors

When covers and doors that are parts of the enclosure are closed, they shall provide the
degree of protection specified for the insulation enclosure.
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When ventuatrnq openings, vent outlets or Inspection WIndows are ,ncorpolated In the cover
or door, reference IS made to 5 1026/7

Several categones of covers or doors are recognized WIth legard to the type of accns,ble
compartments to which they provide access

a) Covers or doors that give access to tool-based accessible comPlirtments They need not
be opened lor the normal purposes of operation or maintenance (filled covers) It shall not
be possible fOI them to be opened, dismantled or removed without the use 01 tools

NOTE 1 They should be opeMd only when prec.ubons 10 ensure elecl"c.1 ••Iety h.... been t.ken

NOTE 2 Attenllon should be p.,d 10 Ihe requirement (of .ny) to carry out operatIOn 01 the s..tchtllg de_as
without voltage/currenl on Ihe mam Clrcu,t with door. and cove" open as part 01 the ",.,ntenance ptocedures

b) Covers or doors that give access to Interlock-controlled accessible or procedure-based
accessible compartments These covers or doors shall be provided .f there .'S a need to
access the compartment for normal operation andlor normal maintenance as stated by the
manufacturer . These covers or doors shall not require tools lor thell opening 01 removal
and shall have the follOWing features .

Interlock controlled accessible compartments These shall be provided WIth interlocking
devices so that opening of the compartment shall only be pOSSible when the part of the
main CIICUlt contained in the compartment betng made acceSSible ,s dead and earthed,
or an the disconnected POSition with corresponding shutters closed.

Procedure-based accessrbte compartments these shall be provIded WIth PlovISlon for
locking, for example, padlocking

NOTE 3 Surt.ble procedures should be put in place by the uNr to ensure thet a ptOCedure-baMd access.bIe
compartment may be opaned only when the part of the ma.n Clrcu.t conta,ned in the compart"'ent be,ng made
acceSSible rs dead and earthed. or in the d.sconnected positIOn with corraapondfng stwfters cloMd
Procedures may be d'ctated by leg,slat,on of the country of ,nstallatoon or by ....' .alaly cIocumentatlOn

5.102.5 Partition or shutter being part of the enclosure

If partit ions or shutters become part of the enclosure With the removable part an any of the
POSitions defined in 3128 to 3.131 , they shall provide the degree of protection speCif ied for
the enclosure In this case shutters also shall meet the reqUirements speCified for protection
grade P8 , II liable to be touched

NOTE 1 A partlt.on or shutter becomes a part of the enclos..,e. " .t IS acceSSible ,n any of the positIOns deltned 'I'

3 .128103131 and il no door IS prov,ded which can be closed ,n lhe posol,ons defIned ,n 3127 to 3 131

NOTE 2 II a door.s provided which can be closed In the pos,tlons defined on3127 to 3 131 the partltton or shuller
beh'nd the door IS nol considered 10 be a part 01 the enclosure

5.102.6 Inspection windows

Inspechon WIndows shall provide at least the degree of protection speCifIed for the enclosure

Inspection WIndows shall be covered by transparent sheets of mechanical strength
comparable to that of the insulation enclosure They shall meet at least the requl/ements of
insulation enclosures specified for protection grade PB

5.102.7 Ventilating openings, vent outlets

Ventilating openings and vent outlets shall be so arranged or shielded that the same degree
of protecnon as that specifted for the Insulation enclosure IS obtained Such openings may
make use of wire mesh or the like prOVided that It ,s of SUitable mechanical strength
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Ventllabng openings and vent outlets shall be arranged in such a way that gas or vapour
escaping under pressure does not endanger the operator.

5.103 Compartments

5.103.1 General

A compartment shall be designated by the main component contained therein, for example,
crrcurt-breaker compartment, busbar compartment, cable compartment, etc .

Where cable terminations are conta ined in a compartment with other main components (for
example. circuit-breaker, busbars, etc .) then the designation shall primarily be that of the
other main component.

NOTE Compartments may be further icMnt ified .ccording to the several components enclosed, for example ,

c.bIe/CT comp.rtment. etc .

Compartments may be of various types , for example:

- liquid-filled.

- gas -filled;

- solid-Insulation

Main components indIvidually embedded in solid insulating material are considered as
compartments .

Openings necessary for interconnection between compartments shall be closed with bushings
or olher equivalent means

Busbar compartments may extend through several functional units without the need for
bushings or other equivalent means However, in case of LSC2, separate compartments shall
be provided for each set of busbars, for example, in double busbar systems and for sections
of switchable or disconnectable busbars.

5.103.2 Fluld·fllled compartments (gas or liquid)

5.103.2.1 General

compartments shall be capable of Withstanding the normal and transient pressures to wh ich
they Ire subjected In service

Gills-f illed compartments, when permanently pressurized in service, are SUbjected to particular
condillons of service which distinguish them from compressed air receivers and similar
storage vessels These conditions are as follows

Gas-filled compartments are normally filled with a non-corrosive gas , thoroughly dried,
stable and Inert, since measures to maintain the gas In this condition with only small
nuctuatlons In pressure are fundamental to the operation of the switchgear and controlgear
and since the compartments will not be subjected to Internal corrosion, there is no need to
make allowances for these factors in determining the design of the compartments

- The design pressure IS below. or equal to , 300 kPa (relative pressure) .
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5.103.2.2 Design

The design of a flUId-filled compartment shall be based on the nature of the flUId , the dellgn
temperature and, when applicable , on the design level as defined In thiS standard

The design temperature of the flUid -filled compartment IS generally the upper limit of ambient
air temperature increased by the temperature rise of the flUid due to the flow of rated normal
current The design pressure of the enclosure shalt not be less than the upper limit of the
pressure reached WIthin the enclosure at the deSign temperature

Account shall be taken of the pOSSIbility of the occurrence of an Internal fault (refer to 5 101 )
and the following for flUid-filled compartments

a) the full differential pressure possible across the compartment walls or partitions, including
any evacuation process if used during ftlhng or maintenance ope rations,

b) the reSUlting pressure in the event of an accrdental leak between the compartments In the
case of adjacent compartments having different service pressures

5.103.2.3 Tightness

The manufacturer shall state the pressure system used and the permiSSible leakage rate for
the fluid -filled compartments (refer to 515 and 516 of IEC 60694)

If requested by the user, in order to permit entry to a fluld-hlled compartment of closed or
controlled pressure systems, the permiSSIble leakage across partltlonl Should also be stated
by the manufacturer.

For gas-filled compartments where the minimum functlona' level exceeds 100 kPa (relative
pressure), an indication should be provtded when the pre.sure at 20 ·C has fal'en below the
minimum functional level (refer to 3.121)

A partition, separating a compartment fllted WIth insulating gas from a neighbOUring compart ­
ment filled with liquid, Such as a cable box or a voltage transformer . shall not show any
leakage affecting the dielectric properties of the two media

5.103.2.4 Pressure relief of fluid-filled compartments

Where pressure-relief devices or designs are provided, they shall be arranged so as to
minimize the danger to an operator dUring the time that he I' performIng hiS normal operatlOg
duties if gases or vapours are escaplng under pressure The pressure-rehef devlc" Shall not
operate below 1,3 times the deSign pressure The pressure -reltef deVice may be a d"lgned,
for example, weak area, of the compartment or a dedtcated deVice, for example, a bursting
disc .

5.103.3 Partitions and shutters

For the purpose of this standard, only class PI,s dehned for partitions and shu«ers between
opened compartments and live parts of the main CIrCUIt, refer to 3 109

Partitions and shutters shall prOVIde at least the degree of protectlon IP2X according to
rsc 60529

Partitions shall prOVide mechamcal protection agam.t the normal gas pressure stIli present In

the adjacent compartment (if applicable)
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Conductors passing through partitions shall be provided with bushings or other equivalent
means to provide the reqUIred IP level

Open ings In the enclosure of msuiancn-enctosed switchqear and control gear and in the
partitions of compartments through which contacts of removable or Withdrawable parts
engage fixed contacts shall be provided with automatic shutters operated In normal service
ope rations to assure the protection of persons In any of the pos itions defined in 3.127 to
3131 Means shall be provided to ensure the reliable operation of the shutters, for example .
by a mechanical drive. where the movement of the shutters is positively driven by the
movement of the removable or Withdrawable part

For removable parts that are not Withdrawable. pos itions accoromq to 3 128 , 3.129 and 3.130
are not applicable In th is case a temporary inserted partition is also allowed.

The status of shutters may not In all situations be readily confirmed from an open compart­
ment, (for example. cable compartment open but shutters mounted in breaker compartment)
In such Situations, verification of the shutter status may require access to the second
compartment or pr ovisron of a inspecnon Window or reliable ind icating dev ice .

II. for maintenance or test purposes, there is a requirement that one or more sets of fixed
contacts shall be accessible through opened shutters , the shutters shall be prov ided with
means of locking each set Independently In the closed POSition. When, for maintenance or
test purposes, the automatic clOSing of shutters IS made Inoperative in order to retain them in
the open positron, It shall not be possibte to return the switching device to the service position
until the automatic operation of the shutters IS restored This restoration may be achieved by
the action of retu rning the SWitching device to the service POSition

II mOlY be pOSSible to use a temporary Inserted partition to prevent the live set of fixed
contacts bemg exposed, refer to 10.4

5.104 Removable p.rt.

Removable parts for ensuring the Isolating distance between the high-voltage conductors
sha ll comply With IEC 62271·102 . except for mechanical operation tests (refer to 6102 and
7 102) ThiS disconnection faCility IS Intended for maintenance purposes only

It removable parts are Intended to be used as a drsconnector or intended to be removed and
replaced more often than only for maintenance purposes, then testing shall also include the
mechanical operation tests according to IEC 62271 -102

The requirement that It shall be pOSSible 10 know the operating position of the disconnector or
earthing SWitch IS mel If one of the fo llOWing conditions IS fulfilled

- the Isolat ing distance IS VISible,

- the POSition of the Withdrawable part . In relation to the fixed part, is clearly visible and the
POSitions cor responding to full connection and full Isolation are clearly identified;

the posrtion of the Withdrawable part is Indicated by a reliable Indicating device.

NOTE I In some countnes regulatIOns requ ire that the lSolattng distance is Visible .

NOTE 2 Ref.rlo lEe 62271.102
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Any removable part shall be so attached to the filled part that Its contacts WIll not open .n­
advertently due to forces which may occur In service In particular those due to a short cucu .t

In switchgear and controlgear lAC classified , the transfer of Withdrawable parts to or from the
service pos ition shall be carried out without reduction of the speCified level of protect ion In the
event of an Internal arc , ThiS IS achieved, for example, when the operation IS only pOSSible
when doors and ccvers intended to ensure personnel protection are closed Other deSign
measures providing equivalent level of protection are acceptable The effectiveness 01 the
adopted design shall be verified by testing (see Clause A 1)

Leakage currents across the isolating distance shall not exceed 0,5 mA The measurement 01
leakage currents shall be carried out In accordance WIth the method speCified In 6 104 2

5.105 Provisions for dielectric tests on cables

When it is not practical to disconnect the cable from the insulation-enclosed SWItchgear and
control gear, those parts which remain connected to the cable shall be capable of WIthstanding
the cable test voltages as stated by the manufacturer and baled upon the relevant cable
standard's. That is , when one Side of the isolating gap IS energized at norma' system voltage
to earth and tests are being carried out on the cable connected to the other Side of the
isolatin g gap

Refer to the dielectric test defined In 6.2 101

NOTE Anention is drlwn 10 the Ilct thlt prlctlCllly no ul.1y m.rg,n ,s left ,n some CI"I ller-.n the 'Ited
power-f,.qu.ncy I.st voltlge for the isoleting diltlnc. Ind the ,.sullong voltlge Itrlil IC'OII the 11011""8
disllnce due to Ihe Ipplicllion ollhe Clble till voltlge. if the olhe, sode 01 the 'IOlet,ng dlltlncO ollhe Swltchgel'
Ind controlg'lr is slill liv• .

6 Type tests

6.1 General

Subclause 6 1 of IEC 60694 IS applicable WIth follOWing additions

Components contained In insulation-enclosed SWItchgear and controlgea r which are subject to
individual specifications not covered by the scope of IEC 60694 shall comply WIth, and be
tested in accordance with , those specifications, tak Ing Into account the follOWIng subclaus.s

The type tests shall be made on a representative functional unit aecause of the vafl.ty of
types, rating and possible combinations of components, It is not practicable to make type
tests with all arrangements of the SWitchgear and controlgear The performance of any
particular arrangement may be substantiated by test data of comparable arrangements

NOTE A ,.pr...ntative functional unit may Ilk. the form of one ..t.nsible unit , How'''''. It m.y lie nec .... 'Y to
bon two or thr•• 01 such unrts togethe,

The type tests and verifications compnse

lubel.....

Mandatory type tests :

a) rests to verify the insulatIon level of the equIpment

b) Test to Pfove the temperature rise of any part of the equIpment and
measurement of the resistance of CIrCUIts
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Subclause

c)

d)

e)

f)

gl

h)

Tnts to prove the capability of the main and earthing circuits to be
subjected to the rated peak and the rated short-time withstand currents

Tests to prove the making and breaking capacity of the included switching
devices

Tests to prove the satisfactory operation of the included switching devices
and removable parts

Tests to ver ify the protection of persons against approach to hazardous
parts and the protection of the equipment against solid foreign objects

Tests to verify the protection of persons against electric shock

Tests to detect certain defects in the sol id insulation of the equipment by
the measurement of partial discharges

66

6.101

6.102

6 .7

6 .104

6.2.9

Mandatory type tests , where applicable:

I) Tests to verify the strength of gas-filled compartments

j) Tightness tests of gas- or liquid-filled compartments

k) Tests to assess the effects of arcing due to an internal fault (for
SWItchgear and controlgear classification lAC)

I) ElectromagnetIc compatibility tests (EMC)

Optional type tests (subject to agreement between manufacturer and user):

m) Tests to ver ify the protection of the equipment against mechanical impact

n) Tests to verify the thermal stability of insulat ing materials

0) Tests to assess the effects of condensation on insulation surfaces

p) ArtIfiCial pollution tests

q) DIelectriC tests on cable testing circuits

6.103

6.8

6.105

6.9

6 .7

6.106

6.107

6.2.8

6 .2.101

Type tests may impa,r the suitability of the tested parts for subsequent use in service.
Therefore, specimens used for type test shall not be used in service without agreement
between manufacturer and user .

1.1.1 Grouping of testa

Subclause 6 1.1 of IEC 60694 is applicable with the following modification:

The mandatory type tests (not inclUding items k) and I) shall be carried out on a maximum of
four test spec imens

8.1.2 Information for Identification of specimens

Subclause 6 1 2 of IEC 60694 is applicable

8.1.3 Information to be Included In type-test reports

Subclause 6 1 3 of IEC 60694 is applicable
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6.2 Dielectric tests

Subclause 6 2 of IEC 60694 is applicable

6.2 .1 Ambient air conditions during tests

Subclause 621 of IEC 60694 IS appl icable

6.2.2 Wet test procedure

IEC 60694 is not applicable as insulation-enclosed sWitchgear and con tro lgear IS sUItable only
for indoor use .

6.2.3 Conditions of sWitchgear and controlgear during dielectric tests

Subclause 6 .2.3 of IEC 60694 is applicable WIth the follOWIng addition

For insutation-ancloaad switchgear and controlqear uSIng flUid (liquId or gas) for msutancn,
dielectnc tests shall be performed filled with the Insulating fluId specified by the manufacturer .
to the minimum functional level also specIfied by the manufacturer

6.2.4 Criteria to pass the test

Subclause 6 .24 of IEC 60694 is applicable, with the follOWing modIfIcatIons

• The second paragraph of Item a) that r~fers to wet test" not applicable

• The first paragraph of item b) is replaced by

The switchgear and controlgear has passed the Impulse tests If the followmg condrncns
are fulfilled

a) the number of disruptive discharges does not exceed two for each &eTtes of 15
Impulses;

b) no disruptive discharge$, on non-self-restorrng Insulation occur

This is verified by at least five impulses without disruptIve dIScharge follOWIng that impulse.
which caused the last disruptive discharge . If thiS Impulse IS one of the last fIve out of the
series of 15 impulses, additional rrn pulses shall be app lied. prOVided that the total number
of discharges does not exceed two In the complete senes Th ll can relUll ,n a malllmum of 25
Impulses per series.
NOTE For nu id ·riIled compartments tested wtth test bushIngs thaI .,e nol part of the swltchgeer and
conlroloe., . impulses resulting in n..hover across the lesl bushIngs Ire not conlider" IS part 01 the tesl
series

6.2.5 Application of test voltages and test conditions

Subclause 6.25 of IEC 60694 is not applicable

Because of the great variety of designs, It IS not feaSIble to glve speCif iC rndlcatlons of the
tests to be performed on the main circuit, but . In pnncipte. they shall cover the follOWing tests

a) To earth and between phases

The test voltages specified in 6 26 shall be applied connectmg each phase conductor of
the mam circuit in turn to the high-voltage term inal of the test supply All other conductors
of the main circuit and the auxiliary cirCUits shall be connected to the earthing conductor
and to the earth termmal of the test supply

Areas of the insulation enclosure tntended for resting on the floor or bemg filled to the wall
shall be covered by earthed metal fo ils
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In order to check compliance with the requirement of item a) of 5.102.3, the insulati?n
enclosure as wf!1I as inspection windows, partitions and shutters of insulating materia l
shall be covered, on the side accessible during operation or maintenance, I" the most
unfavourable situation for the test, with a circular or square metal Ioil . This foil shall have
an area as large as possible , but not exceeding 100 cm 2, which shall be connected to
earth In case of doubt about the most unfavourable situation , the test shall be repeated 10

dIfferent situanons Ttus foil shall be applied on the external surface of the enclosure
WIthout protruding into small gaps. For convenience of testing, subject to agreement
between manufacturer and user , more than one metal fo il may be applied simultaneously
or larger parts of the enclosure may be covered .

NOTE II. subusembly is tested. it shou ld include JOInts 01 insulat ion-embedded components il these are

used

The dielectric tests shall be made with all switching dev ices closed and all removable
parts In their service position . Attention shall be given to the possib ility that switch ing
devices in the ir open position or removable parts in the disconnected, removed, test or
earthing POSition, may result in less favourable field condit ions . Under such conditions the
tests shall be repeated . However, the removable parts shall not be subjected to these
voltage tests whIlst they are 10 the disconnected, test or removed position .

For these tests, dev ices such as current transformers , cable terminations , overcurrent
releasesltndicators shall be installed as in normal service . In case of doubt about the most
unfavourable arrangement, tests shall be repeated with alternative configurations

b) Across the isolat ing distance

Each isolating distance of the marn circuit shall be tested using the test voltages specif ied
in 626 according to the test procedures as stated in 6.2.5 .2 of IEC 60694

The Isolating distance may be formed by

- a oisconnector in open pos ition;

the distance between the two parts of the main circuit intended to be connected by a
WIthdrawn or removed switching device

If , In the disconnected pos ition, an earthed metallic shutter is interposed between the
disengaged contacts to assure a segregation, the gap between the earthed metallic
shutter and the live parts shall withstand only the test voltages required to earth.

If , in the disconnected posit ion , there is no earthed metallic shutter or partition between
the fixed part and the withdrawable part, the test voltages specif ied for the isolating
distance shall be applied

- between the fixed and moving contacts intended to engage, if conductive parts of the
marn circuit of the Withdrawable part can inadvertently be touched;

- between the fixed contacts on one side and the fixed contacts on the other side With
the SWItching deVice of the withdrawable part in the closed position if possible, if they
cannot .Inadvertently be touch~d If it is not possible to have the switching device
closed tn the disconnected POSition, then th is test shall be repeated in the test position
WIth the SWItching device of the withdrawable part closed.

c) Complementary tests

If the re~uirements of items e) or f) of 5.102 .3 are applicable, evidence shall be given of
the reqUIred a~hty to withstand a power-frequency test-voltage of 150 % of the rated
voltage for 1 min .
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In the case of gaseous or liquid msutanon . the Insulation between the li ll e parts of the
main Circuit and the inside surface of Insulating part it ions or shutters shall be subjected to
a power-frequency test lIoltage of , 50 % of the rated lIo ltage for' min For thiS test the
Inner surface of the partitionS or shutters that face the lille parts sha ll be cove red by an
earthed metal fOil or conducting cloth as described under Item a) above The test lIollage
16 applied on all parts of the ma in crrcuit connected together

6,2.6 Tests of insulation-enclosed switchgear and controlgear

The tests shall be performed with tne applicable test voltages given In Table t a or 'b of 4 2 of
IEC 60694 For test voltages to earth and between phases columns (2) and (4) shall be used
For test voltages across Isolating distances columns (3) and (5) shall be used

Overvoltage protective devices. not forming an Integral pa rt of the SWItchgear and controlgear
if any, shall be disconnected or removed

Instrument transformers , power transformers or fuses may be replaced by repl icas
reproducing the field configuration of the high-VOltage connections

Current transformer secondanes shall be short-Circuited and earthed Current transformers
WIth a low ratio may have their primaries short-Circuited too

6.2.6.1 Power-frequency voltage tests

SWitchgear and controlgear shall be subjected to short -durauon power -frequency voltage
withstand tests in accordance With IEC 60060-' The test voltage shall be raised for each test
condition to the test value and maintained for 1 min

The tests shall be performed In dry conditions

DUling the power-frequency voltage tests , one terminal of the test transformer shall be
connected to the earthing termina l and to the metal tort or conducting cloth at the applicable
points on the insulation-enclosed SWitchgear and control gear An exceptIon /I made lor the
Situation where , dUflng the tests In accordance WIth Item b) of 6 2 5, the mic-pomt or another
intermediate POint of the voltage source should be connected to the earthing terminal In order
that the voltage appearing between any of the live parts and the parts , Intended to be earthed
WIll not exceed the test voltage speCified In Item a) of 62 5

If thiS IS not pracncabte , one terminal of the test transformer may, WIth the agreement 01 the
manufacturer, be connected to earth and the parts Intended to be earthed of the SWItchgear
and controlgear, shall . If necessary, be insulated from earth

6.2 .6.2 Lightning impulse voltage tests

Switchgear and controlgear shall be subjected to lightning Impulse voltage tHts In dry
conditions only .

Procedure B of IEC 60060-1 shall be applied uSing the standard lightning Impulse 12150115

Fifteen consecunve lightning Impulses at the rated WIthstand voltage shall be applied for each
test condition and each polartty However, as an alternative In order to avoid po.slble damage
to the sol id insulation, procedure C of IEC 60060-' may be applied, subject to agreement
between manufacturer and user

NOTE' This pn>c:adure C test is ~ti'ormed by applying tl".. eon..cut;". impulMS for .eell polerity If no
disruptive dlac:llarge oceu... tile switchgear IS eonsl4Mrad to II.... passed tile teat ,
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NOTE 2 It may be nK....ry lor c.rta,n types 01 insulating mat.rialto eliminate residual charges before starting

the t••ts .lth the opposlt. polarity.

During the lightning impulse voltage tests, the earthed term inal .of the impulse generator shall
be connected to the earthing terminal and to the metal fOil or conducting cloth at the
applicable points on the enclosure of the metal-enclosed switchgear and controlgear, except
that . dUring the tests in accordance with item b) of 625, the parts Intended to be earthed
shall . If necessary, be insulated from earth in order that the voltage appearing between any of
the live parts and the parts , intended to be earthed will not exceed the test voltage specified
In Item a) of 625

&.2.7 Tests of switchgear and controlgear of rated voltage above 245 kV

Not applicable.

&.2.8 Artificial pollution tests

Insulatlon.enclosed switchgear and control gear intended to be used in service conditions
more severe, With respect to condensation and pollution , than the normal service conditions
specified In this standard may be submitted to test according to IEC 60932, upon agreement
between the manufacturer and user.

NOTE In general. this test may b. considered as superfluous , as a spec ific test is already prescribed in 6.107

8.2.9 Partial discharge tests

Refer to Annex 8 with the following additions:

ThiS test shall be made after the lightning impulse and power -frequency voltage tests .
Instrument transformers , power transformers or fuses may be replaced by replicas
reproduCing the field conf iguration of the high-voltage connections.

NOTE t In the cas. of d.SJtns cons isling 01 a combination of conventional components (for instance. instrument
lransIOfm.rs. bushings) that can be t.sted saparatefy in accordance . ith th.ir r.l.vant standards. Ihe purpose of
trlts pert..1dtscharg. tut IS to check the arrang.m.nt 01 lhe componenls in the assembly.

NOTE 2 Th,s t.st may be carn.d out on ....mblies or subass.mbli.s . Care should ba taken thaI external partial
dlscllarges do not aff.ct the m.asur.m.nt .

8.2.9.101 MaXimum permissible partial discharge intensity

The maximum permlSlible partial discharge intensity shall not exceed 20 pC for each
functional Unit, at 1.1 {ir phase-to-phase voltage, see Table 8 .1.

NOTE FOf syst.ms with no solidly .arthed n.utral. no maximum partial discharg. intensity is prescribed in case 01
••rth faull. lor ,nform.tlOn only. 100 pC.t 1.1"t:, ph...-te-••rth volt.ge seems to be.n acceptable limit.

As a general rule . the intensity permitted for an assembly or subassembly should be the
highest value permitted for Its components .

8.2.10 Dielectric: tn" on auxiliary and control cirCUits

Subclause 62.10 of IEC 60694 is applicable.

Current transformer secondaries may be short-circuited and disconnected from earth . Voltage
transformer secondanes may be disconnected

Voltage-limiting devices, 'f any. shall be disconnected.
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6.2.11 Voltage test as condition check

Subclause 6 2.11 of IEC 60694 is applicable

6.2.101 Dielectric tests on cable testing circuits

To allow dielectric tests on cables while the switchgear and controlgear .s In aerv ice (refer to
5.105) : an additional power-frequency WIthstand-voltage type test may be applied to confirm
the abIlity of the relevant Isolating distances to withstand cable test volt.ge while the other
side of the isolating distance ia ablillve.

The test values are subject to agreement between the user and the m.nuf.cturer

NOTE The lesl values agreed stloukl be chos.n 10 .nsur. a safety margin betwe.n ItM rated powet.~

test voltages for the iso lating distance and the resulting voltage stresa across the~ diaWftce .. 10 the
application of . for .xample , a d.c. c.ble t.st voltage while the other side of the ieolatint diatIt_ tA~
enclosed switchg.ar and controlge.r is still live .

6.3 Radio Interference Yoltage (r.l.Y.) test

Not applicable.

6.4 Measurement of the resistance of circuits

6.4.1 Main circuit

Subclause 64.1 of IEC 60694 is applicable with the following addition

The measured resistance across the complete main circuit of an ....mbly of insulation·
enclosed switchgear and controlgear i. indicative of the proper condition of the currant path
This measured resistance shall be the reference for the routine te.t. refer to 7 3

8.4.2 Auxiliary circuits

SUbclause 6.4.2 of IEC 60694 is applicable.

6.4.101 Requirement for protection greete PB2

If the requ irement of item g) of 5.102 .3 IS applicable, the resIstance of the earthed conductive
cover or layer shall be maximum 100 mel to the earthing terminal of the aWitchgear and
controlgear. This is demonstrated by feeding at the moat onerous points 30 A de to the
conductive layer. The corresponding voltage drop from a poInt on the l.yer ne.rby the pemt of
infeed shall be a maximum of 3 V

NOTE It might be nee....ry to feed the current on ItM conductlYe leyer ttlro. e lerger .re. of . for ••ample,
1 cm 2, to avoid a 100 high d.nsity on the spot .

8.5 Temperature-rise tests

Subclause 6.5 of lEe 60694 is applicable, with the follOWing addition :

Where the design provides alternative components or .rrangements, the test shall be
performed with those components or arr.ngements for which the moat ••vere conditions are
obtained. The representative tunctlonal unit .hal~ be mounted approxImately .. in normal
serv ice , including all normal enclosures , partltlons, shuner., etc . and the covers and doors
closed.
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The testa shall be made normally with the rated number of phases and the rated normal
current flowing from one end of the length of busbars to the terminals provided for the
connection of cables.

When testing individual functional units, the neighbouring units should carry the currents
whIch pt'oduce the power lou corresponding to the rated conditions. It is admissible to
aimuJate equivalent conditions by means of heaters or heat insulation, if the test cannot be
performed under actual conditions.

Where there are other main functional components installed within the enclosure they shall
carry the currents which pt'oduce the power loss corresponding to the rated conditions.
Equivalent pt'ocedures to generate the same power dissipation are acceptable.

The temperature rises of the different components shall be referred to the ambient air
temperature outside the enclosure and shall not exceed the values specified for them in the
relevant standards. If the ambient air temperature is not constant, the surface temperature of
an identical enclosure may be taken under the same ambient conditions.

8.5.1 Conditions 0' the Insulatlon-enclosed switchgear and controlgear to be tested.

Subclause 6.5.1 of IEC 60694 is applicable.

8.5.2 Arrangement 0' the equipment

Subclause 6.5.2 of IEC 60694 is applicable.

' .5.3 Measurement 0' the temperature and the temperature r"e

Subclause 8.5.3 of IEC 60694 i. applicable.

1.5.4 Ambient air temperature

Subclause 85.4 of IEC 60694 i. applicable.

'.5.5 Temperatur..rl.. test 0' the aUXiliary and control equipment

Subclause 8 5.5 of IEC 80694 is applicable.

1.5.1 Interpretation of the t.mperature-rl.. teat

Subclause 6 5 e of IEC 6oe94 is applicable.

••• Short-tim. withstand current and peall withstand current tests

Subclause 86 of IEC 60694 ia applicable, with the follOwing addition:

a) Test on main circuits

M.n circuits. of ins~ation-endOSed switchgear and controlgear shall be tested to verify
the., capability .to with•.tend the rated short-time and peak withstand current under the
lntan~d conditIons of. Installation and use, i.e . they shall be tested as installed in the
IMIIletion-enclosed .Wl~~arand controlgear with all ..sociated components influencing
the performance or modifyinG the ahort·circuit current.
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For . these tests, short connections to auxIliary devices (such as voltage transformers,
auxiliary transformers, surge arresters, surge capacitors, voltage detection devices, and
similar Items) are not considered as parts of the main crrcuit

The short-time withstand current and peak Withstand current tests shall be carried out
according to the rated number of phases Current transformers and tripping devices that
may be present shall be Installed as In normal service, but With the release made
inoperative

Equipment which does not include any current-limiting device may be tested at any
convenient voltage Equipment which Incorporates a current-limiting deVice shall be tested
at the rated voltage of the SWitchgear and controlgear Other test voltages can be used, If
it can be demonstrated that both the applied peak current and resultmg thermal effects are
equal or higher than those With rated voltage

For equipment including current-limiting devices the prospective current (peak, r m s
value and duration) shall not be less than the rated value

Self-tripping circuit-breakers, if any, shall be set on their maximum lopping values

Current-limiting fuses, if any, shall be provided with fuse-links haVing the maximum rated
current specified

After the test, no deformation or damage to components or conductors Within the
enclosure, which may impair good operation of the main CirCUits, shall have been
sustained. The insulating properties of the insulation enclosure shall In particular be
unimpaired It may be possible to detect the presence of cracks rn the tnsulatlon of
insulation-embedded components by performing a partial discharge lest (refer to 6 2 9)

b) Tests on earthing circuits

Earthing conductors, earthing connections and earthing deVices of insulation-enclosed
switchgear and controlgear shall be tested to venfy thelf capabtllty to WIthstand the rated
short-time and peak withstand current under the neutral earthing condition of the system
That is, they shall be tested as Installed In the Insulation-enclosed switchgear and
controlgear with all aesccrated components influencing the performance or modifymg the
short-circuit current.

The short-time withstand current and peak withstand current tests WIth earthing deVices
shall be carried out acco(ding to the rated number of phases Further SIngle-phase tests
may be necessary In order to verify the performance of all the Circuits that are Intended to
provide the connection between the earthing device and earthtng potnt prOVided

When there are removable earthing devices. the earthing cennecnon between the fixed
part and the removable part shall be tested under earth fault conditions . The earth fault
current shall flow between the earthing conductor of the fixed part and the earthtng potnt
of the removable part. Where the earthing deVice In the SWitChgear or controlgear can be
operated In alternative positions to the normal service posmen, for example, In double
busbar switchgear and controlgear, a test shall be made In alternative posItions

After the test some deformation and degradatIon of the earthing conductor, earthing
connections or earthing devices is permiSSible, but the continuity of the ctrcurt shall be
preserved.

Visual inspection should be sufficient to check that continUity of the eircui! hes been
preserved.

In case of doubt, if certain earth connections are (stili) adequate, the earthing shall be
verified testing with 30 A (d.c.) to the earthing point provided. The Voltage drop shall be
lower than 3 V.
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8.5 .1 Arrangement of the switchgear and controlgear and of the test circuit

Subclause 6 6 1 of lEG 60694 is applicable . with the following addition :

The equipment to be tested shall be arranged in such a way that the most onerous conditions
are obtamed concerning the maximum lengths of unsupported busbar(s) . configuration of the
conductors and connections withlO the equipment. In the case of switchgear and control gear
incorporating double busbar systems and/or multi-tier designs, the tests shall be made with
the most onerous position(s) of the switching device.

The test connections to the terminals of the switchgear and contrclgear shall be arranged in
such a way as to avoid unrealistic stressing of, or support to , the terminals . The distance
between the terminals and the nearest supports of the test conductors on both sides of the
sWItchgear and controlgear shall be in accordance with the instructions of the manufacturer
but taking IOtO account the requirement above.

The switching devices shall be in the closed position and fitted with clean contacts in a new
condition .

Each test shall be preceded by a no-load operation of the mechanical switching device and,
WIth the exception of earth ing switChes, by measurement of the resistance of the main circuit.

The test arrangement shall be noted in the test report.

l.e.2 Test current and duration

Subclause 662 of IEC 60694 is applicable,

1.1.3 Behaviour of switchgear and controlgear during test

Subclause 66 3 of IEC 60694 ia applicable.

e.I." Condition of switchgear and controlgear after test

Subclause 664 of IEC 60694 is applicable.

1.7 Verlflcatlon of the protecUon

1.7.1 Verification of thelP coding

Subclause 671 of IEC 60694 is applicable, with the following addition:

The rmnrmum degree of protection of the e~closure of the insulation-enclosed switchgear and
controlgear shall be IP2X '" accordance WIth IEC 60529. A higher degree of protection may
be specIfied In accordance with IEC 60529 .

1.7.2 MechanlcallmpKt test

Subclause 6.7.2 of IEC 60694 is applicable with the following addition:

Unless otherwise agreed between manufacturer and user, impacts of 1 J should be applied.

After the tnt the enclosure shall show no cracks. Superficial damage can be ignored.
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6.8 Tightness tests

Subclause 6.8 of IEC 60694 is applicable

6.9 Electromagnetic compatibility tests (EMC)

Subclause 6.9 of IEC 60694 is appl icable, with exception of the radio Interference voltage te.t

6.10 Additional tests on auxiliary and control circuits

IEC 60694 is applicable for 6.10 .1, 6.10 .2, 6.10.4 to 6.10 .7

6.10.3 Tests on metallic parts of enclosures and compartments

IEC 60694 is not appl icable

6.101 Verification of making and breaking capacities

Switching dev ices form ing part of the main circuit and earthing switch.. of Insulabon­
enclosed switchgear and controlgear shall be tested to ver ify their rated making and breaking
capacit ies according to the relevant standards and under the proper conditions of Installabon
and use . That is, they shall be tested as normally installed in the insulation·enclosed
switchgear and controlgear with all associated components, the arrangement of which may
influence the performance. such as connections, supports, provisions for venting, etc Th..e
tests are not necessary if mak ing and breaking tnts have been performed on the switching
devices installed in insulation-enclosed switchgear and controlgear with more onerous
conditions.

NOTE In determining which •••oci.t.d compon.nts .r. Iik.1y to Influ.nce the ~enc•. apecla' ntlOft
should be given to mech.nic.1 force. due to the sIIolt circuit , the wnting of en:~..... ,.. _, fII
disruptive disch.rg.s , etc. II is r.cognlz.d th.t. in .om. e••••.•uch influenc •• m.y be quite rtettliglbl.

Where multi-tier compartments of a multi-tier design are not identical but are designed to
accept the same switching device, the following t..tsll..t-duti.. shall be repeated in each
compartment as appropriate to the requirements of the relevant standard.

Where switching devices have previously been t..ted for short·circUlt performance to thetr
relevant standard with in the enclosure of the insulation-enclosed aWltchgear and controlgear
then no further tests may be required.

Switchgear and controlgear, incorporating single or multi-tier design and/or double blnMr
systems, requires special consideration for the test procedurn applicable for the verificetion
of their rated making and breaking capacities to cover comblnations likely to be encountered
In service.

As it is not possible to cover all possible configurations and designs of switching devices, the,
following procedures shall be followed. the precise combinallon of tests being determined by
the characteristics and location of the particular switching deVIce being conSidered

a) The complete appropriate making and breaking current test series shall be made with the
switching device in one of the compartments . If other compartments are Slm,tar In des ign ,
and also the switching device intended for use in the compartment,s Identical, then the
tests referred to above are also valid for these compartments .
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b ) Whe re the compartments are not similar but are designed to accept the same switching
device . the following testsltest duties are to be repeated in each of the other
compartments , as appropriate to the requirements of the relevant standard:

IEC 62271 -100 Test duty T100s , nOOa, and critical current tests (if any) also tak ing Into
account the requirements of 6 103.4 of the standard for the test connection arrangement,
where applicable .
IEC 62271-102 Short-circuit making operations according to class E1 or E2, as applicable.

IEC 60265- 1 Ten CO operations with rated mainly active load-breaking current (Test
duty 1) Test duty 5 according to class E1, E2 or E3, as applicable, unless the switch does
not have a rated short-circuit making capacity .

IEC 62271 -105 : Test dut ies TOlse' TOIWmax and TOltransfer '

IEC 60470 Verification of coordination with SCPDs to 6.106 of IEC 60470.

c) Where compartments are designed to accept more than one particular type or design of
SWltchmg device , each variant of switching device shall be fully tested in accordance with
the requ irements of a) and also, where appropriate b) above.

8.102 Mechanical operation tests

8.102.1 Switching devices and removable parts

SWItching devices and withdrawable parts shall be operated 50 times, and removable parts
Inserted 25 times and removed 25 times to verify satisfactory operation of the equipment.

If a Withdrawable or removable part is intended to be used as a disconnector, then testing
shall be In accordance WIth IEC 62271·102.

8.102.2 Interlocks

The Interlocks shall be set in the position intended to prevent the operation of the switching
deVices and the insertion or withdrawal of removable parts . Fifty attempts shall be made to
operate the switching devices and 25 attempts shall be made to insert and 25 attempts to
WIthdraw the removable parts. During these tests only normal operating forces shall be
employed and no adjustment shall be made to the switching devices, removable parts or
interlocks In cue of manually operated equipment, the normal manual operation handle shall
be used to perform the tests

The mterlocks are conSidered satisfactory, if

a) the SWItching devices cannot be operated;

b) the Insertion and withdrawal of the removable parts are prevented;

c) the SWItching devices , removable parts and the interlocks are in proper working order and
the effort to operate them ia practically the same before and after the tests.
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6.103 Pressure withstand test for gas-filled compartments

6.103.1 Pre~sure withstand test for gas-filled compartments with pressure relief
devices

Each design of gas filled compartment shall be subjected to a pressure test according to the
following procedure

- The relative pressure shall be Increased in order to reach a value of 1,3 times the deSign
pressure of the compartment for a period of 1 min The pressure rehef device shall not
operate.

- Then the pressure shall be Increased up to a maximum value of 3 tlmes the deSign
pressure. It IS acceptable that the pressure rehef device may operate. as deSigned by the
manufacturer, below this value. Thrs opening pressure shall be recorded rn the type test
report After the test, the compartment may be distorted, but the compartment shall not
rupture.

NOTE The relative withstand pressure of 3 times the deSIgn pressure may not be tested lor the compartment
because it is not always possible to test without the presence 01 the pressure re".f deVice 01 a deldlCated 'e"el
area of the compartment wall.

6.103.2 Pressure withstand test for gas-filled compartments without pressure reUer
devices

Each design of a gas-filled compartment shall be subjected to a pr.ssure test accordll1g to the
following procedure

- The relative pressure shall be Increased up to 3 times the des,gn pressure of the
compartment for 1 min. After the test, the compartment may be distorted. but the
compartment shall not rupture

6.104 Tests to prove the protection of persons against electric shock

This clause applies to the insulation enclosure and to partitions (and shutters) Intended fOI
protection from electnc shock. When these partitions contain bushIngs, tests shall be earned
out under the appropriate condmons, I e With the primary parts of the bushings disconnected
and earthed.

The insulation enclosure and non-metallic partitions and shutters, made or partly made of
insulating matenal shall be tested as follows

6.104.1 Dielectric tests

a)

b)

c)

The insulation between Itve parts of the main CIlCUlt and the acceSSible surface of the
Insulation enclosure and IOsulating partitions and shutters shall WIthstand the test
voltages specified In 4.2 of IEC 60694 fOI voltage tests to earth and between poles. for
the test set up, refer to Item a) of 62 5.

A representative sample of the insulatlOg matenaf shall WIthstand the power.frequency
test voltage specified in item a). The appropnate test methods glven In IEC 60243-1

should be applied.
NOTE In the case of moulded conductors, this test is alrNdy covered by lest a) abow

The insulation between live parts of the maIO cucurt aAd the Inner surface of insulating
partitions and shutters facing these shall be tested at 150 % of the rated voltage of the
equipment for 1 min For the test, the Inner surface of the partitIon 01 shutter shalt be
earthed by applying a conductive layer of at le.st 100 em', at the most onerous POint
The test setup shall be as specified in item c) of 6 2 5
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d) Complementary tests (for protection grade PB1 only) .

If the requirements of items e) or f) of 5.102.3 are applicable, evidence s~all be given of
the requir ed ability to withstand a power-frequency test-voltage of 150 ~ of the rated
voltage for 1 mm

In the case of a second insulation layer, t~s layer shall be subjected to a power-frequency
test voltage of 150 % of the rated voltage f9r 1 min.

In the case of fluid insulation. this fluid insulation shall be replaced by ambient ~ir. Then
test c) above shall be repeated with the . conductive layer of at least 100 em , at the
applicable POints.

6.104.2 Measurements of leakage currents

For insulation-enclosed switchgear and controlgear, containing insulating. partitio.ns or
shutters as applicable, the following tests shall be made in order to check comphance WIth the
requirements in item d) of 5.102.3

The main circuit shall, at the discretion of the manufacturer, be connected either to a three­
phase supply of power-frequency voltage equal to the rated voltage of the insulation-enclosed
switchgear and controlgear, with one phase connected to earth, or to a single-phase supply of
a voltage equal to the rated voltage, the live parts of the main circuit being connected
together . For three-phase tests , three measurements shall be made with the different phases
of the supply succeasively connected to earth . In the case of single-phase tests , only one
measurement is neceasary.

A metal foil shall be placed in the most unfavourable situation for the test on the accessible
surface of the insulation providing fhe protection against contact with live parts. In case of
doubt about the most unfavourable situation, the test shall be repeated with different
situations

The metal foil shall be approximately circular or square, having an area as large as possible
bYt not exceeding 100 cm2 and shall be connected to the earthing conductor. The leakage
current "owing through the metal foil to earth shall be measured with the insulation dry and
clean.

If the value of the leakage current measured is more than D,S mA, the insulation surface does
not prOVIde the protection required in this standard.

If , as indicated In item d) of 5.102 .3, the continuous path over insulating surfaces is broken by
sma" ga~ of gas or liqUid, such gaps shall be shorted out electrically. If these gaps are
incorporated to avoid the passage of the leakage current from live parts to accessible parts of
iM ulati ng partitions and Shutters, the gaps shall withstand the test voltages specified in 4.2 of
IEC e06;4 for voltage tests to earth and between poles.

NOTE This requlr~ can by its natu,.. onty apply to pInts olltle enclosure : it is essential that the r.meinder 01
the _tosure -a ltle "m requlr8lftent If the m._emene of ...lIege currents is to be di$penHd with.

The leakage current Ihan also be measured in conditions representing condensation and light
pollution on the accessible lurfaces of the insulation enclosure after the humidity test
according to e .107. if such a test was agreed.

'.105 Int...na. arcing t_t

This . tnt is applica~e to i~ulation-endoeed switchgear and controlgear. intended to be
qualified as lAC classified WIth respect to perwonnel protection in the event of an internal arc.
The test s"an be performed according to Annex A, in every compartment containing main
circuit parts of representative functional units (refer to Clause A.3) .
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Compartments which are protected by type-tested current-limiting fuses shall be tested wIth
the fuse type that causes the highest cut-off current (let-through current) The actual duration
of the current flow Will be controlled by the fuses The tested compartment Will be designated
as 'fuse-protected' The tests shall be performed at the rated maximum voltage of the
equipment

NOTE Application of suitable current limiting fuses In comblnetlon with switching de_e. cen k(n11 the ,ho,,-clfcu.1
current and minimize the fault duration. It is well documented Ihet the ere ene'gy t'lnsferred durong such lests .s
not predictable by 121. In the case of current limiting fuses, Ihe mlXlmum Ire ene'gy mlY occu' It current Ie"e's
below Ihe maximum inlerrupting raling. Further, lhe eflects of us,ng current-limitIng devIce, lhal employ
pyrotechnic means 10 commutale current to • currenl Iim.tlng fuse must be conSidered when eVlluellng deSigns
utilizing such devices.

Any device (for example protection relay) that may automatically tnp the cncurt before the end
of the prospective duration of the test shall be mad~ moper ative dUring the test
If compartments or functional Units are equipped WIth devices Intended to IIm,t the duration of
the arc itself by other means (for example, by transfernng the current to a metallIC short
circuit), they shall be made inoperative dunng the test, unless they are Intended to be tested
In that case the compartment of the switchgear and controlgear may be tested WIth the deVIce
operative; but this compartment shall be qualified according to the actual durancn of the arc
The test current shall be maintained for the rated short-circuit duratron of the main CirCUIt

This test covers the case of a fault resulting in an arc occurnng In au or In another InsulatJng
flUid (liquid or gas) within the enclosure or Within components haVing hOUSings which form
part of the enclosure when the doors and covers are In the POSition reqUired for normal
operating conditions (refer to Clause A 1)

The test procedure also covers the particular case of a fault occurnng In solid Insulation
where this insulation is applied dunng assembly on site of Insulation-enclosed sWltchgear and
controlgear and does not compnse prefabncated type-tested insulating parts (refer to A 5 2)

The validity of the results of a test carned out In a functional Unit of a particular InsulatIon·
enclosed design of switchgear and controlgear can be extended to another one (ref.r to (51).
provided that the anginal test was more onerous and the latter can be conSidered 1$ SImilar to
the tested one In the follOWIng aspects

- dimensions.

- structure and strength of the enclosure,

-- partition's architecture,

-- performance of the pressure relief cevrce, If any,

- insulation system

6.106 Thermal stability test

Where the major part of the insulation between conductive parts consists of solid Insulation ,
the manufacturer shall provide evidence that the stability of the insulating matenals used WIll
not be impaired by drelectnc stresses and thermal Influences

This evidence can be given on the basis of tests on comparable conflgurabons, on the taSls.
of the properties of the insulating matenals (dlelectnc losses as a function of temperature) or
by carrying out a thermal stability test on the whole eqUIpment or a representative part of It

This test IS not necessary if gas or liqUids form the major part of the tnsulatlon
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The therma l stabil ity test consists of a 100 h test with a powe r-freque ncy vo ltage of 180 % of
the rated voltage at the temperature reached during a temperature-rise test according to 6 .5
when the ambient an temperature IS 40 ·C

The main circuit shall be energized by an earthed supp ly, using a three-phase supply with an
earthed-neutral for three-phase switchqear . The earth ing conductor and any metal parts
Intended to be earthed shall be connected to earth .

NOTE The leSI may be carried out ~eparalely Irom the temperature-r ise test at the highest temperature rise
measured dunng the temperature-rise test , increased by 40 ·C.

If no disruptive discharge occurs , the insulation-enclosed switchgear and controlgear shall be
considered to have passed the test.

&.107 Humidity test

The humidity test shall be made if the enclosure is not completely covered by a conductive
cover/layer .

With conductive coverllayer it is meant that the resistance, measured from any point on the
enclosure to the earthing point provided, is less than 96 k11 to keep the maximum touch
voltage below 48 V.

The test shall be performed according to Annex C.

7 Routine tests

The routine test shall be carried out on each transport unit and , whenever practicable, at the
manufacturer's works to ensure that the product is in accordance with the equipment on which
the type test has been earned out.

Refer to Clause 7 of IEC 60694 with the addition of the following rout ine tests :

- partial discharge measurement:. , 7 .101

mechanical operation tests 7 .102

- pressure tests of gas·filled compartments (if applicable) : 7 .103

- tests of aUXiliary electrical, pneumatic and hydraulic devices (if applicable) : 7104

- tests aner erection on site : 7 .105

- me..urement of fluid conditions after filii ng on site: 7 .106

NOTE It may be nec....ry to verify the inte rchangeability of components 01 the same rating and construction
(,., to CleUN 5) .

7.1 Oletec:trlc tests on the main circuit

Subclause 7.1 of IEC 60694 is applicable, with the following addition and exception:

There .re two elternative procedures:

a) If the insulation·enclosed SWItchgear and controlgear is an assembly of components which
have not been tested IndiVidually, all the tests according to 625 h II b . d t
except for lightning impulse voltage tests. . . s a e carne ou
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b) If the insulatIOn-enclosed sWitchgear and controlgear IS an assembly of componentl whiC"
Individuall y have been subjected to appropriate routine tests , the tests according to th is
subclause serve In principle to prove the inte rconnections and the Insulabon enclosure

The power-frequency voltage test shall be performed according to the requlfementl In 6 2 6 1
The test voltage specified in Tables 1a and tb. column 2. of lEe 60694 shall be applied
connecting each phase conductor of the main Circuit In turn to the high-voltage terminal of the
test supply, with the other phase conductors connected to earth . and the continuity of the
main circuit assured (for example, by closing the SWItching deVices or otherwtse)

In order to check compliance with the requirement of item a) of 5 103 3 the Insulabon
enclosure shall be covered, on the accessible Side in the most unfavourable I,tuation for the
test, with a metal foil not exceeding 100 cm2 connected to earth

For gas-filled compartments the tests shall be performed at the rated filling pressure (or
density) of the insulating gas (refer to 4.10 1)

7.2 Tests on auxiliary and control circuits

Subclause 7 .2 of IEC 60694 is applicable

7.3 Measurement of the resistance of the main circuit

IEC 60694 is not applicable . This lest is subject to agreement between manUfacturer and user

The d.c. voltage drop or resistance of each phase of the main CirCUli ahall be meaaured under
conditions as close as possible to those under which the correapondtng type test was cemed
out. The measured value of the type test can be uaed to determine the limit of r_atance value 'Of
the routine test

7." Tightness test

iEC 60694 is applicable.

7.5 Design and visual checks

IEC 60694 is applicable .

7.101 Partial discharge measurement

The measurement of partial discharges shall be performed to detect posSIble mate"a' and
manufactunng defects

Partial discharge measurements shall be in accordance with 629

7.102 Mechanical operation t.sts

Operation tests are made to ensure that the switching dev ices and removable parts comply
with the prescnbed operating eondltions and that the mechaOlcal ,"terlocks work properly

During these tests, which arl!' perfocmed without. voltage on or current in the main Clrcurts. It
shall be verified, in particular, that the switching deVICes open and close correctly WIthin the
specified limits of the supply voltage and presaure of then operating deVIC..
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Each sWItching device, and each removable part shall be tested as specified i.n 6.102, but
substituting the 50 operations or attempts with 5 operations or attempts In each direction .

7.103 Pressure tests of gas-filled compartments

Pressure tests shall be made on all gas-filled compartments after manufacture . Each
compartment shall be subjected to a test at 1,3 times the design pressure for 1 min .

Trus does not apply for sealed compartments with a rated filling pressure of 50 kPa (relative
pressure) and below.

After th is test the compartments shall show no signs of distress or any distortion likely to
affect the operation of the switchgear and controlgear .

7.1«U Tests of auxiliary electrical, pneumatic and hydraUlic devices

The electr ical , pneumatic and other interlocks together with control devices hav ing a
predetermined sequence of operation shall be tested five times in succession in the intended
conditions of use and operation and with the most unfavourable limit values of aux iliary supply.
During the test no adjustment shall be made .

The tests are considered to be satisfactory if the auxiliary devices have operated properly, If
they are in good operating condition after the tests and if the effort to operate them is
practIcally the same before and after the tests .

7.105 Tests atter erection on site

After erection, Insulation-enclosed sWItchgear and controlgear shall be tested to check correct
operanon .

For parts which are assembled on site and for gas-filled compartments which are filled on site
It IS recommended to carry out the follOWing tests .

a) Voltage test of the main CirCUlI.

When agreed between manufacturer. and user, power-frequency voltage tests in dry
conditions may be carr ied out on the main circuits of insulation-enclosed switchgear and
controlgear after the erection on site in exactly the same manner as specified in 7.1 for the
routine test at the manufacturer's premises

The power-frequency test voltage shall be 80 0" of the values indicated in 7.1 and shall be
applied to each phase conductor of the main circuit in succession with the other phase
conductors earthed For the tests, one terminal of the test transformer shall be connected
to the earthing system of the insulation-enclosed switchgear and controlgear.

If the voltage test afte r er~ction on site replaces the routine test at the manufacturer's
premises, the full power-frequency test voltage shall be appl ied.

NOTE Overvolt.~ prol-.:live devices should be disconnected dur ing dieleclric site tests . This also applies
for voltao- lransformers. un"ss the I.st freqwncy used for s,I. lest is high enough to prevenl core saluration .

b) Tightness tests subclause 7.4 is applicable.

c) Measurement of fluid condition after filling on site : subclause 7.106 is applicable

7.106 Measurement of fluid condition atter ftlllng on site

The condition of the nuid in flu id-fi lled compartments shall be determined and shall meet the
manufacturer's specificatIon .
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8 Guid.e to the selection of insulation-enclosed switchgear and controlgear for
service

This standard provides for insulation-enclosed sWItchgear and controlgear which has either

- protection grade PB throughout for generally access,ble installations (operating ar.as), or

- partly protection grade PA and partly protection grade PB for installations accessible to
skilled operators only (closed electrical operatlng areas)

NOTE For the definitions of "opereting eree' end "closed electncal operettng er..• refer to lEe 8012'.'

Insulation-enclosed switchgear and controlgear may be constructed In vanous forms that have
evolved with changing technologies and functional requirements The selection of ,"sulatlon­
enclosed switchgear and controlgear essentially involves an IdentIfication of the functlona'
requirements for the service installation and the form of Internal partlbonlng that best meets
these requirements.

Such requirements should take account of applicable leglliation and user safety rules

Table 8.2 provides a summary of the considerabons for speCifYing SWItchgear and contralgear

8.1 Selection of ,ated values

For a given duty in service, insulation-enclosed SWItchgear and controlgear IS selected by
considering the individual rated values of their components required by normal load and fault
conditions. The rated values of an assembly of switchge.r and controlgear m.y dtffer from
those of its component parts.

The rated values should be chosen in accord.nce with this st.ndard h.vlng reg.rd for the
characteristics of the system as well as its .nticipated future development A "st of rat,ngs ,s
given in Clause 4.

Other parameters such as local atmospheric and climatic conditions and the use at .ltItudes
exceeding 1 000 m should also be considered

The dUty imposed by fault conditions should be determined by c.lcul.ting the f.ult currents at
the place where the insulation-enclosed switchge.r .nd controlge.r is to be loc.ted In the
system. Reference is made to IEC 60909 in this reg.rd

8.2 Selection of design and construction

8.2.1 Gene,al

Insulation-enclosed switchgear and controlgear is norm.lly identified by insulating technology
(for example, solid material, air- or g.a-insulated) .nd by fixed or Wlthdr.wable design The
extent to which individual components .hould be Wlthdr.w.ble, or remov.ble, I. prlm.rlly
dependent upon the requirement (if .ny) for mainten.nce .nd/or the provI.ions for t..bng

Development of switching devices with low maintenance requirement has reduced the need
for frequent attention to some item. subject to arc erosion However, there remaIn. a need for
accessibility to expendable item., for eumple, fu....nd for occaslona' InspectU:m .nd
testing of cables. lubrication and adjustment of mech.nlc.1 p.rts m.y .Iso be requtred, for
which reason some designs may make mech.mcal parts accessible outside the HV

compartments.
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The extent to which access may be required for maintenance, and/or whether complete
sWItchgear and controlgear shutdowns can be tolerated, may determine a user preference for
solid matenal air or flUid Insulation and fixed or withdrawable pattern If maintenance
demands are infrequent, as IS often preferred practice nowadays, then assemblies equipped
WIth low maintenance components, may provide a practical solution Fixed pattern assemblies,
partIcularly those employing low maintenance components may provide a cost-effective
through-life arrangement.

In the case that a main circuit compartment is opened, safe operation of SWitchgear and
controlgear requires (irrespective of whether of fixed or withdrawable pattern) that the parts
on which work is to be carried out should be isolated from all sources of supply and earthed
Furthermore, the disconnecting devices used to isolate should be secured against re­
connection

8.2.2 Architecture and accessibility to compartments

The forms of internal partitioning defined in this standard attempt to balance such
requirements as service continuity and maintainability. In this subclause, some guidance is
given regarding the extent to which the different forms can provide maintainability.

NOTE 1 Temporarily Inserted partitions, if required to prevent incidental contact with live parts, while performing
certain melntenance procedure., are addre$$ed in 10.4.

NOTE 2 If the user employs alternative maintenance procedures, for example, the establishment of safety
distances and/or ..tt'"iI-UP and use of temporary barriers, these are outside the scope of this standard

Complete deSCription of switchgear or controlgear shall include the list and type of compart­
ments, for example, busbar compartment, circuit-breaker compartment, etc., the type of
accesSibility provided to each, and the pattern (withdrawable/non-withdrawable).

There are four types of compartment; three are accessible to the user and one non-accessible

AccesSIble compartments Three methods of controtlinq the opening of an accesstble
compartment are defined

e the first IS by use of Interlocks to ensure that all live parts inside are dead and earthed
before opening, designated an "Interlock-controlled accessible compartment";

• the second relies on user procedure and locking to ensure safety, the compartment being
supplied with facIlities for padlocking or equivatent, this is designated a "procedure-based
accessible compartment",

• the third does not provide burtt-in feature to ensure electrical safety before opening They
need tools to be opened, thiS is deSignated a "tool-based accessible compartment"

The first two types of accessible compartment mentioned above are available to the user
and are prOVIded for normal operation and maintenance. Corresponding covers and/or
doors of these two types of acceSSible compartments do not require tools for opening.

If. compartment requires tools for opening, then this is normally a clear indication that the
user should take other measures to ensure safety, and possibly to ensure performance
integrity, for example. insulating conditions, etc.
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Non-accessible compartment No user access IS provl·ded and th d. . . e opening may estroy the
Integrity of the compartment A clear Indication not to open III provided on or by a f.ature of
the compartment, for example, a complete mould of 1I0hd insulation

8.2.3 Service continuity of the sWitchgear and controlgear

The insulation-enclosure is intended to provide a level of protection of persons aglllnllt accells
to. hazardous. parts and protection of the equipment against Ingress of scud foreign objects
With appropnate sensing and auxiliary control devices, It IS also possible to provide a level 01
protection against failure of Insulation to earth (ground)

For switchgear and controlgear the loss of lIervice connnurty category (LSC) descnbe the
extend to which other compartmentll andlor functional UnitII may remain energIzed when a
main circuit compartment is opened.

Category LSC1: This form is not intended to prOVIde service continUity dunng maIntenance (If
needed) and may require complete disconnection 01 the IIWltchgear and control gear from the
system and making dead before accessing the mtenor of the enclosure

Category LSC2: This form is intended to allow maxImum continUity of service of the network
during access to the compartmentll inside the sWitchgear and controlgear

LSC2 has two recognized levels

LSC2A: When accessing compartments of one functional unit, the other functtonal unl~ of
the switchgear and controlgear may be kept in service

Example LSC2A for withdrawable designs In practical terms, thIS means that the
incoming HV cables of that functional unit shall be made dead and earthed and the CIrCUit
shall be disconnected and separated (physically and electncally) from the busbars
Busbars may be kept live. The term separation is used here rather than segregatton to
avoid making a distinction at this stage between insulation and metaii..:; p!!rttttons and
shutters.

LSC2B: In addition to the above level of service continuity LSC2A, In thIS category LSC2B the
incoming HV cables to the functional unit being accessed may be kept energIzed ThIS means
that there is another point of disconnection and separation, I.e between SWItching deVIce and
cables.

Example LSC2B for wlthdrewable designs If the main SWItching devIce of each
functional unit of a LSC2B switchgear and controlgear is fitted in Its own acceSSible
compartment, maintenance may be performed on this main SWItching device without de­
energizing the corresponding cable connection As a consequence. a mInimum of three
compartments for each functional unit is necessary in this example of LSC2B switchgear
and controlgear.

a) For each main switching device.

b) For components connected to one .ide of a main switching deVIce, for example feeder
circuit.

c) For components connected to the other side of the main .witching device, 10r example
busbars, where more than one .et of busbars ie provided, each .et being in a separate
compartment.
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8.3 Internal arc classification

When selecting an Insulation-enclosed switchgear and controlgear, the possibility .of the
occurrence of Internal faults should be properly addressed, with the aim to provide an
acceptable protection level for operators and, where applicable, for the general public.

This protection IS achieved by reducing the risk to a tolerable level. According to ISOIIEe
GUide 51. nsk IS the combination of the probability of occurrence of a harm and the seventy of
the harm. (Refer to Clause 5 of ISO/IEC Guide 51 on the concept of safety.)

Therefore. the selection of adequate equipment, in relation to internal arcing, should be
governed by a procedure to achieve a level of tolerable risk. Such a procedure is described in
Clause 6 of ISOIIEC GUide 51. This procedure is based on the assumption that the user has a
role to play In the fisk reduction

For gUidance. Table 8.1 gives a list of locations where experience shows that faults are most
likely to occur It also gives causes of failure and possible measures to decrease the
probability of Internal faults If necessary, the user should implement those applicable to the
mstauanon cornrmssromnq, operation and maintenance.

Other measures may be adopted to prOVide the highest possible level of protection to persons
In case of an Internal arc These measures are aimed to limit the external consequences of
such an event

The follOWing are some examples of these measures

Rapid fault clearance times initiated by detectors sensitive to light, pressure or heat or by a
differential busbar protection

Application of SUitable fuses 10 combinanon WIth switching devices to limit the let-through
current and fault duration

Fast eurmnanen 0' arc by diverting It to metallic short Circuit by means of fast sensing and
last clOSing nevices (arc eliminator)

Remote control

Pressure·rellef device

Transfer of a WIthdrawable part to or from the service position only when the front door is
closed

Subclause 5 102 5 consrders the practicality of the shutters becoming part of the enclosure
when they are closed In POSitions defined In 3128 to 3131 The change of state when moving
from the position defined In 3 127 to 3129 (and vice versa) is not tested.

Failures can occur dUring the racking-In or raCking-out of withdrawable parts. Such failures
are not necessarrly due to change of electrical field by the closing of the shutters, although
thiS IS one POSSibility A more frequent failure is due to damage to, or distortion of, the
plugging contacts and/or the shutters such that a flashover to earth is initiated during the
racking process

In defining claSSification lAC, the follOWIng POlOtS have to be considered:

not all SWitchgear and controlgear 'Nill be lAC classified,

not all SWitchgear and controlgear IS of withdrawable deSign;

not all SWItchgear and controlgear IS fitted WIth a door which can be closed in the positions
defined In 3 127 to 3 129
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Table 8.1 - Locations, causea and examples 0' menur..
to decrease the probability 0' Internal 'aults

Location. where internal faults PO••iblec..... (..-pIes of po.....are mo.t likely to occur of in"m~ r.ult. p,.."....tlve ....ur••
11 ) (2) (SI

Cable compartments In.daqu.ta dasign SelectIOn of adequ.ta dlmaMlOn,

Use 01 appropnata m.ta"als

F.ulty insta llation AltOic1anca 01 croased-ubla connectIOns
Checking of _rkmanshop on aile Correct
torque

F.ilure of solid or liquid insulation Check ing of _rkm.nshop .~or dtalactrlC
(dalecti... or missing) taat on sita Regular dlecillng of "quid

Ie..ats . wllera .ppllcable

Disconnectors Mis·oper.tion
._ .,.,

Irllarlocka (refar to 5 , 1) De"~

Switches reopenIng . Independent "'.nual oper.'lon
Making cap.clty for swkhes .nd ..rlIwng

Earthing switches sWltchas InatructioM to peBOnnel

Bolted connections and contacts Corrosion Use of corroSIOn 1nh1bll.ng co.tlng .~or
grease, Un of plating Encap.uIatlOn .
whera possible

Faulty assembly CheckIng of WOttl_nahlp by ,ullable
me.n. CoITKI torque A~uate Iocillng
means

Instrument tr.nsformers Ferro·resonance AVOIdance of theM electrICal """'-nce, by
.ullable cte.ign of the ClFCUlt

Short circuit on LV .ide for vr. A'toid shOff Circuit by proper me_ • g
protection co...r. LV '-

Circuit bre.k.rs InsuffiCIent m.int.nance Regula r progr.mm" "'.lntenance

Instructions to personnel

All loc.tions Error by parsonnel limitatIOn of .cce.. by compertmentetlOn
In.uIatlOn .mbadctect k..e parts

InstructIOns to personnel
--

Ageing uncler .lectric stresMs P.rt.., drscharge routine testa _._--_•..-
Pollution. moistura ingress of dust. ....sur•• 10 .nsur. tllat the spec"""
..e\Tnin••te . Mrvice condition••r••cIIleved (ret.r to

Cl.use 2) Use of ga• .fllled compartments

Ovef'toltages Surge protKtlOn . Adequate insulatIOn ee-
ordInation . DtelactrIC tests on ....

As a guide for the selection of the adequate SWItchgear and controlgear WIth respect to
internal arcs, the following criteria may be used

Where the risk is considered negligible: Insulation-enclosed SWItchgear and controtge.r
which is lAC classified is not necessary,

Where the risk is considered to be relevant Only Insulation-encl05ed SWItchgear and
controlgear which are lAC class ifIed should be used
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For the second case, the selection should be made by taking into account the foreseea ble
maximum level of current and duration of the fault . In comparison with the rated va lues of the
tested equipment In addition, the mstauanon instructions of the manufacturer should be
followed (refer to Clause 10) In particular the locatron of personnel dUring an internal arc
event IS Important The manufacturer should Indicate which sides of the switchgear and
controlgear are accessible. according to the testing arrangement and the user should follow
the Instruction carefully AllOWing personnel to enter an area not designated as accessible
may lead to personnel inJury

Classification lAC gives a tested level of protection of persons under normal operating
conditions as defined in Clause A 1 It IS concerned with personnel protectron under these
conditions. It IS not concerned wIth personnel protection under maintenance conditions nor
WIth service contmurty

Table 8.2 - Summary of technical requirements, ratings and optional tests
for insulation-enclosed switchgear

Information Subclause 01 User to indicate requirement
th is standard as appropriate

PartICulars 01 system (not equIpment rating)

VolUlge kV

Frequency Hz

Number of phases

Type of neutral earth,ng

5Wl1chgear charactellshcs

Number of poles

Class - Ind oo r (or specla' servIce 2
conditions)

Name of compartment - 3 107 (refer 10 Busbar ccmp . =

Bustlar 51031 ) Maon device comp =

Maon devICe Cable comp=

Cable CT comp=

CT VT comp.=

VT Cabie lCT comp =

(etc) Main devocelCT =

Type or companment (SpeCIfy Iype lor each Olher comp (slale)=
HV compartmenl) .1 applICable -

,nterlock controlled access comparlment 3107 1
procedure -baud access compenmenl 3 107 .2
lool-based access compartmenl

31073
non -accessible compartment

31074

Wothdr_ablelnon-withdrawable (maIn 3125 (wilhdrawable/non-wilhdrawilble) =
device type)
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Information Subclause 01 User 10 ,ndlcate requ"emenl i
this standard a. appr op".te

loss of service continuity category (lSC)
ilSC2B 3131 1 I

lSC2A 31311
lSC1 31312

Rated voltage L', 4.1

3,6 kV; 7,2 kV; 12 kV; 17,5 kV; 24 kV; 36
kV; etc

and number of phases 1 2 or 3

Rated insulation level:- 42 (Common value/Acron the 'solat'f'g d,slance!
short-duration power-frequency withstand a) I

voltage Ud
b) I

lightning impulse withstand voltage L'p
Rated frequency f, 43

Rated normal current I, 44

Incomer· a)

Busbar b)

Feede. c)

Rated short-time withstand current Ik 45

Main circuit (incomerlbusbarlfeeder) a)

Earth circuit b)

Rated peak withstand current Ip 46

Main circuit (incomer/busbarlfeeder) a)

Earth circuit b)

Rated duration of short circuit 'k 4.7

Main circuit (incomer/busbarlfeeder) a)

Earth circuit b)

Rated supply voltage of closing and 4.6
opening devices and auxiliary and control

circuits UI

a) Closing and tripping a)
b) Indication b)
c) Control c)

Rated supply frequency of closing and 49
opening and of auxiliary circuits

Low- and high-pressure interlocking and 59
monitoring devices (state requirements. for
example, lockout on low-pressure indication,
etc.)

InterJocking devices 5.11
(slate any additional requirements to 5.11)
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In'ormallon Subclause 0' User 10 indicate requiremenl
this s landard as appropriale

Oegr_s of prolecllon by enclosures S 13 (see 51021
(if nol IP2X) - and 5 1023)

With doors closed a)
With doors open bl

Artifictal pollution leslS 628 Additional condensalion and poltutron
requ iremenls :-

DielectrIC teSls on ceble lesllng eucuns 6 .2101 Agree with manufacturer Ihe test values

Perttal discharge measurement 7.101

Intemel feun lAC 6106 YIN

Types 0' eccessibility 10 Annex A. A .2
sWltchgeer/controlgeer ('or A and 8. specify
for lhe side(S) Ihellhey are required)

A: restricted 10 authorIZed personnel only F for front side =
8 unrestricted accessibility (includes L for laleral side =

public) See also R for rear side =
C: accessIbIlity restricted by InstallatIon examples in A.8

out of reech

CIa.siflcellon lest velue In kA end Annex A . A3
duration,ns

AddltlOttal InformallOn
lor example. specta' requirements for cable tesllng

9 Information to be given with enquiries, tenders and orders

9.101 Information to be given with enquiries and orders

When enquiring about or ordering an installatron of insulation-enclosed switchgear and
controlgear the follOWing information should be supplied by the enquirer.

PartIculars 0' the system

Nominal and highest voltage. frequencv, type of system neutral earthing.

2. Service condrtrcns If different 'rom standard (refer to Clause 2) '

MinImum and maximum ambient air temperature ; any condit ion deviating from the normal
service conditions or affecting the satisfactory operation of the equipment, such as, for
example. unusual exposure to vapour. moisture. fumes, explosive gases, excessive dust
or salt . thermal radiation , 'or example. solar . the nsk of earth tremors or other Vibrations
due to causes external to the equipment to be delivered

3 Parncutars of the Installabon and Its components .

a) protection grade PA 01 PB to be prcvided by the insulation enclosure;

b) number of phases;

c) number of busbars . as shown in the single-line diagram,

d) rated voltage.

e) rated frequency;
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f) rated insulation level;

g) rated normal currents of busbars and feeder circuits :

h) rated short-time withstand current (lk) ;

i) rated duration of short circu it (if different from 1 s);

j) rated peak withstand current (if different from 2,5 Ik),

k) rated values of components ;

I) degree of protection for the insulation enclosure and partitions.

m) circuit diagrams,

n) type of insulation-enclosed switchgear and controlgear (LSC1 or LSC2);

0) description by name and category of the various compartments, if required .

p) classification lAC , if required, with corresponding Ik, IP. I and FLR, ABC, IS Ippllcable

4. Particulars of the operating devices:

a) type of operating devices;

b) rated supply voltage (if any) :

c) rated supply frequency (if any) '

d) rated supply pressure (if any);

e) liiPecial interlocking requirements .

Beyond these items the enquirer should indicate every condition which might Influence the
tender or the order, such as, for example, special mounting or erection conditions. the
location of the external high-voltage connections , the rules for pressure yellels, reqUIrements
for cable testing .

Information should be supplied if special type tests are required

9.102 Information to be given with tenders

The following information, if applicable, should be gIven by the manufacturer with deSCriptive
material and drawings.

1. Rated values and characteristics as enumerated in item 3 of 9.101

2. Type test certificates or reports on request.

3. Constructional features, for example:

a) mass of the heaviest transport unit;

b) overall dimensions of the installation;

c) arrangement of the external connections;

d) facilities for transport and mounting ;

e) mounting provisions;

f) description by name and category of the various compartments;

g) accessible sides;

h) instructions for operation and maintenance;

i) type of gas-pressure or liquid-pressure system;

j) rated filling level and minimum functional level ;

k) volume of liquid or mass of gas or liquid for the different compartments;

I) specification of gas or liquid condition .
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4 Particulars of the operating devices

a; types and rated values as enumerated in item 4 of 9.101 ;

b) current or power for operation ,

c) operating times,

d) quantity of free gas for operation

5 Lis t of recommended spare parts which should be procured by the user.

10 Rules for transport, storage, erection and maintenance

Refer to Clause 10 of IEC 60694 .

10.1 Conditions during transport, storage and erection

Refer to 10 1 of IEC 60694

10.2 Installation

Refer to 102 of IEC 60694 with the addition of a new paragraph after the first paragraph of
1023

In case of classif ication lAC switchqear and control gea r, guidance on safe installation
conditi ons for the case of an mternal arc shall be provided as well . The hazards of the actual
Installation condition shall be assessed WIth respect to installati on conditions of the test
specimen dUring the Internal arcing test (refer to Clause A 3). These conditions are
consicerec as minimum permissible conditions . Any installation condition less stringent and/or
prOViding more room IS consrdered to be covered by the test

However, If the purchase r (user) consrders that the risk IS not re levant, the switchgear and
contr olgear can be Installed without the restrict ions Ind icated by the manufacturer .

10.3 Operation

Refer to 10 3 of IEC 60694

10.4 Maintenance

Refer to 104 of IEC 60694 WIth the folloWIng addition :

If temporarily Inserted partitions are requueo, wh ile performing certain maintenance procedures,
to prevent accrdentat contact With hve parts, then

the manufacturer sha ll offer to supply the requ ired partitions or the ir design;

the manufacturer shall gIve advice direction as to the ma intenance procedure and the
partit ions use ,

when Inst all ed accordmg to the manufacturer's instructions, the requirements IP-2X
(according to IEC 60529) shall be met,

• such partit ions shall meet the requirernent of 5103.3;

• the part it ions and the ir supports sha ll have sufficient mechanical strength to avoid
mcidentat contact of hve parts

NOTE Partollons and supports prOVided for mechanical protection only are not subject to this Itllndllrd.

After a short-circuit event in service, the earthing circuit should be examined for potential
damage and replaced in whole or In part If needed
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11 Safety

Refer to Clause 11 of IEC 60694 with the following addinon

11.101 Procedures

Suitable procedures should be put in place by the user to ensure tha t a ptoced ure-based
access compartment may be opened only when the part of the main Circu it conta ined ,n the
compartment being made access ible is dead and earthed , or In the WIthdrawn ·pos,t,on WIth
corresponding shutters closed. Procedures may be dictated by legislation of the count ry o!
install ation or by user safety documentation .

11.102 Internal arc aspects

As far as the protection of persons IS concerned, the correct performance of the Insulat ion
enclosed switchgear and control gear in case of an Internal arc IS not only a matter of deSIgn
of the equ ipment itself, but also of the Installation conditions and operating procedure for
Instance, see 8.3 .

Arc ing due to an internal fault In the metal -enc losed SWItchgear and controlgea r may cause
overpressure within the switchgear room Trus effect IS not Within the scope of trus standard
but it should be taken into cons ideration when deSigning the mstauat ron

12 Influence of the product on the environment

The manufacturer shall be prepared to provide the follOWing relevant Informal lon about the
environmental impact of the switchgear.

When flu ids are used in switchgear and controlgear, instructions shall be prOVided In order to

min imize the leakage rate;

- control the handling of the new and used fluids;

- indicate the possibility to recycle .

The manufacturer shall give guidance, concerning disassembly and end -of -life procedu," for
the different materials of the equipment and disposal.
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Annex A
(normative)

Internal fault - Method for testing the insulation-enclosed switchgear
and controlgear under conditions of arcing due to an internal fault

A.1 Introduction

ThiS annex applies to Insulation-enclosed switchgear and controlgear of lAC classification.
This classification is intended to offer a tested level of protection to persons in the vicinity of
the equipment rn normal operating conditions and with the switchgear and controlgear in
normal serv ice pos ition, in the event of internal arc .

For the purpose of this annex , normal operating conditions means the conditions of insulation ­
enclosed 'swltchgear and controlgear required to carry out operations such as opening or
closing HV sWItching dev ices , connecting and disconnecting withdrawable parts , read ing of
measunng tnstruments and monitoring equipment, etc . Therefore, if, to perform any of such
operations, any cover has to be removed and/or any door has to be opened, the test
descnbed below shall be carried out with the cover andlor door removed.

RemOVing or replacing active components (for example, HV fuses or any other removable
component) are not cons idered to be normal operations, neither those required to carry out
matntenance work .

Internal faults tnslde insulation-enclosed switchgear and controlgear can occur in a number of
locations and can cause vanous phys ical phenomena. For example, the arc energy resulting
from an arc developed tn any insulating fluid Within the enclosure will cause an internal
overpressure and local overheating which will result in mechanical and thermal stressing of
the equrpment Moreover, the mater ials involved may produce hot decomposition products,
either gaseous or vaporous, which may be discharged to the outside of the enclosure.

The Internal arc lAC classification makes allowance for internal overpressure acting on covers ,
doors, mspecnon windows, ventilation openings, etc It also takes into consideration the
thermal eNects of arc or its roots on the enclosure and of ejected hot gases and glowing
part icles, but not damage to internal partition and shutters not being accessible in normal
operating condItions

NOTE Influences or intemel ere between compertmenls ere not yel covered by this slandard .

The ,nternal arc test descnbed below is tntended to verify the effectiveness of the design in
the proteetton at persons in case of an internal arc It does not cover all effects which may
constitute a hazard, such as the presence of gases with potential toxic characteristics that
may be present atter the fault. From this point of view, immediate evacuation and further
ventilation of the switchgear room , before re-entering the site , is required.

Hazard .at propagation at fire . atter an internal arc to combustible materials or equipment
placed In the prOXimity of the insulation-enclosed switchgear and controlgear is not covered
by this test.
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A.2 Types of accessibility

A distinction is made between two types of 'bi l" '
and controlgear which are possible in the Sjt:c~~~n~tall,Zti~nthe Insulation-enclosed sWItchgear

Accessibility Type A: restr icted to authorised personnel only

Accessibility Type B: unrestricted accessibility, including that of the genera' publiC

~ocrresponding to these two types of accessibility, two different teat conditions are descnbed
In lause A.3 .

The insul~tion-enclosed switchgear and controlgear may have different types of accesslblllty
on the vanous Sides of ItS enclosure.

For identificati.on purposes of the different sides of the enclosure (refer to Clauses A 7 and
A.S) the follOWing code shall be used:

F for front side;

L for lateral side;

R for rear side.

The front side shall be clearly stated by the manufacturer

A.3 Test arrangements

A.3.1 General

The following points shall be observed:

• The test specimen shall be fully equipped . Mock-ups of mternal components are permItted
provided they have the same volume and external matenal as the orlglna' Items , and they
do not affect the main and earthing circu its ,

• Each compartment of a functional unit , contain ing a main crrcurt component, shall be
tested. This does not apply to compartments where the main component IS Individually
embedded in solid insulating material (refer to 5 1031) In the case of SWItchgear and
controlgear consisting of extensible (modular) stand-alone units , the test speCImen shall
consist of two units connected together as in service Testing shall be made at least In all
compartments of the end of the SWitchgear and controlgear adjacent to the Indicators
However, if there is a substantial difference (to be declared by the manufacturer) In
strength between the jo ining sides of adjacent unrts and the Side forming the end of a
switchgear and controlgear, three units shall be used and the test of the dIfferent
compartments repeated in the central unrt.
NOTE 1 A stand-lIlone unit is an assembly tMt may contain within a single common enclosu,. one or more
functional units in horizonta' or vertical arrangement (tier) ,

• When the test specimen is earthed, it shall be at the pomt prOVided

• Tests shall be carried out on compartments not preViously subjected to arCIng. or. If
subjected, being in a condition which does not affect the result of the test

• In the case of flu id-filled compartments (other than SF6) , the test shall be made WIth the
or iginal fluid at its rated filling conditions (:t10 %) It is permitted to replace SF6 WIth alf at
the rated filling conditions (%10 %) ,

NOTE 2 If the test is carried out with air instead 01SF6 . the prassure rise wul ~ d"'e'ent an4 cara I hould be
exercised in the interpretation of the test results

53

I'

 



I5nEC 62271-201 : 2006

A.3.2 Room simulation

The room shall be represented by a floor, ceiling and two walls perpendicular to eac~ other .
Where appropnate simulated cable access ways and/or exhaust ducts shall also be built,

Ceiling:

Unless the manufacturer states a larger minimum clearance, the ceiling shall be located at a
dIstance of 600 mm :t 100 mm from the upper part of the test specimen. However, the ceiling
shall be located at a distance of 2 m, from the floor as a minimum. This prov ision is applicable
when testing specimens of less than 1,5 m high .

The manufacturer may carry out an additional test WIth lower clearances tc (he ceiling in order
to assess criteria for installation conditions .

Lateral wall :

The lateral wall shall be placed at 100 mm ± 30 mm from the lateral side of the test specimen.
A lower clearance can be chosen provided that it can be demonstrated that any permanent
deformallon of the lateral side of the test specimen is not interfered with or limited by the wall.

The manufacturer may carry out an additional test with higher clearances to the lateral wall. in
order to assess cntena for installation conditions .

The rear wall sh.II be placed as follows depending on the type of accessibility:

• Non-accessIble re.r side:

Unless the manufacturer states a larger minimum clearance. the wall shall allow a
clearance to the rear of the test specimen of 100 mm ± 30 mm . A lower clearance can be
chosen prOVided that it can be demonstrated that any permanent deformation of the rear
Side of the test specImen is not interfered with or limited by the wall.

ThIS test arrangement IS deemed valid for an installation mounted closer to the wall than
the test arrangement, prOVIded that two additional conditions are met (refer to Clause A.6.
Cntenon no 1)

If these condltlons cannot be demonstrated. or the manufacturer requires direct
qualification of a wall -mounted design, a specific test without clearance to the rear wall
shall be carned out However. the validity of such a test shall not be extended to any other
IOst.II.tlon condition .

When the test IS carried out at any larger clearance to the rear wall. as stated by the
manufacturer, this clearance shall be declared as a minimum admissible for the
InstaUatlon instructions The instructions shall also include guidance on the obligation to
adopt measures preventing persons to enter that area.

• Accessible rear side:

The rear wall shall leave a standard clearance of 800 +,08 mm from the rear side of the
test specimen

An additional test may be perfoHned with lower clearances to prove the capability of the
switchgear and controlgear to operate correctly when reduced room is available (for
example, to justify the installation dose to a ~I. in a no rear-accessibility arrangement).
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When
f

the test is. carried out at any larger clearance to the rear wall es atated by the
manu acturer, this. clearance shall be declared a, a minimum admlSllble for the
Instellation Instructions.. The Instructions shall al,o include gUidance on the obit bon to
adopt measures preventing persons to enter that aree. ga

Special case, use of eXhausting ducts:

If the manufacturer claims that the design requires that cable acces, way and/or any othel
exh.austlng duct needs to be used to evacuate gases generated during the Internal arc,
their minimum. cross-section dimensions, location and output futures (flaps 01 gild WIth
their ch.aractenstlcs) shall be stated by the manufacturer The test shall be carried out WIth
Simulation of such exhausting ducts. The output end of the exhausting ducts ahall be at
least 2 m away from the switchgear and controlgear tested.

NOTE The possible effects of hot gases outside of the room conteiniftg the s~ar aftll controlge.' a'.
not covered by thIS standard.

A.3.3 Indicators (for assessing the thermal effects of the pHS)

A.3.3.1 General

Indicators are pieces of black cotton cloth so arranged that their cut edges do not point
toward the test specimen.

Black cretonne (cotton fabric approximately 150 glm2) or black cotton-Interlining lawn
(approximately 40 g/m 2) shall be used for indicators, depending on the accesalbillty condition

Care shall be taken to see that the vertical indicators can not Ignrte each other Thll IS

achieved by fitting them in a frame of steel sheet, with a depth of 2 )( 30 _~ mm, refer to

Figure A.1.

With the horizontal indicators, care shall be taken that glowing particles do not accumulate
This is achieved if the indicators are mounted without frame, refer to Figure A 2

The indicator dimensions shall be 150 mm • 150 mm (·'8 mm)

A.3.3.2 Arrangement of Indicators

Indicators shall be placed at each accessible side, on a mounting rack. at dIstance.
depending on the type of accessibility

The length of the mounting rack shall be larger than the test speCimen to take IOto account
the possibility of hot gases escaping at angles of up to 45· from the aurface under teat ThIS
means that the mounting frame on each side - If applicable - shall be 100 mm longer than the
unit under test in the case of accessibility type B, or 300 mm ,n the cese of accesllbillty type
A, provided that the position of the wall in the arrangement of the room ,imul.tion does not

limit this extension.

NOTE In all cases the distance from the indicalDrs fitted wmc:ally lD the switchgear and COfll;r09N. is _sured
from the surface of the enclosure. disregarding protrudingehtmenlS (for ..ample. llaftllln. frame of apparatus alld
so on). If the surfaca of the switchgear and contfOlgea. is not regular. the. ind_tors s/lOvld be plaCed to sltmItate
as realistically as possible the position thet s per~n may usually acloJlt m front of the eq~. at the abov.-

inclic:ated distance, according to the type of accessibility.
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a) Accessibility type A (authorized personnel)

Black cretonne (cotton fabnc approximately 150 glm 2) shall be used for the indicators

Indicators shall be fittp.d vertically at all accessible sides of the insulation-enclosed
sWItchgear and control gear up to a height of 2 m evenly distributed, arranged in a
checkerboard pattern , covenng 40 0,<, to 50 0,<, of the area (refer to Figu res A .3 and A .4)

The distance from the indicators to the switchgear and controlgear shall be 300 mm ± 15
mm .

Indicators shall also be arranged hor izontally at a height of 2 m above the floor as
described in FIgures A.3 and A4 and covering the whole area between 300 mm and
800 mm from the insulation-end osed switchgear and controlgear. When the ceil ing is
placed at a height of 2 m above the floor (refer to A3.2a)) no horizontal indicators are
required . The indicators shall be evenly distributed, arranged in a checkerboard pattern,
covering 40 % to 50 0" of the area (refer to Figures A .3 and A4) .

b) Accessibility type B (general public)

Black cotton -interlining lawn (approximately 40 glm2) shall be used for indicators .

Indicators shall be fitted vertically at all accessible sides for the insulation enclosed
switchgear and controlgear up to 2 m above the floor . If the actual height of the specimen
is lower than 1,9 m, vertical indicators shall be fitted up to a height 100 mm higher than
the test specimen.

The Indicators shall be evenly distributed, arranged in a checkerboard pattern, covering 40
% to 50 % of the area (refer to Figures A.3 and A.S).

The distance from the indicators to the switchgear and controlgear shall be 100 mm ±
Smm

Indicators shall also be arranged horizontally at a height above the floor, as described In

Figure A 5, and covering the whole area between 100 mm and 800 mm from the
insulation-enclosed SWItchgear and controlgea r. If the test specimen is lower than 2 m,
indicators shall be placed direct on the top covers as for accessible sides, at a distance of
100 mm ± 5 mm (refer to Figure A.S). They shall be evenly distributed, arranged in a
checkerboard pattern , covering 40 % to 50 0

" of the area (refer to Figures A .S and A.6) .

c) Special accessibility condition

Black cotton-interlining lawn (approximately 40 glm2) shall be used for indicators .

Where normal operation requires persons to stand or walk upon the equipment, hor izontal
indIcators shall be placed above the upper accessible surface, as described in Figure A.6,
whatever the height of the SWItchgear and controlgear.

A.. Current and yohage applied

A.4.1 General

Th. tests on insulation-enclosed switchgear and control gear shall be carried out three-phase
(for three-phas. systems). The short-circuit current applied dur ing the test corresponds to the
rated short-time withstand current. It may be lower, if specified by the manufacturer

A test performed at a given voltage, current and duration is generally valid for all lower values
of current, voltage and duration. .

NOTE Lo_ c~nt lewl ~y ~e the behaviour of the pressure-rellef devices end the burn-through
~.nc• . For 10_ thort-clfCUit current Ie"., than tested. care thould be taken in the interpretation of the
mutts.
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!he applied voltage of the test circuit should be equal to the rated volta e 01 the
InSUI~tlo~-enclosed sWitchgear and control gear If the capability of the test plan~ does not
permit this. a lower voltage may be chosen provided the followmg conditions are met for the
duration of the test:

a) the true r.m..s. current value as computed by a digital recording deVice complutl with
current requirements of A.4.3,

b) the arc is not extinguished prematurely in any of the phases In which It hal been Initiated

A.4.3 Current

A.4.3.1 AC component

The short-circuit current for which the insulation-enclosed switchgear and controlg••r IS

specified with respect to arcing shall be set within a +8 % tolerance . If the applied voltage II

equal to the rated voltage, this tolerance applies to the prospective current

The current should remain constant. If the capability of the test plant doel not permIt thll , the
test shaH be extended until the integral of the a.c. component of the current equall the value

specified with in a tolerance of +18 °4. In this case, the current shall be equal to the lpeclfled

value at least during the first three half -cycles and shall not be less than 50 % of the lpeclfled
value at the end of the test.

A.4.3.2 Peak current

The instant of closing shall be chosen so that the prospective value of the peak current. With a

tolerance' of +g °4, flowing in one of the outer poles is 2,5 ttmes (for frequencIes up to 50 Hz)
or 2,6 times (for 60 Hz) the r.m.s. value of the a.c component defined In A 4 31, and so that
a major loop also occurs in the other outer pole . If the voltage IS lower than the rated voltage .
the peak value of the short-circuit current for the inlulation-enc losed sWitchge.r and
controlgear under test shall not drop below 90 '4 of the rated peak value

NOTE 1 For other. higher, d.c . time cons18m 01the feeding netwotll,. LIftiIorm ...Iue of 2,7 .."'•• the rift ........
of the a .e. component .hould be uMd as a rated value lor both 50 Hz.nd 80 Hz ."phuttOns

NOTE 2 The major loop in the oIMr out.r pole gener.1Iy has • lower peak ...Iue than the stalfl ..alue••bove

In case of two-phase initiating of the arc the Instant of clOSing shall be chosen to provide the
maximum possible d.c. component.

A.4.4 Frequency

At a rated frequency of 50 Hz or 60 Hz, the frequency at the beginning of the test shall be
between 48 Hz and 62 Hz. At other frequencies it shall not deViate from the rated value by

more than ±10 °4.

Where the operation of fast-acting protective devices is dependent on the frequency, the test
shall be performed with the rated frequency of these devices :t10-At.

A.4.5 Duration of the test

The test duration shall be stated by the manufacturer Standard recommended values are , I .

a,s sand 0,1 s.
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NOTE II is, in g....r.l, not possible to calculat. the permissible arc duration for a c~"ent which differs from that
used In th. tast The maximum pr.ssur. during the t.st will g....raIly not. decrease with a shorter .arclng lome and
ther. IS no unlv.rs.1 rule .ccording to which the permissible arc durahon may be Increased with a lower test
curr.nt

A.5 Te.t procedure

A.5.1 Supply circuit

If applicable. the supply circuit shall be three-phase, except for tests on switchgear and
controlgear with segregated phases. if no mutual influence between the segregated phase
compartments is likely. The neutral point of the supply circuit may be either Isolated or
earthed through an impedance. in such a way that the maximum earth current is less than
100 A In this situation. the arrangement covers all situations of neutral treatment.

NOTE 1 Int.m.1 arc faults with • directly grounded ...utral are less severe.

When the test is made on part of the switchgear and control gear where phases are
segregated, the supply circuit shall be single-phase, one of the terminals earthed. The test
current shall be equal to the three-phase value stated in A.4.3.1,

Care shall be taken in order that the connections do not alter the test conditions.

The feeding direction shall be as follows

• for a cable compartment: supply from the busbar. through the main switching device;

• for a busbar compartment the supply connections shall not introduce any opening in the
compartment under test Supply shall be made through one barrier, if barriers are fitted to
create separated busbar compartments between functional units, or through the main
switching device located at one end of the switchgear and controlgear, if the busbar
compartment IS common for the whole switchgear and controlgear;

NOTE 2 In cas. of non-symm.tric.' designs of a busb.r compartm.nt, the most onerous internal arc initiation
should be consid.red. wtth r.spectto arc .nerllY and burn-through.

• for the main SWitching deVice compartment: supply from the busbar, with the device in the
closed poSitIon,

• fora compartment With several main circuit components inside: supply through one
available set of Incoming bushings, with all switching devices in the closed position.
except for earthing SWitches, If any. which shall be in the open position.

A.5.2 Arc Initiation

The arc shall be InitIated between all the phases by means of a metal wire of about 0 5 mm
diameter or, In the case of segregated phase conductors, between one phase and earth'

The POint of Imtiatlon shall be located at the furthest accessible point from the supply within
the compartment under test

In functIonal units where the live parts are covered by solid inSUlating matenal the arc shall
be Initiated between two adjacent ph_es with a current value of 87 % of the rated current or,
In the case of segregated ph_e conductors, between one phase and earth at the following
locations
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a) at gaps or joining surfaces between the insulation of insulation.embedded pam,

b) by perforation at insulated jornts made on site when prefabricated Inlulabng parts are not
used.

Except for case b) , solid insulation shall not be perforated The IUpply Cllcu,t shall be thru.
phase to allow the fault to become three-phase (If applicable)

A.S.2.1 Cable compartments with plug-in or site-made solid insulation connections

For cable compartments in which connections are always made With plug-In connectors,
screened or not, or site-made solid Insulation , the two phases under test shall be fitted With
plugs without insulation . The third phase shall be prcvided with a plug-In connector al can be
used in service, able to be energized.

NOTE Experience shows that the fault gener.11y does not evolve tow.rds • th...·pII ... I.ult, the relore . the
cho ice of the fitting for the th ird phase is not crit ica l.

In all these cases of phase-to-phase fault , the test current shall be the phase·to-phase fault
current of the three-phase supply circu it defined according to A 4 3 That means the actual
current value, unless the fault evolves towards a three -phase fault , IS reduced to
approximately 0.87 times the specif ied internal arc Withstand current

In solidly earthed networks (non-floating neutral). or In networks With earth ·lault protection .
Ihe single phase-to-earth short-circuit current, which IS generally lower than the poilible
two -phase fault current, will be switched off rapidly . For SWitchgear and controlgear only
Intended for this restricted use, It is acceptable to lest accordingly, Instead of the two ·phase
test described above. The arc will then be ignited as single phase to ground, prOVided that the
other phases are energized to allow the arc to become three-phase As the speCIfied Interna'
arc withstand current, the tested single -phase value appl ies

A.6 Acceptance criteria

Insulation-enclosed switchgear and controlgear is qualified as claSSIfication lAC (according to
the relevant accessrbility type) if the following criteria are met

Criterion No.1

Correctly secured doors and covers do not open Deformations are accepted. prOVided that no
part comes as far as the position of the indicators or the walls (whichever IS the closest)
In every SIde. The sw itchgear and controlgear does not need to comply With ItS IP code after

the test

To extend the acceptance criterion to an installation mounted closer 10 the wall than tested
(refer to A .3.2a)l. two additional conditions shall be met

• the permanent deformation is less than the intended distance to the wall .

• exhausting gases are not directed to the wall

Criterion No.2

• No fragmentation of the enclosure occurs within the time speCified for the test

• Projections of small ·parts,.up to a individual rTI1lSS of 60 g. are accepted
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Criterion No.3

Arc ing does not cause holes in the accessible sides up to a height of 2 m.

Criterion No...

Indicators do not ignite due to the effect of hot gases .

Should they start to burn during the test, the assessment criterion may be regarded as having
been met , If proof is established of the fact that the ignition was caused by glowing particles
rather than hot gases. Pictures taken by high-speed cameras, video or any other su itable
means can be used by the test laboratory to establish evidence .

Indicators ignited as a result of paint or stickers burni(lg are also excluded.

Criterion No. 5

The enclosure remains connected to its earth ing point. Visual lnspection is generally sufficient
to assess compliance. In case of doubt, the continuity of the earthing connection shall be
checked, refer to 6.6b) .

A.7 Test report

The following mformation shall be given in the test report:

Ratmg and deSCription of the test unit with a drawing showing the main dimensions,
details relevant to the mechanical strength, the arrangement of the pressure-relief flaps
and the method of fixing the insulation-enclosed switchgear and controlgear to the floor
and/or to the walls

Arrangement of the test connections

Pomt and method of initiation of the internal fault.

DraWIngs of test arrangement (room simUlation, test specimen and mounting frame of
mdlcators) WIth respect to the type of accessibility (A or B), side (F, L or R) and
mstallatlon conditions

Applied voltage and frequency

For the prospective or test current

al r m s value of the 8 c component during the first three half-cycles;

b) highest peak value.

c) average value of the a.c. component over the actual duration of the test;

d) test duration

- OSClllogram(s) shOWing currents and voltages

Assessment of the test results. includmg a record of the observations in accordance with
Clause A.6

Photographs of the Object under test , before and after test

Other relevant remarks .
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A.8 Designation of lAC classification

In the case where the lAC classification is proven by the test. , according to 6 , 06, the
insulation enclosed switchgear and controlgear will be designated as follows

- General : classification lAC (initials of internal arc classified)

- Accessibility: A or B (according to Clause A.2)

- Test values: test current in kA, and duration in seconds.

This designation shall be included in the nameplate (refer to 5.' 0)

Example 1: an insulation-enclosed switchgear and controlgear tested for a fault current
(r.m.s .) of 12,5 kA, for D,Ss, intended to be installed in a site of public accessibdrty and tested
with indicators placed in the front, lateral and rear sides, is designated .s follows

Classification lAC BFLR

Internal arc: 12,5 kA D,S s

Example 2: an insulation-enclosed switchgear and controlgear tested for a fault current
(r.m.s.) of 16 kA, for 1 s, intended to be inst.lled in the following conditions

Front: public access ibility

Rear : restricted to operators

Lateral : not accessible

is designated as follows:

Classification lAC

Internal arc:

BF-AR

16 kA 1s.
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Figure A.1 - MountinG fr.me for vertical Indicators

Figure A.2 - Horlzon~1 indicator
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AcceulbiIIy - Type B

h < 2 m h~ 2m ~ .c 2 m

Figure A.3 - Position of indicators (i)
Height of equipment (~)
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Annex B
(normative)

Partial discharge measurement

B.1 General

The measurement of partial discharges is a suitable means of detecting certain defects In the
equipment under test and is a useful complement to the dielectric tesr. . Experience shows
that p~rtial ~ischarges may lead in particular arrangements to a progressive degradation In

the dielectric strength of the insulation, especially of solid insulall on, and nUld.fllled
compartments .

On the other hand, it is not yet possible to establish a reliable relationship between the results
of part ial discharge measurements and the life expectancy of the equipment OWIng to the
complexity of the insulation systems used in insulation-enclosed SWitchgear and controlgear

B.2 Application

The measurement of partial discharges is In general apptopnate for Insulation-enclosed
switchgear and controlgear.

Because of the design variations a general spec ification for the test object cannot be Qlven In
general, the test object should consist of assemblies or subassemblies WIth d.electrrc stresses
which are identical to those which would occur in the complete assembly of the equipment

NOTE 1 Test objects cons isting of • comptet. usembly .re 10 be pref.rred In 1fI. C.M of int. grated .wilchg..r
.nd controlg••r d.sign • • specially where venous liv. p.rt••nd connect ion••r••mbeclded '" IOltd lftSuIlIbOfl . I••t•
• r. nec...erily c.rried out on • complete ....mbly .

NOTE 2 In the e..e of designs consisting of. combinetion or conv.ntionel components (for tMtenc• . iftstr\Hrl.nt
Ir.nsform.,., bushings), which un be t••I.d separ.t.1y in .ccord.ne. with their r."".nt .lenarda. the purpoa.
of this parti•• discherge t.st is to check ttle .rrangem.nt of the components in the ....mbl'

NOTE 3 Th is lest m.y be c.rri.d out on ....mblies or sub.ss.mblies C.r. should be lelren thel ."'.rne' pam.I
discherg.s do not ."ect the m..surem.nt.

B.3 Test circuits and measuring instruments

The partial discharge tests shall be in accordance WIth lEe 60270

NOTE The p.rti.1 diacherge qu.ntity is .pparent cherge thet is .xpr.ssed u.ue", In ptCocoulomba (pC)

Three-phase equipment is either tested in a single-phase test Clfcuit or in a three -ph... test
circuit (refer to Table B.1) .

a) Single-phase test circuit

Procedure A:

To be used as a general method for equipment designed for use in systems WIth or
without solidly earthed neutral.

For measuring the partial discharge quantities, each phase shall be connected to the test
voltage source successively, the other two phases and all the parts earthed In servIce
being earthed.

Procedure B:

To be used only for equipment exdusively desIgned for use In systems WIth solidly
earthed neutral.
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For measuring the partia l discharge quantities. two test arrangements shall be used.

At tlrst. measurements shall be made at a test voltage ot 1,1 [", ( l', is the rated voltage) .
Each phase shall be connected to the test vo ltage source successively, the other two
phases beIng earthed It IS allowed to Isolate or to remove all the metallic parts normally
earthed in service Also any conductive layer that is normally earthed in service, may be
Isolated from earth tor th is test

An add itIonal measurement sha ll be made at a reduced test vo ltage of 1.1 U, / J3 dur ing

wh Ich the parts being earthed in service are earthed and the three phases connected to
the test voltage source are bridged

b) Three-phase test circuit

When su itable test facil it ies are ava ilable, the partial discharge tests may be carried out in
a three-phase arrangement.

In thIS case , it IS recommended to use three coupling capacitors connected as shown in
Figure B.1 One discharge detector can be used which is connected successively to the
three measunng impedances .

For calibration of the detector on one measuring position of the three-phase arrangement ,
short-duration current pulses of known charge are injected between each of the phases
taken In turn on the one hand, and the earth and the other two phases, on the other hand.
The cal ibration giv ing the lowest deflection is used for the determination of the discharge
quantity

In the case of equipment designed for use in systems without solidly earthed neutral. an
additional test shall be made (as type test only) . For this test, each phase of the test
object and the corresponding phase ot the voltage source shall be earthed successively ,
refer to Figure 8 .2.

8.4 Test procedure

The power-frequency voltage applied IS raised to a pre-stress value of at least 1,3 t ', or

1,3 V, / J3 in accordance with the test circuit (refer to Table B.1) and maintained at th is

value for at least 10 s 2 Partial discharges occurring during th is period shall be disregarded.

The voltage IS then decreased WIthout Interruption to 1,1 t, or 1,1 U, /.fj in accordance with

the test Circuit and the partia; discharge quantity IS measured at thrs test voltage (refer to
Table 8 1)

As far as possible with respect to the actual background noise level , the partial discnarqe
inception and the partial discharge extinction voltages should be recorded for additional
InformatIon

In general. tests on assemblies or subassemblies should be made with the switching devices
In the closed pcsitron In the case of dtsconnectors where deterioration of the insulation
between the open contacts by partial discharges is conceivable, add it ional partial discharge
measurements should be made with the disconnector in the open pos ition.

On flUId-tilled equipment the tests shall be carried out at the minimum functional level or the
rated filling level. wh icnever is most onerous For routine tests the rated fill ing level shall be "
applied

2 Alletnallvely. Ihe part.al dlscha'ge luI may M performed wlnle dec,easing Ihe voltage afte, Ihe powe, .
frequency Yoltage tesls
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Table 8.1 - Test cIrcuits and procedures

Single·pha.e t..tlng Three-ph..e te.ting

Procedure A Procedure B

Voltage .ourci connected to Each phlSe successively Elch phlSe .uccn.tvely Thr•• phlSlS simulleneou.ly Thre. pha••s

(Figures B.l and B.2)

Ee"ho(;onn.ct.d .'ement. Both the oth.r phases and all the Both the other phlSlS All the parts earthed in .ervice All the parts .arthed In serv ice
part. Ilrthed in servici

Minimum pre-.tre.. voltage 1,3 u, 1,3 V, 1,3 Vr/'' 3 1,3 V, 1)

Te.t voltage 1,1 u, 1,1 V, 1,1 V,I"3 1,1 lI,l)

Be.ie di.gr.m

W·T·r- I·T·T- I ·T·T·..- ..- +

·T·r·
2)

+
'1 Voltage betw.en ph....

21 Addlhona l t••, In ",. cu. 01 a system wl1hout lolidly .arth.d neutral (for type tests only) ~
~
!-
I
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Annex C
(normative)

Humidity test

C.1 General

The object of the humidity test is to prove that the insulation-enclosed sWitchgear and
controlgear is safe when touched on the accessible surface of the insulation enclosure, not
only in a dry state but also with condensation and light pollution .

Under normal service conditions the ambient air is not materially polluted. This statement
does not exclude, however, the possibility of a certain degree of pollution occurring in the
course of time, depending on the frequency and quality of cleaning and reconditioning of the
insulation surfaces .

ThiS humidity test does not cover the security requirements relating to other influencing
factors. although the philosophy of this test may serve as a base for an ageing test in
connection with reliability in general.

The Insulation-enclosed sWitchgear and controlgear is exposed to a certain number of
Identical humidity and temperature cycles in a test chamber, in which the humidity is
generated by fog formed from conductive water . During this test an a.c . power-frequency
voltage IS continuously applied to the test object

C.2 Test procedure and test conditions

C.2 .1 Test cycle and Ita duration

The test cycle should be chosen so that all the surfaces of the test Object are wet during
about half of Its duration and dry dUring the other half. To obtain thrs result the test cycle
conSIsts of a period with a low air temperature (Tmin) and a period with a high air temperature
(Tift••) inSide the test chamber. Both penods shall be equal in time and the generation of fog
shall be maintained for the first half of the test cycle. The temperature variation between the
two penods shall be (10 t 2) K The value of the low air temperature (T . ) shall be
approximately equal to the ambient air temperature outside the test chamber (Se:~igureC.1) .

The beginning of fog generation ('0) coincides in principle with the beginning of the low air
temperature penod However, to wet the vertical surfaces of materials with a high thermal
time constant. It may be necessary to start the fog generation later within the low air
temperature period

The duration of the test cycle depends on the thermal characteristics of the insulation­
enclosed switchgear and controlgear and shall be sufficiently long both at high and low
temperatures to cause wetting or drYIng of all the insulation surfaces.

Preliminary cycles shall be carried out with the test object placed in the test chamber in order
to observe and to check these conditions .
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The .temperature and the relative humidity of the air in the test chamber shall be me.sured to
the immediate VICinIty of the insulation enclosure and shall be recorded for the whole d t
of the test. uri Ion

NOTE

C.2 .2

In order to achieve the required conditions , a duration of the lesl cycle of II h ia generaMy ul..factory

Generation of fog

The fog is obtained by the cont inuous or periodical atomizing of 0.2 dm3 to 0.5 dm3
conductive water per hour and per cubic metre of test chamber volume The reslsllV lty of the
water shall be 30 nm with a tolerance of t10 % (equ rvalent to a conductIVIty of 0,033 S/m) It
the lower value of the test-cycle temperature .

The diameter of the droplets shall be less than 10 um Such a fog may be achIeved by
mechanical atomizers situated at the bottom of the test chamber and dIrected upwards In

such a manner that the insulation surfaces of the test Object WIll not be sprayed duect No
water shall drop from the ceiling upon the test object.

During the fog generation the test chamber shall be closed and no additIonal forced Ilr.
circulation is permitted.

NOTE 1 For lhe adjustment of the conductivily of the waler, sod ium chlo ride lNaCI) IS added 10 d,slliled ..ale, If a
su ilable supply of lap waler is available, il may also be used .

NOTE 2 The relalion belween conductivity 01 the waler and its lemperature 1$ given In IEC I!lOO8O-I

C.2.3 High air temperature period

The high air temperature is ach ieved with the atd of a heater In cornbrnanon WIth forced I II ·
circulation inside the test chamber . This forced crrcutatron shall not be dIrected at the test
object.

C.2.4 Test chamber

A proposal for an appropriate test chamber with thin walls IS made In Figure C 2

The volume of the test chamber shall be at least fIve li mes the cucumscnbed volume of the
test object The test chamber shall not be higher than 2,5 m and the base dimenSIons Shi ll
ensure that the test object placed on the bottom WIll have a minimum distance from the wall of
0,15 m and from the atomizer of 0,5 m.

NOTE 1 No special requiremenls are slated lor Ihe wall materials of Ihe lesl cham~, HO_lle' male"al. haYIng
a high heal conductivity and a low Ihermal inertia are recommended ~cause In Ihls ca.a Ihe IranSlllon ~"od.

belween welling and drying and between drytng and welting WIll nol s19nrficantly Influence tho lime dunng wIIlch
Ihe inaulati on surfaces of the tesl objecl are weI

NOTE 2 lf the walls do not meet Ihese conditions, special measures should be Iaken 10 ensu'e Ihal Ihe penod
during wh ich Ihe insulation surfaces are weI is approxlmalely equa' 10 half Ihe durallon of one lesl cycle

C.2 .5 Test object

The insulation-enclosed switchgear and controlgear to be tested shall be In a new condmon
with its outside Insulation surfaces clean It shall be mounted In the test chamber to tts usual
uprrght position, complete with all insulating parts and the conttnUity of the maIO CUCUlt
ensured Precautions shall be taken to ensure that no depostt of water accumulates InSide the
insulation enclosure during the tes t.
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C.2.8 Test voltage and voltage supply

DUring the humidity test the following power-frequency voltages shall be continuously applied
to the main circuit of the insulation-enclosed switchgear and controlgear :

- rated vollage U, between phases;

- l!,JJ3 between phase and earth,

C.2.7 Total test duration

The total duration during which the surfaces are wet shall be 120 h. Normally, the period of
fog generation equals the period of wet surfaces which shall pe approximately equal to half
the duration of one test cycle; thus the total duration of the humidity test will be a minimum of
240 h .

If during the preliminary cycles a considerable difference is observed between the period of
fog generation and the corresponding period during which the surfaces are wet , the test shall
be based on the total duration during which the insulation surfaces are wet.

C.3 Test criteria and evaluation

C.3.1 Criterion during the test

DUring the total duration of the humidity test, no flash-over shall occur either between phases
or between phase and earth.

C.3.2 Criterion aner the test

The humidity test shall be followed, WIthout any cleaning, by a supplementary test cycle .
During the wet surface penod, the leakage current shall be measured in accordance with
6 104 The leakage current to earth through the metal foil at any accessible place and at any
time of th iS period shall not exceed 0,5 mAoFurther supplementary test cycles may be carried
out In order to ver ify the value of the leakage current With the metal foil attached to different
places of the accessmte surfaces

C.3.3 Evaluation of the test

If the criteria in C 3.1 and C 3 2 are met , the insutanon-enctosed Switchgear and controlgear
shall be considered to have passed the humidity test
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Annex 0
(informative)

Protection grades

D.1 Protection grade PA

Protection grade PA has the following three different basic arrangements:

Conductive layer,
not everywhere

<100m{}

figure 0 .1.• figure D.1b figure D.1.c.

Figure D.1.) The solid insulatIon Ibelf fulf ils the requirements from items a), b), c) and d) of
5.102 .3.
To be tested with 100 cm2 metal foil at most unfavourable places : power­
frequency voltage test and lightning impulse voltage test (6 .104 .1a».

Figure D.1b) The insul.tion fulfils the requirements from items a) and d) of 5.102 .3.
To be tested with 100 cm2 metal foil at most unfavourable places : power­
frequency voltage test and lightning impulse voltage test (6 .104 ,1a».

The solid insulation fulfils the requirements of 5.102.3b).
Sample to be tested at power-frequency voltage test (6.104 .1b»

The fluid insulation fulfils the requirements of 5.102,3c)
To be tested with 150 % Vr for 1 min to the inside of the solid insulation

(6 1a..,1C».

Figure D.1c) S.me as for Figure D.1a)

Figure 0 .1 - Possible designs tor protection grade PA
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0.2 Protection grade PB

Protection grade PB , for those area 's that are liab le to be touched has the fo llow Ing three
different basic arrangements .

fig 0 .2 .a (PB1) fig 02b (PB1 ) fIg 02 c (P82)

Apart from the demands for protection grade PA, the following extra demands apply for ttle
protection grade P8 :

PBi :
Figure 0 .2 a) The second layer of insulating material fulfils the requirements of 5 1023d)

To be separately tested with 100 cm2 metal torl at 150% ( 'r for 1 min
(6 .104 .1d)).

Figure 0 .2 b) The insulation fulfils the requirements from 5.102 3f)
To be tested with ambient air instead of insulating flUid, with 100 cm 2 meta l fOil
at the ins ide at 150 % u, for 1 min (6104 1d))

PB2 :
Figure 0.2 c) The conductive layer fulfils the requirements In 5 102 .3g)

Resistance to be tested according to 6 4 101

Figure 0.2 - Possible designs for protection grade PB
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