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A PAS is a technical specification not fulfilling the requirements for a standard, b

the [public.
IECFPAS 62271-109 has been processed by subcommittee 17A: Hj gear
controlgear, of IEC technical committee 17: Switchgear and controlgear.
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3)
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 109: Alternating-current series capacitor by-pass switches

FOREWORD

made availabl

The text of this PAS is based on the This PAS was,appro
following document: publication b

/%eJ\ ment:
Draft PAS / Rpo?t\Qeri\ng x

17A/631/PAS f\\)/?M(W VD
)

[he IEC (International Electrotechnical Commiss i W wide organization for standardization compr
Il national electrotechnical committees (IEC Na 3 itfees). The object of the IEC is to proi
hternational co-operation o tionssgoRgcerning ‘standapdization in the electrical and electronic fieldg

bqudipnient declared to be in conformity with one of its standards.

Lo

and

bcommittee concerned will investigate

sing
hote

. To
fhis end and in addition to e 8 \EC publshes International Standards. Their preparatidn is
entrusted to technical o atiepal Committee interested in the subject dealt with |may
articipate in this preparato ational_governmental and non-governmental organizations liajsing
vith the IEC algO\ paiticipate Y is |F aration. The I|IEC collaborates closely with the Internatiponal
Drganization fo izati i € afice with conditions determined by agreement between the
wo organizations:

The formal decision g ¢ IEC on technical matters express, as nearly as possible} an
hternational congensys pelevant subjects since each technical committee has representgtion
rom all interegted\NatignahCom

[he documeénts prod orm of recommendations for international use and are published in the form
f standards \specifications, technical reports or guides and they are accepted by the National
Com

n order \ gtional unification, IEC National Committees undertake to apply IEC Internatipnal
Btandards tra to the maximum extent possible in their national and regional standards. |Any
ivergence-betwee ¢ IEC Standard and the corresponding national or regional standard shall be clgarly
hdicated\in_the latter

The IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for|any
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New numbering

In accordance with the decision taken at the joint SC 17A/SC 17C meeting in Frankfurt (item
20.7 of 17A/535/RM) a common numbering system will be established of the standards falling
under the responsibility of SC 17A and SC 17C. IEC 62271 (with the main title of High-voltage
switchgear and controlgear) is the basis of the common standard.

Numbering of the standards will apply the following principle:
a) Common standards prepared by SC 17A and SC 17C will start with IEC 62271-001;

b) QiAo ~fF QM A7 N \all
otarrdarasS OO T

¢) |Standards of SC 17C will start with number IEC 62271-200;
d) |Guides prepared by SC 17A and SC 17C will start with number IEC 6

Theg following Table provides an overview of the relationship het and new
numbering:

subcommittees 17A and_ 1

IEC 6p271 HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR

Paft Original tj e\) old IEC
numbdr, if any

1 Common specifications \ U IEC 6094
IEC 60416

N—_"

100 High-voltage alternating current circﬁt-breaker& IEC 60056

1001 Synthetic testing of high-voltage alté\rnati(fg\a{rreﬁt\cmit;Breakers IEC 60427

102 High-voltage alterng,trtﬁbxgurrg«n‘r‘d-is\céqne&qrs\qnd eégth\l/ng switches IEC 60129

108 High-voltage switches for tafed voltayeabiove 1 Kidnd less than 52 kV IEC 60465-1

104 High-voltage switohes fo rated @oitages\ors2 kV dnd above IEC 60465-2

1055 High voltage alt4=rna\ﬁf{g\gﬁentNiték{-fu&%:ombinations IEC 60420

106 High-vol{ége\qlte?;lating Qarre\\t coh(@ct\(s;&d contactor based motor-starters IEC 60470

107 AIternatng&eQNwitch@gar-fbsg cchfgbinations New

108 Switchgear}QQ/ing\s\omM\edWW New

N

200 Metapegc%ged&;w\l‘k{hge\xaMntrolgear for rated voltages up to and including 38 kV IEC 60498

201 Insu@ion\%ﬁs@ar and controlgear for rated voltages up to and including IEC 60466
52k

20pR 4 Hig}fﬁ@){ta&#{)w vol\qge prefabricated substations IEC 61330

208 -in?&@te&w\et@/@nclosed switchgear for rated voltages above 52 kV IEC 609417

IEC 61359

204 High-volt}gQg/a%-insulated transmission lines for rated voltages of 72,5 kV and above IEC 61440

300 Guide for seismic qualification IEC 61166

301 Guide for inductive load switching IEC 61333

302 Guide for short-circuit and switching test procedures for metal-enclosed and dead tank T[EC 67633
circuit-breakers switches

303 Use and handling of sulphur hexafluoride (SFs) in high-voltage switchgear and controlgear [IEC 61634

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

305 Cable connections for gas-insulated metal-enclosed switchgear for rated voltages above IEC 60859
52 kV

306 Direct connection between power transformers and gas-insulated metal-enclosed IEC 61639
switchgear for rated voltages above 52 kV

307 The use of electronic and associated technologies in auxiliary equipment of switchgear IEC 62063
and controlgear

308 Guide for asymmetrical short-circuit breaking test duty T100a New

309 Electrical endurance testing for circuit-breakers rated 72,5 kV and above New
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1

1.1

HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 109: Alternating-current series capacitor by-pass switches

General

Scope

This Publicly Available Specification is applicable to a.c. series capacitor by-pass switches

systems having voltages above 1 000 V.

It i only applicable to by-pass switches for use in three-phase systems

This specification is also applicable to the operating devices of by- SW os and'to t
auxiliary equipment.

This specification does not cover vacuum by-pass switches:

1.2|Normative references

Thg following normative documents cg gh reference in this t
conlstitute provisions of this Pub For dated refereng
subsequent amendments to, or revision3.\of, a ations do not apply. Howe
parfies to agreements based on thi ublicly ailable Specification are encouraged

to

Stajpdards.

IEQ 60050(151)-, ) Hona/ -Ele echnical Vocabulary — Chapter 151: Electrical
magnetic devices

IEQ 60050(441): - xati Electrotechnical Vocabulary — Chapter 441: Switchg
controlgear griodNuse

IEQ 6005 ) ernational Electrotechnical Vocabulary — Chapter 436: Po
cagacitors

IEQ 60050Q(601):1985 International Electrotechnical Vocabulary — Chapter 601: Generat

tran

deiigned for outdoor installation and for operation at frequencies of 50 Hz and 60 Hz

investigate the possibility of applying|the mestireceqt editions of the normative docume
indicated below. For undate 5 , tst edition of the normative document refefred
ainta

applies. Members o in\re

smisSion and distribution of electricity — General

on

neir

D
x
-

es,
er,

to
nts

nal

and

%

ar,

wer

on,

IE

Rﬂﬂ‘;ﬂ(ﬁnd)'1QR7, International Electrotechnical \/nnnhul::ry_ f‘h::ph:r 604: Generat

transmission and distribution of electricity — Operation

IEC 60059:1999, IEC standard current ratings

IEC 60060: all parts, High-voltage test techniques

on,

IEC 60099-4:2002, Surge arresters — Part 4: Metal-oxide surge arresters without gaps for a.c.
systems

IEC 60129:1984, Alternating current disconnectors and earthing switches

IEC 60137:1995, Bushings for alternating voltages above 1 000 V
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Performance,

testing and rating — Safety requirements — Guide for installation

IEC 60143-2:1994, Series capacitors for power systems — Part 2: Protective equipment for
series capacitor banks

IEC 60255-3:1989, Electrical relays — Part 3: Single output energizing quantity measuring
relays with dependent or independent time

IEC 60296:1982, Specification for unused mineral insulating oils for transformers and switchgear

IEQ

IEC

IEQ
equ

IEQ

IEC

IEQ
Swi

IEQ
hex

IEC
alte

For
IEC

app

ipment

60694:1996, Common specifications for high-voltage wtcége and-e

61634:1995, High-voltage sw:tchea N6
afluoride (SFg) in high ea d con{rolgear

rnating curre@ 3

De

ly. Some of them are recalled here for ease of reference.

60376:1971, Specification and acceptance of new sulphur hexafluoride

60480:1974, Guide to the checking of sulphur hexafluoridé Qm\€lectnical

60529:1989, Degrees of protection provided by enetos

o
2
S
«Q
D
Q
S
@
[}
2
o
S
\"2)

61633:1995, High-voltage alternating ¢ it-Qreakers~— Guide for short-circuit and

ear — Use and handling of sulghur

62271-100:2001,| PN and controlgear — Part 100: High-voltage

the purpose Pis Publicly Available Specification, the definitions of IEC 60050(191),
60050(436), IEC 60050(441), IEC 60050(604), IEC 60143-1, IEC 60143-2 and IEC 60594

Additional definitions are classified so as to be aligned with the classification used

IEC 60050(441).

3.1

General terms

3.1.101
switchgear and controlgear
[IEV 441-11-01]

3.1.102
outdoor switchgear and controlgear
[IEV 441-11-05]
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3.1.103
short-circuit current
[IEV 441-11-07]

3.1.104
ambient air temperature
[IEV 441-11-13]

3.1.105
temperature rise (of a part of a by-pass switch)
difference between the temperature of the partand the amblent alr temperature

3.1]106

ove@rvoltage (in a system)
any voltage between one phase and earth or between phases havipg\ a 8 Qr valpes
exdgeeding the corresponding peak of the highest voltage for equip

[IEY 604-03-09, modified]

3.1}107

unit test

tes{ made on a by-passing or insertion unit or group
the|insertion current, specified for the test on the
apgropriate fraction of the applied voltage, or
test on the complete pole of the by-paSs swi

8ss making currenft or
pass switch and at|the
voltage, specified for|the

3.1]108

external insulation
disfances in air and the syr f of solid insulation of the equipment,
which are subject to dielégtri X e _effects of atmospheric and other extefnal
conditions such as poll idi i
[IEY 604-03-02, modifi

3.1]109 Q

internal insulation
intg {
the
[IE

om

3.1
sel

[IEY 604:03-04]

31444

non-self restoring insulation
insulation which loses its insulating properties, or does not recover them completely, after a
disruptive discharge

[IEV 604-03-05]

3.1.112

disruptive discharge

phenomenon associated with the failure of insulation under electric stress, in which the
discharge completely bridges the insulation under test, reducing the voltage between the
electrodes to zero or nearly to zero

NOTE 1 This term applies to discharges in solid, liquid and gaseous dielectrics and to combinations of these.

NOTE 2 A disruptive discharge in a solid dielectric produces permanent loss of dielectric strength (non-self-
restoring insulation); in a liquid or gaseous dielectric, the loss may be only temporary (self-restoring insulation).
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NOTE 3 The term "sparkover" is used when a disruptive discharge occurs in a gaseous or liquid dielectric. The
term "flashover" is used when a disruptive discharge occurs over the surface of a solid dielectric in a gaseous or
liquid medium. The term "puncture" is used when a disruptive discharge occurs through a solid dielectric.

3.1.112

restrike performance

expected probability of restrike during insertion current test duty as demonstrated by specified
type test

NOTE Specific numeric probabilities cannot be applied throughout a by-pass switch service life.

3.2 Assemblies

No [particular definitions.

3.3 Parts of assemblies

No [particular definitions.

3.4 Switching devices

3.41101

switching device

[IEY 441-14-01]

3.4{102

meghanical switching device

[IEY 441-14-02]

3.4[103

by-pass switch
switching device used n_pata i € acitor and its overvoltage protector to shunt
ling current of a speci i me, or continuously. Besides by-passing|the

capacitor, this device w bility to insert the capacitor into a circuit fhat
carfies a specifi

3.4{104

by-pass swit

by-pass swit¢h used as\t primary device for by-passing the capacitor. This class of|by-
pads switsh it onjurgtion with a fast by-passing device such as a spark gap (pee
Fighre

3.4{105
by-pass switch cla
by-pass-switch used as the primary by-passing device

3.4:166

by-pass switch class M1
by-pass switch with normal mechanical endurance (mechanically type tested for 2 000
operating sequences) not falling into the category of class M2 as defined in 3.4.107

3.4.107

by-pass switch class M2

frequently operated by-pass switch for special service requirements and designed so as to
require only limited maintenance as demonstrated by specific type tests (by-pass switch with
extended mechanical endurance, mechanically type tested for 10 000 operating sequences).
This type of by-pass switch is normally used on multi-segmented capacitors where the control
of the capacitor impedance is a frequent duty

NOTE A combination of the different classes of by-pass switches with regard to application and mechanical

endurance is possible. For the designation of these by-pass switches the notation of the different classes are
combined following an alphabetical order, for example BP1-M2.
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3.5 Parts of by-pass switches

3.5.101
pole
[IEV 441-15-01]

3.5.102
main circuit
[IEV 441-15-02]

3.5|103
control circuit
[IEY 441-15-03]

3.5|104
auxiliary circuit
[IEY 441-15-04]

3.5]105
contact
[IEY 441-15-05]

3.5{106
contact piece
[IEY 441-15-06]
3.5|1107

majn contact

[IEY 441-15-07]
3.5|108

arcjing contact Q
[IEY 441-15-08]

3.5{109
control conta
[IEY 441-15-Q

3.5]110
auXiliary conta
[IEY 441-15-10]

3.51111
auxiliary switch

[IEVZ41-15-T1]

3.5.112
“a” contact;

make contact
[IEV 441-15-12]

3.5.113

“b” contact;
break contact
[IEV 441-15-13]
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114

sliding contact
[IEV 441-15-15]

3.5

115

rolling contact
[IEV 441-15-16]

3.5.116

release

[IEY 22 1=15-1T7}

3.5(117

arc| control device

[IEY 441-15-18]

3.5[118

position indicating device
[IEY 441-15-25]

3.5]119

connection (bolted or equivalent)

two
by

3.5

or more conductors designed to ensure per,
means of screws, bolts or the equiy

120

ter

component provided for th

[E

3.5|121
by-pass (or ins
parf of a by-pas

or
by-
NOT
Sevq

NOT

3.5
mo

assembly < ‘which

me

inal

151-01-03]

bne
ore identical and ete

bass switch

E 1 ave
ral contact

E2 Theme

122

dule

generally comprises by-pass or insertion units, post-insulators gand
chanical” parts and which is mechanically and electrically connected to other identical

asslemblies to form a pole of a by-pass switch

3.5.123
enclosure
part of switchgear and controlgear providing a specified degree of protection (see IEC 60529)

of

equipment against external influences and a specified degree of protection against

approach to or contact with live parts and against contact with moving parts
[IEV 441-13-01, modified]

3.6

Operation

3.6.101
operation
[IEV 441-16-01]
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3.6

.102

operating cycle
[IEV 441-16-02]

3.6

.103

operating sequence
[IEV 441-16-03]

3.6
clo

104
sing operation

[IE

3.6

44 1-16-08]

105

opening operation

[E

3.6

autio-reopening

the
aut

3.6

441-16-09]

106

operating sequence of a by-pass switch whereby
bmatically after a predetermined time

slosing, it op

107

pogitive opening operation

[E

3.6

441-16-11]

108

positively driven operation

[E

3.6

dependent power ope

[IE

3.6
sto

441-16-12]

109

441—16—14]0

110

opgration by
and sufficien{ to

3.6
ind

ind
[IE

3.6
clo

a dtored enéergj~opeba
relgased in.one co

tion where the energy originates from manual power, stored
inuous operation, such that the speed and force of the operation
bpendent of the action of the operator

441<16-16]

ion

bnd
are

113
sed position

[IEV 441-16-22]

3.6

114

open position
[IEV 441-16-23]

3.6

115

shunt release
[IEV 441-16-41]
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3.6.116

anti-pumping device

device that prevents the reopening after a open-close operation as long as the device
initiating opening is maintained in the position for opening

3.6.118
interlocking device
[IEV 441-16-49]

3.6.119

by =
by-pass switch in which none of the moving contacts can insert the capacitor if the epening
command is initiated while the conditions which should cause the closi peration \remain
established

3.7 Characteristic quantities

Figphres 1 to 3 illustrate some definitions of this subclause.

Tinme quantities, see definitions 3.7.120 to 3.7.130, are expxre gnds or in cycles.
WhEgn expressed in cycles, the power frequency should™ g

3.7(101
rated value
qugntity value assigned, generally by cified operating condition of
component, device or equipment
[IEY 151-04-03]

3.71102
prgspective current (
[IEY 441-17-01]

fax i to a switching device or a fuse)

3.7(103

prdgspective peak cy

pedk value of the™ \ the prospective current during the transient pefiod
follpwing initiatio

NOTE The definition assumes-th he current is made by an ideal by-pass switch, i.e. with instantaneous|and
simyltaneou apsition elits \\mpedance across the terminals of each pole from infinity to zero. The peak value

may| differ/from_oxe pale fo another; it depends on the instantaneous voltage across the capacitor prior tq by-
pasging.

3.7(104
pedk current
pedk value of the first current loop during the transient period following initiation

3.7.105

(peak) by-pass current

peak value of the first current loop in a pole of a by-pass switch during the transient period
following the initiation of current during a by-passing operation

NOTE 1 The peak value may differ from one pole to another and from one operation to another as it depends on
the instantaneous capacitor voltage prior to by-passing.

NOTE 2 Where, for a three-phase circuit, a single value of (peak) by-passing current is referred to, this is, unless
otherwise stated, the highest value in any phase.

3.7.106

by-pass insertion current

steady state root-mean-square current that flows through the by-pass switch immediately prior
to opening
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3.7.107

insertion capacity

value of prospective current that a by-pass switch is capable of inserting at stated voltage
under prescribed conditions of use and behaviour

3.7.108

by-passing capacity

value of prospective current that a by-pass switch is capable of by-passing at a stated voltage
under prescribed conditions of use and behaviour

3.7
shd
[IE

3.7
shg
[IE

3.7

109
rt-circuit making capacity
441-17-10]

110
prt-time withstand current
441-17-17]

111

peak withstand current

[E

3.7

apj
[E

3.7
rec
[E

3.7

power frequenc co

[IE

3.7

peak arc voltage

[E

3.7
cle
[IE

3.7
cle

441-17-18]
112
)lied voltage
441-17-24]
113

overy voltage
441-17-25]

114

441-17-27]

115

441-17-3

116
arance
441-17-84

117
arance bet

g

een poles

[E

L AAA4 47
vV 85 1=17

3.7.118
clearance to earth
[IEV 441-17-33]

3.7.119
clearance between open contacts
[IEV 441-17-34]
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3.7.120

opening time

opening time of a by-pass switch defined according to the tripping method as stated below
and with any time delay device forming an integral part of the by-pass switch adjusted to its
minimum setting.

For a by-pass switch tripped by any form of auxiliary power, the opening time is the interval of
time between the instant of energising the opening release, the by-pass switch being in the
closed position, and the instant when the arcing contacts have separated in all poles

NOTE 1 For by-pass switches with more than one insertion unit per pole, the instant when the arcing contacts
have separated in all poles is determined as the instant of contact separation in the first unit of the last pole.

NOTE 2 The opening time includes the operating time of any auxiliary equipment necessary to open the by-pass
switfh and forming an integral part of the by-pass switch.

3.71121

arcling time (of a multipole switching device)
intdrval of time between the instant of the first initiation of an arc &
extinction in all poles
[IEY 441-17-38]

arc

3.7122

insprtion time
intdrval of time between the beginning of the opening ' switch and the engd of
thelarcing time

3.71123

cloging time
intgrval of time between energising the'x
podition, and the instant when the conta

NOT
switph and forming an integral pa

pen

ass

3.71124
by-pass time

intdgrval of time
podition, and the sgtan
NOT i

swit
NOT

pen

ass

3.7

intg
ops§
the

NOTE ,The pre-arcing time depends on the instantaneous value of the applied voltage during a specific| by-
pasgingloperation and therefore may vary considerably.

ing
and
instant\when the contacts touch in the arcing pole for single-phase conditions

3.7.126

open-close time

interval of time between the instant when the arcing contacts have separated in all poles and
the instant when the contacts touch in the first pole during a by-passing operation

NOTE Unless otherwise stated, it is assumed that the closing release incorporated in the by-pass switch is

energised at the instant when the contacts have separated in all poles during opening. This represents the
minimum open-close time.

3.7.127

dead time (during auto-reclosing)

interval of time between final arc extinction in all poles in the insertion operation and the first
re-establishment of current in any pole in the subsequent by-passing operation

NOTE The dead time may vary, e.g. due to the variation of the pre-arcing time.
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3.7.128

by-pass insertion time

interval of time between the initiation of current flow in the first pole during a by-passing
operation and the end of the arcing time during the subsequent insertion operation

NOTE 1 The by-pass insertion time may vary due to the variation of the pre-arcing and arcing times.

NOTE 2 The by-pass insertion time should be compatible with system requirements.

3.7.129

minimum trip duration
minimum time the auxiliary power is applied to the opening release to ensure complete
opgning of the by-pass switch

3.7}130
minimum close duration
minimum time the auxiliary power is applied to the closing device t S omplete cloging

of the by-pass switch

3.71131
re-ignition (of an a.c. mechanical switching device)
[IEY 441-17-45]

3.7|132
resftrike (of an a.c. mechanical switchi
[IEY 441-17-46]

3.71133
nonmal current

curfent which the main cireujt of a-b -as%ch
spdcified conditions of us® )

3.7(134

insulation leve
for|a by-pass s

volfages to earth and

dpable of carrying continuously under

and

r.m|s. valre of si 5 ; and

3.7|136
impulse withstand voltage
pegk<value of the standard impulse voltage wave which the insulation of the by-pass swjtch

Witl ctfandc 1indar cnacifind tact canditinnc
AStEReSHRae—SpecHeatesSteoRations

NOTE Depending on the shape of wave, the term may be qualified as "switching impulse withstand voltage" or
"lightning impulse withstand voltage".

3.7.137

minimum functional pressure for operation

pressure, referred to the standard atmospheric air conditions of +20 °C and 101,3 kPa, which
may be expressed in relative or absolute terms, at which and above which rated
characteristics of a by-pass switch are maintained and at which a replenishment of the
operating device becomes necessary

NOTE This pressure is often designated as interlocking pressure (refer to 3.6.4.6 of IEC 60694).
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3.7.138

minimum functional pressure for by-passing, insertion and insulation

pressure for by-passing, insertion and for insulation, referred to the standard atmospheric air
conditions of +20 °C and 101,3 kPa, which may be expressed in relative or absolute terms, at
which and above which rated characteristics of a by-pass switch are maintained and at which
a replenishment of the by-passing, insertion and/or insulating fluid becomes necessary

NOTE 1 See also 3.6.4.5 of IEC 60694.

NOTE 2 For by-pass switches with a sealed pressure system (also termed sealed-for-life), the minimum functional
pressure for by-passing and insertion is the one at which the rated characteristics of the by-pass switch are
maintained taking into account the pressure drop at the end of the expected operating life.

3.8 Definitions related to series capacitor banks

3.81
capacitor
the|word “capacitor” is used when it is not necessary to lay particulg
meanings of the word capacitor unit, segment or phase bank

ent

3.8|2
ove@rvoltage protector (of a series capacitor)
quigk-acting device that limits the instantaneous voltage ble
vallie when that value would otherwise be exceedgd a a\ circuit fault or otfher
abrljormal network conditions
[IEY 436-03-14, modified]

3.8{3
rateéd capacitance (of a capacitor) C
capacitance value for which the capacitor
[IEY 436-01-12, modified]

3.8]4
r.m|s. value of the€ altern
[IEY 436-01-13, modified

3.8/5

r.m|s. value<of iR 3 een the terminals, derived from rated capacitance, rdted
curfent apd ra
[IEY 43

3.816
limfting voltage (Uyu)
makimuymyinstantaneous voltage occurring between capacitor terminals immediately befor¢ or
durjng-operation of the overvoltage protector, divided by V2

3.8.7

series capacitor phase bank (or phase bank)

assembly of capacitor units connected in one phase so as to act together, the protection
system(s) for these capacitors, etc.

3.8.8

segment (of a series capacitor)

where the phase bank is divided into several series-connected parts of which each part
contains its own assembly of capacitor units and protection system(s) each such complete
part is called segment
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3.8.9

series capacitor bank (or bank)
three-phase banks operated in common
[IEV 436-01-06, modified]

3.8.10
bank protection
general term for all protective equipment for a capacitor bank, or part thereof

3.8]15
current-limiting damping ¢
reagctor or a reactor with

frequency and t i
opgration of the@ g
3.8{16

insertion

ope
tran

3.8(17
ins
r.m
This current may be at the specified continuous or overload current magnitudes

3.8118

on-
ted

Bnd
bon

the

ed.

insertion voltage

peak voltage appearing across the series capacitor upon transfer of the by-pass current with

the opening of the by-pass switch

3.8.19
main gap

that part of the protective spark gap intended to carry the fault current during a specified time,

comprising two or more heavy-duty electrodes

3.8.20
module (capacitor switching step)

three-phase function unit consisting of one capacitor segment (possibly several) per phase

with provision for interlocked operation of the single-phase by-pass switches
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3.8.21

non-linear resistor (varistor)

device to act as overvoltage protection of the capacitor consisting of resistors with a non-
linear voltage-dependent resistance (normally metal-oxide varistors)

3.8.22

protective level

maximum instantaneous voltage appearing across the capacitor immediately before or during
operation of the by-pass gap (gap-scheme) or at a specified instantaneous current through
the varistor (varistor-scheme). In practice, the protective level is equal to U jyxV2

3.8]23

reinsertion

restoration of load current to the series capacitor from the by-pass pat

3.8|24

reimsertion current

transient current, power frequency current, or both, flowing thry

the|opening of the by-pass path

3.8[25

reinsertion voltage

tranpsient voltage, power frequency voltage, or itor

aftgr the opening of the by-pass path

3.8(26

temporary overvoltage

tenmporary power-frequency voltage hig ries

capacitor

3.9] Index of definitions

"a"|contact, mak 3.5.1[12

Amtr)ient air temper 3.1.104

Anti-pumping devi 3.6.1116

Applied voltage 3.7.1112

Arcjng contag 3.5.1P8

Arcling time 3.7.121

Arclcon 3.5.1[17

Auto-reope 3.6.1p6

Auxiliary circ 3.5.1p4

Auxiliary contact 3.5.1[10

Auxiliary switch 3.5.1]11
B

"b" |contact, break contact 3.5.1[13

BanK protection 3810

Break contact 3.5.113

By-pass current 3.8.11

(peak) by-pass current 3.7.105

By-pass fault current 3.8.12

By-pass gap (protective gap) 3.8.13

By-pass insertion current 3.7.106

By-pass-insertion time 3.7.128

By-pass interlocking device 3.8.14

By-pass (or insertion) unit 3.5.121

By-pass switch 3.4.103

By-pass switch class BP1 3.4.104

By-pass switch class BP2 3.4.105

By-pass switch class M1 3.4.106
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By-pass switch class M2 3.4.107
By-pass switch with lock-out preventing opening 3.6.119
By-pass time 3.7.124
By-passing capacity 3.7.108
C
Capacitor 3.8.1
Clearance 3.7.116
Clearance between open contacts 3.7.119
Clearance between poles 3.7.117
Clearance ta earth 37118
Closed position 3.61/13
Closing operation 3.6.1D4
Closing time 377.123
Connection (bolted or the equivalent) 3.5.1119
Contact .5.1p5
Contact piece ’5.1P6
Control circuit 3.5.1p3
Control contact 3.5.1Pp9
Cufrent-limiting damping equipment 3.8.1p
D
Dead time (during auto-reclosing) 3.7.1p7
DeIendent power operation 3.6.1Pp9
Disfuptive discharge 3.1.1112
Englosure 3.5.1p3
External insulation 3.1.1D8
Imgulse withstand voltage 3.7.186
Independent manual oper 3.6.1/12
Insertion 3.8.1p
Insertion current 3.8.1f
Insertion capacity 3.7.1p7
Insertion time 3.7.1p2
Insertion voltage 3.8.18
Insplation level 3.7.184
Intgrlocking device 3.6.1[18
Intgrnal insulation 3.1.1D9
L
Liniting valtag 3.8.5
M
Main circ 3.5.1p2
Maijn contact 3.5.1p7
Main gap 3.8.19
Make contact 3.5.1[12
Mecghanical switching device 3.4.1D2
Minimam close duration 3.7.180
Mi = ; 7138
Minimum functional pressure for operation 3.7.137
Minimum trip duration 3.7.129
Module 3.5.122
Module (capacitor switching step) 3.8.20
N
Non-linear resistor (varistor) 3.8.21
Non-self-restoring insulation 3.1.111
Normal current 3.7.133
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0]
Open-close time 3.7.126
Opening operation 3.6.105
Opening time 3.7.120
Open position 3.6.114
Operating cycle 3.6.102
Operating sequence 3.6.103
Operation 3.6.101
Outdoor switchgear and controlgear 3.1.102
Overvoltage (in a system) 3.1.106
Overvoltage protector 3.8.2

P
Peak arc voltage LATN5
Pegk current 377.104
Peak withstand current 3.7.1[1
Pol .5.1D1
Pogition indicating device >5.1118
Pogitively driven operation 3.6.1p8
Pogitive opening operation 3.6.1p7
Power frequency recovery voltage 3.7.1114
Power frequency withstand voltage 3.7.185
Prel-arcing time 3.7.1p5
Praspective current (of a circuit and with respect to & a fuse) 3.7.1p2
Prospective peak current 3.7.103
Protective level 3.8.2p
Rafed capacitance (of a capacitor) Cy 3.8.3
Rafed current (of a capacitor) Iy 3.84
Rafed voltage (of a capacitor) Uy 3.8.5
Rated value 3.7.101
Re¢overy voltage 3.7.1113
Redignition (of an a.c. 3.7.1B1
Reipsertion 3.8.28
Reipnsertion cur 3.8.24
Reinsertion voltag 3.8.2p
Release 3.5.1[16
Regtrike (of an a.¢ 3.7.1419
Restrike performaqce 3.1.182
Rolling conts 3.5.1[15
Segme 3.8.8
Self-restor 3.1.1[10
Sellies capacitar 3.8.9
Serlies capaeitor phase bank (or phase bank) 3.8.7
Shart-circtit-current 3.1.1p3
Short-circuit making capacity 3.7.1D9
Short-time withstand current 3.7.1110
Sh Ilt IU:UGOU 301 1
Sliding contact 3.5.114
Stored energy operation 3.6.110
Switchgear and controlgear 3.1.101
Switching device 3.4.101

T
Temperature rise (of a part of a by-pass switch) 3.1.105
Temporary overvoltage 3.8.26
Terminal 3.5.120

U
Unit test 3.1.107
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4 Ratings

The characteristics of a by-pass switch, including its operating devices and auxiliary
equipment, that should be used to determine the ratings are the following:

Rated characteristics to be given for all by-pass switches

a) rated voltage to earth and across the by-pass unit;

b) rated insulation level to earth and across the by-pass unit;

c) [rated-frequency;

d) |rated normal current;

e) |rated short-time withstand current;
f) |rated peak withstand current;

g) |rated duration of short-circuit;

h) [rated supply voltage of closing and opening devices and of<a

j) |rated pressures of compressed gas supply and/o 9 supply for operatfon,
insertion, by-passing and insulation, as applicablé

k) |rated by-pass making current;

I) |rated by-pass insertion current;
m) [rated reinsertion voltage (peak value
n) |rated operating sequence;
0) |rated time quantities.

Theg rated characteristifs referred to the rated operating sequenc

19

4.

-—

Suf 2 ¢ - blg” with the following addition.

4.1

Suk

4.11102 Ratethyoltage across the by-pass switch (Urp)
The voltage applied across the by-pass switch should be determined by multiplying |the
impgedance of the series capacitor bank or segment (Xy=1/wCy) by its rated current (Iy). The
ratgd\voltage (phase-to-phase) assigned to the by-pass switch should be calculated from|the
applied voltage (multiplied by V3) and adjusted to the next higher standardized value given in
4.1 of IEC 60694.

For series capacitor banks having current overload capabilities, the rated voltage across the
by-pass switch should be determined by using the maximum specified overload current.

4.2 Rated insulation level

Subclause 4.2 of IEC 60694 is applicable with the following addition.

4.2.101 Rated insulation level to earth

The standard values of rated withstand voltages to earth are given in tables 1a, 1b, 2a and 2b
of IEC 60694.
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4.2.102 Rated insulation level across the by-pass switch

The standard values of rated insulation voltages across the by-pass switch are given in tables
1a, 1b, 2a and 2b of IEC 60694 for the corresponding rated voltage across the by-pass
switch. The rated lightning impulse level should be at least 1,3 times the protective level of
the parallel spark-gap or parallel varistor whichever is lower.

NOTE A minimum margin of 1,3 over the protective level of the varistor or the parallel spark gap has been
specified as it is specified for the impulse voltage withstand capability of surge arrestor housings (see IEC
60099-4).

4.3 Rated frequency (f.)

Subclause 4.3 of IEC 60694 is applicable with the following addition:

The standard values for the rated frequency of high voltage by-pass,$§ e 0 Hz and
60 Hz.

4.4] Rated normal current (I,) and temperature rise

Sulyclause 4.4 of IEC 60694 is applicable.

4.5/ Rated short-time withstand current (7,))
Subpclause 4.5 of IEC 60694 is applicable
4.6 \

Subpclause 4.6 of IEC 60694 is applicab

4.7 Rated duration

Subclause 4.7 of

4.8 Rated suppl age i 3 ol

Subclause 4

4.9 Ra

Subclause 4 Q0f|EC §0694 is applicable.

4.

-—

D Rated pressures of compressed gas supply for insulation, operation and/or by-
passing and insertion

Subclause 4.10 of IEC 60694 is applicable.

4.101 Rated operating sequence
The rated characteristics of the by-pass switch are referred to the rated operating sequence.
C-t-0C-¢-0C

Unless otherwise specified:

- t=0,2s for by-pass switches intended for rapid auto-reopening (dead time);

- t'=3 min.
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NOTE 1 Instead of ¢’ = 3 min., other values: t' = 15 s and ¢' = 1 min are also used for by-pass switches intended
for rapid auto-reopening.

NOTE 2 Other operating sequences may be specified depending upon system requirements. One example is

C-t-0C-+0C-¢-0C

where

C represents a closing operation;

oC represents an opening operation followed immediately (that is, without any intentional delay) by a closing
operation;

t and ¢’ are time intervals between successive operations;

t ang—+-should-always be-oxpressed-inrminutosorin-seconds-

If thp dead time is adjustable, the limits of adjustment should be specified.

4.1D2 Rated by-pass making current (/gp)

The tch

shqg b of

the ing

to t ing

cirg nto

con

NOT king

curre ose

valu

4.1

The the

by- ain

ser

NOT from the R10 series and the rated by-pass inseftion

currg current of the by-pass switch.

41

The i 8 the pgak value of the transient recovery voltage that the|by-

pag i withstanding, without restrike, during the transfer of |the

ratq i i

In gene nt reinsertion voltage should be equal to U, yx\2 to take into account all

emergency itions and power swings that could result in transient inserjion

voliages up to/the protective level of the overvoltage protector.

Seyeraltransient reinsertion voltage waveshapes can be obtained in service. In order to cqver

several Cases, this specification recommends a "1-cos" waveshape having a time-to-peak of

4,1Lms—Otherwaveshapes—may-berequired—and-sheuld-bespecifiedto-the—manufacturet at

the time of enquiry.

NOTE 1 No specific recommended values can be given for the transient reinsertion voltage, since this value is
depending of the series capacitor design parameters (capacitive impedance, rated normal current of the capacitor
bank, protective level of the overvoltage protector, etc...).

NOTE 2 To cover 50 Hz and 60 Hz application with one single test-duty, the transient recovery voltage has been
defined with a time-to-peak of 4,1 ms.

NOTE 3 System simulations showed that to cover the effect of the undertone frequency which is dependent of the
compensation factor and the transient recovery voltage peak shift caused by power swing during insertion, the
transient recovery voltage frequency has to be higher than the system power frequency. The envelope of the
specified transient recovery voltage should cover most of the practical cases. Different transient recovery voltage

wav

eshapes may be specified if required and justified by systems studies.
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4.105 Rated time quantities
Refer to Figures 1, 2, and 3.
Rated values should be assigned to the following time quantities:
— opening time (no-load);
— maximum closing time (no-load);
— maximum open-close time (no-load);
Rafed time quantities are based on
— [|rated supply voltages of closing and opening devices and of auxiliar ontrol Circpits
(see 4.8);
— [rated supply frequency of closing and opening devices and of ayXiN ee 4.9);
— |rated pressures of compressed gas supply for operation, fop~inst pasging
and insertion, as applicable (see 4.10);

— |rated pressure of hydraulic supply for operation;
— |an ambient air temperature of 20 °C £ 5 °C.
NOTE 1 Usually it is not practical to assign a rated value of by-pass by-pass-insertion time|due
to the variation of the arcing time and the pre-arcing time
NOTE 2 The maximum closing time and the im i be given for the minimum supply
voltages, maximum pressure of compressed ga ion, insulation and/or by-passing |and
inseftion, as applicable (see 4.10) and minimum for operation
4.106 Number of mecha
A hy-pass switch shouwld the oIIowing number of operating sequences
taking into account the/p i

Standard &g} seﬂtcf\&\\wkgm\&i/endurance) 2 000 operating sequences

cl
By-pass swijtC spesial ‘service reguirements (extended 10 000 operating sequences
mechanicaNendyrance)
/\f‘l\a M

4.1p7 Classificationo sz switches as a function of application
By-pass swi ified as "BP1" are intended to be used in conjunction with a fast|by-
pagsing devij as by-pass spark-gaps acting as the primary protection of |the
ovdrvoltage protetior/ This type of by-pass switch should be able to make frequent by-pgss
curfents from a capacitor bank precharged to the rated voltage (peak value). This type of|by-
pag

cap

acitor bank precharged to the protective level of the overvoltage protector (U uxV2).

s switch should also be capable to make, in rare occasion, by-pass fault currents froln a

By-pass switches classified as "BP2" are intended to be used as the primary protection for the
overvoltage protector. This type of by-pass switch should be capable to make frequent by-
pass fault currents from a capacitor bank precharged to the protective level of the overvoltage
protector (U mxV2).

5

5.1

Design and construction

Requirements for liquids in by-pass switches

Subclause 5.1 of IEC 60694 is applicable.
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5.2

Requirements for gases in by-pass switches

Subclause 5.2 of IEC 60694 is applicable.

5.3

Earthing of by-pass switches

Subclause 5.3 of IEC 60694 is applicable.

5.4

Auxiliary equipment

Su

clause 5 4 of IEC 60694 is npplir‘nhlp with the fnllnwing additions:

where shunt opening and closing releases are used, appropriate be
taken in order to av0|d damage on the releases when permanent adrders or. ¢losing or

& U trol
trol

contacts arranged so that when the by-pass switch is closed,
contact ("b" contact or break contact) is open and the open r
i ase

NOTE 1 Systems other than contacts are possible and may be uséq.

for shunt closing releases the protective measurgs for the_sk i “b”
contact) as mentioned in the first indent above $ho(ld opemno 3¢ inimum
close duration (3.7.130) provided by the by- X S sing
time; N

NOTE 2 |If the current of the shunt closing xeglease i and

for shunt opening releases the prot weastiges fof the shunt opening releases (thel “a”
contact) as mentioneq/in\the t gve should open no sooner than the minimum
trip duration (3.7. 129 thevby-pasg switch and no later than 20 ms dfter
separation of the

for short operirclose ti Bgui eqts $he protective measures for the shunt cloging
releases (th ‘ entioned/in the first indent above should close no sogner

than when the “a

where auxiliay d as position indicators, they should indicate the gnd

position of the\b i est, open or closed. The signalling should be sustaingd;
connectio ith pd the stresses imposed by the by-pass switch, especially
those Qv i

all auxilia Y » cluding the wiring should be adequately protected against rain jand
humidity;

where special items of control equipment are used, they should operate within the limits specified
for supply voltages of auxiliary and control circuits, interrupting and/or insulating and opergting
media, and be able to switch the loads which are stated by the by-pass switch manufacturer;

bpcb;d: itClllb Uf au)\i“aly Uqu;plllcllt bubh as Ilqwd illdibdtulb, PITooUltT illdibdtulb, Itlief
valves, filling and draining equipment, heating and interlock contacts should operate within
the limits specified for supply voltages of auxiliary and control circuits and/or within the
limits of use of interrupting and/or insulating and operating media;

the power consumption of heaters at rated voltage should be within the tolerance of +
10 % of the value stated by the manufacturer;

where anti-pumping devices are part of the by-pass switch control scheme, they should
act on each control circuit, if more than one is installed;

where a control scheme of pole discrepancy is part of the by-pass switch, the position of
the poles should be supervised, open or closed. The closing of one pole should initiate
closure of the remaining poles. Each by-pass switch should be similarly interlocked for the
opening operation.
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Dependent power operation

Subclause 5.5 of IEC 60694 is applicable with the following addition:

5.6

a by-pass switch arranged for dependent power opening with external energy supply

should also be capable of closing immediately following an opening operation.

Stored energy operation

Subclause 5.6 of IEC 60694 is applicable with the following addition to the first paragraph.

A R
imn
5.7
Suk

5.8
Suk

5.8

If a
relg
sho

5.8

y-pass switcharrangedfor—stored—energy operationmshoutd—atso be capabteof Tioy
nediately following an opening operation.

Independent manual operation

clause 5.7 of IEC 60694 is not applicable for by-pass switches.

Operation of releases

101 Multiple releases

e function, a defect in
$ ‘used for the same func

ing

bne
ion

Forl shunt opening relea 3 inimuNR ation and for shunt closing releases [the
minimum command dufation . e should not be less than 2 ms.

The minimum supp 5 ation ofd>shunt releases should not be less than 20 % of
the|rated supply A

5.8/103 Power gons

Thg power Nt closing or opening releases of a three-pole by-pass swlitch
shauld not.exceed 1 Qycertain by-pass switch designs higher values may be necessary.
5.9 Lows=

Subclause 5.9 of [EC 60694 is replaced by the following:

All |by-pass switches having an energy storage in gas receivers or hydraulic accumulators
(sep96.1 of IEC 60694) and all by-pass switches except sealed pressure devices, usging

cor

Tpressed gas for by-passingand-inmsertiom (see 5103 shouldbefittedwitha Tow-press

ure

interlocking device, and can also be fitted with a high-pressure interlocking device, set to
operate at, or within, the appropriate limits of pressure stated by the manufacturer.

5.10 Nameplates

Subclause 5.10 of IEC 60694 is applicable with the following additions: the nameplates of a
by-pass switch and its operating devices should be marked in accordance with Table 1.

Coils of operating devices should have a reference mark permitting the complete data to be
obtained from the manufacturer.

Rel

eases should bear the appropriate data.

The nameplate should be visible in the position of normal service and installation.
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Table 1 — Nameplate information

Abbrevi- Unit By-pass | Operating Condition:
ation switch device Marking only required if
1 2 3 4 5 6
Manufacturer X X
Type designation and serial number X X
Rated voltage to earth Ue kV X
Rated voltage across by-pass switch Urp kV X
Rated [ightning impulse withstand Upe kV X

voltage to earth

Rated [lightning impulse withstand Upp kV X

voltag¢ across by-pass switch

Rated |switching impulse withstand Usge kV y pnd

voltag¢ to earth

Rated |switching impulse withstand Usp kV y And

voltag¢ across by-pass switch

Rated [frequency I Hz y e at
X both 50 Hz and 60 Hz

Rated [normal current 1, A X

Rated |[duration of short circuit te s %ifferent from1s

Rated [short-time withstand current I kA > <>

Rated |peak withstand current 1§ A

Rated |by-pass making current Igp A

By-pags making current frequency fep kH

Rated |by-pass insertion current Iins %

Rated [reinsertion voltage Uins >

Rated [filling pressure for oper Dy \M.Q) (X)

Rated [filling pressure fory-p
insertipn
Rated |supply voltage of ¢fosk

opening devices

Rated [supply frequency of
openinlg devices

Rated [supply volta ili iroyi U, Vv (X)
Rated |suppl Hz (X)
circuit
Mass (including ol M kg y y More than 300 kg
switchps)
Mass ¢f fluid for'by-passing“and insertion m kg y If gas or oil by-pass
switches
Rated |operating sequence X
Year ofmantfacture %
Temperature class y y Different from
—25 °C outdoor
Classification y If different from BP1 and M1
Relevant standard with date of issue X X

X = the marking of these values is mandatory; blanks indicate the value zero.
(X) = the marking of these values is optional.

y = the marking of these values to the conditions in column (6).

NOTE The abbreviations in column 2 may be used instead of the terms in column 1. When terms in column 1 are used,
the word “rated” need not appear.
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1 Interlocking devices

Subclause 5.11 of IEC 60694 is applicable.

See also 5.4.

5.1

2 Position indication

Subclause 5.12 of IEC 60694 is applicable.

5.1

b Degrees or protection by enclosures

Subclause 5.13 of IEC 60694 is applicable.

5.1

i Creepage distances

Subclause 5.14 of IEC 60694 is applicable.

5.1

5.1

Subclause 5.17 of IEC 606

5.1

Suk

5.1

If ¢

diff

con

5.1

A By-pass\switch, |

b Gas and vacuum tightness

/ Flammability

Subclause 5.15 of IEC 60694 is applicable.
5.1p Liquid tightness
Subclause 5.16 of IEC 60694 is applicable:

luding its operating devices, should be capable of completing its r3

opgrating sequence (4.101) in accordance with the relevant provisions of 5.5 to 5.9 and 5.

for
Cla

the 'whole range of ambient temperatures within its temperature class as defineg

um
Fies

ted
103
in

use 2 of IEC 60694

This requirement is not applicable to auxiliary manual operating devices; where provided,

the

se should be used only for maintenance and for emergency operation on a dead circuit.

By-pass switches provided with heaters should be designed to permit a closing operation at
the minimum ambient temperature defined by the temperature class when the heaters are not
operational for a minimum time of 2 h.

5.1

03 Pressure limits of fluids for operation

The manufacturer should state the maximum and minimum pressures of the fluid for operation
at which the by-pass switch is capable of performing according to its ratings and at which the
appropriate low- and high-pressure interlocking devices should be set (see 5.9). The


https://iecnorm.com/api/?name=e274464fbd9dc31f6b647c6428188845

Copyright © 2002, IEC -31-

manufacturer should state the minimum functional pressure for operation, by-passing and
insertion (see 3.7.137 and 3.7.138).

The manufacturer may specify pressure limits at which the by-pass switch is capable of each
of the following performances:
a) making its rated by-pass making current, i.e. a "C" operation;

b) reinserting its rated by-pass insertion current immediately followed by making its rated by-
pass making current, i.e. a "OC" operating cycle;

c) for by-pass switches intended for rapid auto-reinsertion: making its rated by-pass making
current followed after a time interval ¢ of the rated operating sequence (4.101)) by
reinserting its rated by-pass insertion current, immediately followed 3Q by making its
rated by-pass making current, i.e. an "C - ¢ - OC" operating sequence,

Thg by-pass switches should be provided with energy storage OR ' ity [ for
satisfactory performance of the appropriate operations at the S ing imum
prepsures stated.

5.1p4 Vent outlets

Vent outlets are devices that allow a deliberate relegge of press
opgration.

ng

NOTE This is applicable to air, air-blast and git"by-pass Sy

oth
bns

Vent outlets of by-pass switches should
willl not cause electrical breakdown andi

ma
Thd be
cay -pass
swi

6

Cla

The

All
IEC

of

Forltheltype tests, the tolerances on test quantities are given in Annex A.

The individual type tests should, in principle, be performed on a by-pass switch in a new and
clean condition. In case of by-pass switches using SFg for insulation, by-passing and insertion

and/or operation, the quality of the gas should at least comply with the acceptance levels of
IEC 60480.

The responsibility of the manufacturer is limited to the declared rated values and not to those
values achieved during the type tests.

The uncertainty of each measurement by oscillograph or equivalent equipment (for example
transient recorder), including associated equipment, of the quantities that determine the
ratings (for example by-pass current, applied voltage and transient recovery voltage) should
be within £5 % (equal to a coverage factor of 2,0).
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NOTE For the meaning of coverage factor, there is referred to ISO Guide to the expression of uncertainty in
measurement (see Bibliography).

Table 2 — Type tests

Mandatory type tests Subclauses
Dielectric tests 6.2
Radio interference voltage tests 6.3
Measurement of the resistance of the main circuit 6.4
Temperature-rise tests 6.5
Shoft-time withstand current and peak withstand current tests 6.6
Tightness tests ( 6.8

EMQ tests /\< A

Mechanical operation test at ambient air temperature < \ 6\({1\2\ S

By-pgass making current tests /\\ \ 105\

Inselrtion current tests \ \\ 6.10
Mandatory type tests, where applicable \ \ / Subclauses
Verification of the degree of protection / ~ > 6.7

Extgnded mechanical endurance tests on by-pass switches(fo’f\s\\(-:}iél/éer/u(:eéuqditions * [6.101.2.4

Low|and high temperature tests ( {\\ % ( U ‘\/ 6.101.3

Statjc terminal load tests 6.101.6

Tes{ to prove operation under severe ice condlt ns 6.101.5

NOTE Where the test is markegaby *, an addlt\\nalﬁ\st\\am\e\ owed.

6.1 General

1 Groupi@ﬁ

6.1
Suk

6.1
Suk

6.1

Subclause®6.1.3 of IEC 60694 is applicable with the following addition:

Further-details relating to records and reports of tvne tests for bv-nass current making-and
- Lad PAL J T J

insertion tests are given in Annex B.

6.2 Dielectric tests
6.2.1 Ambient air conditions during tests

Subclause 6.2.1 of IEC 60694 is applicable.

6.2.2 Wet test procedure
Subclause 6.2.2 of IEC 60694 is applicable with the following note:

NOTE In the case of dead tank by-pass switches, when the bushings have been previously tested according to
the relevant IEC standard, tests under wet conditions can be omitted.
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6.2.3 Condition of by-pass switch during dielectric tests

Subclause 6.2.3 of IEC 60694 is applicable.

6.2.4 Criteria to pass the test
Subclause 6.2.4 of IEC 60694 is applicable with the following addition:

The by-pass switch has passed the impulse tests if the following conditions are fulfilled:

a) the number of disruptive discharges should not exceed two for each series of 15 impul

b) |no disruptive discharges on non-self-restoring insulation should occur.
Thik

of t
of t

tha
die
sell

NOT
labo

6.2
Suk
6.2
Suk

6.2/6.1
Subclause 6.2.6.

NOT
the

6.2
Suk

6.2}7 / ‘Tests of by-pass switches of U, > 245 kV or U, > 245 kV

S,

out
bne

ing
the
on-

the

Subclause 6.2.7 of IEC 60694 is applicable.

6.2.7.1 Power-frequency voltage tests

Subclause 6.2.7.1 of IEC 60694 is applicable with the following addition:

The test procedure following the alternative method is more severe than the test procedure

following the preferred method.

6.2.7.2 Switching impulse voltage tests
Subclause 6.2.7.2 of IEC 60694 is applicable with the following addition:
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The dry tests should be performed using voltage of positive polarity only. With the by-pass
switch closed, the test voltage equal to the rated withstand voltage to earth should be applied
for each test condition of Table 9 of IEC 60694.

With the by-pass switch open, the test voltage equal to the rated withstand voltage across the
open by-pass switch should be applied for each test condition of Table 9 of IEC 60694.

6.2.7.3 Lightning impulse voltage tests
Subclause 6.2.7.3 of IEC 60694 is applicable with the following addition:

With the by-pass switch closed, the test voltage equal to the rated withstand voltage to eJarth

shquld be applied for each test condition of Table 9 of IEC 60694.

With the by-pass switch open, the test voltage equal to the rated withsta Qltage agross|the
opgn by-pass switch should be applied for each test condition of Table 8 oOf

6.2/|8 Artificial pollution tests
Sulclause 6.2.8 of IEC 60694 is applicable.

6.2|9 Partial discharge tests
Subclause 6.2.9 of IEC 60694 is appli

Pantial discharge tests are not normally performed on the complete by-pass
switch. However, in the case of by-pass ' g components for which a releyant

IEQ standard exists, and i i : res partial discharge measuremegnts
(forl example, bushings, ¢ ould be produced by the manufactdyirer
shgwing that those cor 18S partial discharge tests as laid down in |the

relgvant IEC standard.

6.2/10 Tests o@ i

Subclause 6.2.10

6.2|11

Subclaug

Where after and insertion tests (see 6.102.9) or where after mechanicall or
enyironmental* tes ee 6.101.1.4) a voltage test is performed as a condition check, |the

tion
be

necessary.

For by-pass switches with an asymmetrical current path, the connections should be reversed.
The complete tests should be carried out once for each arrangement of the connections.

— By-pass switches with U,, < 72,5 kV or U,, < 72,5 kV

re o —
A 1 min power-frequency voltage test should be performed. The test voltage should be
80 % of the value in Table 1a, column (2) of IEC 60694.

— By-pass switches with 72,5 kV < U,, £ 245 kV or 72,5 kV < U,, < 245 kV

re — m—

An impulse voltage test should be performed. The crest value of the impulse voltage
should be 60 % of the highest relevant value in Table 1a, column (4) of IEC 60694.

— By-pass switches with 300 kV < U,, <420 kV or 300 kV < U, <420 kV

re — o —
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An impulse voltage test should be performed. The crest value of the impulse voltage
should be 80 % of the rated switching impulse withstand voltage given in Table 2a of
IEC 60694. The rated switching impulse withstand voltage should be taken from column
(4). The reference value for the condition check should be taken from the same column.

By-pass switches with 550 kV < U, < 800 kV or 550 kV < U, < 800 kV

re —

An impulse voltage test should be performed. The crest value of the impulse voltage
should be 90 % of the rated switching impulse withstand voltage given in Table 2a of
IEC 60694. The rated switching impulse withstand voltage should be taken from column
(4) of this Table. The reference value for the condition check should be taken from the
same column

Where an impulse voltage test should be carried out, five impulses of each-palarity shiouldq be

apf
con

For
apd
For
tim

NOT
both
imp

NOT
stan

6.3
Suk

Teg
tes
cor
per|

NOT
perf

6.4
Suk

lied across the switching device and to earth (if required). The by-pa ichcshould be

sidered to have passed the test if no disruptive discharge occurs.

the impulse voltage test, the synthetic testing equipment of the be
lied. The waveshape of the impulse voltage should be eithe \Nng i Ise
3 DO).
the test with the waveshape according to T10, timing on

B 13 are permitted.

E 1 Comparative tests have shown that there are almost \no djff i = ers,
in new and in worn conditions, when testing is performed x TRV
Ises with a waveshape in accordance with t&

E 2 If the tests are performed using the the

dard switching impulse if the following rules a

the damping of the TRV should be such thdt the second peak of\the TRV oscillation is not higher than 80 }6 of
the first one;

about 2,5 ms after the pea eak
value.

Radio inter:ere cevoltag i s
clause 6.3 of 394 is 8 e\with the following addition:
ts may be pefforh Of the by-pass switch in closed position only. During|the
s the by-pas S d be"equipped with all accessories such as grading capacitprs,
bna rings, i etc., which may influence the radio interference voltage
formay
E If theNy-pas itch fgrms an integral part of the series capacitor platform and r.i.v. tests have Been
brmed on the3platform\the r.i.v. test on the by-pass switch is considered to be covered.

Measurement of the resistance of the main circuit

clause 6.4 of IEC 60694 is applicable.

6.5

Temperature-rise tests

6.5.1 Conditions of the by-pass switch to be tested

Subclause 6.5.1 of IEC 60694 is applicable.

6.5.2 Arrangement of the equipment

Subclause 6.5.2 of IEC 60694 is applicable.

6.5.3 Measurement of the temperature and the temperature rise

Subclause 6.5.3 of IEC 60694 is applicable.
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6.5.4 Ambient air temperature

Subclause 6.5.4 of IEC 60694 is applicable.

6.5.5 Temperature-rise tests of the auxiliary and control equipment

Subclause 6.5.5 of IEC 60694 is applicable.

6.5.6 Interpretation of the temperature-rise tests

Subclause 6 5 6 of |IEC 60694 is Qpplir‘thp

6.6/ Short-time withstand current and peak withstand current tests

Subclause 6.6 of IEC 60694 is applicable.

6.6|1 Arrangement of the by-pass switch and of the test ¢ircu

Subclause 6.6.1 of IEC 60694 is applicable.

6.6{2 Test current and duration
Subclause 6.6.2 of IEC 60694 is applicable.
6.6|3 Behaviour of the by-pass switch\du test
Subclause 6.6.3 of IEC 60694 is applicabie.

. nes i I tes

6.6
Suk

67 on

6.7

Sul 3 applicable to all parts of by-pass switches that |are
acg i

6.7
Suk

6.8 Tightness tests

Subcladse 6.8 of IEC 60694 is applicable.

6.9 Electromagnetic compatibility (EMC) tests
Subclause 6.9 of IEC 60694 is applicable.

6.101 Mechanical and environmental tests
6.101.1 Miscellaneous provisions for mechanical and environmental tests
6.101.1.1 Reference mechanical travel characteristics

At the beginning of the type tests, the mechanical travel characteristics of the by-pass switch
should be established, for example, by recording no-load travel curves. These curves will
serve as the reference mechanical travel characteristics. The purpose of these reference
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mechanical travel characteristics is to characterise the mechanical behaviour of the by-pass
switch. Similar tests are required before and/or after other tests including mechanical,
environmental, by-pass making and insertion tests and at the time of routine testing and
commissioning tests, if applicable.

The following operating characteristics should be recorded:

— mechanical travel characteristics for opening and closing operation;

— the sensor used for the record of the mechanical travel characteristics should be mounted
at a suitable location making it possible to provide the mechanical travel characteristics at
best, either directly or inditectty. The tocation shoutd be stated inm the test report,_ T he
mechanical travel characterlstlcs curve may be recorded continuously or dlscretely Ip|the

— [closing tlme;
— lopening time.

The reference mechanical travel characteristics should be pfodus i est
mage with the operating sequence C - ¢ - OC at rated supply and
of auxiliary and control circuits, rated functional pressure<for opeyat hce
of testing, at the minimum functional pressure for by-pa jon no-

loadl test may be taken from any appropriate no-loadAest being pa indivi St

Thea reference mechanical travel charasteristics i iffefent
test samples used during the mé i ihe ave
mechanically in a similar way. All test ion
type tests should have a mechanica iped
enyVelopes. When, due to variable t irect
comparison between the epyelopes ca - he’/manufacturer should be able to show
eviglence that the envelo

The reference mechanical t ‘ st i imit$ of
the|allowable de ions is re , fwo

envelope curves the

contact travel for opénin uch
for closing. The distan g the
totgl stroke as shgwn\in Iv'case of by-pass switches with a total stroke of 20 mm or

les$ the dis envelopes from the original course should be 2 mm. If is
recpgnised that fo yhs of by-pass switches these methods are inappropriate] In
sugh cagés \the maauractyrer should justify the method and limits used.

The series ofikigures 7a through 7d are for illustrative purposes and only illustrate |the
opgning opgeration~hey are idealised, and do not show the variation in profile caused by |the
fricfion effect of the contacts or the end of travel damping. In particular, it is important to rjote
that the.effects of damping are not shown in these diagrams. The oscillations produced at|the
end ‘of-travel are dependent upon the efficiency of the damping of the drive system. [he
shape of these oscillations may be a deliberate function of the design or be caused by poor
design, manufacture, assembly or adjustment. Therefore, it is important that any variations in
the curve at the end of the stroke, which are outside the tolerance margin given by the
envelope, are fully explained and understood before they are rejected or accepted as showing
equivalence with the reference curves. In general, all curves should fall within the envelopes
for acceptance.

The envelopes can be moved in the vertical direction until one of the curves covers the
reference curve. This gives maximum tolerances over the reference mechanical travel
characteristics of -0 %, +10 % and -10 %, +0 %, respectively as shown in Figures 7c and 7d.
The displacement of the envelope can be used only once for the complete procedure in order
to get a maximum total deviation from the reference characteristic of 10 %.
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The opening time and the closing time recorded in the reference no-load test should be used
as reference closing and reference opening time. The allowable deviations from these
reference times correspond to the tolerances given by the manufacturer, but should not

exceed +10 %, when performed at rated control voltage.

6.101.1.2 Component tests

When testing of a complete by-pass switch is not practicable, component tests may be
accepted as type tests. The manufacturer should determine the components that are suitable

for testing.

Covlnponents are separate functional sub-assemblies that can be operated independently of
the|complete by-pass switch (for example, pole, by-pass unit, operating mgchan|

When component tests are made, the manufacturer should prove and
enyironmental stresses on the component during the tests are not{ess pli

the| same component when the complete by-pass switch is tegte shquld
covier all different types of components of the complete by-p the
particular test is applicable to the component. The condifion ~ nt type tgsts
shquld be the same as those which could be employed for the cox 1SS switch.

Pants of auxiliary and control equipment that have d in accordance \ith

relgvant standards should comply with these sta
connection with the function of the oths

6.1D1.1.3 Characteristics and settings

Before and after the te
recprded and evaluated:
a) [closing time;
b) [opening tim
c) [time spread be
d)
e)
f)
9)
duration off@pening and closing command impulse;
i) [tightness,if appti¢able;

j) lgas(densities or pressures, if applicable;

k) |resistance of the main circuit;

5 1IN

I) time-travel chart;
m) other important characteristics or settings as specified by the manufacturer.

The above operating characteristics should be recorded at

— rated supply voltage and rated filling pressure for operation;

— maximum supply voltage and maximum filling pressure for operation;

— maximum supply voltage and minimum functional pressure for operation;
— minimum supply voltage and minimum functional pressure for operation;
— minimum supply voltage and maximum filling pressure for operation.
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6.101.1.4 Condition of the by-pass switch during and after the tests

During and after the tests, the by-pass switch should be in such a condition that it is capable
of operating normally, carrying its rated normal current, by-passing its rated by-pass making
current and inserting its rated insertion current and withstanding the voltage values according
to its rated insulation levels.

In general, these requirements are fulfilled if

during the tests, the by-pass switch operates on command and does not operate without
command;

— [after the tests, the characteristics measured according to 6.101.1.3 are within |the
tolerances given by the manufacturer;

— |after the tests, all parts, including contacts, do not show undue weaf;

— |after the tests, coated contacts are such that a layer of coatig ateri ins at|the
S he test
requirements are fulfilled only if the temperature rise . acts\during |the
temperature-rise test (according to 6.5) does not excee vjtted for Bare

contacts;

— |during and after the tests, any distortion of mechanfi toni sh that it adversely
affects the operation of the by-pass switch /or - proper fitting of pny
replacement part;

— |after the tests the insulating propeftie 5 i the open position shquld
be in essentially the same conditi ual inspection of the by-pass

switch after the tests is usually suffici v the insulating properties. In|the
case of by-pass switches with sealed-for-lite_by-pass units, a voltage test as a condition

6.1p1.1.5 Condition Q ili equipment during and after the tests

Dufing and after the t [ ihg conditions for the auxiliary and control equipment
shquld be fulfill

— |during the tests

— |during the tesgs, 3f" CO s (both make and break auxiliary contacts) should| be
arranged t6s

— |during-and e auxiliary and control equipment should fulfil its functions;

— |during.and he tests, capability of the auxiliary circuits of the auxiliary switches and
of the co ipmeént should not be impaired. In case of doubt, the tests according to

6.2.10 of IEC

— |during-and after the tests, the contact resistance of the auxiliary switches should nof be
affected adversely. The temperature rise when carrying the rated current should |not
exceed the specified values (see Table 3 of IEC 60694).

60694 should be performed;

6.101.2 Mechanical operation test at ambient air temperature
6.101.2.1 General

The mechanical operation test should be made at the ambient air temperature of the test
location. The ambient air temperature should be recorded in the test report. Auxiliary
equipment forming part of the operating devices should be included.

The mechanical operation test should consist of 2 000 operating sequences .

During the test, lubrication is allowed in accordance with the manufacturer's instructions, but
no mechanical adjustment or other kind of maintenance is allowed.
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6.101.2.2 Condition of the by-pass switch before the test

The by-pass switch for test should be mounted on its own support and its operating
mechanism should be operated in the specified manner. It should be tested according to its
type as follows:

A three-pole by-pass switch actuated by a single operating device and/or with all poles
mounted on a common frame should be tested as a complete unit.

Tests should be conducted at the rated filling pressure for by-passing and insertion according
to 6.101.1.3, item j).

A lLree-poIe by-pass switch in which each pole or even each column is actuated bk a

sepfarate operating device should be tested preferably as a complete -pole(by-pjass
switch. However, for convenience, or owing to limitations of the dimen e test Ray,
ong single-pole unit of the by-pass switch may be tested, provided k& § alent to], or

not|in a more favourable condition than, the complete three-polé ver [the

range of tests, for example in respect of

— [reference mechanical travel characteristics;

— |power and strength of closing and opening mechanism
— [rigidity of structure.

6.1D1.2.3 Description of the test on class M1

The by-pass switch should be tested i

Table 3 — Nurmber of opetating. sequences

B Number of operating sequences

Qperating sequence jy-pass switches for By-pass switches nof for

I auto-reopening auto-reopening

o-f,-C-t, Q yinim@ > 500 500
N 500 500

Rated
AN Maximugn=N 0 500 500

C- -OC-ta—O-&\\%t&f\\/ 250 -
oef NS -

C =[closing;
OC F an opening/opecation Yollowed immediately (i.e., without any intentional time-delay) by a closing operation;

t, =| time between two operations which is necessary to restore the initial conditions and/or to prevent undue
eating of parts of the by-pass switch (this time can be different according to the type of operation);

t = 0,2.s/for by-pass switches intended for rapid auto-reopening, if not otherwise specified.

6.101.2.4 Extended mechanical endurance tests on class M2 by-pass switches
for special service requirements (multi-segmented series capacitor banks)

For special service requirements in the case of frequently operated by-pass switches (used in
multi-segmented series capacitor banks), extended mechanical endurance tests may be
carried out, as follows.

The tests should be made according to 6.101.1, 6.101.2.1, 6.101.2.2 and 6.101.2.3 with the
following addition:

— the tests should consist of 10 000 operating sequences comprising five times the relevant
test series specified in Table 3;
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— between the test series specified, some maintenance, such as lubrication and mechanical
adjustment, is allowed, and should be performed in accordance with the manufacturer’s
instructions. Change of contacts is not permitted;

— the programme of maintenance during the tests should be defined by the manufacturer
before the tests and recorded in the test report.

6.101.2.5 Acceptance criteria for the mechanical operation tests

The criteria given below apply for mechanical operation tests on class M1 and class M2 by-
pass switches.

a) |Before and after the total test programme, the following operations should be performeJi:

— five open-close operations at the rated supply voltage of closing & eni ices
and of auxiliary and control circuits and the rated pressure for operatior;

— five open-close operations at the minimum supply voltagé 9 ing
devices and of auxiliary and control circuits and the minimnm Rressuxe\fox operation;

— five open-close operations at the maximum supply Vo - i ? ing
devices and of auxiliary and control circuits and the Nressuxe for operation

During these operations, the operating characteristi NI Hed

and evaluated i , at

least one oscillogram for each set of conditions giveq 2 ] i i est

report

In gddition, the following checks and mes

— measurements of characteristi ing
operations, if applicg

— verification of the rs

— checks of certai

The variation the

extended m the

manufacturer.

b) [After each seties of ' i isti , b), ) d),
e) and |) jn 6 A

c) |Afterthexotal Te ) iti - i i hce

6.101.3 Low and high temperature tests

6.101:3:4 General

The two tests need not be performed in succession, and the order in which they are made is
arbitrary. For class —10 °C outdoor by-pass switches, no low temperature test is required.

For single enclosure by-pass switches or multi-enclosure by-pass switches with a common
operating device, three-pole tests should be made. For multi-enclosure by-pass switches with
independent poles, testing of one complete pole is permitted.

Owing to limitations of the test facilities, multi-enclosure type by-pass switches may be tested
using one or more of the following alternatives provided that the by-pass switch in its testing
arrangement is not in a more favourable condition than normal condition for mechanical
operation (see 6.101.2.2):

a) reduced length of phase-to-earth insulation;
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reduced pole spacing;
reduced number of modules.

If heat sources are required, they should be in operation.

Liquid or gas supplies for by-pass switch operation are to be at the test air temperature
unless the by-pass switch design requires a heat source for these supplies.

No

maintenance, replacement of parts, lubrication or readjustment of the by-pass switch is

permissible during the tests.

NOTE In order to determine the material temperature characteristics, ageing, etc.,
those specified in the following subclauses may be necessary.

compliance with performance requirements for an established
by flocumenting satisfactory by-pass switch field experience i
ampient air temperatures frequently at or above the speci
te perature of 40 °C and at least one Iocatlon with satisfag to

of |

6.1

The
the

Thd

5 Kl

6.1

tests of longer duration

D1.3.2 Measurement of ambient air temperature

env ror@n should be measured at half

ambient air temperature of the i

height of the by-pass switch and at\q di 1{m Yrom the by-pass switch

maximum temperature deviation e by-pass switch should not excged
D1.3.3 Low tempe

The diagram o : ghd\identification of the application points for the tgsts

spdcified are gi i

If the low tempera is'performed immediately after the high temperature test, the [low

tenmperature test ¢ ter_eOmpletion of item u) of the high temperature test. In this

case items

a) |The Aes 2 itch should be adjusted in accordance with the manufacturer's
instructi

b) [Characteristics any settings of the by-pass switch should be recorded in accordance yith

6.101.1(3)and at/an ambient air temperature of 20 °C + 5 °C (T,). The tightness test (if
applicable) should be performed according to 6.8.

With" the by-pass switch in the open position, the air temperature should be decrease1i to

d)

e)

the appropriate, minimum ambient air temperature (7 ), according to the class of the by-

pass switch as given in 2.1.1, 2.1.2 and 2.2.3 of IEC 60694. The by-pass switch should be
kept in the open position for 24 h after the ambient air temperature stabilises at 7| .

During the 24 h period with the by-pass switch in the open position at temperature 7|, a

tightness test should be performed (if applicable). An increased leakage rate is
acceptable, provided that it returns to the original value when the by-pass switch is
restored to the ambient air temperature 7, and is thermally stable. The increased

temporary leakage rate should not exceed the permissible temporary leakage rate of Table
12 of IEC 60694.

After 24 h at temperature T\, the by-pass switch should be closed and opened at rated
values of supply voltage and operating pressure. The closing time and the opening time
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g)
h)

should be recorded to establish low temperature operating characteristics. Contact
velocity should be recorded if feasible.

The low temperature behaviour of the by-pass switch and its alarms and lock-out systems
should be verified by disconnecting the supply of all heating devices, including also the
anti-condensation heating elements, for a duration ¢,. During this interval, occurrence of

the alarm is acceptable but lock-out is not. At the end of the interval ¢,, a closing order, at

rated values of supply voltage and operating pressure, should be given. The by-pass
switch should then close. The closing time should be recorded (and the mechanical travel
characteristics measured, if feasible) to allow assessment of the by-passing capability.

T e manufacturer stoutd—statethevatue of 7 (ot fesstham 2+ up to witich thre by-ppss
switch is still operable without auxiliary power to the heaters. In the absence of(sugh a
statement, the preferred value should be equal to 2 h.

The by-pass switch should be left in the closed position for 24 h.

acceptable, provided that it returns to the original vaIu 5 i is
restored to the ambient air temperature 7, and i

temporary leakage rate should not exceed the per
12 of IEC 60694.

at
ce.

rated values of supply voItage
temperature T . At least a 3 min 4

the
les
hde

operations, the air temperature should be
at a rate of change of approximately 10 K |per

period the by-pass switch should be subjected to
t;- O -1, - C operating sequences at rated valueg of

pressure. The alternate operating sequences should| be
soythat the by-pass switch will be in open and closed positipns

Nitch has stabilised thermally at ambient air temperature T, a recheck

should bemade of the by-pass switch settings, operating characteristics and tightnesq as
in Itemsa)~and~\y) for comparison with the initial characteristics.

'he accumulated leakage during the complete low temperature test sequence from item b)
{odiem j) should not be such that lock-out pressure is reached (reaching alarm pressurg is
allowed)

6.101.3.4 High-temperature test

The diagram of the test sequence and identification of the application points for the tests
specified are given in Figure 4b.

If the high temperature test is performed immediately after the low temperature test, the high
temperature test can proceed after completion of item j) of the low temperature test. In this
case, items |I) and m) below are omitted.

1)

The test by-pass switch should be adjusted in accordance with the manufacturer's
instructions.
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m) Characteristics and settings of the by-pass switch should be recorded in accordance with

6.101.1.3 and at an ambient air temperature of 20 °C £ 5 °C (7). The tightness test (if
applicable) should be performed according to 6.8.

With the by-pass switch in the open position, the air temperature should be increased to
the appropriate, maximum ambient air temperature (7), according to the upper limit of

ambient air temperature as given in 2.1.1, 2.1.2 and 2.2.3 of IEC 60694. The by-pass
switch should be kept in the open position for 24 h after the ambient air temperature
stabilises at T,.

NOTE The influence of solar radiation is not considered.

0)

%))

q)

u)

During the 24 h period with the by-pass switch in the open position at the temperature |7,
a tightness test should be performed (if applicable). An increasgd teakage~ratd is
acceptable, provided that it returns to the original value when ke by pass switch is
restored to the ambient air temperature 7, and is thermall Nhe\increaped

temporary leakage rate should not exceed the permissible tempgQra ) f Table
12 of IEC 60694

After 24 h at the temperature T}, the by-pass switch should e clo ed at rdted
values of supply voltage and operating pressure. Th i re-and\the opening tjme

should be recorded to establish high temperat eristics. Confact

velocity should be recorded if feasible.

The by-pass switch should be closed and left

During the 24 h period with the ¢ ed_position at the temperafure
Ty, a tightness test should be pexfor An increased leakage ratg¢ is
acceptable, provided that it returns | value when the by-pass switch is
restored to the ambient air temj is thermally stable. The increafged
temporary leakage raté 3 seed rmissible temporary leakage ratq of

and 50 closing operations should be madg¢ at
ating pressure with the by-pass switch at |the
t 3 min should be allowed for each cyclg or

rated values
temperature

sequence. The [ i loging operation should be recorded to establish Righ
temperature operating\cha istics. Contact velocity should be recorded if feasible

Following the \first Y ation (O) and the first closing operation (C) three |OC
operatio S \fional time delay) should be performed. The additignal

operatiqns\shoulthbe\made by performing O - ¢, - C - £, operating sequences (¢, is defiped

After com [ e 50 opening and 50 closing operations, the air temperature should be
decreased.\to ambjent air temperature T, at a rate of change of approximately 10 K/h.

During. the temperature transition period, the by-pass switch should be subjected to
alternate O -¢,-C-¢,-0 and C-¢, -0 -1, - C operating sequences at rated valueg of

buppiy VUitng dlld Upcldtillg PIeoSsurc. TiIU ditﬂllldtU UpUIdt;llg SCUUCTILTS ailuuiu' be
made at 30 min intervals so that the by-pass switch will be in the closed and open
positions for 30 min periods between the operating sequences.

After the by-pass switch has stabilised thermally at ambient air temperature T, a recheck
should be made of the by-pass switch settings, operating characteristics and tightness as
in items 1) and m) for comparison with the initial characteristics.

The accumulated leakage during the complete high temperature test sequence from item I)
to item u) should not be such that lock-out pressure is reached (reaching alarm pressure
is allowed).

6.101.4 Humidity test

The humidity test does not apply to by-pass switches.
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6.101.5 Test to prove the operation under severe ice conditions
The test under severe ice conditions is applicable only to by-pass switches having moving

external parts and for which a class of 10 mm or 20 mm of ice thickness is specified. The test
should be performed under the conditions described in IEC 60129.

6.101.6 Static terminal load test
6.101.6.1 General

The static terminal load test is performed to demonstrate that the by-pass switch operates
corfectly when loaded by stresses resulting from ice, wind and connected conductors.

The static terminal load test is applicable only to by-pass switches having a ra
earth of 52 kV and above.

d‘voltage to

If the manufacturer, using calculations, can prove that the by-g and |the

strgsses, tests need not be performed.

Ice|coating and wind pressure on the by-pass switch shotid : P of
IEQ 60694.

Sorne examples of forces due to flexible and tubyla P I ind
or ice load or the dynamic loads on the’by-pasg™swifsh its 4.

i of

The tensile force due to the connected
the|by-pass switch terminal.

For simultaneous action &f i es,
Fgla, Fspp @and Fy, respectively

6.1p1.6.2 Test

The tests should be¢

Thd
ma
suffici
uni
For

east one complete pole of the by-pass switch. If the
se is no interaction between different columns in the pole, |t is
n. For by-pass switches that are symmetrical about the gole
one terminal need be tested with the rated static terminal Iqad.
are not symmetrical, each terminal should be tested.

Teqts should’'be made separately, firstly with a horizontal force, Fg, 5, applied in longitudjnal
axi$ of the terminal (direction A in Figure 6), secondly with a horizontal force, Fg,g, appliefl in
twq directions successively at 90° from the longitudinal axis of the terminals (directions| B,
and B, in Figure 6) and thirdly, with a vertical force, F, applied in two directions successively
(directions C4 and C, in Figure 6). To avoid the need to apply a special force representing the

force of wind acting at the by-pass switch's centre of application of pressure, this wind load
may be applied at the terminal (see Figure 5) and reduced in magnitude in proportion to the
longer lever arm (the bending moment at the lowest part of the by-pass switch should be
the same).

Two operations should be performed for each of the five terminal load tests.
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Table 4 — Examples of static horizontal and vertical forces for static terminal load test

Rated tvoltage range | pated current range Static horizontal force (vefttiac‘:ta:f:)Zl:js::lvfaorrgznd
o earth Fin downward)
U,e 1, Longitudinal Transversal Fy,
Fina Fing
kv A N N N
52 -725 800 — 1250 500 400 500
52=7125 7600 — 2 500 750 500 750
100 - 170 1250 -2 000 1000 750 750
100 - 170 2 500 — 4 000 1250 750 NO
245 - 362 1600 —4 000 1250 1000 K\ZSO
420 - 800 2000 — 4 000 1750 1250 A\ AN )

6.1
Thd

Where applicable, prior to the commencement

the

6.1
By-

by-
curf

Thi

curr

By-
ac

by-pass switch).

The

for example the miRj

D2.1 Gener@

sequence (for example the mini
1ydrau|ic operating mechanism);

guaranteeing the
pressure for operation in case of a

sanufacturer should declare

rated operating

anteeing the rated operating sequepce

pass making Cucrent and insertion current tests are normally performed in single-phasg
bmpletespole, see also 6.102.4.1.

by-passing and insertion in case of a gas

dted
all

ng

on

by-pass making current test is normally performed with a single power source (pre-

charged capacitor bank) while the insertion current test may be performed with several
sources where all of the current, or a major part of it, is obtained from one source and the
recovery voltage is obtained only, or in part, from a separate source (synthetic tests).

During testing of a metal enclosed by-pass switch, the insulation to earth is not stressed with
the full voltage phase-to-earth voltage occurring during a by-pass or insertion operation. It
may be necessary to prove that the insulation to earth is capable of withstanding this full
voltage after the required test duties. The influence of exhaust gases should also be taken
into account.

NOTE Where the by-pass switch consists of three poles in one enclosure, the test procedure should be modified
as suggested in IEC 61633 for capacitive current switching.
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If, due to limitations of the testing facilities, the overall performance of the by-pass switch
cannot be proved in the above way, several methods employing either direct or synthetic test
methods may be used either singly or in combination, unit testing, depending on the by-pass
switch type.

6.102.2 Number of test specimens

Subclause 6.1.1 of IEC 60694 is applicable with the following addition:

For the performance of by-pass making current and insertion current tests a unique test
spgcimen should be used without any maintenance permitted between the test duties.

6.1p2.3 Arrangement of by-pass switch for tests

6.102.3.1 General

The by-pass switch under test should be mounted on its owp” Supp ivalent
sugport. \ be
assembled on its own supporting structure and enclosurg a i ing
feajures, with vent outlets forming part of the unit_and & i , Wi ain

connections and busbars.

To [facilitate consistent control of the closing fand\ ep&ni ion, i i/or
opgning releases can be supplied at 3 : i act
spged is not affected. i ing
deVice should be operated in the manner specifi particular, if it is eIectncaII) or
spring operated, closing solenoid or shunt che Bleases and shunt opening releases
shduld be supplied at their respectiv [ 3 i ion
(85| % of the rated voltagg .C, ) T or
shynt closing releases, 38 if is
required that pneumafsally i ; i inimum
fungtional pressure for operatio 3 9 on
the| fact that t 0]
opgrations.
e) |before performing a i i i i the
minimum functj operation as per 3.7.137, all the pressures during |the
rated op g S ¢ arried out at no-load should be recorded;

f) [the resqrded vald d be compared with the minimum values declared by |the

g) [when requi ed ests” should be carried out at the pressure for operation set at |the
minimum-fun value resulting from a) and b) above, whatever is the lower, for|the
corresponding operation in the test-duty; the pressure values should be reported in |the
test(report.

|ntadlocking—devices—associatedwith-pressure—interlocks—showld-be—made—inoperative—du |ng
C g P

vvvvvvvvvvvvvvvvvvvvvvvv
the tests, if they interfere with the intent of the test.

It should be shown that the by-pass switch will operate satisfactorily under the above
conditions at no-load as specified in 6.102.6. When required, the pressure of the compressed
gas for by-passing, insertion and/or insulation, if any, should be set at its minimum functional
value according to 3.7.138.

The by-pass switch should be tested according to its type as specified in 6.102.3.2 and
6.102.3.3.

6.102.3.2 Common enclosure type

Generally not applicable for by-pass switches, see note of 6.102.1.
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6.102.3.3 Multi-enclosure type

A three-pole by-pass switch consisting of three independent single-pole switching devices is
normally tested single-phase according to 6.102.4.1. The manufacturer should give testing
evidence to show compliance with 5.101.

A three-pole by-pass switch not having completely independent switching devices should also
be tested single-phase. However, the mechanical and electrical conditions applied during the
tests should be equivalent to, or not in a more favourable condition than, the complete three-
pole by-pass switch over the range of tests in respect of

— |mechanical travel characteristics in a by-pass making current operation (for the evalua
method, see 6.102.4 and 6.102.7);

— |mechanical travel characteristics in an insertion current operation
method, see 6.102.4 and 6.102.7);

— [availability of arc-extinguishing medium;

on

e -evaluation

— |power and strength of closing and opening devices;

— [rigidity of structure.

If these conditions cannot be fulfilled, the manufactu gdble

test procedure.

6.102.4 General considerations cofice

6.1p2.4.1

Acgording to this method, a smgle pole 3 , « i i i -phgse,
applying to the pole the gam i sed
upgn the most highly stres ed pole duh -pRa - i i ion

curfent tests by the cot

A three-pole o
assembly is provided

6.1p2.4.2 Unit t

-pole

Cetftain by o) 3 ing i i [ ion
units in & by
theluse ©

Thig type of\design gnables the by-pass making and insertion performance of a by-pjgss
switch to be-tested by carrying out tests on one or more units. The requirements of 6.101.1.1,
6.1D2.3 and 6.102.4.1 also apply for unit testing. Since therefore at least a complete pole
assembly has to be made available for the verification tests on one or more units, the fest
restuttsretate onty tothisspecific pote desigm:

The following situations can be distinguished:

h) The by-pass switch pole consists of units (or assemblies of units) which are separately
operated and which have no mutual connections for the arc extinguishing medium.

In this case unit testing is acceptable. However, the mutual influence through the
electrodynamic forces of the current on the units and the arc in the units should be taken
into account (see Figure 8). This may be done by substitution of the second unit by a
conductor with equivalent shape.

i) The by-pass switch pole consists of units (or assemblies of units) which are separately
operated but which have a mutual connection for the arc extinguishing medium.
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In this case, unit testing is acceptable for the insertion current test-duty only. For the by-
pass making current test-duty, unit testing can be also acceptable if the units not under
test arc during the test.

i) The by-pass switch pole consists of units (or assemblies of units) which are not separately
operated.

In this case, unit testing is acceptable for the insertion current test-duty only. Moreover,
the influence of electrodynamic forces (see also item a) above) should be covered.

For the by-pass making current test-duty, unit testing can be also acceptable if the units
not under test arc during the test.

k) [For insertion current test-duly, single-unit testing is permissible if the arc exiinguisHing
medium volume of the single unit under test is proportional to the applicable partef/pne
assembly of units having the same arc extinguishing medium.

Thg mechanical no-load travel characteristics for single-unit testingaa T e testing
shquld be the same.

When carrying out unit tests, it is essential that the units are 16 the static
vol{age distribution for the type of test is known.

6.102.4.2.1 Identical nature of the units

J in

The units of the by-pass switch should be identj
: hits

the|r operating conditions; only the de
may be different. In particular, the follo

a) |Operation of contacts

The opening, in insertion current t . v ;| - i , of
the contacts of one pdlexshould~nhe\such th e ti i ing or
closing of the contact it whi i Linit

which is last to opers dted

operating pressure
b) |Supply of th 2

For a by-pass sw ] gl to
the units, the SuRp ; its,
and the arrangems p . fed

6.102.4.2

The test voltag
pole.

es determined by analysing the voltage distribution between the units of|the

The voltage distribution between units of a pole, as affected by the influence of earth, shquld
be fgetermined for the relevant test conditions.

Where the units are not symmetrically arranged, the voltage distribution should be determined
also with reverse connections.

The voltage distribution is determined either by measurement or by calculations. Values used
in the calculations should be supported by measurements of the stray capacitances of the by-
pass switch. Such calculations and supporting measurements verifying the assumptions used
in the calculations are the responsibility of the manufacturer.

The voltage distribution may be calculated or measured at power frequency only.

The manufacturing tolerances for resistors and capacitors should be taken into account. The
manufacturer should state the value of these tolerances.
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NOTE The influence of pollution is not considered in determining voltage distribution. In some cases, pollution
may affect this voltage distribution.

6.102.4.2.3 Requirements for unit testing

When testing a single unit, the test voltage should be the voltage of the most highly stressed
unit of the complete pole of the by-pass switch, determined in accordance with 6.102.4.2.2.

When testing a group of units, the voltage appearing at the terminals of the most highly

stressed unit of the group should be equal to the voltage of the most highly stressed unit of
the pnln, both determined-in-accordance with 6.102 4.2 2

6.1D02.4.3 Multi-part testing

Multi-part testing is not applicable to by-pass switches.

6.1Dp2.5 Synthetic tests

Synthetic testing methods can be applied for insertion™¢ 3ts. i ing
techniques and methods proposed for capacitive current swjtchi N N i i 127
can be used as reference.

6.102.6 No-load operations before tests

Before commencing by-pass making<curre { , no- ipns
and no-load operating sequences (C, O the
opgrating characteristics of the by-pasg and
opgning time should be recorded.

In gddition, it should be de S ani i - itchl, or
sample under test, ’ ' erence mechanical travel characteristics
required in 6.101.1.1. i

Thg pressure of t@

vallie according to

ignal

Forl electrically~or\sphNng~0 by-pass switches, operations should be made with |the
cloging solengid o g releases energised at 100 % and 85 % in the case of a.g. or
70 fo in g rated supply voltage of the closing device and with the shynt-
opgning ed at 100 % and 85 % of the rated supply voltage.

Forl pneumatic oy
follpwing.conditions:

draulic operating devices, the operations should be made under |the

a) |pressure of the quid for operation set at its minimum functional value as per 3.7.137 with

T12N ahiint oA~ o logcac aoanaraicon d ot OF 0/ oA ath tha cohiint ~la ralag es
tHEe—SHdht UHUIIIIIB ToTCasStS UIIUIHIOUU at—oo—/o—ah t—wWH—tmhe—Shdft UIUOIIIH rorcao

energised at 85 % in case of a.c., 70 % in case of d.c. of the rated supply voltage.

b) pressure of the fluid for operation set at its rated value as per 4.10 with the shunt releases
energised at the rated supply voltage.

6.102.7 Alternative operating mechanisms

If the by-pass switch is designed for use with alternative operating mechanisms, a separate
series of by-pass making current and insertion current test-duties should be made for each
type of mechanism, unless it can be shown that the change of mechanism does not affect the
performance of the common portion, particularly with regard to the closing and opening
characteristics of the by-pass switch.

If this can be satisfactorily shown, the test-duties do not need to be repeated.
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Evidence of the equivalence of an alternative operating mechanism should be produced by
use of the following verification test.

a) On each of the by-pass switches (with an original operating mechanism and with an
alternative operating mechanism) a no-load open-close operation should be performed.
For each of the tests the course of the contact stroke should be recorded. The course of
the contact stroke during the test with the original mechanism should be used as the
reference (see Figure 7a). The curves obtained during opening and closing with the
alternative operating mechanism should be within the two envelope curves as described in
6.101.1.1 from the instant of contact separation to the end the contact travel and from the
start of contact travel to contact touch, respectively.

b) |0On each of the by-pass switches a by-pass making current operation should be perforijed.
The test results should be evaluated according to the method prescrib der a)@abov

D

6.1p2.8 Behaviour of by-pass switch during tests

Dufing by-pass and insertion tests, the by-pass switch should ng

— [show signs of distress;
— [show harmful interaction with adjacent laboratory equi

For to

atm \ quirements are considgred

to h

_ ed,
tch

blast or air break, there is an outward
. If such emissions are appreciable it may
e with metallic screens placed in the vicinity of
¢ by a safety clearance distance which |the

ens should be insulated from earth but connegted
iCate any significant leakage current to earth. THere

ned
NOT i ake available, the earthed parts, etc. should be connected to earth through a [fuse
congisti sQpperNwrre’ of 0 mm diameter and 5 cm long. No significant leakage is assumed to have occyrred

If faults occurd{which are not persistent or due to defect in design, but rather are due to erfors
in gssembly,~the fauits can be rectified and the by-pass switch subjected to a repetition of all
test-duties. In those cases, the test report should include reference to the invalid tests.

6.102.9 Condition of by-pass switch after tests
6.102.9.1 General

The by-pass switch should be inspected after completion of all test-duties. Its mechanical
parts and insulators should be in essentially the same condition as before the test-duties.
Visual inspection is usually sufficient for verification of the insulating properties. In case of
doubt, the condition checking test according to 6.2.11 is sufficient to prove the insulation
properties.

For by-pass switches with sealed-for-life units, the condition checking test is mandatory,
except as stated in 6.102.9.2.
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6.102.9.2 Condition after the by-pass current making and insertion test duties

The by-pass switch should, after performing the by-pass making current and insertion current
test-duties specified in 6.105 and 6.106 be capable of operating satisfactorily at any by-pass
making current and insertion current up to its rated by-pass making current and insertion
current.

In addition the by-pass switch should be capable of carrying its rated normal current with a
temperature rise not in excess of the temperature rise permitted by Table 3 of IEC 60694. In
case of class BP2 by-pass switches, the temperature rise should not exceed the values
permitted by Tabhle 3 of IEC 60694 by more than 10 K

Thgre should be no evidence of puncture, flashover or tracking of thg i nal jqsulating

maferials, except that moderate wear of the parts of arc control device C is
permissible.
Degradation of the components in the current carrying path shotid ity of

the|normal current carrying path.

If, during the insertion current tests, one restrike occ o} ic_conditi ing
test according to 6.2.11 should be performed befg e vistial i the
tested peak transient recovery voltage during the in sis i eak
volfage of the specified dielectric condition che kRing te ion
shquld demonstrate that the restrike ogc i uld
be ho evidence of puncture, flashoveror \ ipls.

Wepr of the parts of arc control devices K Des
not| impair the by-pass making and j ity. the
instilating gap between the main co c i i [cts,
shduld not show any trace 6ka re

If no restrike occurred during the - i i i i icient. The
dielectric condition_che i b
Forl by-pass switc:é W
acgording to 6.2.

proyided that th
lower than the

est
hot,
5 is

6.1p2.9

The by-pass™swi
curfent and.inserti

d not be reconditioned during and in between the by-pass mal
rrent test-duties.

ng

If lgcal (safety rules require depressurising to enter the test cell, it is allowed to decrease|the
prepsure in the by-pass switch provided that the gas is reused when refilling the cirquit-
breaker-

6.103 Invalid tests

In the case of an invalid test, it may become necessary to perform a greater number of tests
than are required by this specification. An invalid test is one where one or more of the test
parameters demanded by the specification are not met. This includes, for example, current,
voltage and time factors as well as point-on-wave requirements (if specified) and the
additional features in synthetic testing such as correct auxiliary switching device operation
and correct injection time.

The deviation from the specification could make the test less or more severe. Four different
cases are considered in Table 5.
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The invalid part of the test-duty may be repeated without reconditioning of the by-pass switch.
However, in the case of a failure of the by-pass switch during such additional tests, or at the
discretion of the manufacturer, the by-pass switch may be reconditioned and the complete
test-duties repeated. In those cases the test report should include reference to the invalid
test.

If any record of an individual operation cannot be produced for technical reasons, this
individual operation is not considered invalid, provided that evidence can be given in another
manner that the by-pass switch did not fail and the required testing values were fulfilled.

Tablte 5 = Invalidtests

Test conditions related to By-pass switch [\
specification Passes
Morg severe Test valid, result accepted
Dy-
Lesp severe Test to be repeated with correct\
parameters PY-

required, aiming for
t of the by-pass making

insertion capability.
Modificationof t sigh of the b@ to be re-started on the
pass switch net reguire odified by-pass switch

~_"~
6.1D4 Sequence of the tests Q

Thg by-pass making curren ad\the inseftion current test-duty should be performed
in the following order:

a) |half of the
and/or by-passijng

b) [half of the reguire

ion

Q
—
3
=
3
c
3
—
c
>
Q
=
o
>
O
©
=
(9]
(2}
()
c
=
[¢]
(2
—
o
=
[©)
©
)
=
Q

wsettion operations at minimum functional pressures for operagion

and/or by-passi on-and ipsulation;

c) |half of t qui operations at rated functional pressures for operation andgl/or
by-passi i gulation;

d) |half of the ‘r grtion operations at rated functional pressures for operation angl/or
by-passing,.i iomanhd insulation.

Malntenande)is notywermitted between the test-duties.

NOTE 1 It _is also acceptable to perform the tests in the order a), c), b), d). This procedure requires more|gas
treafmentroperations. This should not be done without the consent of the manufacturer.

NOTE 2 It is also acceptable to perform all tests at minimum functional pressures for operation and/or by-passing,
insertion and insulation. This should not be done without the consent of the manufacturer.

6.105 By-pass making current test duty
6.105.1 General

Two classes of by-pass switches are defined according to their specific use (see 3.4.104 and
3.4.105).

This test-duty is valid for both rated frequencies i.e. for 50 Hz or 60 Hz systems.
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6.105.2 Characteristics of supply circuit

It is recommended to use an oscillatory circuit (LC circuit, see Figure 9). The test circuit
should fulfil the following requirements:

a) the characteristics of the test circuit should be such that the instantaneous applied
voltage, just before the making operation, be equal to the limiting peak voltage of the
overvoltage protector (U, uxV2). A d.c. voltage can be applied.

b) the components of the oscillatory circuit (series inductance and precharged capacitor

bank) should be selected in order to obtain the required by-pass current (first peak, Igp) at
the rated hy-pnec current dicr\hnrgn frnqunnr‘y (fBP)

NOTE 1 The by-pass making performance is to be covered when the product of the required peak-by-pass
making current times the by-pass current discharge frequency (/gp x fgp) is equal to of lower than the-product
of the actual values used in the test-duty.

c) [the damping ratio of the by-pass current (sinusoidal exponential [ \ be
adjusted to the service condition damping ratio by inserting ag agdij i in |the
oscillatory circuit. The damping ratio is defined as the ratio pefwe S and

Thg damping ratio obtained during tests should be indicate

In ¢rder to be a valid test-duty for a specific series Atio

obtpined during tests should be equal to or higherth

NOTE 2 A deficiency to meet the damping ratio san b j rent
proJided that the arc energy during the pre-arci i ired
by the applicable test parameters.

6.105.3 Test voltage

For] both by-pass switch ¢ by-
pags switch, prior to . the
ovdrvoltage protector

6.1p5.4 Test cu

Forl both by-pas be
1,0[x rated ent

frequenc

6.1p5.5 Nuin
The by-pass.making-€urrent test-duty comprises:

— |Far by-pass switch class BP1 (see 3.4.104):

20 closing operations(20€:
— For by-pass switch class BP2 (only for applications without protective gap, see 3.4.105):
100 closing operations (100 C).

The by-pass switch conditions should be in accordance with 6.102.3.1. If the by-pass switch
has a non-symmetrical current path, the terminal connections should be reversed for half of
the number of required operations.

NOTE The number of operations for by-pass switch class BP2 may be reduced if the by-pass making current
peak is increased from the rated value. The number of operations has to be reduced by considering the square
value of the over-current factor. As an example, if the test current is 1,4 times the rated by-pass making current,
the number of closing operations may be reduced to 50.
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6.106 Insertion current test duty
6.106.1 General

Re-ignitions during the insertion current test-duty are permitted but restrikes are not permitted
unless otherwise indicated (a low expected probability of restrike is required).

NOTE 1 The restrike probability is related to the performance during the series of type tests.

NOTE 2 Phenomena occurring after a restrike or a re-ignition event are not representative of service conditions as
the test circuit does not adequately reproduce the post-event voltage and current conditions.

To over50 Hz and 80 H=z annlication with ana cinalg tact.duty thg tranciagnt racovary vaolt e
VBTSSP P WS g8 8 Sttty e—+Ha RS8R+ 1860V e

shduld have a time-to-peak of 4,1 ms and follow a "1-cos" curve.

NOTE 3 System simulations showed that to cover the effect of the undertone frequency which isdepéndent of the
compensation factor and the recovery voltage peak shift caused by power swing dufing inserti very
voltage frequency has to be higher than the system power frequency. The envela > i very
voltage should cover most of the practical cases. Different recovery voltage w ied if
reqyired and justified by systems studies.

NOTE 4 For by-pass switches exclusively rated for 50 Hz systems, the trqnsientre eak
shodild be increased to 5,0 ms.

The time-to-peak of 4,1 ms will result in a transient reco f the
border delimiting a re-ignition and a restrike shoulg/theref s the
recpvery voltage frequency period).

NOTE 5 For by-pass switches exclusively rated far 50 H
shodild be increased to 2,5 ms.

niting a re-ignition and a resfrike

The test circuit branch supplying the power edrrent should have a frequency
ranging from 49 Hz to 61 Hz. The tesf/circuit b aviding the transient recovery voltage
shduld have a time-to-peak of 4,1 ms Wi 10 %.

NOTE 6 Tests performed withN\a cu e f anging from 49 Hz to 61 Hz are considered to pfove
the |nsertion capability for bp 3 j 3.8

6.1D6.2 Characs'

An |oscillatory circuit fdQuble freguengy DC circuit, see Figure 10) with one oscillatory cirguit
brahch feeding t - current and another circuit branch producing |the
transient recove ‘ > gst circuits as proposed by IEC 60427 for synthptic
capacitive cu j S nay also be used. Other examples of synthetic and difect
tes{ circuits<are in\figures 11 and 12. The test circuit should fulfil the following
requireme

d) [the cha st fihe test circuit current branch should be such that the instantanepus
peak current | hefore interruption, is equal to peak value of the rated insertion current.
The current circuit’ should produce, as nearly as possible, a sinusoidal current waveshgape
(with-<the proposed synthetic test circuit, it will be a sinusoidal exponential decaying
current). This condition is considered to be met if the ratio of the r.m.s. value to the r.m.s.
valde of the fundamental component does not exceed 1,2.

Moreover, the current to be interrupted should not go through zero more than once per
half-cycle of power frequency.

e) the characteristics of the test circuit voltage branch should be such that a recovery voltage
having "1-cos" waveshape is generated across the by-pass switch terminals. The time-to-
peak of the voltage waveshape should be 4,1 ms. The initial voltage jump that can appear
at the beginning of the "1-cos" waveshape should be as small as possible and should
never exceed 5 % of the recovery voltage peak.

6.106.3 Test voltage

For both by-pass switch classes (BP1 and BP2), the recovery voltage peak to be applied
across the by-pass switch should be the limiting peak voltage of the overvoltage protector

(UumxV2; 5 %).
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6.106.4 Test current

For both by-pass switch classes (BP1 and BP2), the test current should be the rated insertion
current (£20 %).

6.106.5 Number of operations

For both by-pass circuit-breaker classes (BP1 and BP2), the insertion current test-duty
comprises:

A t ol £ 10z $ £ 24 Bra-Ba-o Baratian (2,24 O\ _Th PN Barati-an baold b
Dldl Ul WU OCLlo Ul o™ UPUIIIIIH UpTITativllto \L =T U’. LILILA~2 U'JUIIIIIH UpMLTITaltivilo  olffuuitu e

performed in the following manner:

— |6 O at minimum arcing on one polarity;

— |6 O at minimum arcing on the other polarity;
— |Additional tests to achieve 24 O, distributed in both polarities
— |Reversal of the connections for the second set if the current
— |6 O at minimum arcing on one polarity;

— |6 O at minimum arcing on the other polarity;

— |Additional tests to achieve 24 O, distributed in bd

NOTE 1 It is understood that to comply with this require i be
dong¢. These test shots are included in the total 6724 O fof\g
NOTE 2 It is understood that when following this praced ber of shots distributed at 30° steps at ¢ach

The minimum arcing time should b hanging the setting of the conjact
separation on opening by i MJsing this method, several tests may
be hecessary to demonstfate ini img’ and the maximum arcing time.

NOTE In order to obtain si eni i He by-pass switch, by agreement of the manufactyrer,
voltages even higher than tQe re t anceNimit of the supply voltages of the operating devices maly be
applied during these

If a maximum arcing s a
vali the
foll

— he
The ven

if the specified total number of operations is exceeded.

A rg-ignition followed by interruption at a later current zero should be treated as a inserfion
operation with long arcing time.

The by-pass switch conditions should be in accordance with Clause 6.102.3.1. If the by-pass
switch has a non-symmetrical current path, the terminal connections should be reversed for
the second set of operations as shown above.

6.107 Criteria to pass the test-duties

The by-pass switches should have successfully passed the tests if the following conditions
are fulfilled:

a) the behaviour of the by-pass switch during by-pass making current and insertion current
test-duties fulfils the conditions given in 6.102.8;
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b) either no restrikes occurred during the insertion current test-duty, or, if only one restrike
occurs in one of the two sets, then the set should be completed and repeated on the same
test sample without any maintenance. No restrike should occur during the further tests.

External flashover and phase-to-ground flashover should not occur;

c) the condition of the by-pass switch after the test series corresponds to the conditions
given in 6.102.9.2. If no restrike occurred during the insertion test-duty, visual inspection

is sufficient.

7 Routine tests

Clajuse 7 of IEC 60694 is applicable with the following addition:

71 Dielectric test on the main circuit

Subclause 7.1 of IEC 60694 is applicable with the following additiorv

In the case of by-pass switches constructed by assembling id
the| test voltage to be applied across each single unit, wh
fragtion of the total withstand voltage resulting fro

With reference to Figure 2 of IEC 60694, which_sho
swifch, the test voltage should be applied, agtording

podition and one with the by-pass swit
poditions can be different.

Table 6 — Application of v Itagi\i{ i

a three-pole by-p
For single pole by-p
swifches the required tests are limited toNwodtests one (wit by-pass switch in the clop

test on the main circuit

Test condition _) i
No. 1 By-pass swi Itage applied to

Earth connected tq

1 Clo d AaCc BbF
2 < > < <C\~Kd Bb AaCcF
ABC abcF

NOTE If the |nsu| |on wee po at atmospherlc pressure, test conditions nos. 1 and 2 ma
compined, the te ge\bei ap ied een all parts of the main circuit connected together and the base.

be

7.2 D on a X|I|ary and control circuits

Subclause 720 |[EC §0694 is applicable.

7.3 Measurement of the resistance of the main circuit

Sulclause 7.3 of IEC 60694 s applicable

7.4 Tightness test
Subclause 7.4 of IEC 60694 is applicable.

7.5 Design and visual checks

Subclause 7.5 of IEC 60694 is applicable with the following addition:

The by-pass switch should be checked to verify its compliance with the order specification.

The following items should be checked as applicable:
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— the language and data on the nameplates;

— identification of any auxiliary equipment;

— the colour and quality of paint and corrosion protection of metallic surfaces;
— the values of the resistors and capacitors connected to the main circuit.

7.101 Mechanical operating tests

Mechanical operating tests should include the following:

a) EtrmmaximunTsuppty vottage of operating devicesandof auxitiary anmd—controtcircaitspnd
maximum pressure for operation (if applicable):

— five closing operations;
— five opening operations.

b) [at specified minimum supply voltage of operating devices ang o 2 trol

— five closing operations;
— five opening operations.

c) |at rated supply voltage of operating devices and ted

pressure for operation (if applicable):

— five open-close operating cycle ing
of the main contacts through the a
Mechanical operating tests should be mas g nen
by-pass switches are assembled and i S be
performed on components ) 20 uld
produce a programme o&com iom ' of
sugh separate units and sompx \hYe : for
commissioning tests is|given
For all required [ b of
the|closing and opée
— |measurement\of ope
— |where agplicahle S ple
press '
Prdof sho i nen
usdd for type ing.\For example, a no-load operating cycle, as described in 6.101.1.1, fan
be performed, to resgrd the no-load travel curves at the end of the routine tests. Where this is

dorle, the-curve should be within the prescribed envelope of the reference mechanical travel
chgracteristic, as defined in 6.101.1.1, from the instant of contact separation to the end of
coqtact travel or from the start of contact travel to the instant of contact touch.

Where the mechanical routine tests are performed on sub-assemblies, the reference
mechanical travel characteristics should be confirmed to be correct, as above, at the end of
the commissioning tests on site.

If the measurement is performed on site, the manufacturer should state the preferred
measuring procedure. If other procedures are used, the results may be different and the
comparison of the instantaneous contact stroke may be impossible to achieve.

The mechanical travel characteristics can be recorded directly, using a travel transducer or
similar device on the by-pass switch contact system or at other convenient locations on the
drive to the contact system where there is a direct connection, and a representative image of
the contact stroke can be achieved. The mechanical travel characteristics should be
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preferably a continuous curve as shown in Figure 7a). Where the measurements are taken on
site, other methods may be applied which record points of travel during the operating period.

In these circumstances, the number of points recorded should be sufficient to derive the time
to, and contact speed at, contact touch and contact separation, together with the total travel
time.

After completion of the required operating sequences, the following tests and inspections
should be performed (if applicable):

' 1o Lol lo 1o ! l
- CUTITITULIUTTS STTOUUTU DT CITTURCU,

— [the control and/or auxiliary switches should correctly indicate the eopen and(cloged
positions of the by-pass switch;

Furthermore the following tests and inspections should be madg

— linspections of the wiring of the control, Xiliay:~ equips And

— |operation of electrical, mechanica
devices;

— linspection of ?rth'

Guide to the

ling

9.1
ed

WhEen engquifing for or ordering a by-pass switch, the following particulars should be supp
by the enquirer:

a) particutars of systems, .e. nominal and mighestvoltages to earthand—across the by-pass
unit, frequency, number of phases;

b) service conditions including minimum and maximum ambient air temperatures, altitude if
over 1 000 m and any special conditions likely to exist or arise, for example unusual
exposure to water vapour, moisture, fumes, explosive gases, excessive dust or salt air;

c) characteristics of by-pass switch.
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The following information should be given:

Type of information Reference
1) number of poles
2) environmental conditions (temperature, wind, ice, etc.) 2
3) rated voltage to earth and across poles 4.3
4) rated insulation level to earth and across poles where a choice exists between 4.2

different insulation levels corresponding to a given rated voltage, or, if other than
standard, the desired insulation level

5) rated frequency
6) rated normal current

7) rated short-time withstand current
8) rated peak withstand current

9) duration of short-circuit

10) rated operating sequence

11) rated by-pass making current

12) rated by-pass insertion current
13) rated reinsertion voltage

14) maximum closing time

15) maximum open-close time

16) maximum limiting peak voltage of the overvoltage prg 4.104

17) minimum time-to-peak voltage during insertion 4.104

18) the type tests specified under speci tion and radio
interference, etc.)

19) the number of mechanical operating 4.106

20) if applicable, the application class (c)a 4.107

21)
tests

characteristics of t

in particular:
1) number & )

requireaeRts co \j and
N

er or order.

D2 Information to be given with tenders

Wh|e

n<the enquirer requests technical particulars of a by-pass switch, the follow

information (those which are applicable) should be given by the manufacturer, with
descriptive matter and drawings:
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a)

b)

d)

rated values and characteristics:

Type of information Reference

1) number of poles
2) class: environmental conditions (temperature, wind, ice-coating) 2
3) rated voltage to earth and across pole

4) rated insulation level to earth and across pole
5) rated frequency

6) rated normal current

7) rated short-time withstand current

3) rated peak withstand current

9) rated duration of short-circuit

10) rated operating sequence

11) rated by-pass making current

12) by-pass discharge current frequency

13) rated insertion current

14) maximum limiting peak voltage of the overvoltage protector
15) minimum time-to-peak voltage during insertion

16) rated maximum closing time and rated maximum open-close

17) the type tests specified under special request (for
radio interference, etc.)

18) class M1 or class M2 for mechanical endurance 4.106
19) application class BP1 or class BP2 4.107
type tests:
certificate or report on request;
constructional featureg:
The following detai
1) mass of compl Dy-pass switehrwithout fluids for insulation, by-passing, insertion
operationy
2) mass/volume 0 insulatipn, its quality and operating range, including
minimum fi i
3) mass/vglume i passing and insertion (where different fluid to items
and/o i ity operating range, including the minimum functional value;
4) ma id Yor operation (where different fluid to items 2) and/or 3)),

5) tightne

6) mass/yolume
internal components during storage and transportation;

7.)<number of units in series per pole;

of fluids per pole to fill to a level sufficient to prevent deterioratior

and
the
2)

its

of

8) minimum clearances in air:
— between poles;
— to earth;

— the safety boundaries during a by-passing operation, for by-pass switches with an

external exhaust for ionised gasses or flame;

9) any special arrangements (for example heating or cooling) to maintain the rated
characteristics of the by-pass switch at the required temperatures of the ambient air;

operating mechanism of by-pass switch and associated equipment:

1) type of operating mechanism;

2) rated supply voltage and/or pressure of closing mechanism, pressure limits where

different to or expanding data required in c) 4) of 9.102;
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3) current required at rated supply voltage to close the by-pass switch;

4) energy expended to close the by-pass switch, for example measured as a fall
pressure;

5) rated supply voltage of shunt opening release;

6) current required at rated supply voltage for shunt opening release;
7) number and type of spare auxiliary switches;

8) current required at rated supply voltage by other auxiliaries;

9) setting of high and low pressure interlocking devices;

10) number of releases for closing, if more than one;
11)number of releases for opening, if more than one;

e) |overall dimensions and other information:

The manufacturer should give the necessary information
dimensions of the by-pass switch and details necessary for the de

10 aintenance
Cla

10.
Suk

10.
Suk

10.R.

Aft ‘ installed and all connections have been comple
commissioning te ded to be performed. The purpose of these tests is
confirm that ion d storage have not damaged the by-pass switch. In addit
when a large\part o1 y and/or of the adjustment is performed on site, as identi
in 7.10 are required to confirm compatibility of the sub-components and
satisfacto both the site work and the functional characteristics dependent upon

In addition(to the xegtirements of 10.2.102, a minimum of 50 no-load operations should
performed-on site on the by-pass switch where major sub-assemblies are combined at
without\previous routine tests on the complete by-pass switch. These operations should
performed after assembly, all connections and checks having been made and the progran

EC

in

rall

ibns

ed,
to
on,
fied
the
it.

be
Site
be
me

of commissioning tesis having been completed. These operations may include deferred

routine test operations forming part of the commissioning programme only where they

are

made after all site adjustments and tightness checks are complete. The purpose of these tests

is to reduce occurrences of maloperation and failure early in the operational life of the
pass switch.

by-

The manufacturer should produce a programme of site commissioning checks and tests.

Repetition of the full programme of routine tests, already performed in the factory, should
avoided as the purpose of commissioning tests is for confirmation of

— absence of damage;

— compatibility of separate units;

— correct assembly;

be
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— correct performance of the assembled by-pass switch.

In general, this is achieved when the commissioning tests include, but are not limited to, the
programme given in 10.2.102. The results of the tests should be recorded in a test report.

10.2.102 Commissioning checks and test programme
10.2.102.1 Checks after installation

Subclause 10.2.101 requires the manufacturer to produce a programme of commissioning
checks and tests. This should be based on, but is not limited to, the programme of checks and
tests given here.

10.2.102.1.1 General checks

— [assembly conforms to manufacturer's drawings and instructions;

— |adequacy and integrity of the earth connection up 3 i ith [the
substation earthing system;

and, where applicable:

10..10

Qil ypexdielectric strength (IEC 60296), level

SF4 g pressure/density, and quality checks, to confirm the acceptgnce
levels of IEC 60376, IEC 60480 and IEC 61634. These quality checks|are
not required on sealed equipment and new gas used from sealed bottleg. A
dewpoint check and a check of the total impurities should be carried oyt to
bUII‘I:iIIII thc IlldllufdbtulCllb dbbcptdllbc ICVUID

Gas mixtures Quality to be confirmed prior to energisation

Compressed air  Quality (if applicable) and pressure

10.2.102.1.4 Checks on operating fluid(s), where filled or added to on site

Hydraulic oil Level and, unless otherwise agreed, confirmation that the moisture content
is sufficiently low to prevent internal corrosion or other damage to the
hydraulic system

Nitrogen Filling pressure and purity (for example oxygen free or 1 % tracer gas)
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10.2.102.1.5 Site operations

Confirmation should be given that the programme of commissioning checks and tests required
by 7.101 has been completed and, where applicable, extended by the additional 50 operations
required by 10.2.101.

10.2.102.2 Mechanical tests and measurements

10.2.102.2.1 Measurements of the characteristic insulating and/or by-passing and
insertion fluid pressures (where applicable)

10.2.102.2.1.1 General

Thg following measurements should be taken in order to compare them\wi oth
recprded during the routine tests and guaranteed by the manufacturg alues as
the|reference for future maintenance and other checks and will erfable it [ ing

These measurements involve a check of the operatlon of ices

10.2.102.2.1.2 Measurements to be taken

a) |Where applicable, on rising pressuyfe:

— the reset value of the opening lgckout;
— the reset value of thg

— disappearance of

b) Where applicable,

— appearanﬁ S
— operating :

10.p.10
10.2.102.2.2;

The following ‘measurements (list to be adapted as necessary) should be taken, in ordef to
comparesthem with the values both recorded during routine tests and guaranteed by [the
mapufaeturer. These values may serve as a reference during later checks (maintenance) and
willlenable any drift in operating characteristics to be detected.

The measurements involve a check of the operation of the lockout or alarm devices (pressure
switches, relays, etc.).

10.2.102.2.2.2 Measurements to be taken
a) On arise in pressure with the pumping device (pump, compressor, controlled valve, etc.)
in service:
— the reset value of the closing lockout;
— the reset value of the opening lockout;
— the reset value of the auto-reopening lockout (if applicable);
— disappearance of the low-pressure alarm;


https://iecnorm.com/api/?name=e274464fbd9dc31f6b647c6428188845

Copyright © 2002, IEC - 65—

cut-off of the pumping device;
opening of the safety valve (if applicable).

NOTE The measurements may be combined with the measurements of the recharging time of the operating

mec
b) On

hanism (see 10.2.102.2.5.2).

a drop in pressure with the pumping device switched off:
closing of the safety valve (if applicable);

starting of the pumping device;

appearance of the low-pressure alarm;

10.2.102.2.3 Measurement of consumption during operations (i

Wi

—
-
—
=y

pumping device, the consumption during each of
seduence should be evaluated:

- |[OC.

Thg steady-state pressure after each oerr

10.2.102.2.4 Verification

The ab

verlfied. The te

fockout of the auto-reopening (if appiicabie);
lockout of the opening;

lockout of the closing.
he case of a hydraulic control, the pre-inflation pressure of the\ac be

e pumping device switched off and the individual reservoi S ‘ the
i i ling

be
ply

ility of the

volfage and, if a in
10.2.102.2.3.

Eviflence shguitd_be given C inati i i ice
intgrvention \evels\@& 4l [ i dted
opgrating

Theg site supp mal
site supply-and Skhould be compatible with the rated supply voltage of auxiliary and corjtrol
cirquits.

10.21402.2.5 Measurement of time quantities

10.2.102.2.5.1 Characteristic time quantities of the by-pass switch

a) Closing and opening times, time spread

The following measurements should be made at maximum pressure (cut-off of pumping

dev

ice) and at the supply voltage, measured at the terminals of the equipment:

closing time of each pole, time spread of the poles and when possible time spread of
the by-passing units or groups of units of each pole;

opening time of each pole, time spread of the poles and when possible time spread of
the by-passing units or groups of units of each pole.

In the case of multiple close and trip coils, all should be tested and the times recorded for

eac

h.
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The supply voltage before and during the operations should be recorded.
Operation of control and auxiliary contacts

The timing of the operation of one of each kind (by-pass and insertion) of control and
auxiliary contacts should be determined in relation to the operation of the main contacts,

on closing and on opening of the by-pass switch.

10.2.102.2.5.2 Recharging time of the operating mechanism

a)

Fluid-operated mechanism

uld

b)

10.

As
the
or
sat
obt

10.R.
10.R.

Wit

The operation time of the pumping device (pump, compressor, control valve, etc.) sh
be measured:

— between minimum and maximum pressure (cut-in and cut-off of the ping device

— during the following operations or operating sequence, sté iy fime
minimum pressure (cut-in of the pumping device):
- C;
- O
- OC.

Spring-operated mechanism

The recharging time of the motor after an opening (operatian s be measured at

site supply voltage.

.102.2.6 Record of mechanica

sfactory performance
hined during the ref|

conditi

shg
dur]

for

In (

closingy.as a guard against pressure switch deviation and pressure transients.

ase’of doubt, an alternative test to the one described above may be performed, star

vith

the

ere
Site
irm

istics

out
Site
est
and

be
ion

ing

with

a lower pressure than the minimum functional pressure Tor operation for auto-reoper

(short-circuited contact). It should then be verified that a closing operation is still possible.

ing

10.2.102.2.7.2 Closing at the minimum functional pressure for operation (if applicable)

With the pumping device out of service, the control pressure should be lowered as far as the
lockout value for closing and a closing operation be carried out. The test should be conducted
at the supply voltage of the equipment. The supply voltage before and during the operations
should be recorded. The final pressure should be noted.

10.2.102.2.7.3 Opening at the minimum functional pressure for operation (if applicable)

With the pumping device out of service, the control pressure should be lowered as far as the
lockout value for opening and an opening operation be carried out. The test should be
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conducted at the supply voltage of the equipment. The supply voltage before and during the
operations should be recorded. The final pressure should be noted and a sufficient safety
margin is ensured to the minimum functional pressure for closing.

In case of doubt, an alternative test to the one described above may be performed, starting
with a lower pressure than the minimum functional pressure for opening (short-circuited
contact). It should then be verified that a closing operation is still possible.

10.2.102.2.7.4 Simulation of fault-making operation and check of anti-pumping device

Me JDUIUIIIUIIt bhuuid bG tdlr\cll Uf thU t;lllc dulillg vvhiuh thU by-paaa DVV;tbh Icllld;llb UpPCITI qn a
OCloperating cycle with the close circuit energised by the closing of the auxiliary contaet.

The test also allows checking of the anti-pumping device operation s absencq of
malfunction for any mechanical, hydraulic or pneumatic reasons e rgpid
application of the closing command.

The opening command should be maintained for 1 s to 2_s
deVlice can be checked for effective operation.

ing

NOTE A simplified anti-pumping test may also be executed, ySi S Ql. ning
command is applied and maintained, while a consecutive closing’'comm

10.2.102.2.7.5 Behaviour of the by-pass s

It should be verified that the by-pass swi hce
of gn opening command when previously a '

10.2.102.2.7.6 Applicatio

It may happen théa (or
virtpally simultane
It ghould be en ions are not subject to any mechanical, hydrauliq or

pngumatic inte y—+f the releases do not operate at the same level.

10.2.102 . gctigqn against pole discrepancy (if applicable)
Protection 2 S{-paledigcrepancy should be checked by either of the following tests:

— |with the/by-pass.gWitch open, the closing release of one of the poles should be energiged
and ascheck carried out to see that all poles close;

— |with,the by-pass switch closed, the opening release of one of the poles should| be

aneraised-and a check carried out to- see-that it onens-and then closes
Re+gH a—-=ahRa-a-6h *—CaHHeg—oH+10-S Ha+H-O0p8RSsahRa+Re8R-GHo0S8S-

10.2.102.3 Electrical tests and measurements
10.2.102.3.1 Dielectric tests

Dielectric tests on auxiliary circuits should be performed to confirm that transportation and
storage of the by-pass switch have not damaged these circuits. However, it is recognised that
such circuits contain vulnerable sub-components and the application of the full testing voltage
for the full duration can cause damage. In order to avoid this, and to avoid the temporary
removal of proven connections, the supplier should detail the test process that demonstrates
that damage has not occurred as well as the method of recording the results from this test
process.
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For dielectric tests on the main circuit of metal-enclosed switchgear and controlgear,

IEC 60298 and IEC 60517 are applicable (see bibliography).

10.2.102.3.2 Measurement of the resistance of the main circuit

Measurement of the resistance of the main circuit need only be made if by-passing units have
been assembled on site. The measurement should be made with a direct current in

accordance with 7.3 of IEC 60694.

10.3 Operation

Subclause 10.3 of IEC 60694 is applicable.

10.4 Maintenance

Subyclause 10.4 of IEC 60694 is applicable with the following additich:

swifches following by-pass making current and insertion cur

This information should include the number of operafions after W
be pverhauled.

Subclauses 10.4.1 to 10.4.3 of IEC 6Q694
apgly.

11| Safety

Clause 11 of IEC ;; A 5.8 the following addition:

Any
SWi

10.4.101 Resistors and capacitors (if applica
When checking resistors gndx variations of the values should be given.

ASS

5 to

ASS
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Notes to the following figures 1 through 3:
NOTE 1 In practice, there will be a time spread between the travel of the contacts of the three poles. For clarity
the travel of the contacts in the figures is indicated with a single line for all three poles.

NOTE 2 In practice, there will be a time spread between both the start and end of current flow in the three poles.
For clarity, both the start and end of current flow in the figures is indicated with a single line for all three poles.

@%
o
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Closing time
3. 7023

N |
- |

|Pre-arcing time
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Closing operation

me

Energizing of closing circuit

Contact touch in all poles

Start of current flow in first pole

Figure 1 — By-pass switch; Opening and closing operations
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Figure 2 — By-pass switch — Close-Open cycle
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Figure 3 — By-pass switch — Open-Close cycle
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Temperature a b k
Ta
By-pass switch open
Operate by-pass-switch
By-pass switch close
o 7T 7 /
TR O %

a) Low temperat 85S
A

By-pass lose

sf\

Temperature

v

Ty

t  Operate by-pass-switch

Y

Time

b) High temperature test

NOTE Letters.a to u identify application points of tests specified in 6.101.3.3 and 6.101.3.4.

Figure 4 — Test sequences for low and high temperature tests
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Horizontal forces Vertical forces

Fshs o=
| N
Finp S S S
th

Key

Fina tensile horizontal force due to connected conductors (
Fing tensile horizontal force due to connected cond

Fyy tensile vertical force due to connected cond

Fun horizontal force on by-pass s

FshAr FshBr Fsv

NOTE Refer to Figure 6 for directions A, B and

Figure 5 — load forces
r\
\FNQ'iz al Vertical Remark
Forces due to d , win W, Fing Fy, According to
on connected cor \ Table 4
Forces due to win d iceon \ss/\ Fuh ) Calculated by
switch* manufacturer
Resultant f}ce\ Fshas Fsna Fgy
* The hori ntaI\% th ass switch, due to wind, may be moved from the centre of pressure to
th i educ d in magnitude in proportion to the longer lever arm. (The bending moment at
th e by- ass switch should be the same.)
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