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INTERNATIONAL ELECTROTECHNICAL COMMISSION

HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

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

FOREWORD

1) Thellnternational Electrotechnical Commission (IEC) is a worldwide organization for s hprising
all pational electrotechnical committees (IEC National Committees). The obj bromote
intenational co-operation on all questions concerning standardization in the electfi ields. To
this |lend and in addition to other activities, IEC publishes International Standarg ifijcations,
Technical Reports, Publicly Available Specifications (PAS) and Guides s “IEC
Publication(s)”). Their preparation is entrusted to technical committees; a erested
in the subject dealt with may participate in this preparatory work. 3 d non-
governmental organizations liaising with the IEC also participate in fkj ) |E aborates| closely
with| the International Organization for Standardization (ISO) in &dccorda % ined by
agrgement between the two organizations.

2) Thelformal decisions or agreements of IEC on technical mattg S possible, an interpational
congensus of opinion on the relevant subjects since eac i from all
intelested IEC National Committees.

3) IEC National
Con of IEC
Publi for any
misi

4) In o ications
tran ivergence
betw icated in
the

5) IEC for any
equi

6) All Users should

7) No lfabili mployees, servants or agents including individual expgrts and
ment ational Committees for any personal injury, property dajnage or
othe ,whether direct or indirect, or for costs (including legal feps) and
expe he publi tlon use of, or reliance upon, this IEC Publication or any other IEC
Publi

8) Atte references cited in this publication. Use of the referenced publicgtions is
indig

9) Atte gsibility that some of the elements of this IEC Publication may be the sybject of
pate EC shaN note held responsible for identifying any or all such patent rights.

International,;'Standard IEC 62271-109 has been prepared by subcommittee 17A: High-Joltage

switchpear,and controlgear, of IEC technical committee 17: Switchgear and controlgear.

This second edition cancels and replaces the first edition, published in 2006, and constitutes
a technical revision.

The main changes with respect to the previous edition are listed below:

— By-passing test duty has been split with operations at rated by-pass making current /Igp
and operations at capacitor bank discharge current /n;gcHARGE.

— Equivalence regarding applicability of test parameters (current peak and frequency) during
by-pass making tests in relation with service conditions have been reviewed and changed
accordingly.

- Re

covery voltage waveshape during insertion test duty has been recalculate

d and

optimized. An explanatory note on the calculation of the recovery voltage is given in

An

nex F.
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— Withdrawal of the electrical endurance class BP2. Such devices are now covered in

informative Annex E

— Addition of Annex D which gives examples of typical by-pass switch ratings.

The text of this standard is based on the following documents:

FDIS Report on voting
17A/837/FDIS 17A/844/RVD

Full information on the voting for the approval of this standard can be found in the report on

Voting indicated in the above table

This ppblication has been drafted in accordance with the ISO/IEC Dire

A list of all parts of the IEC 62271 series can be found, under the\gehera
switchgear and controlgear, on the IEC website.

This standard is to be read in conjunction with IEC 622%]-10Q
which fit refers and which is applicable, unless otherwise ifie
simplif

given
The ¢

the m
the da

* redonfirmed;
* withdrawn;
* reqlaced by a revisge

+ amended. Q

oltage

D7), to
rder to

S are

d until
ch" in
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HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

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

1 General

1.1

This piart of IEC 62271 is applicable to a.c. series capacitor by-pass

outdogqr installation and for operation at frequencies of 50 Hz and

voltages above 52 kV.

It is or|ly applicable to by-pass switches for use in three-phase

This zrandard is also applicable to the operating devie S ass§ switghes and t
auxiliary equipment.

1.2 [Normative references

The fdllowing referenced documents ate indisp

of the

IEC 60
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IEC 6(
contro

IEC 60

transni

IEC 60

Seope

tic devices

050-436: echnical Vocabulary — Chapter 436:
tors

050-441:1 ectrotechnical Vocabulary — Chapter 441: Switd
gear and_fuses

0 rnational Electrotechnical Vocabulary — Chapter 604: Geng

060 (alhpa igh-voltage test techniques

IEC 6

ed for
having

D their

iment.
bdition

hl and

Power

hgear,

ration,

143-1:2004, Series capacitors for power systems — Part 1: General

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

series

capacitor banks

IEC 60296, Fluids for electrotchnical applications — Unused mineral insulating oils for
transformers and switchgear

IEC 60376, Specification of technical grade sulphur hexafluoride (SFg) for use in electrical
equipment

IEC 60480, Guidelines for the checking and treatment of sulphur hexafluoride (SFg) taken
from electrical equipment and specification for its re-use
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IEC 60529, Degrees of protection provided by enclosures (IP Code)

IEC 62271-1:2007, High-voltage switchgear and controlgear — Part 1: Common specifications

IEC 62271-100:2008, High-voltage switchgear and controlgear — Part 100: Alternating-current

circuit-breakers

IEC 62271-101, High-voltage switchgear and controlgear — Part 101: Synthetic testing

IEC 62271-102:2001, High-voltage switchgear and controlgear — Part 102: Alternating current

disconnectors and earthing switches

IEC 63271-303, High-voltage switchgear and controlgear — Part 303;
sulphyr hexafluoride (SFg)

2 Normal and special service conditions

Clause 2 of IEC 62271-1 is applicable.

3 Terms and definitions

For thge purposes of this document, §

Some ppf them are recalled here for easeof ref

Additignal terms and defini 3Si be aligned with the classificatio

in IEC|60050-441.

3.1 General terms
3.1.10( @

switchgear and cor
[IEV 441-11-01]

3.1.10R
outdopr swi
[IEV 44

d\contfolgear

3.1.10p8
short-circuit'curre
[IEV 44411-07]

EC 60050-151, IEC ¢
436, IEC 60050-441, IEC 60050-604, NEC 6 -2 and IEC 62271-1

chchand

ing of

50050-
apply.

n used

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 part and the ambient air temperature

3.1.106
overvoltage (in a system)

any voltage between one phase and earth or between phases having a peak value or values

exceeding the corresponding peak of the highest voltage for equipment

[IEV 604-03-09, modified]
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3.1.107

unit test

test made on a by-passing or insertion unit or group of units at the by-pass making current or
the insertion current, specified for the test on the complete pole of a by-pass switch and at the
appropriate fraction of the applied voltage, or the recovery voltage, specified for the test on
the complete pole of the by-pass switch

3.1.108

external insulation

distances in air and the surfaces in contact with open air of solid insulation of the equipment,
which are subject to dielectric stresses and to the effects of atmospheric and other external
conditions such as pollution, humidity, vermin, etc.

[IEV 6p4-03-02, modified]

3.1.10p
internpl insulation
interngl solid, liquid or gaseous parts of the insulation of equipt
the effects of atmospheric and other external conditions

are protected from

[IEV 6p4-03-03]

3.1.11p
self-rgstoring insulation
insulafion which completely recovers {

g prope tiegt

a disruptive discharg

1”4

[IEV 6P4-03-04]

3.1.111
non-se¢lf restoring insulé
insulafion which losests i
disruptive discharge

[IEV 6 34-03-0510

does not recover them completely, pfter a

3.1.11p

disruptive dischs rg

phenomenon/a he failure of insulation under electric stress, in whigh the
discharge co plet e insulation under test, reducing the voltage betwegn the

electrqdgs

NOTE 1| This tefm applies to discharges in solid, liquid and gaseous dielectrics and to combinations of thepe.

NOTE 2 A disruptive diScharge in a solid dielectric produces permanent loss of dielectric strength (rjon-self-
restoring.ifgulation); in a liquid or gaseous dielectric, the loss may be only temporary (self-restoring insulation).

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.

3.1.113

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.

3.1.114
re-ignition (of an a.c. mechanical switching device)
[IEV 441-17-45]
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3.1.115
restrike (of an a.c. mechanical switching device)
[IEV 441-17-46]

3.1.116
non-sustained disruptive discharge (NSDD)

disruptive discharge associated with current interruption, that does not result

in the

resumption of power frequency current or, in the case of insertion does not result in current in

the series capacitor bank

NOTE Oscillations following NSDDs are associated with the parasitic capacitance and inductance local to or of

the by-pass switch itself. NSDDs may also involve the stray capacitance to ground of nearby equipment.

3.2 |Assemblies

No pafticular definitions.

3.3 Parts of assemblies

No patticular definitions.

3.4 [Switching devices

3.4.10(1

switching device

[IEV 441-14-01]

3.4.10p

mechanical switching device

[IEV 4#1-14-02]

3.4.108

by-pass switch

three-phase swé;ﬁ
protector to shunt’ Ji
By-pags switches mMay

NOTE 1 ¢
circuit that carrig

NOTE 2
(for spe:ia plic ons\without tb

Examples of serie
pass switch-(see IEC 60143-1) are shown below:

apacitor layouts using a fast by-passing device in parallel with t

oltage
ously.

itqr into a

ark-gap

he by-

_° IEC 1425/06
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Single gap

_° IEC 1426/06

(

z \\:

7 IEC 1427/06
Q -lilneanresistor with by-pass gap
Key
C series capacditor
D damping cireuit
G spark

3.4.104
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 3.4.105

3.4.105

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
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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
contraolcircuit

[IEV 4#1-15-03]

[IEV 441-15-11]

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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3.5.114
sliding contact
[IEV 441-15-15]

3.5.115
rolling contact
[IEV 441-15-16]

3.5.116
release
[IEV 441-15-17]

3.5.1‘:J7
arc caontrol device

[IEV 441-15-18]

3.5.11B
positipn indicating device
[IEV 441-15-25]

3.5.11
connelction (bolted or equivalent)
two orlmore conductors designed to ensure per.
by megns of screws, bolts or the equix

iguity when forced together

3.5.12D
terminal

compdg

mplete

by have

ivie tank
by-pass switches), bushings (for dead tank by-pass switches) and mechanical parts and
which is mechanically and electrically connected to other identical assemblies 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]
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3.5.124
operating mechanism

part of by-pass switch that actuates through the power kinematic chain, the main circuit

contacts of the by-pass switch

3.5.125
power kinematic chain

mechanical connecting system from and including the operating mechanism up to and

including the moving contacts

NOTE See also A.3.5.111 of IEC 62271-102.

3.5.12E
alternptive operating mechanism

an altgrnative operating mechanism is obtained when a change in the\powe

of the|original operating mechanism or the use of an entirely diffe
leads {o the same mechanical characteristics

NOTE 1 Mechanical characteristics are defined in 6.101.1.1. The us
requirements are described in Annex G.

NOTE 4 An alternative operating mechanism can implement arnoperating\prins
(for example the alternative mechanism can be spring-operated

NOTE 3 A change in the secondary equipment
3.6 [Operation

3.6.10(
operatjon
[IEV 441-16-01]

3.6.10p
operating cycle
[IEV 441-16-02]

3.6.10

[IEV 4

3.6.10
closin
[IEV 4

3.6.10E
openi tion

[IEV 441-16-09]

3.6.106
auto-reopening

chain
anism

related

nal one

operating sequence of a by-pass switch whereby, following its closing, it opens automatically

after a predetermined time

3.6.107
positive opening operation
[IEV 441-16-11]

3.6.108
positively driven operation
[IEV 441-16-12]
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3.6.109
dependent power operation
[IEV 441-16-14]

3.6.110

stored energy operation

operation by means of energy stored in the mechanism itself prior to the switching operation
and sufficient to complete the specified operating sequence under predetermined conditions

3.6.111

independent manual operation
storedrenrergy-operation-where-the-energy-origiratesfrommandal-pewer—stered-andreleased
in one|continuous operation, such that the speed and force of the opera are independent
of the |ction of the operator

[IEV 441-16-16]

3.6.11p
closed position
[IEV 441-16-22]

3.6.11B

open position
[IEV 441-16-23]
3.6.114
shunt|release
[IEV 441-16-41]

3.6.11p
anti-pumping device
device| that prevents an open-close operation as long as the device
initiating openin@\ai taineq in it

3.6.11p
interlgcking dev
[IEV 441-16-49

3.6.117

by-pass sw ! out preventing opening

by-pa{s switck h none of the moving contacts can insert the capacitor if the opening
command A8 initia while the conditions which cause the closing operation femain
established

3.7 Characteristic quantities

Figures 1 to 3 illustrate some definitions of this subclause.

Time quantities, see definitions 3.7.120 to 3.7.130, are expressed in milliseconds or in cycles.
When expressed in cycles, the power frequency shall be stated in brackets.

3.7.101

rated value

quantity value assigned, generally by a manufacturer, for a specified operating condition of
component, device or equipment
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3.7.102
prospective current (of a circuit and with respect to a switching device or a fuse)
[IEV 441-17-01]

3.7.103

prospective peak current

peak value of the first current loop of the prospective current during the transient period
following initiation

NOTE The definition assumes that the current is made by an ideal by-pass switch, i.e. with instantaneous and
simultaneous transition of its impedance across the terminals of each pole from infinity to zero. The peak value
may differ from one pole to another; it depends on the instantaneous voltage across the capacitor prior to by-
passing

3.7.10¢4
peak ¢urrent
peak alue of the first current loop during the transient period follow

3.7.10p

transignt by-pass current

superposition of capacitor bank discharge current and powe c nt

3.7.10p

peak value of transient by-pass current

peak Jalue of the transient by-pass ¢ i & b@)a s/Switch during the trgnsient
period| following the initiation of curre assing Joperation. This value |is the
maximum instantaneous value of the sum ) discharge current component
and the power-frequency current com 3 system faults, the power-frequency
fault qurrent shall be equal to the i ister gvordinating current or for schemes
withoutt varistor, the actuglmaximu dguency fault current at the particular locqtion
NOTE 1 The peak value % di j b and from one operation to another as it deppnds on

the instdntaneous capacitor| volta

NOTE 4 Where, fo
this is, yinless otherwisé

dlue of peak value of transient by-pass current is ref¢rred to,
any phase.

NOTE 3 i K sguenlgy fault/current at a particular location or the maximum varistor coordinating
current ated peak withstand current of by-pass switch.

3.7.10

(by-pdss

steady tare current that flows through the by-pass switch immediately prior
to opepi

3.7.10
insertjon‘capacity
value of prospective current that a by-pass switch is capable of inserting at stated voltage
under prescribed conditions of use and behaviour

3.7.109

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

3.7.110
short-circuit making capacity
[IEV 441-17-10]
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3.7.111
short-time withstand current
[IEV 441-17-17]

3.7.112
peak withstand current
[IEV 441-17-18]

3.7.113
applied voltage
[IEV 441-17-24]

3.7.11
recovery voltage
[IEV 441-17-25]

3.7.11
power-frequency
recovery voltage
[IEV 441-17-27]

3.7.11p

peak arc voltage
[IEV 441-17-30]
3.7.11f
clearance

[IEV 441-17-31]

3.7.11B
clearance between poles

[IEV 441-17-32]0
D

3.7.11
clearance to ear
[IEV 441-17-33

3.7.12p
clearance

e ontacts
[IEV 441-17-84]

open

3.7.121
opening time
opening time of a by-pass swiich 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
switch and forming an integral part of the by-pass switch.
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3.7.122

arcing time (of a multipole switching device)

interval of time between the instant of the first initiation of an arc and the instant of final arc
extinction in all poles

[IEV 441-17-38]

3.7.123

insertion time

interval of time between the beginning of the opening time of a by-pass switch and the end of
the arcing time

3.7.12

closing time
intervdl of time between energizing the closing circuit, the by-pass st
positign, and the instant when the contacts touch in all poles

NOTE |[The closing time includes the operating time of any auxiliary equip
switch gnd forming an integral part of the by-pass switch.

3.7.12

by-pass time
intervgl of time between energising the closing cirduit, (th
positign, and the instant when the current beging i

NOTE 1
switch gnd forming an integral part of the by-pass switcF

NOTE 2 The by-pass time may vary, e.g. due {o th iatio
3.7.12p e%

pre-aricing time
intervdl of time betwele initiation assing

operatjon and the~nsts pns or
the indtant Whe

NOTE |The pre-arcing
passing|operation anq th

by-pass

ific by-

3.7.127
open-¢los
intervgl
the indtantw

ps and

NOTE |[Unless otherwise stated, it is assumed that the closing release incorporated in the by-pass spwitch is
energiz¢d{at "the instant when the contacts have separated in all poles during opening. This represgnts the
minimurp opén-close time.

3.7.128

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.

3.7.129

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

3.7.130

minimum trip duration

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

3.7.131

minimum close duration

minimum time the auxiliary power is applied to the closing device to ensure complete closing
of the by-pass switch

3.7.13

insulation level
for a by-pass switch, a characteristic defined by values indicating &
voltages to earth and/or across the by-pass units

ithstand

3.7.13pB
powerl-frequency withstand voltage

r.m.s. [value of sinusoidal power-frequency voltage that
during|tests made under specified conditions and for g

can withstand

[IEV 6p4-03-40, modified]

3.7.13r

impuls$e withstand voltage
peak VYalue of the standard impulse vo
withstands under specified test conditi

the insulation of the by-pass |switch

NOTE |Depending on the shape W , ied as "switching impulse withstand voljage" or
"lightning impulse withstandvoltage".

3.7.13

minimum funct : : erati

pressuyre, referred\to t sheric air conditions of +20 °C and 101,3 kPa,| which

may be expressed absolute terms, at which and above which| rated
charagteristics of 3 are maintained and at which a replenishment |of the
operatjng devjee become

NOTE |[Thjg pressurenis often designated as interlocking pressure (refer to 3.6.5.6 of IEC 62271-1).

3.7.13p
minimum functional pressure for by-passing, insertion and insulation
pressyre for by-passifg, insertion and for insulation, referred to the standard atmosphgric air
conditjons of +20 °C and 101,3 kPa, which may be expressed in relative or absolute tegms, at
which i isti = i intai which
a replenishment of the by-passing, insertion and/or insulating fluid becomes necessary

NOTE 1 See also 3.6.5.5 of IEC 62271-1.

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

3.8.1

capacitor

the word “capacitor” is used when it is not necessary to distinguish between the different
meanings of the words capacitor unit and the assembly of capacitors associated with a
segment
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3.8.2

overvoltage protector (of a series capacitor)

quick-acting device that limits the voltage across the capacitor to a permissible value when
that value would otherwise be exceeded as a result of a circuit fault or other abnormal power
system conditions

[IEV 436-03-14, modified]

3.8.3

rated capacitance (of a capacitor)

Cn

capacitance value for which the capacitor has been designed

[IEV 4B6-01-12, modified]

3.84
rated gpurrent (of a capacitor)
Iy
r.m.s. value of the alternating current for which the capacito

[IEV 486-01-13, modified]

3.8.5
rated feactance (of a capacitor)
AN
reactapce of each phase of the serig
tempefrature

gquency and 20 °C diglectric

3.8.6
rated yoltage (of a capa
Un
r.m.s. [value of the vo

current Uy = XN@
[IEV 4B6-01-15, mudi
3.8.7
limitin
Uiim

maximup » minals
immed

afs, derived from rated reactance and rated

3.8.8
serie

NOTE The bank may include one or more modules.

3.8.9

segment (of a series capacitor)

where each phase of a bank is divided into one or more series connected parts, of which each
part contains its own assembly of capacitor units, overvoltage protector, protective functions
and bypass switch, each such complete part is called segment

NOTE Segments are not normally separated by isolating disconnectors. More than one segment can be on the
same insulated platform.

3.8.10
bank protection
general term for all protective equipment for a capacitor bank, or part thereof
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3.8.11
by-pass current
steady-state r.m.s. current flowing through the by-pass switch in parallel with the capacitor

3.8.12
by-pass fault current
current flowing through the by-passed series capacitor bank caused by a fault on the line

3.8.13
by-pass gap (protective gap)
gap, or system of gaps, to protect either the capacitor (type K) against overvoltage or the non-

|inear acictar (tvana MY aaainct Aavarlaad hy carevina load A fallt cvirrant araind thao nw-tected
CoSTSToT Tty P T ot OV e oot oy —Carty Mg Troat— o oottt SurrCrtar oo e—prg

LALWAR= S | Yy

parts fpr a specified time (see Figure 2 of IEC 60143-2)

3.8.14
by-pass interlocking device
device| that requires all three poles of the by-pass switch to he&
positigdn

closed

3.8.15

current-limiting damping equipment

reactof or a reactor with a parallel connected resgistqr 1o lify ¢ e and
frequency and to provide a sufficient dampin j upon

operatjon of the by-pass gap or the b

3.8.16
insert|jon
openirlg of the series capagitor by-pas§ s ith the
transmjission line

3.8.17

insertjon curren

r.m.s. |current t)@b gries”capacitor after the by-pass switch has opened.
This current may b nuous or overload current magnitudes

3.8.18
insert|on voltage
peak VJoltgge e series capacitor upon transfer of the by-pass currept with
the opkn S

3.8.19
main gap
that part(of-the protective spark-gap intended to carry the fault current during a specified time,
comprlsing 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

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)
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3.8.22
protective level
UpL

magnitude of the maximum peak of the power-frequency voltage appearing across the

overvoltage protector during a power system fault (Up = UUMx\/E)

NOTE The protective level may be expressed in terms of the actual peak voltage across a segment or in terms of

the per unit of the peak of the rated voltage across the capacitor.

3.8.23
reinsertion
restoration of load current to the series capacitor from the by-pass path

3.8.24
reinsgrtion current

transignt current, power-frequency current, or both, flowing throdg
during|the opening of the by-pass path

3.8.25
reinsertion voltage

transignt voltage, power-frequency voltage, or both,
during|the opening of the by-pass path

3.8.26
tempdrary overvoltage
temporary power-frequency voltage hig
capacitor

3.8.27
varistpr coordinating ¢
magnifude of the maxim

3.8.28
capacjtor bank are

IpiscHARGE
curren{ which flow

se capacitor

series capacitor

rated voltage of the |series

of the
b |level

A
"a" contact, make sqntact 3.5.112
AItern{tive operating mechanism 3.9.126
Ambiept\air temperature 3.1.104
Anti-pumping device 3.6.115
Applied voltage 3.7.113
Arcing contact 3.5.108
Arcing time 3.7.122
Arc control device 3.5.117
Auto-reopening 3.6.106
Assemblies 3.2
Auxiliary circuit 3.5.104
Auxiliary contact 3.5.110
Auxiliary switch 3.5.111

B
"b" contact, break contact 3.5.113
Bank protection 3.8.10
Break contact 3.5.113
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By-pass current 3.8.11
By-pass fault current 3.8.12
By-pass gap (protective gap) 3.8.13
By-pass insertion current 3.7.107
By-passing-insertion time 3.7.129
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 M1 3.4.104
By-pass switch class M2 3.4.105
By-pass switch with lock-out preventing opening 3.6.117
By-pass time 3.7.125

By-pagsing capacity

Cc
Capacijtor
Capacjtor bank discharge current (/pjscHARGE)
Cleargnce

Cleargnce between open contacts
Cleargnce between poles

Clearance to earth

Closed position

Closing operation

Closing time

Connelction (bolted or the equivalent)
Contag¢t
Conta¢t piece

Contrdl circuit

Contrgl contact
Current-limiting damping

Dead {ime (during auto-: 3.7.128
Deperj:jent poweropexa 3.6.109
Disrupttive discharg 3.1.112
E
Encloqure 3.5.123
Externjal insula 3.1.108
I
Impulge withsta 3.71.134
Indepgndentcmantal operation 3.6.111
Insertipn 3.8.16
Insertipn.eurrent 3.8.17
Insertion capacity 3.7.108
Insertion time 3.7.123
Insertion voltage 3.8.18
Insulation level 3.7.132
Interlocking device 3.6.116
Internal insulation 3.1.109
L
Limiting voltage (U ) 3.8.7
M
Main circuit 3.5.102
Main contact 3.5.107
Main gap 3.8.19

Make contact 3.5.112
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Mechanical switching device 3.4.102
Minimum close duration 3.7.131
Minimum functional pressure for by-passing, insertion and insulation 3.7.136
Minimum functional pressure for operation 3.7.135
Minimum trip duration 3.7.130
Module (of a by-pass switch) 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
Non-Sustained Disruptive Discharge (NSDD) 3.116
0]
Open-tlose time 1.127
Opening operation .6.105
Opening time 27.121
Open position 3.6.113
Operaling cycle 3.6.102
Operating mechanism 3.5.124
Operating sequence 3.6.103
Operation 3.6.101
Outdopr switchgear and controlgear 3.1.102
Overvopltage (in a system) 3.1.106
Overvoltage protector (of a series capaf€itor) 3.8.2
Parts ¢f assemblies 3.
Peak arc voltage 3.7.116
Peak gurrent 3.7.104
Peak VYalue of the transie RE eR 3.7.106
Peak withstand current 3.7.112
Pole 3.9.101
Positign indicating devis 3.9.118
PositiVely driven 3.6.108
Positiy i efati 3.6.107
Power 3.7.115
Power, 3.7.133
Power| 3.9.124
Pre-arfi 3.7.126
Prosp 3.7.102
Prosp 3.7.103
Protedti 3.8.22
Rated [capacitance (of a capacitor) Cy 3.8.3
Rated current (of a capaciior) Iy 3.8.4
Rated reactance (of a capacitor) Xy 3.8.5
Rated voltage (of a capacitor) Uy 3.8.6
Rated value 3.7.101
Recovery voltage 3.7.114
Re-ignition (of an a.c. mechanical switching device) 3.1.114
Reinsertion 3.8.23
Reinsertion current 3.8.24
Reinsertion voltage 3.8.25
Release 3.5.116
Restrike (of an a.c. mechanical switching device) 3.1.115
Restrike performance 3.1.112
Rolling contact 3.5.115
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Segment (of a series capacitor)
Self-restoring insulation

Series capacitor bank (or bank)
Short-circuit current
Short-circuit making capacity
Short-time withstand current
Shunt release

Sliding contact

Stored energy operation
Switchgear and controlgear
Switching device

RoouoONN=©®
—
—
-_—

T
Tempgrature rise (of a part of a by-pass switch)
Tempqrary overvoltage

Terminal

Transipnt by-pass current

Unit telst

Varistgr coordinating current 3.8.27

4 Ratings

The dharacteristics of a by-pass swi adxiliary

equipment, that shall be used to deter

d,supply frequency of closing and opening devices and of auxiliary circuits;

ration,
insertion, by-passing and insulation, as applicable;

k) rated by-pass making current;

I) rated by-pass insertion current;

m) rated reinsertion voltage (peak value):
n) rated operating sequence;

o) rated time quantities.

The rated characteristics of the by-pass switch are referred to the rated operating sequence.

4.1 Rated voltage (U,)

Subclause 4.1 of IEC 62271-1 is applicable with the following addition.
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1 Rated voltage to earth (U,,)

Subclause 4.1 of IEC 62271-1 is applicable.

4.1.102 Rated voltage across the by-pass switch (Urp)

The voltage applied across the by-pass switch shall be determined by multiplying the rated
reactance of the series capacitor bank or segment (X\=1/wCy) by its rated current (/). The
rated voltage (phase-to-phase) assigned to the by-pass switch shall be equal to or higher than

the voltage calculated from the applied voltage (multiplied by \/5) and adjusted to the next

higher standardized value given in 4.1 of IEC 62271-1.

NOTE |[Long duration overloads (several minutes) may be taken into account when ag g a rated|voltage
across @ by-pass switch.

4.2 |Rated insulation level

Subclguse 4.2 of IEC 62271-1 is applicable with the following

4.2.1011 Rated insulation level to earth

The stiandard values of rated withstand voltages to(ear , 2a and
2b of IEC 62271-1

4.2.10p

The standard values of rated insulation voltage iven in
Tables , ponding rated voltage across the by-
pass s$witch. The rated i 1.3 of
IEC 6(Q143-1.

NOTE [The insulation Jevel orm are
in refergence to the p may be
required. The insulat on the
protectiye level estab & 5 to the
insulatig \ insulation

within th

where
Uipf is tH
U,

PL ist

4.3

n across the

e segment uging\the_apphcabfe protecfive level across that part of the segment
Uppg 21,2 Up /2

e pows

e protective

Rated frequency (f,)

Subclause 4.3 of IEC 62271-1 is applicable with the following addition:

The standard values for the rated frequency of high voltage by-pass switches are 50 Hz and

60 Hz.

4.4

Rated normal current (1) and temperature rise

Subclause 4.4 of IEC 62271-1 is applicable.

4.5

Rated short-time withstand current (1)

Subclause 4.5 of IEC 62271-1 is applicable.


https://iecnorm.com/api/?name=e8846a6d822e5bd670df9674cfc11ac7

- 30 - 62271-109 © IEC:2008

4.6 Rated peak withstand current (Ip)

Subclause 4.6 of IEC 62271-1 is applicable.

4.7 Rated duration of short-circuit (z,)

Subclause 4.7 of IEC 62271-1 is applicable.

4.8 Rated supply voltage of closing and opening devices and of auxiliary and control
circuits (U,)

Subclause 4.8 of IEC 62271-1 is generally applicable. The tolerance given in 4.8.3 and in
5.8.1 g¢f IEC 62271-1 for shunt opening releases shall be applied to shunt gtosing releases.

4.9 |Rated supply frequency of closing and opening devices a 2 i uifs

Subclguse 4.9 of IEC 62271-1 is applicable.

4.10 |Rated pressures of compressed gas supply for instlation; operation dnhd/or
passing and insertion

by -

Subclguse 4.10 of IEC 62271-1 is applicable.

4.101 Rated operating sequence

The rated characteristics of the by-pass e rated operating sequgnce.

Unlesg otherwise specifieds

- t 4 0,3 s for py-
time);

— 43 min.

rapid auto-reopening (by-passing-ingsertion

NOTE 1
for rapid

htended

NOTE 2 mple is
C-r-0C

where

C presents a closiig operation;

ocC J;presents an opening operation followed immediately (that is, without any intentional delay) by a| closing

4
operatot

¢t and ¢' are time intervals between successive operations;

¢ and ' should always be expressed in minutes or in seconds.

If the by-passing-insertion time is adjustable, the limits of adjustment should be specified.

NOTE 3 Instead of r = 0,3 s, other value: t = 0,2 s is also used for by-pass switches intended for rapid auto-
reopening.

4102 Rated by-pass making current (Igp)

The rated by-pass making current is the peak value of the current that the by-pass switch
shall be capable of making under line fault condition when the capacitor bank is precharged to
the limiting voltage of the overvoltage protector (Up ) and with a frequency of the by-pass
current corresponding to the actual capacitance of the capacitor bank with its associated
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inductance of the damping circuit. The effective damping of the by-pass discharge current can
be taken into consideration.

This current shall be the sum of the capacitor bank discharge current component and the
power-frequency fault current component (see 3.7.106). In general, the power-frequency fault
current component should be equal to the maximum varistor coordinating current.

NOTE The rated by-pass making current should be determined by system studies as the sum of capacitor bank
peak discharge current and the fault current peak component in the interval between current initiation in the by-
pass switch and contact touch (pre-arcing time).

The by pass maklng performance is covered when the requrred peak by- pass making current
' rule is
nt isequal to

consrd
or lowe

Specif
paramgters. Annex D gives examples of by-pass switch ra
valueg| for the rated by-pass making current and frequency

broject
ferred

4.103

The rated by-pass insertion current is ghe r.m.
by-pads switch shall be capable of t ansg
ojest pa

the power-frequency current that the
Pbe by-pass circuit path to the main
€. Specific ratings cannot be asgigned

series|capacitor path unde

becauge they are specifit 3 y-pass
switch|ratings.

NOTE |The rated by<pass i ver than
bthe ratpd current o 4

4.104

The rg Te by-
pass s rated

by-pas

In general, ansignt reinsertion voltage shall be equal to Up to take into account all
emergency” overload/conditions and power swings that could result in transient ingertion
voltagesiupto the protective level of the overvoltage protector.

Q

Several transient reinsertion voltage waveshapes can be obtained in service. The reinsertion
voltage waveshape should be determined by systems studies. For standardization purposes,
and in order to cover the greatest number of practical cases, this standard recommends a "1-
cos" waveshape having a preferred first time-to-peak of 5,6 ms. Other waveshapes may be
required and should be clearly specified to the manufacturer at the time of enquiry.

Specific ratings cannot be assigned because they are specific to each project parameters.
Annex D gives examples of by-pass switch ratings. Annex F gives more information regarding
transient recovery voltage during reinsertion.

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, overload emergency current and power swing). See Annex F for
more information.
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NOTE 2 To cover most of the 50 Hz and 60 Hz applications with one single test-duty, the transient recovery
voltage has been defined with a time-to-peak of 5,6 ms.

4.105 Rated time quantities

Refer to Figures 1, 2, and 3.

Rated values shall be assigned to the following time quantities:

— opening time (no-load);
— maximum closing time (no-load);

— mgximum open-close time (no-load).

Rated [time quantities are based on
— ratpd supply voltages of closing and opening devices and of afixilig ircuits

(sde 4.8),
— ratpd supply frequency of closing and opening devices and of auxilis [ L.9),

— ratpd pressures of compressed gas supply for operation assing
and insertion, as applicable (see 4.10),

— ratpd 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 rat me due

to the variation of the arcing time and the pre-arcing ti
NOTE 2 The maximum closing time ( im e e given

for the fninimum supply voltages/ in S € S and/or
by-passjng and insertion as appli e (¢ o

4.106 Number of m

A by-pgass switc@ll
6.101.2.3 and Table

specifijed by the m facture

e following number of operations (as defined in
aking into account the programme of maintgnance

Standaid by-pamh@@l.\m&gnical endurance) 2 000 operating sequefces
class 11

By-pass SM@H& requirements (extended mechanical endurance) | 10 000 operating sequg¢nces
class
N\

5 Designmtruction

5.1 Requirements for liquids in by-pass switches

Subclause 5.1 of IEC 62271-1 is applicable.

5.2 Requirements for gases in by-pass switches

Subclause 5.2 of IEC 62271-1 is applicable.

5.3 Earthing of by-pass switches

Subclause 5.3 of IEC 62271-1 is applicable.

5.4 Auxiliary equipment

Subclause 5.4 of IEC 62271-1 is applicable with the following additions:



https://iecnorm.com/api/?name=e8846a6d822e5bd670df9674cfc11ac7

62271-109 © IEC:2008 - 33 -

— where shunt opening and closing releases are used, appropriate measures shall be taken
in order to avoid damage on the releases when permanent orders for closing or opening
are applied. For example, those measures may be the use of series control contacts
arranged so that when the by-pass switch is closed, the close release control contact ("b"
contact or break contact) is open and the open release control contact ("a" contact or
make contact) is closed, and when the by-pass switch is open, the open release control

contact is open and the close release control contact is closed,;

NOTE 1 Systems other than contacts are possible and may be used.
— for shunt closing releases, the protective measures for the shunt closing releases (the “b”

contact) as mentloned in the flrst mdent above shaII open no sooner than the minimum
. . . e ed-glosing

mmand

s (the

“a’|contact) as mentioned in the first indent above shall gpeR no sognex than t inimum
trig duration (3.7.130) required by the by-pass swilt 5 after
separation of the main contacts;

— for| short open-close time requirements, the protective L losing
releases (the “b” contact) as mentioned in the fi iy 4 sooner
thgn when the “@” contact has opengd;

— where auxiliary switches are use e end
position of the by-pass switch at rest . fgnalling shall be sustained;

— conmnections shall withstand the str those
due to mechanical forces during opé

— alljauxiliary equipme inpt rain
ang humidity;

— where special items 0 limits
spécified for@g ilating
angl operatin j y-pass

swl|tch manufactdrer;

8 y ent such as liquid indicators, pressure indicators| relief
val i qu|pment heating and interlock contacts, shall operate|within

thg limi voltages of auxiliary and control circuits and/or within the
limlfi € i tmg and/or insulating and operating fluids;

— ths c ior of heaters at rated voltage shall be within the tolerance of [£10 %
of

— whre @nti-pumpihg devices are part of the by-pass switch control scheme, they sHall 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 shall be supervised, open or closed. The closing of one pole shall initiate closure
of the remaining poles. Each by-pass switch shall be similarly interlocked for the opening
operation.

5.5 Dependent power operation
Subclause 5.5 of IEC 62271-1 is applicable with the following addition:

— a by-pass switch arranged for dependent power opening with external energy supply shall
also be capable of closing immediately following an opening operation.


https://iecnorm.com/api/?name=e8846a6d822e5bd670df9674cfc11ac7

- 34 - 62271-109 © IEC:2008

5.6 Stored energy operation

Subclause 5.6 of IEC 62271-1 is applicable with the following addition to the first paragraph.

A by-pass switch arranged for stored energy operation shall also be capable of closing
immediately following an opening operation.

5.7 Independent manual operation

Subclause 5.7 of IEC 62271-1 is not applicable for by-pass switches.

5.8 Operation-ofreleases

Subclguse 5.8 of IEC 62271-1 is generally not applicable and sha
following.

Dy the

5.8.1 Shunt closing releases

A shunt closing release shall operate correctly under all/Operating iti tching
device| up to its rated by-pass making current, and between 70 %\n-gase of\d.c. — or 85 % in
case ¢f a.c. - and 110 % of the rated supply voltagé o i (see 4.8), the
frequency in the case of a.c. being the rated supply y ' vice (seq 4.9).

5.8.2 Shunt opening releases
A shumt opening release shall operate supply

voltage of the opening device (see 4.8 ) in the case of a.c. being thg rated
supply| frequency of the opening device

5.8.3

Subclg

5.8.4

Subclg

5.8.10

in one
h shall

If a by
releas
be phy

5.8.10p Operation limits of releases

For shunt-opening releases, the minimum trip duration, and for shunt-closing releases, the
minimum command duration at rated supply voltage, shall not be less than 2 ms.

In order to prevent untimely operation due to parasitic voltages that may be present in control
circuits, the minimum supply voltage, the minimum supply voltage for operation of shunt
releases shall not be less than 20 % of the rated supply voltage.

5.8.103 Power consumption of releases

The power consumption of shunt closing or opening releases of a three-pole by-pass switch
shall not exceed 1200 VA. For certain by-pass switch designs, higher values may be
necessary.
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5.9 Low- and high-pressure interlocking devices

Subclause 5.9 of IEC 62271-1 is replaced by the following.

All by-pass switches having an energy storage in gas receivers or hydraulic accumulators
(see 5.6.1 of IEC 62271-1) and all by-pass switches except sealed pressure devices, using
compressed gas for by-passing and insertion (see 5.103) shall be fitted with a low-pressure
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

Subclduse 5.10 of IEC 62271-1 is applicable with the following additions: ameplatés of a
by-pags switch and its operating devices shall be marked in accordanceith Table-4.

Coils ¢f operating devices shall have a reference mark permitting
obtaingd from the manufacturer.

to be

Releages shall bear the appropriate data.

The nameplate shall be visible in the position of nor

®
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Table 1 — Nameplate information

Abbre- Unit By-pass | Operating Condition:
viation 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 lightning impulse withstand Upe kV X

voltage tpearth

Rated lightning impulse withstand Upp kV X

voltage dcross by-pass switch

Rated switching impulse withstand Use kV y kV and
voltage tp earth

Rated switching impulse withstand Usp kV y kV and
voltage dcross by-pass switch

Rated frgquency fr Hz y icable at
<\ botM50 Hz and 6 Hz

Rated dyration of short circuit te s

pDifferent from 1 s
Rated shjort-time withstand current I X
Rated pdak withstand current > C

kA
Rated bytpass making current Iy
Frequengy of the rated by-pass making fep z X
current

Rated bytpass insertion current

In
Rated re|nsertion voltage | k > X
Rated filling pressure for operation m @ (X)
‘ Pre P
. Us
Ua
M

&
Rated ndrmal current 1 A Q/\/

insertion

Rated filling pressure for by- >/I a (X)
v (X)

Rated supply voltage
opening fevices
Rated supply frequenc
opening fevices
Rated supply vol

Rated supply frequency o
circuits

Mass (ingludi kg y y More than 300 kg

switches
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Table 1 (continued)

Abbre- Unit By-pass | Operating Condition:
viation switch device Marking only required if
1 2 3 4 5 6
Mass of fluid for by-passing and insertion m kg y If gas or oil by-pass
switches
Rated operating sequence X
Year of manufacture X
Temperature class y y Different from
25-2G-ovtdoot
Classificqtion y Eﬁffere}t\from M

Relevant|standard with date of issue

X

used/] the word “rated“ need not appear.

x AN~
NOTE The abbreviations in column 2 may be used instead of the terms in colurr‘<1WW@1 mn 1 are

X = the marking of these values is mandatory; blanks indicate the value

(X) = the|marking of these values is optional;

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

5.11 [Interlocking devices

Subclguse 5.11 of IEC 62271-1 is applica
See also 5.4.

5.12 |Position indication

Subclquse 5.12 of JECL62

5.13 [Degrees o
Subclgquse 5.13 ©

5.14 |[Creepag

Subclgquse

5.15 |Gas_and vac

Subclguse’5.15 of IEC 62271-1 is applicable.

zero; \ \>
o

O

5.16 Liquid tightness

Subclause 5.16 of IEC 62271-1 is applicable.

5.17 Fire hazard (flammability)

Subclause 5.17 of IEC 62271-1 is applicable.

5.18 Electromagnetic compatibility

Subclause 5.18 of IEC 62271-1 is applicable.



https://iecnorm.com/api/?name=e8846a6d822e5bd670df9674cfc11ac7

- 38 - 62271-109 © IEC:2008

5.19 X-ray emission

Subclause 5.19 of IEC 62271-1 is applicable only to vacuum interrupters used as by-pass
switches.

5.20 Corrosion

Subclause 5.20 of IEC 62271-1 is applicable.

5.101 Requirements for simultaneity within a pole

If one _pole consists of more than one by-pass unit connected in_series, the maximum
differehce between the instants of contact separation or contact touch within these |series
connegted units shall not exceed one-eighth of a cycle of rated frequenc

NOTE |The time spread between poles is normally not considered unless single- asp switch

is restrigted from system operation.
5.102 | General requirement for operation

A by-gass switch, including its operating devices, shall be Y completing ity rated
operatjng sequence (4.101) in accordance with the relévant Si 5 to 5.9 and 5.103
for the whole range of ambient temperatures within /its \ ure) class as defiped in
Clausg 2 of IEC 62271-1.

This rgequirement is not applicable to ili anual\operatjng devices; where prqvided,
these ghall be used only for maintenanc y.aperation on a dead circuif.

By-pags switches provided with heaters shiall be igned to permit a closing operation| at the
minimym ambient tempeypature define e temperature class when the heaters gre not

operatjonal for a minimumtime™gf 2 h.

5.103 | Pressur 'lm
The mianufacturershatkste ¢ q and minimum pressures of the fluid for opgration
at whi¢h the by-pas ch the

appropriate The
manufacturer g and
insertipn (set 9

The mpan r each

of the following perfo

a) mgking its rated¥y-pass making current, i.e. a "C" operation;

b) reipserting its rated by-pass insertion current immediately followed by making its rafed 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 again by making its
rated by-pass making current, i.e. an "C — ¢t — OC" operating sequence.

The by-pass switches shall be provided with energy storage of sufficient capacity for

satisfactory performance of the appropriate operations at the corresponding minimum
pressures stated.

5.104 Vent outlets

Vent outlets are devices that allow a deliberate release of pressure in a by-pass switch during
operation.
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NOTE This is applicable to air-blast and oil by-pass switches.

Vent outlets of by-pass switches shall be so situated that a discharge of oil or gas or both will
not cause electrical breakdown and is directed away from any location where persons may be

presen

t. The necessary safety distance shall be stated by the manufacturer.

The construction shall be such that gas cannot collect at any point where ignition can be
caused, during or after operation, by sparks arising from normal operation of the by-pass

switch

or its auxiliary equipment.

6 Type tests

Claussd

The type tests for by-pass switches are listed in Table 2.

All tyd
IEC 62

The in
clean
and/or|
IEC 60

The re
values

transie
ratingg
within

NOTE
(1995, s

6 of IEC 62271-1 is applicable with the following additions.

e tests shall be carried out using the number of test
271-1 and in 6.102.2.

dividual type tests shall, in princj
condition. In case of by-pass swif
operation, the quality of the ge
480.

nt recorde in
(for exa %o

5 % (equalto

1.1 of

w and
sertion
els of

those

ample
ne the
nall be

Lirement
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Table 2 — Type tests

62271-109 © IEC:2008

Mandatory type tests Subclause
Dielectric tests 6.2
Measurement of the resistance of the main circuit 6.4
Temperature-rise tests 6.5
Short-time withstand current and peak withstand current tests 6.6
Tightness tests 6.8
Additional test on auxiliary and control circuits 6.10
Mechanjcal operation test at ambient air temperature 6.101.4
By-pasq making current tests /\\ 6,104

Insertion current tests /\

Mandatory type tests, where applicable

\

Radio irfterference voltage tests \ \ ) 6.3
Verificafion of the degree of protection < \ \‘ 6.7
EMC tegts N 6.9
X-radiation test procedure for vacuum interrupters ) 6.11
Extendgdd mechanical endurance tests on by-pas/iswitchesmbecﬁ}/seyﬁge c?m%itions a 6.101.24
Low and high temperature tests < < N C \ \J )\/ 6.101.93
Static tgrminal load tests > \_/ 6.101.4
Test to prove operation under severe ice conditjons 2 6.101.4

o~
@ Additignal test sample is aIIow;d\ \ \ \
w N

6.1 General
6.1.1

Subclgquse 6.1.1 of |£

6.1.2 matike tification of specimens

Subclquse

6.1.3 be included in type test reports

Subclquse(6:1.3 of

C 62271-1 is applicable with the following addition.

Further detalls relating to records and reporis of type tests for by-pass current makir

insertion tests are given in Annex B.

6.1.101 Invalid tests

g and

In the case of an invalid test, it may become necessary to perform a greater number of tests
than is required by this standard. An invalid test is one where one or more of the test
parameters demanded by the standard is 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 standard could make the test less or more severe. Four different cases

are considered in Table 3.
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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 shall 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.

Table 3 — Invalid tests

Test eonditions By-pass—switeh
related|to standard
Passes alls
More sgvere Test valid, result accepted Test to be repeated W|t c eters
Modification &f th sigmeft ss
switch notrequire

Less sgvere Test to be repeated with correct parameters | By- pass W|tch ed the t odificption of
ired,
ance

by-

Modification of the design of the by-pass
switch not required

6.2 [Dielectric tests
6.2.1 Ambient air conditions during tests

Subclguse 6.2.1 of IEC 62274-1 ig7ap Q
6.2.2 Wet test pro

use 6.2.2

Subcls

NOTE
the rele

rding to
6.2.3
Subclgu

6.2.4

Subclduse*6.2.4 of IEC 62271-1 is applicable with the following addition.

The following test procedure B adapted for switching devices that have self-restoring and non-
restoring insulation is the preferred test procedure for by-pass switches. The by-pass switch
has passed the impulse tests if the following conditions are fulfilled:

a) each series has at least 15 tests;

b) no disruptive discharges on non-self restoring insulation shall occur. This is confirmed by
5 consecutive impulse withstands following the last disruptive discharge;

c) the number of disruptive discharges shall not exceed two for each complete series.

This procedure leads to a maximum possible number of 25 impulses per series.

Procedure C of IEC 60060-1 may be used when all three poles are tested.
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If disruptive discharges occur and evidence cannot be given during testing that the disruptive
discharges were on self-restoring insulation, the by-pass switch shall be dismantled and
inspected after the completion of the dielectric test series. If damage to non-self-restoring
insulation is observed, the by-pass switch has failed the test.

NOTE 1 If the atmospheric correction factor K; is less than 1,00 but greater than 0,95, it is permissible to follow
the criteria stated in 6.2.4 of IEC 62271-1 if the correction factor is not applied during the tests. Then, if one or two
disruptive discharges out of 15 impulses occur in the external insulation, the particular test series showing
flashover(s) is repeated with the appropriate correction factor so that no external disruptive discharge occurs.

NOTE 2 For by-pass switches of gas insulated switchgear tested with test bushings which are not part of the by-
pass switch, flashover across the test bushings should be disregarded.

NOTE Fredetermimatiomof-thetocatiomof-theobserved u‘;cluptivc u‘;ou:lalyco stroutdbedome 'uy theta Joratory
using syfficient detection means, for example photographs, video recordings, internal inspe

6.2.5 Application of test voltage and test conditions

Subclquse 6.2.5 of IEC 62271-1 is applicable.

6.2.6 | Tests of by-pass switches of U, < 245 kV or

Subclg
the pa

o\be performed gnly for

6.2.6.1

Subclg

NOTE ave been previously tested according to
the rele d

6.2.6.2
Subcls

6.2.7

Subclg
the par

is applicable. These test series need to be performed dnly for
Ifils the above criteria.

6.2.7.1 2 ! y voltage tests

Subclg ] C 62271-1 is applicable with the following addition.

The tdgstiprocedure following the alternative method is more severe than the test progedure
following the preferred method.

6.2.7.2 Switching impulse voltage tests

Subclause 6.2.7.2 of IEC 62271-1 is applicable with the following addition.

The dry tests shall 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, shall be applied for each
test condition of Table 9 of IEC 62271-1.

With the by-pass switch open, the test voltage equal to the rated withstand voltage across the
open by-pass switch shall be applied for each test condition of Table 9 of IEC 62271-1.
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6.2.7.3 Lightning impulse voltage tests

Subclause 6.2.7.3 of IEC 62271-1 is applicable with the following addition.

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

shall b

e applied for each test condition of Table 9 of IEC 62271-1.

With the by-pass switch open, the test voltage equal to the rated withstand voltage across the
open by-pass switch, shall be applied for each test condition of Table 9 of IEC 62271-1.

6.2.8

Artificial pollution tests

Subclg

6.2.9

Subclg

Partial
switch
IEC st
(for e
showirn
releva

6.2.10
Subcls

6.2.11
Subcls

Where
across

6.2.11
For de
be img
IEC 64
condit

Where

use 6.2.8 of IEC 62271-1 is applicable.
Partial discharge tests
use 6.2.9 of IEC 62271-1 is applicable with the following additi
discharge tests are not normally required to be p y-pass
However, in the case of by-pass switches usi levant
andard exists, and if this relevant standard rgquires™\pa ments
ample, bushings, see |IEC 60137), evidence sh S s by the manufacturer
g that those components have passed t 3t in the
ure.
; perties
switch cannot be verified by visual inspectioh with
sufficignt reliabil y withstand voltage test in dry condition according to
e open by-pass switch shall be applied as a condition gheck.
or GIS by-pass switches for which the insulation to earfh may
requency withstand voltage test in dry condition according to 6.2.11 of
2 iththe by-pass switch in close position shall also be performefd as a
after) by-pass and insertion tests (see 6.102.9) a voltage test is performed as a
on‘check, the following conditions shall apply.

condit

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

These test series need to be performed only for the part of the insulation which fulfils the
criteria given below.

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

re — o —

A 1 min power-frequency voltage test shall be performed. The test voltage shall be 80 %
of the value in Table 1a, column (2) of IEC 62271-1.

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

re — n—

An impulse voltage test shall be performed. The crest value of the impulse voltage shall

be

60 % of the highest relevant value in Table 1a, column (4) of IEC 62271-1.
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By-pass switches with 300 kV < U, <420 kV or 300 kV < U,, <420 kV

re — n —
An impulse voltage test shall be performed. The crest value of the impulse voltage shall
be 80 % of the rated switching impulse withstand voltage given in Table 2a of IEC 62271-
1. The rated switching impulse withstand voltage shall be taken from column (4). The
reference value for the condition check shall be taken from the same column.

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

re — n —
An impulse voltage test shall be performed. The crest value of the impulse voltage shall
be 90 % of the rated switching impulse withstand voltage given in Table 2a of
IEC 62271-1. The rated switching impulse withstand voltage shall be taken from column
(4) of this table. The reference value for the condition check shall be taken from the same
column

Wherel an impulse voltage test shall be carried out, five impulses of :I:all be

applied across the switching device and to earth (if required). The all be

considered to have passed the test if no disruptive discharge occurg.

For the impulse voltage test, the synthetic testing eqmpment nay be

applied. The waveshape of the impulse voltage shall be ¢ impulse

or a waveshape according to the TRV specified for termi 1-100).

For the test with the waveshape according to T10, timi 4200 7 ime| 5 are

permitfed.

NOTE 1| Generally the insulation across thg ihce the

insulatign levels across pole are different from may be

necessdry as outlined above.

NOTE 2 -ppss and

insertio r dead-

tank bypass switches, the phage ati i - i i i and the

voltage ftest as a condition chec 1

NOTE 3 Comparative tests eakers,

both in|new and in th TRV

impulsep with a way,

NOTE 4 d to the

standar

- the 80 % of
the

— abo b of the
ped

6.3

Subclguse 6’3 of IEC 62271-1 is applicable with the following addition.

Tests may be performed on one pole of the by-pass switch in the closed position only. During
the tests the by-pass switch shall be equipped with all accessories such as grading
capacitors, corona rings, HV connectors, etc., which may influence the radio interference
voltage performance.

NOTE |If the by-pass switch forms an integral part of the series capacitor platform and r.i.v. tests have been
performed on the platform, the r.i.v. test on the by-pass switch is considered to be covered.

6.4

Measurement of the resistance of the main circuit

Subclause 6.4 of IEC 62271-1 is applicable.
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6.5 Temperature-rise tests
6.5.1 Conditions of the by-pass switch to be tested

Subclause 6.5.1 of IEC 62271-1 is applicable.

6.5.2 Arrangement of the equipment

Subclause 6.5.2 of IEC 62271-1 is applicable.

6.5.3 Measurement of the temperature and the temperature rise

Subclguse 6.5.3 of IEC 62271-1 is applicable.

6.5.4 Ambient air temperature

Subclguse 6.5.4 of IEC 62271-1 is applicable.

6.5.5 Temperature-rise tests of the auxiliary and con

Subclguse 6.5.5 of IEC 62271-1 is applicable.

6.5.6 Interpretation of the temperature-rise

Subcls

6.6 d current tests

Subcls

6.6.1 < 2 vitch and) of the test circuit

Subcls

6.6.2
Subcls

6.6.3 pass switch during test

Subclg 771-1 is applicable.

6.6.4 Conditions-6f the by-pass switch after test

Subclduse 6 6 4 of IFC 62271-1 is applicable

6.7 Verification of the degree of protection
6.7.1 Verification of the IP coding

Subclause 6.7.1 of IEC 62271-1 is applicable to all parts of by-pass switches that are
accessible in normal service.

6.7.2 Mechanical impact test (verification of the IK coding)

Subclause 6.7.2 of IEC 62271-1 is applicable.
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6.8 Tightness tests

Subclause 6.8 of IEC 62271-1 is applicable.

In the case of a vacuum by-pass switch, the tightness verification of the vacuum insulation
shall be carried out by means of a power frequency test according to 6.2.11 or an equivalent
test.

6.9 Electromagnetic compatibility (EMC) tests

Subclause 6.9 of IEC 62271-1 is applicable with the following addition.

6.9.2 Ripple on d.c. input power port immunity test

Subclguse 6.9.2 of IEC 62271-1 is applicable with the following additjox

If no glectronic components are used in the control unit and the™s i gn test at
ambienpt air temperature in accordance with 6.101.2 is perfo e y-pass
switch| equipped with its entire control unit, the ripple on d’exi power Yort immunity test
according to subclause 6.9.2 of IEC 62271-1 is regarded a e i shall
be omjtted. When testing of the complete by-pass s t tests
in accprdance with 6.101.1.2 may be accepted.

Wherg electronic components are use ; {i g 9. 1-1 on
the individual components are sufficie

NOTE devices
containi

6.10 [Additional tests o

6.10.1| General

Subclguse 6.10.®E

6.10.2 Functionad

Subclg

If the 1.2 is
perform ctional
tests 4 itional
tests i cable,
compdnent.tests in accordance with 6.101.1.2 may be accepted.

6.10.3 Electrical continuity of earthed metallic parts test

Subclause 6.10.3 of IEC 62271-1 is applicable.

6.10.4 Verification of the operational characteristics of auxiliary contacts

Subclause 6.10.4 of IEC 62271-1 is applicable.

6.10.5 Environmental tests

Subclause 6.10.5 of IEC 62271-1 is applicable with the following addition.

If the mechanical operation test at ambient air temperature in accordance with 6.101.2, the
low and high temperature tests in accordance with 6.101.3 and, if applicable, the humidity test
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in accordance with 6.101.4 are performed on the complete by-pass switch equipped with its
entire control unit or in case of the humidity test on the control equipment respectively, the
environmental tests according to 6.10.5 of IEC 62271-1 is regarded as covered and additional
tests can be omitted. When testing of the complete by-pass switch is not practicable,
component tests in accordance with 6.101.1.2 may be accepted.

NOTE Seismic tests are not covered. If a seismic test is requested, it should be performed by agreement between
manufacturer and user.

6.11 X-Radiation test procedure for vacuum interrupters

Subclause 6.11 of IEC 62271-1 is applicable.

6.101 | Mechanical and environmental tests
6.101.11 Miscellaneous provisions for mechanical and enviro
6.101.01.1 Mechanical characteristics

At the|beginning of the type tests, the mechanical characteni n shall

be estpblished, for example, by recording no-load travel c by the
use of| characteristic parameters, for example, momeptar The
mechdnical characteristics will serve as the reference fg the
mechgnical behaviour of the by-pass switch. Eur [ chianical charactgristics

shall be used to confirm that the diffe d ple Jyri ical, by-
passinlg and insertion type tests beh ly i ilacway. The test in whigh this
reference is gained is referred to yad test and the curves or| other
paramgters resulting from it as reference. meshanicakchara erlst|cs The reference no-load

test may be taken from any appropriate no-!iad
The foljlowing operating ch isti vall
— mg¢gchanical charac

— closing time;Q
— opening time.

The mlechanical ¢ i Be produced during a no-load test made with a sihgle C
operatjon and.a i S ofh at rated supply voltage of operating devices @nd of
auxiligry and iIkCUi ked functional pressure for operation and, for convenience of
testing, ai+t iniMUMN nctl al pressure for by-passing and insertion.

The openingtime'any the’closing time recorded in the reference no-load test shall be uged as
reference closing.and yeference opening time. The allowable deviations from these refg¢rence
times |cornespond to”the tolerances given by the manufacturer when performed under the
same | cehditions as wused for the procedure to produce the reference mechanical
charactetistics:

Annex G gives requirements and explanation on the use of mechanical characteristics.

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 shall determine the components that are suitable
for testing.

Components are separate functional sub-assemblies that can be operated independently of
the complete by-pass switch (for example, pole, by-pass unit, operating mechanism).
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When component tests are made, the manufacturer shall prove that the mechanical and
environmental stresses on the component during the tests are not less than those applied to
the same component when the complete by-pass switch is tested. Component tests shall
cover all different types of components of the complete by-pass switch, provided that the
particular test is applicable to the component. The conditions for the component type tests
shall be the same as those which could be employed for the complete by-pass switch.

Parts of auxiliary and control equipment that have been manufactured in accordance with
relevant standards shall comply with these standards. The proper function of such parts in
connection with the function of the other parts of the by-pass switch shall be verified.

6.101.4- fore

and after the tests

Beford and after the tests, the following operating characteristics or corded

and eValuated:

a) clgsing time;

b) opgning time;

c) time spread between units of one pole;

d) time spread between poles (if multi-pole tested);
e) regharging time of the operating device;
f) consumption of the control circuit;

g) copsumption of the tripping devices,Rossible Srdi e current of the releases;

h) dufation of opening and closing corhmand impuls
i) tightness, if applicable;

j) gap densities or presstres,\flapplic

k) registance of the j

1) time-travel c@
m) other importa N At tings as specified by the manufacturer.

The aljove operating\ck

— ratpd supply waltag
—  mdxim
—  maximuwm stp!

— minimum supply voltage and minimum functional pressure for operation,

— minimum supply voltage and maximum filling pressure for operation.

6.101.1.4 Condition of the by-pass switch during and after the tests

During and after the tests, the by-pass switch shall be in a condition such 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 wear;
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after the tests, coated contacts are such that a layer of coating material remains at the
contact area. If this is not the case, the contacts shall be regarded as bare and the test
requirements are fulfiled only if the temperature rise of the contacts during the
temperature rise test (according to 6.5) does not exceed the value permitted for bare
contacts;

during and after the tests, any distortion of mechanical parts is not such that it adversely
affects the operation of the by-pass switch or prevents the proper fitting of any
replacement part;

after the tests the insulating properties of the by-pass switch in the open position shall be
in essentially the same condition as before the tests. Visual inspection of the by-pass
swﬂch after the tests is usually suff|C|ent for verification of the insulating propert|es In the

¢ck in accordance with 6.2.11 may be necessary.

hdition

6.101./1.5 Condition of the auxiliary and control equipment d @
tests

During and after the tests, the following conditions for th pment

shall be fulfilled:

— duri

— du

ing the tests, a set of contacts (both m

ary contacts) shall be

arrgnged to switch the current of the.circuits e 5.4);

— duri q;

— duri s and
of ing to
6.9.

— duri hot be
affe xceed
the

6.101.

6.101.R.

The nj e test

locatign. pment

formin

The mechanicakoperation test shall consist of 2 000 operating sequences.

During s, but

no me

the test, lubrication is allowed in accordance with the manufacturer's instructioT

NOTE A by-pass switch design may be fitted with several variants of auxiliary equipment (shunt releases and
motors) in order to accommodate the various rated control voltages and frequencies as stated in 4.8 and 4.9.
These variants do not need to be tested if they are of similar designs and if the resulting no-load mechanical
characteristics are within the tolerance given in 6.101.1.1.

6.101.2.2 Condition of the by-pass switch before the test

The by-pass switch for test shall be mounted on its own support and its operating mechanism
shall be operated in the specified manner. It shall 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 shall be tested as a complete unit.
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Tests shall be conducted at the rated filling pressure for by-passing and insertion according to
6.101.1.3, item j).

A three-pole by-pass switch in which each pole or even each column is actuated by a
separate operating device shall be tested preferably as a complete three-pole by-pass switch.
However, for convenience, or owing to limitations of the dimensions of the test bay, one
single-pole unit of the by-pass switch may be tested, provided that it is equivalent to, or not in
a more favourable condition than, the complete three-pole by-pass switch over the range of
tests, for example in respect of

— reference mechanical travel characteristics,

— poywerand-strength-ef-closing-and-epening-rmeshanism
— rig|dity of structure.
6.101.2.3 Description of the test on class M1 by-pass switclie
The by-pass switch shall be tested in accordance with Table 4.
Table 4 — Number of operating
Operating sequence Supply voltage and Wf operating sequences
operating pressure
o-t,-c-1, ‘\/ 500
500
500
C-t-PC-t,-0-1, 250
O = opdhning;
C = cloging;
OC = ar) opening operation followec\i tion;
t, = time between ¢ undue
heating of parts of\tHe
t = 0,3 ¢ for by-pass W es intend
6.101.2.4 ical endurance tests on class M2 by-pass switches
ial service requirements (multi-segmented series capacitor
For special service rgquirements in the case of frequently operated by-pass switchg¢s (for
exampgle in~multi-s ented series capacitor banks), extended mechanical endurance¢ tests
may be carried out, as follows.
The tests shall 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 shall consist of 10 000 operating sequences comprising five times the test series
specified in Table 4;

— between the test series specified, some maintenance, such as lubrication and mechanical
adjustment, is allowed, and shall be performed in accordance with the manufacturer’s

ins

tructions. Change of contacts is not permitted;

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

fore and after the total test programme, the following operations shall be performed:

five open-close operations at the rated supply voltage of closing and opening devices
and of auxiliary and control circuits and the rated pressure for operation;

five open-close operations at the minimum supply voltage of closing and opening
devices and of auxiliary and control circuits and the minimum pressure for operation;

five open-close operations at the maximum supply voltage of closing and opening
devices and of auxiliary and control circuits and the maximum pressure for operaltion.

Du corded
an ver, at
legst one oscillogram for each set of conditions given above skal\b he test

req

Th
ex
m

b) Affer each series of 2

e

~

2):
during

ter the

nufacturer.

ing ees, c), d),

and [) in 6.101.1.3 skall bg recordes

c) Afﬂer the total test

wi

dance

h6.101.1.§

6.101.B Low and

6.101..

The tw ade is
arbitrafry .

For si mmon
operatjng dévice, three-pole tests shall be made. For multi-enclosure by-pass switchgs with
indepgndent'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

arrang
operat

ement, is not in a more favourable condition than the normal condition for mechanical
ion (see 6.101.2.2):

a) reduced length of phase-to-earth insulation;

b) reduced pole spacing;

c) reduced number of modules.

If heat

Liquid

sources are required, they shall be in operation.

or gas supplies for by-pass switch operation shall be at the test air temperature unless

the by-pass switch design requires a heat source for these supplies.
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No maintenance, replacement of parts, lubrication or readjustment of the by-pass switch is
permissible during the tests.

NOTE 1 In order to determine the material temperature characteristics, ageing, etc., tests of longer duration than
those specified in the following subclauses may be necessary.

As an alternative approach to the methods given in this standard, a manufacturer may
establish compliance with performance requirements for an established by-pass switch family
by documenting satisfactory by-pass switch field experience in at least one location with
ambient air temperatures frequently at, or above, the specified maximum ambient air
temperature of 40 °C, and at least one location with satisfactory field experience in specified
minimum ambient air temperature, depending on the class of by-pass switch (see Clause 2 of

IEC 632711

The by-pass switch has passed the test if the conditions stated in 6.1Q01. 1 ; .1.5 are
fulfilleg. Furthermore, the conditions in 6.101.3.3 and 6.101.3.4 i nd the
leakage rates recorded shall not exceed the limits given in Table 3 2|In the
test report, the testing conditions and the condition of the by- Wi darimg and
after the test shall be reported. The recorded quantities sh c i ppriate
way and the oscillograms taken shall be shown. To reducg the ? cillograms|in the
test report, it is allowed to show a single representative-asci 3 relevant {ype of
operatjon under each specified testing condition.

Vacuum by-pass switch are excluded from the tightnes Y 3q tests during the high and
low temperature tests. The integrity of i : erified by a power frequency
voltage (or equivalent) test after the hi € jests. However, if the vacuum
by-pags switch is used in an enclosure\{i i ing gas, for example Sks, the

tightngss verification tests during the erature tests shall also be performed

on thiq enclosure.

NOTE 2 A by-pass switch desig y variants of auxiliary equipment (shunt releapes and
motors)|in order to accom S & oltages and frequencies as stated in 4.8 gnd 4.9.
These \ariants do not neefd to\pé\te { the of similar designs and if the resulting no-load meg¢hanical

charactéristics are v@h
6.101.8.2 Me :

height|of the bypas

The mlax xceed

5 K.

6.101.B.3

The dlagram of the test sequences and identification of the application points for the tests
specified are given in Figure 4a.

If the low temperature test is performed immediately after the high temperature test, the low
temperature test can proceed after completion of item u) of the high temperature test. In this
case items a) and b) are omitted.

a) The test by-pass switch shall be adjusted in accordance with the manufacturer's
instructions.

b) Characteristics and settings of the by-pass switch shall be recorded in accordance with
6.101.1.3 and at an ambient air temperature of 20 °C = 5 °C (7T,). The tightness test (if
applicable) shall be performed according to 6.8.

c) With the by-pass switch in the open position, the air temperature shall be decreased to
the appropriate, minimum ambient air temperature (7)), according to the class of the by-
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k)

pass switch as given in 2.1.1, 2.1.2 and 2.2.3 of IEC 62271-1. The by-pass switch shall be
kept in the open position for 24 h after the ambient air temperature stabilizes at T .

During the 24 h period with the by-pass switch in the open position at temperature T, a
tightness test shall 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 Ty and is thermally stable. The increased temporary leakage rate
shall not exceed the permissible temporary leakage rate of Table 13 of IEC 62271-1.

NOTE 1 A tightness test is applicable if gases are used for operation, by-passing and insertion and/or insulation. In case

of vacuum by-pass switch, no tightness test is required. However, if the vacuum by-pass switch is used in an enclosure
filled with an insulating gas, for example SF., the tightness verification tests have to be performed on this enclosure.

After 24 h at temperature 7|, the by-pass switch shall be closed and opened at rated
values of supply voltage and operating pressure. The closing time ane—the opening time
shall be recorded to establish low temperature operating characterisfics. Coatact-velocity
shall be recorded if feasible.

The low temperature behaviour of the by-pass switch and its al stems
shall be verified by disconnecting the supply of all heating devi e anti-
copdensation heating elements, for a duration ¢,. During thi , of the
algrm is acceptable but lock-out is not. At the end of the_i der, at
rated values of supply voltage and operating pressure, & S switch
shall then close. The closing time shall travel
characteristics measured, if feasible) to allow asgessn s [ty.
The manufacturer shall state the value of ¢ t_le y-pass
swltch is still operable without a 3 p such a
stdtement, the preferred value shalkbe

NOJE 2 The measurement of the mechanical chaxacte for the

ThEe by-pass switch sha

switch\Npr'the closed position at temperature 7|, a

tightness test shall'ke p i icable). An increased leakage rate is acceptable,
provided that it refurns’tq i alue when the by-pass switch is restored|to the
ambient air - ) i Aly stable. The increased temporary leakage rate
shall not exce issibleNtemporary leakage rate of Table 13 of IEC 62271-1
At|the end of the 2\ Q“6pening and 50 closing operations shall be mpde at
rated values\ of \stip vokage/and operating pressure with the by-pass switch at
temperat 3 min interval shall be allowed for each cycle or sequen{e. The
firgt opening operation shall be recorded to establish low tempgrature
opprafing > Zontact velocity shall be recorded, if feasible. Following the first
OpPNTRQ OP&Y: 3 and the first closing operation (C) three OC operating cycles (no
intentionalti y v) shall be performed. The additional operations shall be made by
pefforming. O C -1, operating sequences (¢, is defined in Table 4).

Af]er completing the 50 opening and 50 closing operations, the air temperature sTaII be
in i i i K per

hour.

During the temperature transition period, the by-pass switch shall be subjected to
alternate O — ¢, - C—-17,-0O and C - ¢, — O — ¢, — C operating sequences at rated values
of supply voltage and operating pressure. The alternate operating sequences shall be
made at 30 min intervals so that the by-pass switch will be in open and closed positions
for 30 min periods between the operating sequences.

After the by-pass switch has stabilized thermally at ambient air temperature T, a re-
check shall be made of the by-pass switch settings, operating characteristics and
tightness as in items a) and b) for comparison with the initial characteristics.

The accumulated leakage during the complete low temperature test sequence from item b)
to item j) shall not be such that lock-out pressure is reached (reaching alarm pressure is
allowed).
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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 |) and m) below are omitted.

1)

m)

t)

The test by-pass switch shall be adjusted in accordance with the manufacturer's
instructions.

Characteristics and Qnﬂ'inge of the hy-pnee switch shall he recorded in accordance with
6.101.1.3 and at an ambient air temperature of 20 °C £ 5 °C (T,). tightnessytest (if
applicable) shall be performed according to 6.8.

With the by-pass switch in the open position, the air temperaturg’shall be_i to the
appropriate, maximum ambient air temperature (7}), mit of
ambient air temperature as given in 2.1.1, 2.1.2 and 2.2.3 q HSS
sw|tch shall be kept in the open position for 24 h 2 rature
stgbilizes at 7.

NOJ'E 1 The influence of solar radiation is not considered.

During the 24 h period with the by-pass switch i 4 re Ty,
a [tightness test shall be performed (i i ate is
acgeptable, provided that it ret i tch is
regtored to the ambient air temp } . incfeased
ten i Table
13|of IEC 62271-1.

NOTE 2 A tightness test is appli a ' 3 . In case
of vecuum by-pass switches go tightnegs testN nclosure
fille¢ with an insulating gas, for'e € , igh 2 E.
After 24 h at the t | rated
values of supp S ing time
shall be rec elocity
shall be recoradéd

NO ensor to
be {

Th closed and left closed for 24 h at the temperature T}.

Dufri the by-pass switch in the closed position at the tempgrature
Ty all be performed (if applicable). An increased leakage fate is
ac s provided” that it returns to the original value when the by-pass swjtch is
reg A bient air temperature T, and is thermally stable. The incfeased
tempoerary leakage rate shall not exceed the permissible temporary leakage rate of
Taple 13 of IEC 62271-1.

At the end of the 24 h period, 50 opening and 50 closing operations shall be made at
rated values of supply voltage and operating pressure with the by-pass switch at the
temperature T},. An interval of at least 3 min shall be allowed for each cycle or sequence.
The first opening and closing operation shall be recorded to establish high temperature
operating characteristics. Contact velocity shall be recorded if feasible.

Following the first opening operation (O) and the first closing operation (C) three OC
operation cycles (no intentional time delay) shall be performed. The additional operations
shall be made by performing O — 7, — C — ¢, operating sequences (¢, is defined in Table 4).
After completing the 50 opening and 50 closing operations, the air temperature shall be

decreased to ambient air temperature T, at a rate of change of approximately 10 K/h.

During the temperature transition period, the by-pass switch shall be subjected to
alternate O -, - C -t, -0 and C - ¢, — O — 1, — C operating sequences at rated values
of supply voltage and operating pressure. The alternate operating sequences shall be
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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.

u) After the by-pass switch has stabilized thermally at ambient air temperature T,, a re-
check shall be made of the by-pass switch settings, operating characteristics and

tightness as in items I) and m) for comparison with the initial characteristics.

The accumulated leakage during the complete high temperature test sequence from item 1)
to item u) shall 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.

6.101.p Test to prove the operation under severe ice conditions

The tgst under severe ice conditions is applicable only to by-p
externpl parts and for which a class of 10 mm or 20 mm of ice
shall be performed under the conditions described in IEC 62271

6.101.p Static terminal load test
6.101.p.1 General

the sp

The st
correc

Ice co
IEC 64

Some
orice

The te
the by

For sir
F H

sr1s *|sr2:

6.101.p6.2 Tests

noving
he test

hstand

erates

1.2 of

g wind

ble 5.

end of

orces,
oads.

The tests should be performed at the ambient air temperature of the test room.

The tests shall be made on at least one complete pole of the by-pass switch. If the
manufacturer can prove that there is no interaction between different columns in the pole, it is
sufficient to test only one column. For by-pass switches that are symmetrical about the pole
unit vertical centreline, only one terminal need be tested with the rated static terminal load.

For by-pass switches which are not symmetrical, each terminal shall be tested.

Two testing methods are available.

a) The tests shall be carried out with the resultant forces Fg 4, Fgo, Fg3 and Fg, of the 3
components: vertical, longitudinal and transversal (as defined in Figure 5). The following

tests shall be performed:
— Test1with: Fgq = Fin o+ Fing1 * Frvc2 * Fun
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— Test2 with: Fgp = Fip o+ Fing1 * Fiv o1+ Fun

— Test3with: Fg3= Fina+ Finp2a * Fivca t Fwn

- Test4 with: Fgy = Fipa+ Fing2 + Fry c1 + Fun

62271-109 © IEC:2008

For convenience of testing, the order of the individual tests is arbitrary. If the structure of
the by-pass switch is symmetrical to the longitudinal axis of its by-pass (or insertion) units,
either tests number 2 and 4 or tests number 1 and 3 may be omitted.

b) As an alternative, the tests may be made separately, applying the forces subsequently as

follows:

— with a horizontal force, Fg,5, applied in longitudinal axis of the terminal (directions A,
and A, in Figure 5);

— [with a horizontal force, Fg,g, applied in two directions successi
longitudinal axis of the terminals (directions B4 and B, in Figure &)\

In cas¢
tested

To avqi
switch
Figure
mome

Beforg and after each of the individual tePminaklos
shall e performed. For this purpose(the b -pags

safety|reasons the pressure

The tdst is considered\to

closing

g time aftepthe
before|the tests;

&

Operating cycles (OC ope
may need to be pressurizgd. For

90° frgm the

i C, in

uld be

y-pass

ending

ration)

en the
hd the
corded

NOTE ¢h for the static terminal load tests may deviate from thle value
prescrib 1.1/and in Annex G, a direct comparison of the mechanical parpmeters
recorde oad fests with the reference mechanical characteristics is not prag¢ticable.
However, d Annex G may be applied in an adapted way
After th or deterioration of the seals shall be noticed
TabI 5 — Examples\of static horizontal and vertical forces for static terminal load test
Rated Itage range | Rated current range Static horizontal force Static vertical fogce
earth F (vertical axis-upward and
downward)
U, I Longitudinal Transversal F,,
Fina Finp
kV A N N N
52-72,5 800 — 1 250 500 400 500
52 -72,5 1600 — 2 500 750 500 750
100 - 170 1250 -2 000 1000 750 750
100 - 170 2500 -4 000 1250 750 1000
245 - 362 1600 —4 000 1250 1000 1250
420 - 800 2000 -4 000 1750 1250 1 500
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6.102 Miscellaneous provisions for by-pass making and insertion tests

The following subclauses are applicable to all by-pass making and insertion tests.

Where applicable, prior to the commencement of the tests, the manufacturer shall declare the
values of

— minimum conditions of the operating mechanism guaranteeing the rated operating
sequence (for example the minimum functional pressure for operation in case of a
hydraulic operating mechanism),

— minimum conditions of the by-pass (or insertion) unit guaranteeing the rated operating

sequenrce—{for—example—the—minim fion in

case of a gas by-pass switch).
6.102.(1 General
By-pag rated
by-pas ng all
curren
This is haking
curren
By-pas hse on
a complete pole, see also 6.102.4.1.
The b (pre-
charggd capacitor bank) w est may be performed with deveral
sourcdgs where all of the<curre ' , is obtained from one source and the
recovdry voltage is obtg in pa g Separate source (synthetic tests).
During testing o ueta S vitch, the insulation to earth is not stressgd with
the full voltage pha ' 2 ion. It
may bfe necessary ¢ ' pis full
voltag bn into
accou
NOTE hodified
as sugg
If, due switch
cannof{ be proved\n the above way, several methods employing either direct or synthetic test
methofls may be usé&d either singly or in combination, unit testing, depending on the bly-pass
switch|type.

6.102.2 Number of test specimens

Subclause 6.1.1 of IEC 62271-1 is applicable with the following addition.

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

6.102.3 Arrangement of by-pass switch for tests
6.102.3.1 General

The by-pass switch under test shall be mounted on its own support or on an equivalent
support. A by-pass switch supplied as an integral part of an enclosed unit shall be assembled
on its own supporting structure and enclosure, complete with any disconnecting features, with
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vent outlets forming part of the unit and, where practicable, with main connections and
busbars.

To facilitate consistent control of the closing and opening operation, the closing and/or
opening releases can be supplied at their maximum supply voltage, provided that the contact
speed is not affected.

If the contact speed is dependent on the supply voltage, the operating device shall be
operated in the manner specified and in particular, if it is electrically or spring operated,
closing solenoid or shunt-closing releases and shunt opening releases shall be supplied at
their respective minimum voltages guaranteeing successful operation (85 % of the rated
voltage—H—a-e—F0-%—i—d-e—efthe—rated—voltage—forthe—elosinrg—selenreid—er—shunrt—¢losing

releasgs, 85 % of the rated voltage for the opening releases).

When |it is required that pneumatically or hydraulically operated d
minimym functional pressure for operation the following procedure
based|on the fact that the by-pass making and insertion test dufie

operatjons:

a) before performing by-pass making current and insertio
mipimum functional pressure for operation as pe

all*the
orded;

b) the recorded values shall be compared Wi i values declared by the
mgnufacturer as guaranteeing suc arath C and O;

c) when required, tests shall be carried himum
functional value resulting from is the lower, for the
cofresponding operation in the tes{-duty; the¥pressure values shall be reported in the test
report.

Interlocking devices associ i ng the
tests, If they interfere ‘

It shal| be show@
at no-lpad as specifig

passinlg, insertio
according to 3.7.1

operate satisfactorily under the above confitions
quired, the pressure of the compressed gas for by-
any, shall be set at its minimum functional| value

The bly-p 8 ested according to its type as specified in 6.102.3J2 and
6.102.B8.8

6.102.8.2

Generplly, hot applicable for by-pass switches, see note of 6.102.1.

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 shall give testing
evidence to show compliance with 5.101.

A three-pole by-pass switch not having completely independent switching devices shall also
be tested single-phase. However, the mechanical and electrical conditions applied during the
tests shall 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 evaluation
method, see 6.102.4 and 6.102.7),
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mechanical travel characteristics in an insertion current operation (for the evaluation
method, see 6.102.4 and 6.102.7),

availability of arc-extinguishing medium,
power and strength of closing and opening devices,
rigidity of structure.

If these conditions cannot be fulfilled, the manufacturer and user shall agree upon a suitable
test procedure.

6.102.4 General considerations concerning testing methods

6.102.|4.1 Single-phase testing of a single pole of a three-pole by{pass switch

According to this method, a single pole of a three-pole by-pass switeR\ i bhase,
applyipg to the pole the same test currents and the same voltag 3 3 impressed
upon t’E‘re most highly stressed pole during three-phase by-pasgmaki sertion
current tests by the complete three-pole by-pass switch under

A thre-pole operated by-pass switch can be tested
assemply is provided for the tests.

6.102.4.2 Unit testing

Certain by-pass switches are constru

e-pole

lical by-pass and/or ingertion

units in series, the voltage distribution betweer_th its of pole often being improyed by

the usg of parallel impedances.

This type of design enagle e %n and insertion performance of a by-pass
switch|to be tested by garriy S \ ore units. The requirements of 6.101.1.1,

6.102.

assemply has to be made” availableNfor\the “yerification tests on one or more units, the test
resultd relate o @ ig i QY.

The fo

a)

. Since therefore at least a complete pole

Th brately

op
In a Uit testing is acceptable. However, the mutual influence through the
ele 3 ey taken
int t by a
co
Th brately

In this case, unit testing is acceptable and the influence of electrodynamic forces (see also
item a) above) shall be covered.

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) shall be covered.

The by-pass making current test-duty is generally performed on a full pole. Nevertheless,
because of test plant limitations, unit testing can be also acceptable if it is demonstrated
that this is not influencing the contact travel characteristics as stated in 6.101.1.1.

NOTE The demonstration method should be agreed upon user and manufacturer.
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The mechanical no-load travel characteristics for single-unit testing and for full-pole testing
shall be the same.

When carrying out unit tests, it is essential that the units are identical and that the static
voltage distribution for the type of test is known.

6.102.4.2.1 Identical nature of the units

The units of the by-pass switch shall be identical in their shape, in their dimensions and in
their operating conditions; only the devices for controlling the voltage distribution among units
may be different. In particular, the following conditions shall be fulfilled.

a) Opleration of contacts

The opening, in insertion current tests, or the closing, in by-pass sts, of

thg contacts of one pole shall be such that the time interval A& ing or
closing of the contacts of the unit which is first to operate and tk dets e unit
whjch is last to operate is not more than one-eighth of a c) .|Rated

operating pressures and voltages shall be used to determing
b) Supply of the arc-extinguishing medium

Fof a by-pass switch using a supply of arc-extingui 3
thg units, the supply to each unit shall, be indep 3 : bly to the othen units,
and the arrangement of the supply pipes sha S e that all units gre fed
ess$entially together and in an identi

6.102.4.2.2 Voltage distribution

The te of the
pole.
The valtage distributiop beth i ‘ hall be

mined

Wher¢ the units
also wjth reverse ¢96

The vq

vined either by measurement or by calculations. Valueg used
in the pported by measurements of the stray capacitances of the by-
pass S g and supporting measurements verifying the assumptiong used
in the igns\ace the esponsibility of the manufacturer.

The v ibution may be calculated or measured at power frequency only.

The manufacturing tolerances for resistors and capacitors shall be taken into accourft. The

manuf-\n-l- rarchall ctatn tha vyaliin Af thaon talarana~ane
crCtoTCT—ororotortCtre— v oo C— Ot e o Tt oTCTaTctoT

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 shall 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 shall be equal to the voltage of the most highly stressed unit of the
pole, both determined in accordance with 6.102.4.2.2.
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6.102.4.3 Multi-part testing

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

6.102.5 Synthetic tests
Synthetic testing methods can be applied for insertion current tests. Synthetic testing

techniques and methods proposed for capacitive current switching as described in
IEC 62271-101 can be used as a reference.

6.102.6 No-load operations before tests

Befori commencing by-pass making current and insertion current tests, no-lpad opgfations
and ng-load operating sequences (C, OC and C — ¢ — OC) shall be mgz of the
operatjng characteristics of the by-pass switch recorded. Details s i ime and
openirlg time shall be recorded.

In addjtion, it shall be demonstrated that the mechanical beh
sampl¢ under test, conforms to that of the reference M
required in 6.101.1.1. For this test the operational conditiohs

Ich, or
ristics

The pressure of the fluid for by-passing and insertij ctional

value according to 3.7.136.

For electrically or spring-operated by-pass s th the
closing S ¢ g A a.c. or
70 % in the case of d.c. of the rated sdpply vo shunt-

openirlg release(s) energized at 100 %

For ppeumatic or hyd er the

following conditions:

a) prgssure of [
thg shunt opepine

ene

s minimum functional value as per 3.7.135 with
at 85 % and with the shunt closing reJeases

b) prgssure of the fluid 2 eases
engrgizedatthe

6.102.7
If it cap be sho es not
affect |the perfor g and

openirlg .characteristics of the by-pass switch, a repetition of the type tests under by-pass
making and insertion test duties is not necessary.

NOTE 1 In this subclause it is considered that one version of the by-pass switch using a certain operating
mechanism, is completely type-tested in accordance with this standard; this version is referred to as the completely
tested by-pass switch. The other versions, differing only in the operating mechanisms (see definition in 3.5.124)
are referred to as by-pass switch with alternative operating mechanisms.

The tests to be performed are limited to the following.

a) On each of the by-pass switches (the completely tested by-pass switch and the by-pass
switches with alternative operating mechanisms), the mechanical characteristics shall be
recorded at no-load (single O and single C operations) and compared in accordance with
6.101.1.1 (the use of mechanical characteristics and related requirements are described
in Annex G).

b) On each of the by-pass switches (the completely tested by-pass switch and the by-pass
switches with alternative operating mechanisms) a by-pass making current operation shall
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be performed. The test results shall be evaluated according to the method prescribed
under a) above.

If requirements a) or b) or both of them are not met, then the new mechanism is not
considered to be an alternative operating mechanism.

NOTE 2 If the above given requirements are met, the reference mechanical characteristics of the completely
tested by-pass switch should apply also for the by-pass switches with alternative operating mechanisms.

6.102.8 Behaviour of by-pass switch during tests

During by-pass and insertion tests, the by-pass switch shall not

— show signs of distress,

— show harmful interaction with adjacent laboratory equipment,
— exhibit behaviour which could endanger an operator.
For by-pass switches which are designed to have discharge g i into the

atmosphere during the by-passing and insertion tests, the ahove irementsNare’ congidered
to havg been met, provided that

— for|oil by-pass switches, there is no outward emigsi g gases profluced,
todether with the oil carried with the gases, shall pe conguc way from the by-pass

sw|tch and directed away from all live conduotors and jocations wWhere persons may be
prgsent,

— for|other types of by-pass switche ir-blast or air break, there is an optward
emlission of flame, gas and/or metallie, icle =frfissions are appreciable, [it may

be|required that the tests shall be ithxae s screens placed in the vicinity| of the
live cleqrance distance which the manufacturer
shall specify. The sgreens gha e | om earth but connected theretd by a
suiffable device to indis 3 ignificant leakage current to earth. There shall |be no
indication of significa ‘ G to/the by-pass switch earthed structyre, or

scleens when : tted 2SSy
NOTE 1 If no other deéviCe e eble, the earthed parts, etc. should be connected to earth through a fuse

consistipg of a copper ) reterand 5 cm long. No significant leakage is assumed to have qccurred
if this fUse wire is intact afte

If faults occ Yt istent or due to defect in design, but rather are due to|errors
in assembly, ¥ e_réctified and the by-pass switch subjected to a repetition of all
test dytigs. the test report shall include reference to the invalid tests.

For bytswitch ising vacuum interrupters, NSDDs may occur during the recovery Joltage
period|follewing an~msertion operation. However, their occurrence is not a sign of distjess of
the bytpass’switch under test. Therefore, their number is of no significance to interpreting the
perfor i i i der to
differentiate them from restrikes.

NOTE 2 It is not the intent to require the installation of special measuring circuits to detect NSDDs. They should
only be reported when seen on an oscillogram.

6.102.9 Condition of by-pass switch after tests
6.102.9.1 General

The by-pass switch shall be inspected after completion of all test duties. Its mechanical parts
and insulators shall 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.
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For by-pass switches with sealed-for-life units, the condition checking test is mandatory,
except as stated in 6.102.9.2.

6.102.9.2 Condition after the by-pass current making and insertion test duties

The by-pass switch shall, after performing the by-pass making current and insertion current
test duties specified in 6.104 and 6.105, 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 shall be capable of carrying its rated normal current with a
temperature rise not in excess of the femperature rise pnrmiHnri hy Table 3 of IEC 62271-1.

For other than sealed for life by-pass and insertion units, visual inspection is-usua ficient
for verfification of the capability of the by-pass switch to carry the rated\nor ant fand to
by-pags and insert at any current up to its rated by-pass making cuftentanrd insert rrent.

There |shall be no evidence of puncture, flashover or tracki k i ; Lilating
materipls, except that moderate wear of the parts of arc cghtro } arc is
permigsible.

Degraglation of the components in the current carr
the nofmal current carrying path.

rity of

If, dur[ng the insertion current tests, ohe restrik , pcking
test agcording to 6.2.11 shall be performed b b tested
peak {ransient recovery voltage during t S § peak
voltage of the specified dig i iti g e ection
shall demonstrate that thé ik pall be
no evidence of puncture, g erials.
Wear pf the parts of arc cont iCe ed’to the arc is permissible as long as it does

not impair the byspas i 3 gn capability. Moreover, the inspection [of the
insulafing gap bn Qi ifthey are different from the arcing contactg, shall
o) ike:

not shpw any trace

If no :Iestrike oc C g the_insertion current tests visual inspection is sufficierlt. The
dielecfric conditi t according to 6.2.11 is not necessary.

For by-pa sealed-for-life by-pass units, the dielectric condition checking test
according \ be performed, whether a restrike occurs during testing ¢r not,

providged that ed peak transient recovery voltage during the insertion current tests is
lower than the'peak yoltage of the specified dielectric condition checking test.

6.102.9.3—Reconditioning-afteratest-duty

The by-pass switch shall not be reconditioned during and between the by-pass making current
and insertion current test duties.

If local safety rules require depressurising to enter the test cell, it is allowed to decrease the
pressure in the by-pass switch provided that the gas is reused when refilling the by-pass
switch.

NOTE When refilling is necessary, the used gas can not be reused totally due to vacuum pump limitations. For
such cases, new gas can be used for topping up and the quantity of new gas should not exceed 10 % of the total
gas quantity.
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6.103 Sequence of the tests

The by-pass making current test-duty and the insertion current test-duty shall be performed in
the following order:

a) half of the required making operations at minimum functional pressures for operation
and/or by-passing, insertion and insulation;

These making operations are including two of the making operations at rated by-pass
making current and 10 making operations at capacitor bank discharge current.

b) half of the required insertion operations at minimum functional pressures for operation
and/or by-passing, insertion and insulation;

c) half of the required making operations at rated functional pressures qperation land/or

bytpassing, insertion and insulation;

These making operations include two of the making operations 4 3 haking
cufrent and 10 making operations at capacitor bank discharge ¢

d) half of the required insertion operations at rated functional pressu and/or
bytpassing, insertion and insulation.

Maintgnance is not permitted between the test duties.

If the all be
revers d out
betwes quired
at rate
NOTE 1 ore gas
treatme of the
manufa
NOTE 2 assing,
insertio

6.104
6.104.

This te

6.104.

It is re S
circuit|shall fulfi

e foJlowing requirements.

a) The Characteristics of the test circuit shall be such that the instantaneous applied veltage,
iudt_hefore the mnking operation he equal to the Iimii‘ing peak \/nli‘ngn of the oven\ 0|tage

protector (Up ). A d.c. voltage can be applied.

b) The components of the oscillatory circuit (series inductance and precharged capacitor
bank) shall be selected in order to obtain the required by-pass current (first peak, Izp) at
the frequency of the by-pass making current (fgp).

NOTE 1 The by-pass making performance is to be covered when the required peak by-pass making current is

equal to or lower than the actual value used in the test-duty. This equivalency rule is considered to be valid only

when the frequency of the by-pass making current fzp is equal to or lower than 130 % of the value used during type
tests.

c) The damping ratio of the by-pass current (sinusoidal exponential decaying current) may
be adjusted to the service condition damping ratio by inserting an additional resistor in the
oscillatory circuit. The damping ratio is defined as the ratio between the second peak and
the first peak of the same polarity of the by-pass discharge current.

The damping ratio obtained during tests shall be indicated in the test report.
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In order to be a valid test-duty for a specific series capacitor installation, the damping ratio
obtained during tests shall be equal to or higher than the actual damping ratio at site.

NOTE 2 A test performed without intentional damping automatically covers applications where a damping resistor
is used and when the condition given in Note 1 above and in 4.102 are covered. Specific damping ratings can
generally not be assigned because they are specific to each project parameters. Annex D gives examples of by-
pass switch ratings.

NOTE 3 A deficiency to meet the damping ratio can be compensated by a higher by-pass making test current,
provided that the arc energy during the pre-arcing period is equal to or higher than the pre-arcing energy required
by the applicable test parameters.

6.104.3 Test voltage

The instantaneous test voltage to be applied across the by-pass switc i y-pass
making tests, shall be the limiting peak voltage of the overvoltage prg

6.104.4 Test current

For four making operations, the first peak of the test C
making current Izp at the frequency of the by-pass mak

by-pads making current shall be within (*5 %)

y-pass
on the

L. The
effective damping of the making current compone

hen it is
e to the

NOTE 1| If because of laboratory limitations, t
permissjble to perform the test differently. For su )
rated vdlue. Deviations from rated values may affe ) i range (see 4.102).

For the remaining 20 making operatlo i imjited to
the capacitor bank disc e uency
fault ¢urrent compon bf the

overvg bing of
the ca

NOTE 2 current
frequen ould be
as closq

NOTE 3 itbr bank
dischar orm the

test ser
consent

out the

6.104.5 of making operations

The by=pass making current test-duty comprises four making operations (4 (‘) at rated by-

pass making current plus 20 making operations at the capacitor bank discharge current
component (20 C).

The by-pass switch conditions shall be in accordance with 6.102.3.1.

NOTE As an alternative, the complete test-duty can be limited to 20 making operations at the by-pass making
current (discharge current component plus power-frequency fault current component). This alternative should not
be performed without the consent of the manufacturer.
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6.105 Insertion current test-duty
6.105.1 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.

NOTE 3 Since the quantity of energy trapped in the capacitor bank used during tests is generally much lower than
the ene[gy trapped In the Service series capacitor bank, 1t 1S Important 1o have a low proba to limit
possibld damages to the internal components of by-pass units.

Several transient reinsertion voltage waveshapes can be obtained in$s . sertion
voltagé waveshape should be determined by systems studies. For¢sta % boses,
in order to cover most of practical cases, this standard reco S shape
having a preferred first time-to-peak of 5,6 ms to cover 50 Hz a Nz apph ati s with one

single |test-duty. Other waveshapes may be required and s
manufacturer at the time of enquiry. The tolerance o
recovqgry voltage shall be £5 %.

NOTE 4] For by-pass switches exclusively rated for 50 H to-peak

may be [increased to 6,7 ms.

The bgrder delimiting a re-ignition and\a re Q i of the
transignt recovery voltage.

NOTE 5 ransient
recovery voltage for limiting the 4 d ing i i i hents of
the by-gass switch as well as other equipment o t 3

The tgst circuit branc uency

ranging from 49

NOTE g Tests performeg
the insgrtion capabilityA

equency ranging from 49 Hz to 61 Hz are considered fo prove
s i.e. 50 Hz or 60 Hz.

6.105.p : i ply circuit

An osgillate ircuit (s équency LC circuit, see Figures 14 and 15) with one osclllatory
circuit|b p power-frequency current and another circuit branch producing the
transignt recqve Is suggested. Other test circuits as proposed by IEC 62271-101 for

ive cyrrent switching tests may also be used. Other examples of sypthetic
are shown in Figures 16, 17, 18 and 19. The test circuit shall fylfil the

synthdtic capaci
and difecttest circw
followihg_requirements.

a) The characteristics of the test circuit current branch shall be such that the instantaneous
peak current, just before interruption, is the peak value of the rated insertion current. The
current circuit shall produce, as nearly as possible, a sinusoidal current waveshape (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. value of
the fundamental component does not exceed 1,2.

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

b) Unless otherwise specified, the characteristics of the test circuit voltage branch should be
such that a transient recovery voltage having "1-cos" waveshape is generated across the
by-pass switch terminals. The time-to-peak of the voltage waveshape should be 5,6 ms
unless otherwise specified. 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
transient recovery voltage peak.
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6.105.

3 Test voltage

The transient recovery voltage peak to be applied across the by-pass switch shall be the
limiting peak voltage of the overvoltage protector (Up; +g’ %).

6.105.

The te

6.105.

4 Test current

st current shall be the rated by-pass insertion current (£20 %).

5 Number of operations

The injsertion current test-duty comprises a total of two test duties of 24 ning ope
(2 x 24 O).

The opening operations should be performed in the following mannégr:

ations

ould be
of 24 O

at each

ontact
s may

acturer,
may be

— O ¢perations for finding the minimum arcing time on one pd

— addlitional operations to achieve a total of 6 O at minim

— O ¢perations for finding the minimum arcing time o p: 6°);

— addgitional operations to achieve a total of 6 O at e other polarit
— additional tests to achieve 24 O, distributed i

— reVersal of the connections for th @afh is not symmetrical;
— O ¢perations for finding the minimu g rity (step: 6°);

— addgitional operations to achieve a tptal of 6 Oca quum arcing on one polarity;

— O ¢perations for finding e other polarity (step: 6°);

— additional operations to.ac inimum arcing on the other polarit
— additional tests to achj istri inboth polarities (step: 30°).

NOTE 1| It is unde od thg ith*this“xegdirement, a search for the minimum arcing time sH
done bdfore doing the_required N {nimuxy arcing time. These test shots are included in the total
for each individual set.

NOTE 2 g/this procedure, the number of shots distributed at 30° steps
polarity [may not be

The minigmu i shall be determined by changing the setting of the g
separgtion on i periods of approximately 6°. Using this method, several tes
be nedessa te the minimum arcing time.

NOTE 3 In order to obtaii more consistent opening time of the by-pass switch, by agreement of the manu
voltageg even-higher than the relevant upper tolerance limit of the supply voltages of the operating devices
applied [during these tests.

If a maximum arcing time is obtained instead of an expected minimum arcing time, this is a
valid test and shall be included in the count for the total requirement. In such an event, the

followi

ng will be necessary:

— advance the setting of the control of the tripping impulse by 6° and repeat the test. The
new setting should be kept for other tests at minimum arcing time. If with this new setting,
another maximum arcing time is obtained instead of an expected minimum arcing time, the
setting shall be further advanced by a step of 6° and this procedure repeated until a
minimum arcing time is achieved;

— make one less opening operation for each of the above operations resulting in a maximum
arcing time to retain the overall total count of tests.

NOTE 4 For relatively high rated insertion current, it may appear that two minimum arcing times are found, one in
the thermal reignition zone (typically around 1 ms before current zero) and one in the dielectric reignition zone
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(typically less than 0,5 ms before current zero). In order to have a consistent test procedure, the minimum arcing
time search should start from a contact separation point as close as possible to current zero.

The number of operations at minimum arcing time as stated above shall be achieved, even if
the specified total number of operations is exceeded.

A re-ignition followed by interruption at a later current zero shall be treated as an insertion
operation with long arcing time.

The by-pass switch conditions shall be in accordance with 6.102.3.1. If the by-pass switch has
a non-symmetrical current path, the terminal connections shall be reversed for the second
test-duty as shown above.

6.106 | Criteria to pass the test duties

The by-pass switches shall have successfully passed the tests if t ions are

fulfilled:

a) thg behaviour of the by-pass switch during by-pass making i i urrent
teqt duties fulfils the conditions given in 6.102.8;

b) either no restrikes occurred during the insertion W te i pstrike

ocgurs in one of the two sets, then the set shall/be ¢ same
tegt sample without any maintenance. No restrike\ shall © tests.
External flashover and phase-to-ground flas 2

ditions
ection

c) thg condition of the by-pass swiix
gien in 6.102.9.2. If no restrike oc
is sufficient.

7 Routine tests
Clausg 7 of IEC 62271

Dielectric@

71

Subcls

In the
the tes
of the
the by

With rg
by-pas
operat

series,
action
ign with

switch in the closed position and one with the by-pass switch in the open position. The
required test levels for both positions may be different.

Table 6 — Application of voltage for dielectric test on the main circuit

Test condition By-pass Voltage applied Earth connected
No. switch to to
1 Closed AaCc BbF
2 Closed Bb AaCcF
3 Open ABC abcF

NOTE |If the insulation between poles is air at atmospheric pressure, test conditions nos. 1 and 2 may be
combined, the test voltage being applied between all parts of the main circuit, connected together, and the base.
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Dielectric test on auxiliary and control circuits

Subclause 7.2 of IEC 62271-1 is applicable.

7.3

Measurement of the resistance of the main circuit

Subclause 7.3 of IEC 62271-1 is applicable.

7.4

Subclguse 7.4 of IEC 62271-1 is applicable.

7.5

Subcls
The by

The fo

— thg
— ideg
— thsg
— thg

7.101

a) at
m3

c) at

Tightness test

Design and visual checks

use 7.5 of IEC 62271-1 is applicable with the following additio
-pass switch shall be checked to verify its compliancg

lowing items shall be checked as applicable:

language and data on the nameplates;

ximum pr

five closingqpe

rated_supply voltage of operating devices and of auxiliary and control circuits ang

pre

'naximum@ ; devices and of auxiliary and control circuits and
e 3 i

control

rated

ssure for operation (if applicable)

— five open-close operating cycles with the closing mechanism energized by the opening

of the main contacts through the auxiliary switch.

Mechanical operating tests shall be made on the complete by-pass switch. However, when by-
pass switches are assembled and shipped as separate units, routine tests may be performed

on components according to 6.101.1.2.

In such cases, the manufacturer shall produce a

programme of commissioning tests for use at site to confirm the compatibility of such separate
units and components when assembled as a by-pass switch. A guide for commissioning tests

is give

nin 10.2.101.

For all required operating sequences, the following shall be performed and records made of
the closing and opening operations:

- me

asurement of operating times;
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— where applicable, measurement of fluid consumption during operations, for example
pressure difference.

Proof shall be given that the mechanical behaviour conforms to that of the test specimen used
for type testing. For example, a no-load operating cycle, as described in 6.101.1.1, can be
performed to record the no-load travel curves at the end of the routine tests. Where this is
done, the curve shall be within the prescribed envelope of the reference mechanical travel
characteristic, as defined in 6.101.1.1, from the instant of contact separation to the end of
contact 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 shall be confirmed to be correct, as above, at the end of the
commissioning tests on site.

If the mmeasurement is performed on site, the manufacturer shall state suring
procedure. If other procedures are used, the results may be differ \ son of
the indtantaneous contact stroke may be impossible to achieve.

The mechanical travel characteristics can be recorded di i cer or
similall device on the by-pass switch contact system or_at¢ on the
drive tp the contact system where there is a direct corinectigna ive image of
the coptact stroke can be achieved. The mechanical tra . erably

a contjnuous curve as shown in Figure 7. Wherg ‘ other
methofls may be applied which record pwoj ;

In thege circumstances, the number of pbj me to,
and cdntact speed at, contact touch and i | time.

After ¢ompletion of the ctions

shall tle performed (if applicable):

— comnections shall bhe ché
— thg control .ﬁ@» ili
of the by-pass switch;

Sitions

erating

— ins
chégcking of theNg

the\ wiring of the control, heater and auxiliary equipment circuifs and
ber of auxiliary contacts, in accordance with the order specificat|on;

— ingpéction of control cubicle (electrical, mechanical, pneumatic and hydraulic systems);

— recharging duration(s);
— functional performance of pressure relief valve;

— operation of electrical, mechanical, pneumatic or hydraulic interlocks and signalling
devices;

— operation of anti-pumping device;
— general performance of equipment within the required tolerance of the supply voltage;
— inspection of earthing terminals of the by-pass switch.

8 Guide to the selection of by-pass switches for service

This clause does not apply to by-pass switches. For more information refer to IEC 60143-1,
IEC 60143-2 and Annex F of this standard.
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9 Information to be given with enquiries, tenders and orders

9.101 Information to be given with enquiries and orders

When enquiring about, or ordering a by-pass switch, the following particulars shall be

supplied by the enquirer:

a) particulars of systems, i.e. nominal and highest voltages to earth and 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 condition likely to exist or arise, for example unusual

exposure-to-Water-vapour maoietiura fumaoc avnlaciva aacac avecacciva diuct or calt |r
ST OO et STV P oo oo tuT O SxprootTy Ao AoacAcas ] oSStV oo oo,

o ooy

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

Type of information
number of poles

environmental conditions (temperature, wind, ice, etc.)
rated voltage to earth and across poles

DO N
= — — —

standard, the desired insulation levels
rated frequency
rated normal current

rated peak withstand current

O 0 =~ O O

)

)

) rated short-time withstand current
)

) duration of short-circui

10) rated operating seq
11) rated by-pass maki

113) capacito di
14) damping o

amplitude of péwer swing

23)\the type tests specified under special request (for example artificial pollution and radio

4.3

4.4

4.5

4.6

4.7

4.101
4.102
4.102
3.8.28
4.102
4.103
4.104
4.105
4.105
4.104
4.104
Annex [F
Annex [F
4.106

intarfaragnca aotc )
T =7

24) the number of mechanical operating sequences (class M1 or M2)

25) if applicable, any test exceeding the standardised type, routine and commissioning
tests

d) characteristics of the operating mechanism of by-pass switch and associated equipment,

in particular:

1) number and type of spare auxiliary switches;

2) rated supply voltage and rated supply frequency;

3) number of releases for closing, if more than one;

4) number of releases for opening, if more than one.

e) requirements concerning the use of compressed gas and requirements for design and

tests of pressure vessels.
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NOTE The enquirer should give information of any special conditions, not included above, that might influence the
tender or order.

9.102

Information to be given with tenders

When the enquirer requests technical particulars of a by-pass switch, the following
information (those which are applicable) shall be given by the manufacturer, with the
descriptive matter and drawings:

a) rated values and characteristics:

Type of information Reference

1) number of poles

) class: environmental conditions (temperature, wind, ice-coating)

3) rated voltage to earth and across pole

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

g) rated normal current

7) rated short-time withstand current

g) rated peak withstand current

9) rated duration of short-circuit

10) rated operating sequence

1|1) rated by-pass making current

12) frequency of the rated by-pass making current
113) capacitor bank discharge current
14) damping of the by-pass making curren
115) rated by-pass insertion current
16)
17)
18)
19)

20) 4.106

ceftificat

constru

The

1) |mass of\gomplete by-pass switch without fluids for insulation, by-passing, insertipn and
operation;
2) |mdass/volume of fluid for insulation, its quality and operating range, including the
3) mass/volume of fluid for by-passing and insertion (where different fluid to items 2)
and/or 4)), its quality and operating range, including the minimum functional value;
4) mass/volume of fluid for operation (where different fluid to items 2) and/or 3)), its
quality and operating range, including the minimum functional value;

5) tightness qualification;

6) mass/volume of fluids per pole to fill to a level sufficient to prevent deterioration of
internal components during storage and transportation;

7) number of units in series per pole;

8) minimum clearances in air:

— between poles;
— to earth;
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— 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;

d) 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;

3) current required at rated supply voltage to close the by-pass switch;
as—afall in

4 anarav__aoxvnended-tao- claoca thao by nacco coavitoh  for aAvamnla maoasciirad
CHeTrgy AP t—O—CTroSC—rC— oy pPoaoso—owWiitoH—Tor—SXarpro— oo

pressure;
5) | rated supply voltage of shunt opening release;

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

8) | current required at rated supply voltage by other auxii

The manufacturer shall give the ne hsions

of the by-pass switch and details neces

Gelneral information regarding mainten S shall
belgiven.

10 Ruples for transport,
Clauss

10.1 |[Condition

Subclguse 10 is applicable.

10.2 |l

Subclguses 10.2.4 of IEC 62271-1 are applicable, with the following addition.

10.2.1p1/,-Guide for commissioning tests

After a by-pass switch has been installed and all connections have been completed,
commissioning tests are recommended to be performed. The purpose of these tests is to
confirm that transportation and storage have not damaged the by-pass switch. In addition,
when a large part of the assembly and/or of the adjustment is performed on site, as identified
in 7.101, the tests are required to confirm compatibility of the sub-components and the
satisfactory nature of both the site work and the functional characteristics dependent upon it.

In addition to the requirements of 10.2.102, a minimum of 50 no-load operations shall be
performed at commissioning, on site, on the by-pass switch where major sub-assemblies are
combined at site without previous routine tests on the complete by-pass switch. These
operations shall be performed after assembly, all connections and checks having been made
and the programme of commissioning tests 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
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purpose of these tests is to reduce occurrences of maloperation and failure early in the
operational life of the by-pass switch.

The manufacturer shall produce a programme of site commissioning checks and tests.
Repetition of the full programme of routine tests, already performed in the factory, shall be
avoided as the purpose of commissioning tests is for confirmation of

— absence of damage;

— compatibility of separate units;

— correct assembly;

— correct pnrfnrmanr‘n of the assembled hy-pnee switch

In genjeral, this is achieved when the commissioning tests include, but a gl to, the
programme given in 10.2.102. The results of the tests shall be recordeq i ~

10.2.1p2 Commissioning checks and test programme
10.2.1p2.1 Checks after installation

Subclguse 10.2.101 requires the manufacturer to produs
checks and tests. This should be based on, but is no
tests diven here.

ioning
ks and
10.2.1p2.1.1 General checks
These|shall include the following:
— asgembly conforms to ma

— tightness of by-pass switch N

— external insulation s ! c erhal insulation are undamaged and clejan;
— paint and ot%;?
— operating devi

— adequacy ang/integ

th the

and, where agplicable:

— redor
— redord then

— redord he numbef on the operations counter(s) at first energisation.

10.2.102.1.2 Checks of electrical circuits
This shall include:

— conformity to the wiring diagram;
— correct operation of signalling (position, alarms, lockouts, etc.);
— correct operation of heating and lighting.

10.2.102.1.3 Checks of the insulation and/or extinguishing fluid(s)

Qil Type, dielectric strength (IEC 60296), level

SFg Filling pressure/density, and quality checks, to confirm the acceptance
levels of IEC 60376, IEC 60480 and IEC 61634. These quality checks are
not required on sealed equipment and new gas used from sealed bottles. A
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Gas mixtures

dewpoint check and a check of the total impurities shall be carried out to
confirm the manufacturer's acceptance levels

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 acer.gas)

10.2.1p2.1.5 Site operations

Confirmation shall be given that the programme of commissioning © quired

by 7.1D1 has been completed and, where applicable, extended<® adadition ations

required by 10.2.101.

10.2.1p2.2 Mechanical tests and measurements

10.2.1p2.2.1 dfor by-passing and
10.2.1p2.2.1.1

The fdllowing measurements shall be/taken in qrde S both
recorded during the routine tests and ante ' rve as
the reference for future s and will enable any drift in opgrating

charadteristics to be detecte

These measuremists

(presspre switc

10.2.1p2.2.1.2

a) Where applis

— |disappearance of the low-pressure alarm.

b) Where‘appl

levices

icable, on dropping pressure:

— appearance of low-pressure alarm;

— operatin
— operatin
— operatin

10.2.102.2.2

10.2.102.2.2.1

g value of lockout of the auto-reopening feature;
g value of lockout of the opening;
g value of lockout of the closing.

Measurements of characteristic operating fluid pressures (if
applicable)

General

The following measurements (list to be adapted as necessary) shall be taken, in order to com-
pare them with the values both recorded during routine tests and guaranteed by the
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manufacturer. These values may serve as a reference during later checks (maintenance) and
will enable 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;

— | cut-off of the pumping device;

— |opening of the safety valve (if applicable).

NOTE Tlhe measurements may be combined with the measuremepfts of therecha e of the operating
mechanjsm (see 10.2.102.2.5.2).

b) On

— |lockout of the opening

— |lockout of<2>
In the case o €

indicated togeths

uld be

10.2.1

With the pgtsnpin i of the
pumpi e._consumption during each of the following operations or opégrating
seque p

- OC.

The steady-state pressure after each operation or operating sequence should be noted.

10.2.102.2.4 Verification of the rated operating sequence

The ability of the by-pass switch to perform its specified rated operating sequence should be
verified. The tests should be performed with the recharging device in service, with site supply
voltage and, if applicable, starting with the cut-in pressure of the pumping device, as in
10.2.102.2.3.

Evidence should be given to demonstrate the coordination between the interlocking device
intervention levels and the minimum pressures for operation measured during the rated
operating sequence.
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The site supply voltage is the on-load voltage available at the by-pass switch from the normal
site supply and should be compatible with the rated supply voltage of auxiliary and control
circuits.

10.2.102.2.5 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 at the

Th ations

an te of a
by-
In ed for
ea¢
Th

b) Op
Th pl and
au htacts,

10.2.1p2.2.5.2

a) Flyid-operate
The operatio

be|measured:

should

between ry ce);

b with

b) Spring-operated mechanism

Therecharging time of the motor aiter an opening operation should be measured at the
site supply voltage.

10.2.102.2.6 Record of mechanical travel characteristics

As required by 7.101, a record can be made of the mechanical travel characteristics where
the by-pass switch has been assembled as a complete by-pass switch for the first time on site
or where all or part of the routine tests are performed on site. The record shall confirm
satisfactory performance by comparison with the reference mechanical travel characteristics
obtained during the reference no-load tests detailed in 6.101.1.1.
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10.2.102.2.7 Checks of certain specific operations

10.2.102.2.71 Auto-reopening at the minimum functional pressure for operation
(if applicable)

With the pumping device out of service, the control pressure should be lowered to the lockout
value for auto-reopening and an auto-reopening operating sequence be carried out (under site
conditions, it may be necessary to use a separate timing device to initiate reopening). 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 and it
should be ensured that there is sufficient safety margin to the minimum functional pressure for
operation for closing, as a guard against pressure switch deviation and pressure transients.

In casg of doubt, an alternative test to the one described above may be edy Jtarting
with allower pressure than the minimum functional pressure for operafi o:;reo bening
(short{circuited contact). It should then be verified that a closing operatian is'\sti e.

perfo

10.2.1p2.2.7.2 Closing at the minimum functional pres
applicable)

With tlﬁe pumping device out of service, the control pre QWE as the
lockoutt value for closing and a closing operation be garried out, jucted
at the [supply voltage of the equipment. The supply(voltag 3 i ations

should be recorded. The final pressure should bé

10.2.1p2.2.7.3 Opening at the m

applicable)
With Uﬁ as the
lockou ild be

condu¢ ing the
operat safety
margin i

In casp t, ative\test\{o the one described above may be performed, starting
with a Z -cifcuited
contag

10.2.1 o]
Meas n on a
OC opkrating-cy t

The tgstralso allows checking of the anti-pumping device operation and the absepce of
malfunction for any mechanical, hydraulic or pneumatic reasons, caused by the rapid
application of the closing command.

The opening command should be maintained for 1 s to 2 s in order that the anti-pumping
device can be checked for effective operation.

NOTE A simplified anti-pumping test may also be executed, using the local control. In this case, an opening
command is applied and maintained, while a consecutive closing command is applied.

10.2.102.2.7.5 Behaviour of the by-pass switch on an opening command while a
closing command is already present

It should be verified that the by-pass switch meets the technical specifications in the presence
of an opening command when previously a closing command is applied and maintained.
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10.2.102.2.7.6 Application of a closing command on both releases simultaneously
(if applicable)

It may happen that both releases (normal and emergency) are energized simultaneously (or
virtually simultaneously).

It should be ensured that the operations are not subject to any mechanical, hydraulic or
pneumatic interference, particularly if the releases do not operate at the same level.

10.2.102.2.7.7 Protection against pole discrepancy (if applicable)

Protection against pole discrepancy should be checked by either of the following tests:

— with the by-pass switch open, the closing release of one of the pole rgized
angl a check carried out to see that all poles close;

— with the by-pass switch closed, the opening release of one of the pyle all b rgized
angl a check carried out to see that it opens and then closes

10.2.1p2.3 Electrical tests and measurements

10.2.1p2.3.1 Dielectric tests

Dielec}ric tests on auxiliary circuits shall be pe 2 i at transportatign and
storagg of the by-pass switch have nojdamaggeq, the . vever, it is recogniz¢d that
such dircuits contain vulnerable sub-compb fon of the full testing Joltage
for the d_thig, and to avoid the temfporary
removpl of proven connections, the sypplier shalidetail the test process that demon’_}trates
that damage has not occurred as well| as d ofyrecording the results from this test
procegs.

For dlelectric tests dn i ircus al-enclosed switchgear and contrplgear,

IEC 63271-200 and IE(

10.2.1p2.3.2

Measyrement of
been gssembl
with 7J3 of IE

ain circuit need only be made if by-passing unitg have
easufement shall be made with a direct current in accofdance

10.3 |Ope

Subclguse 10,3 62271-1 is applicable.

10.4 [Maintenance

Subclause 10.4 of IEC 62271-1 is applicable with the following addition.

The manufacturer should give information regarding the maintenance of by-pass switches
following by-pass making current and insertion current operations.

This information should include the number of operations after which the by-pass switch is to
be overhauled.

Subclauses 10.4.1 to 10.4.3 of IEC 62271-1 are applicable. The checks required in
10.2.102.1.3 apply.
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10.4.101 Resistors and capacitors (if applicable)

When checking resistors and capacitors, allowed variations of the values should be given.

11 Safety

Clause 11 of IEC 62271-1 is applicable with the following addition.

Any known chemical and environmental impact hazards should be identified in the by-pass

switch

handbook/manual.

12 In

Clauss

Notes

NOTE 1
the travg

NOTE 2
For clar|

fluence of the product on environment

12 of IEC 62271-1 is applicable.

to the following Figures 1 through 3:

of the three poles. Fo

In practice, there will be a tlme spread between the travel of the_contagis

clarity,

B poles.
es.
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Closed position

Contact movement

Open position

3.7h21 Opening time .~

Opening ion Time

Arcing time

3.7.122

[ ]

Insertion time
3.7/123 -

Energizing of opening release
Closed position

Open ppsition

Current flo\
\ Closing operation Time
M ass t
R -
Pre-arcing time
3.7.126 -

O

Cloe: 4
crosSmMgTume

3.7.124 -

Contact touch in all poles

Start of current flow in first pole

Energizing of closing circuit IEC 1428/06

Figure 1 — By-pass switch — Opening and closing operations
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Figure 2 — By-pass switch — Close-open cycle


https://iecnorm.com/api/?name=e8846a6d822e5bd670df9674cfc11ac7

-83-—

90/0e¥L O3
9]od }s414 Ul JuBLIND JO UE aseajal buiuado jo Buizibiau]
5/0d 1811} Ul 4ONO} J0BIUOD) 211D sajod |e ul s}oeuo09 Buiole uonpiedes

Bfsojo40 Buizibioug

so|od ||e Ul uonioulxs oJe [eul
ss|od ||e Ul yonoy Joejuo)

40

awi} Buisojoay

A

—
awl} ayew-ay

Wv
- % ou osop-ubd el L'e
a \\ \ N T

Q > awi peaq

swil

NN

MO} JUBLIND

SIS

MO} JuBLIND
o

7
i
.

uonisod g\ <
w ouwfaejuoo

| I R

/

62271-109 © IEC:2008

uonisod paso|)

Figure 3 — By-pass switch — Open-close cycle
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9 “ /a /b k
o
5 Ia
©
[
Q.
§ .
= By-pass switch
c open
Operate
j by-pass switch
By-pass switch
close
. N o
777 T
d e f g h i <\
\ \> Time
IEC 1431/06
Figure 4a — Low teif € te@
D
o
S
c
©
Q.
S
©

by-pass switch

Time

IEC 1432/06

Figure 4b — 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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By-pass switch with more than one by-pass and insertion unit

Fshp1 Fec2
Fgrq 0r Fgrp Fgr10r Fgr3
Fj F.
e 7 shA = H <
< F e
 — . ~ Faor Fu
F Fsr3or Fgrg |
shB2 =7 =
o o

Fshe1q Fthe1 + Fwh and Fspg2 = Fing2 + Fwh

Fsh

Fsrq0r Fgr2

Testtgi

Test tq

Key

Fsha. Fsds

By-pass switch with one by-pass and insertio

Fiv=Fy IEC 1863/08
u
Fi
e\ w Fsrq OF Figr3
C
Z & IEC 18p4/08

direction Fy,g and Fya

e force due to connected conductor (direction A)
¢ force due to connected conductor (direction B)

ensile vertical force due to connected conductor (direction C)

horizontal forces resulting from Fina, Fing and Fyn

horizontal force on by-pass switch due to wind pressure on ice-coated by-pass switch

Fsr1- Fsr2, Fsr3, F5r4

NOTE 1

Refer to Figure 6 for directions A, B and C.

NOTE 2 The index letter “s” characterises testing values.

rated static terminal loads (resultant forces)

switch 2

Horizontal Vertical Remark
Forces due to dead weight, wind and ice Finar Fing Fiy According to
on connected conductor Table 5
Forces due to wind and ice on by-pass Fuh O Calculated by

manufacturer

a8 The horizontal force on the by-pass switch, due to wind, may be moved from the centre of pressure to
the terminal 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.)

Figure 5 — Static terminal load forces
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By-pass switch with more than one By-pass switch with one
by-pass and/or insertion units by-pass and/or insertion units
Horizontal forces Horizontal forces

B4 B4 B4

Terminal 2 Terminal 1
A2 ~ . A.] — = A1

| S
q
B> B>
IEC\1665p8
Force directions: Ay, B4, B, for terminal 1
Force directions: A,, B4, B, for termjrial 2
Horizontal test forces: Fg,a an
Vertical forces
C
Vertical forces
Cz
Terminagﬂ
C1
% S
IEC 1866/08
Force directions: C4, C,, for terminal 1
Eorce-diractions—C fal forterminal 2
o

Vertical test forces (both directions): F, (see Figure 5)

NOTE For by-pass switches that are symmetrical about the pole unit vertical centreline, only one terminal needs
to be tested.

Figure 6 — Directions for static terminal load tests
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0,00

-0,20

0,40

0,20

Figure 7 — Reference mech& |

I e

IEC 1434/
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idealized curve)
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0,80

0,40
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|

i

|

Upper envelope (+5 %)

|
Lower envelope (-5 %)

0.007% \\\\\\;é 10 15 20 25 30 35 40 45
Time ms

a

TEC—T1#3

Figure 8 — Reference mechanical travel characteristics (idealized curve)

with

the prescribed envelopes centred over the reference curve (£5 %),
contact separation in this example at time # = 20 ms

06
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§ o020 |
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Figure 9 — Reference mechanical tra idealized curve)
with the prescribed envelopes fully digpla the reference curve
10 : .
(+ 0 %), contact separation Y'time 1 = 20 ms
1,20 \! %
|
/ Rj%%wrv Wa/ct separation
1,00 !
:
0,80 3 |
|
1 |
3 0,60 |
a |
g i
3 40- ! __Upper envelope (0 %)
3 !
‘g Lower envelope (—10 %)
d 0,20 i
|
|
0,00 } f f ! f ) Y ;
700 5 10 15 20 25 30~ 35 40 49
T;IIIC LLLESY
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IEC 1437/06

Figure 10 — Reference mechanical travel characteristics (idealized curve)
with the prescribed envelopes fully displaced downward from the reference curve

(_18 %), contact separation in this example at time r = 20 ms
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Unit 2 \ \ Unit 1

Pole of by-pass switch with two separate
by-pass units in series

X Unit 1

mt testing set-up for unit testing; second by-pass unit
g’substituted by a conductor of equivalent shape

IEC 1439/06

Figure 11 — Equivalent testing set-up for unit testing of by-pass switches
with more than one separate by-pass units
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Applied voltage

Test current
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g % é Contact tra

&

. Contact touch
Y \
/\/ Coil current
5 11 17 23 29 35 41 47 53 59 65 ms
6 ms/div. IEC 1441/06

Figure 13 — Oscillogram obtained from the typical test circuit

for the by-pass making current test-duty
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\\ / Coil current

MM

Contact tr.
(9%
X7

Recovery voltage

N

S
o O

Contact separation

Test current

100 ms
IEC 1443/06

Figure 15 — Oscillogram obtained from the typical LC test circuit
for the insertion current test-duty
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Recovery voltage /\
N /\ —

\/\/\/

AViviviviviv e

YUV
<85
%\>

Contact travel

SIS
N

on separation —

Coil current

0 25 50 75 100 125 150 175 200 225 250 275  300ms
25 ms/div. |

IEC 1447/06

Figure 19 — Oscillogram obtained from the typical direct test circuit
for the insertion current test-duty
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Annex A
(normative)

Tolerances on test quantities during type tests

A.1  Types of tolerances

er the

— toleérances on test conditions;
— tolgrances concerning parameters of measurement devigs

In the following Table A.1, only tolerances on test qua

A tolef ' this stendard within which the
measured test value should lie for a teg s (see 6.103 and Table 5)
the tegt may remain valid even if the n idethe tolerance.

Any deviation of the measured test val 3 est value caused by the uncertdinty of
the mg

The basic rules for applicat ices\ontestguantities during type tests are as fpllows:
a) tedting stations shall ai ihle Tor the test values specified;

b) thg tolerance Higher

str th the
co

c) ard to
be d. The
up

d) if, only one limit is given, the other limit shall be considered td be as

clo specified value.
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Annex B
(normative)

Records and reports of type tests

B.1 Information and results to be recorded

All relevant information and results of type tests shall be included in the type test report

Oscillg urrent
operat i i i - i i e type test
report

The ty|
syste . Thi i nal\progedures of the labgratory
throug

The ty
the te$
duties

during
Df test

a) copditi - itch, givi etai nts or adjustments madle and
oo ] N
an

b) depcription of perform }18 JAtigs, including observations regarding emission
of pil, gas or flame

B.2.2 | <Apparatus tested

Subclause 6.1.3 of IEC 62271-1 is applicable.

Reference drawing numbers given in the test report shall indicate the manufacturer's
reference number, revision number and corresponding contents.

The reference mechanical characteristic, if applicable, shall be included or reference shall be
made in the test report by the use of a drawing number or in an equivalent way.

B.2.3 Rated characteristics of by-pass switch, including its operating devices and
auxiliary equipment

The values of rated characteristics specified in Clause 4 shall be given by the manufacturer.
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B.2.4 Test conditions (for each series of tests; if applicable)

a) number of poles;

b) power factor;

c) frequency, in Hz;

d) generator neutral (earthed or isolated);

e) transformer neutral (earthed or isolated);

f) diagram of test circuit including connection(s) to earth;

g) details of connection of by-pass switch to the test circuit (e.g. orientation);
h) prégssure of fluid for insulation and/or by-passing and insertion;

i) prissure of fluid for operation.

B.2.5 | Short-time withstand current and peak withstand curre s
a) cufrent

r.m.s. value in kA,

—_
~

2) | peak value in kA;
duration, in s;

bepaviour of by-pass switch during
condition after tests;

res

B.2.6 | No-load operatio

a)
b)
c)

before each by-passinga
after the last inserti
before and

ap
pe
fre
da

gsing.time, in ms;

Cc

pre-arcing time _in ms:

by-pass time, in ms;
behaviour of by-pass switch during tests;
condition after tests.

B.2.8 Insertion current test-duty

breaking current, in A;

transient recovery voltage, peak value, in kV;

time to transient recovery voltage peak value, in ms;
details on point-of-wave setting;

arcing time, in ms;


https://iecnorm.com/api/?name=e8846a6d822e5bd670df9674cfc11ac7

- 104 - 62271-109 © IEC:2008

f) number of restrikes (if any), the occurrence of NSDDs (if any) shall be noted for vacuum
by-pass and insertion units;

g) behaviour of by-pass switch during tests;
h) condition after tests.

B.2.9 Oscillographic and other records
Oscillograms shall record the whole of the operations. The following quantities shall be

recorded. Certain of these quantities may be recorded separately from the oscillograms, and
several oscillographs with different time scales may be necessary:

D

applied voltage;

O

cufrent in each pole;

(¢}

Q.

cufrent in closing coil;

]

)
)
) regovery voltage (voltage across the by-pass switch);
)
)

cufrent in opening coil;

—h

) anjplitude and timing scale appropriate for the required
g) mgchanical travel characteristics (where applicablg

All ca
deviat

v'complied with gnd all
rt.
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Annex C
(informative)

List of symbols and abbreviations used

Symbol/ Exemplary Meaning
abbreviation reference

,a Table 6 Designation of a terminal of a by-pass switch
A 6.101.6.2 Direction of horizontal force
Ay Figure 6 Direction of horizontal force
A, Figure 6 Direction of horizontal force /TN
B, b Table 6 Designation of a terminal of a by-pass SW
B4 6.101.6.2 Direction of horizontal force /\ \
B, 6.101.6.2 Direction of horizontal force \/
B Annex F Damping of the oscillation betv%{ W%M efies

capacitor bank and the lin dudtance
C,c Table 6 Designation of a terminal\f\(b\-p& \s?m\ >
4.101 Closing operation \
c 6.101.6.2 Direction of vestical folce/ &
C, 6.101.6.2 Pféc\tlonybhgrtlc Iforv(,( ( 3 ‘\>
C-r-0C 4.101 a@e%&wose\Qpera\@ cyc}
CN 3.8.3 R capasitance
F Table 6 I:kasig ati of\[*\e\f‘xqm}of a by-pass switch
/BP 4.102 < /-\\I'\re\qyen 0 ths réed by-pass making current
I 4.3 [\ N a Ra%(iﬁe&lenc)
Fona 6.10&.6}\/\ Téwin}t\@ad, horizontal force
Fqnp 6/\’01im1 < %Moad, horizontal force
Fy, Eéﬂ\&\}/\ \/\\ngzﬁnal load, vertical force
Fy, Table4 /gtatic horizontal force
Fina /\ able 4 Static horizontal force, longitudinal
Fiyng \ | Table )\ Static horizontal force, transversal
Fuh igure 5 Force due to wind and ice-coating
Fy, \ \ 2\1’:4 > Static vertical force
1 \Fakﬂ/e A1 First current peak during by-pass making current test-duty
I, Table A.1 Seclzqnd curren‘t‘pe?k—‘(?f the same polarity than 7;) during by-pass
meldrgetrrent-test-duty

Igp 4.102 Rated by-pass making current
IpiscHARGE 3.8.28 Capacitor bank discharge current
Iins 4.103 Rated by-pass insertion current
Iy 4.5 Rated short-time withstand current
Lioad Annex F Actual insertion current
In 3.84 Rated current of a capacitor
Iy 4.6 Rated peak withstand current
I 4.4 Rated normal current
k Annex F Compensation factor X /X
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List of symbols and abbreviations used (continued)

M Table 1 Mass of the by-pass switch

m Table 1 Mass of fluid for by-passing and insertion

M1 3.4.104 Class of by-pass switch with basic mechanical endurance

M2 3.4.105 Class of by-pass switch with extended mechanical endurance

O Table 3 Opening operation

ocC 4.101 Open-close operating cycle

Pe Table 1 Rated pressure for by-passing and insertion

P Table 1 Rated pressure for operation

T10 6.2.11 Terminal fault test-duty (see IEC 62271-100)/\

t 4.101 Time interval in the rated operating sequ%{e

r 4.101 Time interval in the rated operating s%&-"\nc:e (\

s 6.2.11 Time coordinate of T10 TRV Q \ >

Ta 6.101.3.3 Ambient air temperature

ta 6.101.2.3 Time between two operati >\<e ani I%ra\o/ n test a
ambient air temperature &\ L‘x

Ty 6.101.3.4 Maximum amblentm

ty 4.7 Rated duration of(sho@cwt

T 6.101.3.3 I\/y\imum ag\@ekmlép r ure\

TRV 6.2.11 ﬁ'{an%&gcc‘)veQ volt&ge N )\/

tx 6.101.3.3 Ti@gnte Nlov\v\Qmthest

u(t) Annex F TGansi?nQei}kQPﬁ(m v}%age across the by-pass switch

U, 4.8 p Rét\ed éu\pp\lx vol%\cfauxiliary and control circuits

Uns 4.104 Ratettqeinsertionoltage

Ui 3.8.1 iiting,vo

Uop blé téi\sﬁly voltage of operating devices

Un \6/}/& Ratéi voltage of a capacitor

Upe ’?‘Q\DIQ1 \Bated lightning impulse withstand voltage to earth

UpL 3.8\”{2 Protective level

Upp \ ‘K&(Ie\ Rated lightning impulse withstand voltage across the by-pass|switch

U, \ \4{‘ \ Rated voltage

Ue RN 4\1\W Rated voltage to earth

Urp 4.1)02 Rated voltage across the by-pass switch

Uge Table 1 Rated switching impulse withstand voltage to earth

Usp Fatte— Rated-switchimgmputsewithstand-vottageacrosstheby-pas
switch

XN 4.1.102 Rated reactance of the series capacitor

o Annex F Angular frequency derived from the rated power frequency

N Annex F Angular frequency of the undertone caused by the oscillation

between the capacitance of the series capacitor bank and the line
inductance
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Annex D
(informative)

Examples of by-pass switch ratings

Table D.1 through D.3 illustrate case studies of typical series capacitor bank ratings used in
recent projects. The tables also illustrate the corresponding by-pass switch ratings. The
values given in the tables should be used as a guideline for assigning rated values to by-pass
switches—since er_\nr‘ifir\ rnfingc cannot be standardized because fhn\ll are prnjnr\f spe ific. It
should is and

are g same
nomern
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Annex E
(informative)

By-pass switches used as the primary by-passing devices

By-pass switches are sometimes used as the primary protection of the overvoltage protector
of the series capacitor bank (e.g. without the use of a fast by-passing device such as a spark-
gap) for cases where the power-frequency fault current is relatively low (capacitor banks

generg = result
in nontreliable operation of the spark-gap. For such series capacitor sck s, the Grgristors
bank is designed to absorb the resulting energy produced by a line fa the) by-pass
switch|is closed. Figure E.1 illustrates the typical components layout,
LS
|1
NLR
3
° G 6
r-&
W IEC 1448/06
Key
C series capacitor
NLR non linear r
D damping cir
S by-pass switch
omponents layout for by-pass switches
as the primary by-passing device

In such canfigurati hy-pass switch will be subjected, for all line faults, to the capacitor
bank discharge ant sdmponent (Ipscharce) and to the power-frequency fault currept. For
schemles using-fast byrpassing devices (for example spark-gap), this type of stresses are not
frequzt/t since they>are almost always seen by the fast by-passing device and not by the by-
pass switch.

For such applications and because of this increased electrical duty, it may be necessary to
specify a greater number of making operations during the by-pass making current test-duty
(see 6.104). The number of operations should be determined based on the expected number
of line faults per year, the required service time before maintenance and associated electrical
parameters. If such an increase duty is required, it should be clearly notified in the enquiry.
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Annex F
(informative)

Explanatory note regarding transient recovery voltage
during reinsertion

When a by-pass switch reinserts a series capacitor bank, the transient reinsertion voltage
appearing across the open contacts of the by-pass switch is function of the load current at
power ’i-”’v" Hrre—atrrypewer—swhre—and——emergerey—toad—ceurren t ""”-
the trgnsient damped oscillatory current produced by the resonancg acitive
impedance and line impedance. This transient voltage across the byp i an be
determined the following equation:

u(t) = Uy X2 X (cos iyt —e ™ cos mt)

where

u(t) is the transient reinsertion voltage across th

Uy is the rated voltage of the series capacitqr ba
o is the angular frequency derivé
t is the time, in s;

B 3 r bank
ay ndertonecaused by the oscillation betwegn the
bank and the line inductance
N X\/;
XL
k
Loag |1 ctualinsertign current of the series capacitor bank (r.m.s. value);
I [ A of the series capacitor bank (r.m.s value).

In IEQ 60143-1, typical emergency overload currents range from 1,2 p.u. to 1,6 p.y. and
power|swings range from 1,7 p.u. to 2,5 p.u. According IEC 60143-1, typical compersation
factorsrangefrom0;2 pru—to 08 p-u—amd protective tevels T Tange frombetween2,0 p.u.
and 2,5 p.u.

The combined effect of the undertone frequency, load current, including emergency and
power swing currents and the operation level (Up ) of the non-linear, voltage-limiting device
(varistors) may cause the first voltage peak of the transient reinsertion voltage across the by-
pass switch to be earlier than half of the power-frequency period e.g. 10 ms for 50 Hz
systems or 8,3 ms for 60 Hz systems.

The protective level in p.u. is defined as Up / (Uy / ¥2) with Up| being a peak value and Uy
being a r.m.s. value.

Therefore, the reinsertion voltage given in p.u. of the rated capacitor peak voltage is given by:
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ult)p.u. = (cosaat —e‘ﬂ’coswzt)xlbad 1IN
Tables F.1 through F.16 illustrate some examples.

Table F.1 — Typical examples of transient reinsertion voltages for systems
not having power swing nor emergency overload,
Iigag = 1,0 p.u.; Up = 2,2 p.u.; #=0,85 and f= 50 Hz

Compensation Transient reinsertion Time to the Non linear device
factor voltage, first peak first peak conduction at first
k p.u. ms voltage peak
0.2 T,Z6 8.6 No
0.3 1,00 8,2 [ e
04 0,79 7.8 )

(O\ne
0.5 0,61 7.5 \ Ne

0,6 0,46 73 ( \ \50
0,7 0,32 7/\\ N \ No

08 0,20 89 ) No

voltages for systems
rgency overload,

f=50Hz

not havmg power swing hu W|th andéeie

Compensation Transient reins rtlo \'(Piirﬁto the Non linear devjce

factor Itage st ak st peak conduction at first
k N ms voltage peal

0,2 8,6 No
N )

03 \/\ 1,26\ \ 8,2 No

0.4 Q < Q 0 78 No

)
0,5 { RNYZ 7,5 No
0,6 < \ 0,55] 73 No

0,7/\ 0,39 7,1 No

08\ X)X 0,25 6.9 No

Table F.3 ~Jypical examples of transient reinsertion voltages for systems
not having power swing but with an emergency overload,

Loag=1.4p.u.; Up, =2.2p.u.; #=0,85and =50 Hz

Compensation Transient reinsertion Time to the Non linear device
factor voltage, first peak first peak conduction at first
k p.u. ms voltage peak
0,2 1,76 8,6 No
0,3 1,40 8,2 No
0,4 1,11 7,8 No
0,5 0,86 7,5 No
0,6 0,64 7,3 No
0,7 0,45 7.1 No
0,8 0,29 6,9 No
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Table F.4 — Typical examples of transient reinsertion voltages for systems
not having power swing but with an emergency overload,

Iigag = 1,6 p.u.; Up = 2,2 p.u.; f#=0,85and f= 50 Hz
Compensation Transient reinsertion Time to the Non linear device
factor voltage, first peak first peak conduction at first
k p.u. ms voltage peak
0,2 2,01 8,6 No
0,3 1,60 8,2 No
0,4 1,27 7,8 No
0,5 0,98 7,5 No
0,6 0,73 7,3 /\ No
0.7 0,52 7.1 LN ~ \NQ
08 0,33 6,9 N N O\o

Table F.5 — Typical examples of transient reins tio
having power swing, I|5,4 = 5

1,8 p.u.; UPL

It

es fox systems

»8

ds =50 Hz

Compensation

Transient reinsertion

/ Non linear devjce

factor voltage, first peak conduction at fjrst

k p.u. voltage peal

0,2 2,20 Yes

0.3 180 8,2 No

0.4 143 [ .8 No

ANV IDNE o

0.6 No,s3 ) 13 No

0,7 7.1 No
Y 6,9 No

s of transient reinsertion voltages for systems
d=2,0 p.u.; Up =2,2p.u.; =0,85and f= 50 Hz

Cq ens\at% \>ansient reinsertion Time to the Non linear devjce
fac voltage, first peak first peak conduction at fjrst
k p.u. ms voltage peal
072 2,20 6,7 Yes
0/3 2,01 8,2 No
0,4 1,58 7,8 No
0,5 1,23 7,5 No
0,6 0,92 7,3 No
0,7 0,65 7.1 No
0,8 0,41 6,9 No
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Table F.7 — Typical examples of transient reinsertion voltages for systems
having power swing, 15,4 = 2,3 p.u.; Up = 2,2 p.u.; = 10,85 and = 50 Hz

Compensation Transient reinsertion Time to the Non linear device
factor voltage, first peak first peak conduction at first
k p.u. ms voltage peak
0,2 2,20 5,9 Yes
0,3 2,20 7,2 Yes
0,4 1,82 7,8 No
0,5 1,41 7,5 No
0,6 7,05 7,3 T~ No
0.7 0,74 7.1 Al e
0.8 0,47 6.9 A (U No

for systems
nd = 50 Hz

Compensation Transient reinsertion ) Non linear devjce
factor voltage, first peak conduction at first
k p.u. voltage peal
0,2 2,20 Yes
0,3 2,20 > Yes

0,4 1,98 (

yaN
05 1,53 \ \ 75 No

0,6 \ \(1,15 - \\/ 73 No

0,7 0.8\ ./ 7.1 No

08 \/ 51 > 6,9 No

Table F. amples of transient reinsertion voltages for systems
g power swing nor emergency overload,

u.; Up =2,2p.u.; §=0,85and =60 Hz

Comp SaM \?ansient reinsertion Time to the Non linear devjce
facto voltage, first peak first peak conduction at fjrst
k p.u. ms voltage peal
0,2 1,26 7,2 No
0.3 1.00 6.8 No
0,4 0,79 6,5 No
0,5 0,61 6,3 No
0,6 0,46 6,1 No
0,7 0,32 5,9 No
0,8 0,20 5,7 No



https://iecnorm.com/api/?name=e8846a6d822e5bd670df9674cfc11ac7

62271-109 © IEC:2008

- 119 -

Table F.10 — Typical examples of transient reinsertion voltages for systems
not having power swing but with an emergency overload,

lioaq = 1,2 p-u.; Up| = 2,2 p.u.; #=0,85 and f = 60 Hz
Compensation Transient reinsertion Time to the Non linear device
factor voltage, first peak first peak conduction at first
k p.u. ms voltage peak
0,2 1,51 7,2 No
0,3 1,20 6,8 No
0,4 0,95 6,5 No
05 074 63 N
0.6 0,55 6.1 ( No
0.7 0,39 N
0,8 0,25

Iigaq = 1,4 p.u.; UPL—22pu
Compensation Transient reinsertion Non linear devjce
factor voltage, firstpea conduction at first
k p.u. voltage peal
0,2 176 — No
03 140 { (\ ) 8 No
0,4 ( AN X D e No
0,5 N “o,sfe\ ) 6,3 No
0,6 0,6 6,1 No
07 SR AN\ 5,9 No
0,8 / 2 ) 57 No

icabex

S

ples of transient reinsertion voltages for systems
g power swing but with an emergency overload,
,6 p.u.; Up =2,2p.u.; f=0,85and f=60 Hz

Compensation Transient reinsertion Time to the Non linear devjce
factor voltage, first peak first peak conduction at fjrst
k p.u. ms voltage peal
0,2 2,01 1,2 No
0,3 1,60 6,8 No
0,4 1,27 6,5 No
0,5 0,98 6,3 No
0,6 0,73 6,1 No
0,7 0,52 5,9 No
0,8 0,33 5,7 No
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Table F.13 — Typical examples of transient reinsertion voltages for systems
having power swing, 15,4 = 1,8 p.u.; Up =2,2 p.u.; #=0,85 and f= 60 Hz

Compensation Transient reinsertion Time to the Non linear device
factor voltage, first peak first peak conduction at first
k p.u. ms voltage peak
0,2 2,20 6,5 Yes
0,3 1,80 6,8 No
0,4 1,43 6,5 No
0,5 1,10 6,3 No
0.6 0,83 6.4 No
0.7 0,58 5,9 ( No
0.8 0,37 5,7 e
Table F.14 — Typical examples of transient reinsertion voltages for ems
having power swing, I;5,4 = 2,0 p.u.; Up = 2,2 ; Owd =60 Hz
Compensation Transient reinsertion Time to the > Non linear devjce
factor voltage, first peak fifst)peak conduction at fjrst
k p.u. f\ S A voltage peal
0,2 220 /N AN\ 0 (68 Yes
0.3 X
0,4
0,5
0,6
0,7
0,8
Y
Table F.1
havi
(of, mﬁja'& \ TraMnt reinsertion Time to the Non linear devjce
cto voltage, first peak first peak conduction at fjrst
p.u. ms voltage peal
0,2 2,20 4,9 Yes
0,3 2,20 6,0 Yes
0,4 1,82 6,5 No
0,5 1,41 6,3 No
0,6 1,05 6,1 No
0,7 0,74 5,9 No
0,8 0,47 5,7 No
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Table F.16 — Typical examples of reinsertion recovery voltages for systems
having power swing, 15,4 = 2,5 p.u.; Up = 2,2 p.u.; #=10,85 and = 60 Hz

Compensation Transient reinsertion Time to the Non linear device
factor voltage, first peak first peak conduction at first
k p.u. ms voltage peak
0,2 2,20 4,6 Yes
0,3 2,20 5,4 Yes
0,4 1,98 6,5 No
0,5 1,53 6,3 No
0,6 T15 B, 1 —~_ No
0,7 0,81 5,9 Al \ya
0.8 0,51 5,7 A (U No

Based|on these values, the following conclusion can be given:

— Fof series capacitor schemes having a low compefsati f f (kK\< 0,3), the first
trapsient reinsertion voltage peak across the by-pass itch _is\signtficant and can| reach
thg varistor protective level (Up|) for typical emgrgency qQvergad power swing fanges
given in IEC 60143-1. The first voltage peak cah bg& attained in ively short time after
cufrent zero (less than %2 of the power-freque i

— For series capacitor schemes ha gensation factor (k > 0,B), the
firgt transient reinsertion voltage ps -pass switch is lower and fannot

regch the varistor protective level

be|designed to withsta Qrprotectiv

Figures F.1 and F.2 gi

altage, /=60 Hz, £ =0,2
f=0,85, ipag = 1,8 p.u.
UpL=22p.u.

D ‘
rarlges given in IEC 60143-1. Neveftheless, b
(Up) is reached on the~following rins voRage loops and the by-pass switch

swing
e |level
should

Reisertion voltage p.u.
(e
N
/

0,02

Time s

0,03

IEC 1449/06

Figure F.1 — Typical example of the transient reinsertion voltage across a by-switch
for a low compensation factor scheme (k = 0,2) and for a power swing of 1,8 p.u.
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Reinsertion voltage, /=60 Hz, £ = 0,5
B=10,85, lipag = 1,8 p.u.

UpL=2,2p.u.
.25
3 T\
a 29 / N\
5 1 / AN
g o5 / N\ /
2 o 4 \ /
S 4. / /
—=
S 10 ~
S 15
X 20
-25
0 D,03
1450/06
Figure F.2 — Typical example of the transient rei tch
forlan high compensation factor scheme (k = Q,5) @nd fo swing of 1,8 p.u.
The cases shown in Tables F.1 thro .4, for

50 Hz
enveld

and 60 Hz system frequencie K ¢ oltage

rospecti trasiertion voltage, 50 Hz systems
PL=22/.u.,k=0,2t00,8

e N
1,0 A&\w L0 . —
£ ’— ’ -
a\ \) ~ »& X
20 . 4/ L4 + X ,
o ’ 7 > L
g RN D o7 ae
w— 7 . u .
g 08 AN Yy . + X | A
) ’ v X [ ]
o R \\/ / /7 e - E; NI
> 04 / P .X * .
= ] * XA
% / / . ' ¥X’ |
=Y 7 ”~ ie'
0,2 ,/ .
" |
0 =" -
0 0,002 0,004 0,006 0,008 0,01
Time s
== = Envelope time-to-peak 10 ms =—— = Envelope time-to-peak 6,7 ms

Envelope time-to-peak 5,6 ms

IEC 1451/06

Figure F.3 — Comparison of the calculated transient reinsertion voltage examples

and possible testing envelopes for 50 Hz systems


https://iecnorm.com/api/?name=e8846a6d822e5bd670df9674cfc11ac7

62271-109 © IEC:2008

-123 -

Prospective transient reinsertion voltage, 60 Hz systems
UpL=22p.u.,k=02t00,8
£=0,85, [jpag=1,8p.u.to2,5

Voltage inp.u. of Up

Based
- wit
thg
- wit
be
- wit
be
- wit
thg
- wit

12
1,0 e e ——p
/ -(X
08 s LN
id Sl M
0,6 —, 7 7 eX 4 H
// l o (\
04 . AR 4 .
) / / E ’.
a xs"
02 /AP
_// <\ \>
| e
0
0 0,002 0,004 \w 0
Time /s

Envelope time-to-peak 8,3

Envelope time-to-peak 4,6

A— E veIoUm {e-peak 5,6 ms
ms

h the preferred\reinsertion voltage first time-to-peak of 5,6 ms given in 4.104, 9p
ples will be covered for 60 Hz systems;

computed €

IEC

h.a reinsertion voltage first time-to-peak of 4,6 ms, 100 % of the computed exa

wil

beTtoveredfor 60HzsysternTs;

01

1452/06

0 % of

es will

% of

mples

— with a reinsertion voltage first time-to-peak of 8,3 ms, 89 % of the computed examples will

be covered for 60 Hz systems.

Based on these results, the preferred first-time-to-peak value (5,6 ms) given in 4.104 will
cover most of the practical cases for 50 Hz and 60 Hz an may used as an uniform value for
standardization purpose and for limiting the number of type tests required to a minimum.
Nevertheless, this value may be too restrictive for certain schemes (e.g. high compensation
factors k£ > 0,3 or low emergency current or low power swing) and a higher first time-to-peak
values may be specified in order to get a more economical solution regarding the by-pass
switch reinsertion capabilities.
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If a different value than the preferred first time-to-peak value of the transient reinsertion
voltage is specified, it should be supported by detailed system studies and the study should
consider emergency overloads and power swings as well as the actual value of the varistor
protective level associated with the load currents during emergency overloads and power
swings.

@C@
S
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Annex G
(normative)

Use of mechanical characteristics and related requirements

At the beginning of the type tests, the mechanical characteristics of the by-pass switch shall
be established, for example, by recording no-load travel curves. This may be done also by the
use of characteristic parameters, for example momentary speed at a certain stroke etc. The
mechanical characteristics will serve as the reference for the purpose of characterising the
mechanical behaviour of the by-pass switch.

The mlechanical characteristics shall be used to confirm that the diffepen 8 5 used
during|the mechanical, by-passing and insertion tests behave mechani ima |sirilgr way.
All tesf samples used for mechanical, by-passing and insertion tes anical
charagteristic within the following described envelopes. Care in the
interprietation of the curves when, due to variable measuring mg tories,
a diregt comparison between the envelopes cannot be madg

The ty aracteristics shall
be sta can be measyred at
any pa ordiscretely. In case of d|screte
measu e

The n [ isti : Hinirg the limits of the allgwable
deviat curves
shall G for the
openin touch
for the nall be
5% stroke
of 40 1 mm. It
is recqgnised t 2 itable,
as for [example f a itshes. In such cases the manufacturer shall define an
appropriate method ¢ ity

If meg ine the
alterngti

The sgri bening
operat riction

effect pf the«cantagts gr the end of travel damping. In particular, it is important to note that the
effecty of damping are not shown in these diagrams. The oscillations produced at the fend of
travel jaredependent upon the efficiency of the damping of the drive system. The shppe of
these oOscillations may be a deliberate function of the design and may slightly vary from one
specimen to another. 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 mechanical characteristics of -0 %,
+10 % and -10 %, +0 %, respectively as shown in Figures 9 and 10. The displacement of the
envelope can be used only once for the complete procedure in each test in order to get a
maximum total deviation from the reference characteristic of 10 %.

Table G.1 lists type tests and relevant reference mechanical characteristics for no-load,
making and breaking tests.
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Table G.1 — Summary of type tests related to mechanical characteristics

Applicable subclause

Tests where the records
shall be taken

Evaluation
method

Application/Notes

6.101.1.1 Mechanical
characteristics

No-load test before the
beginning of type tests

Not applicable

General guide for reference
mechanical characteristics

6.101.1.3 Characteristics and
setting of the by-pass switch to be
recorded before and after the tests

Before and after the
mechanical and
environmental tests

Not applicable

List of items to be recorded

6.101.2.2 Condition of the by-pass
switch before the (mechanical) test

No-load test before the
mechanical test

Mechanical test on separately

operated single pole of
by-pass switch

a three-pole

6.101.2.5 Adceptance criteria for
the mechanicgl operation test

No-load test after the
mechanical test

N
E e

6.101.3.3 Lgw temperature test No-load test before and after temperature
the low temperature test

6.101.3.4 Hiph temperature test No-load test before and after | ° ondgjtional w n\ezﬁi Fed
the high temperature test (\

6.101.6 Stat|c terminal load test No-load test before and after @ e@r alsp to\tt(e note ipn 6.101.6.2
the terminal load test

6.102.3.3 Mylti enclosure type No-load test before tests / ' Fo coMonIy operatedq multi-

enclosure type
6.102.4.2 Upit testing No-load test before tests For by-pass switches with two or
> more units not separatgly operated

within one pole

6.102.6 No-lpad operation before
(by-pass mak|ng and insertion) test

No-load test b%e tési\\

aﬂ
00
%

For all by-pass making
tests

and insertion

6.102.7 Alte
mechanism

native operating

No-load test efor test

L

For equivalent alternati

TS

c

mechanisms

Ve operating

@ Evaluation t
® Evaluation t

¢ Evaluation t

omparison of the mechanical characteristics.
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

APPAREILLAGE A HAUTE TENSION -

Partie 109: Interrupteurs de contournement pour
condensateurs série a courant alternatif
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responsabte.de ne pag’avoir identifié de tels droits de propriété et de ne pas avoir signalé leur existencg.

La Nofme“internationale CEI 62271-109 a été établie par le sous-comité 17A: Appareillage a
haute tension, du comité d'études 17 de la CEIl: Appareillage.

Cette deuxiéme édition annule et remplace la premiére édition, publiée en 2006, dont elle
constitue une révision technique.

Les modifications principales par rapport a I'édition précédente sont les suivantes:

— La séquence d'essais d'établissement du courant de contournement a été séparée avec
des opérations au courant assigné d’établissement du courant de contournement /gp et
des operations au courant de décharge de la batterie de condensateurs /pgcHARGE

— L'équivalence concernant l'applicabilit¢ des parametres d'essais (courant créte et
fréquence) durant les essais d'établissement du courant de contournement en relation
avec les conditions de service ont été revues et changées en conséquence.
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— La forme de la tension de rétablissement durant la séquence d'essais de courant
d'insertion a été recalculée et optimisée. Une note explicative sur le calcul de la tension

de

rétablissement est donnée a I'Annexe F.

— Elimination de la classe d'endurance électrique BP2. Ces appareils sont maintenant
couverts par I'Annexe E.

— Ajout de I'Annexe D qui donne des exemples de caractéristiques typiques d'interrupteurs

de

contournement.
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APPAREILLAGE A HAUTE TENSION -

Partie 109: Interrupteurs de contournement pour
condensateurs série a courant alternatif

1 Généralités

11 omaine-dapptication

La pré&sente partie de la CEl 62271 est applicable aux interrupteurs t pour
condepsateurs série a courant alternatif congus pour l'installatio pour
fonctignner a des fréquences de 50 Hz a 60 Hz, sur des réseaux<de \{ensio. arieures a
52 kV.

Elle s’applique uniquement aux interrupteurs de contourng 2% dans
les sygtémes triphaseés.

Cette [norme est également applicable aux dispos irs de
contoyrnement et a leurs équipements auxiliaires

1.2 [Références normatives

Les dpcuments de référence suivanfs sont Indis S résent
document. Pour les références datées, sé 5 chiti ences
non datées, la derniére éditio G ntuels
amendements).

CEI 690050-151:20841, ' { shnique International — Partie 151: Dispositifs
électrigues et m I

CEI 60050-436:199 International —  Chapitre | 436:
Condensateurs de\p

CEI 60050 : aire Electrotechnique International — Chapitre 441: Appargillage
et fusibl

CEI 60050-604+19 ocabulaire Electrotechnique International — Chapitre 604: Production,
transpprt et distribution de I'énergie électrique — Exploitation

CEI 60060 (toutes les parties), Techniques des essais a haute tension

CEI 60143-1:2004, Condensateurs série destinés a étre installés sur des réseaux — Partie 1:
Généralités

CEI 60143-2:1994, Condensateurs série destinés a étre installés sur des réseaux — Partie 2:
Matériel de protection pour les batteries de condensateurs série

CEI 60296, Fluides pour applications électrotechniques — Huiles minérales isolantes neuves
pour transformateurs et appareillage de connexion

CEI 60376, Spécifications de la qualité technique de [I'hexafluorure de soufre (SFg) pour
utilisation dans les appareils électriques
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CEI 60480, Lignes directrices relatives au contr6le et au traitement de I'hexafluorure de

soufre (SFg) prelevé sur le matériel électrique et spécification en vue de sa réutilisation

CEI 60529, Degrés de protection procurés par les enveloppes (Code IP)

CEI 62271-1:2007, Appareillage a haute tension — Partie 1: Spécifications communes

CEI 62271-100:2008, Appareillage a haute tension — Partie 100: Disjoncteurs a courant

alternatif

CEl 62271-101, Appareillage a haute tension — Partie 101: Essais synthétiques

CEI 62271-102:2001, Appareillage a haute tension — Partie 102: Sectiopr
de terfe a courant alternatif

CEI 623271-303, Appareillage a haute tension — Partie 303:
I’hexdfluorure de soufre (SFg)

2 Conditions normales et spéciales de servi

L'Article 2 de la CEI 62271-1 est applicable.

3 Termes et définitions

Pour Igs besoins du présent document, le
CEI 6Q050-436, de la CE

d’entrg eux ont été rapf

Des termes et d@g’on addiffonngis-sonkc
utilisé¢ dans la C 5 )

3.1 [Termes gé

3.1.1011
appareilla
[VEI 44

3.1.10p
appareillage pour
[VEI 444x11-05]

S CENe0050-604, de la CEI 60143-1,

-‘
CEl 6(0143-2 et de la CEI'§ ent—PourAfaciliter 'utilisation de la norme, c

{ssés de fagon a étre alignés sur la classif

johneurs

on de

de la
de la
prtains

cation

3.1.103
courant de court-circuit
[VEI 441-11-07]

3.1.104
température de I’air ambiant
[VEI 441-11-13]

3.1.105
échauffement (d’une partie d’un interrupteur de contournement)
écart entre la température de la partie et la température de I'air ambiant
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3.1.106

surtension (dans un réseau)

toute tension entre un conducteur de phase et la terre ou entre deux conducteurs de phase
dont la ou les valeurs de créte dépassent la valeur de créte correspondant a la tension la plus
élevée pour le matériel

[VEI 604-03-09, modifiée]

3.1.107

essai sur élément
essai effectué sur un élément de contournement ou d’insertion ou sur un groupe d’'éléments
au courant d’établissement de contournement ou au courant d’insertion, speC|f|e pour I'essai
du péle complet d’un interrupteur de contournement et a la fraction apprepriée de la, tension
appligliée, ou de la tension de rétablissement, spécifiée pour I'essaj complet de
I'interrupteur de contournement

3.1.10B
isolation externe
distanges dans l'air atmosphérique et sur les surfaces des i i Nide matériel en
contadt avec 'atmosphére qui sont soumises aux contrainte 38 Ce des
conditijons atmosphériques ou d’autres agents externe , 'humidité, les
animapx nuisibles, etc.

[VEI 6Pp4-03-02, modifiée]

3.1.10p
isolation interne
éléments internes solides, liquides ou
I'influglnce des conditions atmosphériq

ion d’un matériel qui sont a I'gbri de
génts externes

[VEI 6Pp4-03-03]

3.1.11p
isolation autor
isolatipn qui retro

[VEI 6p4-03-04]

popriétés isolantes aprés une décharge disrupfive

31114
isolatio : :
isolation Tqui rietés isolantes, ou ne les retrouve pas intégralement aprés une
décharge disruptive

[VEI 6p4-03-05]

3.1.112

décharge disruptive

phénoméne associé a la défaillance de l'isolation sous I'action d’'une contrainte électrique et
dans lesquels la décharge court-circuite complétement l'isolation en essai, réduisant la
tension entre électrodes a une valeur nulle ou presque nulle

NOTE 1 Ce terme s’applique aux claquages diélectriques dans des milieux solides, liquides ou gazeux et a leurs
combinaisons.

NOTE 2 Une décharge disruptive dans un diélectrique solide occasionne la perte définitive de la rigidité
diélectrique (isolation non autorégénératrice); dans les diélectriques liquides ou gazeux, cette perte peut n’étre que
momentanée (isolation autorégénératrice).

NOTE 3 Le terme «amorgage» est utilisé lorsque la décharge disruptive se produit dans un diélectrique gazeux
ou liquide; le terme «contournement» est utilisé lorsque la décharge disruptive longe la surface d’un diélectrique
solide entouré d’un gaz ou d’un liquide isolant; le terme «perforation» est utilisé lorsque la décharge disruptive se
produit a travers un diélectrique solide.
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3.1.113

performance en réamorgage

probabilité présumée de réamorgage pendant la séquence d’essai de courant d’insertion,
comme démontré par I’essai spécifié

NOTE Des probabilités chiffrées spécifiques ne peuvent pas étre appliquées durant toute la durée de service de
I'interrupteur de contournement.

3.1.114
réallumage (d'un appareil mécanique de connexion a courant alternatif)
[VEI 441-17-45]

3.1.11
réamagrcage (d'un appareil mécanique de connexion a courant alte
[VEI 441-17-46]

3.1.11

déchafrge disruptive non maintenue (NSDD)
décharge disruptive associée a une coupure de courant,
du colirant a fréquence industrielle ou, dans le cas d
courant dans la batterie de compensation série.

ement
as de

NOTE |Les oscillations suivant les décharges disruptiveg iy té et a
I'inductance parasites a proximité de eur de
contourpement lui-méme. Les décharges di apacité
parasitg par rapport a la terre des appareils situd

3.2 Ensembles

Pas dg¢ définition particulié

3.3 Parties d'ense

Pas dq

3.4 |Appareils de s

3.4.10(1
appareil de
[VEI 441-

3.4.10p
appareil mécan
[VEI 441-14-502]

gde connexion

3.4.103

interrupteur de contournement

appareil de connexion triphasé utilisé en parallele avec un condensateur série et son
dispositif de protection contre les surtensions pour shunter le courant de ligne d’un niveau
spécifié pendant une durée spécifiée ou continuellement. Les interrupteurs de contournement
peuvent étre unipolaires ou tripolaires

NOTE 1 Outre le contournement du condensateur, cet appareil est normalement capable d’insérer le
condensateur dans un circuit qui transporte un niveau de courant spécifié.

NOTE 2 Les interrupteurs de contournement sont normalement utilisés en combinaison avec un dispositif de mise
en contournement rapide, par exemple un éclateur (pour les applications spéciales n’employant pas de dispositif
de mise en contournement rapide, voir I’Annexe E).
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Des exemples de configurations de condensateurs série employant un dispositif de mise en
contournement rapide en paralléle avec l'interrupteur de contournement (voir la CElI 60143-1)
sont présentés ci-apres:

G
> <«
S

—° IEC 1425/08

Eclateur simple

¢ m

RS

D %
[ <
NS -
Q /C IEC 1426/06
% clateur double
[
NV ||
NLR
-
D

_° IEC 1427/06

Résistance non linéaire avec éclateur de contournement

Légende

C condensateur série

D circuit d'amortissement

G éclateur de contournement

S interrupteur de contournement

NLR résistance non linéaire
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3.4.104

interrupteur de contournement de classe M1

interrupteur de contournement a endurance mécanique normale (essais de type a 2 000
séquences de manceuvre mécanique) n’entrant pas dans la catégorie classe M2 définie en
3.4.105

3.4.105

interrupteur de contournement de classe M2
interrupteur de contournement a manceuvres fréquentes pour des exigences de service
spéciales et congu pour ne nécessiter qu’'une maintenance limitée comme démontré par des
essais de type specmques (interrupteur de contournement a endurance mecanlque accrue,
ayant réalisé 10 000

multip

3.5 [Parties de 'interrupteur de contournement

3.5.10(1
pole
[VEI 441-15-01]

3.5.10p
circuit principal
[VEI 441-15-02]

3.5.10B8
circuif de commande
[VEI 441-15-03]

3.5.10¢4
circuif auxiliaire
[VEI 441-15-04]
3.5.10p Q

contact

[VEI 441-15-05]

3.5.10p
piéce de
[VEI 441~

3.5.107
conta¢t principal
[VEI 441-15-07]

3.5.108
contact d’arc
[VEI 441-15-08]

3.5.109
contact de commande
[VEI 441-15-09]

3.5.110
contact auxiliaire
[VEI 441-15-10]
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3.5.111
interrupteur auxiliaire
[VEI 441-15-11]

3.5.112
contact «a»
contact a fermeture

[VEI 441-15-12]

3.5.113

contact«b»
conta¢t a ouverture
[VEI 441-15-13]

3.5.114
conta¢t glissant
[VEI 441-15-15]

3.5.11p
contac¢t roulant
[VEI 441-15-16]

3.5.11p
déclencheur
[VEI 441-15-17]
3.5.11f

chambre d’extinction
[VEI 441-15-18]

3.5.11B
indicateur de p

[VEI 441-15-25]

3.5.11p
raccord (par’bowlons Qu-d ositifs équivalents)
ensenble de\pieces\condu es (deux ou davantage) destinées a assurer la cortinuité
permape Yikcuit larsqu’elles sont assemblées au moyen de vis, de boulons [ou de

3.5.12p
borne
composant—destine—a—raccerder

extérieurs

1
ot

rterrupteur—de—sconteurnrement—a—des—ecoenddcteurs

[VEI 151-12-12, modifiée]

3.5.121

élément de contournement (ou d’insertion)

partie d’un interrupteur de contournement qui en elle-méme joue le réle d’un interrupteur de
contournement et qui, en série avec un ou plusieurs éléments de contournement ou
d’insertion identiques manceuvrés simultanément, forme [linterrupteur de contournement
complet

NOTE 1 Les éléments de contournement et les éléments d’insertion sont normalement combinés, mais peuvent
étre séparés. Chaque élément peut comporter plusieurs contacts.
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NOTE 2 Les moyens utilisés pour la répartition de la tension entre les éléments peuvent différer d’'un élément a
I"autre.

3.5.122

module (d’un interrupteur de contournement)

ensemble comprenant généralement des éléments de contournement ou d’insertion, des
supports isolants (pour les interrupteurs de contournement a cuve sous tension), des
traversées (pour les interrupteurs de contournement a cuve mise a la terre) et des parties
mécaniques. |l est assemblé électriquement et mécaniquement a d’autres ensembles
identiques pour constituer un pdle d’interrupteur de contournement

3.5.123

envelgppe
partie d’appareillage procurant un degré de protection spécifié (se report r a Ia~CEI 60529) du
matériel contre les influences externes et un degré de protection spgCifi proche
des pprties actives ou le contact avec elles ou contre le con iedes en
mouvgment

[VEI 441-13-01, modifiée]

3.5.124

mécanisme d’entrainement

partie |de l'interrupteur de contournement qui ac |on e] pardi diaire de la gthaine
cinématique de puissance, les contacts du circui \ d@mt rupteur de contourngment
3.5.12p

chaineé cinématique de puissance
dispodjitif de liaison mécanique isme d’entrainement, mécdnisme
d’entrginement inclus, et les contacts i tacts robiles inclus

NOTE [Voir aussi A.3.5.11

3.5.12p
mécanisme d’e
. Te

un megcanisme est obtenu lorsqu’'une modification de la ghaine
cinématique de p ] stne d’entrainement d’origine, ou lorsque I'utiljsation
d’'un mécanisme {’entre \ letement différent, conduit aux mémes caractérigtiques
mécaniques

NOTE 1 mécaniques sont définies en 6.101.1.1. L’utilisation des caractéllistiques
mécaniques sont liées sont décrites a I'Annexe G.
NOTE 2 5 isme d’entrainement alternatif peut mettre en ceuvre un principe d’entrainement diff¢rent de

celui dy mécanisme d.entpainement d’origine (par exemple, le mécanisme alternatif peut étre a ressort |et celui
d'origing peut étre hydraufique).

NOTE Nne maodification de I'équipement secondaire ne meéne pas a un mécanisme d’entrainement alternlatif.

3.6 Fonctionnement

3.6.101
mancoceuvre
[VEI 441-16-01]

3.6.102
cycle de mancuvres
[VEI 441-16-02]

3.6.103
séquence de manceuvres
[VEI 441-16-03]
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3.6.104
manceuvre de fermeture
[VEI 441-16-08]

3.6.105
manceuvre d’ouverture
[VEI 441-16-09]

3.6.106
réouverture automatique
séquence de manoeuvres d’ un mterrupteur de contournement au cours de laquelle, aprés sa

managuvre positive d’ouverture
[VEI 441-16-11]

3.6.10B
manceluvre effectuée positivement
[VEI 441-16-12]

3.6.10p
managuvre dépendante a source d’énergie e
[VEI 441-16-14]

3.6.11p
manacguvre a accumulation d’énergie
manceuvre de connexion effectuée _au ipoy G Jievémmagasinée dans le mécanisme lui-

méme|avant la manceuvre e i | 2 Bcifiee
dans des conditions prg ine

3.6.11{1
manoguvre indépenda

mancepvre a accumylatix gnuelle
accumjulée et libefee e anoeuvre contlnue de telle sorte que la vitess¢ et la
force de la manoey S

[VEI 441-16-

3.6.11p
positipn de feryg
[VEI 441-16522]

3.6.118
position d’ouverture
[VEI 441-16-23]

3.6.114
déclencheur shunt
[VEI 441-16-41]

3.6.115

dispositif d’antipompage

dispositif qui empéche la réouverture aprés une manceuvre d’ouverture/fermeture tant que le
dispositif qui est a l'origine de l'ouverture est maintenu dans la position provoquant
I'ouverture
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3.6.116
dispositif de verrouillage
[VEI 441-16-49]

3.6.117

interrupteur de contournement a dispositif de verrouillage empéchant I’'ouverture
interrupteur de contournement dans lequel aucun des contacts mobiles ne peut insérer le
condensateur si la commande d’ouverture est initiée tant que les conditions qui provoquent la
manceuvre de fermeture sont maintenues

3.7 Grandeurs caractéristiques

Les Figures 1 a 3 illustrent quelques définitions de ce paragraphe.

ou en
¢ entre

Les ddirées, voir les définitions 3.7.120 a 3.7.130, sont exprimée
cycles| Lorsqu’elles sont exprimées en cycles, la fréquence industrie
guillemets.

3.7.1011
valeurn assignée

valeur| d’'une grandeur fixée, généralement par le
spécifijgé d’'un composant, d’un dispositif ou d’'un matg

Jr un fonctionnement

3.7.10p
couraht présumé (d’un circuit et rel
[VEI 441-17-01]

3.7.108
valeul de créte du courant p
valeur|de créte de la premie€ ‘ S : ari sitoire

NOTE |La définitio@
dont l'impédance entre’le

valeur de créte peut &
condengateur avant |lg

egt-a-dire
Zéro. La
rnes du

3.7.104
valeur
valeur
son établi

ui suit

3.7.10p
courantde-contournement transitoire

SuperpoSiionm au Ccourant ae daecnarge de Ta Daterie ae conaensateurs €t au COoU ant a
fréquence industrielle

3.7.106

valeur de créte du courant de contournement transitoire

valeur de créte du courant de contournement transitoire dans un pdle d’un interrupteur de
contournement pendant la période transitoire qui suit I'établissement du courant pendant une
manceuvre de contournement. Cette valeur est la valeur instantanée maximale de la somme
des composantes du courant de décharge de la batterie de condensateurs et du courant a
fréquence industrielle. Dans le cas de défauts du réseau, le courant de défaut a fréquence
industrielle doit étre égal au courant de coordination maximal de la varistance ou, dans les
cas sans varistance, au courant de défaut a fréquence industrielle maximal réel a
I’emplacement particulier
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NOTE 1 La valeur de créte peut étre différente d'un pdle a I'autre et d'une manoceuvre a l'autre car elle dépend de
la tension instantanée du condensateur avant le contournement.

NOTE 2 Lorsqu'une seule valeur de créte du courant de contournement transitoire est indiquée pour un circuit
triphasé, il s'agit de la plus grande valeur dans n'importe quelle phase, sauf indication contraire.

NOTE 3 Le courant de défaut a fréquence industrielle maximal a un endroit particulier ou le courant de
coordination maximal de la varistance est généralement nettement inférieur a la valeur de créte du courant
admissible assigné de l'interrupteur de contournement.

3.7.107

courant d’insertion (dans le circuit de contournement)

courant efficace stabilisé qui passe a travers l'interrupteur de contournement immédiatement
avant 'ouverture

3.7.10B
capacjté d’insertion
valeur|du courant présumé qu’un interrupteur de contournement €
tension indiquée sous les conditions d’utilisation et de comportepx

3.7.10p
capacjté de contournement
valeur| du courant présumé qu’un interrupteur de cofitournems Ir a la
tension indiquée sous les conditions d’utilisation et ¢

3.7.11p
pouvdir de fermeture en court-circu
[VEI 441-17-10]

3.7.111
courant de courte durée 4
[VEI 441-17-17]

3.7.11
valeull de créte
[VEI 441-17-18]

3.7.11B
tensign appli
[VEI 441-17-

3.7.11
tension de réta
[VEI 441-17525]

3.7.116
tension de rétablissement a fréquence industrielle
[VEI 441-17-27]

3.7.116
tension d’arc (valeur de créte)
[VEI 441-17-30]

3.7.117
distance d’isolement
[VEI 441-17-31]

3.7.118
distance d’isolement entre péles
[VEI 441-17-32]
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3.7.119
distance d’isolement a la terre
[VEI 441-17-33]

3.7.120
distance d’isolement entre contacts ouverts
[VEI 441-17-34]

3.7.121
durée d’ouverture
durée d'ouverture d'un interrupteur de contournement définie suivant le mode de

d' | chomaont commaoaindianA o~ dAacconnic at taont AdAicnacitif A~ ratard foalcant t
éclenchement—eomme—indigué—eci-dessous—et—tout—dispositif—de—retard—faisant partie
e

intégrante de l'interrupteur de contournement étant, s'il y a lieu, réglé pou male.
Pour un interrupteur de contournement déclenché par une sour d'gnergie
auxiliafire, la durée d'ouverture est l'intervalle de temps entre l'instaqgt i ion du
déclencheur, l'interrupteur de contournement étant en position~de ermet: instant de

sépargtion des contacts d'arc sur tous les pdles

pble, l'instart de la

NOTE 1| Pour les interrupteurs de contournement a plusieurs élé g
contacts du |[premier

séparatfon des contacts d'arc sur tous les pdles est pris a I'in
élémenf du dernier péle.

NOTE 2 La durée d'ouverture comprend la durée de foncionne p baire au
fonctionnement de I'interrupteur de contournem i

3.7.12p
durée|d'arc (d'un appareil de connexi
intervdlle de temps entre l'instant du p
I'arc siir tous les podles

ale de
[VEI 441-17-38]

3.7.128
durée d’inserti-@
intervdlle de tempys’e

et la fi

rrée d'ouverture d’un interrupteur de contourrfement

3.7.12
durée
intervgllg la mise sous tension du circuit de fermeture, l'interrupt¢ur de
contou D &tan position d'ouverture, et l'instant ou les contacts se touchenf dans
tous |9

NOTE |Ladurée de fermeture comprend la durée de fonctionnement de tout équipement auxiliaire nécessaire pour
fermer llinférrupteur de contournement et qui fait partie intégrante de ce dernier.

3.7.125

durée de contournement

intervalle de temps entre la mise sous tension du circuit de fermeture, l'interrupteur de
contournement étant en position d'ouverture, et l'instant ou le courant commence a circuler
dans le premier pble

NOTE 1 La durée de contournement comprend la durée de fonctionnement de tout équipement auxiliaire
nécessaire pour fermer I'interrupteur de contournement et qui fait partie intégrante de ce dernier.

NOTE 2 La durée de contournement peut varier, par exemple, a cause de la variation de la durée de préarc.

3.7.126

durée de préarc

intervalle de temps entre le début de la circulation de courant dans le premier p6le pendant
une manceuvre de contournement et l'instant ou les contacts se touchent dans tous les péles
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pour les conditions triphasées ou l'instant ou les contacts du pdle qui voit I'arc se touchent
pour les conditions monophasées

NOTE La durée de préarc dépend de la valeur instantanée de la tension appliquée pendant une manceuvre de
contournement spécifique et peut donc varier considérablement.

3.7.127

durée d’ouverture-fermeture

intervalle de temps entre l'instant de séparation des contacts d'arc dans tous les pdles et
I'instant ou les contacts se touchent dans le premier pdle pendant une manceuvre de
contournement

NOTE [Sauf indication contraire, on suppose que le declencheur de fermeture incorpore-dans [interrugteur de

contourpement est mis sous tension au moment ou les contacts se sont séparés dang bendant
I'ouvertlire. Cela représente la durée d’ouverture-fermeture minimale.

3.7.12B

durée|de coupure-établissement (pendant la refermeture aut

intervdlle de temps entre I'extinction finale de I'arc dans tous {es pdle ceuvre
d’inseftion et le premier rétablissement du courant dans |'un ¢ de la
mancepuvre de contournement qui lui fait suite

NOTE |La durée de coupure-établissement peut varier, par Lrée de
préarc.

3.7.12p

durée|de contournement-insertion

intervdlle de temps entre le début de laxci dans le premier pble pgndant

une m 'arc pendant la manceuvre d’ingertion

qui lui

NOTE 1 S i i varier a cayse de la variation de la durée de préarc.
NOTE 2 i ge de 3 fonh soit compatible avec les exigences du résead.
3.7.13

durée

durée tension d'alimentation auxiliaire est appliquge au

déclen 'ouverture compléte de l'interrupteur de contourngment
3.7.13
durée de fermeture

uelle la tension d'alimentation auxiliaire est appliquée au digpositif
D ur assurer la fermeture compléte de l'interrupteur de contournement

durée
de fermeture

3.7.13p
niveau d’isolement
pour un interrupteur de contournement, une caractéristique définie par les valeurs indiquant
les tensions de tenue de lisolation par rapport a la terre et/ou entre les éléments de
contournement

3.7.133

tension de tenue a fréquence industrielle

valeur efficace de la tension sinusoidale a fréquence industrielle que linterrupteur de
contournement peut supporter lors d'essais faits dans des conditions spécifiées et pendant
une durée spécifiée

[VEI 604-03-40, modifiée]
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3.7.134

tension de tenue aux chocs

valeur de créte de lI'onde de tension de choc normalisée que l'isolation de l'interrupteur de
contournement peut supporter lors d'essais faits dans des conditions spécifiées

NOTE Selon la forme de I'onde, cette expression peut étre précisée: «tension de tenue aux chocs de manceuvre»
ou «tension de tenue aux chocs de foudre».

3.7.135

pression minimale pour la manceuvre
pression rapportée aux conditions atmosphériques normales de +20 °C et de 101,3 kPa,
pouvant étre exprimée de fagon relative ou absolue, a laquelle et au-dessus de laquelle les
caractgristiquesassignees duminterrupteur decontourmementsont conservees, etataquelle
un coplément de remplissage du dispositif de manceuvre devient nécesgaire

NOTE |[Cette pression est souvent appelée pression de verrouillage (se reporter a 3.6, E 11).
3.7.13p
pression minimale pour le contournement, I’'insertion et I'i

pressipn pour le contournement, linsertion et [lisole g =Y confditions
atmosphériques normales de +20 °C et de 101,3 kPa, pou S imée\de facon rglative
ou absolue, a laquelle et au-dessus de laquelle assignéeg d’un
interrupteur de contournement sont conservées, et & laguellexgn ment de rempljssage
du fluile de contournement, d’insertion et/ou d’isgleme S

NOTE 1

NOTE 2 Pour les interrupteurs de contournemenrtavec systéme q pression scellé (aussi appelé scellé 3| vie), la
pressio laquelle les caractéristiques assigpées de
I'interrupteur de contournement sont conservées, en la perte de pression a la fin de la dqurée de
service pscomptée.

3.8 [Définitions en rappo : ‘ i condensateurs série

3.8.1

condensateur < >

le terme «condensdtge ost Utilise p’'il n'est pas nécessaire de faire la distinction entre
les différentes sigmifix a.condensateur et I’ensemble de condensateurs asjsociés
a un segment

3.8.2
dispositi ection contre les surtensions (d'un condensateur série)
dispogiiti apide qui limite la tension entre les bornes du condensateur a une|valeur

admissible dars fes sas6u un défaut du circuit ou toute autre condition anormale du [éseau
d’énerie pourraitentrainer un dépassement de cette valeur

[VEI 4B603-14, modifiée]

3.8.3

capacité assignée (d’un condensateur)

Cn

valeur de la capacité pour laquelle a été congu le condensateur

[VEI 436-01-12, modifiée]

3.84

courant assigné (d’un condensateur)

Iy

valeur efficace du courant alternatif pour lequel a été congu le condensateur

[VEI 436-01-13, modifiée]
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3.8.5

réactance assignée (d’'un condensateur)

XN

réactance de chaque phase du condensateur série a la fréquence assignée et a une
température du diélectrique de 20 °C

3.8.6

tension assignée (d’un condensateur)

U

valeur efficace de la tension entre les bornes, dérivée de la réactance assignée et du courant
assigné Uy = Xy X Iy

[VEI 486-01-15, modifiée]

3.8.7
tensign limite
Uiim . e . .
créte maximale de la tension a fréquence industrielle se p es de
I’élémeént condensateur immédiatement avant ou pendap NVre dispoditif de

protec

3.8.8
batter
ensem

NOTE

3.8.9

lorsqu es en
série § teurs,
disposjitifs de protecti S St bur de
contod 3

NOTE 3 g as séparés par des sectionneurs d'isolation. Une méme plafe-forme
isolée p| S 8

3.8.10
protegti ; :
terme [gé Juindé 8 tout équipement de protection d’'une batterie de condensateurs ou
d'une i - Ci

3.8.11
courant.de-contournement
courant efficace stabilisé qui circule a travers l'interrupteur de contournement en pdralléle
avec le condensateur

3.8.12

courant de défaut de contournement

courant qui circule a travers la batterie de condensateurs série contournée suite a un défaut
sur la ligne

3.8.13

éclateur de contournement (éclateur de protection)

éclateur ou systéme d’éclateurs destiné a protéger soit le condensateur (type K) contre les
surtensions, soit la résistance non linéaire (type M) contre les surcharges en détournant des
parties protégées le courant de charge ou de défaut pendant une durée spécifiée (voir la
Figure 2 de la CEl 60143-2).
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3.8.14

dispositif de verrouillage de contournement

dispositif qui impose que les trois pbles de l'interrupteur de contournement se trouvent dans
la méme position ouverte ou fermée

3.8.15

équipement d’amortissement limitant le courant

réactance ou une réactance en paralléle de laquelle est branchée une résistance pour limiter
I'amplitude et la fréquence du courant et pour fournir un amortissement suffisant de la
décharge des condensateurs lors du fonctionnement de I'éclateur de contournement ou de la
manceuvre de l'interrupteur de contournement

3.8.16
insert|jon

ouverture de [linterrupteur de contournement du condensateur
condensateur série en série avec la ligne de transmission

Srer le

3.8.17
courapt d’insertion

courant efficace qui circule a travers le condensateur s
de contournement. Ce courant peut présenter les amp
permapent ou de surcharge

ariens

de l'interfupteur
spécitiees du“courant en régime

3.8.18
tensign d’insertion
tension de créte qui apparait entre les\bor sateur série lors du transfert du
courar)t de contournement lors de I'ou i

3.8.19
éclateur principal
partie [de I'éclateur de|p £ S i a transporter le courant de défaut pendant

des a usage intensif ou plus

une dyrée spécifif , CC
3.8.20

module (gradin de
élémenpt fonctio S itué d’'un segment de condensateur (possiblement
plusielirs) pa dispositions pour la manceuvre a verrouillage des interrupteurs
de corjtourne ~

3.8.21
résistance non)linéai
disposdijitif destine agir comme une protection du condensateur contre les surtensipns et
constifué- de’ résistances dont la valeur varie de fagon non linéaire en fonction de la tension
(normalement des varistances a oxyde métallique)

3.8.22

niveau de protection

UPL . ~ . . By , . . . ~
amplitude de la créte maximale de la tension a fréquence industrielle qui apparait entre les
bornes de la protection contre les surtensions pendant un défaut de réseau (Up_ = Uy X

V2)

NOTE Le niveau de protection peut étre exprimé en termes de tension de créte réelle entre les bornes d'un
segment ou en termes d’unité de créte de la tension assignée aux bornes du condensateur.

3.8.23

réinsertion

rétablissement du courant de charge vers le condensateur série a partir de la branche de
contournement
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3.8.24
courant de réinsertion

courant transitoire, courant a la fréquence industrielle, ou les deux circulant a travers le

condensateur série pendant I'ouverture de la branche de contournement

3.8.25
tension de réinsertion

tension transitoire, tension a la fréquence industrielle, ou les deux, présentes entre les bornes

du condensateur série pendant I'ouverture de la branche de contournement

3.8.26

surtensien-temporaire

tensiop temporaire a fréquence industrielle supérieure a la tension 3 ervice

permapent du condensateur série

3.8.27

courant de coordination de la varistance

amplitbde du courant de varistance maximal associé au niveau'\q

3.8.28

couraht de décharge de la batterie de condensatey

IpEcHARGE

courar créte

maximlale du courant de décharge d rie de

condepsateurs est déchargée au nivea

3.9 [Index des définitions

Appargil de connexion 3.4.101

Appargil mécanique de 3.4.102

Appargillage po xté 3.1.102

Appargillage 3.1.101
B

Batterie de condeNn 3.8.8

Borne 3.5.120
C

Capacijté 3.8.3

Capacijté 3.7.108

Capac 3.7.109

Chaing cinématique de puissance 3.5.125

Chamhreed’ extinction 35.117

Circuit auxiliaire 3.5.104

Circuit de commande 3.5.103

Circuit principal 3.5.102

Condensateur 3.8.1

Contact «a», contact a fermeture 3.5.112

Contact «b», contact a ouverture 3.5.113

Contact a fermeture 3.5.112

Contact a ouverture 3.5.113

Contact auxiliaire 3.5.110

Contact d’arc 3.5.108

Contact de commande 3.5.109

Contact glissant 3.5.114

Contact principal 3.5.107

Contact roulant 3.5.115

Contact 3.5.105
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Courant assigné (d’un condensateur) Iy 3.8.4
Courant d’insertion (dans le circuit de contournement) 3.7.107
Courant d’insertion 3.8.17
Courant de coordination de la varistance 3.8.27
Courant de court-circuit 3.1.103
Courant de courte durée admissible 3.7.111
Courant de décharge de la batterie de condensateurs (/pgcHarRGE) 3.8.28
Courant de défaut de contournement 3.8.12
Courant de contournement transitoire 3.7.105
Courant de contournement 3.8.11
Courant de réinsertion 3.8.24

Courant présumé (d’'un circuit et relatif a un appareil de connexion ou a un fusible) 3.7.102

Cycle @e manceuvres 3.6.102
D
Décha[ge disruptive 1112
Décharge disruptive non-maintenue 21.116
Déclencheur shunt 3.6.114
Déclencheur 3.9.116
Dispogitif d’antipompage 3.6.115
Dispogitif de protection contre les surtensions (d'un con 3.8.2
Disposgitif de verrouillage de contournement 3.8.14
Dispogitif de verrouillage 3.6.116
Distangce d’isolement a la terre 3.7.119
Distance d’isolement entre contacts 3.7.120
Distangce d’isolement entre pbles 3.7.118
Distange d’isolement 3.7 117
Durée|d’arc 3.7.122
Durée|d’insertion 3.7.123
Durée|d’ouverture-fermeture 3.1.127
Durée|d'ouverture 3.7.121
Durée|de coupure-étaljlissen z 2 eture automatique) 3.7.128
Durée|de contournem 3.7.125
Durée|de fermet 3.7.124
Durée|de mise e@ 3.7.129
Durée|de préarc 3.7.126
Durée|minimale de 3.7.130
Durée|minimale de I'ordxe 3.7.131
E
Echauf d’un interrupteur de contournement) 3.1.105
Eclateur d lgurnemeny (éclateur de protection) 3.8.13
Eclatepr princi 3.8.19
Elémeht de contournement (ou d’insertion) 3.95.121
Ensenbles 3.2
Envelgppe 3.5.123
Equipement d amortissement imitant Te courant 3.8.15
Essai sur élément 3.1.107
F
Fonctionnement 3.6
I
Indicateur de position 3.5.118
Insertion 3.8.16
Interrupteur auxiliaire 3.5.111
Interrupteur de contournement a dispositif de verrouillage empéchant I'ouverture 3.6.117
Interrupteur de contournement de classe M1 3.4.104
Interrupteur de contournement de classe M2 3.4.105
Interrupteur de contournement 3.4.103

Isolation autorégénératrice 3.1.110
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Isolation externe
Isolation interne
Isolation non autorégénératrice

Manceuvre a accumulation d’énergie

Manceuvre d’ouverture

Manceuvre de fermeture

Manceuvre dépendante a source d’énergie extérieure
Manceuvre effectuée positivement

Manceuvre indépendante manuelle

Manceuvre positive d’ouverture

Mancepvre

Mécanisme d'entrainement

Mécaniisme d'entrainement alternatif

Modulg (d’un interrupteur de contournement)
Modulg (pas de commutation du condensateur)

N
Niveay d’isolement
Niveay de protection Up

Partie$ d'ensembles

3.

Performance en réamorgage 3.1.113
Piéce de contact 3.5.106
Pole 3.9.101
Positign d’ouverture 3.6.113
Positign de fermeture 3.6.112
Pouvojr de fermeture en cott-circui 3.7.110
Pressipn minimale pour 1a X 3.7.135
Pressipn minimale pourle centolrng gn et I'isolement 3.7.136
Protection de la batterje 3.8.10

R
Raccofd (par boulong i ifs equivalents) 3.5.119
Réactance assignée 3.8.5
Réallumage (d’'um\appare ecanigue de connexion a courant alternatif) 3.1.114
Réamagrgcage Ad*un appe sahique de connexion a courant alternatif) 3.1.115
Réinsgrtion 3.8.23
Réou 3.6.106
Résisthn 3.8.21

S
Segment,(d'un condénsateur série) 3.8.9
Séquejecede manceuvres 3.6.103
Surtension (dans un réseau) 3.1.106
Surtension temporaire 3.8.26

T
Température de I'air ambiant 3.1.104
Tension appliquée 3.7.113
Tension assignée (d'un condensateur) Uy 3.8.6
Tension d’arc de créte 3.7.116
Tension d’insertion 3.8.18
Tension de limitation (U ) 3.8.7
Tension de réinsertion 3.8.25
Tension de rétablissement a fréquence industrielle 3.7.115
Tension de rétablissement 3.7.114
Tension de tenue a fréquence industrielle 3.7.133
Tension de tenue aux chocs 3.7.134
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\'
Valeur assignée 3.7.101
Valeur de créte du courant admissible 3.7.112
Valeur de créte du courant de contournement transitoire 3.7.106
Valeur de créte du courant présumeé 3.7.103
Valeur de créte du courant 3.7.104

4 Caractéristiques assignées

Les cara J J ) lispositifs
de commmande et de son equement auxmalre qui doivent servir a fixer arigtiques
assignié

Caracléristiques assignées a indiquer pour tous les interrupteurs dé

ment;

a) tension assignée par rapport a la terre et entre les bornes 'n de

b) niveau d’isolation assigné par rapport a la terre et_£€ntre \lessdornes de ' I'élément de
comtournement;

c) fréfjuence assignée;
d) codirant assigné en service continu;
e) co]:rant de courte durée admissiblg
f) valeur de créte du courant admissib
g) durée de court-circuit assignée;

h) tension assignée d’alim eture et d’ouverture et des ¢ircuits

auxiliaires;

i) fréfguence assignép ' i [ itifs de fermeture et d’ouverture et des
cir¢uits auxiliaires;

i) prgssions a i ati comprimé et/ou du circuit hydraulique, pour la
mgnceuvre, I'in i nt et 'isolement la ou cela est applicable;

k) colirant assigné

) co s’le circuit de contournement);
m) tersi on (valeur de créte);

n) séq S ) s assignée;

0) duré

Les cgractéristiques/assignées de linterrupteur de contournement sont rattachées a la
séquencé-de manceuvres assignée.

4.1 Tension assignée (U,)

Le paragraphe 4.1 de la CEIl 62271-1 est applicable avec le complément suivant.

4.1.101 Tension assignée par rapport a la terre (U,,)

Le paragraphe 4.1 de la CEIl 62271-1 est applicable.

4.1.102 Tension assignée entre les bornes de l'interrupteur de contournement (Urp)

La tension appliquée entre les bornes de l'interrupteur de contournement doit étre déterminée
en multipliant la réactance assignée de la batterie de condensateurs série ou du segment
(Xn = 1/@Cy) par son courant assigné (Iy). La tension assignée (de phase a phase) de
I'interrupteur de contournement doit étre égale ou supérieure a la tension calculée a partir de
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la tension appliquée (multipliée par ﬁ) et arrondie a la valeur normalisée immédiatement
supérieure indiquée en 4.1 de la CEIl 62271-1.

NOTE Les surcharges de longue durée (plusieurs minutes) peuvent étre prises en compte lors de la
détermination d’une tension assignée entre les bornes d’un interrupteur de contournement.

4.2

Le par

Niveau d’isolement assigné

agraphe 4.2 de la CEl 62271-1 est applicable avec le complément suivant.

4.2.101 Niveau d’isolement assigné par rapport a la terre

Les vg
dans |

4.2.10

conto
tensio

NOTE

forme g
nécessa
isolateu
disposit
entre I¢
égalemg
cette p4

ou

U.

ipt €S

U, es|

PL
4.3

Le par

Les v4g
tensio

leurs normales des tensions de tenue assignées par rapport a |d terrexsont\dd
bs Tableaux 1a, 1b, 2a et 2b de la CEIl 62271-1.

R

N sont’50 Hz et 60 Hz.

nnées

our la

jveaux

a plate-
bnt étre
ent des

par le

f de protection contre les surtensions plement
s bornes de la totalité du segment e pplique
rnes de

leurssnorma de la fréquence assignée aux interrupteurs de contournement 3| haute

4.4

Le par
4.5

Le par

4.6

Le par

Courant assigné en service continu (I,) et échauffement

agraphe 4.4 de la CEl 62271-1 est applicable.

Courant de courte durée admissible assigné (1)

agraphe 4.5 de la CEl 62271-1 est applicable.

Valeur de créte du courant admissible assigné (/)

agraphe 4.6 de la CEl 62271-1 est applicable.
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4.7 Durée de court-circuit assignée (7))

Le paragraphe 4.7 de la CEIl 62271-1 est applicable.

4.8 Tension assignée d’alimentation des dispositifs de fermeture et d’ouverture, des
circuits auxiliaires et de commande (U,)

Le paragraphe 4.8 de la CEl 62271-1 est généralement applicable. Les tolérances indiquées
en 4.8.3 et en 5.8.1 de la CEI 62271-1 pour les déclencheurs shunt d'ouverture doivent étre
appliquées aux déclencheurs shunt de fermeture.

4.9 dguence assignée d’ali i ] lisk iti ] J ‘ou jre et
des circuits auxiliaires

Le parpgraphe 4.9 de la CEIl 62271-1 est applicable.

4.10 |Pression assignée d’alimentation en gaz comprimé poxr | a peuvre
et/ou le contournement et I’insertion

Le parpgraphe 4.10 de la CEI 62271-1 est applicable.

4.101| Séquence de manceuvres assignée

Les caractéristiques assignées de I’ sent sont rattachées a la

séquence de manceuvres assignée.

terrupte

Sauf spécification contrairg:

— ¢t =]/0,3 s pour les if erture

aufomatique rapide
— 943 min.

NOTE 1
contourpement prévus

eurs de

NOTE 2 me. Un
exemplg e

ou

C présente~une mange

ocC présente une nranceuvre d’ouverture suivie immédiatement (c'est-a-dire sans délai intentionne}) d'une

ahceuvre de fermeture;
tett t
tets devraient toujours étre exprimés en minutes ou en secondes.

Si la durée de contournement-insertion est réglable, il convient de spécifier les limites de réglage.

NOTE 3 Au lieu de ¢t = 0,3 s, une autre valeur ¢ = 0,2 s est aussi utilisée pour les interrupteurs de contournement
prévus pour fonctionner en réouverture automatique rapide.

4.102 Courant assigné de contournement (Igp)

Le courant assigné de contournement est la valeur de créte du courant que l'interrupteur de
contournement doit étre capable d’établir sous des conditions de défaut de ligne lorsque la
batterie de condensateurs est préchargée a la tension de limitation du dispositif de protection
contre les surtensions (Up ) et a une fréquence du courant de contournement correspondant
a la capacité reelle de la batterie de condensateurs avec l'inductance associée du circuit
d'amortissement. L’amortissement effectif du courant de décharge de contournement peut
étre pris en considération.
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Ce courant doit étre égal a la somme de la composante de courant de décharge de la batterie
de condensateurs et de la composante de courant de défaut a fréquence industrielle (voir
3.7.106). Il convient généralement que la composante de courant de défaut a fréquence
industrielle soit égale au courant maximum de coordination de la varistance.

NOTE Il convient de déterminer le courant assigné de contournement par des études du réseau comme étant la
somme du courant créte de décharge de la batterie de condensateurs et de la composante créte du courant de
défaut dans lintervalle entre I'amorgage du courant dans linterrupteur de contournement et le toucher des
contacts (durée de préarc).

Les performances relatives au contournement sont couvertes lorsque la valeur de créte
requise du courant de contournement est égale ou mfeneure a Ia vaIeur de crete utlllsee pour
I'essai_de juence
Jfgp dujcourant de contournement est egale ou inférieure a 130 % de la vateur hdante

utilisé¢ lors des essais de type.

Il est généralement impossible d’assigner des caractéristiques spé&cifi 8 Ci sont
propr ! bs  de
caractgristiques d’'un interrupteur de contournement Les val ourant
assigné de contournement et pour la fréquence sont néan :

4.103

Le coprant assigné d’insertion de contourne la valeur efficace du courant a la
fréquence industrielle que i it é rer de
la brapche du circuit de gon y ¢ inci b Série
sous lla tension de relns i i ) Y i ‘assi arigtiques
spécifigues, car celles S pntient
des edemples de

NOTE [l convient qu -ci peut
étre égdl ou inférieur a

4.104

La tersio rtion est la valeur de créte de la tension de rétablisgement
transitpire gur de contournement doit étre capable de supporter| sans
réamofcage ‘ dnsfert du courant assigné d’insertion.

La tension.de réinsertion transitoire doit généralement étre égale a Up_ pour tenir compte de
toutes|les.conditions de surcharge en situation d’urgence et des fluctuations de la puigsance

qui pourraient donner Tieu a des tensions d'insertion fransitoires jusqu’au niveau de protection
du dispositif de protection contre les surtensions.

Plusieurs formes d’onde de tension de réinsertion transitoire peuvent étre obtenues en
service. Il convient de déterminer la forme d’onde de la tension de réinsertion par des études
de systeme. Pour des raisons de normalisation, et en vue de couvrir le plus grand nombre de
situations pratiques, la présente norme recommande une forme d’onde «1-cos» dont la durée
préférée pour atteindre la premiére créte est de 5,6 ms. D’autres formes d’onde peuvent étre
requises et il convient de les spécifier clairement au constructeur au moment de la demande.

Il est impossible d’assigner des caractéristiques spécifiques, car celles-ci sont propres aux
paramétres de chaque projet. L’Annexe D contient des exemples de caractéristiques d’un
interrupteur de contournement. L’Annexe F contient des informations supplémentaires
concernant la tension de rétablissement transitoire pendant la ré