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INTERNATIONAL ELECTROTECHNICAL COMMISSION

HIGH-VOLTAGE ALTERNATING-CURRENT
CIRCUIT-BREAKERS

FOREWORD

1) The formal decisions or agreements of the 1EC on technical matters, prepared by Technical Committees on which all the National
Committees having a special interest therein are represented, express, as nearly as possible, an international consensus of opinion

on the subjects dealt with.
2) They have the form of recommendations for international use and they are accepted by the National Committees in that
sense.

3) In order to promate international unification, the 1 EC expresses the wish that all National Committees should adopt the text of
the 1 EC recommeéndation for their national rules ini so far as national conditions will permit. Any divergence between the [EC
recommendation and the corresponding national rules should, as far as possible, be clearly indicated in the latter.

PREFACE
This standard has been prepared by Sub-Committee 17A : High-voltage Switchgear and Controlgear, of | EC Technical Commitiee
No. 17: Switchgear and Controlgear.

This forms the fourth edition of I EC Publication 56 and replaces | EC Publications 56-1, 56-2, 56-3, 56-4. 56-4A, 56-5 and 56-6
and their amendments.

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

Six Months’ Rule Reports on Voung
17A(CO)145 17A(CO)149
17A(CO)155 17A(CO)169
17A(CO)156 17A(CO)T0
17A(CO)157 17A(CO)1 71

17A(COM S9+A 17A(CO)I172
17A(CO)160 17TA(CO)167
17A(CO)161 17A(CO)165
17A(CO)173 17A(CO)83+A
17A(CO)174 17A(COM 84H+A
17A(CO)175 17A(CO)185+A
17A(CO)176, I, 11, HII 17A(CO)91L
17A(CO)177 17A(CO)186+A
17A(CO)178 17A(CO)187+A
17A(CO)179 17A(CO)188
17A(CO)180 17A(CO)190
17A(CO)181 17A(CO)192
17A(CO)195 17A(C0)201

Further information can be found in the relevant Reports on Voting, indicated in the table above.

The supplementary sub-clauses are numbered from 101_onwards. The appendices and their figures are named, AA, BB, etc.

The following 1 E C publications are quoted in this standard :
Publication Nos. 50(151) (1978): Internativnal Electrotechnical Vocabulary (IEV), Chapter 151: Electrical and Magnetic

Devices.
50(441) (1984): Chapter 441: Switchgear, Controlgear and Fuses.
50(604) (1986): Chapter 604: Generation, Transmission and Distribution of Electricity: Operation.
60-1 (1973): High-voltage Test Techniques, Part 1: General Definitions and Test Requirements.

68-2-5 (1975): Basic Environmental Testing Procedures, Part 2: Tests — Test Sa: Simulated Solar Radia-
tion at Ground Level.
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68-2-17 (1978):
71-2 (1976):
77 (1968):

129 (1984):
137 (1984):
185 (1966):
296 (1982):

376 (1971):
427 (1973):
694 (1980):

—_0 —

Test Q: Sealing.

Insulation Co-ordination, Part 2: Application Guide.
Rules for Electric Traction Equipment.

Alternating Current Disconnectors and Earthing Switches.
Bushings for Alternating Voltages Above 1000 V.
Current Transformers.

Specification for Unused Mineral Insulating Oils for Transformers and Switchgear.

Specification and Acceptance of New Sulphur Hexafluoride.
Report on Synthetic Testing of High-voltage Alternating Current Circuit-breakers.
Common Clauses for High-voltage Switchgear and Controlgear Standards.
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HIGH-VOLTAGE ALTERNATING-CURRENT
CIRCUIT-BREAKERS

CHAPTER I: SERVICE CONDITIONS, DEFINITIONS, RATING,
CONSTRUCTION AND DESIGN

1. Scope

This standard is applicable to a.c. circuit-breakers designed for indoor or outdoor installation and
for operation at frequencies up to and including 60 Hz on systems having voltages above
1000 V.

It is only applicable to three-pole circuit-breakers for use in three-phase systems and single-pole
circuit-breakers for use in single-phase systems. Two-pole circuit-breakers for use in single-phase
systems are subject to agreement between manufacturer and user.

This standard is also applicable 1o ihe operating devices of circuit-breakers and to their auxiliary
equipment. However, a circuit-breaker with a closing mechanism for dependent manual operation
is not covered by this standard, as a rated short-circuit making-current cannot be specified, and
such dependent manual operation may be objectionable because of safety considerations.

This standard does not cover circuit-breakers intended for use on motive power units of electrical
traction ‘equipment; these are covered by IEC Publication 77: Rules for Electric Traction

Equipment.
Circuit-breakers for use with overhead lines which include senes capacitors are not within the
scope of this standard.

Note. — Tésts to prove the performance under abnormal conditions should be subject 10 agreement between manufacturer
arid user. Such abnormal conditions are, for instance, cases where the voltage is higher than the rated voliage of the
cifcuit-breaker, conditions which may occur due to sudden loss of load on long lines or cables.

This standard is not necessarily applicable to circuit-breakers for special conditions, for example.
those produced by two earth faults on two different phases one of which occurs on one side of the
circuit-breaker and the other on the other side,

2. Normal and special service conditions

Claus¢ 2 of LEC Publication 694: Common Clauses for High-voltage Switchgear and Controlgear
Standards, is applicable.

3. Definitions
In this clause reference is made to definitions in the following publications of the International
Electrotechnical Vocabulary (IEV):
— 50(131) (1978): Chapter 151: Electrical and Magnetic Devices,
— 50(441) (1984): Chapter 441: Switchgear; Controlgear and Fuses, 8
— 50(604) (—):  Chapter 604: Generation, Transmission and Distribution of Electricity:
Operation (being printed).
For the purpose of this standard, the following definitions are applicable.

310l General terms

3.101.1 Switéhgear and controlgear (441-11-01)
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1.101.2 Indoor switchgear and controlgear (441-11-04) i ’2;’-?47 I
ioa 2s '
: ; ﬁf IR s , < (a: (,/’
3.101.3  Outdoor switchgear and controlgear (441-11-05) ;__7”'7“77- J“m”: MEDNANNIRAINATTY
. 2

3.101.4  Short-circuit current (441-11-07)

3.101.5 Isolated neutral system

A system which has no intentional connection to earth except through indicating, measuring or
protective devices of very high impedance.

3.101.6 Resonant earthed system; system earthed through an arc-suppression coil

A system in which the neutral is earthed through a reactor, the reactance having a value such that
during|a single phase-to-earth fault, the power frequency inductive current passed by this reactor
substamlally neutralizes the power frequency capacitive component of the earth-fault current.

e AR 58 T YD

Note. — With resonant earthing of a system, the residual current in the fault is limited 1o such an extent that an arcing fault
in air is usually self-extinguishing.

3.101.7 Earthed neutral system
A system in which the neutral is connected to earth, either solidly, or through a resistance or
reactanice of a value low enough to reduce materially any transient oscillations and to improve the
conditijons for selective earth-fault protection.

3.101.8 Eari*th fault factor

Ata sclected location of a three-phase system (generallv the point of installation of an equipment)
and for a given system configuration, the ratio of the highest r.m.s. phase-to- earth power-frequency
voltage on a sound phase during a fault to earth (affecting one or more phases at any point) to the
r.m.s. phase-to-earth power-frequency voltage which would be obtained at the selected location
without the fault.

Notes 1. '— This factor is a pure numerical ratio (higher than 1) and characterizes in general terms the earthing conditions of a
system as viewed from the stated location, independently of the actual operating values of the voltage at that
location.

The “earth fault factor” is the product of y3 and the “factor of earthing” which has been used in the past.

2. — The earth fault factors are calculated from the phase-sequence impedance components of the system, as viewed
from_ the selected location, using for any rotating machines the subtransient reactances.

3 L If. for all credible system configurations. the zero-sequence reactance is less than three times the positive-
sequence reactance and if the zero-sequence resistance does not exceed the positive-sequence reactance, the earth
fault factor will not exceed 1.4.

3.101.9 Ambient air temperature (441-11-13)

3.101.10 Temperature rise (of a part of a circuit-breaker) }
The dlfference between the temperature of the part and the ambient air Lemperature

ﬁ 3.101.11 Smgle capacitor bank

g A bahk of shunt capacitors in which the inrush current is limited by. the inductance of the supply
SYStem‘ and the capacitance of the bank of capacitors being energized, there being no other

3 Capac1tbrs connected in parallel to the system sufficiently close to increase the inrush current
apprec;ably

'
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3.101.12 Multiple (parallel) capacitor bank (back-to-back capacitor bank)
Al bank of shunt capacitors or capacitor assemblies each of them switched independently to the
supply system, the inrush current of one unit being appreciably increased by the capacitors already
connected to the supply. .

3.101.13 Overvoltage (in a system) (604-03-09)
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.

3.101.14 Out-of-phase conditions e
Abnormal circuit conditions of loss or lack of synchronism between the parts of an electncal
system on either side of a circuit-breaker in which, at the instant of operation of the circuit-breaker,
the dhase angle between rotating vectors, representing the generated voltages on either side, exceeds

the normal value and may be as much as 180" (phase opposition).

3.101.15 Out-of-phase (as prefix to a characteristic quantity)

A qualifying term indicating that the characteristic quantity is applicable to operation of the
circuit-breaker in out-of-phase conditions.

310116 Unit test
A tjest made on a making or breaking unit or group of units at the making current or the breaking
current, specified for the test on the complete pole of a circuit-breaker and at the appropriate
fractgfon of the applied voltage. or the recovery voltage, specified for the test on the complete pole of
the cjrcuit-breaker.

310117 Loop
The part of the wave of the current embraced by two successive current zero crossings.

;

Note. — A distinction is made between a major loop and a minor loop depending on the time interval between two successive
; current zero crossings being longer or shorter than the half-period of the altematmg component of the current.

- 3.101.18  Short-line fault
A sihort-c\lrcult on an overhead line at a short, but significant, distance from the terminals of the

circuit-breaker.

Note. 4 As a rule this distance is not more than a few kilometres.
i

3.101.19 Power factor (of a circuit)
Thé ratio of the resistance to the impedance at power frequency of an equivalent circuit supposed
to be/formed by an inductance and a resistance in series.

3.101.20 External insulation (604-03-02)
Thie distances in air and the surfaces in contact with open air of§olidinsulation of the equipment,
which are subject to dielectric stresses and to the effects of atmospheric and other external condi-
E tions jsuch as pollution, humidity, vermin, etc.

2310121 Internal insulation (604-03-03)
‘E* Th¢ internal solid, liquid or gaseous parts of the insulation of equlpment which are protected
: from the effects of atmospheric and other external conditions.
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3.101.22 Self-restoring insulation (604-03-04)
Insulation which completely recovers its insulating properties after a disruptive discharge.

3.101.23 Non-self-restoring insulation (604-03-05)

Insulation which loses its insulating properties, or does not recover them completely, after a
disruptive discharge.

3.101.24 Disruptivé discharge
Phenomenalassociated with the failure of insulation under electric stress, in which the discharge
completely brildges the insulation under test, reducing the voltage between the electrodes to zero or
nearly to zero,

Notes 1. — This t{:rm applies to discharges in solid, liquid and gaseous dielectrics and to combinations of these.

2. — A disruptive discharge in a solid dielectric produces permanent loss of dielectric strength (non-self-restoring
insulaéion); i a liquid or gaseous dielectric, the loss may be only temporary (self-restoring insulation).

3. — The térm “sparkover” is used when a disruptive discharge occurs in a gaseous or liquid dielectric. The term
“flashover” isiused 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.

3.102 Switching devices
3.102.1 Switching ;ievice (441-14-01)

3.102.2 Mechanical switching device (441-14-02)
3.102.3 Circuit-bréaker (441-14-20)

3.102.4 Dead tank circuit-breaker (441-14-25)

3.102.5 Live tank circuit-breaker (441-14-26)

3.102.6  Air circuit-breaker (441-14-27)

3.102.7 Oil circuit-breaker (441-14-28)

3.102.8 Vacuum ci‘jrcuit-breaker (441-14-29)

3.102.9 Gas-blast qj‘ircuit-jbreaker (441-14-30)

3.102.10 Sulphur Hjexaﬂuoride circuit-breaker (441-14-31)
3.102.11  Air-blast Lircuit-breaker (441-14-32)

3.102.12  Restrike-free circuit-breaker
A circuit-breaker that interrupts without restrike during tf&i¢apacitive current-breaking test
duties speciﬁeh in this standard.

|
3.103  Parts of circuit-breakers

3103.1 Pole (441-*5-01)‘

‘ \
3.103.2  Main circziiit (441-15-02)
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3.103.3
3.103.4
3.103.5
3.103.6
3.103.7
3.103.8
3.103.9
3.103.10
3.103.11
3.103.12
3.103.13
3.103.14
3.103.15
3.103.16
3.103.17
3.103.18

3.103.19

Two or more conductors designed to ensure permanent circuit continuity when forced together

by

3.103.20

A compobent provided for the connection of a circuit-breaker to external conductors.

3.103.21

A part of F circuit-breaker which in itself acts as a circuit-breaker and which in series with one or

more identical and simultaneously operated making or breaking units forms the complete circuit-

Control ¢ircuit (441-15-03)

Auxiliar}jz circuit (441-15-04)

Contact 3(441-1‘5-05)

Contact piece (441-15-06)

Main coﬁtact (441-15-07)

Arcing contact (441-15-08)

Cbntrol %ontact '(441-15-09)
Auxiliab contact (441-15-10)
Auxilia};v switch (441-15-11)
“a” cof}tact. make contact (441-15-12)
“p" contact, break contact (441-15-13)
Sliding|contact (441-15-15)

Rolling contact (441-15-16)

Release% (441-15-17)

Are control device (441-15-18)

Positio)ﬁ indicating device (indicator) (441-15-25)

Connedjtion (bolted or the equivalent)

means of screws, bolts or the equivalent.

Terminal (151-01-03)

(Makiri;g or breaking) unit

breaker.

Notes I. —

2, — Th*j: means controlling the voltage distribution between units may differ from unit to unit.
|

3.103.22 Modul } (of a pole of a circuit-breaker)

An assembly which generally comprises making or breaking units, post-insulators and mechani-
cal parts and which is mechanically and electrically connected to other identical assemblies to form

a pole of a circuit-breaker.

- 19 —

Malking units and breaking units may be separate or combined. Each unit may have several contacts.
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3.104 0perati0n§

3.104.1
3.104.2
3.104.3
3.104.4
3.104.5
3.104.6
3.104.7
3.104.8.
3.104.9
3.104.10

3.104.11

Operation (441-16-01)

|
Ope,ratng cycle (441-16-02)
Operating sequence (441-16-03)
Closing operation (441-16-08)
Opening|operation (441-16-09)
Auto- recjlosing i(441-16-10)
Positive opening operation (441-16-11)
Positively driven operation (441-16-12)

Dependent manual operation (441-16-13)

Dependent power operation (441-16-14)

Stored %nergy‘ operation

An opera:[on by means of energy stored in the mechanism itself prior to the switching operation
and sufficient to complete the specified operating cvcle under predetermined conditions.

3.104.12.

3.104.13

3.104.14

3.104.15.

3.104.16
3.104.17

3.104.18

I ndepe?ndent manual operation (441-16-16)
Closed iposition (441-16-22)

Open position (441-16-23)

Fixed trip circuit-breaker (441-16-30)
Trip-free circuit-breaker (441-16-31)

Instantaneous release (441-16-32)

Making-current release

A release which permits a circuit-breaker to open, without any intentional time delay, during a
closing operation, if the making current exceeds a predetermined value, and which is rendered .
inoperative when the circuit-breaker is in the closed position.

3.104.19
3.104.20
3.104.21

3104.22

Over-current release (441-16-33)
Definite time-delay over-current release (441-16-34)
Inverse|time-delay over-current release (441-16-35)

Direct ¢ ver-czérrent release (441-16-36)
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3.104.23 Indire

Shunt

3.104.24
3.104.25
3.104.26
3.104.27 Opera
3.104.28 Curr?
3.104.29 Curre
3.104.30 Anti-f
3.104.31 Inter!
3.104.32
3.105 Characte

Rated

A quant
a compond

3.105.1

3.105.2 Prospe

3.105.3 Prospe

The pea
following

Note. — The
tran

cac

— 23 —
ct over-current release (441-16-37)

release (441-16-41)

Under-voltage release (441-16-42)  *

Reverive current release (d.c. only) (441-16-43)

ting current (of an over-current release) (441-16-45)

nt settfng (of an over-current release) (441-16-46)

nt setting range (of an over-current release) (441-16-47)
yumping device (441-16-48)

ocking device (441-16-49)

Circuit-breaker with lock-out preventing closing (441-14-23)

ristic quantities of circuit-breakers*

alue (151-04-03)
ity value assigned, generally by a manufacturer, for a specified operating condition of
nt, device or equipment.

~trve current (of a circuit and with respect 10 a circuit-breaker) (441-17-01)

ctive peak current
k value of the first major loop of the prospective current during the transient period
nitiation.

definition assumes that the current is made by an ideal circuit-breaker, i.c. with instantaneous and simultaneous
sition of its impedance across the terminals of each pole from infinity to zero. The peak value may differ from

one l“pole: to another; it depends on the instant of current initiation relative to the voltage wave across the terminals of

pole.

3.105.4 Peak czilrrent

The pea
initiation.

3.105.5 Prospec
3.105.6  Maxim

3.105.7  Prospe

* Figures 1 t
Time quan
the power
In the case
quantities
resistors.

Unless oth

k value of the first major loop of current during the transient period following

'tive symmetrical current (of an a.c. circuit) (441-17-03)
um prospective peak current (of an a.c. circuit) (441-17-04)

-tive making current (for a pole of a circuit-breaker) (441-17-05)

2) 7 (pages 90 to 97) illustrate some definitions of this sub-clause.
itities, see definitions 3.105.32 to 3.105.45, are expressed in milliseconds or in cycles. When expressed in cycles.
frequency should be stated in brackets.

+ of circuit-breakers incorporating switching resistors, a distinction is made, where applicabl
associated with the contacts switching the full current and the contacts switching the current limited by switching

e, between time

erwise stated the time quantities referred to are associated with the contacts switching the full current.
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(Peak) waking current
The peak valu of the first major loop of the current in a pole of a circuit-breaker during the
,ransient period following the initiation of current during a making operation.

M""s 1. — Theé peak value may differ from one pole to another and from one operation to another as it depends on the instant
. of current initiation relative to the wave of the applied voltage.

2. — Where, for a polyphase circuit, a single value of (peak) making current is referred to, this is, unless otherwise
staﬁed, the highest value in any phase.

\
3.105.9 Prospective breaking current (for a pole of a circuit-breaker)
. The prospective current evaluated at the instant corresponding to the initiation of the arc during

4 breaking process.

3.105.10 Breaki+g current (441-17-07)

3.105.11 Critica) (breaking) current
A value of breaking current, less than rated short-circuit breaking current, at which the arcing

time is a maximum and is significantly longer than at the rated short-circuit breaking current.

3.105.12 Breaking capacity* (441-17-08)

3.105.13 Line-charging (line off-load) breaking capacity
A breaking capacity for which the specified conditions of use and behaviour include the opening

of an overhead line operating at no load.

3.105.14 Cable-charging (cabie off-load; breaking capacity
A breaking capacity for which the specified conditions of use and behaviour include the opening
of an insulated cable operating at no load.

3.105.15 Capacitor bank breaking capacity
A breaking capacity for which the specified conditions of use and behaviour include the opening

of a capacitor bank.
| 3.105.16 Making capacity™® (441-17-09)

b 3.105.17 OQut-of-phase (making or breaking) capacity
A making lor breaking capacity for which the specified conditions of use and behaviour include
the loss or the lack of synchronism between the parts of an electrical system on either side of the

circuit-breaker.

3.105.18  Short-ci
3.105.19  Short-ci

3.105.20  Short-ti

reuil making capacity (441-17-10)
reuit breaking capacity (441-17-11) o

ne withstand current (441-17-17)

* Note concerning the rated values:
In English, the terms *'rated making current” and “rated breaking current” are being used where formerly “rated making

capacity” and
In French, the

“rated l{rcuking capacity” were used, the intended meaning being adequately conveyed by the use of “rated”.
terms “*pouvoir de fermeture assigné” and “pouvoir de coupure assigné” continue to be used.
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3 105.21 Peak withstand current (441-17-18)
3,105-22 Applied voltage (441-17-24)
3 105.23 Recovery yoltage (441-17-25)
- 3.105.24 Transient recovery voltage (TRV) (441-17-26)
3.105.25 Prosp ective transient recovery voltage (of a circuit) (441-17-29)
. 3.105.26 Power frequency recovery voltage (441-17-27)
3.105.27 Peak|arc voltage (441-17-30)
3.105.28 Clearance (441-17-31)
3.105.29 Clearance between poles (441-17-32)
3.105.30 Clearance o earth (441-17-33)
3.105.31 Clearance between open contacts (441-17-34)
3.105.32 Opening time
The opening time of a circuit-breaker is defined according to the tripping method as stated below
and with |any time delay device forming an integral part of the circuit-breaker adjusted 1o 1ts
minimum setting:

a) For a gircuit-breaker tripped by any form of auxiliary power, the opening time is the interval of
time between the instant of energizing the opening release, the circuit-breaker being in the closed
position, and the instant when the arcing contacts have separated in all poles.

b) For a circuit-breaker tripped by a current in the main circuit without the aid of any form of
auxiliary power, the opening time is the interval of time between the instant at which, the
circuit-breaker being in the closed position, the current in the main circuit reaches the operating
value of the overcurrent release and the instant when the arcing contacts have separated in all
poles.

Notes 1. — The ope;ning time may vary significantly with the breaking current.

2. — For circuit-breakers with more than one interrupting 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.
3. — The opening time includes the operating time of any auxiliary equipment necessary 10 open the circuit-breaker

and forming an integral part of the circuit-breaker.

ng time (441-17-38)

3.105.34  Break time (441-17-39)

The in
position,

Note. — The closing

fo

3.105.35 Closing time

terval of time between energizing the»closing circuit, the circuit-breaker being in the open
and the instant when the contacts touch in all poles.

time includes the operating time of any auxiliary equipment necessary 10 close the circuit-breaker and
rming ah integral part of the circuit-breaker.
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5,36 Make timg
The interval of time between energizing the closing circuit, the circuit-breaker being in the open
and the instant when the current begins to flow in the first pole.

3.10

pOSitiona
The make time includes the operating time of any auxiliary equipment necessary to close the circuit-breaker. and
forming an integral part of the circuit-breaker.

2, — The make tim¢ may vary due to the variation of the pre-arcing time.

Notes 1. —

5.37 Pre-arcing time '
| of time between the initiation of current flow in the first pole during a closing
the instant when the contacts touch in all poles.

3.10 '
The interva

operation and

Notes 1. — The pre-arcing time depends on the instantaneous value of the applied voltage during a specific closing operation

and therefore may vary considerably.
2. — This definition for pre-arcing time for a circuit-breaker should not be confused with the definition for pre-arcing

time for a fuse.

3.105.38 Open-close time (during auto-reclosing)
The interval of time between the instant when the arcing contacts have separated in all poles and
the instant when the contacts touch in the first pole during a reclosing operation.

3.105.39 Dead time (during auto-reclosing)
The interval of time between final arc extinction in all poles in the opening operation and the first
re-establishment of current in any pole in the subsequent closing operation.

|
Note. — The dea# time thay vary due to the variation of the pre-arcing time.
|

3.105.40 Reclosing time
The interval of time between the beginning of the opening time and the instant when the contacts

touch in all p‘ les during a reclosing operation.

| 3.105.41 Re-make time (during reclosing)
The interval of time between the beginning of the opening time and the first re-establishment

of current in any pole in the subsequent closing operation.
|

|
Note. — The rc-v#ake tirhe may vary due to the variation of the pre-arcing time.

» 3.105.42 Close-op#n time
? The interval of time between the instant when the contacts touch in the first pole during a closing
operation and the instant when the arcing contacts have separated in all poles during the subsequent

opening operation.

Note. — Unless otherwise stated, it is assumed that the opening release incorporated in the circuit-breaker is energized at the
instant when the contacts touch in the first pole during closing?This represents the minimum close-open time.

\
|
3.105.43  Make-break time
The inte ‘al of time between the initiation of current flow in the first pole during a closing

AT

operation anr the end of the arcing time during the subsequent opening operation.
|
|
|
|
|
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| Unless otherwise stated, it is assumed that the opening release of the circuit-breaker is energized one half-cycle
after current begins to flow in the main circuit during making. It should be noted that the use of relays with shorter
operating times may subject the circuit-breaker to asymmetrical currents that are in excess of those provided for
in Sub-clause 6.106.5.

2. + The make-break time may vary due to the variation of the pre-arcing time.

1.105.44 Minimum trip duration
The minimum time the auxiliary power has to be applied to the opening release to ensure
complete opening of the circuit-breaker. :

3.105.45 Minimum close duration

The minimum time the auxiliary power has to be applied to the closing device to ensure complete -
closing of the circuit-breaker.

3.105.46 Re-ignition (441-17-45)

gt

1.105.47 Restrike (441-17-46)

3.105.48 Nor

mal current

The current which the main circuit of a circuit-breaker is capable of carrying continuously under

specified

3.105.49 Pea

The rd
carth of

Note. — Th

conditions of use and behaviour.

k factor (of the line transient voltage)

tio between the maximum excursion and the initial value of the line transient voliage to
a phase of an overhead line after the breaking of a short-line fauit current.

e initial value of the transient voltage corresponds to the instant of arc extinction in the pole considered.

3.105.50 First-poleito-clear factor (of a three-phase system, at the location of a circuit-breaker)
The ratio of the power frequency voltage between the sound phase and the other two phases

during a
- breaker,
short-cir:

two-phase short-circuit, which may or may not involve earth, at the location of the circuit
to the phase-to-neutral voltage which would be obtained at the same location with the
cuit removed.

3.105.51 Insulation level (604-03-46)

For a
withstan

circuit-breaker a characteristic defined by one or two values indicating the insulation
d voltages.

3.105.52  Power frequency withstand voltage (604-03-39)

The r.

m.s. value of sinusoidal power frequency voltage that the circuit-breaker can withstand

during tests made under specified conditions and for a specified time.

3.105.53  Impulse withstand voltage
The peak value of the standard impulse voltage wave which the insulation of the circuit-breaker

withstan

ds under specified test conditions.

Note. — Depending on the shape of wave, the term may be qualified as “switching impulse withstand voltage™ or “lightning
impulse withstand voltage”.
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1106 [Index of definitions
A

wghcontact ... 3.103.12
Air-blast circuit-breaker . . .. ... 3.102.11
Air circuit-breaker ... ... 3.102.6
Ambient air temperature . . ., . . 3.101.9
Anu',pumping evice . . ... .... 3.104.30
Applied voltage . ........... 3.105.22
Arcingeontact . . . .. ... ... .. 3.103.8
Arcing time J ............. 3.105.33
Arc control device . . ... ... .., 3.103.17

. Auto-reclosing L ............ 3.104.6
Auxiliary circuit . .. ..., 3.103.4
Auxiliary conta'tt ........... 3.103.10
Auxiliary switch . . .. .. ... .. 3.103.11

B
“b"” contact . T 3.103.13
Breaking capacity . .. ... .. . .. 3.105.12
Breaking currenj ........... 3.105.10
Break time . . .. ... ...... . . 3.105.34
C
A Cable-charging (cable off-load)

' breaking capacity . . . ... ... . . 3.105.14
Capacrior bank breaking capacity . . 210515
Circwit-breaker |, . . .. . . 11023

t Circunt-breaker with lock-out
prevenuing closing . ... ... . .. 3.104.32

| Clearance . . .|.......... .. 3.105.28
Clearance between open contacts . . 3.105.31
Clearance between poles . . . . . . . 3.105.29

{ Clearance toearth . ... ... ... 3.105.30
Closed position | . . ......... 3.104.13
Close-open time | . . ... ... ... 3.105.42
Closing operation . . .. ....... 3.104.4
Closing time . . | ... ... ... . . 3.105.35
Critical (breaking) current . . . . . . 3.105.11

§ Connection (bolted or the equi-
valent) L 3.103.19

fContact .. ... .. ... ... 3.103.5

¥ Contact piece . |. ... ... .. .. 3.103.6

. Control circuit | . ... .. ... .. 3.103.3

5.,[ Control contact .. ... ... ... 3.103.9

- Current setting .. ... ... ... .3.104.28
Current setting range . . ... ... . T —3104.29

!

D
cad tank circuit-breaker . . . . . . 3.102.4
ead time (during‘ auto-reclosing) 3.105.39

Definite time delay over-current
release
Dependent manual operation . . . .
Dependent power operation . . . . .
Direct over-current release
Disruptive discharge . ... .. ...

Earthed neutral system . ... .. ..
Earth fault factor . .. ... ... . .
External insulation . ... ... ...

First-pole-to-clear factor . . . ... .
Fixed trip circuit-breaker

G

Gas-biast circuit-breaker . . . . . . |

I

Independent manual operation
Impulse withstand voltage . . . . . .
Indircct over-current release

Indoor switchgear and controlgear
Instantancous release . . ... ..
Insulation level
Interlocking device . . . . ... . ..
Internal insulation
Inverse time-delay over-current
release

Line-charging (line off-load) breaking
capacity

Loop ..................

Main circuit .. ... ... ... . ..
Main contact
Make-break time
Make-time . . ... ..........

Making capacity
(Peak) Making current ... ... ..
Making-current release . . ... ...
Maximum prospective peak current
Mechanical switching device

3.104.20
3.104.9

3.104.10
3.104.22
3.101.24

3.101.7
3.101.8
3.101.20

3.105.50
3.104.15

3.102.9

3.104.12
3.105.53
3.104.23
3.101.2

3.104.17
3.105.51
3.104.31
3.101.21

3.104.21
3.101.5

3.105.13
3.102.5
3.101.17

3.103.2
3.103.7
3.105.43
3.105.36
3.105.16
3.105.8
3.104.18

3.105.6
3.102.2
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Minimum close durgtipn ...... 3.105.45 Prospect%ve peak current . . . . . .. 3.105.3
Minimum trip duranon. S 3.105.44 Prospecgve symrpemcal current . . 3.105.5
Module (of a pole of a circuit- Prospective transient recovery .
preaker) - - sttt 3.103.22 wvoltage . ................ 3.105.25
Multiple (parallel) capacitor bank . 3.101.12
R
N
Ratedvalue .............. 3.105.1
Non-self restoring insulation . . . . 3.101.23 Reclosingtime . ........... 3.105.40
Normal current . ... .. ... .. 3.105.48 Recovery voltage . . ... e 3.105.23
Re-ignition . . ... ......... 3.105.46
(0] Re-make time (during reclosing) . . 3.105.41
) Release . ... ... ... ....... 3.103.16
oil ‘:r:l‘:) lst;btri:ic(iluxzil;g.a;.lt. 0; e 31027 Resonant earthed system . ... .. 3.101.6
gcpleosing) T 3.105.38 ﬁestqke R R 3.105.47
. A0 . e 3.104.5 estrike-free circuit-breaker . . . . . 3.102.12
Opcnfng qpe 3.105.32 Reverse current release . . . . . .. 3.104.26
g::glgﬁ:il:i%; N 3' 10 4'1 4 Rollingcontact . ........... 3.103.15
Operating current (of an over- S
currentrelease) . .. ... ... ... 3.104.27
Operatingcycle |. .. ... ... .. 3.104.2 Self-restoring insulation . . ... .. 3.101.22
Operating sequence . . . . ... ... 3.104.3  Short-circuit breaking capacity . . . 3.105.19
Operation . . .|. .« v v v v e v .. 3.104.1 Short-circuit current . . . . ... .. 3.101.4
Ogetdoor switchgear and controlgear 3.101.3 Short-circuit making capacity . . . . 3.105.18
Qut-of-phase (as prefix to a character- Short-line fault . .. ... ...... 3.101.18
g isticquantity) .. .. ... ... 3.101.15  Shorn-time withstand current . . . . 3.105.20
¥ Out-of-phase (making or breaking) Shuntrelease . . . ... ... .. 300424
CaPACILY . . . e e e e e 3.105.17 Single capacitor bank . . . . ... .. 310011
Out-of-phase conditions . . ... .. 3.101.14 Sliding contact . . .......... 3.103.14
Over-current release .. ... .... 3.104.19 Stored energy operation . ...... 3.104.11
& Overvoltage . .. ........... 3.101.13  Sulphur hexafluoride circuit-breaker 3.102.10
’ Switchgear and controlgear . . . .. 3.101.1
P Switching device . .. ........ 3.102.1
| Peak arc voltage| . .......... 3.105.27 T
Peakcurrent . ... .......... 3.105.4
Peak factor (of the lineitransient Temperature rise (of a part of a
Fovoltage) . ... 3.105.49 circuit-breaker) . ........... 3.101.10
'§ Peak withstand current . . . .. ... 310521 Termimal . .. ............. 3.103.20
FPole ... . . ... ... .. .. 3.103.1  Transient recovery voltage ... .. 3.105.24
& Position indicating device . . . . . . 3.103.18  Trip-free circuit-breaker . . ... .. 3.104.16
+ Positively driven| operation . . . . . 3.104.8
E }l:ositive opening loperation . . . .. 3.104.7 U
¥ Power factor (of a circuit) ... ... 3.101.19 "
% Power frequency [recovery voliage . 3.105.26 If\/x;d;r -voltage rclz(lg a:)eUr.li 1 """ ; ig;;?
" Power frequency |withstand voltage . 3.105.52 ( aking or breaxing) Lit - . - - - )
1 L Unittest .. ... ... 3.101.16
Pre-arcing time |. .. ......... 3.105.37
Prospective breaking current . ...  3.105.9 v
/@ Prospective current . .. .. ..... 3.105.2
-4 Prospective making current . . . .. 3.105.7 Vacuum circuit-breaker . ... ... 3.102.8
[
|




I 40 1EC 1987

4.

4

Rating

- 37 —

A circuit-breaker in correct condition of maintenance and adjustment shall be able to withstand
all stresses that occur in service provided that these do not exceed its rated characteristics.

The charact

eristics of a circuit-breaker, including its operating devices and auxiliary equipment,

that shall be used to determine the rating are the following:

(A) Rated characteristics to be given for all circuit-breakers

a)
b
¢
d)
e)
f)
g

h)

Rated insu

Rated no

release.

i)
J)

k) Rated sho

/)

Rated voltage.

lation level.

Rated frequency,

al current.

Rated short-time withstand current.

Rated peak withstand current.

Rated duration of short circuit, for circuit-breakers not fitted with direct over-current
Rated supply voltage of closing and opening devices and of auxiliary circuits.

Rated supply frequency of closing and opening devices and of auxiliary circuits.

Rated pressures bf compressed gas supply for operation and for interruption, if applicable.

-circuit breaking current.

Rated transient recovery voltage for terminal faults.

m) Rated short-circyiit making current.
n) Rated operating sequence.

(B) Rated characteristics to be given in the specific cases indicated below

o) Rated char
connection
12.5 kA rat

acteristics for short-line faults, for three-pole circuit-breakers designed for direct
to overhead transmission lines and rated at 52 kV and above and at more than
ed short-circuit breaking current.

p) Rated lineicharging breaking current, for three-pole circuit-breakers intended for switching

overhead t

ransmission lines and rated at 72.5 kV and above.

(C) Rated characteristics to be given on request

9
r)
5)
t)
u)
v)
w)

Rated back
Rated capg
Rated sma
Rated time

Rated voltagé |-~

Rated out-pf-phdse breaking current.
Rated cable-charging breaking current.
Rated single cap:itcitor bank breaking current.

-to-back capacitor bank breaking current.
citor bank inrush making current.

Il inductive breaking current.

quantities.

b

Sub-clause 4.1 of [ EC Publication 694 is applicable.

Note. — The rate

Rated insulatic

i voltage 27 kV is also used in the United States of America and Canada.

n level

Sub-clause 4.2 of IEC Publication 694 is applicable.
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voltages up to and including 72.5 kV

Sub-clause 4.2.1 including Table I of IEC Publication 694 is applicable with the exception of

columns (3
For serie
only), Tabl

14.2.2  For rated v

, (5), (7) and the note and with the following addition;

s IT (based on current practice in the United States of America and Canada, for 60 Hz
e I is applicable:

TABLE I

Series II (based on current practice in the United States
of America and Canada, for 60 Hz only)

Rated power frequency
Rated lightning withstand voltage
impuise withstand (r.m.s. value)
voltage To earth, between
Rated voltage
U (peak value) pole; anq across open
(r.m.s. value) To earth, circuit-breaker
T between poles
and across open 1 min 10s
circuit-breaker dry wet
test test*
(kV) kV) (kV) (kV)
1 (2) (3) 4)
4.76 60 19 -
8.25 95 36 -
15.0 95 36 -
15.5 110 50 45
25.8 and 27.0 150 60 50
38.0 2007150 80 75
48.3 250 105 95
72,5 350 160 140

* Applicable only to outdoor circuit-breakers. Test requirements are given in
I EC Publication 60-1: High-voltage Test Techniques, Part | : General Defi-
nitions and Test Requirements.

** Applicable only to indoor circuit-breakers.

oltages from 100 kV to 245 kV

Sub-clause 4.2.2 including Table III of I EC Publication 694 is applicable with the exception of

columns (3),

14.2.3  Rated volta

(5) and the note.

ges 30O kV and above

Sub-clause 4.2.3 ﬁof IEC Publication 694 is applicable with the following addition:

. The standard vaLue of rated switching impulse withstand voltage across the open circuit-breaker
Is given in columnj(S) of Table IV of IEC Publication 694. However, for special circuit-breakers

intended for

use in synchronizing operation simultaneously with a substantial switching surge, such

as from the line energization, the insulation of a standard circuit-breaker may be insufficient. In
Such cases which are subject to agreement between manufacturer and user, it is suggested either to

use a standa

rd cirduit-breaker having a higher rated voltage or to use a special circuit-breaker,

Increasing the seveﬁty of the test with the circuit-breaker open. In this last case, the rated switching
!Mpulse withstand ﬁvoltage across the open circuit-breaker is given in column (6) of Table IV of
TEC Publication 694.
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3 3 Ratedfrequency
. Sub-clause|4.3 of IEC Publication 694 is applicable.

44 Rated normal current and temperature rise
Sub-clauses 4.4.1 and 4.4.2 of IEC Publication 694 are applicable with the following
additions:
The values of rated normal currents shall be selected from the following standard values:

400 A; 630 A; 800 A; 1250 A; 1600 A; 2000 A5 2500 A; 3 150 A; 4000 A; 5000 A; 6300 A.

Note. — The above valugs are selected from the R 10 series, and, if required, higher values than those shown should also be

selected from this series. T

If the circuit-breaker is fitted with a series connected accessory, such as a direct over-current
release, the rated normal current of the accessory is the r.m.s. value of the current which the
accessory shall be zﬁble to carry continuously without deterioration at its rated frequency, with a
temperature Tise not exceeding the values specified in Table V of [EC Publication 694,

Current transformers shall comply with 1EC Publication 185: Current Transformers.

45 Rated short-time u'iqhstand current

Sub-clause 4.5 of |EC Publication 694 is applicable with the following addition:

The rated short-time withstand current is equal 1o the rated short-circuit breaking current
(see Sub-clause 4.101).

4.6 Rated peak withstand current
“ Sub-clause 4.6 of I EC Publication 694 is applicable with the following addition:

The rated peak withstand current is equal to the rated short-circuit making current (see Sub-
clause 4.103).

4.7 Rated duration of short-circuit

Sub-clause 4.7 of IEC Publication 694 is applicable with the following addition:

A rated duration of a short-circuit need not be assigned to a circuit-breaker fitted with a direct
over-current release provided that, when connected in a circuit the prospective breaking current of
which is equal to its rated short-circuit breaking current, the circuit-breaker shall be capable of
carrying the resulting current for the break-time required by the circuit-breaker with the over-
current release set for the maximum time lag, when operating in accordance with its rated operating
sequence, ‘

* 48 Rated supply voltage of closing and opening devices and auxiliary circuits

Sub-clause 4.8 of I EC Publication 694 is applicable with the following addition:
The specified upber limit of the supply voltage for a closing solenoid shall be 105% of the rated
supply voltage.

9 Rated supply frequency of closing and opening devices and auxiliary circuts

Sub-clause 4.9 of IEC Publication 694 is applicable.
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410 Rated pressurges of compressed gas supply for operation and for interruption
The values of the pressures to which the circuit-breaker is filled.
Sub-clause 4.10 of 1 EC Publication 694 is applicable to the pressure of the compressed gas supply
for operation.
No standard values are given for rated pressure of compressed gas supply for interruption.

4.101 Rated short-circuit breaking current

The rated short-circuit breaking current is the highest short-circuit current which the circuit-
breaker shall be capable of breaking under the conditions of use and behaviour prescribed in this
standard in a circuit having a power-frequency recovery voltage corresponding to the rated voltage
of the circuit-breaker and having a transient recovery voltage equal to the rated value specified in
Sub-clause 4.102. For three-pole circuit-breakers the a.c. component relates to a three-phase short-
circuit. Where applicable the provisions of Sub-clause 4.105 concerning short-line faults shall be
taken into account.

The rated short-circuit breaking current is characterized by two values:

— the r.m.s. value of its a.c. component, termed “rated short-circuit current” for shortness, and

— the percentage d.c. component.

Note. — If the d.c. component does not exceed 20%, the rated short-circuit breaking current i1s charactenzed only by the r.m.s
value of its a.c. component.

For determination of the a.c. and d.c. components, see Figure 8, page 98.

The circuit-breaker shall be capable of breaking any short-circuit current up to 1ts rated short-
circuit breaking current containing any a.c. component up to the rated value and associated with 1t
any percentage d.c. component up to that specified, under the conditions mentioned above.

The following applies to a standard circuit-breaker:

a) At voltages below the rated voltage, it will be capable of breaking its rated short-circuit breaking

current.
Note. — For circuit-breakers with rated voltages not exceeding 72.5 kV having proved rated short-circuit breaking currents I
-at jwo different rated voltages U, intermediate characteristics may be assigned from the straight line drawn between

the two proved rating points on a plot of log U versus log L. In case of doubt, tests should be carried out to check the
validity of the interpolation.

b} At voltages above the rated voltage, no short-circuit breaking current is guaranteed except to the
extent \provided for in Sub-clause 4.106.

41011 4.¢ compoﬁent of the rated short-circuit breaking current _
The r.m.s. value of the a.c. component of the rated short-circuit breaking current shall be selected
from the following values:
?.3 kA; 8KA: 10 kA; 12.5kA; 16 kA; 20kA; 25kA; 31.5kA; 40kA, 50kA; 63kA; 80 kA,
00 kA :

Note. — The above values are selected from the R 10 series, and, if required, higher values than those shown should also be
selected from this series.

4 i
1012 D.C. ¢component of the rated short-circuit breaking current
The value of the percentage d.c. component shall be determined as follows:
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a) For a cirg
form of

— 45 —

uit-breaker which can be tripped by the short-circuit current without the aid of any
uxiliary power, the percentage d.c. component shall correspond to a time interval t©

equal to the mihimum opening time of the circuit-breaker.

p) For a circuit-breaker which is intended to be tripped solely by a form of auxiliary power, the
percentage d.c. component shall correspond to a time interval T equal to the minimum opening
time of the circuit-breaker plus one-half cycle of rated frequency.

The mini
obtainable u
cycle.

The perce
values are gi
Note. — In spec

corresp
negligit
compo
percent
manufa
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* Methods of di

um opening time mentioned above is the shortest opening time of the circuit-breaker
nder any service conditions whether in a breaking operation or a make-break operating

ntage value of the d.c. component is dependent on the time interval T and standard
ven in Figure 9, page 99.

-

tial applications, for example, if a circuit-breaker is close to a generator, the percentage d.c. component
onding to the circuit-breaker opening time may be higher than the value given in Figure 9, which is based on
ble decrement of the a.c. component of the short-circuit current and on an exponential decay of the d.c.
nent to;an 80% value in 10 ms, i.e. a time constant of approximately 45 ms. In this case. the required
age d.c. component should be specified in the enquiry and testing should be subject 1o agreement between
icturer and user.

sient recovery voltage for terminal faults

transient recovery voltage (TRV) for terminal faults, relating to the rated short-circuit
rent in accordance with Sub-clause 4.101, is the reference voltage which constitutes the
prospective transient recovery voltage of circuits which the circuit-breaker shall be
reaking in the event of a short-circuit at its terminals.

tation of transient recovery voltage waves
form of transient recovery voltages vanes according 10 the arrangement of actual

ses, particularly in systems with a voltage greater than 100 kV, and where the short-
nts are relatively large in relation to the maximum short-circuit current at the point
leration, the transient recovery voltage contains first a period of high rate of rise,
1 later period of lower rate of rise. This waveform is generally adequately represented
pe consisting of three line segments defined by means of four parameters*.

ises, particularly in systems with a voltage less than 100 kV, or in systems with a voltage
100 kV in conditions where the short-circuit currents are relatively small in relation to
m short-circuit currents and fed through transformers, the transient recovery voltage
s to a damped single frequency oscillation. This waveform is adequately represented by
consisting of two line segments defined by means of two parameters*,

resentation in terms of two parameters is a special case of representation in terms of

ters. N

nce of Jocal capacitance on the source side of the circuit-breaker produces a slower rate
voltage during the first few microseconds of the TRV. This is taken into account by

2 time delay.

that e\frery part of the TRV wave may influence the interrupting capability of a circuit-
very beginning of the TRV may be of importance for some types of circuit-breakers.

rawing TRV envelopes are given in Appendix FF.

-
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This part of the TRV, called initial TRV (ITRYV), is caused by the initial oscillation of small

amplitude due to reflections from the first major discontinuity along the busbar. The ITRV is

mainly determined by the busbar and line bay configuration of the substation. The ITRV is a

physical phenomenon which is very similar to the short-line fault. Compared with the short-line

fault, the first voltage peak is rather low, but the time to the first peak is extremely short, that is

within the firstmicroseconds after current zero. Therefore the thermal mode of interruption may be
. influenced.

If the circuijt-breaker has a short-line fault rating the ITRV requirements are considered to
be covered if the short-line fault tests are carried out using a line without time delay (see Sub-
clause 6.1 TO4 5.2).

Since the ITRV is proportmnal to the busbar surge impedance and to the current, the ITRV
requirements can be neglected for metal- enclosed switchgear because of the low surge impedance
and for all switchgear with a rated short-circuit breaking current of less than 25 kA.

4.102.2 Representation of rated TRV
The fi llowinfg parameters are used for the representation of rated TRV:

a) Four-parameter reference line (see Figure 10, page 99):
u, = [first reference voltage, in kilovolts
{, = time to each u,, in microseconds
u. = second reference voltage (TRV peak value), in kilovolts
t, = time to reach u, in microseconds

¢) Delay line of TRV (see Figures 10 and 11):

tg = Lime delay, in microseconds

u’ = reference voltage, in kilovolts

¢ = time to reach «’, in microseconds

the delay line starts on the time axis at the rated time delay and runs parallel to the first section of
the reference line of rated TRV and terminates at the voltage «’ (time-coordinate ¢).

d) ITRV (see Figure 12, page 101):
u; = reference voltage (ITRV peak), in kilovolts
t; = time to reach u;, in microseconds
the rate of rise of the ITRV is dependent on the short-circuit current interrupted and its ampli-
tude depends upon the distance to the first discontinuity along the busbar. The rated ITRV is
expressed firstly as a straight line drawn between the origin and the point (i, t;) and secondly as a
horizontal straight line drawn from the point (u;, #;) to intersect the delay line of the specified

TRYV [at point A.

4.102.3 Standard values of rated TRV

Standard values of rated TRV for three-pole circuit-breakers of rated voltages below 100 kV,
make use of two parameters. Values are given in Table Il for rated voltages Series 1. Table IIB for

rated voltages Senes II is under cons1derat10n

For raﬁed voltages of 100 kV and above, four parameters are used. Values are given in Table IIC
for a first- pole+to-clear factor of 1.3 for rated voltages from 100kV to 170 kV. Table IID gives
values appropriate to a first-pole-to-clear factor of 1.5 for this range of rated voltages. Table IIE
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gives values for rated voltages of 245 kV and above.

TABLE I1a

Standard values of rated transient recovery voltage
Rated voltages Series I
Representation by two parameters— First-pole-to-clear factor 1.5

aking currents greater than 50 kA and voltages 100 kV and above, it may be justified
omical to use circuit-breakers having lower capabilities in terms of rate of rise of the
TRYV. Such cases shall be subject to agreement between manufacturer and user. '

TRV ¢
Rateg peak--- Time Time delay Voltage Time Ra.te °
voltage rise
value
U ' U t3 td u' t uc/t3
(kv ‘ (kV) (1s) (us) kV) (us) (kV/ps)
3.6 6.2 40 6 2.1 19 0.15
1.2 12.3 52 8 4.1 25 0.24
12 20.6 60 9 6.9 29 0.34
17.5 .30 72 11 10 35 0.42
24 41 88 13 14 42 0.47
36 62 108 16 21 52 0.57
52 89 132 7 30 51 0.68
72.5 o124 166 8 41 64 0.75

u, = 1.4 LS l/ % U: 1y = 0155 for U< 52kV:

tg = 0051y for U'> 52kV.

TaBLE IIB

Standard values of rated transient recovery voltage
Rated voltages Series I1
epresentation by two parameters — First-pole-to-clear factor 1.5

o]

Under consideration.

TaBLE IIC

Standard values of rated transient recovery voltage
Rated voltages 100 kV to 170 kV
Reprjesentation by four parameters— First-pole-to-clear factor 1.3

First TRV
Rated . . . . Rate of
voltage neference Time peak Time Time delay | Voltage Time rise
voltage: value
U u, 4 U, ty 14 w v w/t
(kV) V) - f () V) (us) (us) V) (us) (KV/s)
100 106 53 149 159 2 53 29 2.0
123 131 65 183 195 2 65 35 2.0
145 154 77 215 231 2 77 40 2.0
170 180 90 253 270 2 90 47 20

=13 I/%U y =31 U = l.4u|;u'=%ul.
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TaBLE IID

Standard values of rated transient recovery voltage
Rated voltages 100 kV to 170 kV
Representation by four parameters — First-pole-to-clear factor 1.5

e
d First TRV R ¢
Rate reference Time peak Time Time delay | Voitage Time ale o
voitage voltage: value nse
U 13 Il U 12 tq u’ t lll/fl
kV) kv) (ps) kV) (ns) (us) (kY) (ps) (kV/ps)
100 122 . 61 171 183 2 61 33 2.0
123 151 75 211 225 2 75 40 2.0
145 178 89 249 267 2 89 46 2.0
170 208 104 291 312 2 104 54 2.0

l/Z ,_ 1
ul=l.5 3(’.’2=31;|;uc=l.4u|;u==§u,.

TaBLE IIE
Standard values of rated transient recovery voltage
Rated voltages from 245 kV and above
Representation by four parameters — Fi irst-pole-to-clear factor 1.3

H s . ] §
t

’ | v i : ‘
! First i TR ! : ! . Rateof

Rated reference Time | peak Time ! Time delayy Voltage | Time | ;
voltage ‘ ! rise
voltage value
U uy 4 1, b ty u’ t ity
(kV) (kV); (us) (kV} (us) (us) (kV) {ns) (kV/ps)
245 260 130 364 390 2 130 67 2.0
300 318 159 446 477 2 159 82 2.0
362 384 192 538 576 2 192 98 2.0
420 446 223 624 669 2 223 113 2.0
525 557 279 780 837 2 279 141 2.0
765 812 406 1137 1218 2 406 205 2.0

m =13 ]/ % Uty =3 u, = Ldusu = El)_-u,.

The tables|also indicate values of rate of rise, taken as u/t3 and u,/ty, in the two-parameter

and four-parameter cases respectively, which together with TRV peak values 4. may be used for
purposes of specification of TRV.

The values givenjin the tables are prospective values. They apply to circuit-breakers for general
transmission [and distribution in three-phase systems having service frequencies of 50 Hz or 60 Hz

and consisting of transformers, overhead lines and short lengths of cable.

In the case of single-phase systems or where circuit-breakers are for use in an installation having
more severe conditions, the values shall be subject to agreement between manufacturer and user,
particularly for the following cases: ‘

a) circuit-breakers adjacent to generator circuits;




4
b Circuit-breakers directly connected to transformers without appreciable additional capacitance

petween the circuit-breaker and the transformer which provides more than 50% of the rated
Shon-circuit breaking-current of the circuit-breaker;

reuit-breakers adjacent to series reactors.

;rcuits having large cable networks directly on the source side, it may be more economical to
breakers having a lower rate of rise of rated transient recovery voltage, but in this case
hall be subject to agreement between manufacturer and user.

c) ci
y Inc
# use circult-
the values s

e rated transient recovery voltage corresponding to the rated short-circuit breaking current on
of a terminal fault is used for testing at short-circuit breaking currents equal to the
owever, for testing at short-circuit breaking currents less than 100% of the rated

value, other values of transient recovery voltage are specified (see Sub-clause 6.104.5), further
4R  additional requirements apply to circuit-breakers rated at 52 kV and above and having rated short-
circuit breaking currents exceeding 12.5 kA, which may be called upon to operate in short-line fault

conditions (see Sub-clause 4.105).

Th
i the occurrence
E rated value. H

@ . 102.4 Standard values of rated ITRV

TaBLE I1I

Standard values of rated initial transient recovery voltage
Rated voltages 100 k}V and above

Multipiving factor to l I
Rated determine 4, as function of ! i
i Time i
voitage the r.m.s, value of the . |
5 shon-cireuit breahing current /* .
3 v A i
kV) (kV/kA) (us)
_ ‘ 50 Hz 60 Hz
3 100 0.046 0.056 0.4
123 0.046 0.056 0.4
p- 145 0.046 0.056 0.4
. 170 0.058 0.07 0.5
@ p 245 0.069 0.084 0.6
k. . 300 0.081 0.098 0.7
362 0.092 0.112 0.8
420 0.092 0.112 0.8
"3 525 0.116 0.139 1.0
765 *k x% *%
4 * The actual initial peaks are obtained by multiplying the figures of this column
. with the r.m.s. value of the short-circuit breaking current.
. ** Under consideration.
i
E Note. — The values of Table IIf are deemed to cover both three-phase and single-phase faults and are based on the

ected 10 it (supports, current and voltage transformers,

= assumption that the busbar, including the elements conn
lting surge impedance Z; of about 260 Q. The relaticn

disconnectors, etc.), can be roughly represented by a resu
“between f; and ¢; is then:

=i Zi w2

@ corresponding to the rated frequency of the circuit-breaker.
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3 Rated short-circuit making current

The rated short-circuit making current, see Figure 8, page 98, of a circuit-breaker is that which
coneSponds to the rated voltage, and shall be 2.5 times the r.m.s. value of the a.c. component of its
rated short-circuit breaking current (see Sub-clause 4.101).

4104 Rated operating sequence

There are two alternative rated operating sequences as follows:

a) 0—t—-CO—¢—CO
Unless otherwise specified:
; = 3 min for circuit-breakers not inteaded for rapid auto-reclosing

¢ = 0.3 s for circuit-breakers intended for rapid auto-reclosing (dead time)

¢ = 3min

Note. — Instead of ¢’ = 3 min, other values: ¢ = 15 s (for rated voltages less than or equal to 52kV) and ¢ = 1 min are also
used for circuit-breakers intended for rapid auto-reclosing.

b) » CO—-r'—-CO

with:

¢ = 15 s, for circuit-breakers not intended for rapid auto-reclosing

where:
O represents an opening operation

CO represents a closing operation followed immediately (that is. without any intentional time-delay) by an opening op-
eration

¢ and (" = time-intervals between successive operations

should always be expressed in minutes or in scconds

[

[}

tand ('
P

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

should always be expressed in seconds

I

4.105 Rated characteristics for short-line faults

Rated characteristics for short-line faults are required for three-pole circuit-breakers designed for
direct connection to overhead transmission lines and having a rated voltage of 52 kV and above and
a rated short-circuit breaking current exceeding 12.5 kA. These characteristics relate to the breaking
of a single-phase earth fault in a system with earthed neutral.

Note. — For the purpose of this standard, a single-phase test at the voltage to earth is deemed to cover all types of short-line
fault. In this context it is considered immaterial that in isolated neutral systems, single-phase earth faults do not
subject a circuit-breaker to short-line fault conditions.

The short-line fault circuit is taken as composed of a supply circuit on the source side of the
circuit-breaker and a short-line on its load side (see Figure 13, page 102), with the following rated
characteristics:

a) Rated supply circuit characteristics: "
Volitage equal to the phase-to-earth voltage U/ V3 corresponding to the rated voltage U of the
circuit-breaker.

Short-circuit current, in case of terminal fault, equal to the rated short
the circuit-breaker.

Prospective transient recovery voltage, in case of terminal fa
Tables IVa, IVB and IVC.

ITRV characteristics derived from Table III.

-circuit breaking current of

ult, given by the standard values in
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p) Rated line characteristics:

Standard values of rated surge impedance Z, rated peak factor k and time delay #4; are given in

Table V.
The method for calculation of transient recovery voltages from rated characteristics is given in
Appendix AA.
TABLE IVa
Standard values of rated transient recovery voltage
of the supply circuit for short-line faults
Rated voltages Series I— Representation by two parameters
TRV
Rated peak Time Time delay Voltage Time Ra.te of
voltage value rise
U Ue 13 ld uw I NC/ ’3
kV) V) (us) (us) kV) (us) (kV/us)
52 59 132 7 20 51 0.45
72.5 83 166 8 28 64 0.50
2, , 1
. = 1.4 3 U:tg = 005105, u" = 3 e
TABLE IVB

Standard values of rated transient recovery voltage of the
supply circuit for short-line faults

Rated voltages Series II — Representation by two parameters

Under consideration.

TAaBLE IVC

Standard values of rated transient recovery voltage
of the supply circuit for short-line faults

Rated voltages 100 kV and above— Representation by four parameters

First TRV
Rated reference Time peak Time Time delay | Voltage Time RaAte of
voltage rise
voltage value
U Uy t Ue ty lq u t ul/tl
(kV) (kV) (ns) (kV) (1s) (us) (kV) (us) (kV/ps)
100 82 41 114 123 2 4] 22 2.0
123 100 50 141 150 2 50 27 2.0
145 118 59 166 177 2 59 32 2.0
170 139 69 194 207 2 69 37 2.0
245 200 100 280 300 2 100 52 2.0
300 245 122 343 366 2 122 63 2.0
362 296 148 414 444 2 148 76 2.0
420 343 17t 480 513 2 171 88 2.0
525 429 214 600 642 2 214 109 2.0
765 625 312 874 936 2 312 158 20

1/2 , 1
= SL’; =31 4= Ldu; u=35u.
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TABLE V

Standard values of rated line characteristics
for short-line faults

Rated Number of Rated Rated RRRY factor Time
. voltage conductors ] surge peak delay
per phase impedance factor SOHz | 60Hz
U V4 k s* ldlt‘
kV) Q) (kV/us kA) (us)
<170 0.2
o1 1 to 4 450 . . 1.6 0.200 0.240
=245 0.5

* For the RRRV factor s, see Appendix AA.

** A local capacitance on the line side of the circuit-breaker (e.g. disconnector, current and voltage trans-
former) produces a slower rate-of-rise of the line side voltage in its very initial stage. This is taken into
account by introducing a line side time delay 4. This capacitance does not have any influence upon the
surge impedance of the actual line.

For determination of the line side time delay and the rate-of-rise of the line side voltage, see figure 14,
page 102.

4106 Rated out-of-phase breaking current
The rated out-of-phase breaking current is the maximum out-of-phase current that the circuit-

breaker shall be capable of breaking under the conditions of use and behaviour prescribed in this
standard in a circuit having a recovery voltage as specified below.

The specification of a rated out-of-phase breaking current is not mandatory. If a rated out-
of-phase breaking current is assigned, the following applies:

a) The power frequency recovery voltage shall be 2.0/ \/3 times the rated voltage for earthed
neutral systems and 2.5/1/3 times the rated voltage for other systems.

b) The transient recovery voltage shall be in accordance with table:

— VIa, for circuit-breakers with rated voltages below 100 kV intended to be used in systems
other than earthed neutral systems. .

— VIB, for circuit-breakers with rated voltages from 100kV up to and including 170kV
intended to be used in earthed neutral systems.

— VIc, for circuit-breakers with rated voltages from 100kV up to and including 170 kV
intended to be used in systems other than earthed neutral systems.

— VIDb, for circuit-breakers with rated voltages 245 kV and above intended to be used in earthed
neutral systems.

¢) The rated out-of-phase breaking current shall be 25% of the rated short-circuit breaking current,
unless otherwise specified.

The standard conditions of use with respect to the rated out-of-phase breaking current are as
follows:

— Opening and closing operations carried out in conformity with the instructions given by the
manufacturer for the operation and proper use of the circuit-breaker and its auxiliary
equipment. ‘ ’

— Earthing condition of the neutral for the power system corresponding to that for which the
Circutt-breaker has been tested.

= Absence of a fault on either side of the circuit-breaker.
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TABLE VIA
Standard values of rated transient recovery
voltage for out-of-phase breaking
Rated voltages Series I — Representation by two parameters
Systems other than earthed neutral systems

Rated Ti}: Time Rate of
voltage pe rise
value
U U I3 uJsty
kV) (kV) (us) (kV/us)
3.6 9.2 80 0.12
7.2 . 18.4 104 0.18
12 30.6 120 0.26
17:5 45 144 0.31
24 61 176 0.35
36 92 216 0.43
52 133 264 0.50
72,5 185 336 0.55
3
o= 125- 2.5 Vg—
TABLE VIB

Standard values of rated transient recovery
voltages for out-of-phase breaking
Rated voltages 100 kV to 170 kV — Representation by four parameters
Earthed neutral systems

First | TRV

f
| <
5‘?‘“ | reference Time | peak Time ! R':; f
voltage voltage ‘ value ; o
v u I U, 5 0y
(kV) kV) (us) (kV) (us) (kV:ps)
100 163 106 204 318 1.54
123 201 130 251 390 1.54
i45 237 154 296 462 . 1.54
170 278 180 347 540 1.54
w =2 ]/% Us ug = 125u; 1 = 314,
TaBLE VIC

Standard values of rated transient recovery
voltages for out-of-phase breaking
Rated voltages 100 kV to 170 kV— Representation by four parameters
Systems other than earihed neutral systems

First TRV
Rated reference Time peak Time Rate of
voitage rise
voltage value
U Uy 4 U, ty U/t
kV) kV) (1s) kV) (us) (kV7ps)
100 204 122 255 366 1.67
123 251 150 314 450 1.67
145 296 178 370 534 1.67
170 347 208 434 624 1.67

uy = 2.5 l/%U: thb=3t;u =125u

i
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TaBLE VID
Standard values of rated transient recovery
voltage for out-of-phase breaking
Rated voltages 245 kV and above— Representation by four parameters
Earthed neutral systems

First TRV
Rated reference Time peak Time Ra.te of
voltage rise
voltage value
U uy ’l Ue [2 ul/tl
kV) kV) (us) V) (ns) (kV/ps)
245 400 260 500 780 1.54
300 490 318 612 954 1.54 -
362 591 384 739 I 152 1.54
420 686 446 857 1338 1.54
525 857 558 1071 1674 1.54
765 1249 812 1562 2436 1.54

3
=2 I/§ Usty =34y U = 1.25 uy.

4107 Rated line-charging breaking current

The rated line-charging breaking current is the maximum line-charging current that the circuit-
breaker shall be capable of breaking at its rated voltage under the conditions of use and behaviour
prescribed in this standard and without exceeding the maximum permissible switching over-
voltages specified by the manufacturer. Suggested values are given in Table IX.

The specification of a rated line-charging breaking current is confined to circuit-breakers
intended to be used for switching three-phase overhead lines and having a rated voltage equal to or
greater than 72.5 kV. Standard values are given in Table VIL

TABLE VII

Standard values of rated line-charging breaking current

Rated voltage Rsted I_ine-charging
reaking current

v Iy

(kV) (A
72.5 10

100 20

123 315

145 50

170 63

245 125

300 200

362 315

420 400

525 500

Note. — For single conductor overhead lines operating at
50 Hz, the rated line-charging breaking currents in-
dicated in Table VII imply a length in kilometres
approximately equal to 1.2 times the rated voltage
of the circuit-breaker in kilovolts.

N S—




onEC 1987 — 65 —

1,108 Rated cable-charging breaking current

' The rated cable-charging breaking current is the maximum cable-charging current that the.cir-
cuit-breaker shall be capable of breaking at its rated voltage under the conditions of use and
pehaviour prescribed in this standard and without exceeding the appropriate maximum per-
missible switching overvoltages specified by the manufacturer. Suggested values are given in
Table IX. ‘

The specification of a rated cable-charging breaking current to a circuit-breaker is not mandatory
put is made on request, and is considered unnecessary for circuit-breakers of rated voltages equal to
or less than 24 kV. If assigned, it is recommended that the rated cable-charging breaking current be
in accordance with Table VIII.

TaBLE VIII

Standard values of rated cable-charging breaking current

(D Rated voltage Rated cgblc-charging
breaking current

U I
kv) (A)
3.6 10
7.2 10
12 25

17.5 315

24 3s
36 S0
52 80
725 125
100 125
123 140
145 160
170 160
245 250
300 315
362 355
420 400
525 500

Note. — The values of Table VIII correspond to the normal
maximum requirements of the majority of power
systems. Cable-charging currents in excess of these
values should be the subject of special agreement
between manufacturer and user.

4109 Rated single capacitor bank breaking current

.The rated single capacitor bank breaking current is the maximum capacitor current that the
circuit-breaker shall be capable of breaking at its rated voltage under the conditions of use and
behaviour prescribed in this standard and without exceeding the maximum permissible switching
overvoltages specified by the manufacturer. Suggested values are given in Table IX, columns B.

[EEL O

~=y

This breaking current refers to the switching of a shunt capacitor bank where no shunt capacitors
are connected to the source side of the circuit-breaker.

The specification of a rated single capacitor bank breaking current is not mandatory.

R Values of rated single capacitor bank breaking currents should be selected from the
R 10 series.
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110 Rated back-to-back capacitor bank breaking current
i

The rated back-to-back capacitor bank breaking current is the maximum capacitof current that
the circuit-breaker shall be capable of breaking at its rated voltage under the conditions of use and
pehaviour prescribed in this standard and without exceeding the maximum permissible switching

- gvervoltages specified by the manufacturer. Suggested values are given in Table IX, columns B.

This breaking current refers to the switching of a shunt capacitor bank where one or several shunt
capacitor banks are connected to the source side of the circuit-breaker giving an inrush making
current equal to the rated capacitor bank inrush making current.

The specification of a rated back-to-back capacitor bank breaking current is not mandatory.

Values of rated back-to-back capacitor bank breaking currents should be selected from the
R 10 series.

Note. — Similar conditiqns could apply for switching of cables.

4111 Rated capacitor bank inrush making current

The rated capacitor bank inrush making current is the peak value of the current that the circuit-
breaker shall be capable of making at its rated voltage and with a frequency of the inrush current
appropriate to the service conditions (see Appendix BB).

The specification of a rated capacitor bank inrush making current is mandatory for circuit-
breakers that have a rated back-to-back capacitor bank breaking current.

Values of rated capacitor bank inrush making currents should be selected trom the
R 10 series.

Notes 1. — In service. the frequency of the inrush current is normally in the range 2-5 kHz.

i 2. — The circuit-breaker is considered to be suitable for any frequency of the inrush current lower than that for which it
has been tested.

TaBLE IX

Suggested values of maximum permissible switching overvoltages
when interrupting line-charging, cable-charging and
single capacitor bank breaking current

Maximum permissible switching
overvoltlage to earth
Rated Rated lightning
voltage tmpulse withstand A B
(r.m.s. voltage* -
value) (peak value) (Peak Col. (3)/_. (Peak Col. (3)
— s Y
value) - ol (1) [/ % valwe) 1 col. () [/ 3
(kV) &kv) (k) (p.u.) (kV) {p.u.)
. 8] 2 3 C) 5 ®
g 3.6 20 8.8 3 7.3 2.5
g 40 13.2 4.5 7.3 2.5
7.2 40 17.6 3 14.7 25
60 26.4 4.3 14.7 25
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TABLE IX (continued)

Maximum permissible switching
overvoltage to earth
Rated Rated lightning
voltage impulse withstand A
(r.m.s. voltage*
value) (peak value) (Peak Col. (3) (Peak Col. (5)
value) Col. (1) % value) Col. (1) %
(kV) kV) V) (p.u.) kV) (p.u.)
0] @ ©) ) ©) ©6)
12 60 29.5 3 24.5 2.5
75 39.2 4 24.5 2.5
17.5 75 43 3 35.7 2.5
95 57 4 35.7 2.5
24 95 59 3 49 25
125 74 38 49 2.5
36 145 88 3 73 2.5
170 12 38 73 2.5
s2 250 149 3.5 106 2.5
TS5 325 207 3.5 148 235
100 380 246 3 204 25
430 286 35 204 25
123 450 302 3 251 2.5
550 352 35 251 2.5
145 550 356 3 297 2.5
650 415 3.5 297 2.5
170 650 417 3 348 2.5
750 487 3.5 348 25
245 850 540 2.7 400 2
950 600 3 400 2
1 050 600 3 400 2
300 950 637 2.6 490 2
1 050 735 3 490 2
362 1 050 710 24 592 2
1175 800 2.7 592 2
420 1 300 790 2.3 638 2
1425 895 2.6 688 2
""" 1425 900 2.1 858 2
1 550 985 23 858 2
765 1 800 1125 1.8 1125 1.8
2100 1250 2 1 250 2

* The insulation level is indicated in this table by the rated lightning impulse withstand voltage;
the corresponding rated power-frequency or switching impulse withstand voltage can be ascer-
tained from Tables [ to IV of 1 EC Pubiication 694.
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ves | — These values apply only to the test conditions of Sub-clause 6.111. Other overvoltages such as, for instance, those
appearing when reclosing a line with trapped charges and when breaking a small inductive current. as well as
phase-to-phase overvoltages, are not covered by this table.

No

2. — These values cannot always guarantee that phase-to-phase flashovers will not occur.

3. — Maximum permissible switching overvoltages for rated voltages of Series II, which are based on current practice
in the United States of America and Canada, are under consideration.

4. — The values of columns A apply to circuit-breakers for general use intended for switching unloaded lines and cables
of the types most generally used in power systems.
The values of columns B apply to circuit-breakers for special use intended for switching capacitor banks or
no-load lines and cables in power systems where there are special insulation co-ordination problems such as, for
instance, limitation of energy absorption by surge diverters, spark-over of spark-gaps, etc.

5. — At 245 kV and above, only earthed neutral systems and capacitor banks, if any, with earthed neutral, are consi-
dered for the application of the values of columns B. L

4112 Rated small inductive breaking current

Under consideration.

4113 Rated time quantities

Rated values may be assigned to the following time quantities:
— opening time;

~ break time:

— closing time;

— open-close time;

reclosing time;

close-open time.

Rated time quantities are based on:

— rated values for supply voltages of closing and opening devices and auxiliary circuits (see Sub-
clause 4.8);

- rated value for supply frequency of closing and cpening devices and auxiliary circuits (see
Sub-clause 4.9);

- rated values for pressures of compressed gas supply for operation and for interruptior (see
Sub-clause 4.10);

— rated value for pressure of hydraulic supply for operation;

— an ambient air temperature of 20 + 5°C. If tests are carried out at other ambient temperatures,
agreement between manufacturer and user may be necessary for interpretation of the results.

Note. — Usually it is not practical to assign a rated value of make time or of make-break time due to the variation of the
pre-arcing time.

Y131 Rated break time

The maximum break time determined during Test-duties 2, 3 and 4 of Sub-clauses 6.106.2.
6.106.3 and 6.106.4 with the circuit-breaker operated at auxiliary supply voltage and frequency and
Pressures of pneumatic or hydraulic supply at their rated values and at an ambient air temperature
0f 20 + 5°C (see Sub-clause 4.113) shall not exceed the rated break time.

Notes 1. — According to Sub-clause 6.102.2 the basic short-circuit test-duties should be carried out at mini.mum voitage or
pressure of the operating devices. In order to verify the rated break time during these test-duties the recorded
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maximum break time should be amended to take account of the lower auxiliary supply voltage and pressure as
follows:

zb> tl - (tz - 13)‘

where:

1, = rated break time

ty = maximum recorded break time during Test-duties 2, 3 and 4.

== opening time recorded on no-load with auxiliary supply voltage and pressures of compressed gas supply as
used during Test-duties 2, 3 and 4

t; = rated opening time

If the break time determined according to this procedure exceeds the rated break time the test-duty which has

given the longest break time may be repeated with auxiliary supply voltage and frequency and pressure of

5]

medium.

2. — For single-phase tests simulating a three-phase operation, the recorded break time, amended according to Note 1,
may exceed the rated break time by 0.1 cycle because in these cases the current zeros occur less frequently than in
the three-phase case.

3. — The break time during a make-break operation of Test-duty 4 should not exceed the rated break time by more
than 0.5 cycle.

4114 Co-ordination of rated values
Co-ordinated values of rated voltages (Sub-clause 4.1), short-circuit breaking-currents (Sub-
clause 4.101) and rated normal currents (Sub-clause 4.4) are given in Tables Xa to Xc.

The co-ordination tables are not mandatory and are intended to be used as a guide for preferred
values. Therefore a circuit-breaker with another combination of the rated values is not outside the
[EC Standard for circuit-breakers.

pneumatic or hydraulic supply at their rated values and if applicable, at rated pressure of the interrupting
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TABLE XA

Co-ordination table of rated values for circuit-breakers

Rated
V'Z‘l‘l‘::e Sh;_rel:l::;f:n Rated normal current
current
U Iy Iy
(kV) (kA) (A)
JR— :
36 10 400
16 630 ' 1250
25 1250 1 600 2500
40 1250 1 600 2500 | 4000
72 8 400
12.5 400 630 1250 e
16 630 1250 1 600
25 630 1250 1 600 2 500
40 1250 1 600 2500 4 000
12 : S 400
) 12.5 400 630 1250
(D 16 630 - 1250 | 1600
25 630 1250 1 600 2500
40 1250 1600 2 500 4 000
50 1250 1 600 2500 | 4000
17.5 8 400 630 1250
12.5 630 1250
16 630 1250
25 1 250
40 1250 1 600 2500
24 8 400 630 1250 ;
12.5 630 1250 !
16 630 1250
25 1250 1 600 2500
40 1 600 2500 | 4000
36 8 630
12.5 630 1250
16 630 1250 1600
25 1 250 1 600 2500
40 1600 2500 | 4000
Q} - 52 8 800
) 12.5 1250
20 1250 1 600 2 000
72.5 12.5 800 1250
16 800 1250
20 1250 1 600 2000
31.5 1250 1 600 2000

Note. — The values of the rated voitage are those given Sub-clause 4.1.1 of 1 EC Publication 694 for Series I. The values of
the rated short-circuit breaking current and rated normal current are selected from those given in Sub-

clauses 4.101.1 and 4.4.
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TABLE XB
The values given in this table show for information the present
practice in the United States of America and Canada
Rated Rated
short- short-
. circuit Minimum circuit
Maximum breaking rated breaking Rated :
rated current at voltage current at ated normal current
voltage maximum ollag minimum
rated rated
voltage voltage
V) (kA)* (kV)* (kA)* A)
4.76 6.1 2.3 13 1250 -
8.8 3.5 12 1250
18.0 3.5 24 1250
29.0 3.85 36 1250 | 2000
41.0 4.0 49 1250 3150
8.25 35 23 13 630
7.0 2.3 25 630 1250 { 2000
17.0 4.6 30 1250
33.0 6.6 41 1250 | 2000
15.0 5.8 4.0 22 630 1250
9.3 6.6 2 1250
9.8 4.0 37 1250
18.0 1.5 23 1250 § 2000
19.0 6.6 a3 1250 | 2000
28.0 1 36 1250 | 2000
37.0 11.5 48 1250 3150
1% 8.9 s 8 24 630
18.0 12.0 23 1250
35.0 12.0 45 1250
56.0 12.0 73 2000 | 3150 | 4000
93.0 12.0 120 5000 -
25.8 5.4 12.0 12 630
11.0 12.0 24 1250
38.0 22.0 23.0 36 1250 3150
36.0 240 57 2000
48.3 17.0 40.0 21 1250
72.5 19.0 60.0 23 1250
37.0 66.0 41 2000

L] . . . . .
Values more in line with [ EC standard values are under consideration.

Note. — The values of the maximum rated voltage are those given in Sub-clause 4.1.1 of IEC Publication 694 for Series I1.
The values of rated normal current are selected from those given in Sub-clause 4.4. See note in Sub-clause 4. 101
regarding interpolation of short-circuit breaking currents for intermediate voltages.




TABLE XC

Co-ordination table of rated values for circuit-breakers

/—i
Rated short-circuit Rated |
Rated voltage breaking current ated normal current
U Iy Iy
(kV) kV) (A)
/’
123 12.5 800 1250
20 1250 1 600 2000
25 1250 1 600 2000
40 , 1600 2000
s 1
145 12.5 800 1250
20 - 1250 1 600 2,000
25 1250 1 600 2000
31.5 1250 1 600 2000 3150
40 1 600 2000 3150
50 2000 3150
170 12.5 800 1250
. 20 1 250 1 600 2000
(D 35 1250 | 600 2000 3150
40 1 600 2 000 3150
50 1 600 2000 3150
245 20 1 250 1 600 2000
315 1250 1 600 2000
40 1 A0 2000 3150
50 2000 3150
300 16 .l 280 - a0
, 20 Poazso boeo b 2000
! s o1 160 2000 3150
| 50 i , Colem 2000 3150
362 20 2000
315 2000
40 1 600 2000 3150
420 20 1 600 2000
31.5 1 600 2000
40 1 600 2000 3150
50 2000 3150 4000
@> 525 40 2000 3150
765 40 2000 3150

Note. — The values of rated voltage are those given in Sub-clauses 4.1.2 of I EC Publication 694, omitting 100 kV. The values
of rated short-circuit breaking current and rated normal current are selected from those given in Sub-clauses 4. 101.1
and 4.4

s Design and construction

M Requirements for liquids in circuit-breakers
Sub-clause 5.1 of IEC Publication 694 is applicable.

5.2‘_ IfeQuirements Jor gases in circuit-breakers
Sub-clause 5.2 of IEC Publication 694 is applicable.
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3 Earthing of circuit-breakers
. sub-clause 5.3 of IEC Publication 694 is applicable.

54 Auwxiliary equipment
Auxiliary equipment is used in the control and auxiliary circuits of circuit-breakers.

Sub-clause 5.4 of [EC Publication 694 is applicable with the following additions:

_ Connections shall withstand the stresses imposed by the circuit-breaker, especially those due to
mechanical forces during operations.

— In the case of outdoor circuit-breakers all auxﬂiary equipment including the wiring shall be
adequately protected against rain and humidity.

_ Where auxiliary switches are used as position indicators, they shall indicate the end position of
the circuit-breaker at rest, open or closed.

— Where special items of control equipment are used, they shall operate within the limits specified

to switch the loads which are stated by the circuit-breaker manufacturer.

— Special items of auxiliary equipment such as liquid-indicators, pressure indicators. relief valves,
filling and draining equipment, heating and interlock contacts shall operate within the limits
specified for supply voltages of auxiliary and control circuits and/or within the limits of use of
quenching and operating media.

— The power consumption of heaters at rated voltage shall be within the 1olerance of = 10% of
the values stated by the manufacturer.

5.5 Dependent power closing

Sub-clause 5.5 of I EC Publication 694 is applicable with the following addition:

A circuit-breaker arranged for dependent power closing with external energy supply shall also be
capable of opening immediately following the closing operation with the rated short-circuit making
current.

56 Stored energy closing

Sub-clause 5.6 of IEC Publication 694 is applicable with the following addition to the first
paragraph:

A circuit-breaker arranged for stored energy closing shall also be capable of opening immediately
following the closing operation with the rated short-circuit making current.

57 Operation of releases : S
Sub-clause 5.7 of IEC Publication 694 is applicable with the following additions:

MI0U Over-current release

5. '
L101,1 Operating current

An over-current release shall be marked with its rated normal current and its current setting
Tange,

for supply voltages of auxiliary and control circuits, quenching and operating media, and be able -




¢

€ 1EC 1987 — 83 —

within the current setting range, the over-current release shall always operate at currents
of 110% and above of the current setting, and shall never operate at currents of 90% and below of
this current setting.

5.7.101.2 Operating time

For an inverse time delay over-current release, the operating time shall be measured from the

instant at which the over-current is established until the instant at which the release actuates the
tripping mechanism of the circuit-breaker.

The manufacturer shall provide tables or curves, each with the applicable tolerances, showing the
operating time as a function of current, between twice and six times the operating current. These
tables or curves shall be provided for the extreme current settings together with the extreme settings

of time delay.

$1.101.3 Resetting current

If the current in the main circuit falls below a certain value, before the time delay of the over-
current release has expired, the release shall not complete its operation and shall reset to its initial

position. .
The relevant information shall be given by the manufacturer.

$.1.102 Multiple releases

If a circuit-breaker is fitted with multiple releases for the same function, a defect in one relcase
shall not disturb the function in the others.

58 Low and high pressure interlocking devices
Sub-clause 5.8 of  EC Publication 694 is replaced by the following:

All circuit-breakers having an energy storage in gas receivers or hydraulic accumulators (see
Sub-clause 5.6.1 of IEC Publication 694) and all circuit-breakers except sealed pressure devices,
using compressed gas for interruption (see Sub-clause 5.103) shall be fitted with low pressure
interlocking device, and can also be fitted with high pressure interlocking device, set to operate at,
or within, the appropriate limits of pressure stated by the manufacturer.

59 Nameplates
Sub-clause 5.9 of IEC Publication 694 is applicable with the following additions:

The nameplates of a circuit-breaker and its operating devices shall be marked in accordance with
Tabie XT.

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

Releases shall bear the appropr_iale data.

In addition, it is desirable that the year of manufacture of the circuit-breaker is recognizable.

The nameplate shall be visible in the position of normal service and installation.

S . . .
101 Regquirements for simultaneity of poles
When no special requirement with respect to simultaneous operation of poles is stated, the
' n?a’(lmum difference between the instants of contacts touching during closing and the maximum
difference between the instants of contacts separating during opening shall not exceed one half cycie
of rated frequency.
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In some circumstances, the permissible deviation differs considerably from one half cycle (see e.g.

otes 1. — . ; . ; : . ;
N Sub-clause 6.111.7) and in others (e.g. single-pole operation), this requirement is not applicable.

2. — For a circuit-breaker having separate poles the requirement is applicable when these operate in the same condi-
tions; after a single-pole reclosing operation, the conditions of operaiion for the three mechanisms may not be the

same.

5,102 General requirement for operation
A circuit-breakerincluding its operating devices shall be capable of completing its rated operating
sequence (Sub-clause 4.104) in accordance with the relevant provisions of Sub-clauses 5.5 to 5.8 and

Sub-clause 5.103.
This requirement is not applicable to auxiliary manual operating devices; where provided, these
shall be-used only for maintenance and for emergency operation on a dead circuit.

TaBLE XI

Nameplate information

- . Condition:
Abbreviation Unit Circuit- Operating Marking required
breaker device .
only if
)] 2 (3) 4) (3 (6)
Manufacturer X X
Type designation and senal
number X X
Rated voltage U kV X
Rated lightning impuise
withstand voltage Uy kV X
Rated switching impulse Rated voltage
withstand voltage U kv y 300kV and
1 above
Rated frequency S/ Hz y Rating is not
applicable at
both 50 Hz and
60 Hz
Rated normal
(D current I A
Rated duration of short-circuit L s y Different from 1's
Rated short-circuit breaking
current Iy kA X
First-pole-to-clear factor y Different from 1,3
for rated
voltages
100 kV to 170kV
Rated out-of-phase breaking
current Iy kA (X)
Rated line-charging breaking Rated voltage
current It A y 72.5kV
) i and above
"Rated cable-charging breaking
current I A X)
: Rated single capacitor
bank breaking
current Iy A X)
Rated back-to-back
capacitor bank breaking
current Top A X
Rated capacitor bank
inrush making current I kA X)




— 87 —

TaBLE XI (continued)
/ Condition:
Abbreviation Unit (b::;zll](letr Og::{z:geng Marking rgquired,
only if
—
) (2} 3 4 (5) 6)
i
s pressure for MPa
”wd y:ion " Pop -al?ar X)
s pressure for a
”iﬁ,ﬁption Pev or bar X)
Rated supply voltage of ,
closing and opening
devices v X)
Rated supply frequency
of closing and .
opening devices Hz (X)
Rated supply voltage of
auxiliary circuits U, Vv (X)
Rated supply frequency of
auxiliary circuits Hz (X)
N Mass (including oil for
@ oil circuit-breakers) m kg y y More than 300 kg
Rated operating sequence X
Yesr of manufacture (X)
Temperature class y y Different from
—5°C indoor
-25°C
) outdoor

X = the marking of these values is mandatory: blanks indicate the value 7ero.

| 1X) = the marking of these salues 1s opuonal.
E » = the marking of these values 10 the conditrons 1n column (o)
sate. — The abbreviations in column (2) may be used instead of the terms in column (1), When terms of column (1) are used the
word “rated” need not appear.

5.103  Pressure limits of compressed gas for interruption in gas blast circuit-breakers

The manufacturer shall state the maximum and minimum pressures of the compressed gas for
interruption at which the circuit-breaker is capable of performing according to its ratings and at
which the appropriate low and high-pressure interlocking devices shall be set (see Sub-
clause 5.8).

For double-pressure gas-blast circuit-breakers, the manufacturer may specify pressure limits at
which the circuit-breaker is capable of each of the following performances:

a) breaking its rated short-circuit breaking current i.e. an “O” operation;

b) making its rated short-circuit making current immediately followed by breaking its rated short-
circuit breaking current i.e. a “CO” operating cycle;

¢) for circuit-breakers intended for rapid auto-reclosing; breaking its rated short-circuit breaking
current followed after a time interval ¢ of the rated operating sequence (Sub-clause 4.104) by
making its rated short-circuit making current immediately followed by again breaking its rated
short-circuit breaking current i.e. an “O-t-CO” operating sequence.
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breakers shall be provided with energy storage of sufficient capacity for satisfactory

The circuit-
f the appropriate operations at the corresponding minimum pressures stated.

perfonnance o

Furthermore, for circuit-breakers having individual pumps or compressors the output of the
or compressor and the capacity of the receivers shall be sufficient to provide for the perfor-

ce of the rated operating sequence (Sub-clause 4.104) at all currents up to the rated short-circuit
making and breaking currents of the circuit-breaker. The pressure at the commencement of the
operating sequence shall be equal to the appropriate minimum pressure stated by the manufacturer
in accordance with the above requirements, and with the pump or compressor operating normally.
When appropriate the manufacturer may specify pressure limits for the operation of the pump or

compressor.

§104 Vent outlets
Vent outlets of circuit-breakers 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 pre-

sent.
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 circuit-breaker or its

auxiliary equipment.
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FiG. 1. — Oscillogramme type d’un cycle d’établissement-coupure en court-circuit triphasé.

Typical oscillogram of a three-phase short-circuit make-break cycle.




1 ci-contre:
e de la figure ‘
fﬂ 10 Figure I, opposite:

» tension entre les bornes du premier pdle qui

coupe .
voltage across the terminals of the first pole to

“clear

courant dans le premier pole qui coupe
current in the first pole to clear

{ension entre les bormes des deux autres péles

LY voltage across the terminals of the two other

poles
courant dans les deux autres pdles

-
bh current in the two other poles

£ 4

=]

commande de fermeture, par exemple tension
aux bornes du circuit de fermeture

closing command, e.g.- voltage across the termi-
nals of the closing circuit

« commande d’ouverture, par exemple tension aux

pornes du déclencheur d’ouverture
opening command, e.g. voltage across the termi-
nals of the opening release

= jnstant du début de la manceuvre de fermeture

the instant of initiation of the closing operation

= jnstant ol le courant commence a circuler dans le

circuit principal
the instant when the current begins to flow in the
main circuit

= instant ou le courant est établi sur tous les

poles
the instant when the current is established in all

poles

= instant de mise sous tension du déclencheur

d’ouverture
the instant of energizing the opening release

= instant de la séparation des contacts d"arc (ou de

I'amorgage de I'arc) sur tous les pdles

the instant when the arcing contacts have separa-
ted (or instant of initiation of the arc) in ail
poles

= instant de I'extinction finale de I'arc sur tous les

poles
the instant of final arc extinction in all poles

= instant de la disparition des phénoménes transi-

toires de tension dans le dernier pdle qui coupe
the instant when the transient volitage pheno-
mena have subsided in the last pole to clear

-\:oles concernant les figures 2 a 7 suivantes:
Ves to the following Figures 2 to 7:

- 91.

(valeur de créte du) courant établi
(peak) making current

courant coupé

breaking current

valeur de créte de la composante périodique
peak value of the alternating component
composante apériodique

direct current component

tension appliquée

applied voltage

tension de rétablissement

recovery voltage

tension transitoire de rétablissement
transient recovery voltage (restriking voltage)
tension de rétablissement a fréquence indus-
tnielle

power frequency recovery voltage

durée d’ouverture

opening time

durée d’arc

arcing time

durée de coupure

break time

durée d'établissement

make time

grande alternance

major loop

petite alternance

minor loop

Notes I. — En pratique, il se produira une dispersion des durees entre les courses des contacts des trois pdles. Pour plus de

clarté sur les figures, la course des contacts est indiquée avec une seule ligne pour les trois poles.
In practice, there will be a time spread between the travel of the contacts of the three poles. For clarity the travel of
the contacts in the figures is indicated with a single line for all three poles.

2. — En pratique. il se produira une dispersion entre le début ainsi qu'entre la fin de la circulation du courant dans les
trois péles. Pour pius de clarté sur les figures, le début ainsi que la fin de la circulation du courant sont indiqués

avec une seule ligne pour les trots poles.

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

Dépiacement des contacts

Contact movement

Position d'ouverture
Qpen position

T AR AR \\
Circulation du courant

\ Current flow )
N
[
|

| d'ouverture | Temps
Igureénﬁng time | Manceuvre d'ouverture Time
© 32 P R I Opening operation
11053 Durée d'arc
|
| 3105 33 Arcing time
. o————————’( '
l Durée de coupure | |
| greak time |
1106.34 |
!
i

Extinction finale de 'arc dans tous les poles
Final arc extinction in all poles

|
|
!
!
|
!

Séparation des contacts d'arc dans tous les poles
Separation arcing contacts in all poles

i

i

Position de fermeture

\lise $Ous 1ension du déciencheur d'ouverture o
\ise SO Closed position

Coanning JtODENING release

-

Deplacement des conlacts
Contact movement

|
f
[
!
|

e dosition AN _ TR
Circulation du courant \
: Current flow
I NN NN >
— ' | Temps
Durée d'établissement I a P
\1ake time N | Manceuvre de fermeture ime
V0% 38 06— l Closing operation

Durée de préarc
IPre—arcing time

_Duree de fermeture | |
Slasing time | !
NEIR TN

Se— —
i

Les contacts se touchent dans tous les podles
Contact touch in ali poles

I
|
|
|

Début de la circulation du courant dans le premier pble
Start of current fiow in first pole

I \hise scus tension du circuit fermeture
 znargizing of closing circuit S04/86

o, O, — Disjoncteur sans résistance intercalaire. Manceuvres d’ouverture et de fermeture.
Circuit-breaker without switching resistors. Opening and closing operations.
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610/86

_ enveloppe de I'onde de courant
envelope of current-wave
= ligne de zéro
normal zero line
= déplacement de la ligne de zéro de I'onde de courant i chaque instant
displacement of current-wave zero-line at any instant
= valeur efficace de la composante périodique du courant a chaque instant, mesurée a partir de CC’
r.m.s. value of the a.c. component of current at any instant, measured from CC’
= instant de la séparation des contacts (amorgage de I'arc)
instant of contact separation (initiation of the arc)
= courant é¢tabli
making current
= valeur de créte de la composante périodique du courant au moment EE’
peak value of a.c. component of current at instant EE’
= valeur efficace de la composante périodique du courant au moment EE’
r.m.s. value of the a.c. component of current at instant EE’
= composante apériodique du courant au moment EE’
d.c. component of current at instant EE’
= pourcentage de la composante apériodique
percentage value of the d.c. component

Détermination des courants de court-circuit établi et coupé et du pourcentage de la composante

apériodique. .
Determination of short-circuit making and breaking currents, and of percentage d.c.

component.
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6. 9. — Pourcentage de la composante apériodique en fonction de 'intervalle de temps 7.
Percentage d.c. component in relation to time interval 1.

Tension
Voltage

Ue

g~
t, Temps
Time

~ e— ——— ——

0 ¢ 4
612/86

tres et par un

10. - Représentation d’une TTR spécifiée par un tracé de référence 4 quatre parame

segment de droite définissant un retard.
Representation of a specified TRV by a four-parameter reference line and a delay line.

N
~N
\
\\
'\
\\‘
20 30 40 50 60 70 80 90
Intervalle de temps & partir du début du courant de court-circuit r(ms)

Time interval from initiation of short-circuit current 611086




.

— 100 — 56 © CEI 1987
TenSiOn U l
voltage
uct—
U —
|, __ |
0 ¢ t & Terps 1
Time - B
613,86 3
FiG. 11. — Représentation d'une TTR spécifiée par un tracé de référence a deux paramétres et par un < F

segment de droite définissant un retard.
Representation of a specified TRV by a two-parameter reference line and a delay line.
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Tensio”
Voltage

Pente initiale de la TTRI
Initial slope of ITRV

- b ik 61436
sx - On a négligé un léger déplacement de la TTR a Note. — Slight displacement of TRV at ¢t = O has been ne-
t=0. glected.
| ¢ = intersection de I'enveloppe de 1a TTRI avec la ligne de A = intersection of ITRV envelope with TRV delay line
retard de 1a TTR
nveloppede B = intersection of ITRV envelope with TRV envelope

inersection de I'enveloppe de la TTRIavecl'e
e TTR

e la TTRI et de son rattachement a la TTR.

FiG. 12. — Représentation d
d its relationship to the TRV.

Representation of ITRV an
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L -
X
V4
615/86
= source de puissance X, = réactance du cbté de la source

reactance on source side
= réactance du c6té de la ligne
reactance on line side
Z = impédance d’onde de la ligne
surge impedance of line
L = longueur de la ligne jusqu’au défaut
length of line to fault

source of power
= valeur de la tension phase/terre . /V“ XL
voltage, phase-to-carth value
courant de défaut proche en ligne
short-line fault current
= disjoncteur

circuit-breaker

FiG. 13. — Schéma de circuit pour défaut proche en ligne.
Short-line fault circuit.

Tension
Voitage 4 0

Ny

]

l

C.D | 0.9u.*

Temps
Time

|

\

—— — e G comed

616/86

:1(\ 14. — Exemple d’une tension transitoire coté ligne avec un retard et une créte arrondie montrant la

construction a effectuer pour obtenir les valeurs up*, ety
Example of a line-side transient voltage with time delay and rounded crest showing construc-

tion to derive the values w ¥, t; and fyr.
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CHAPTER II: TESTS, SELECTION, ORDERS AND INSTALLATION

:‘ B Type tests
Clause 6 of IEC Publication 694 is applicable with the following additions:
_ The type tests also include:

""" mechanical and environmental tests, including mechanical operation test at ambient air -
temperature, low and high temperature tests, humidity test, test to prove operation under severe
ice conditions and static terminal load test (see Sub-clause 6.101);

" short-circuit current making and breaking tests including terminal fault tests, short-line fault
test, and also out-of-phase test (see Sub-clauses 6.103 to 6.110);

capacitive current switching tests, including line-charging, cable-charging, single capacitor bank
and back-to-back capacitor bank tests (see Sub-clause 6.111);

magnetizing and small inductive current switching tests (see Sub-clause 6.112).

In principle, the individual type tests shall be made on a circuit-breaker in a new and clean
condition, and the various type tests may be made at different times and at different locations.

Where tests are made on a circuit-breaker whose report of type tests has already been accepted.
the responsibility of the manufacturer is limited by the specified values and not by the result

obtained during the type tests previously made.
Details relating to records and reports of type tests for making, breaking and short-time current

performance are given in Appendix CC.

81 Dielectric tests

Q) L1 Ambient air conditions during tests
Sub-clause 6.1.1 of IEC Publication 694 is applicable.

12 Wer test procedure
Sub-clause 6.1.2 of IEC Publication 694 is applicable with the following addition:

Note. — For dead tank circuit-breakers, see Note | of Sub-clause 6.1.7.

ettt b ]
BT

Sub-clause 6.1.3 of IEC Publication 694 is applicable.

§,
4 Application of test voltage and test conditions
Sub-clause 6.1.4 of IEC Publication 694 is applicable.

Test voltages
Sub-clause 6.1.5 of IEC Publication 694 is applicable.
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Lightning and switching impulse voltage tests

16 . . . .
s Sub-clause 6.1.6 of IEC Publication 694 is applicable with the following addition:

a) Lightning impulse voltage tests v
For rated voltages up to 245 kV and when the lower rated lightning impulse withstand voltages
gre chosen according to Sub-clause 4.2, a higher test voltage when testing the insulation across the

open breaker may be required.

In these cases:

_ for rated voltages from 100 kV to 245 kV, the test voltage shall be one of the rated lightning
impulse withstand voltages according to Sub-clause 4.2 corresponding to the rated voltage of the
circuit-breaker, subject to agreement between manufacturer and user; o

— for rated voltages up to and including 72.5 kV, the test voltage shall be subject to agreement
between manufacturer and user. '

Subject to the manufacturer’s approval, for circuit-breakers of rated voltage greater than or equal
t0 300 kV, tests with the circuit-breaker open may be performed avoiding the use of the power-
frequency voltage source. In this case, two test series shall be performed:

— the first test series consists of the application, to each terminal in turn, of 15 consecutive
impulses at a voltage equal to the sum of the rated lightning impulse withstand voltage U,, and
the value 0.7 UVYZ /V3 (peak value), the opposite terminal being earthed. The other terminals,
the terminal to which the voltage is applied and the base, may be insulated in such a way as to
prevent disruptive discharges to earth;

— the second test series consists of the application, to each terminal in turn, of 15 consecutive
impulses at the rated withstand voltage U,. The other terminals and the base shall be
carthed.

In general, this test is deemed to be more severe than that following the specified test proce-

dure.

Note. — For rated voltages above 420 kV, this test procedure may not be appropriate. For these voltages other test methods
are under consideration by I EC Technical Committee No. 42: High-voltage Testing Techniques.

b) Switching impulse voltage tests

For outdoor circuit-breakers dry tests shall be performed using voltage of positive polarity
CD - only.
With the circuit-breaker closed, the test voltage equal to the rated withstand voltage to earth shall
be applied for each test condition of Table VIII of Sub-clause 6.1.4 in IEC Publication 694.

With the circuit-breaker open, two test series shall be performed:

— the first test series with a test voltage equal to the rated withstand voltage to earth for each test
condition of Table VIII of IEC Publication 694;

~ the second test series with a test procedure depending upon the intended application of the
circtit-breaker, see Sub-clause 4.2.3.

For circuit-breakers intended for standard applications, the second test series is performed with a
test voltage equal to the rated withstand voltage across the open circuit-breaker (IEC Publica-
tion 694, Sub-clause 4.2.3, Table IV, column (5)) for each test condition of Table VIII of IEC Pub-
lication 694.

Since in this case the applied voltage may be higher than the rated withstand voltage to earth, it is
admissible to insulate the terminal to which the voltage is applied, the terminals of the other poles
and the base in order to prevent disruptive discharges to earth.
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»
s an alternative, for circuit-breakers intended for special applications, the second test
(o5 shall be performed with test voltages according to column (6) of Table IV in I EC Publication
For each test condition of Table X of Sub-clause 6.1.4 in [EC Publication 694, one terminal
M pe energized with switching impulse voltage and the opposite terminal with power frequency

voltage-
.. Subject t0 the manufacturer’s approval this test can be performed avoiding the use of the power-

frequency voltage source.
“ This test series consists of the application, to each terminal in turn, of impulses at a voltage equal
{oihe sum of the switching impulse voltage and the value UV2 /V3 (peak value), from column (6)
of Table IV in IEC Publication 694, the opposite terminal being earthed. The other terminals,
the terminal to which the voltage is applied and the base, may be insulated in such a way as to
ent disruptive discharges to earth.
In general, this test is deemed to be more severe than “that following the specified test '

procedure.

Note. — For rated voltages above 420 kV, this test procedure may not be appropriate. For these voltages other test methods
are under consideration by 1 EC Technical Committee No. 42.

o7 Power-frequency voltage tests
* ub-clause 6.1.7 of I EC Publication 694 is applicable with the following addition:

a) For circuit-breakers having a rated voltage lower than 300 kV

If during a wet test a disruptise discharge on external self-restoring insulation occurs. this test
shall be repeated in the same test condition and the circuit-breaker shall be considered to have
passed this test successfully if no further disruptive discharge occurs.

Neve. — In the case of dead tank circuit-breakers, when the bushings hase been previousiy tested according to the relevant
1 £C Pubbication, tests under wet conditiens can be omitted

b) For circuit-breakers having a rated voltage 300 kV and above
i With the circuit-breaker open, for each test condition (see Table IX of Sub-clause 6.1.4 in IEC

Publication 694), the test voltage shall be applied simultaneously to the two terminals of each pole,
using two different voltage sources in out-of-phase conditions, in order to obtain across the open

breaker a voltage equal to 2.5 U/ {3 . Neither of the two voltage values applied to one terminal shail
be higher than U. Total voltage values across the open breaker are given in Table IV of IEC
Publication 694.

N
) .
O L | |
With the circuit-breaker open, subject to agreement with the manufacturer, tests may be per-

formed using one single voltage source. In this case, a voltage equal to 2.5 U/ V3 shall be applied for
1 min to each terminal of each pole in turn the opposite terminal and all normally live parts of other
Poles being earthed.

For this test it is admissible to insulate the base of the circuit-breaker from earth.

This test is more severe than that following the specified test procedure.

Note. — For special applications, the test voltage value of 2.5 U7 {3 , when testing the insulation across the open circuit-
breaker, may be insufficient. In such cases higher test values may be used:- subject to agreement betwesn
manufacturer and user.

i ,
y Artificial pollution tests
Sub-clause 6.1.8 of I EC Publication 694 is applicable with the following addition:

“fes ], — Appropriate tests for checking the open breaker insulation are under consideration.




_ Toobviate the necessity of erecting large circuit-breakers for test purposes alone, in the case of circuit-breakers of
modular construction one single module may be tested. In this case, however, the test severity is different from
that of the test of the complete pole.

i‘QIE

partial discharge tests

’L’ gub-clause 6.1.9 of IEC Publication 694 is applicable with the following addition:
- i No partial discharge tests are required to be performed on the complete circuit-breaker.
- '%"‘;‘owever, in the case of circuit-breakers using components for which a relevant IEC Publication
exists including partial discharge measurements (e.g. bushings, see IEC Publication 137: Bushings
for Alternating Voltages Above 1 000 V), evidence shall be produced by the manufacturer showing

that those components have passed the partial discharge tests as laid down in the relevant IEC

yublication.

Tests on auxiliary and control circuits

‘Llo .
Sub-clause 6.1.10 of IEC Publication 694 is applicable.

K] Radio interference voltage (r.i.v.) tests
Radio interference voitage tests shall be performed by agreement between manufacturer and user.
Sub-clause 6.2 of IEC Publication 694 is applicable with the following addition:

Tests may be performed on one pole of the circuit-breaker in both closed and open positions.

R4y Temperature-rise tests

il Condinons of the circuit-breaker to be tested
Sub-clause 6.3.1 of | EC Publication 694 1s appiicabic.

W2 Arrangement of the equipment
Sub-clause 6.3.2 of I EC Publication 694 is applicable with the following additions:

For a circuit-breaker not fitted with series connected accessories, the test shall be made with the
rated normal current of the circuit-breaker.
For a circuit-breaker fitted with series connected accessories having a range of rated normal

CD currents, the following tests shall be made:

@) a test of the circuit-breaker fitted with the series connected accessory having a rated normal
current equal to that of the circuit-breaker, and made at the rated normal current of the circuit-
breaker;

b) a series of tests of the circuit-breaker fitted with the intended accessories, and made with currents
equal to the rated normal current of each accessory.

Neze, If the accessories can be removed from the circuit-breaker, and if it is evident that the temperature risc of the
circuit-breaker and of the accessories do not appreciably influence each other, Test b) above may be replaced by a

series of tests on the accessories alone.

by casurement of the temperature and the temperature rise
Sub-clause 6.3.3 of IEC Publication 694 is applicable.

4 .
Umbient air temperature
Nub-clause 6.3.4 of IEC Publication 694 is applicable.
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! Tempe,atu’e-rise tests of the auxiliary equipment

sub-clause 6.3.5 of IEC Publication 694 is applicable.

ln,erpretation of the temperature-rise tests
Sub-clause 6.3.6 of IEC Publication 694 is applicable.

” pasurement of the resistance of the main circuit

. §ub-clause 6.4 of IEC Publication 694 is applicable.

M) gwrt-time withstand current and peak withstand current tests
sub-clause 6.5 of IEC Publication 694 is applicable.

g8l ;4n'angement of the circuit-breaker and of the test circuit
Sub-clause 6.5.1 of [EC Publication 694 is applicable with the following addition:

If the circuit-breaker is fitted with direct over-current releases, these shall be arranged for test
with the coil of the minimum operating current set to operate at the maximum current and
maximum time delay; the coil shall be connected to the source side of the test circuit. If the
circuit-breaker can be used without direct over-current releases, it shall also be tested without

it.

i (82 Test current and duration
Sub-clause 6.5.2 of [EC Publication 694 is applicable with the following addition:

For circuit-breakers fitted with direct over-current releases, the rated operating sequence
confined to opening operations only shall be performed. The average of the r.m.s. values of the a.c,
components of the breaking current in all phases and operations shall be considered as the r.m.s.
value of the short-time current except that where the test is made at rated voltage, prospective
current values may be used.

- §83 Behaviour of circuit-breaker during test

Sub-clause 6.5.3 of IEC Publication 694 is applicable.

Y4 Conditions of circuit-breaker after test
Sub-clause 6.5.4 of IEC Publication 694 is applicable with the following addition:

The condition of circuit-breakers fitted with direct over-current releases shall comply with
Sub-clause 6.102.8.

W Mechanical and environmental tests

S . .. . .
WL Miscellaneous provisions for mechanical and environmental tests

011, Component tests
When testing of a complete circuit-breaker is not practicable, component tests may be accepted as
ype tests. The manufacturer should determine the components which are suitable for testing.
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Components are separate functional sub-assemblies which can be operated independently of the
complete circuit-breaker (e.g. pole, breaking unit, operating mechanism).

when component tests are made the manufacturer shall prove that the mechanical stress on the
component during the tests is not less than the mechanical stress applied to the same component
when the complete circuit-breaker is tested. Component tests shall cover all different types of
components of the complete circuit-breaker, provided that the particular test is applicable to the
component. The conditions for the type tests shall be derived from the normal or special service
conditions and rated characteristics of the circuit-breaker. N

Parts of auxiliary and control equipment which have been manufactured in accordance with
relevant standards shall comply with these standa;ds. The proper function of such parts in con-
pection with the function of the other parts of the tircuit-breaker shall be verified.

1101.1.2 Characteristics and settings of the circuit-breaker to be recorded before and after the tests
Before and after the tests the following operating characteristics or settings shall be recorded or
evaluated if applicable: '
a) closing time;
) opening time;
¢} time spread between units of one pole;
d) time spread between poles (if multipole-tested);
¢) recharging time of the operating device;
f) consumption of the control circuit:
§ consumption of the tripping devices, possible recording of the current of the releases:

h) duration of opening and closing command impulse;

i) tightness (see Appendix EE);

J) gas densities or pressures;

k) resistance of the main circuit;

I} other important characteristics or settings as specified by the manufacturer.

And, if the design of the circuit-breaker permits, such measurements as:
m) time-travel chart;
1) closing speed;
o) opening speed.
The above operating characteristics shall be recorded at:
~ rated supply voltage and rated operating pressure:
~ maximum supply voltage and maximum operating pressure:
= minimum supply voltage and minimum operating pressure;
= minimum supply voltage and maxixrzxum%&;‘)'erating pressure.

L3 Condition of the circuit-breaker during and after the tests

During and after the tests, the circuit-breaker shall be in such a condition that it is capable of
Operating normally, carrying its rated normal current, making and breaking its rated short-circuit
Current and withstanding the voltage values according to its rated insulation level.




— 117 —

In general: these requirements are deemed to be fulfilled if:
uring the tests, the circuit-breaker operates on command and does not operate without

»

during and after the tests, the characteristics measured according to Sub-clause 6.101.1.2 are
-

within the tolerances given by the manufacturer;
P quring and after the tests, all parts, including contacts, do not show undue wear;

"
e
el

“""_ 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
fulfilled only if the temperature-rise of the contacts during temperature-rise test (according to

4 gub-clause 6.3) 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 circuit-breaker or prevents the proper fitting of any replacement part.

gloLl4 Condition of the auxiliary and control equipment during and after the tests
During and after the tests, the following conditions for the auxiliary and control equipment shall

pe fulfilled:
— during the tests, care should be taken to prevent undue heating;

— during the tests. a set of contacts (both make and break auxiliary contacts) shall be arranged to
switch the current of the circuits to be controlled (see Sub-clause 5.4);

— during and after the tests. the auxiliary and control equipment shall fulfill its functions;

— during and after the tests, capability of the auxihary circuits of the auxiliary switches and of
the control equipment shall not be impaired. In case of doubt, the tests according to Sub-
clause 6.1.10 of IEC Publication 694 shall be performed;

— during and after the tests, the contact resistance of the auxiliary switches shall not be affected
adversely. The temperature rise when carrying the rated current shall not exceed the specified
values (see Table V of I EC Publication 694).

4012 Mechanical operation test at ambient air temperature

b01.2.1 General
The mechanical operation test shall be made at the ambient air temperature of the test location.
The ambient air temperature should be recorded in the test report. Auxiliary equipment forming

part of the operating devices shall be included.

The mechanical operation test shall consist of 2 000 operating cycles.

Except for circuit-breakers-fitted with over-current releases the test shall be made without voltage
on or current in the main circuit.

For circuit-breakers fitted with over-current releases approximately 10% of the operating cycles
shall be performed with the opening device energized by the current in the main circuit. The current
shall be the minimum current necessary to operate the over-current release. For these tests, the
current through over-current releases may be supplied from a suitable low-voltage source.
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puring the test, lubrication is allowed in accordance with the manufacturer’s instructions, but no
ﬂcchaﬂical adjustment or other kind of maintenance is allowed.
For special service requirements and/or for circuit-breakers to be used with high frequency of
rations, the testing procedure and the number of operating cycles shall be agreed between
ufacturer and user. In the case of tests with a number of operating cycles greater than 2 000, it is
jssible to perform adjustments and maintenance in accordance with the manufacturer’s

muuctions.

mu‘z Condition of the circuit-breaker before the test
‘. The circuit-breaker for test shall be mounted on its own support and its operating mechanism
;hall be operated in the specified manner. It shall be tested according to its type as follows:

. Amulti-pole circuit-breaker actuated by a single operating device and/or with all poles mounted
on a common frame shall be tested as a complete unit.

A multi-pole circuit-breaker in which each pole or even each column is actuated by a separate
operating device should be tested preferably as a complete multi-pole circuit-breaker, but for
convenience, or owing to limitation of the dimensions of the test bay, one single-pole unit of the
crcuit-breaker may be tested, provided that it is equivalent to, or not in a more favourable
condition than, the complete multi-pole circuit-breaker over the range of tests, for example in

& ‘respect of:

~ closing speed;

- opening speed;

~ power and strength of closing and opening mechanism;

— rigidity of structure.

10123 Description of the test
The circuit-breaker shall be tested in accordance with Table XII

TABLE XII
N ) Number of operating sequences
@ Operating Control voltage
and Circuit-breakers Circuit-breakers
sequence o .
perating pressure for not for
auto-reclosing auto-reclosing
Minimum 500 500
C—1,—0—1, Rated 500 300
Maximum 500 500
O0~-(~CO—1,—-C—1, Rated 250 -
. CO—t Rated — 500
where
O = opening

C = closing

CO = a closing operation followed immediately (i
= {ime between two operations which is necessary to restore the initial conditions a
parts of the circuit-breaker (this time can be different according to the type of operation)
0.3 s for circuit-breakers intended for rapid auto-reclosing, if not otherwise specified.

.., without any intentional time-delay) by an opening operation
nd/or to prevent undue heating of

-
I
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a3 L

o 3. General
The low and high temperature tests shall be made only upon agreement between manufacturer
and user. The two tests need not be performed in succession, and the order in which they are made is
grbitrary. For class —5 °C indoor circuit-breakers, no low temperature test is required.

ow and high temperature tests

' For single enclosure circuit-breakers or multi-enclosure circuit-breakers with common operating
device, three-pole tests shall be made. For multi-enclosure circuit-breakers with independent poles,
festing of one complete pole is permitted.

using one or more of the followuig alternatives provided that the circuit-breaker in its testing
grrangement is not in a more favourable condition than normal condition for mechanical operation

(sce Sub-clause 6.101.2.2):
g) reduced length of phase-to-earth insulation;

owing to limitations of the test facilities, multi-enclosure type circuit-breakers may be tested

b reduced pole spacing;
¢) reduced number of modules.
If heat sources are required they shall be in operation.

Liquid or gas supplies for circuit-breaker operation are to be at the test air temperature unless the
crcuit-breaker design requires a heat source for these suppilies.

No maintenance. replacement of parts, lubrication or readjustment of the circuii-breaker is
permissible during the tests.

Note. — In order to determine the matenal temperature charactensucs. ageing, ¢ic . tests of longer duration than those
specified in the following sub-clauses may be necessary.

As an alternative approach to the methods in this standard, a manufacturer may establish com-
pliance with performance requirements for an established circuit-breaker family by documenting
satisfactory circuit-breaker 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 of
=25°C or —40°C depending on the class of the circuit-breaker (see Clause 2 of IEC Publica-

q\ , tion 694).
J

®N32 Measurement of ambient air temperature
‘The ambient air temperature of the test environment shall be measured at half the height of the
Grcuit-breaker and at a distance of 1 m from the circuit-breaker.

; The maximum temperature deviation over the height of the circuit-breaker shall not exceed
K,

133 Low temperature test )
§ . The diagram of the test sequences and identification of the application points for the tests =
ecified are given in Figure 15a, page 230.
If the 1ow temperature test is performed immediately after the high temperature test, the low
;empemture test can proceed after completion of Item ) of the high temperature test. In this case
ms g) and b) are omitted.

q N . . . .
4 The test circuit-breaker shall be adjusted in accordance with the manufacturer’s instruc-
lions,
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Characten'stics and settings of the circuit-breaker shall be recorded in accordance with Sub-
clause 6.101.1.2 and at an ambient air temperature of 20 £ 5°C (T4). The tightness test (if
apphcable) shall be performed with the circuit-breaker in the closed position.

with the circuit-breaker in the closed position, the air temperature shall be decreased to the
appropriate minimum ambient air temperature (71), according to the class of the circuit-
preaker. Values of T may be —25°C, or —40 °C, as appropriate. The circuit-breaker shall be
kept in the closed position for 24 h after the ambient air temperature stabilizes at 77.

During the 24 h period with the circuit-breaker in the closed position at temperature T, a
tightness test shall be performed (if applicable). An increased leakage rate is acceptable, pro-
vided that it returns to the original value when the circuit-breaker is restored to the ambient air
temperature T, and is thermally stable. The increased temporary leakage rate shall not exceed
three times the specified permissible value F;, (see Appendix EE).

After 24 h at temperature 77, the circuit-breaker shall be opened and closed at rated valués-of
supply voltage and operating pressure. The opening time and the closing time shall be recorded
to establish low temperature operating characteristics. Contact velocity should be recorded if

feasible.

The low temperature behaviour of the circuit-breaker and its alarms and lock-out systems shall

be verified by disconnecting the supply of heating devices for 2 h. The time interval between the -

instant of disconnection of heating devices and the occurrence of alarms, lock-out or opening
without order should be recorded (if applicable). At the end of the 2 h period, an opening order,
at rated values of supply voltage and operating pressure, shall be given. If the circuit-breaker
does not open, the heating devices shall be reconnected and the time interval until the circuit-
breaker opens on order be noted.

The circuit-breaker shall be left in the open position for 24 h.

During the 24 h period with the circuit-breaker in the open position at temperature Iy, a
tightness test shall be performed (if applicable). An increased leakage rate is acceptable, pro-
vided that it returns to the original value when the circuit-breaker is restored to the ambient air
temperature T and is thermally stable. The increased temporary leakage rate shall not exceed
three times the specified permissible value Fj; (see Appendix EE).

At the end of 24 h, 50 closing and 50 opening operations shall be made at rated values of supply
voltage and operating pressure with the circuit-breaker at temperature 77. At least a 3 min
interval shall be allowed for each cycle or sequence. The first closing and opening operation
shall be recorded to establish low temperature operating characteristics. Contact velocity
should be recorded if feasible.

‘_ Following the first closing operation (C) and the first opening operation (O) three CO operating

i)

cycles (no intentional time delay) shall be performed. The additional operations shall be made
by performing C—t,—O~ 1, operating sequences (t, is defined in Sub-clause 6.101.2.3).

After completing the 50 opening and 50 closing operations, the air temperature shall be
inctgased to ambient air temperature T, at a rate of change of approximately 10 K per

~ hour,
~Dmring the temperature transition period the circuit-breaker shall be subjected to alternate

K

C—1,—0—1,—C and O—1,—C—1,—O operating sequences at rated values of supply voltage
and operating pressure. The alternate operating sequences should be made at 30 min intervals
so that the circuit-breaker will be in open and closed positions for 30 min periods between the
operating sequences.

After the circuit-breaker has stabilized thermally at ambient air temperature T4, a recheck shall
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pe made of the circuit-breaker settings, operating characteristics and tightness as in Items a) and
p) for comparison with the initial characteristics.

134 High temperature test |
) The diagram of the test sequence and identification of the application points for the tests specified
are given in Figure 15b, page 230.

If the high temperature test is performed immediately after the low temperature test, the high
emperaturc test can proceed after completion of Item k) of the low temperature test. In this case,
fems and m) are omitted.

I The test circuit-breaker shall be adjusted in accordance with the manufacturer’s instruc-
© tions.

m) cﬁaracteristics and settings of the circuit-breaker shall be recorded in accordance with Sub-
clause 6.101.1.2 and at an ambient air temperature of 20 + 5°C (T,). The tightness test (if
applicable) shall be performed with the circuit-breaker in the closed position.

With the circuit-breaker closed, the air temperature shall be increased to 40°C, and the
circuit-breaker kept in the closed position for 24 h after the ambient air temperature stabilizes
at 40 °C.

vote. — If the influence of solar radiation is to be considered, it is necessary to simulate the natural conditions of the

n

radiation
Testing Procedurcs, Part - Tests, Test Sa: Simulated Solar Radiation at Ground Level.

Attention is drawn to the fact that an increase in ambient temperature of the test room does not simulate this
radiation effect.

During the 24 h period with the circuit-breaker in the closed position at the temperature of
40°C, a tightness test shall be performed (if applicable). An increased leakage rate is acceptable,
provided that it returns 10 the original value when the circuit-breaker is restored to the ambient
air temperature Ty and is thermally stable. The increased temporary leakage rate shall not
exceed three times the specified permissible value F, (see Appendix EE).

o

p) After 24 h at the temperature of 40 °C, the circuit-breaker shall be opened and closed at rated
values of supply voltage and operating pressure. The opening time and the closing time shall be
recorded 1o establish high temperature operating characteristics. Contact velocity should be

recorded if feasible.
¢) The breaker shall be opened and left open for 24 h at the temperature of 40°C.

r) During the 24 h period with the circuit-breaker in the open position at the temperature of 40 °C,
a tightness test shall be performed (if applicable). An increased leakage rate is acceptable,
provided that it returns to the original value when the circuit-breaker is restored to the ambient
air temperature T and is thermally stable. The increased temporary leakage rate shall not
exceed three times the specified permissible value Fj, (see Appendix EE).

- _3 At the end of 24 h, 50 closing and 50 dpening operations shall bemade at rated values of supply

voltage and operating pressure with the circuit-breaker at the temperature of 40 °C. At least a
3 min interval shall be allowed for each cycle or sequence. The firstetostiig and opening
operation shall be recorded to establish high temperature operating characteristics. Contact
velocity should be recorded if feasible.

Following the first closing operation (C) and the first opening operation (O) three CO operation
cycles (no intentional time delay) shall be performed. The additional operations shall be made
by performing C—t,—O—t, operating sequences (¢, is defined in Sub-clause 6.101.2.3).

(c.g. the intensity and direction of the radiation). See 1EC Publication 68-2-5: Basic Environmental ~




fier completing the 50 opening and 50 closing operations, the air temperature shall be

(0l

A . .

t decreased to ambient air temperature T, at a rate of change of approximately 10 K per
hour.
puring the temperature transition period, the circuit-breaker shall be subjected to alternate

Cc— ta—-o—ta—C and O—1,—C—1,—O operating sequences at rated values of supply voltage
and operating pressure. The alternate operating sequences should be made at 30 min intervals
so that the circuit-breaker will be in the open and closed positions for 30 min periods between

the operating sequences.

™, After the circuit-breaker has stabilized thermally at ambient air temperature T, a recheck shall
pe made of the circuit-breaker settings, operating characteristics and tightness as in Items /)

% and m) for comparison with the initial characteristics.
. 1101-4 Humidity test ' SR s
Jlor41 General

The humidity test shall be performed by agreement between manufacturer and user and 1s limited
10 circuit-breaker components which may be affected by humidity.

The test procedure described in Sub-clause 6.101.4.2 is applicable to components with a thermal
time constant of about 10 min.

O

Note. — The test for components having higher thermal time constant is under consideration.

o142 Test procedure
The circuit-breaker components shall be arranged in a test chamber containing circulating air
and in which the temperature and humidity conditions are as follows:
_ the temperature of the room undergoes cyclic variauons from 15 = 3°Co 40 = 2°Caccording
1o Figure 16, page 231.
— the relative humidity within the room 1s constantly above 93% while the temperature 1s raised
and during the period when the temperature 1s held at 40 °C.

Note. — In order to obtain these conditions, steam should be injected directly into the room or heated water should be
atomized: the rise from 25 °C to 40 °C may be obtained with the provision of heat coming from the steam or
" atomized water or, if necessary, by additional heaters.

; No value of relative humidity is specified during the drop in temperature, however, the humidity
CD : shall be above 80% during the period when the temperature is maintained at 25 °C.

The air shall be circulated in order to obtain uniform distribution of the humidity in the
room.

The water used to create the humidity shall be such that the water collected in the room has a
resistivity equal to or greater than 100 Q2 m and contains neither salt (NaCl) nor corrosive
element.

Note, — If the facilities of the test chamber permit, the times ¢, and 3 may be reduced, but then the times ¢, and ¢4 should
be increased so that 7; + ¢, + ¢3 + {4 remains constant.

The number of cycles shall be 350.

3 After the test, the operating characteristics of the circuit-breaker components shall not be
* affected. The auxiliary and control circuits shail withstand a power frequency voltage of 1 500 V for

.

vl min, The degree of corrosion, if any, should be indicated in the test report.
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5 Test 0 prove the operation under severe ice conditions

o The test under severe ice conditions is applicable only to outdoor circuit-breakers having moving

external parts and for which a class of 10 mm or 20 mm of ice thickness is specified. The test shall be

formed under the conditions described in [EC Publication 129: Alternating Current Discon-
nectors and Earthing Switches.

41016 Guide for static terminal load test

. (10161 General
¢ The static terminal load test is applicable only to outdoor circuit-breakers having rated voltages
of 52kV and above. .
The static terminal load test is made only upon agreement between manufacturer and user, and is
rformed to demonstrate that the circuit-breaker operates correctly when loaded by stresses
resulting from ice, wind and connected conductors.

Ice coating and wind pressure on the circuit-breaker shall be in accordance with Sub-clause 2.1.2
of IEC Publication 694. _

Some examples of forces due to flexible and tubular connected conductors (not including wind
or ice load on the circuit-breaker itself) are given as a guide in Table XIIL g

TasLE XIII
Static honzontal force Sxau'c_“:::ncal l
Rated Rated i v :
I {vernical axis- |
voltage current ‘ e aard and
range range i Longiudinal Transversai apwaty A0
! . ) downwarg
Fina Finn | N :
(kV) (A) (N) (N) (N) !
52-72.5 800-1 250 500 400 500
52-72.5 1 600-2 500 750 500 750
100-170 1 250-2 000 1 000 : 750 750
100-170 2 500-4 000 1250 750 [ 000
245 1 600-3 150 1250 1000 1250
420 2 000-4 000 1750 1250 1 500
CD The tensile force due to the connected conductors is assumed to act at the outermost end of the

circuit-breaker terminal.

For simultaneous action of ice,wind and connected conductors, the resultant terminal loads,
Fga, Fgp and F, respectively (see Figure 17, page 233) are defined as rated static terminal
loads.

If the manufacturer by calculations can prove that the circuit-breaker can withstand the stresses,
tests need not be performed.

HWL6.2  Tests o

The tests shall be made at the ambient air temperature of the test room.

The tests should be made preferably on at least one complete pole of the circuit-breaker. 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 circuit-breakers which are symmetrical about the pole unit
vertical centreline, only one terminal need be tested with the rated static terminal load. For circuit-
breakers which are not symmetrical, each terminal shall be tested.
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Tests shall be made separately, firstly with a horizontal force, Fypa, applied in longitudinal axis of
inal (direction A in Figure 18, page 235), secondly with a horizontal force, Fypg, applied in
tions successively at 90° from the longitudinal axis of the terminals (directions B, and B,
18) and thirdly, with a vertical force, Fy,, applied in two directions successively (directions '
¢, and C, in Figure 18). To avoid the need to apply a special force representing the force of wind
gcting at the circuit-breaker’s centre of application of pressure, this wind load may be applied at the
terminal (see Figure 17) and reduced in magnitude in proportion to the longer lever arm (the
pending moment at the lowest part of the circuit-breaker should be the same).

the term
qwo direc
in Figure

TWO operating cycles shall be performed for each of the specified five terminal load tests.

W02 Miscellaneous provisions for making and breaking tests

The following sub-clauses are applicable to all making and breaking tests unless otherwise speci-
fied in the relevant clauses.

\021 General

Circuit-breakers intended to be used with all three poles operating together shall be capable of
making and breaking all short-circuit currents, symmetrical and asymmetrical, up to and including
the rated short-circuit breaking currents: this is deemed to be proved if the circuit-breakers make
and break the specified three phase symmetrical and asymmetrical currents between 10% (or such
lower currents as specified in Sub-clause 6.107.2 if Sub-clause 6.107.1 is applicable) and 100% of
the rated short-circuit breaking current at rated voltage.

In addition circuit-breakers intended to be used in an earthed neutral sysiem or for single-pole
operation shall make and break single-phase short-circuit currents between 10% (or such lower
currents as specified in Sub-clause 6.107.2 if Sub-clause 6.107.1 is applicable) and 100% of the rated

short-circuit breaking current 4t phase to earth voltage (U/ V3).

For a three-pole circuit-breaker, all short-circuit making and breaking requirements, three-phase
or single-phase if required, can be proved with a three-pole circuit-breaker with all poles operating
together. _ v _

Three-phase making and breaking requirements should preferably be proved in three-phase
circuits.

If the tests are carried out in a laboratory, the applied voltage, current, transient and power
frequency recovery voltages may all be obtained from a single power source (direct tests) or from
several sources where all of the current, or a major portion of it, is obtained from one source, and
the transient recovery voltage is obtained wholly or in part from one or more separate sources

(synthetic tests).

If due to limitations of the testing facilitiésthe short-circuit performance of the circuit-breaker
cannot be proved in the above way, several methods employing either direct or synthetic iest
methods may be used either singly or in combination depending on the circuit-breaker type:

a) single-pole testing;
b) unit-testing;
¢) multi-part testing.
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1 Single-pole testing

According to this method, a single-pole of a three-pole circuit-breaker is tested single-phase
applying 10 the pole the same curians ¢ substantially the same power frequency voltage which
would be impressed upon the most highly stressed pole during three-phase making and breaking
by the complete three-pole circuit-breaker under corresponding conditions. See Sub-

dause 6.102.3.1.

!

‘|02.l.2 Unit testing
X Certain circuit-breakers are constructed by assembling identical breaking or making units in
) geries, the voltage distribution between the units of each pole often being improved by the use of
parallel impedances.

This type of design enables the breaking or making performance of a circuit-breaker to be tested
by carrying out tests in accordance with Sub-clause 6.102.3.2 on one or more units.

(0213 Multi-part testing
If all TRV requirements for the given test duty cannot be met simultaneously, the test may be
carried out in two or more parts in succession for instance as illustrated in Figure 27, page 243. See
Sub-clause 6.102.3.3. ’ .

Note. — For circuit-breakers equipped with closing resistors or low ohmic opening resistors other special procedures may
be used.

W22 Arrangement of circuit-breaker for tests

The circutt-breaker for test shall be mounted complete on its own support or on an equivalent
support. A circuit-breaker supplied as an integral part of an enclosed unit shall be assembiled in its
own supporting structure and enclosure complete with any disconnecting features, with vent outlets
forming part of the unit and, where practicable, with main connections and busbars. Its operating
devices shall be operated in the manner specified and in particular, if it is electrically, pneumatically

or hydraulically operated, it shall be operated at the minimum voltage or pressure at commence-
ment of the operating sequence, specified in Sub-clauses 4.8, 4.10 and 5.7, unless otherwise speci-
fied in the relevant clauses. It shall be shown that the circuit-breaker will operate satisfactorily
under the above conditions at no-load as specified in Sub-clause 6.102.5. Gas-blast circuit-breakers
CD shall be tested at the minimum pressures of the compressed gas for interruption corresponding to
the series of operations to be performed, as specified in Sub-clause 5.103, unless otherwise specified

in the relevant clauses.

Note. — Current chopping may be more pronounced at maximum operating pressure and/or maximum gas pressure/
density.

The circuit-breaker shall be tested according to its type as follows:

a) Single-enclosure type ,
A three-pole circuit-breakerhavireg all its arcing contacts supported within a common enclosure
shall be tested as a complete three-pole circuit-breaker in three-phase circuits even in the case of
line to ground fault conditions.

The reasons are: .
= possibility of flash-over between poles or to earth due to the influence of exhaust gases;
°  — possible differences in the conditions of the extinguishing medium (pressures, temperatures,
pollution levels, etc.);
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— possible influence between phases due to electro-dynamical forces in the case of a three-phase
fault;
— possible different stresses on the operating mechanism.
b Multi-enclosure type
A three-pole circuit-breaker consisting of three independent single-pole switching devices can be
tested single-phase according to Sub-clause 6.102.1.1 provided that the pole spread is in accor-
dance with the requirements of Sub-clause 5.101.

A three-pole circuit-breaker not having completely independent switching devices shall be

tested preferably as a complete three-pole circuit-breaker, but for convenience, or owing to

.. limitation of available testing facilities, one single-pole of the circuit-breaker may be tested,

»  provided that it is equivalent to, or not in a more favourable condition than, the complete
three-pole circuit-breaker over the range of tests in respect of:

— speed of make;

— speed of break;

— availability of arc-extinguishing medium;

— power and strength of closing and opening devices;

— rigidity of structure.

§102.2.1  Circuit-breakers with over-current releases

Circuit-breakers fitted with direct over-current releases shall. subject to the provisions of Sub-
clause 6.103.4. be arranged for Test-duties Nos. | 10 5 (Sub-clause 6.106) as specified below and the
over-current release coils shall be connected to the live side of the test circuit:

ke,
S

With the coil of the maximum rated operating current set (o operate at the maximum current and
maximum time-delay for Test-duties Nos. 1, 2,3 and 4, and at the minimum current and minimum

time-delay for Test-duty No. 5.

Note. — When the above time-delay is 100 great for convenient oscillographic recording it shall be permissible to use a
smaller time-delay setting or to render the time-delay device inoperative for Test duties Nos. 1 and 2 only.

CD Q81023 General considerations concerning testing methods

8102.3.1 Single-pole testing of three-pole circuit-breakers
In those cases where the circuit-breaker design permits single-pole testing to simulate three-phase
conditions and the circuit-breaker is equipped with one operating mechanism for all poles a com-
plete three-pole assembly shall be supplied for the tests. .

The contact travel characteristics (speed and stroke) of the complete circuit-breaker shall be
recorded in a suitable test reproducing the maximum stresses the mechanism has to cope with in
actual short-circuit conditions at the rated short-circuit breaking current and at the highest avail-

e

able voltage but not higherithan the value corresponding to the rated voltage.

Single-pole tests on such a circuit-breaker, at the rated short-circuit breaking current, then have to
be carried out with the contact travel characteristics recorded during the above test, within a
tolerance of +10% in both speed and contact gap at any instant during the opening stroke between
the instant of contact separation and the instant corresponding to maximum arc duration. At lower
currents, the contact velocities may be different.
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_ To achieve the correct travel characteristics, it may be necessary to make adjustments of operating energy, moving
Note: masses, etc.

g0

;a] attention should be paid to the emission of arc products. If it is considered that such
emission would, for example, be likely to impair the insulation distance to adjacent poles, then this
shall be checked, using earthed metallic screens (see Sub-clause 6.102.7).

' WU’Z Unit testing ’

: ' When a testing laboratory is not equipped to test a complete three-pole circuit-breaker or a single
pole of a circuit-breaker, tests on one or more units may be carried out depending on the type of the
circuit-breaker. -

The requirements of Sub-clause 6.102.2 and 6.102.3.1 also apply for unit-testing.

Since therefore at least a complete pole assembly has to be made available for tests on one or
more units the test-results relate only to the specific pole considered.

Circuit-breakers consisting of units or assemblies of units which are separately operated may be

pot more favourable than for the complete circuit-breaker.

[fthe interrupting unit is applied for different voltage ratings of circuit-breakers, the possibility of
regarding only the most onerous test conditions for a specific voltage rating may be subject to
agreement between manufacturer and user.

When carrying out unit tests it is essential that the units are identical and that the static voltage
distribution for the type of test under consideration (terminal faults, short-line fault, out of phase,
elc.) is known.

t102.3.2.1 Identical nature of the units
The units of the circuit-breaker shall be identical in their shape, in their dimension 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) Operation of contacts

The opening, in breaking tests, or the closing, in making tests, of the contacts of one pole shall be
such that the time interval between the opening or closing of the contacts of the unit which is first
to operate and the contacts of the unit which is last to operate is not more than % cycle of rated
frequency. Rated operating pressures and voltages shall be used to determine this time interval

(see Sub-clause 5.101).

b) Supply of the arc-extinguishing medium <
For a circuit-breaker using a supply of arc-extinguishing medium from a source external to the
e units, the supply to each unit shall for all practical purposes be independent of the supply fo° the

fed essentially together and in an identical manner.
¢) Condition of the arc-extinguishing medium

The design of the circuit-breaker and its units shall be such that during the breaking or making
operations, the condition of the medium in which the arc is created (e.g. temperature, pressure,
rate of flow, etc.) in each unit is for all practical purposes not influenced by the operation of the

other units.

mted as units or assemblies of units respectively as long as the supply of the operating medium is -

- other units, and the arrangement of the supply pipes shall be such as to ensure that all units are
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b

In particular, neither the supply of extinguishing medium to the unit or units under test nor the
ease of exhaust of products from the arc shall be increased owing to the absence of arcing in the
other units normally in series with the unit or units under test.

Jonized gases or vapours which may be present in the exhaust should be so discharged that they
‘ '&éannot cause malfunctioning of adjacent units in the same or other phases, or failure of the circuit-
preaker as @ whole by flash-over either partially or totally through the exhaust gases.

9.2 Voltage distribution
* The test voltage is determined by analyzing the voltage distribution between the units of the
pole. ’ . ,

The voltage distribution between units of a pole as affected by the influence of earth shall be
Jetermined for the relevant test conditions laid down for tests on one pole; for terminal fault
conditions see Items ¢ and d) of Sub-clause 6.103.3 and Figures 21a, 21b, 22a and 22b, pages 238
and 239, for short-line fault conditions Sub-clause 6.109.3 and for out-of-phase conditions Sub-
clause 6.110.2 and Figures 29, 30 and 31, pages 246 and 247. Where the units are not symmetrically
arranged, the voltage distribution shall be determined also with reverse connections.

If the circuit-breaker is fitted with parallel resistors, the voltage distribution shall be caiculated or
measured statically at the equivalent frequency involved in the TRV.

Note I. — The equivalent frequency is deemed to be equal to 1/(3 ¢} in the case of four parameters or 10 1/(2 t5) in the case of
two parameters (see Figures 23 and 24, page 241).

For short-line fault unit tests. the voltage distribution shall be calculated or measured statically
on the basis of a voltage on the line side at the fundamental frequency of the line osciilauon and a
voltage on the source side at the equivalent frequency of the TRV for terminal faults. the common
point of the two voltages being at earth potential.

If only capacitors are used, the voltage distribution may be calculated or measured at power
frequency.

The manufacturing tolerances for resistors and capacitors shall be taken into account. The
manufacturer shall state the value of these tolerances.

Notes 2. — It may be taken into account that the voltage distribution may be more favourable during the out-of-phase
breaking tests than during the terminal or short-line fault tests. This applies also when in exceptional cases tests
have to be performed under the conditions of unearthed faults in earthed neutral systems.

3. — The influence of pollution is not considered in determining the voltage distribution. In some cases, pollution
may affect this voltage distribution.

02.3.2.3  Requirements for unit testing

All unit testing shall be performed on the maximum number of units in series compatible with
the capabilities of the testing laboratory, at the specified making and breaking cusrents.

When testing a single unit, the test voltage shall be the voltage of the most higtiy-stressed unit of
the complete pole of the circuit-breaker determined in accordance with Sub-clause 6.102.3.2.2. For
short-line fault conditions, the unit referred to is that most highly stressed at the specified time of
the first peak of the line side transient voltage.

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 Sub-clause 6.102.3.2.2.
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During . C ) :
preaking operation of the complete circuit-breaker. For certain types of circuit-breakers, such as

d rcuit-bfeakers in metal enclosures, it is therefore necessary to prove that the insulation to earth is
capable of withstanding this full voltage after interruption of the rated short-circuit current with
maximumm arcing time in all units. The influence of exhaust gases should also be taken into

,gcount.

A test may be carried out with full current flowing through all the units of a pole and by applying simultaneously
a voltage from a separate source to the enclosure.

Higher recovery voltages are applicable at currents lower than the rated breaking value and it may be necessary
to check the behaviour of the circuit-breaker under these conditions also.

Notes 1. —

2. -

10233 Multi-part testing

In the first part the initial portion of the TRV shall not cross the straight line defining the delay
gme and shall meet the specified reference line up to the voltage u, and the time ¢,.

In the second part, the voltage u; and the time £, shall be attained (see Figure 27, page 243).,

If by those tests the area below the specified reference line is not sufficiently covered a third test
is necessary with a TRV peak value intermediate between u; and ¥, and a time intermediate

petween {, and 1x.

If the arcing times on separate tests forming part of one multipart test are significantly different,
measured from the same point-on-wave of the contact separation, it is necessary for the validity of
the test that the shorter arcing times are prolonged in order to obtain the longest arcing time in ali

tests.

102.4 Synthetic tests
A synthetic test is defined as a test in which all of the current, or a major portion of it, is obtained
from one source (power-frequency current circuit) and in which the transient recovery voltage is
obtained wholly or in part from one or more separate sources (voltage circuits), this voltage cor-
responding to the rated voltage of the tested circuit-breaker. The voltage of the power-frequency
current source may be a fraction of that of the voltage circuit.

The requirements to be met when using synthetic test methods employing either current injection
or voltage injection methods are stated in IEC Publication 427: Report on Synthetic Testing of
High-voltage Alternating Current Circuit-Breakers.

Note. — Synthetic test methods for short-circuit testing other than current injection or voltage injection methods and
synthetic test methods for load current testing are under consideration.

5 No-load operations before tests

Before commencing making and breaking tests, no-load operations shatl be made and details of
‘he operating characteristics of the circuit-breaker, such as speed of travel, Tlgsing time and opening

- ime, shall be recorded.
For a circuit-breaker fitted with a making current release, it shall be shown that this does not

g OPerate on no-load.

For electricallv operated circuit-breakers, operations shall be made with the closing solenoid
'1 e‘“erglzed at 105%, 100% and 85% of the rated supply voltage of the closing device and with the
Sf“m opening release energized at 110%, 100% and 85% in the case of a.c., and 110%, 100% and

"~“a in the case of d.c. of the rated supply voltage.

unit testing, the insulation to earth is not stressed with the full voltage occurring duringa
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For pneumatic or hydraulic operating devices, the operations shall be made under the following
conditions with reference to the minimum, rated and maximum pressure specified in Sub-
clauses 5.5 and 5.6:

minimum pressure with the shunt opening releases energized at 85% in case of a.c., 70% in case
of d.c. and with the shunt closing releases energized at 85% of the rated supply voltage.

se g

b) rated pressure with the shunt releases energized at the rated supply voltage,

e

””d maximum pressure with the shunt releases energized at 110% of the rated supply voltage,

Fner .
A

“d maximum pressure with the shunt opening releases energized at 85% in case of a.c., 70% in case
.+ of d.c. and with the shunt closing releases energized at 85% of the rated supply voltage.

For spring-operated circuit-breakers, operations shall be made with the shunt closing releases
energized at 110%, 100% and 85% of the rated supply voltage and with the shunt opening releases
energized at 110%, 100% and 85% in case of a.c., and 110%, 100% and 70% in case of d.c. of the

rated supply voltage.

002-6 Alternative closing mechanisms
: If the circuit-breaker is designed for use with alternative closing mechanisms, a separate series of
short-circuit test-duties shall be made for each type of mechanism, unless it can be shown that the
change of mechanism does not affect the performance of the common portion. particularly with
regard to the opening characteristics of the circuit-breaker.

If this can be satisfactorily shown. only a single complete series of short-circuit test-duties is
required using one of the alternative mechanisms, but any short-circuit test-duty which includes
making operations (sce Sub-clause 6.106.4) shall be repeated with all other alternative mecha-

gisms.

{1027 Behaviour of circuit-breaker during tests

During making and breaking tests, the circuit-breaker shall neither show signs of excessive
distress nor endanger the operator. From oil circuit-breakers, there shall be no outward emission of
flame, and the gases produced, together with the oil carried with the gases, shall be conducted from
the circuit-breaker and directed away from all live conductors and locations where persons may be
present.

For other types of circuit-breakers, if there is appreciable emission of flame or metallic particles,
it may be required that the short-circuit tests shall be made with metallic screens placed in the
vicinity of the live parts and separated from them by a safety clearance distance which the manu-
facturer shall specify.

The screens shall be insulated from earth but connected thereto by a suitable device to indicate
any significant leakage current to earth.

There shall be no indication of significant leakage currents to the circuit-breaker earthed
structure, or screens when fitted, during the tests. In case of doubt, the earthed parts, etc., should be
connected to earth through a fuse consisting of a copper wire of Q.1 mm diameter and 5 cm long. No
significant leakage is assumed to have occurred if this fuse wires-intact after the test.

In certain circumstances, it may be necessary to maintain a permanent electrical connection
between the frame of the circuit-breaker and earth. In such cases it is permissible to earth the frame
through the primary winding of a suitable transformer having a 1:1 ratio, with the fuse connected

. across the secondary winding of the transformer and with the secondary terminals protected by a

" Spark gap.




401EC 197 ~ 145 —

Overvoltages produced during line-charging, cable-charging, capacitor bank and small inductive
current breaking tests shall not exceed the maximum permissible switching overvoltages specified
py the manufacturer (see Sub-clauses 4.107 to 4.110 and 4.112). External flashover shall not

occur.
m_s‘ Condition of circuit-breaker after tests

A
8o General
8 Thecircuit-breaker may be inspected after any test-duty. Its mechanical parts and insulators shall
pe in practicaily the same condition as before the test-duty. )
{10282 Condition after a short-circuit test-duty .
- 1= After each short-circuit test-duty, the circuit-breaker shall be capable of making and breaking
its rated normal current at the rated voltage, although its short-circuit making and breaking
performance may be impaired.

The main contacts shall be in such a condition, in particular with regard to burning, contact area,
pressure and freedom of movement, that they are capable of carrying the rated normal current of
the circuit-breaker without their temperature rise exceeding by more than 10 K the values specified
for them in Table V of Sub-clause 4.4.2 in IEC Publication 694. In case of doubt, it may be
pecessary to perform an additional temperature rise test. Experience shows that an increase of the
voltage drop across the circuit-breaker cannot alone be considered as reliable evidence of an
increase in temperature rise.

Contacts shall be considered as “silver-faced’” only if there is still a layer of silver at the contact
points after any of the short-circuit test-duties; otherwise they shall be treated as “not silver-faced”
(see LEC Publication 694, Table V. Note 3).

t102.8.3 Condition after a short-circuit test series
In order to check the operation of the circuit-breaker after test, no-load closing and opening
operations shall be made at the completion of the entire series of short-circuit tests. These shall be
compared with the corresponding operations made in accordance with Sub-clause 6.102.5 and shall
show no significant change. The circuit-breaker shall close and latch satisfactorily.

CD o After the completion of the entire series of short-circuit test-duties, local burning of the lining
of oil circuit-breaker enclosures may be expected, and provided this does not render the lining
incapable of performing its function, such damage is permissible. This does not apply to linings,
tubes, barriers, etc., which form part of the main insulation of the circuit-breaker.

Slight distortion of non-metallic interphase barriers and tank linings may be permitted on oil
circuit-breakers, provided such distortion does not interfere with the normal opening and closing of

the circuit-breaker. s
If, for reasons other than the behaviour of the: tested circuit-breaker, it becomes necessary to
perform a greater number of short-circuit test-duties than are required by this standard, and if the
enclosure lining is so damaged that the manufacturer considers it desirable to change it before
?Ompleting the entire series of test-duties, a statement of changes and necessary explanation shall be
Included in the test report.
"' Damage to main insulation (i.e. that which is subject to electrical stress under normal operating
-+ %onditions with the circuit-breaker either open or closed) such that the insulation of the circuit-
“breaker is impaired shall disqualify the circuit-breaker. Damage to shields fitted for bushings or arc

E G | loop or after a minor loop without arcing during a preceding major 100p or the greatest possivie




i
L
N

r

onEC%987 ~ 151 —

?uﬁng the second breaking operation arc extinction occurs at the first current zero, then the
mlrd breaking operation shall be made with the same setting of the control of the tripping

pulse as the first valid breaking operation. If during the second breaking operation arc
eximctlon does not occur at the first current zero, then the third breaking operation shall be
m#de with the setting of the control of the tripping impulse advanced by approximately 60
electrical degrees from that of the second breaking operation.

2) Test duty No. 5 (Sub-clause 6.106.5)
A first valid operation shall be established in such a way that arc extinction occurs at the end of
the major loop. Contact separation shall occur in or even before the preceding minor loop. It
may be necessary to make more than one test to achieve this valid test.
| ,

"R 1lative to this_ moment of contact separation a second breaking operation shall be made with
the setting of the control of the tripping impulse advanced by approximately 60 electrical
degrees. This second operation is valid only if arc extinction occurs after the minor loop. If arc
extinction does not occur at the end of the minor loop, then the first operation is invalid.

A éhird operation shall be made with the setting of the control of the tripping impulse retarded by
apj)roximately 60 electrical degrees with respect to the first valid operation.

3) Out-of-phase test duties (Sub-clause 6.110.4)
For test duty No. 1 the second breaking operation shall be made with the setting of the control of
the tripping impulse 60 electrical degrees retarded with respect to the first operation. If the
interruption occurs in the same current zero as in the first operation, then a third test with the
setting of the control of the tripping impulse further retarded by 60 electrical degrees shall be
made.
For test duty No. 2 the setting of the control of the tripping impulse of the two breaking opera-
uohs shall be 60 electrical degrees apart.
Fok direct tests the above mentioned procedure may lead to more than one loop of arcing.
In order to perform synthetic tests on the same basis the arcing of the tested circuit-breaker shall
be prolonged through the necessary number of zeros of power-frequency current by means of
forced reignition.

$103 Tesﬁ‘ circuits for short circuit making and breaking tests
! ,

4103.1 P(#wer JSactor
The power factor in each phase shall be determined in accordance with one of the methods

described in Appendix DD.

T}:% power factor of a polyphase circuit shall be taken as the average of the power factors in each
phase.

During the tests, this average value shall not exceed 0.15.

The power factor of any phase shall not vary from the average by more than 25% of the
average.

\
’]032 F equency

Circuit-breakers shall be teste& at rated frequency with a tolerance of +10%.

HoWever for convenience of testing, some deviations from the above tolerance are allowable; for
example, when circuit-breakers rated at 50 Hz are tested at 60 Hz and vice versa, care should be
exercized in the interpretation of the results, taking into account all significant facts such as the type
of the circuit-breaker and the type of test performed.

Note. | In some cases, the rated characteristics of a circuit-breaker may be different for use at 60 Hz and for use at
50 Hz.
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03 Earthing of test circuit
103

The corinections to earth of the test circuit for short-circuit making and breaking tests shall be in
gccordance with the following requirements and shall in all cases be indicated in the diagram of the
est circuit included in-the test report (see Appendix CC, Sub-clause 2.4, Item g)).

a) For three-phase tests of a three-pole circuit-breaker, first-pole-to-clear factor 1.5:
The circuit-breaker (with its structure earthed as in service) shall be connected in a test circuit
having the neutral point of the supply isolated and the short-circuit point earthed as shown in
Figure 19a, page 236, or vice versa as shown in Figure 19b, page 236, if the test can be made only
in the latter way. .

" These test circuits give a first-pole-to-clear factor of 1.5.

In accordance with Figure 19a, the neutral of the supply source may be earthed through a
" resistor, the resistance of which is as high as possible and, expressed in ohms, in no case less than
U/10, where U is the numerical value in volts of the voltage between lines of the test circuit.

|
When a test circuit according to Figure 19b is used, it is recognized that in case of an earth fault at
one terminal of the test circuit-breaker, the resulting earth current could be dangerous. It is
consequently permitted to connect the supply neutral to earth through an appropriate impe-

dance. |

i
b) For three-phase tests of a three-pole circuit-breaker, first-pole-to-clear factor 1.3:

The circuit-breaker (with its structure earthed as in service) shall be connected in a test circuit
having|the neutral point of the supply connected to earth by an appropriate impedance and the
short-circuit point earthed as shown in Figure 20a, page 237, or vice versa as shown in
Figure 20b, page 237, if the test can be made only in the latter way.

The impedance in the neutral connection shall be selected appropnate 10 a first-pole-to-clear
factor of 1.3.

¢) For single-phase tests of a single pole of a three-pole circuit-breaker, first-pole-to-clear

factor 1.5, )
. ‘ . . . 'v . .« .
- mtqnded for universal use irrespective of the earthing condition of the system neutral:

\
The -test circuit and the circuit-breaker structure shall .be connected as in Figure 2la,

page 238, so that the voltage conditions between live parts and the structure after arc extinc-
tion are the same as those which would exist in the first pole to clear of a three-pole circuit-
breaker if tested in the test circuit shown in Figure 19a.

For convenience of the test station, subject to agreement of the user, the test circuit can be
used with an intermediate point of the supply earthed, the voltage distribution preferably
being as shown in Figure 21b, page 238.

— intended for use on systems with earthed neutral subject to unearthed faults:

The test circuit and the circuit-breaker structure shall be connected as in Figure 21b so that
the voltage conditions between live parts and the structure after arc extinction are the same as
those which would exist in the first pole to clear of a three-pole circuit-breaker if tested in the

test| circuit shown in 19b.
For|convenience of the test station, subject to agreement of the manufacturer, the test circuit
shown in Figure 21a can be used.

id) For single-phase tests of a single pole of a three-pole circuit-breaker, first-pole-to-clear factor
~ 1.3:
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The test circuit and the circuit-breaker structure shall be connected as in Figure 22a, page 239, so
that the voltage conditions between live parts and the structure after extinction are approxi-
mately the same as those that would exist in the first pole to clear of a three-pole circuit-breaker
if tested in the test circuit shown in Figure 20a, page 237. '
For coxvenience of the test station, subject to agreement of the user, the test circuit can be used
with an intermediate point of the supply earthed, the voltage distribution preferably being as
shown [in Figure 22b, page 239. '

¢) For single-phase tests of a single-pole circuit-breaker:
The test circuit and the circuit-breaker structure shall be connected so that the voltage conditions
between live parts and earth within the circuit-breaker after arc extinction reproduce the service
voltage conditions. The connections used shall be indicated in the test report.

o4 Connection of test circuit to circuit-breaker

Where the physical arrangement of one side of the circuit-breaker differs from that of the other
side, the live side of the test circuit shall be connected for test to that side of the circuit-breaker,
connection with which gives the more severe conditions with respect to voltage to earth, unless the
circuit-breaker is especially designed for feeding from one side only.

i
i
In case lof doubt, the Test-duties Nos. 1 and 2 (Sub-clause 6.106) shall be made with opposite
connections, and likewise Test-duties Nos. 4 and 5. If Test-duty No. 5 is omitted, Test-duty No. 4
shall be ,rrTade with each of the two connections.

14 Short-circuit test quaniities
Where a tolerance is not specified. type tests shall be carried out at values not less severe than the
specified values; the upper limits are subject to the consent of the manufacturer.

1104.1 Applijd voltage before short-circuit making tests
For th : short-circuit making tests of Sub-clause 6.106.4 the applied voltage shall be as fol-

lows:
a) For three-phase tests on a three-pole circuit-breaker, the average value of the applied voltages

shall not be less than the rated voltage U divided by Y3 and shall not exceed this value by more

than 10% without the consent of the manufacturer.

The differences betwen the average value and the applied voltages of each pole shall not exceed
5%.

b) For single-phase tests on a three-pole circuit-breaker, the applied voltage shall not be less than
the phase-to-earth value U/ V3 and shall not exceed this value by more than 10% without the
consent of the manufacturer. '

Note. — With the manufacturer’s consent it is permissible, for convenience of testing, to apply a voltage equal to the product
of the phase-to-earth voltage and the first-pole-to-clear factor (1.3 or 1.5) of the circuit-breaker.

Where the circuit-breaker can be arranged for a single-pole reclosing operation and the maximum
time difference between the contacts touching in a subsequent three-pole closing operation exceeds
one half cycle of rated frequency (compare Sub-clause 5.101, Note 2) the applied voltage shall be the
product of the phase-to-earth voltage and the first-pole-to-clear factor ( 1.3 or 1.5) of the circuit-
breaker.
¢) For a single-pole circuit-breaker, the applied voltage shall not be less than the rated voltage and

shall not exceed this value by more than 10% without the consent of the manufacturer.




w2 Short-circuit (peak) making current

' : when the short-circuit making current does not attain 100% of the rated short-circuit making
current in both tests for which this value is specified in Sub-clause 6.106.4, these tests are still valid
if the short-circuit making current attains 100% in one test and 90% in the other test.

Where a circuit-breaker exhibits pre-arcing to such an extent that the rated short-circuit making
current [is not attained during the first close-open operation of Test-duty No. 4 and even after
adjustment of the timing, the rated short-circuit making current is not achieved during the second
close-open operation, testing stations shall adopt the following procedure. The procedure shall be
applied only in the case of single-phase testing since during three-phase tests the requirements
outlined in Items a) and &) below are considered to be adequately demonstrated during the normal
Test-duty No. 4. : .

As the amount of pre-arcing is directly dependent on the applied voltage it is likely that in the
majority of cases Test-duty No. 4 is undertaken as Test-duties Nos. 4a and 4b in order to avoid
undue stressing of the circuit-breaker. In such cases Test-duty No. 4a given in Sub-clause 6.106.4.1
shall be|carried out as O—¢—CO—¢'—CO with prospective rated short-circuit making current at
phase-tg-earth voltage and with the short-circuit breaking current as close as is possible to the rated
short-circuit breaking current.

When the circuit-breaker exhibits pre-arcing, two cases have to be considered:

a) when the required short-circuit making currents are not attained in the two close-open tests due
to pre-arcing, evidence shall be produced that the short-circuit making currents attained are
repre}semative of conditions the circuit-breaker is required to meet;
b whexﬂ‘ the circuit-breaker exhibits appreciable pre-arcing, a special close-open test has to be
- performed to prove that the circuit-breaker can withstand the stresses present when pre-arcing 1s
such‘ithat a symmetrical current is initiated.

In either of the above cases additional tests are required and since it is extremely difficult to
differentiate between the two cases the same test procedure has been established for both. The
procedure aims to demonstrate that:
¢) the maximum possible short-circuit making current has been attained;

d) the circuit-breaker can close and open against a symmetrical current as a result of pre-arcing
commencing at a peak of the applied voltage.
Com}[tion of Item ¢ is likely to be met when a closing operation is made with a reconditioned

circuit-breaker. Condition of Item d) can only be met after one or more opening operations have
been performed. Therefore, if during Test-duty No. 4 or 4a either Item a) or b) is apparent the
test-duty shall be completed and then the circuit-breaker shall be reconditioned after which the
following additional tests shall be made: CO—¢ —CO, where the first closing operation shall aim to
demonstrate condition of Item ¢) and the second close-open operation shall demonstrate condition
of Item d). The second CO-test may be deleted, if the conditions according to Item d) have already
been met during the normal Test-duty No. 4 or 4a.

The tests shall be performed at phase-to-earth voltage and the prospective short-circuit making
current |shall be at least equal to the rated short-circuit making current and the short-circuit
"fbreak.in; current shall be as near as is possible to the rated short-circuit breaking current. :

“‘1. 6.]

a M3 Shopr-circuit breaking current

e The short-circuit current broken by a circuit-breaker shall be measured at the instant of contact

3 Separation in accordance with Figure 8, page 98, and shall be stated in terms of two values as
Specified below: :
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g) the|average of the r.m.s. values of the a.c. components in all phases;
p) the percentage value of the maximum d.c. component in any phase.

| .
The‘r.m.s. value of the a.c. component in any phase shall not vary from the average by more than

10% o{ the average.

Alt
separation, the breaking performance of the circuit-breaker is determined among other factors by
the current which is finally broken in the last loop of arcing. The decrement of the a.c. component of
the short-circuit current is therefore very important, particularly when testing those circuit-breakers
which arc for several loops of current. To obviate an easement of duty, the decrement of the a.c.
component of the short-circuit current should be such that at a time corresponding to the final
extinction of the main arc in the last pole to clear, the a.c. component of the prospective current is
not less than 90% of the appropriate value for the test-duty.

i
If the‘ characteristics of the circuit-breaker are such that it reduces the short-circuit current value
below tte prospective breaking current, or if the oscillogram is such that the current wave envelope
cannot be drawn successfully, the average prospective short-circuit breaking current in all phases

shall be/deemed to be the short-circuit breaking current and shall be measured from the oscillogram |

of prospective current at a time corresponding to the instant of contact separation.

The instant of contact separation can be determined according to the experience of the testing
station and the type of apparatus under test by various methods, for instance. by recording the
contact travel during the test, by recording the arc voltage or by a test on the circuit-breaker at
no-load.

Inasynthetic test-circuit, there may be some additional distortion of the current. depending upon
the ratio of the arc voltage 1o the voltage of the power-frequency current circuit. In order to comply
with thd requirements given above in that case also, a procedure for determining the correct
short-circuit breaking current as given in I EC Publication 427 applies.

W44 D.C|component of short-circuit breaking current

For circuit-breakers which operate in opening times preventing the control of the d.c. component,
€.g. circuit-breakers fitted with direct over-current releases when in a condition for test as set out in
Sub-clause 6.102.2, the d.c. component may be greater than that specified for Test-duties Nos. |
104 of Sub-clause 6.106.

Circuit-breakers shall be considered to have satisfied Test-duty No. 5, even if the percentage d.c.
fomponent in one opening operation is less than the specified value, provided that the average of
the bercentage d.c. components of the opening operations of the test-duty exceeds the specified
Percentage d.c. component.

° Transient recovery voltage (TR V) for terminal fault tests el

A5l General

. The prospective TRV of the test circuits shall be determined by such a method as will produce

ifrnd Mmeasure the TRV-wave without significantly influencing it, and shall be measured at the

“Minals to which the circuit-breaker will be connected with all necessary test-measuring devices,
h as voltage dividers, included. Suitable methods are described in Appendix GG (see also
e 6.104.6). '

ough the short-circuit breaking current is measured at the instant corresponding to contact -
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For three-phase circuits, the TRV refers to the first pole to clear, i.e. the voltage across one open
pole with the other two poles closed, with the appropriate test circuit arranged as specified in
Sub-clause 6.103.3.

The prospective TRV for the test is represented by its envelope drawn as shown in Appendix FF
and by its initial portion.

The T v specified for the test is represented by a reference line, a delay line and initial transient
fecoVery | oltage (ITRV) envelope in the same manner as the rated TRYV in accordance with
Sub-clause 4.102.2 and Figures 10, 11 and 12, pages 99, 100 and 101.

The,pr‘ spective transient recovery voltage wave of the test circuit shall comply with the
following two requirements:

— Requirement a)
Its enve&ope shall at no time be below the specified reference line.

Note. — Itis stressed that the extent by which the envelope may exceed the specitied reference line requires the consent of the
manufacturer (see Sub-clause 6.104): this is of particular importance in the case of two-parameter envelopes when
foursparameter reference lines are specified. and in the case of four-parameter envelopes when two-parameter
reference lines are specified.

— Requirement b)

Its initial portion shall reach the specified ITRV peak value u; at a time not exceeding ¢;. There-
after, it shall not.cross the specified delav line of the TRV.

These requirements arc illustrated in Figures 12 and 23 to 27, pages 101, 241 to 243.

1M5.2  Test-duties Nos. 4 and 5

The specific reference lines, delay lines and ITRV are given by the standard values in Tables IIa,
IIs, Hc, IID, IIE and III.

With reference to ITRV, if a test is made with a TRV including an oscillatory initial part passing
through the|point (w;, t;) and the horizontal line between A and B of Figure 12, it is assumed that the
effect on the circuit-breaker is similar to that of any ITRV defined by (i;, #;), the horizontal line from
(&) to B rmd the initial slope of the TRV.

Owing tc:Eimitations of the testing station, it may not be feasible to comply with the requirement

|

of Item &) of Sub-clause 6.104.5.1 with respect to the time delay 1, as specified in Tables I1a, 113, Ilc,
IIp or I1E. Where short-line fault duties are also to be performed any such deficiency of the TRV of
the supply circuit shall be compensated by an increase of the voltage excursion to the first peak of
the line-sid voltage (see Sub-clause 6.109.3, Item a)). The time delay of the supply circuit shail be
3 small as |possible, but shall in any case not exceed the delay line limit values given in Tables
XIVa, XIV‘ , XIVe, XIVD or XIVE.

Where short-line fault duties are also to be performed, it may Be Convenient to combine the ITRV
ind SLF requirements in the line side circuit. When the ITRV is combined with the transient
Voltage of a short line having a time delay ¢4; as specified in Table V, the total stress is for practical
°°ﬂ5ideratiofas equal to the stress of a short line without time delay. Therefore, the ITRV require-
Ments for test duties 4 and 5 are considered to be covered when the short-line fault duties are
DF"fOFmed u%ing a short line without time delay 4, (see also Sub-clause 6.109.3, Item c¢)).

!
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TaBLE XIVaA

Standard limit values of delay lines of prospective
transient recovery voltage for
Test-duties Nos. 4 and 5 where
short-line fault tests are also made

Rated voltage Series I— First-pole-to-clear factor 1.5

Rated voltage Time delay Voltage Time
U td u’ t
kV) (us) (kVv) (us)
52 -20 30 64
72.5 25 41 80
1y = 0.15 ¢5.
TABLE XIVB

Standard limit values of delay lines of prospective transient recovery voltage
Jor Test-duties Nos. 4 and 5 where short-line JSault tests are also made

Rated voltage Series I — First-pole-to-clear factor 1.5

Under consideration.

TaBLE XIVC

Standard limut values of delay lines of prospeciive
transient recovery voltage jor
Test-duties Nos. 4 and 5 where short-line fault tests are also made
Rated voltages 100 kV 1o 170 kV— First-pole-to-clear 1.3

Rated voltage Time delay Voltage Time
U ly u v
(kV) (us) kv) (us)
100 8 53 34
123 10 65 42
145 12 77 50
170 14 90 59
g =0.15¢.
TaBLE XIVD

Standard limit values of delay lines of prospective
transient recovery voltage for
Test-duties Nos. 4 and 5 where Short-line jault tests are also made

Rated voltages 100 kV to 170 kV— First-pole-to-clear factor 1.5

Rated voltage Time delay Voltage Time
U td u’ t
kV) (us) kv) (us)
100 9 61 40
123 11 75 49
145 13 89 58
170 16 104 68

td = (.15 [l'
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TABLE XIVE

Standard limit values of delay lines of prospective
transient recovery voltage for
Test-duties Nos. 4 and 5 where

For réted voltages up to and including 72.5 kV, two-parameter reference lines are used. The
,speciﬁe{i standard values are given in Tables XVa and XVs.

Representation by two parameters — First-pole-to-clear factor 1.5

short-line fault tests are also made
Rated voltages 245 kV and above— First-pole-to-clear factor 1.3
Rated voltage Time delay Voltage Time
U 14 w r
&v) (us) V) (us)
245 20 130 85
300 24 159 103
362 29 192 125
420 33 223 145
525 42 279 181
765 61 406 264
ld = 0.15 ll'

Standard values of prospective transient recovery voltage

TABLE XVaA

Jor Test-duty No. 3
Rated voltage Series |

For rated voltages of 100 kV and above, four-parameter reference lines are used. The specified
standard values are given in Tables XVc. XVp and XVE. The values of ¢4 and ¢ without brackets
are the l‘ower limits which should not be reduced and the values in brackets are the upper limits
which should not be exceeded during tests.

th
n

I

1
Uity =021 u' = 3 Ue.

o ——_|
TRV .
Rated . Time . Rate of
voltage peak Time delay Voltage Time rise
value
. U, 13 ty u’ t uJty
kv kV) (us) (us) (kV) (us) (kV/p/s)
36 6.6 17 3 2.2 9 0.39
7.2 13 22 4 4.4 12 0.60
12 22 26 5 7.3 14 0.85
175 32 31 6 1 17 1.04
24 44 38 8 15 20 1.16
36 66 46 9 22 25 1.44
;2 96 57 11 32 30 1.68
> <
2.3 133 7 14 44 38 1.85
P \
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TaABLE XVB

Standard values of prospective transient recovery voltage for Test-duty No. 3

Rated voltages Series I1

Representation by two parameters — First-pole-to-clear factor 1.5

Under consideration.

- TABLE XVc

Standard values of prospective transient recovery voltage for
Test-duty No. 3
Rated voltages 100 kV to 170 kV

Representation by four parameters — First-pole-to-clear factor 1.3

B

First TRV .
pted reference Time peak Time Time Voltage Time Ra}e of
|tage delay rise
voltage value
U u, 0 Ue ’2 ld u’ t u|/!|
kV) (kV) (ns) (kV) (us) (us) (kV) (us) (kV/ps)
00 106 35 159 158 2.9 53 20027n 30
23 131 44 196 198 2(11) 65 24(33) 3.0
45 154 51 231 230 2(13) 77 28 (38) 3.0
70 180 60 271 270 2(15) 90 32045 3.0
2. , 1
1.3 3 Uity =451 u.=15uy; tg=2us0r0254; u' = 5 4.
) TaBLE XVD
Standard values of prospective transient recovery voltage for
Test-duty No. 3
Rated voltages 100 kV to 170 kV
Representation by four parameters — First-pole-to-clear factor 1.5
First TRV .
. . Rate of
, ws;je reference Time peak Time dTel;:e Voltage Time ?i:eo
| vollage value ¥
L' uy y u; fH Iy u v uy/t
(KV) (kV) (us) 3% (1s) (1s) V) (us) (kV/ps)
100 122 41 184 185 2(10) 61 22(31) 3.0
123 " 150 50 226 225 2(13) 75 - 27 (38) 3.0
IES 178 59 266 266 2(15) 89 32 (44) 3.0
170 208 . 69 312 311 2(17) 104 37(52) 3.0

-]/2 : 1
.5 gL'; =450 u, = 15uy; tg=2usor0.25¢; u’=§u‘.
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TaABLE XVE

Standard values of prospective transient recovery voltage for Test-duty No. 3
Rated voltages 245 kV and above
Representation by four parameters — First-pole-to-clear Jactor 1.3

d First TRV Ti
R?te reference Time peak Time d ';m. Voltage Time Ra.te of
voltage voltage value clay nse
U U 1| Ue lz td u’ t ul/tl
kv) (kV) (us) (kV) (us) (ns) kv) (us) (kV/us)
245 | 260 87 ~... 390 392 2(22) 130 45 (65) 3.0
300 318 106 478 477 227 159 55 (80) 3.0
362 384 128 576 576 2(32) 192 66 (96) 3.0
420 446 149 669 671 2(37) 223 76 (111) 3.0
525 i 557 186 836 837 2 (46) 279 95(139) 3.0
765 812 271 1218 1220 2(68) 406 137 (203) 3.0

w =13 l/%(.’: Ly=34500 ue = LSuy tg=2psor0.25¢; u' = éu,.

104.5.4 Test-duty No. 2

For rated |voltages up to and including 72.5 kV, two-parameter reference lines are used. The
specified standard values are given in Tables XVIa and XVIs.

For rated ‘voltagcs of 100 kV and above. four-parameter reference lines are used. The specified
standard values are given in Table XVIc: the values of 74 and ¢’ without brackets are the lower limits
which shoul@ not be reduced. and the vaiues in brackets are the upper limits which should not be
exceeded duhing tests.

Note. — In vievf of the fact that the contnbution of transformers to the short-circuit current is refatively larger at smailer
values pfshon-circuit current, and even in earthed neutral systems of rated voltages 100kV to 170 kV, a compa-
ratively large number of transformers with unearthed neutral are in service, the TRV specified for Test-duties Nos. 2
and | are based on a first-pole-to-clear factor 1.5 for rated voltages 100 kV to 245 kV. The same applies for Test-duty
No. I for rated voltages 300 kV and above. -

TABLE XVIa
Standard values of prospective transient recovery voltage for
Test-duty No. 2
Rated voltages Series I
Representation by two parameters — First-pole-to-clear Jactor 1.5

|
! TRV .
Rated . Time . Rate of
i
voltage peak Time delay Voltage Time rise
value
U u, ty ty u v Uty
kv) (kV) (ms) (us) (kv) (us) (kV/us)
\
3.6 6.6 9 2 2.2 5 0.77
7.2 130 4 2 44 6 1.20
12 22 13 3 7.3 7 1.70
17.5 32 15 3 11 8 2.14
24 44 19 4 15 10 2.32
36 66 23 5 22 12 2.88
52 96 28 6 32 15 3.41
: 72.5 133 36 7 a4 19 3.70

U.' (d = (.2 [3; u = luc.

.:.‘\ = 15 . 1.5 V
\ 3

e~ In testing stations, it may be difficult to meet the small values of time t5. The shortest time which can be met should
be used and the value stated in the test report.

Wik
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TABLE XVIB

Standard values of prospective transient recovery voltage for Test-duty No. 2

Rated voltages Series I1

Representation by two parameters — First-pole-to-clear factor 1.5

Under consideration.

TABLE XVIc
Standard values of prospective transient recovery voltage for
Test-duty No. 2
Rated voltages 100 kV and above

Representation by four parameters — First-pole-to-clear factor 1.5
Jor rated voltages 100 kV to 245 kV and 1,3
for rated voltages 300 kV and above

Rated First TRV Time Rate of
reference Time peak Time Voliage Time .
voltage delay rise
voltage value
U m 4 U, N iy u’ r i et
(kV) (kV) (us) (kV) (ps) (ns) 13%! (ps) I awvias
100 122 24 184 180 5 (o 6l TTT 5.0
123 151 30 226 i 225 i 5 (8) 7 20 (23 i 3.0
145 178 36 66 R a4 [ B DA T S0
170 208 £ 0 nr T 3s T osan 104 1 26 30 5.
248 300 A TR ISU IS Es 50
300 318 64 478 450 5(loy 15y 37 (45 50
362 384 77 576 578 5(19) 192 43 (58) 5.0
420 446 89 669 668 5(22) 223 50 (67) 5.0
525 557 i 836 833 5(28) 279 61 (84) 5.0
765 812 162 1218 1215 5(41) 406 86 (122) 5.0
Ufrom 100kV to 245kV: u; = 1.5 %U: =151, ue = L5 u.
U=300kv: cup = 1.3 % v; ty = Spusor0.25¢; u = %zq.

WMS.S  Test-duty No. I

For rated|voltages below 100 kV, the TRV peak value shall correspond to the appropriate value
S_Dc‘ciﬁed for Test-duty No. 2 in Tables XVIa and XVIB. Owing to difficulties of meeting short
limes 5 in testing stations at low currents, no values are specified. The shortest time which can be
Obtained should be used but not less than the values in Tables XVIa and XVIs.

For rated voltages 100 kV and above, a factor 0.9 is introduced to recognize that onily 90%
(“DDroxirnatc:ly) of the circuit voltage appears across the transformer which is assumed to be
s“DDlying the total short-circuit current at this level.

i TWO-parameter reference lines are used for all rated voltages. The specified standard values are
Hg_“\.“n in Table XVIIL. The time to peak is a function of the natural frequency of transformers.
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TABLE XVII
Standard values of prospective transient recovery voltage for
Test-duty No. 1
Rated voltages 100 kV and above
Representation by two parameters — First-pole-to-clear factor 1.5
TRV ’
Rated . Time . Rate of
peak Time : Voltage Time .
voltage value delay rise
U U 13 tq u’ t llc/t:;
kV) (kV) (us) (ns) &V} (us) (kV/us)
100 187 34 4 62 16 = 8.5
123 230 40 5 77 18 5.8
145 272 45 6 91 21 6.0
170 319 51 6 106 23 6.2
245 459 66 8 153 30 7.0
300 | 562 73 9 187 33 7.7
362 678 82 10 226 37 8.3
420 787 88 11 262 40 8.9
525 984 98 12 328 45 10.0
765 1434 114 14 478 52 12,6

2
w=17-15 ]/gu - 0.9; u' = 1311:: g = 01231,

Note. — In testing stations. it may be difficult to meet the small values of time 5. The shortest time which can be met should
be |used and the values stated in the test report,

4.6 Measurement of transient recovery voliage
During a short-circuit test, the circuit-breaker characternistics such as arc voltage. post arc con-
ductivity and presence of switching resistors (if any) will affect the transient recovery voitage. Thus
the- test transient recovery voltage will differ from the prospective TRV-wave of the test circuit
upon which the performance requirements are based to a degree depending upon the characteristics
of the circuit-breaker.
Unless|the modifying effect of the circuit-breaker is not significant and the breaking current does
‘ not contain a significant d.c. component, records taken during tests should not be used for assessing
the prospective transient recovery voltage characteristics of the circuit, and this should be done by
other me%ns, as described in Appendix GG. '

providiniJ a check on the prospective test circuit characteristics.

1047 Poweri frequency recovery voltage
The pqiwer frequency recovery voltage of the test circuit may be stated as a percentage of the
power frjquency recovery voitage specified below. It shall not be less than 95% of the specified
value and shall be maintained for at least 0.1 s.
In ord ‘r to obtain the required power frequency recovery voltage in a generator testing station,

period.
Regarding synthetic test circuits, details and tolerances are given in IEC Publication 427.

|
For theibasic short-circuit test duties of Sub-clause 6.106, the power frequency recovery voltage
shall be as follows, subject to the 95% minimum stated above:

It is, however, desirable to record the transient recovery voltage during test for the purpose of

. .the-testing generator may have its excitation temporarily increased during the short-circuit- =
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: i
g) For tl'+ree-phase tests on a three-pole circuit-breaker, the average value of the power frequency
recovery voltages shall be equal to the rated voltage U of the circuit-breaker divided by V3.
1 :
The power frequency recovery voltage of any pole should not deviate by more than 20% from the
average value at the end of the time for which it is maintained.

b) For sifpgle-phase tests on a three-pole circuit-breaker, the power frequency recovery voltage shall
be equal to the product of the phase-to-earth value U/Y3 and the first-pole-to-clear factor (1.30r
1.5); the power frequency recovery voltage may be reduced to U/Y/3 after an interval of one cycle
of rated frequency. '

¢) Fora Jingle-pole circuit-breaker, the power frequency recovery voltage shall be equal to the rated
voltag# U of the circuit-breaker. .

The poiwer frequency recovery voltage shall be measured between terminals of a pole in each
phase of the test circuit. Its r.m.s. value shall be determined on the oscillogram within the time
interval o}f one half cycle and one cycle of test frequency after final arc extinction, as indicated in

Es
o e

Figure 28, page 245. The vertical distance (Vi, V> and V; respectively) between the peak of the
second h#lf-wave and the straight line drawn between the respective peaks of the preceding and

succeedin‘F half-waves shall be measured, and this, when divided by 2 V2 and multiplied by the

appropriate calibration, gives the r.m.s. value of the power frequency recovery voltage recorded.
|
l\IOS Shon-ci:rcuit test procedure

2051 Time iznterval between tests
The bajic short-circuit tests and, if applicable, short-line fault tests consist of the sertes of test-
duties specified in Sub-clauses 6.106 and 6.109. The operations and time intervals of the test-
sequences|are derived from the rated operating sequence of the circuit-breaker which is given in
Sub-clause 4.104. '
The time intervals between individual operations of a test-sequence shall be the time intervals of
the rated ¢peration sequence of the circuit-breaker subject to the following provision:

intervals for test shall be subject to agreement between manufacturer and user. “

If. withlJ;)he time intervals specified, it is difficult to comply with all test requirements, the tim

0¢&sio‘ ally, it may for other reasons be necessary to exceed the specified time interval, e.g. due
lo the more complicated procedure of synthetic testing, or it may be found necessary to make minor
adjustments to control or measuring equipment or to excite or to synchronize large test-plant
generators| In such cases, provided that the time interval does not exceed 10 min when the rated
time Interval is 3 min, the tests shall not be disqualified. The actual time interval between opera-
tions shall| be indicated in the test report.
"Iz alsg possible that trouble may be experienced with the testing station equipment and an
Mtemval longer than 10 min may be required. Provided that such a delay is not due to faulty
f’pel‘an'on of the circuit-breaker and has no effect on its condition and operation, the resulting time
Nter-a] is permissible if it does not occur more than once in any series of test-duties.

. On the other hand, the time interval between tests shall not be shorter than 2 min when the rated
t"?"t‘ Interval is 3 min. The actual time interval shall be recorded in this case to the nearest half-

TMhzze
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|
;105-2 Applic%ztion of auxiliary power to the opening release — Breaking tests

|
Auxiliary power shall whenever practicable be applied to the opening release after the initiation

of the shoﬁ-circuit, but when this is impracticable the power may be applied before the initiation of
the short-¢ircuit (with the limitation that contacts shall not start to move before the initiation of the
short-circuit). It shall then be demonstrated, or test evidence produced, that the circuit-breaker can
open satisfactorily at the specified short-circuit current without being pre-tripped. This evidence
may be obtained by tests at a reduced voltage.

|

|

i £.105.3 'Applic&tion of auxiliary power to the opening release — Make-break tests

In a make-break test other than a test to Sub-clause 6.106.5 auxiliary power shall not be applied to
the opening release before the circuit-breaker has reached the closed position. In the closing-
opening operations of Test-duty No. 4, Sub-clause 6.106.4, the power shall not be applied until at
least one ﬂlalf-cycle has elapsed from the instant of contact make. It is permissible to delay the
circuit-bre@ker opening so that the permissible d’c. component is not exceeded.

. §105.4 Latching on short-circuit

Unless the circuit-breaker is fitted with a making current release, or equivalent device, it shall be
proved that it latches satisfactorily without undue hesitation when there is negligible decrement of
the a.c. cojnponcm of the current during the closing period. If this cannot be proved by Test-duty
No. 4, or the permissible alternatives, the test shall be repeated at reduced voltage using a test circuit
which gives the rated short-circuit making current, with negligible decrement of the a.c. compo-
nent.

i
It is sometimes difficult to establish whether or not a circuit-breaker has latched and at what
instant of ﬁime latching occurred. For this reason, it is not possible to specify a test procedure to
cover all cases and if necessary, the method employed to prove satisfactory latching shall be

recorded ir? the test report.

|
805.5 Invalid|tests

It may become necessary to perform a greater number of short-circuit tests than are required by
this standard. In the event of an invalid test of a duty cycle the invalid part of the duty cycle may be
repeated without reconditioning of the circuit-breaker. In case of a failure of the circuit-breaker
during such additional tests, the circuit-breaker may be reconditioned and the complete duty cycle
repeated. |

Note. — Ina rjapid auto-reclosing duty cycle, the O—¢—CO is also regarded as one part and an ensuing CO is regarded as one

part. ‘

A, . 1 L. .
. 06 Basic sho{rz-czrcuzt test-duties

The basib short-circuit test series shall consist of the Test-duties Nos. 1 to_5 specified below.
i SELE
|
The breaki g current may depart from the specified values by not more than 20% of the specified
Values for Test-duties Nos. 1 and 2 and by not more than 10% for Test-duty No. 3.
|

% The peak short-circuit current during the breaking-current tests of Test-duties Nos. 4, 4b and 5
shall oy e#ceed 110% of the rated short-circuit making current of the circuit-breaker.
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For conjvenience in testing, it is permissible to introduce a closing operation before any opening
operation|in Test-duties Nos. 1, 2, 3 and 5.

4106.1 Test-duty No. 1

Test-duty No. 1 consists of the rated operating sequence confined to opening operations only, at
10% of the rated short-circuit breaking current with a d.c. component of less than 20% and a
transient and power frequency recovery voltage as specified in Sub-clauses 6.104.5.5 and 6.104.7
(see also Tables XVIa, XVIB and XVII).

b

{1062 Test-duty No. 2

Test-duty No. 2 consists of the rated operating sequence confined to openiné operations only, at
30% of the rated short-circuit breaking current with a d.c. component of less than 20% and a

transient and power frequency recovery voltage as specified in Sub-clause 6.104.5.4 Tables XVIa,
XVIs, XVFC and Sub-clause 6.104.7. -
|

063 Test-duty No. 3

Test-duty No. 3 consists of the rated operating sequence confined to opening operations only, at
00h | 60% of the rated short-circuit breaking current with a d.c. component of less than 20% and a

transient and power frequency recovery voltage as specified in Sub-clause 6. 104.5.3 Tables XVa.
XVB, XVc|, XVD, XVE and Sub-clause 6.104.7.

084 Tesi-dury No. 4

Test-duty No. 4 consists of the rated operating sequence at 100% of the rated shori-circuit
breaking current taking account of Sub-clause 6.104.3, and with a transient and power frequency
recovery voltage as specified in Tables 11, II8, IIc, IID, IIE, Il and Sub-clause 6.104.7 and 100% of
the rated short-circuit making current taking account of Sub-clause 6.104.2 and an applied voltage
as specified| in Sub-clause 6.104.1 (see also Tables XIVa, XIVs, XIVc, XIVD and XIVE).

For this lwest-duty, the percentage d.c. component shall not exceed 20% of the a.c. component.
|

When ma king single-phase tests on one pole of a three-pole circuit-breaker, or when the charac-
teristics of the test plant are such that it is impossible to carry out Test-duty No. 4 within the
Specified limits of applied voltage in Sub-clause 6.104.1, making current in Sub-clause 6.104.2,
breakjng current in Sub-clause 6.104.3 and transient and power frequency recovery voltages in
Sub-clauses| 6.104.5.2 and 6.104.7 taking account also of Sub-clauses 6.105.3 and 6.105.4 the
making and breaking tests in Test-duty No. 4 may be made separately as follows:

64,1 Test-duty No. 4a, making tests
C~¢'—C in case of a rated operating sequence O—¢—CO—¢ —CQO¢.. -

C—r"—Clin case of a rated operating sequence CO—1”—CO at 100% of the rated short-circuit
Making current and at an applied voltage as specified in Sub-clause 6.104.1.

%‘4-2 Test-duty No. 4b, breaking tests
'+ 0=f—0-+r—0 in case of a rated operating sequence O—¢—CO~—¢ —CO:;
O—¢"—0lin case of a rated operating sequence CO—¢”—CO at 100% of the rated short-circuit
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preaking é}:urrent and with a transient and power frequency recovery voltage as specified in Sub-
clauses 6.104.5.2 and 6.104.7.

Howevér, when Test-duty No. 4 is made as Test-duties Nos. 4a and 4b, either Test-duty No. 4a
shall be alfull rated operating sequence with breaking current and transient and power frequency
recovery V‘oltage as close as possible to the values specified for Test-duty No. 4, or Test-duty No. 4b

_ shall be a full rated operating sequence with making current and applied voltage as close as possible
- fo the values specified for Test-duty No. 4.

\
o It dS pe‘ issible to restore the circuit-breaker to its initial condition as indicated in Sub-
‘ clau5é=6.l 2.8.5, between Test-duties Nos. 4a and 4b.
Ifit is possible to prove 100% of the rated short-circuit making current in a test-duty other tilan
“ Test-duty No. 4, for example Test-duty No. 5, it is permissible to perform Test-duty No. 4b only in
place of T#st-duty No.4. 7 -

|

S \

e |

v 8065 Test-duty No. 5

' Test-duty No. 5 shall be applied only to circuit-breakers having a time interval T, determined in
accordance with Sub-clause 4.101.2, of less than 80 ms.

Tes‘t-dut# No. 5 consists of the rated operating sequence confined to opening operations only, at
100% of the rated short-circuit breaking current,. with a percentage d.c. component equal to the
appropriate rated value specified in Sub-clause 4.101, and transient and power frequency recovery
voltages as specified in Sub-clauses 6.104.5.2 and 6.104.7 (see also Sub-clause 6. 104.6). (For Table
references see Sub-clause 6.106.4.)

] Howeveﬂ, for a circuit-breaker which is of such design that it may not reach its closed position
"8 when being closed against a short-circuit current, Test-duty No. 5 shall be made with the rated
operating sequence.

For circuit-breakers intended to be used where it can be expected that the percentage of the d.c.
component will be greater than that corresponding to Figure 9, page 99, as may occur in the vicinity
of centres of generation, testing shall be subject to agreement between manufacturer and user, see
note of Sug-clause 4.101.2 and Sub-clause 8.103.1.

80 Critical cz‘rrrent tests

1 Applicability
CD ' These tests are short-circuit tests additional to the basic short-circuit test-duties covered by
Sub-clause 6.106 and are applicable only to circuit-breakers which have a critical current of less
than 10% of the rated short-circuit breaking current. It shall be assumed that this is the case if the
average of the arcing times in Test-duty No. 1, Sub-clause 6.106. 1, is significantly greater than that
in Test-duty No. 2, Sub-clause 6.106.2.

"2 Test cur. rents
‘ Where applicable, critical current tests shall be made at currents in the range of 4% to 6% and
n the range| of 2% to 3% of the rated-short-circuit breaking current.

Nore. Tests for breaking small inductive currents are covered by Sub-clause 6.112.

' 3 Critical current test-duties

The critical current test-duties shall be as for Test-duty No. 1, Sub-clause 6.106.1, with the
“faking currents specified in Sub-clause 6.107.2 and with the TRV provisions for Test-duty No. |
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" modif] ed by multiplying time #; in Sub-clause 6.104.5.4, Tables XVIa, XVIB and XVII, by the
gactor \/ 10/ T0/X where X is the test breaking current as a percentage of the rated short-circuit breakmg
’ current.

This adjustment is based on test circuit capacitances being the same for Test-duty No. | and the critical current
test-duties.

w‘} Single-phase short-circuit tests

tﬁl Applicability _

% Single-phase short-circuit tests are additional to the basic short-circuit test duties covered by
Sub-clause 6.106 and are applicable only to three-pole circuit-breakers intended for use on an
“earthed neutral system, having the three poles in one enclosure, or three separately enclosed poles
which are coupled mechanically and fitted with a common opening release. The tests are intended
to show that the operation of the circuit-breaker is not adversely affected by the unbalanced forces
p’i'odu:Fd

m' Test current and recovery voltage

- capable of breaking its rated short-circuit breaking current with a d.c. component not exceeding

' 0% of the a.c. component, with the current applied to one pole only, the transient recovery voltage
meeting requirements of Items @) and ) of Sub-clause 6.104.5.1 with standard values derived from
Tables I1a, I1B, IID and IIE, by dividing the voltages by the first-pole-to-clear factor indicated above
the tables, the time coordinates remaining unchanged.

" Where necessary, advantage may be taken of the provisions of Sub-clause 6.104.5.2 concerning
test pjnt limitations. The specified value of the power frequency recovery voltage (Sub-

clause 6.104.7) is the phase-to-earth value U/Y3 of the rated voltage of the circuit-breaker.

U083 Test-duty
The rest-duty shall consist of a single breaking test, the current being applied as follows:
|
\

a) for circuit-breakers having three poles in one enclosure: through one outer pole;

b) for ircuit-breakers having three separately enclosed poles which are mechanically coupled:
through the pole which will give the maximum stress on the inter-pole coupling mechanism.

W9 Short-line fault tests

W1 App icability

Short:line fault tests are short-circuit tests additional to the basic short-circuit test duties covered
by Sub-clause 6.106 and are applicable only to three-pole circuit-breakers designed for direct
Connection to overhead transmission lines and having a rated voltage of 52 kV and above and a
rated sh‘ rt-circuit breaking current exceeding 12.5 KA.

2 Test current

The test current shall take into account the source and line side impedances.

ource side impedance shall be that corresponding to approximately 100% rated short-circuit
ing current and the phase-to-earth value of the rated voltage. Two values of line side impe-
e specified corresponding to a reduction of the a.c. component of the short-circuit breaking
to 90% and 75% respectively.

It shall be demonstrated, or evidence shall be produced, to show that the circuit-breaker is ’
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In a test, the line length represented on the load side of a circuit-breaker may differ from the
length of line corresponding to currents equal to 90% and 75% of rated short-circuit breaking
current{ Deviations from these theoretical lengths of —20% for tests at 90% and of =+ 20% for tests at
75% are permitted; the tolerances of +5% and + 5% respectively on the current give margin for
these deviations (see Sub-clause 6.109.5). For these tests, the percentage d.c. component at the
instant of contact separation shall be less than 20%.

.3 Test circuit
The test circuit shall be single-phase and consist of a supply circuit and a line side circuit.

The supply circuit shall, in terminal fault conditions, meet the following requirements:

in principle Requirement 4) of Sub-clause 6.104.5.1 with the standard values given in
Tables IVA, 1VB and IVc. Owing to limitations of the testing station it may, as stated in Sub-
clause 6.104.5.2, not be feasible to comply with the requirement of Item b).

Any such deficiency of transient recovery voltage of the supply circuit shall, in short-line fault
~ tests, |be compensated by an increase of the voltage excursion to the first peak of the line side
voltage.

b) The specified value of the power frequency recovery voltage (Sub-clause 6.104.7) of the supply

a) The Irospcmvc transient recovery voltage of the supply circuit shall meet Requirement a) and
circult is the phase-to-earth value U/ V{3 of the rated voltage.

The line side circuit shall meet the following requirement:

¢/ The prospective transient recovery voltage oscillation of the line side circuit shall have an
approximately triangular wave form but may have a time delay and some rounding at the peaks
as indicated in Table V and Figure 14, page 102. If it is impracticable to represent the ITRV on
the source side, then the use of a line side voltage oscillation without time delay more or less
compensates for the missing ITRV. The prospective transient recovery voltage of the test circuit
shall comply with Sub-clause 6.109.4.

Note. — Whenever a deficiency on the source side is compensated by an enhancement of the line side voltage, as described
abpve, it is essential that full consideration be given to the differing effects of the voltage distribution between the
units under test.

Other iharacteristics of the supply and line side circuits shall be approximately in accordance
with the rated characteristics for short-line faults given in Sub-clause 4.105 and with values derived
from those and the test current (see Appendix AA).

_ It may be necessary to make certain adjustments, notably to the distribution of power-frequency
Impedance between supply and line side circuits in order to cater for any difference between rated
pgak factor and actual peak factor measured in the line side circuit, apart from any adjustments
ansing from the compensation provided for in Item g) above.

B4 Transient recovery voltage

. The pr Dspective transient recovery voltage of the test circuit measured across the circuit-breaker
52 combination of the source and line side components as shown in Figure AAI, page 256.

lhThe time ¢; of the first line side peak of the specified prospective transient recovery voltage and
fae Value  of voltage at that time shall be determined from the rated characteristics for short-line
» Ults given in Sub-clause 4.105 and the actual* test current, as shown in Appendix AA.

“qaus‘:'s“nﬂ from the nominal (90% or 75%) value; the use of prospective short-circuit breaking current in accordance with
" %1043 is not precluded.
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me £ related to the first peak of the line side prospective TRV evaluated in accordance with
4, page 102, shall not exceed the value determined from the rated characteristics for short-

fine faults. There may also be deviations from the standard transient recovery voltage after the line

side vol

tage oscillation has ceased, due to adjusted distribution of the power frequency impedance

of the test circuit provided for in Sub-clause 6.109.3.

Note. — The amount by which the time at which ur is attained precedes #;_and the amount by which the first peak of the

pt

rospective TRV of the test circuit exceeds uy are subject to the consent of the manufacturer.

The test report should show the specified transient recovery voltage appropriate to the rating of
the circuit-breaker, and for comparative purposes the prospective transient recovery voltage of the

. test circuit used.

It is desirable to record the transient recovery voltage-during test for the purpose of providing
a check on the prospective test circuit characteristics, particularly with regard to the time t; to the

first peak.

1109.5 Test-duties
The standard tests shall be a series of test-duties as specified below, each consisting of the rated

For co
operation.

a) Test

.. operating sequence confined 1o opening operations only.

'anenience in testing, it is permissible to introduce a closing operation before an opening

-duty No. Ly,

AL(90 Z)% of the rated short-circuit breaking current and the appropriate prospective transient

recov

ery voltage.

b) Test-duty No. L

At (73

3 = 35)% of the rated short-circuit breaking current and the appropnatc prospective trans-

ient recovery voltage.

9.6 Short

When t
short-line
see Sub-c

By agre;
power fre
These pra

Hline fault tests with a test supply of limited power

he maximum short-circuit power available at a testing plant is not sufficient to make the
fault tests on a complete pole of a circuit-breaker, it may be possible to make unit tests,
lause 6.102.3.2.

ement between manufacturer and user, short-line fault tests may also be made at reduced
quency voltage, the provisions of Items a) and ) of Sub-clause 6.109.3 being relaxed.
visions shall be met as well as possible and, for the transient recovery voltage to Item a),

atleast up to three times the specified time of the first line side peak. This method is used if the basic

short-circ

uit tests in Sub-clause 6.106 have been satisfactory, it being assumed that the dielectric

Strength of the circuit-breaker near the peak value of transient recovery voltage is independent of
Stresses applied immediately after current zero. The test merhod may also be used in combination

Wwith unit

tests. One set of tests is sufficient.

10 Out-of-phase making and breaking tests

It
Y Applicability
The tests specified in this sub-clause are required only if a rated out-of-phase breaking current has
®n specified for the circuit-breaker by the manufacturer.

Tests shall be made to determine the ability of a circuit-breaker to break and make currenis
Quring out-of-phase conditions.
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(102 | Test circuit
The power factor of the test circuit shall not exceed 0.15.

For single-phase tests, the test circuit shall be so arranged that approximately one half of the
applied voltage and of the recovery voltage is on each side of the circuit-breaker (see Figure 29,
page 246).

If it is not practicable to use this circuit in the testing station, it is permissible with the agreement
of the manufacturer to use two identical voltages separated in phase by 120 electrical degrees,
instead of 180°, provided that the total voltage across the circuit-breaker is as stated in Sub-
clause 6.110.3 (see Figure 30, page 246).

‘Tests, either single-phase or three-phase, with one terminal of the circuit-breaker earthed are
permissible only with special agreement of the manufacturer (for single-phase tests, see Figure 31,

page 247). -

Three-phase tests with three terminals on one side of the circuit-breaker earthed or with the
neutral of the supply earthed, are permissible only with special agreement of the manufacturer (see
Figures 19a and b, page 236), especially for circuit-breakers intended 10 operate in systems other
than| earthed neutral systems.

£110.3 Test voltages

Far single-phase tests, both the applied voltage and the power frequency recovery voltage shall, as
nearly as practicable, be equal 10 one of the following values:

a) 2.0/Y3 times the rated voltage for circuit-breakers intended to be used in earthed neutral
systems;

b) 2.5/Y3 times the rated voliage for circuit-breakers intended to be used in svstems other than
earthed neutral svstems.

For three-phase tests. the power-irequency recovery voltage ot the first pole 1o clear shall have the
appropriate value stated above for single phase tests.

The transient recovery voltage shall be in accordance with Sub-clause 4.106.

8104 Test-duties
The test-duties to be made are indicated in Table X VIIL.

TaBLE XVIII

Test duties to demonstrate the
out-of-phase rating

Breaking current in percent

i .
Operation or of the rated out-of-phase

Test-duty

duty cycle breaking current
{ Oand O 20 10 40
3 .

O and CO Ay 100 to 110

princtee

In the case of a power frequency voltage of 2.5/ V3 times the rated voltage as stated in Sub-
clause|6.110.3 Test-duty No. 2 can alternatively be performed with two opening operations at
o 2.5/Y3 times the rated voltage and one close-open operation at 2.0/ V3 times the rated voltage.

The| time interval between the tests in each test-duty shall be sufficient to permit the circuit-
breaker to return to its initial condition.
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For the opening operation of each test-duty, the d.c. component of the breaking current shall be
jess than 20% of the a.c. component.

For the close-open cycle of Test-duty No. 2, neither the making current nor the d.c. component
of the breaking current is specified.

Notes |. — For circuit-breakers fitted with closing resistors, the closing resistors may be tested separately subject to
. agreement between manufacturer and user.

2. — Test-duty No. | may be omitted for those circuit-breakers whose arcing characteristics are such that critical
current tests according to Sub-clause 6.107.1 are not required.

{11 Capacitive current switching tests
| (1Ll Applicability

Capacitive current switching tests are applicable to all circuit-breakers to which one or more of
the following ratings have been assigned:
— rated line-charging breaking current;
— rated cable-charging breaking current;
— rated single-capacitor bank breaking current;
— rated back-to-back capacito/r bank breaking current;

— rated capacitor bank inrush making current.

Line-charging current switching tests of circuit-breakers of rated voltages less than 72.5kV and
cable-charging current switching tests of circuit-breakers of rated voltages equal to or less than
24kV| are in general considered unnecessary.

Note. — The determinanon of overvoliages when closing onto unioaded long lines ts not covered by this standard.

.2 General

The tests can be made either as field tests or laboratory tests. For field tests, actual circuits are
used with a supply system on the source side and a line, cable or capacitor bank on the load
side.

The results of such tests, however, are only valid for circuit-breakers working in circuits identical
.to thase during the tests. In laboratory tests the lines and cables are partly or fully replaced by
artificial circuits with lumped elements of capacitors, reactors or resistors.

Laboratory tests for verification of the rated line or cable-charging breaking current are only valid
if the circuit-breaker is restrike-free.

Single-phase tests of a three-pole circuit-breaker are only valid if the tested circuit-breaker is
restrike-free and the requirements of Sub-clause 6.102.3.1 are fulfilled.

Unit tests are only valid where single-phase laboratory tests with capacitor banks are allowed and
the requirements of Sub-clauses 6.102.3.1 and 6.102.3.2 are fulfiiled.

If the circuit-breaker is not restrike-free and if limitations of the test plant preclude the use of
three-phase tests, a single-phase test or laboratory circuits may be used upon agreement between
manufacturer and user.

The| test circuit frequency for tests shall be according to Sub-clause 6.103.2.

Notes 1, — For restrike-free circuit-breakers, tests at 60 Hz may be considered to prove the breaking characteristics at
50 Hz.

| — For restrike-free circuit-breakers, tests at S0 Hz may be considered to prove the characteristics at 60 Hz provided
that the voltage across the circuit-breaker is not less during the first 8.3 ms than it would be during a test at 60 Hz

N
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with the specified voltage. If restrikes occur after 8.3 ms, due 1o the instantaneous voltage being higher than it
would be during a test at 60 Hz with the specified voltage, the test-duty should be repeated at 50 Hz with a test

voltage as prescribed for the 60 Hz test and if no restrikes occur the circuit-breaker is considered to have passed
the test.

3. — Where single-phase laboratory tests with capacitor banks are permitted, the specification of the circuits may be
replaced by a specification of the recovery voltage.

4. — The laboratory test circuits representing lines and cables are not applicable for determining the magnitude of

possible over-voltage when a restrike occurs. They are adapted to demonstrate the switching performance
only.

5. — Synthetic test procedures for capacitive current switching are under consideration.

{3 Characteristics of supply circuits

A three-phase supply circuit shall be used for three-phase tests and for single-phase field tests. A
single-phase supply circuit shall be used for single-phase laboratory tests.

The capacitive current breaking tests shall be performed using two different supply circuits as
specified in Sub-clauses 6.111.3.1 and 6.111.3.2.

$4111.3.1 Supply circuit A

Supply circuit A is a circuit having an impedance such that its short-circuit current does not
exceed 10% of the rated short-circuit current of the circuit-breaker except that, if necessary, the
impedance shall be reduced below the value given by this requirement so that the power frequency
voltage variation caused by switching the capacitive current does not exceed 10%.

For line-charging, cable-charging or single capacitor bank current switching tests the prospective

_transient recovery voltage of the supply circuit shall be as close as possible to the transient recoven

voltage specified for short-circuit Test-duty No. 2 in Sub-clause 6.104.5.4 but shall not exceed it.
The requirements for time delay need not be taken into account,

For|single phase laboratory tests, the values of the voltage parameters 4. and ', stated in Sub-
clause 6.104.5.4, shall be muitiplied by k/f¢, where k is the factor stated in Items a) to e of
Sub-clause 6.111.7 and Jfo is the first-pole-to-clear factor quoted in Suk-clause 6.104.5.4.

For back-to-back caf)acitor bank breaking current tests, the capacitance of the supply circuit and
the impedance between the capacitors on the supply and load sides shall be such as to give the rated

capacitor bank inrush making current when testing with 100% of the rated back-to-back capacitor
bank breaking current.

Note. —| The impedance of supply circuit A for Test-duty No. 2 may accordingly differ from that for Test-duty No. 1.

-

3.2 Supply circuit B

Supply circuit B is a circuit having an impedance which is as low as possible, but not so low that
its short-circuit current exceeds the rated short-circuit current of the circuit-breaker. The charac-
teristics of the test circuit shall be such that the power frequency voltage variation when switching is
3 small as possible.and is in any case less than 5% for Test-duty No. 4.

For] ne-charging, cable-charging or single capacitor bank current switching tests the prospective
fransient recovery voltage of the supply circuit shall be less severe than the transient recovery
Voltage| specified for short-circuit Test-duty No. 4 in Sub-clause 6.104.5.2.
™ .
% For single  phase laboratory tests, the values of the voltage parameters stated in Sub-
tlauses|6, 104.5.2 and 4.102.3 shall be multiplied by k/f,, where k is the factor stated in Items a) to )
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of Sub-clause 6.111.7 and S, is the first-pole-to-clear factor quoted in Sub-clause 4. 102.3.

For back-to-back capacitor bank breaking current tests, the capacitance of the supply circuit énd
the impedance between the capacitors on the supply and load sides shall be such as to give the rated

capacitor bank inrush making current when testing with 100% of the rated back-to-back capacitor
bank breaking current.

Notes 1. — If a circuit-breaker is intended to be used in a system with appreciable lengths of cable on

the supply side, a supply
circuit incorporating appropriate additional capacitance should be used., '

2. — For back-to-back capacitor bank switching current tests with restrike-free circuit-breakers and where separate
making tests are performed, a lower capacitance of the supply circuit may be chosen for the breaking tests, The
capacitance should, however, not be so low that the prospective transient recovery voltage of the supply side
exceeds that specified for short-circuit Test-duty No. 4 in Sub-clause 6.104.5.2.

Wll.4  Earthing of the supply circuit

For single-phase laboratory tests, either terminal of the single-phase supply circuit can be earthed.
However, when it is necessary to ensure the correct voltage distribution between the units of the
circuit-breaker another point of the supply circuit can be connected to earth.

Far three-phase tests the earthing shall be as follows:

a) For capacitor bank currcm'switching tests the neutral of the supply circuit shall be earthed. The
Zero sequence impedance shall be less than three times the positive sequence impedance of the
supply side.

b For line-charging and cable-charging current switching tests the earthing of the supply circuit

shall, in principle, correspond to the earthing conditions in circuits for which the circuit-breaker
15 to be used:

~| for three-phase tests of a circuit-breaker intended for use in earthed neutral systems, the

neutral point of the supply circuit shall be earthed. The zero sequence impedance shall be less
than three times the positive sequence impedance of the supply side;

~ |for three-phase tests of a circuit-breaker intended for use in isolated neutral and resonant

earthed systems, the neutral point of the supply side shall be isolated or connected to earth
through an arc suppression coil.

"”.5 Characteristics of the capacitive circuit to be switched

The characteristics of the capacitive circuit shall, with all necessary measuring devices such as
voltage dividers included, be such that the voltage decay does not exceed 10% at the end of an
interval of 100 ms after final arc extinction. However, in the case of field tests the above require-
ment does not apply.

Note. — Since the voltage decay may be very much influenced by apparatus such as voltage transformers connected to the

tapacitive circuit, the measurement shall preferably be made with suitable voltage dividers.

<7,

5.1 Lme‘-charging current switching tests

For dircuit-breakers which are restrike-free, there are three possibilities:

9 Three-phase tests, where it is allowed to use parallel lines or to partly or fully replace the real
three-phase line with concentrated capacitor banks. The resulting positive sequence capacitance
“shall be approximately twice the zero sequence capacitance.

b Single-phase tests in a three-phase test circuit with two phases of the capacitive circuit connected

i directly to the three-phase supply circuit and one phase connected to the supply circuit through
the circuit-breaker pole to be tested.
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¢S ngle-phase laboratory tests, where it is allowed to replace partly or fully the real lines by
concentrated capacitor banks and to use any parallel connection of the conductors in the indi-
vidual phases with current return through earth or through a conductor.

When capacitors are used to simulate overhead lines a non-inductive resistor of maximum 10%
of the capacitive impedance may be inserted in series with the capacitors. Higher values may
unduly influence the recovery voltage. If, with this resistor connected, the peak inrush current is still
unacceptably high, then an alternative impedance (e.g. LR) may be used instead of the resistor
provided that the current and voltage conditions at the instant of breaking and the recovery voltage
do not differ significantly from the specified values. (The characteristics of the alternative impe-
dance are under consideration.) ‘

o

Tests on circuit-breakers which are not restrike-free should be the subject of agréerfxent between

man

Note.

i111.5.2

facturer and user (see Sub-clause 6.111.2). Suitable test circuits are under consideration.

— A short cable may be used in series with an overhead line forvthc tests provided the cable-charging current is less than
20% of the overhead line charging current.

Cable-charging current switching tests

Capacitors may be used to simulate screened and belted cables. For three-phase tests representing
threercore belted cables the positive sequence capacitance shall be approximately twice the zero
sequence capacitance.,

When capacitors are used to simulate cables a non-inductive resistor of maximum 10% of the

capacitive impedance may be inserted in series with the capacitors. Higher values may unduly
influence the recovery voltage. If. with this resistor connected. the peak inrush current is still
unacceptably high. then an alternative impedance (e.g. I.R) may be used instead of the resistor
provided that the current and voltage conditions at the instant of breaking and the recovery voltage
do not differ significantly from the specified values. (The characteristics of the alternative

impe

Note.

11.5.3

Th
earth

dance are under consideration.)

— A short overhead line may be used in series with a cable for the tests provided the line charging current does not
exceed 1% of the cable charging current.

Capacitor bank current switching tests

e neutral of the capacitor shall be isolated except that, for rated voltages exceeding 72.5 kV, the
ing conditions of the test capacitor shall be the same as for the capacitor when in service if

the circuit-breaker is intended for use in earthed neutral systems.

L6 Waveform of the current

Th

e waveform of the current to be broken should, as nearly as possible, be sinusoidal. This

condition is considered to be complied with if the ratio of the r.m.s. value of the current to the r.m.s.
value of the fundamental component does not exceed 1.2.

Th

€ current to be broken shall not go through zero more than once per half cycle of power

freque cy.

JUT 7o voltage

For three-phase tests and for single-phase tests with the capacitive circuit to be switched accord-
ing to the arrangement in Item &) of Sub-clause 6.111.5.1, the test voltage measured between the
Phases at the circuit-breaker location immediately prior to opening shall, as nearly as possible, be
fqual to the rated voltage U of the circuit-breaker.
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For single-phase laboratory tests, the test voltage measured at the circuit-breaker location imme-

diately before the opening shall, as nearly as possible, be equal to the product of U/+/3 and the
following factor:

a 1.0 _
for tests corresponding to normal service in earthed neutral systems without significant mutual

influence of adjacent phases of the capacitive circuit, typically capacitor banks with earthed
neutral and screened cables;

b 12 .
for tests on belted cables and for line-charging current switching tests according to Item ¢) of
Sub-clause 6.111.5.1 corresponding to normal service ¢onditions in earthed neutral systemis;

¢ 1.4
for tests corresponding to:
— breaking during normal service conditions in systems other than earthed neutral systems:

— breaking of capacitor banks with isolated neutral.
d 14

for tests corresponding to breaking in the presence of single or two-phase earth faults in earthed
neutral systems;

e 1.7

for tests corresponding to breaking in systems other than earthed neutral systems in the presence
of |single or two-phase earth faults.

For unit tests the test voltage shall be chosen to correspond to the most stressed unit of the pole
of the circuit-breaker.

The power frequency test voltage and the d.c. voliage resulting from the trapped charge on the
capacitive circuit shall be maintained for a period of 0.3 s after breaking.

Notes I. — Shorter discharge time constants of the capacitive circuit than stated in Sub-clause 6.111.5 may be used provided
that the behaviour of the circuii-breaker under d.c. voltage is checked by alternative means.

2. — When the non-simultaneity of contact separation in the different poles of the circuit-breaker exceeds 176th of a
cycle of the rated frequency, it is recommended according to agreement between the manufacturer and the user o
raise further the voltage factor or to make only three-phase tests.

MIL8  Test duties

MIL8.1  Test conditions corresponding to normal service conditions

The capacitive current switching tests shall consist of four test-duties as specified in
Table XIX.

TABLE XIX

Test current as percentage
of the rated capacitive ]
breaking current

Supply

Test-duty circuit

20 to 40
Not less than 100
20 to 40
Not less than 100

WD -
D W

The number of tests for each test-duty shall be:
= 10 tests for three-phase tests;

~ 12 tests for single-phase tests with the contact separation distributed at intervals of approxi-
mately 30 electrical degrees. '
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For [line- and cable-charging current switching tests the last two tests of Test-duties Nos. 2
and 4 shall be make-break tests.

For (capacitor bank current switching tests all tests in Test-duties Nos. 2 and 4 shall be make-
preak tests. The closing shall occur within 15 electrical degrees of the peak value of applied voltage
(on one phase for three-phase tests). The making current shall in Test-duty No. 4 be equal to the
rated capacitor bank inrush making current as given in Sub-clause 4.111 for circuit breakers with a
rated back-to-back capacitor bank breaking current.

Duelto limitations of the test plant it may not be possible to comply with the requirements of the
inrush|current in Test-duty No. 4 for the back-to-back capacitor bank current switching tests. For
-free circuit-breakers it is then allowed to make an alternative test procedure where in
Test-duty No. 4 the requirements are met as best as possible and where a separate making test series
is performed. This test series should comprise ten making operations with a making current equal to
the rated back-to-back capacitor bank inrush making current. The test voltage shall be the same as
for Test-duty No. 4 and the closing shall occur within 15 electrical degrees of the peak value (on one

phase for three-phase tests). .

For the break and make-break tests the contacts of the circuit-breaker shall not be separated until
the transient currents have subsided.
No appreciable charge shall remain on the capacitive circuits before the making operations.

Breaking tests may alternatively be performed with a recovery voltage, according to Table XX
and Figure 32, page 247.

TaBLE XX
Recovery voltage value
of Figure 32 in relation Time for
to the peak value Figure 32
Test- of the test voltage
duties
5]
U, U, 0 {ns)
50 Hz 60 Hz
>’| or Iy
{and 2 =1.95 =<0.14 in Sub-clause <8.7 <73
6.104.5.4
=l orils
Jand 4 =2.0 <0.01 in Sub-clause <87 <73
4.102.3

182  Test conditions corresponding to breaking in the presence of earth faults

a} Overhead lines and cables
Tests corresponding to breaking of overhead line and cable charging currents in the presence of
earth faults should be made upon agreement between manufacturer and user.

Single-phase laboratory tests shall be made with a test voltage as given in Sub-clause 6.111.7 and
a capacitive current equal to:
— |1.25 times the rated capacitive breaking current in earthed neutral systems;

— 1.7 times the rated capacitive breaking current in systems other than earthed neutral
systems.
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Single capacitor banks
Tests are not necessary for capacitor banks in earthed neutral systems.

Switching earthed neutral capacitor banks on systems other than earthed neutral systems can
result in higher stresses. As this is not a normal system condition, the tests are subject to
agreement between manufacturer and user.

Test results

The overvoltages to earth shall be measured on supply and capacitive circuit side.

The circuit-breakers shall have succ_pssfully passed the tests if the following conditions are

filled: -

the behaviour of the circuit-breaker during making and breaking the capacitive currents in all
prescribed test-duties fulfills the conditions given in Sub-clause 6.102.7;

no restrikes occur during the tests or, where three-phase tests on restriking circuit-breakers are
made, the maximum measured breaking overvoitages for each test-duty shall not exceed the

shall not occur;

the condition of the circuit-breaker after the test series corresponds to the condition in Sub-
clause 6.102.8.4.

8112 Small inductive current switching rests

Transformer magnetizing current for circuit-breakers with rated voltages of 100 kV and above

Experience indicates that when interrupting magnetizing currents of unloaded transformers
under steady state conditions and at voltages not exceeding their rated voltage the over-voltages are
all. Tests are therefore not specified to simulate this switching condition.

Switching of the inrush magnetizing current of an unloaded transformer is not a normal service
condition and no tests are specified.

Transformer magnetizing current for circuit-breakers with rated voltages below 100 kV

Generally tests are not required but in cases of doubt they should be made on the system under

ual service conditions. If this is not possible, three-phase tests may be made in a laboratory using
actual transformer to be switched in service.

n either case, the source circuit should have as low a capacitance as possible subject to the rated

TRV not being exceeded. Any means of voltage limiting to be used in service may be connected for

tests.
Transformer with a tertiary winding loaded with reactors

'his shall be considered a special case and agreement reached between manufacturer and
.

Shunt reactors
\ test circuit is under consideration.

maximum permissible switching overvoltages specified by the manufacturer, External flashover
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High voltage motors

A test circuit is under consideration.

ine tests

Clause 7 of IEC Publication 694 is applicable with the following addition:
[he routine
h-clause 7.101.

tests also comprise mechanical operating tests in accordance with

er frequency voltage withstand dry tests on the main circuit
ub-clause 7.1 of IEC Publication 694 is applicable with the following addition:

n the case of circuit-breakers constructed by assembling identical breaking and making units in
es, the test voltage to be applied across each single unit, when open, shall be the higher fraction
he total withstand voltage resulting from actual power-frequency voltage distribution with the
uit-breaker.fully open and one terminal earthed.

Vith reference to Figure 1 of IEC Publication 694 which shows a diagram of a three-poie

uit-breaker, the test voltage shall be applied, according to Table XXI:
TaBLE XXI
Test condition Circurt-breaker i Voltage Eanh ’
No. | applied to connected to '
i i
1 ; Closed ' AaCce BbF i
2 ' Closed , Bb ! AaCcF :
3 : Open : ABC abeF l
‘ 4 Open abe ABCF I

ge withstand tests on control and auxiliary circuits
1b-clause 7.2 of [EC Publication 694 is applicable.

urement of the resistance of the main circuit

Sub-clause 7.3 of IEC Publication 694 is applicable.

W01 Mechanical operating tests

echanical operating tests shall include:

a) at specified maximum supply voltage and pressure (if applicable):

five closing operations,
five opening operations.

t specified minimum supply voltage and pressure (if applicable):

ey
o sece

five closing operations,
five opening operations.

tion between poles is air at atmospheric pressure, test conditions Nos. 1 and 2 may be combined, the test voltage being
veen all parts of the main circuit connected together and the base.
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¢)| At rated supply voltage and pressure (if applicable):

1) five close-open operating cycles with the tripping mechanism energized by the closing of the
main contacts, :

2) moreover, for circuit-breakers intended for rapid auto-reclosing (see Sub-clause 4.104), five

open-close sequences O—¢—C where  shall be not more than the time interval specified for

the rated operating sequence.

echanical operating tests should preferably be made on the complete circuit-breaker. However,
when circuit-breakers are assembled and shipped as separate units, routine tests may be performed
on| components according to Sub-clause 6.101.1.1. Operating mechanisms and control cubicles
shall be tested together with the circuit-breaker or with an appropriate dummy load.

outine tests on the complete circuit-breaker may be made on site.

t all required operating sequences shall be performed:
easurement of operating times;

easurement of fluid consumption (if applicable).

If the design of the circuit-breaker permits such measurements, the time-travel diagram should ;
be recorded. Mechanically stressed auxiliary equipment shall function correctly during and after
the tests. Q

After completion of the required operating sequences the following tests and inspections shail
be performed (if applicable):
onnections shall be checked;
— the control and/or auxiliary switches shall correct!ly indicate the open and closed positions of
the circuit-breaker:
Il auxiliary equipment shall operate correctly at the limits of supply voltages and/or quenching
nd operating pressures.

Furthermore the following tests and inspections shall be made (if applicable):

- tightness tests;
— measurement of the resistance of heaters (if fitted) and of the control coils;

— inspections of the wiring of the control, heater and auxiliary equipment circuits and checking of
the number of auxiliary contacts, in accordance with the order specification;

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

- oljltput capacity measurement for the compressor;
— 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 circuit-breaker.

For circuit-breakers fitted with over-current releases, the releases shall be set at the minimum
calibration mark on the scale of current settings.
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It shall be shown that the over-current releases correctly initiate the opening of the circuit-breaker
~ith|the current through the main circuit not exceeding 110% of the value set on the scale of current
L21tings.

T je current through over-current releases may for these tests be supplied from a suitable low-
-oltage source. -

For circuit-breakers fitted with under-voltage opening releases, it shall be shown that the circuit-
~reaker opens and can be closed when voltages within the specified limits are applied to the releases

see Sub-clause 5.7.4 of IEC Publication 694).

If adjustments are required during the mechanical operating tests, the complete test sequence
.nall be repeated following the adjustments.

. Design and visual checks
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circuit-breaker shall be checked to verify its compliance with the order specification.

articular, the following items shall be checked:
language and data on the nameplates:

— identification of any auxiliary equipment;

colour and quality of paint and corrosion protection of metallic surfaces:
values of the resistors and capacitors (if applicable) connected to the main circuit.

the selection of circuit-hreakers for service

ral

A circuit-breaker suitable for 2 ziven duty in service is best selected by considering the individual

alues required by load cnditions and fault conditions.

rdinated values of rated characteristics for circuit-breakers are given in Tables Xa to Xc. It
able that the rated values of a circuit-breaker are chosen from these tables according to the
eristics of the system as ~eil as to its anticipated developments.

complete list of rated charzcteristics is given in Clause 4. The following individual ratings are
ith in this clause:

~orated voltage . . . ... L e e e e Sub-clause 8.102.1
Sub-clause 8.102.2
....................... Sub-clause 8.102.3

........................ Sub-clause 8.102.4

tated insulation level . . . . . . . L o o e e e e e
“zted frequency ... .. .

zted normal current

~2ted short-circuit bre'a?kilng CUTTENL L e e e e e e e e e Sub-clause 8.103.1
“2teyd transient recovery v tzxz for terminal faults ... ..o L. L Sub-clause 8.103.2
7ated out-of-phase breakinz ~2ITent . . . . ...l Sub-clause 8.103.3
7ated short-circuit making ~-77200 ... oo Sub-clause 8.103.4

Sub-clause 8.103.5
Sub-clause 8.103.6

“21ed operating sequence

2720 duration of ShOrt-Cizn —i o v v o e e e e e e e e
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For rated characteristics not dealt with in this clause reference should, if applicable, be made to

Clause 4 as follows:
— rated short-time withstand current . . ... ... ... ..., .. . . Sub-clause 4.5
— rated peak withstand current . . .. ... ... ... ...... .. .. Sub-clause 4.6
— rated supply voltage of closing and opening devices and of auxiliary
CITCULLS . . . o o oo et Sub-clause 4.8
— rated supply frequency of closing and opening devices and of auxiliary
CITCUITS . . . v it e e e e e e e Sub-clause 4.9
- rateq pressures of compressed gas supply for operation and for inter-
TUPLIOTL . . . . e Sub-clause 4.10
@ — rated characteristics for short-line faults . .............. .. Sub-clause 4.105
” — rated line-charging breaking current . . . e Sub-clause 4.107
~ rated cable-charging breaking current . . . . . ... ... ... ..... Sub-clause 4.108
— rated| single capacitor bank breaking current . . . ........ Sub-clause 4.109
— rated back-to-back capacitor bank breaking current . .. ....... Sub-clause 4.110
. — rated capacitor bank inrush making ... ................ Sub-clause 4.111
1 — rated|small inductive breaking current . . ... ... ... ....... Sub-clause 4.112
¢'f Other parameters to be considered when selecting a circuit-breaker are for example:
~ local|atmospheric and climatic conditions . . ... .. ......... Sub-clause 8.102.5
— use at highaltitudes . . . .. ... ... ... ... .. ... .... Sub-clause 8.102.6
—OopeniNg tIME . . . . . . o vt i e Sub-clause 8.103.1
— frequency of operation . . . . . . . ... Sub-clause 6.101.2.1
The duty imposed'by the fault conditions with which a circuit-breaker is required to deal should
be determined by calculating the fault currents at the place where the circuit-breaker is to be located

in the sy

selecting a circuit-breaker, due allowance should be made for the likely future development
stem as a whole, so that the circuit-breaker may be suitable not merely for immediate needs

When
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(with the exception of rated frequency) without further testing. Some switching conditions,
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stem, in accordance with some recognized method of calculation.

for the requirements of the future.

t-breakers which have satisfactorily completed type tests for a combination of rated values
age, normal current, making and/or breaking current) are suitable for any lower rated

witching of high voltage motors, for which tests are not yet specified, may require caution

ercised with regard to switching overvoltage if a circuit-breaker is used at a rated voltage
an that at which the tests were made.

alt with in this standard and should therefore be considered as special conditions for which agreement should be

ached between manufacturer and user.

he same is applicable to circuit-breakers used for any operation leading to a power-frequency recovery voltage
gher than that corresponding to the rated voltage of the circuit-breaker, which may be the case at certain points of
e system and, in particular, at the end of long lines. In this particular case, the value of current to be interrupted at
e highest voltage which may occur across the terminals of the circuit-breaker when opening should be subject toa

milar agreement.

m Selection of rated values for service conditions

me fault conditions such as evolving faults and some service conditions such as switching of arc furnaces. are not, .~
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. .1 Selection of rated voltage

d voltage of the circuit-breaker should be chosen so as to be at least equal to the hlghest
the system at the point where the circuit-breaker is to be installed.

d voltage of a circuit-breaker should be selected from the standard values given in
4.1 of IEC Publication 694.

ing the rated voltage the corresponding insulation levels specified in Sub-clause 4.2

-should alsp be taken into account (see also Sub-clause 8.102.2).
Preferred combinations of rated voltage, rated short-circuit current and rated normal current

Tables XA, XB and Xc.

%022 Insulation co-ordination

The rated insulation level of a circuit-breaker should be selected accordmg to Sub-Clause 4.2. The
values in these table_s apply to both indoor and outdoor circuit-breakers. It should be specified in

whether the circuit-breaker is to be of indoor or outdoor type.

The insulation co-ordination in an electrical system serves to minimize damage to the electrical .

due to overvoltages and tends to confine flashovers (when these cannot be economically
o points where they will cause no damage.
ons should be taken to limit the overvoltages on the terminals of the circuit-breaker to
ues below the insulation level (see 1EC Publication 71-2: Insulation Co-ordination,
plication Guide).

circuit-breaker is required for a position necessitating a higher insulation level, this
specified 1n the enquiry (see Sub-clause 9.101).
uit-breakers intended for use in synchronizing operation when a substantial switching
simultaneously occur, see Sub-clause 4.2.3.

frequency
nufacturer should be consulted if a circuit-breaker is to be used at any frequency other
ted frequency (see Sub-clause 4.3 of IEC Publication 694).

n of rated normal current

d normal current of a circuit-breaker should be selected from the standard values given
ise 4.4. Preferred combinations of rated normal current, rated voltage and short-circuit
given in Tables XA, XB and Xc.

1 be noted that circuit-breakers have no specified continuous over-current capability.
cting a circuit-breaker therefore, the rated normal current should be such as to make it
r any load current that may occur in service. Where intermittent over-currents are
5 be frequent and severe, the manufacturer should be consulted.

understood that the rated normal current is the current that a circuit-breaker can carry continuoustyexcept for
mmon conditions of use. Such conditions may be met for generator circuit-breakers which may be in the closed
ion fora very long time at a current near the rated normal current without being operated, and in a high ambient

temperature.

10235 Local atmospheric and climatic conditions

mal atmospheric and climatic conditions for circuit-breakers are given in Clause 2.




o1EC 1987 - 215 —
A distinbtion is made between classes “minus 5 indoor”, “minus 25 indoor”, “minus 25 outdoor”
and “minus 40 outdoor” circuit-breakers, these being suitable for differing minimum ambient air
temperatures. Where “minus 25 indoor” or “minus 40 outdoor” class is required, it is necessary to
state it clearly. The manufacturer should be consulted if a circuit-breaker is to be located where the
- ambient air temperature may fall below —25 °C for an indoor circuit-breaker, and below —40°C
for an outdoor circuit-breaker, or where the temperature may exceed 40°C (or if the 24-hour
average vaJﬂue exceeds 35 °C).
|
For outdoor circuit-breakers, the atmospheric conditions in certain areas are unfavourable on
account of smoke, chemical fumes, salt-laden spray and the like. Where such adverse conditions are
known to exist, special consideration should be given to the design of those parts of the circuit-
breaker, especially the insulators, normally exposed to the atmosphere. ’

The perf?rmance of an insulator in such atmospheres also depends on the frequency of washing
‘or cleaning operations and on the frequency of natural washing by rain. Since the performance of an
insulator uJuder such conditions is dependent on so many factors, it is not possible to give precise
definitions of normal and heavily pofluted atmospheres. Experience in the area where the insulator
is to be used is the best guide.

The manufacturer should be consulted when the circuit-breaker is to be located where the wind
pressure exceeds 700 Pa.

Three different classes of circuit-breakers are specified with regard 1o ice-coating. These classes
correspond to an ice-coating not exceeding ! mm, 10 mm and 20 mm. If a circuit-breaker is to be
located where an ice-coating exceeding 20 mm is expected. agreement should be reached between
manufacturer and user as to the ability of the circuit-breaker to perform correctly under such
conditions.

Agreement should also be reached between manufacturer and user in cases where carth tremors
can be expected.

For indoor installation, the humidity conditions are under consideration, but guide-lines are
given in Sub-clause 2.1.1 of IEC Publication 694.
For indoor circuit-breakers the manufacturer should be consulted for any special service

conditions, for example when chemical fumes, aggressive atmosphere, salt laden spray, etc., are
present. '

R26  Use at high altitudes

The normal service conditions specified in Clause 2 of IEC Publication 694 provide for circuit-
breakers intended for use at altitudes not exceeding 1 000 m.

For installation at altitudes above 1 000 m the manufacturer should be consulted.

Bl Selection

As stated
values:

B Selection of rated values for fault conditions

of rated short-circuit breaking current
in Sub-clause 4.101, the rated short-circuit breaking current is_expressed by two

value of its a.c. component;

a) the r.m.s.

b its percentage d.c. component.
~ The percentage d.c. component varies with time from the incidence of the short-circuit. When the
,b Circuit-breaker meets the standard requirements stated in Sub-clause 4.101.2, the percentage d.c.
:Component the circuit-breaker can deal with is not less than the value given in Figure 9, page 99, at
“the end of t 1e time interval corresponding to the shortest possible opening time of the circuit-

breaker plus, for a circuit-breaker to be tripped solely by a form of auxiliary power, a minimum
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relay tixjne of one half cycle of rated frequency. Figure 9, page 99, is based on a constant a.c.
compornent and on a short-circuit power factor of 0.07 for 50 Hz.

When the location of the installation is sufficiently remote electrically from rotating machines,
. the dechement of the a.c. component is negligible and it is'only necessary to verify that the short-
- circuit power factor is not less than 0.07 and the minimum time delay of the protective equipment is
’not less|than one half cycle of rated frequency. In these conditions it is sufficient that the selected
. circuit-breaker has a rated short-circuit breaking current not less than the r.m.s. value of the
short-circuit current at the point where the circuit-breaker is to be installed.

The basic short-circuit test duties, see Sub-clause 6.106, together with the critical current tests, see
sub.cl:ise 6.107, and where applicable, short-line fault tests, see Sub-Clause 6.109, have been
chosen T;o prove the circuit-breaker for all values of current up to the rated short-circuit breaking
: current.‘ Therefore, for situations where the prospective short-circuit current is lower, it is not
necessary to perform a short-circuit test series based on a lower rated short-circuit breaking
current.|

In some cases the percentage d.c. component may be higher than the standard values given in
Figure 9. For instance, when circuit-breakers are in the vicinity of centres of generation, the a.c.
compoq‘ent may decrease more quickly than in the normal case. The short-circuit current may then

" can be eased, for example, by delaying its opening, or by connecting an additional damping device
" with another circuit-breaker and opening the circuit-breakers in sequence. If the standard values of
percentage d.c. component cannot be adhered to, the required percentage should be specified in the
enquiry|and testing should be subject to agreement between manufacturer and user; in this relation
attention is drawn to Item b) of Sub-clause 8.103.2.

The rjmed short-circuit breaking current should be selected from the standard values given in
Sub-clause 4.101.1. Preferred combinations of rated short-circuit current. rated voltage and rated
normal current are given in Tables Xa, X8 and Xc.

F103.2 Selectjion of rated transient recovery voltage (TRV) for terminal faults, first-pole-to-clear factor
and rated?' characteristics for short-line faults

. The prospective transient recovery voltage (TRV), of the system should not exceed the reference
line representing the rated transient recovery voltage specified for the circuit-breaker; it should
cross the| specified delay line close to zero voltage but should not recross it later (see Sub-
clause 4,102.2). Standard values relating to the rated short-circuit breaking current are given in
Sub-clause 4.102.3, and standard values relating to short-circuit breaking currents below the rated
short-circuit breaking current are specified in Sub-clause 6.104.5.

Note. — THe transient recovery voltages which appear when breaking the highest short-circuit currents are not necessarily
more severe than those which appear in other cases. For example, the rate-of-rise of transient recovery voltage may
belhigher when breaking smaller short-circuit currents. o

-

F The standard values given for rated voltages below 100 kV arée“zpplicable to a first-pole-to-clear
factor 1.5}. For rated voltages 100 kV to 170 kV a choice between first-pole-to-clear factors 1.3 and
1.5 is provided. For rated voltages above 170kV the standard values are applicable to a first-

* pole-to-clear factor 1.3 (see also the note in Sub-clause 6.104.5.4).
> The fabtor 1.3 is based on a system with earthed neutral where three-phase faults not involving

i ¢arth are! considered highly improbable. For applications in isolated neutral and resonant earthed

" pot have a current zero for a number of cycles. In such circumstances the duty of the circuit-breaker
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systems, the first-pole-to-clear factor 1.5 should be used. For applications in systems with earthed
neutral in cases where the probability of three-phase faults not involving earth cannot be dis-
regarded, and for applications in systems other than earthed neutral systems, a first-pole-to-clear
factor of 1.5 may be necessary.

Generally it will not be necessary to consider alternative transient recovery voltages as the
standard| values specified cover the majority of practical cases.

- - More severe conditions may occur in some cases, for instance:

a) In the|case of a short-circuit immediately after a transformer without any appreciable additional
~ capacitance between the transformer and the circuit-breaker, both the peak voltage and rate-
9 of-ris% of transient recovery voltage may exceed the values specified in this standard.

Noté. —L Care should also be taken when selectiné ﬁ‘circuit-breaker for the primary side for a transformer which may
| 'have to interrupt a short-circuit on the secondary side.

b In the{ case of a short-circuit on circuit-breakers in the vicinity of centres of generation, the
rate-of-rise of transient recovery voltage may exceed the values specified in this standard.

In suc# cases it may be necessary for special TRV characteristics to be agreed between manu-
facturer and user.

When ¢ircuit-breakers are required for installations necessitating the assignment of rated char-
 acteristics for short-line faults, the line on which they are to be used should have a surge impedance
and peak-factor not greater than and a time delay not less than the standard values of rated line
characteristic given in Table V. However, if this should not be the case, it is still possible that a
standard circuit-breaker is suitable, especially if the short-circuit current of the system is less than
the rated short-circuit breaking current of the circuit-breaker. This can be established by calculating
the prospective TRV for short-line faults from the rated characteristics by the method given in
appendix V\A and comparison with the prospective TRV derived from the actual characteristics of
the system.

| . . .
If special characteristics for short-line faults are required, they should be agreed between
manufacturer and user.

j 0033 Selection of out-of-phase characteristics

The requirements of this standard cater for the great majority of applications of circuit-breakers
. ] intended fpr switching during out-of-phase conditions. Several circumstances would have to be
(D combined }to produce a severity in excess of those covered by the tests of the standard and, as
§ switching hun’ng out-of-phase conditions is rare, it would be uneconomical to design circuit-
breakers fdr the most extreme conditions.

The actq:xal system conditions should be considered when frequent out-of-phase switching is
expected o}r where excessive stresses are probable, which could be the case for generator circuit-
breakers, for example.

A special circuit-breaker, or one rated at a higher voltage, may sometimes be required. As an
altemativei solution, the severity of out-of-phase switching duty is reduced in several systems by
using relay$ with coordinated impedance sensitive elements to control the tripping instant, so that
_interruptio will occur either substantially after or substantially before the instant the phase angle

reaches 180°.

i

.. A higher|rate of rise may occur when one circuit-breaker terminal is transformer-connected.
Circuit-breakers tested in accordance with this standard are considered to comply with this higher
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rate-of-rise requirement provided they have satisfied Test-duty No. 2 of the basic short-circuit test

series.

&34 Selection of rated short-circuit making current
As stated in Sub-clause 4.103, the rated short-circuit making current shall correspond to the rated

%Vomge and §hall be, unless otherwise stated, 2.5 times (i.e. approximately 1.8 }2 times) the a.c.
" component of the rated short-circuit breaking current of the circuit-breaker.

The selecped circuit-breaker should have a rated short-circuit making current not less than the
. highest peak; value of the short-circuit currents expected at the application point.

In some ¢ases, for example when induction motors are electrically close, the maximum peak
~ value of the fault current may be more than 2.5 timés the a.c. component of the short-circuit
current. In such cases, a special design should be avoided and a standard circuit-breaker having a
suitable rated short-circuit making current should be selected.

03.5 Operalinig Ssequence in service

-« The rated operating sequence of a circuit-breaker should be one of the operating sequences
given in Su!?—clausc 4.104. Unless otherwise specified, the values of the time intervals given in
Sub-clause 4.104 apply and the rated operating sequences provided for are:

4 0-3 min—CO~3 min—CO;
b CO—~15 s—CO;
¢) 0—0.3 s—jCO-3 min—CO (for circuit-breakers intended for rapid auto-reclosing).

Note. — lnslcadi of 3 min. other ime intervals, namely 15 s (for rated voltages less than or equal to 52 kV) and ! min are also
used for circuit-breakers intended for rapid auto-reclosing. The interval to be chosen depends in principle upon
system irequirements such as continuity of service.

If the short-circuit current the circuit-breaker is capable of breaking on auto-reclosing is less than
the rated short-circuit breaking current, this should be specified by the manufacturer.

When the operating sequence in service is more severe than is provided for in this standard, this
should be specified by the user in his enquiry and/or order, so that the manufacturer may modify
the rating of the circuit-breaker appropriately. Examples of circuit-breakers for special duty are
those used for controlling arc furnaces, electrode boilers and, in certain cases, rectifier plants.
Single-pole operation of a multi-pole circuit-breaker, for example with a view to single-phase

making and breaking, is also a special duty.

B6  Selection é)f rated duration of short-circuit (for circuit-breakers not fitted with direct over-current
releases)

The standard value of rated duration of short-circuit (Sub-clause 4.7 of IEC Publication 694)
is 1. : ' ——

If, howeverl a higher duration is necessary, the value of 3 s should be selected as rated value.

ot

- For short-circuit durations greater than the rated duration, the relation between current and time,
_Unless otherwise stated by the manufacturer, is in accordance with the formula:
) ;

g, It = constant.

.
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i \ Information to be given with enquiries, tenders and orders

0l Information to be given with enquiries and orders
: When enquiring for or ordering a circuit-breaker, the following particulars should be supplied by

the enquirer:
(A) Particulars of systems, i.e. nominal and highest voltages, frequency, number of phases, and
@@, .

details of neutral earthing.

(B) Service conditions including minimum and maximum ambient air temperatures, the latter, if

greater than the normal value; altitude if over 1 000 m; and any special conditions likely to
exist or arise, for example unusual exposure to water vapour, moisture, fumes, explosive
gases, excessive dust, or salt air (see Sub-clauses 8.102.5 and 8.102.6).

(O Characteristics of circuit-breaker,

The following information should be given:

a numb(j:r of poles;
b) class: indoor or outdoor; .
c¢)ratedvoltage .. ........... ... ... . .. . ... Sub-clause 8.102.1
. d) rated insulation level where a choice exists between different insulation
levels corresponding to a given rated voltage, or, if other than standard,
the desired insulation level . ... ... ... . . . . . . . Sub-clause 8.102.2
¢) rated ﬁ'equcncy ................................. Sub-clause 8.102.3
f) rated normalcurrent . ... ... ... Sub-clause 8.102.4
g if applicable, rated line-charging breaking current . . ... Sub-ciause 4.107
k) if applicable. rated cable-charging breaking current . . . . .. . Sub-clause 4.108
i) if applicable, rated single capacitor bank breaking current . . ., . . .. Sub-clause 4.109
J) if applicable, rated back-to-back capacitor bank breaking current . . . . Sub-clause 4.110
k) if applicable, rated capacitor bank inrush making current . . . ... .. Sub-clause 4.111
) if applicable, rated small inductive breaking current .. ... ...... Sub-clause 4.112
m) rated short-circuit breaking current . ... ... ... .. ... .. .. . Sub-clause 8.103.1
n first-pole-to~clear factor . . .. ... ........ .. .. ... .. . . Sub-clause 8.103.2
0) if other than standard, desired transient recovery voltage for terminal

1]

faults . ... Sub-clause 8.103.2
Sub-clause 8.103.2

if other ihan standard, desired short-circuit making current . . . . . . . Sub-clause 8.103.4

rated opérating SEqUENCE . . . ... Sub-clause 8.103.5
if other than standard, desired duration of short-circuit . . . . . . .. . Sub-clause 8.103.6

if applicgble, rated out-of-phase breaking current . ... ... ... ... Sub-clause 4.106
break-time . ... ............ .. Sub-clause 4.113.1
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y) the type tests specified under special request (artificial pollution and radio  Sub-clauses 6.1.8

imterference) ... ... L and 6.2
- w) the frequency of operation . . . e Sub-clause 6.101.2.1
# (D) Characteristics of the operating mechanism of circuit-breaker and associated equipment, in
‘ particular:

g} method of operation, whether manual or power;

b) number and type of spare auxiliary switches;

i ¢/ rated supply voltage and rated supply frequency.

~ (E) Requirements concerning the use of compressed air and requirements for design and tests of

pressure vessels.

“ .Note. — The elflquirer should give information of any special conditions not included above that might influence the tender
or order (see also the note in Sub-clause 8.101).

Information to be given with tenders
When the enquirer requests technical particulars of a circuit-breaker, the following information

drawings:
(A) Rated values and characteristics:
a) number of poles;

b class: indoor or outdoor, temperature, lce-coating . . . .... ... .. . Sub-clause 8.102.5
¢ ratedvoltage ... ... ... ... ... . ... . . .. .. . . Sub-clause 8.102.]
d) rated insulation level ... ... .. ... ... . .. .. . Sub-clause 8.102.2
¢) rated frequency . e e e e e Sub-clause 8.102.3
f) ratednormalcurrent ... ........... ... .. . ... Sub-clause 8.102.4
g rated line-charging breaking current . . . ... ... ... .. .. .. . . Sub-clause 4.107
h) rated cable-charging breaking current . . .. ... ... ... ... . . Sub-clause 4.108
") rated single capacitor bank breaking current ... ... ... .... .. Sub-clause 4.109
j) rated back-to-back capacitor bank breaking current . . . ... ... ... Sub-clause 4.110
k) rated capacitor bank inrush making current . .. ............ . Sub-clause 4.111
) rated small inductive breaking current ... .......... . ... .. Sub-clause 4.112
m) rated short-circuit breakingcurrent . .................... Sub-clause 8.103.1
n first-pole-to-clear factor . . . ... ... ... ... .. ... Sub-clause 8.103.2
o) rated transient recovery voltage for terminal faults .. ... . . ... .. Sub-clause 8.103.2
rated characteristics for short-line faults . ... ... .. ... ... . Sub-clause 8.103.2
rated short-circuit making current . . .. ... .. ... ... ... ... . - Sub-clause 8.103.4
rated operating sequenéé‘ R Sub-clause 8.103.5
rated duration of short-circuit . ... ....... .. ... ... . ..., Sub-clause 8.103.6
rated out-of-phase breaking current . .. ................. . Sub-clause 4.106
rated opening time, rated break time and rated closing time . . .. ... Sub-clause 4.113

the type tests specified under special request (artificial pollution and radio
interference) . . ... ... ...

Q

Sub-clauses 6.1.8
and 6.2

(those which are applicable) should be given by the manufacturer, with the descriptive matter and
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(B) Type tests
Certificate or report on request.
(C) Constructional features:

" a) For oil circuit-breakers: mass of complete circuit-breaker without oil; mass of oil; recommen-

dations regarding oil quality; number of tanks.

b) For air-blast circuit-breakers: mass of complete circuit-breaker; rated supply pressure of air for
1nterrwpt10n and limits between which the circuit-breaker operates correctly; the capacity of the
local air receiver; quantity of free air for one opening operation and for one closing operation
followed immediately by one opening operation. For circuit-breakers intended for rapid auto-

_reclosing, the quantity of free air should be given also for one opening operation followed by one
closing operation and immediately followed by one opening operation.

For other gas circuit-breakers: mass of complete circuit-breaker; rated supply pressure of gas for
interruption and limits between which the circuit-breaker operates correctly; the total volume

of the gas per pole at a pressure of 0.1 MPa (I bar); tightness characteristics of the circuit-

breaker.
¢) Number of units in series per pole.
d) Minimum clearances in air:

— between poles;

— to earth;
— the safety boundaries during a ‘breaking operation, for circuit-breakers with an external

exhaust for ionised gases or flame.

e/ Any special arrangements (heating and cooling) to maintain the rated characteristics of the
circuit-breaker at the required extreme temperatures of the ambient air.

(D) Operating mechanism of circuit-breaker and associated equipment :

a) type of closing mechanism:

b whethef the circuit-breaker is suitable for trip-free or fixed trip operation and whether it is
provided with a lock-out device preventing closing;

¢) rated supply voltage and/or pressure of closing mechanism, pressure limits if different from the
standard values;

d) current required at rated supply voltage to close the circuit-breaker;
¢} quantity of free air required to close the circuit-breaker at rated supply pressure;

J) rated supply voltage of shunt opening release;

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

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

J) setting of wfligh ‘and low pressure interlocking devices.

(E) Overall dimensions and other information _
The mamilfacturer should give the necessary information as regards the overall dimensions of the

. Circuit-breaker and details necessary for the design of the foundation.

General information regarding maintenance of the circuit-breaker and its connections should be
given.
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! Rules for transport, storage, erection and maintenance

Clause 10 of IEC Publication 694 is applicable.

| Conditions during transport, storage and erection
A Sub-clause 10.1 of IEC Publication 694 is applicable.

ﬂ Erection

. Sub-clauses 10.2.1 to 10.2.4 of IEC Publication 694 are applicable, with the following
% addition:

101 Guide for commissioning tests

After a circuit-breaker has been erected and all connections have been completed, commissioning
tests should be performed. The purpose of such tests is to check that transport and storage have not
damaged the circuit-breaker. In addition, when a large part of the assembly and/or of the adjust-
ment is performed on site, the tests allow checking of the quality of the work and of functional

. characteristics depending on it.

Repetition of tests already performed in the factory should be avoided.

Depending on the relative amount of site assembly and on agreement between manufacturer and
user, the commissioning tests can be:

- performed by the manufacturer;

~ performed by the user. in accordance with the manufacturer’s instructions (types of tests to
perform and acceptable limits for the results).

The results of the tests should be recorded in a test report.

Depending on the type of the circuit-breaker, the type of the control device, the service condi-
tions, the amount of information desired and technical and economic aspects, the manufacturer and
the user should choose the tests to be performed.

An example of a commissioning test programme is given in Appendix HH.

Note. — When for any reason ail or parts of the routine tests are not performed in the factory they should be performed on site
(see LEC Publication 694, Clause 7). Such a routine test programme should be combined with the commissioning
test programme,

Maintenance
Sub-clause 10.3 of IEC Publication 694 is applicable with the following addition:

The manufacturer should, further, give information regarding the overhaul of circuit-breakers
following:

@) short-circuit operations:
b operations in normal service.

This information should include the number of operations according to Items a) and b) after
which the circuit-breaker is to be overhauled.

¢ Sub-clauses 10.3.1 to 10.3.11 of IEC Publication 694 are applicable,

01 Resistors and capacitors
¢ Checking of resistors and capacitors. Allowed variations of the values should be given.
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fempérature A b
Temperature

Ta

Disjoncteur en position de fermeture
Circuit-breaker closed

Disjoncteur en
position d'ouverture
Circuit-breaker

56 © CEI 1987

Manceuvre du
disjoncteur
Operate
circuit-breaker

open
-l t |
} | |
-
fForrrr
d e f g h i
Tempsr
Time
617/36
a) Essai a basse température
Low temperature test
A
Température o B .
Temperature D'|510ncteur en position d'ouverture
Circuit-breaker open
o o] | l
40°C / J Ma}noeuvre du
f f f disjoncteur
q r s ¢ Operate .
circuit-breaker
Disjoncteur en position \/
- de fermeture
3 Circuit-breaker closed
u
Temps
Time
618/86

b) Essai 4 haute température
High temperature test

Noce. — Les lettres a & u repérent les points d’application des essais spécifiés aux paragraphes 6.101.3.3 et 6.101.3.4.°
Letters a to u identify application points of tests specified in Sub-clauses 6.101.3.3 and 6.101.3.4.

FI1G. 15. — Séquences d’essais pour les essais i basse et a haute température.

Test sequences for low and high temperature tests.

gl

MEE e IR

R i

s

- TR § il
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4 ive humidity
100

k ;dlté relative (%)‘

- 231 —

[

Humidity

F1G. 16. — Essai & ’humidité.

test.

Z
- /
|
90 A ,
' .
|
| /
80 - { i //l:
' |
| | |
,J: | | ;
— | -
L | 1o i
A | l |
(°C) [ l l
| | |
| I I
| ' I
40+ 24— —— | , —_———
| \ | :
! : | l
' |
n I |
| I | ’
| | | |
| | |
. | | I/
25+ 3 4 | , ~
| | | | |
T | l |
[ | -
| ! I Temps -'
| 0! 2, = 20 ! ty=10 | ts = 20 Time  (Min)
et - - -
|
D | 1 cycle = 60 '
| o 619/86
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Horizontal forces

233 —

Vertical forces

FshA

shB8

F th8
F wh

5

Fina

Fo =Fy

| ]
S

Fina = tensile horizontal force due to connected conductors (direction A)
Fing = tensile horizontal force due to connected conductors (direction B)
F,, = tensile vertical force due to connected conductors (direction C)

Fun = horizontal force on circuit-breaker due to wind pressure on ice-coated circuit-breaker
Fina- Fonpe Foy = rated static terminal load (resultant forces)

Note. — Refer to Figure 18. page 235. for directions A. B and C.

Fi1G. 17. — Static terminal load forces.

620/86

Horizontal Vertical Remark
Forces due to dead weight, wind and ice on con- Fui F F According to
nected conductor thA, T1hd w Table X111
. e Calcuiated by
- *
Forces due to wind and ice on circuit-breaker Fun o manufacturer
Resultant force Faar Fonp Fyy

breaker should be the same.)

* The horizontal force on the circuit-breaker, due to wind, may be moved from the centre of pressure 1o the terminal and

reduced in magnitude in proportion to the longer lever arm. (The bending moment at the lowest part of the circuit-
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Horizontal forces

B, B,

o P

& Terminal 2 Terminal 1

m T e
. ¥
B, 8,

621786

Force directions: A, By, B, for Terminal 1
Force directions: A,. By, B, for Terminal 2
Horizontal test forces: Fy,4 and Fy,p (see Figure 17, page 233).

Vertical forces

G C,
L

Termingl 2 = I Terminal i

1 1
G G

|
Y

622/86

Force directions: C,, C, for Terminal 1
Force directions: C,, C; for Terminal 2
Vertical test force (both directions): F;, (see Figure 17)

Note, — For circuit-breakers which are symmetrical about the pole unit vertical centreline, only one terminal needs to be
tested. :

FiG. 18. — Directions for static terminal load tests.
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—] Y, - —-] U, |
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1)
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626/36 627/86
FI1G. 20a. — Circuit préféré. F1G. 20b. — Circuit utilisé en variante.

Preferred circuit. ) Alternative circuit,

U Les carrés représentent des combinaisons de capacités et de résistances.
1 The squares represent combinations of capacitances and resistances.

8

628/86

F20. — Mise 4 la terre des circuits d’essai pour des essais triphasés en court-circuit, facteur de premier
] pole 1,3.
Earthing of test circuits for three-phase short-circuit tests, first-pole-to-clear factor 1.3.
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631/36 632/86

F1G. 22a. — Circuit préféré. FI1G. 22b. — Circuit utilisé en variante
Preferred circuit. (dépend de I'accord de I'utilisateur).
Alternative circuit
(Subject to agreement of the user).

$Rc. 22. — Mise a la terre des circuits d’essat pour des essais monophasés en court-circuit, facteur de

premier péle 1,3.
Earthing of test circuits for single-phase short-circuit tests, first-pole-to-clear factor 1.3.
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u A Envelope of prospective
(kV) test TRV
A C
N U pre—mmm s o T
!
8 Reference line Prospective test TRV
u p—m——— — of specified TRV
! :
‘ H |
X | |
~ ! |
; u - ‘ :
= Delay line of specified TRV !
| !
. 1
! ! 1 -
0 ¢ t 14 .o 4] tps)

633/86

23. — Example of prospective test TRV with four-parameter envelope which satisfies the conditions
to be met during type test: case of specified TRV with four-parameter reference line.

Enveloppe de la TTR
d'essai présumée

u
{kV) A C
U b———_— N
<
]
|
|
|
Tracé de référence
de la TTR spécifiée
i TTR d'essai présumée
) |
te P |
) : |
| Segment de droite définissant
| le retard de la TTR spécifiée
i |
L | -
0 1 t t tlus)

634/86

124, — Example of prospective test TRV with two-parameter envelope which satisfies the conditions
to be met during type test: case of specified TRV with two-parameter reference line,
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A
u
(kV) Envelope of prospective 4 C
test TRV
o Y — L
|
B |
d Prospective test TRV
|
Reference line of
specified TRV
1
. |
U p—- | .
- 1
<J|— Delay line of specified TRV
| '
! i -
0 ¢ v 13 t(us)

635/84

: f6. 25. — Example of prospective test TRV with four-parameter envelope which satisfies the conditions

to be met during type test: case of specified TRV with two-parameter reference line.

k(</ Envelope of prospective
V) 1 test TRV A c
(77 S, W AP, N
. I
!
|
7 S : |
| Reference line \ !
' of specified TRV \ !
\ pecie Prospective test TRV
7 ;
..._L———:— Delay line of specified TRV :
| ! |
t 1 |
[ ! -
0 ¢ [ & t, lys)
636/86

§6. 26. — Example of prospective test TRV with two-parameter envelope which satisfies the conditions

to be met during type test: case of specified TRV with four-parameter reference line.

A
A
U, <
7 ~
% ~
/ \\
B ~4L N
U, : e // \\ \
‘L/ / ~d N\
/4 / e ——————
i /
4 /
7/
/
7
Vd
: Vs
//
W ’/ P
0 t, 9] t(us)

637/86
. 27. — Example of two prospective test TRV-waves and their combined envelope in two-part
tests.
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4

&

Pole I = first pole to clear
(0;0] = instant of final arc-extinc-
tion on all phases
GG, = instant 1 from 0O
2
s Pole | GG, = instant L from 0O

s

= test frequency

= value of power frequency
recovery voltage of Pole I

value of power frequency
recovery voltage of Pole I1

= value of power frequency
recovery voltage of Pole 111

sk sk gk

Pole it
e ole In Pole 111 a voltage peak occurs exactly at
instant G;G,. In such event measurement
is made at later instant G,G;. ’
Pole Il
638/86

Average value of the power frequency recovery voltages of Poles 1, II and II1

Y Vi
2\/“2+ 2223
= 3

geample illustrates three voltages obtained during a test upon a three-pole circuit breaker in a three-phase test circuit having one

1% reutral points insulated, see Figure 19a or 19b, thus producing momentarily in the first pole to clear a 50% increase in the
Ty voltage, as shown in Pole L.

FIG. 28. — Determination of power frequency recovery voltage.
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- ) 639/86

FIG. 29. — Circuit d’essai pour les essais monophasés en discordance de phases.
Test circuit for single-phase out-of-phase tests.

X
YY"\ .
1
U K
v'§ 1
— U
. x —
U T
73 )
= X
Ve 2 e
640/86

Fi. 30. — Circuit d’essai avec deux tensions décalées de 120 degrés électriques pour les essais en dis-
cordance de phases.
Test circuit for out-of-phase tests using two voltages separated by 120 electrical degrees.

1) Les carrés représentent des combinaisons de capacités et de ") The squares represent combinations of capacitances and resis-
résistances. tances.

3

T
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T

- 641/86

gt
W

. 31. — Circuit d’essai avec une borne du disjoncteur 4 la terre pour les essais en discordance de phases
(sous réserve de I'accord du constructeur). o

Test circuit for out-of-phase tests with one terminal of the circuit-breaker earthed (subject to
agreement of the manufacturer).

.‘ {¢ carré représente des combinaisons de capacités et de ') The square represents combinations of capacitances and
J dsistances. resistances. , .

'

Tension
Voltage
Uc /—\
Forme (1 - cos) principalement
Mainly {1 -~ cos) form
™~
@
U, 4
! b L2 Temps
: Time
) 642/86
T ; fig. 32. — Tension de rétablissement présumée pour des essais de coupure de courant capacitif.
I Prospective recovery voltage for capacitive current breaking tests.
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CHAPTER III: APPENDICES
APPENDIX AA

CALCULATION OF TRANSIENT RECOVERY VOLTAGES FOR
SHORT-LINE FAULTS FROM RATED CHARACTERISTICS

Wl Basic approach

For rating and testing purposes, it has been decided to consider only a short-line fault occurring

* from one phase to earth in a system having the neutral earthed, the severity of this being sufficient

to cover other cases, except in special circumstances where the system parameters may be more
severe than the standard values.

The simplified singie-phase circuit can be represented as in Figure 13, page 102.

During the short-circuit, the voltage will be:
U,=U/\/3 (1)

U is the rated voltage of the circuit-breaker.
This voltage drives the current /; through the circuit consisting of reactances X, and X in series.
The r.m.s. value of the voltage drop on the source side will be:

U, = I X, 2

and along the line
UL = IL XL (3)

When the current is broken the instantaneous voltage to earth on the line side terminal of the
circuit-breaker will be the initial voltage:

Uy = UL \/5 (4)

This initial voltage will return to zero by a series of travelling waves reflected back and forth along
the line between the circuit-breaker and the fault, producing a transcient voltage on the line side in
the form of a damped saw-tooth oscillation* as shown by u; in Figure AA1, page 256. The voltage
to earth on the source side terminal of the circuit-breaker will also be u, at the instant of breaking. It
will rise to a peak value u,, depending upon the transient recovery voltage on the source side as
shown by u in figure AA1, the crest value Uy, of the power frequency voltage to earth on the source
side (after the ending of transient phenomena) becoming:

Un="U, V2=U \/fg, 4

The resulting specified transient recovery voltage for short-line faults appearing across 'the
circuit-breaker is the difference between the source and the line side transient vélfages as shown by

U — uy in Figure AAL.

¢ factice the saw-tooth waveform is in some degree modified by a time delay due to lumped capacitances present at the }ern}inals
the circuit-breaker (capacitances of voltage transformers, current transformers, etc.); also the top of the oscillation is slightly
Nded.
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42 Initial voltage to earth

The ratio between the voltage v, at the instant of breaking and the crest value Uy, of the driving
voltage is dependent only on the reduction in current due to the reactance of the line, and is
independent of rated voltage, rated short-circuit breaking current and the line constants, hence:

U/ Uy =1 — I /I (6)
where:

I = rated short-circuit breaking current
Iy = short-line fault breaking current

This relation is shown in Table AA1 for the standard ratios of short-line fault currents; for other
ratios it can be taken from Figure AA2, page 257.

TABLE AA1

Initial voltage to earth and peak value of
transient recovery voltage for short-line faults

wr o/ Uny e/ Ury
0.90 0.10
0.75 0.25

Transient voltage on line side

The line-side characteristics have been standardized as shown in Table V.

The excursion u; * of the line-side transient voltage u; from the initial value u, is obtained by
multiplying the value u, by the appropriate peak factor k:

uL* =k U (7)

The time £ to the first peak value u; * is obtained from the rate-of-rise du; /dt of transient voltage
U on the line-side after breaking the line current i = I \/ 2 sin (2 = ft) at current zero by:

tL = uL*/SIL (8)
where:

—sly=duy/dt = —2xfZI}2 )
= RRRYV factor
Z = surge impedance of the line
/ = rated frequency

The rated line characteristics Z, k and s are given in Table V.

The transient voltage will fall to zero by a damped saw-tooth oscillation the exact waveform of
which depends upon the characteristics of the actual line. This is shown as an example by the dotted
lines in Figure AA1, page 256.

Note. — The approximate length of line corresponding to a given short-line fault can be obtained by the formula:

_o
L== (10
where c is the speed of the travelling wave propagation assumed to be equal to:

¢=0.3 km/us ] (1)
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i Transient voltage on source side

The course of the source-side transient voltage from the initial value u, to the peak value u;, can
‘pe derived from Tables IV. The times ¢, ¢, ¢; and ¢, given there can be used directly. The voltage u;

= I in Table IVcC equalling the power-frequency crest voltage Uy, is not affected, but the TRV peak

value %, must be scaled down to the value u, such that

Un/Up =1+ 0.4 I/I (12)

% a5 given in Table AA1 and Figure AA2, page 257.

The values given in Tables IV correspond.to the limit case of I;/I = 1.0:
u/Uy = 1.4 (13)

The peak value u,, of the source-side transient voltage is also that of the resulting transient
recovery voltage for short-line faults provided the voltage oscillation on the line has fallen to zero
by the time ¢, (or #3), as is generally the case.

- In service, the source-side transient voltage will commence to rise as a curve having as a boun-
dary the delay line (see Sub-clause 4.102.2). The most important part of the resuiting transient
recovery voltage for short-line faults is up to the first peak value u * of the transient voltage on the
line side which is reached by the time ;. For the calculation of the source-side contribution u* at
the time ¢{, negligible error is introduced by ignoring the curvature, the voltage being deemed 1o
follow the straight delay line running parallel to the reference line with time delay 7,. compare
Figures 10 and 11, pages 99 and 100.

#5. Example of calculation

Circuit-breaker ratings:
U=245kV;I=31.5kA;f =50Hz

Short-line fault current considered:
I, =0751 =236 kA

Power-frequency crest voltage to earth (from equation (5) or u; in Table IVC):
Up = 245 \/2: = 200 kV
Initial voltage u, to earth (from equation (6) or u,/Up, in Table AA1):
u, =0.25 - 200 = 50 kV
First excursion of line-side transient voltage (fro£r1 equation (7) and Table V):
u*=16-50= 80 kV

Time ¢, to the first peak value of the transient voltage on the line side (from equation (8) and

. Table V):
80 80

02236 472

= = 16.95 ps

Length L of line to fault (from equation (10)):

;203 -216.95 54 km
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‘

From the above data, and with tar = 0.5 s (see Table V), the initial line-side transient voltage
can be constructed. The time to the first peak is £; + tar- See Figure AA1L.

The times ¢), £, and ¢4 for the source-side transient voltage can be obtained from Table Ivc:

ty = 100ps; # = 300ps; t4 = 2ps
Rate-of-rise of source-side transient voltage:
200 — 50

100

Voltage contribution from the source-side at time #; + tar:
UF = (t, +tg — 19 1.5 =(16.95 + 0.5 — 2) 1.5 =232 kV

= 1.5 kV/us

(if 1 < 4 the source-side contribution is only ITRV).

ITRYV contribution of the source-side (from Table III):
t; =0.6 ps; u; = 0.069 - 23.6 = 1.63 kV

Peak value up, of the source-side transient voltage (from equation (12) or Table AAl):
Uy = 1.30- 200 = 260 kV

From the above data, the source-side transient voltage can be constructed and thus the resulting

prospective transient recovery voltage u,— u appearing across the circuit-breaker terminals can be
evaluated as shown in Figure AAL. The value ur at the time o+ oty is:

Ur = uL* + us* = 103.2 kV

I
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Tension A
Voltage
U, 260
U, =y 200
4
Y -u"
7
oy
/
100 - w
/
},
/,
%50
\
Uy
- ‘ ,
U \ / \\ o~ o
Al 7 X v T o
\ oy v 1C0 200 300 Temps
\y/ 4 o Time
643786
Tension e
Voltage
1004
Z
ur U B t=06us
50+ -\ fu Uy —
Vue agrandie des
tensions initiaies
- Initial voltages
v |a=2bs in greater dstail
U
u 't
0 ! -
1 20 Temps
= 0.5 us \ 'ITimeD ys
\,
l————— 1, = 16.85 P8 ———] 644/86

FiG. AAl. — Construction d’une TTR pour défaut proche en ligne.

Construction of TRV for short-line fault.
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FIG. AA2. — Rapports uy/ Uy, et up/Uy, en fonction de /, /1.
Relation of u,/U, and up,/U,, as a function of 1, /1.
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APPENDIX BB

CAPACITOR BANK INRUSH CURRENTS

'The energizing of a capacitor bank by closing a circuit-breaker produces an inrush current which is a
Fsction of the applied voltage, the capacitances of the circuit, the values and location of the inductances
9§y the circuit, the charges on the capacitors at the time the circuit is closed and the damping of the
Y pitching transients. Calculations of inrush current are usually made on the assumption that the capacitor
ok has no initial charge and that the circuit is closed at a time which produces the maximum inrush
3 mrrent. v :
When closing onto a pre-charged capacitor bank, the inrush current can be higher than when closing
§uto an uncharged capacitor bank. An estimate of the factor by which the current may be increased can be
dtained from: ‘

Voltage change on pre-charged bank while being energized
Voltage change on uncharged bank while being energized.

§ It should be noted that restriking circuit-breakers can also impose hazardous stresses on capacitors. ,

§ The inrush curent can be calculated knowing the network impedances. Figure BB1, page 261, shows the
Firee different cases of connection of a capacitor bank when zero, one and 7 banks respectively are already
$aanected to the busbar.

. Normally the simplified calculations in Figures BB1b) and c) are acceptable.

{ When two or more capacitor banks are connected close 10 each other and the inductances between them
esmall, it may be necessary both from capacitor and circuit-breaker point of view 1o reduce the inrush
t by inserting impedances in series with the capacitors.

y




— 261 —

aj) Connection of a single bank

Ly» L

1 : i

=

2aVCW, + L) 2zVCL

b) Connection when one bank is already connected

. 2 Cpe 1
i=U -
3(C+C) (L + L)

1

cC
nl/m <Ly + L)

v /2
L S~ z
L|+Ll/3

S

¢) Connection when n banks are already connected

C=C +C+~C,

L, L
L"and (" substitute L, and C| in Figure BB1b. The calculation is correct if
G . G, LCy = L,Cy = .. L,C, and is an approximation in other cases.
. 646/86
. System voltage L, = source inductance
. Inrush current peak L = inductance in series with switched capacitor bank
2. Inrush current frequency
§ rush current rate-of-rise C = capacitance of switched capacitor bankv .(’g;qgivalent star
e é value) Lo

: L,, L, .. L, = inductances in series with capacitor banks on

source side
C|, Cy ... C, = bank capacitances (equivalent star values) on
: source side

Fi1G. BB1. — Capacitor bank inrush currents.
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1.

APPENDIX CC

RECORDS AND REPORTS OF TYPE TESTS FOR MAKING, BREAKING
AND SHORT-TIME CURRENT PERFORMANCE

Information and results to be recorded

All relevant information and results of making, breaking and short-time current tests shall be
included in the type-test report. o .

Oscillographic records in accordance with Clause CC2 shall be made of all short-circuit opera-
tions and included in the type-test report.

The accuracy of each measurement by oscillograph, including associated equipment, of the
quantities which determine the ratings (e.g. short-circuit current, applied voltage and recovery
voltage) shall be within % 5%.

Photographs should be taken to illustrate the condition of the circuit-breaker before and after th
series of tests. :

The type-test report shall include a statement of the performance of the circuit-breaker during
each test-duty and of the condition of the circuit-breaker after each test-duty, in so far as an
examination is made, and at the end of the series of test-duties. The statement shall include the
following particulars:

a) condition of circuit-breaker giving details of any replacements or adjustments made and con-
dition of contacts, arc control devices, oil (including any quantity lost), statement of any damage
to arc snields. enclosures, insulators and bushings;

b) description of performance during test-duty, including observations regarding emission of oil,
gas or Zzme.

- Information to be included in reports

| General
@) date of tests;
b) reference of report number;

! ¢ test numbers;

4 oscillogm=m numbers.

) 'L Apparar= zested
i 9 type or st number;

b descrirzrom (by the manufacturer), including number of poles;

1 9 manuzcomer;
] ,d) photog—zon numbers;

e) drawirz =umbers.
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(€2.3 Rating assigned by manufacturer

voltage, in kilovolts;
normal current, in amperes;
frequency, in hertz;

short-circuit breaking current:
i) r.m.s. value of the a.c. component of current, in kiloamperes,
ii) percentage d.c. component;

minimum opening time, in milliseconds;

transient recovery voltage: peak value, in kilovolts, and rate-of-rise, in kilovolts per micro-
second; '

short-line fault surge impedance, in ohms, and pc_ak factor;
short-circuit (peak) making current, in kiloampere”s' ;
out-of-phase breaking-current, in kiloamperes:

duration of short-circuit, in seconds;

operating sequence;

line-charging breaking current, in amperes:
cable-charging brbaking current, in amperes;

capacitor bank breaking (and making) current, in amperes:
small inductive breaking current, in amperes:

supply voltages, in volts:

i) closing device

1) opening device

operating gas pressure range, in megapascals (or bars).

.4 Test conditions (for each series of tests)

number of poles;

power factor;

frequency, in hertz;

generator neutral (earthed or isolated);

transformer neutral (earthed or isolated);

short-circuit point or load side neutral (earthed or isolated);
diagram of test circuit including connection(s) to earth.

| Q.5 Short-circuit breaking and making tests

operating sequence and time intervals;
applied voltage, in kilovolts;
making current (peak value), in kiloamperes;
breaking current:
i) r.m.s. value of a.c. component in kiloamperes for each ptase and average,

ii) percentage d.c. component;
power frequency recovery voltage, in kilovolts; -
prospective transient recovery voltage;

i) compliance with requirement @) of Sub-clause 6.104.5.1; voltage and time co-ordinates may
be quoted;
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if) compliance with requirement 5) of Sub-clause 6.104.5.1;
g arcing time, in milliseconds;
h) opening time, in milliseconds;
Jj) break time, in milliseconds.

Where applicable break times up to the instant of extinction of the main arc and up to the instant
g of the breaking of resistance current shall be given. -

k) physical behaviour:

i) emission of flame, gas, oil, etc.,
- ii) behaviour, conditions and remarks.

] .6 Short-time current test

| a) current e
i) r.m.s. value, in kiloamperes,
ii) peak value, in kiloamperes;

b) duration, in seconds;

¢) physical behaviour.

B7 No-load operation
# a) before making and breaking tests (see Sub-clause 6.102.5);
b) after making and breaking tests (see Sub-clause 6.102.8.3)

§C28 Out-of-phase making and breaking tests

a) breaking current in each phase, in kiloamperes:

b) voltage across each phase, in kilovolts;

¢) gas pressure before tests (when applicable), in megapascals (or bars);
d) break-time, in milliseconds;

e) resistor current in each phase (when applicable), in amperes.

¥C2.9 Capacitive current switching tests

§ @ test voltage, in kilovolts;

b) breaking current in each phase, in amperes;

¢) peak values of the voltage between each phase and earth, in kilovolts:

i} supply side of circuit-breaker;
i) load side of circuit-breaker;

d) number of restrikes (if any);

¢} number of test operations;

f) details of point-on-wave setting;

g details of test circuit used;

h) behaviour of circuit-breaker during test;

J) condition of circuit-breaker after test. o

10 Oscillographic and other records

. Oscillograms shall record the whole of the operation. The following quantities shall be recorded.
Certam of these quantities may be recorded separately from the oscillograms, and several oscillo-

” graphs with different time scales may be necessary.

a) applied voltage;
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b) current in each pole;

¢) recovery voltage (voltages on supply and load side of circuit-breaker for charging current
tests);

d) current in closing coil;

¢) current in opening coil;

f) suitable timing scale; _

g travel of moving contacts (if practicable).

All cases in which the requirements of this standard are not strictly complied w1th and all
deviations shall be explicitly mentioned at the beginning of the test report.
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3 APPENDIX DD

DETERMINATION OF SHORT-CIRCUIT POWER FACTOR

q

4§ There is no method by which the short-circuit power factor can be determined with precision, but, for
e purpose of the present standard the determination of the power factor in each phase of the test-circuit
§gy be made with sufficient accuracy by whiche_ver of the three following methods is the more
gropriate.

1. Method I — Calculation from circuit constants

The power factor may be calculated as the cosine of an angle ¢ where ¢ = arc tan X/R, Xand R
being respectively the reactance and resistance of the test-circuit while the short-circuit exists.

Owing to the transitory nature of the phenomenon, no accurate method can be given for deter-

method:

R is measured in the test-circuit with direct current; if the circuit includes a transformer, the
resistance R, of the primary circuit and the resistance R, of the secondary circuit are measured
separately and the required value R is then given by the formula:

R = Ry + R|N?
in which N is the ratio of transformation of the transformer.
Y is then obtained from the formula:

E\:
2 X = =} — R?
i (1)

the ratio -1;:- (circuit impedance) being obtained from the oscillogram as indicated in Figure DDI,

paze 273.
2. Method II — Determination from d.c. component

The angle ¢ may be determined from the curve of the d.c. component of an asymmetrical current
wzve between the incidence of short-circuit and the instant of contact separation as follows:

éml “The formula for the d.c. component is:
id = Ido C—RI/L

= value of the d.c. component at any instant
initial value of the d.c. compgnent..
time constant of the circuit, in seconds

= time interval, in seconds, between i4 and [y,
5 = base of Napierian logarithms

¥

. The time constant L/R can be ascertained from the above formula as follows:
¥ = measure the value of Iy, at the instant of short-circuit and the value of iy at any other time ¢
© >efore contact separation;

mining X and R, but for compliance with these rules the values may be determined by the following




i p3, Method III — Determination with pilot generator

- K Shont-circuit

E
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b) determine the value of e ~R“Z by dividing iy by I4,;
¢) from values of e™* determine the value of —x corresponding to the ratio iy/1y,;
d) the value x then represents Rt/L, from which L/R can be determined.

' 2.2 Determine the angle ¢ from:
[ @ = arc tan © L/R

where o is 2 © times the actual frequency.

When a pilot generator is used on the same shaft as the test generator the voltage of the pilot

i generator on the oscillogram may be compared in phase first with the voltage of the test generator

and then with the current of the test generator.

The difference between the phase angles between pilot generator voltage and main generator
voltage on the one hand, and pilot generator voltage and test generator current on the other hand
gives the phase angle between the voltage and current of the test generator, from which the ‘power

factor can be determined.

Contact Final arc
separation

applied
H extinction

Recovery
voltage

Applied
voltage

C"\amm* ot crreut
EMF wave

Envetope of short-circuit
current wave

ircuit impedance =
¢ P G 647/86

where:
E = circuit EM.F. at contact separation =
2V32

. D

breaking current =

Jreaxing V3

twice the peak value of thefapplied voltage

twice the peak value of the a.c. component of the current wave at the beginning of the short-circuit
duration, in seconds, of one half-cycle of the applied voltage wave

duration, in seconds, of one-half-cycle of the current wave at the instant of contact separation

e RN B o e i
L
I

W

C’)”‘)Qk

% FiG. DDI1. — Determination of circuit impedance for calculation of power factor in accordance
% with Method I of Appendix DD.
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APPENDIX EE

TIGHTNESS SPECIFICATIONS AND TESTS

Y1, Gas tightness

' é],l Scope and object

This clause applies to high-voltage indoor or outdoor circuit-breakers which use gas, other than
« air at atmospheric pressure, as interrupting, insulating or operating medium, or vacuum. Its

#7 purpose is to define characteristics and test procedures relative to gas tightness.

Note. — The methods of leak detection described in I EC Publication 68-2-17: Basic Environmental Test Procedures, Part 2:
Tests — Test Q: Sealing, can be applied to small components only and therefore cannot be used for testing
high-voltage equipment.

§EL2  Definitions ,
JEL2.1  Controlled pressure system (for gas)

An assembly which is automatically refilled from an external or internal gas source.

Note. — Examples of controlled pressure systems are air-blast circuit-breakers, SF double pressure circuit-breakers (internal
tightness) or pneumatic operating mechanisms.

‘ [£1.2.2 Closed pressure system (for gas)

An assembly which is refilled only periodically bv manual connection to an external gas
source,

Note. — Examples of closed pressure systems are SF; single or double pressure circuit-breakers (external tghinessi.

JEL.2.3  Sealed pressure system

An assembly for which no further processing is required during its expected cperating life.

Notes 1. — Examples of sealed pressure systems are vacuum circuit-breakers or some SFg circuit-breakers.
2. — Sealed pressure systems are completcly assembled and tested in the factory.

t1.2.4 Rated filling pressure, P, (or density D,)

The pressure referred to 20 °C (or density) to which the assembly is either manually or automa-
tically filled.

€125 Minimum pressure, P, (or density D) )
The pressure (or density) at which either manual or automatic refilling is necessary in order to
maintain the rated performance of the assembly.

§
i

£1.2.6 Absolute leakuge rate, F )
The amount of gas escaped by time unit, expressed in bar - cmh’/s.

V12 7 Permissible leakage rate, F),

The maximum permissible leakage rate spec1ﬁed by the manufacturer for a complete circuit-
breaker or, by using the tightness coordination chart TC, for an arrangement of sub-assemblies or
for components.
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The absolute leakage rate related to the total amount of gas in the system at rated filling pressure
(or density). It is expressed in percent per year or per day.

, 12.9 Time between refillings, T
4 The time elapsed between two refillings performed either manually or automatically to compen-
sate the leakage rate F.

%:12.10 Number of refillings per day, N ‘
The number of refillings to compensate the leakage rate F.
This value is applicable to controlled pressure systems.

" i :1.2.11 Pressure drop, AP v
The drop of pressure in a given time caused by the leakage rate F, without refilling.

.:: 1.2.12  Tightness coordination chart, TC

A survey document supplied by the manufacturer, used when testing sub-assemblies or compo-

nents to demonstrate the relationship between the tightness of the complete circuit-breaker and that
of sub-assemblies and/or components.

$E1.2.13  Cumulative leakage measurement
A measurement which takes into account all the leaks from a given assembly to determine

leakage rate.

1214 Snifing
;ﬁ The action of slowly moving a leakmeter sensing probe around an assembly to locate a leak.

" £1.3  Specifications for gas tightness

#E1.3.1 Controlled pressure systems |
' The tightness of controlled pressure systems is specified by the number of refilling operations per

day (N) or by the pressure drop per day (AP).
The permissible values shail be given by the manufacturer.

‘ 13.2 Closed pressure systems
7‘ The tightness of closed pressure systems is specified by two quantities:
— relative leakage rate F;
preferred values are 1% and 3% per year;
— time between refillings T ;
preferred values are 3 and 10 years.

1133 Sealed pressure systems
The tightness of sealed pressure systems is specified by their expected operating life. Preferred

#. values are 10, 20 and 30 years.

14 Tests
The purpose of tightness tests is to demonstrate that the total system leakage F does not exceed

] é the specified value Fj,

ALNCIHAUYTLY, UHIC NUILUCT UL Ielg Uperdallois per ady may D¢ ITIcasuIcyu anicuiry.
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@ If possible, the test should be performed on a complete circuit breaker at P (or D). If it is not
# convenient, the tests may be performed on sub-assemblies or components. In these cases, the
§ permissible leakage rate of the tested objects in relation to the leakage rate of the total cirouit-
breaker shall be shown by the tightness coordination chart TC. The possible leakages between
sub—a%_mblies are also to be taken into account (see Figure EE1, page 287).

The test shall be performed both with the circuit-breaker in the closed and open positions, unless
the leakage rate is independent of the position of the circuit-breaker or tested sub-assembly.

In general, only cumulative leakage measurements allow calculation of leakage rates.

The type test report should include such information as: R
— a description of object under test, including its internal volume and the nature of the filling
gas;
— whether the circuit-breaker was in the closed or open position (if applicable);
— the pressures and temperatures recorded at the beginning and end of the test and the number of
refillings;

device;
— an indication of the calibration of the meters,
— the results of the measurements,
— if applicable, the test gas and the conversion factor to assess the results.

4.1 Tests of controlled or closed pressure systems
1.4.1.1 Type tests
The tightness test shall be performed during the mechanical operation test and the low and high
temperature tests (see Sub-clauses 6.101.2 and 6.101.3).
An increased leakage rate at extreme temperatures and/or during operations is acceptable,
provided that this rate resets to the initial value after the temperature is returned to normal ambient

air temperature, is thermally stable, and/or after the operations are performed. The increased
-temporary leakage rate shall not exceed 3 times the specified permissible value F,.

a) Controlled pressure sysiems

The relative leakage rate Fi, shall be checked by measuring the pressure drop AP over a period ¢
sufficient to determine it. A correction should be made to take into account the variation of
ambient air temperature. During this period the refilling device shall be inoperative.

Foy = ATf’. % X 100 (% per day)

T

P.—P, ¢

= AP 24
t = test time (hours).

Note. — In order to maintain the linearity of the formula, AP should be of the same order of magnitude as P, — P,

Alternatively, the number of refilling operations per day may be measured directly.

~ the cut in and cut off pressure settings of the pressure (or density) control or monitoring ~
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Any method (examples are given in Figure EE2, page 289) may be used to measure the leakage

§ b) Closed pressure systems
4 rate F, which is used in combination with the tightness coordination chart to calculate:

— the relative rate F;

— the time betwen refillings 7.

Due to the comparatively small leakage rates of these systems, pressure drop measurements are

not applicable.

If the test object is filled with a test gas different to the gas used in service and/or at a test pressure

different to the normal operating pressure, corrective factors defined by the manufacturer shall

be used for calculations. T

Since metering difficulties occur during low and high temperature tests, the procedure used may

be:

— to perform the tightness test at ambient temperature before and after the low and high
temperature tests to determine if there has been a change;

tests.

Note. — Leakage rate measurements in practice may have an inaccuracy of + 50%.

$E1.4.1.2  Routine tests

Routine tests shall be performed at normal ambient air temperature with the circuit-breaker
filled at the pressure (or density) corresponding to the manufacturer’s test practice. Sniffing may be
used under controlled conditions,
a) Controlled pressure systems

The test procedure corresponds to Item a) of Sub-clause EE1.4.1.1.

b) Closed pressure systems
The tests may be performed in accordance with Item ) of Sub-clause EE1.4.1.1, at several stages
of the manufacturing process on components or sub-assemblies according to the tightness coor-
dination chart TC.

., tE1.4.2 Tests of sealed pressure systems

§tE1.4.2.1 Type tests
{ a) SFy circuit-breakers
SF; circuit-breakers shall be tested according to Item b) of Sub-clause EE1.4.1.1.

b) Vacuum circuit-breakers

Vacuum circuit-breaker tubes shall be tested by the electromagnetic method. A magnetic field is

applied between the open contacts of the circuit-breaker tube, to which a step voltage impulse of

maximum 100 ms duration is then applied, the internal vacuum being evaluated by the current
magnitude. ‘

The following procedure shall be applied:

— The maximum pressure of the vacuum at which the circuit-breaker still maintains its rated
characteristics shall be given by the manufacturer.

— The relationship between the vacuum pressure level and the electrical parameters shall be
calibrated for each type of circuit-breaker tube. This can be done by applying the electroma-
gnetic method simultaneously with a conventional vacuum measurement before sealing a
sample unit. The accuracy of the evaluation shall be established by repeating the tests.

]
4

— to record the pressure (or the density) before and after the low and high temperature




JR

20I1EC 1987 — 283 —

— The vacuum pressure level shall be measured twice without operation of the circuit-breaker
tube, with a time ‘interval such that the rate of vacuum variation can be properly asses-
sed. '

This rate shall be such that the vacuum pressure level will not reach the maximum acceptable
threshold during the expected operating life. The minimum time interval depends on the size
~ of the vacuum circuit-breaker tube and the sensitivity of the testing method.

Note. — Generally, a time interval of four weeks is considered acceptable.

1.4.2.2 Routine tests
" a) SF circuit-breakers |
Sealed SF; circuit-breakers shall be tested according to Item b) of Sub-clause-EE 1.4.1.2.
b) Vacuum circuit-breakers

Each tube shall be identified by its serial number. It shall be tested by its manufacturer according
to Item b) of Sub-clause EE 1.4.2.1. The test results shall be documented and, if asked for,
certified. ‘

SRR - g W b -

YRR

routine dielectric test over the open contacts.

The dielectric test is to be carried out after the mechanical routine test. The test voltage shall be
given by the manufacturer.

Liquid tightness

1 Scope and object

This clause applies to high-voltage indoor or outdoor circuit-breakers which use liquids as
insulating, interrupting or control media with or without permanent pressure. lis purpose 1s to
define characteristics and test procedures relative to liquid tightness.

2.2 Definitions
.2:1 Controlled pressure system (for liquid)
' An assembly which is automatically refilled with liquid.

B22 Closed pressure system (for liquid)
An assembly which is manually refilled only periodically with liquid.

3 Specifications for liquid tightness

‘? [23.1  Controlled pressure systems

# The tightness of controlled pressure systems is specified by the number of refillings per day N or
g by the pressure drop AP without refilling.

;ﬁ The permissible values are given by the manufacturer.

?52.3.2 Closed pressure systems B

; The tightness of closed pressure systems for liquids pressurized or not shall be specified by the
#¢ manufacturer.

".‘/3.3 Tightness level
For tightness levels, distinction shall be made between internal and external tightness.

After assembly of the circuit-breaker the vacuum level of tubes shali be tested by a significant
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3.3.1 Toual tightness
i No liquid loss can be detected.

3.3.2  Relative tightness

4 Slight loss is acceptable under the following conditions: ‘

B — the leakage rate shall be less than the permissible leakage rate;

Y _ the leakage rate shall not increase with time or number of operations of the circuit-breaker;

| — the liquid leakage shall cause no malfunction of the circuit-breaker, nor cause any injury to
operators in the normal course of their duty.

%41 Typetests

, The circuit-breaker shall be as in service conditions with all its accessories and its normal fluid,
§. mounted as close as possible as in service (framework, fixing).

% The tightness test shall be perforfned during the mechanical operation test and the low and high
¢ temperature tests (see Sub-clauses 6.101.2 and 6.101.3).

n An increased leakage rate at extreme temperatures and/or during operations is acceptable pro-
; % vided that this rate resets to the initial value, after the temperature is returned to normal ambient air
4§ temperature, is thermally stable. and/or after the operations are performed. The increased tempo-
rary leakage rate shall not impair the safe operation of the circuit-breaker.

The circuit-breaker shail be observed over a period sufficient to determine a possible leak or the
pressure drop AP. In this case, the calculations given in l[tem a) of Sub-clause EEL.4.1.1 are

valid.
Note. — Using different liquids than in service or gas for the test is possible but requires justification by the manu-
facturer.
The test report should include such information as:
— a general description of the object under test,
— the number of operations performed and the time elapsed from the initial filling,
— the nature and pressure(s) of the liquid,
— the ambient air temperature during the test,
— the results with the circuit-breaker in closed and in open positions (where applicable).

$4.2  Routine tests
Routine tests shall be performed at normal temperature with the complete assembled circuit-
- braaker. Testing of sub-assemblies is also permissible. In this case, a final check shall be performed
a1 site.

% The test methods correspond to those of the type tests (Sub-clause EE2.4.1).

%
'a't
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APPENDIX FF

1 METHOD OF DRAWING THE ENVELOPE OF THE PROSPECTIVE TRANSIENT
: B RECOVERY VOLTAGE OF A CIRCUIT AND DETERMINING
| THE REPRESENTATIVE PARAMETERS

§FFl. Introduction

A transient recovery voltage wave may assume different forms, both oscillatory and non-
oscillatory.

The wave may-be defined by means of an envelope made up of three consecutive line segments;
when the wave approaches that of a damped oscillation at one single frequency, the enveloppe
resolves itself into two consecutive line segments. In all cases, the envelope should reflect as closely
as possible the actual shape of the transient recovery voltage. The method described here enables
this aim to be achieved in the majority of practical cases with sufficient approximation.

R ¢

Note. — Nevertheless, some cases may arise where the proposed construction would lead to parameters quite obviously more
severe than would be justified by the transient recovery voltage curve. Such cases should be dealt with as exceptions
and should therefore form the subject of an agreement between the manufacturer and user or the test laboratory.

e R S

#FF2. Drawing the envelope

The following method is used for constructing the line segments forming the envelope of the
prospective transient recovery voltage curve:

$FF2.1  The first line segment passes through the origin O, is tangential to the curve and docs not cut the
curve (see Figures FF1 to FF3, segment OB, pages 294 and 295, and Figure FF4, segment OA.
page 295).

In the case of curves whose initial portion is concave towards the left, the point of contact is often
in the vicinity of the first peak (see figures FF1 and FF2, segment OB).

If the concavity is towards the right, as in the case of an exponential, the point of contact is near
the origin (see Figure FF3, segment OB).

‘ FF2.2 The second line segment is a horizontal line tangential to the curve at its highest peak (see
Figures FF1 to FF4 segment AC).

tF2.3  The third line segment is-tangential to the curve at one or more points situated between the first
v two points of contact, and does not cut the curve.

There are three possible cases of drawing this latter line segment:

ngZ 3.1 One single line segment can be drawn touching the curve at two points (or possibly at more than
; two points).
In this case, it forms part of the envelope (see Figure FF 1, segment BA).

The four-parameter envelope O, B, A, C, is then obtained.

.3.2 Several segments can be drawn which touch the curve at two points (or possibly at more than
two points) without cutting it:

In this case, the segment to be used for the envelope is that which touches the curve at-one point
only, situated so that the areas on either side of this point between the curve and the envelope are
approximately equal (see Figure FF2, segment BA).

The four-parameter envelope O, B, A, C is then obtained.
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7233

i

b

n

No segment can be drawn touching the curve at more than one point without cutting it:

In this case, the following distinction should be made:

a) The point of contact of the first line segment and the highest peak are comparatively far apart

from each other. This is typically the case for an exponential curve or a curve approximating to
an exponential. S

In this case, the line segment shall be tangential to the curve at a point such that the areas on
either side of this point between the curve and the envelope are approximately equal, as in case
FF2.3.2 (see Figure FF3, segment BA).

The four-parameter envelope O, B, A, C is then obtained.

The point of contact of the first line segment and the highest peak are comparatively close to each
other. This is the case for a curve representing a damped oscillation of single frequency or a curve

of similar shape. :
In this case a third line segment is not drawn, and representation by two parameters, corres-
ponding to the first two line segments, is adopted (see Figure FF4).

The two-parameter envelope O, A, C is then obtained.

#73. Determination of parameters

The representative parameters are, by definition, the co-ordinates of the points of intersection of -
the line segments constituting the envelope.

When the envelope is composed of three line segments, the four parameters u,, t,, 4. and ¢> shown
Figures FF1, FF2 and FF3 can be obtained as co-ordinates of the points of intersection B

and A.

When the envelope is composed of two line segments only, the two parameters 4 and t;, shown in

Figure FF4 can be obtained as co-ordinates of the point of intersection A.
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F1G. FFl. — Représentation par quatre paramétres. d’une tension transitoire de rétablissement présumée
d’un circuit. Cas du paragraphe FF2.3.1 de ’annexe FF.
Representation by four parameters of a prospective transient recovery voltage of a circuit.
Case of Sub-clause FF2.3.1 of Appendix FF.
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Fi1G. FF2. — Représentation par quatre paramétres d’une tension transitoire de rétablissement présumeée
d’un circuit. Cas du paragraphe FF2.3.2 de I'annexe FF.
Representation by four parameters of a prospective transient recovery voltage of a circuit.
Case of Sub-clause FF2.3.2 of Appendix FF.
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fc. FF3. — Représentation par quatre paramétres d’une tension transitoire de rétablissement présumée
d’un circuit. Cas du paragraphe FF2.3.3 g) de I'annexe FF.

Representation by four parameters of a prospective transient recovery voltage of a circuit.
Case of Sub-clause FF2.3.3 a) of Appendix FF.
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‘G. FF4. — Représentation par deux paramétres d’une tension transitoire de rétablissement présumée
b d’un circuit. Cas du paragraphe FF2.3.3 b). de 'annexe FF.

Representation by two parameters of a'prospective transient recovery voltage of a circuit.
“" - "Case of Sub-clause 2.3.3 ) of Appendix FF.
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APPENDIX GG

METHODS OF DETERMINING PROSPECTIVE TRANSIENT
RECOVERY VOLTAGE WAVES

Introduction

The waveforms of the transient recovery voltage (TRV) resulting from -the breaking of short-
circuit currents depend on two main factors, namely: those dependent on the circuit characteristics
(inductance, capacitance, resistance, surge impedance, etc.), and those arising from the circuit-
breaker characteristics (arc voltage, post-arc conductivity, capacitors and switching resistors,
etc). v 4 ' )

Methods are recommended for determining the waveform.of the TRV as produced solely by the
circuit characteristics, this being the “prospective TRV

Since any measuring device will have some effect upon the waveform of the prospective TRV,
suitable precautions, and possibly corrections, are necessary.

Methods are available for the evaluation of the prospective TRV of both short-circuit test-plant
circuits and power systems, and the recommended methods are enumerated and briefly described,
taking into account the TRV characteristics which are now specified for rating and testing.

Experience on testing-plants and also on systems has shown that following the breaking of a
short-circuit current, not only is a single or multi frequency oscillation superimposed on the power-
frequency voltage wave, but exponential components of substantial size and duration are also
present. The latter have time constants which are dependent upon the characteristics of the com-
ponents of the circuit. for example generators, transformers, lines, etc. These exponential compo-
nents have the effect of depressing the peak value of the TRV and the rate-of-rise to below those
which would have occurred if the oscillatory components alone had been superimposed on the
power-frequency voltage. This is shown in Figure GGI, page 314, and any method used for
measurement should take this effect into account.

Measurements have shown that the inductance of the various circuit components varies with
frequency, owing to the screening effects of eddy currents within the conductors, the earth and the
magnetic circuits. Together with other factors tending to reduce instantaneous voltages, this intro-
duces a time constant varying from hundreds of microseconds for some generators down to tens of
microseconds for transformers, the exact values depending upon the design of the particular equip-
ment and the frequency of the components of the TRV. In some cases this can result in a depression
of the peak value of the TRV by as much as 25%.

It is therefore important that these factors are taken into account when assessing the prospective
TRYV of either a test-plant or system, and guidance is given in connection with the recommended
methods.

Irrespective of the method used, the actual values measured in the test plant for the prospective
TRV shall be in accordance with the values specified in this standard.

Where the time ¢, of the crest of the TRV exceeds, say, 1 250 us, then in addition to the effects
described above, the instantaneous power-frequency voltage will, in any case, have decreased by
more than 6% at 50 Hz and more than 10% at 60 Hz. Consequently, this further effect shall be taken
into consideration when using methods of determining the prospective TRV which involve a
power-frequency recovery voltage, or where calculations are made using circuit constants.

The instantaneous value of the power-frequency component immediately following current zero
is also dependent upon the short-circuit power factor and upon the percentage d.c. component of
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the last half cycle of current, and may thus be less than the full crest value. For symmetrical currents
and short-circuit power factors of 0.15 or less, the reduction is not more than 1.5%, and so is of little
importance on test-plant circuits; it may be of significance at higher power factors which may occur
in service.

For the rated TRV for terminal faults (see Sub-clause 4.102), a time delay has been introduced to
allow for the influence of local capacitance on the source side of the circuit-breaker. Corresponding
time delays have also been specified for the relevant test-circuits (see Sub-clause 6.104.5), and the
method used for measuring the TRV should be capable of resolving these time delays.

For some circuit-breakers the rated characteristics for short-line faults are also specified (see
Sub-clause 4.105), and during short-line fault_tests the corresponding resulting TRV has been
specified. Local capacitance between the circuit-breaker and the line will also produce a time-delay
in the line side TRV component. During testing, it is desirable to measure and record the line side
time delay and the method used should be suitable for evaluating this.

General summary of the recommended methods

The basic methods for determining the prospective TRV waveforms are classified as follows:

— Group 1 — Direct short-circuit breaking;

— Group 2 — Power-frequency current injection;

— Group 3 — Capacitance current injection:

— Group 4 — Model networks;

— Group 5 — Calculation from circuit parameters;

— Group 6 — No-load switching of test circuits including transformers.
Groups 1 to 6 are suitable for short-circuit test-plants.
Groups 1, 4 and 5 are recommended for power systems.
Groups 2 and 3 can be used for portions of power systems.

When using Groups 1, 2, 3, 4 or 6, the voltage recording circuits should be carefully checked to
ensure that the overall calibration is constant over the range of TRV frequencies to be recorded, and
that time deflections are linear. The oscillograph and any voltage divider should then be calibrated
against a known voltage. Where cathode-ray oscillographs with a sweep time base are used, the
deflection/time scale should be accurately known, and preferably this should be linear to avoid
replotting for comparative purposes, etc.

3. Detailed consideration of the recommended methods
*

63.1 Group 1 — Direct short-circuit breaking

' This method involves the breaking of an actual short-circuit current, established by means of a
solid metallic connection in the system under investigation and recording the resuitant TRV by an
oscillograph. Ideally, the current broken should be symmetrical, or allowance made for the change
in di/dt if there is appreciable asymmetry. With this method, it is essential to allow for the influence
of the circuit-breaker. The most important characteristics in this respect are: arc-voltage and
post-arc conductivity.
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Due to the voltage of the arc, the voltage across the circuit-breaker contacts may not be zero at the
instant of current interruption, and hence the TRV does not rise from zero voltage but from the
value of the arc-voltage at current zero. The TRV thus begins below the voltage zero axis and then
crosses the latter (see Figure GG3, page 315).

As a result, the peak voltage is higher than in the case of an ideal circuit-breaker (zero arc voltage)
(see Figure GG2, page 314). A similar but more pronounced effect results from interruption at a
markedly premature current zero (current chopping) which may occur if the current is small (see
* Figure GG4, page 315). Furthermore, if the prospective TRV comprises several oscillatory com-
ponents, current chopping may produce a waveform which is markedly different from that which
would be obtained with an “ideal” circuit-breaker.

_ Thus a circuit-breaker with a low arc-voltage immediately before current zero and which does not
exhibit current chopping is the most suitable for use with direct short-circuit breaking.

The influence of the arc-voltage may be compensated for as shown in Figure GG6, page 316,
provided that the peak value of the arc-voltage is not more than 10% of the peak value of the
TRV.

In principle, compensation for the arc-voltage is only suitable for TRV having a single-frequency
" transient component; nevertheless it may also be used as a good approximation for multi-frequency
transients if the amplitude of the main oscillatory component is predominant.

The post-arc current, i.e., the current flowing through the arc-gap during the rise of the TRV, can
influence the waveform of the latter by damping, thus reducing its rate-of-rise and peak value (see
Figure GGS, page 315). A similar effect results from the use of resistors in parallel with the inter-
rupting chambers of the circuit-breaker.

1t follows, therefore, that in addition to the requirements relating to low arc voltage and absence
of current chopping, any circuit-breaker used for the direct short-circuit breaking method should
not be fitted with shunt resistors and should not exhibit significant post-arc conductivity.

Particularly where the test plant can be operated at a suitably reduced excitation, vacuum
interrupters can often be used as nearly “ideal” circuit-breakers. However, it should be ascertained
that any device used does not exhibit significant current chopping in the particular circuit urder
investigation. '

The characteristics of circuit-breakers used for direct short-circuit breaking can sometimes be
appropriately improved, for example by timing the instant of contact separation to produce a short
arc duration and low arc voltage.

With this method, an actual short-circuit current is broken in the circuit under investigation and
the recorded TRV will take into account, more or less, the effects contributing to depression of the
recovery voltage. For this reason the direct short-circuit breaking method can be—depending upon
the characteristics of the circuit-breaker — the most suitable means of obtaining an assessment of the
prospective TRV, and is frequently used as the basis for checking other methods. However, the
direct short-circuit breaking method is less suited for measuring time delays, particularly the time
delay of the line-side TRV, in the case of short-line fauit.

3
81 S

3.2 Group 2 — Power-frequency current injection

In general, this method is only used with the circuit de-energized, although schemes for making
measurements whilst the circuit is live are being developed. This method is therefore mainly of use

o
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in test-plants, or where part of a system can be analysed whilst de-energized. It therefore does not
take into account corona or magnetic saturation phenomena.

The basis of this method is the injection of a relatively small current into the circuit and the
recording of the response of the circuit when the current is switched off by an ideal switching device,
i.e. a device having negligible arc voltage and post-arc current.

A suitable source of injected current is a single-phase transformer operated from the local low-
voltage mains, the secondary giving for example a range of currents and voltages between 2 A at
200 V and 300 A at 25 V. This range will cover the impedances of the majority of the circuits which
have to be assessed. A schematic diagram as an example of the application of this method is shown
in Figure GG7, page 317, together with details of the components. Figure GG8, page 318, shows the
sequence of operation ofthe.scheme.

Care should be taken to ensure that the inherent capacitances of the supply and measuring
devices do not influence the results.

The voltage response should be measured at the input terminals of the circuit and when appli-

cable, one terminal of the circuit should be earthed. In those cases where the circuit is not earthed at
one of its terminals, it is essential that the measuring and injection equipment are completely

isolated from earth. This can be achieved by using an auxiliary generator insulated from earth and

having negligible capacitance to earth.

The most convenient switching device for this scheme is a semiconductor diode. In general,
semiconductor diodes with reverse recovering times not exceeding 100 ns have been found to be
suitable. Longer times are acceptable where the TRV has a low equivalent natural frequency. To
obtain the correct current-carrving capacity, several diodes may be operated in parallel.

Note. — The charactenstics of diodes are dependent on a number of factors, for cxample the vaiue of the current in the
forward direction. the waveform and value of the reverse voltage. and the manutacturer's data which are dependent
on the methods employed to determine the characteristics.

To achieve a symmetrical current wave, it may be necessary for the current to flow for a time of
up to 20 cycles. During most of this time, the diodes will be by-passed by a switch which is opened at
the end of this time thus allowing the current to pass through the diodes which will interrupt the
current at the following current-zero.

The current injected and the voltage across the circuit under investigation should be recorded
using a time base of suitable velocity, and in addition high-speed records of current and voltage at
the current-zero should be taken. The TRV should be recorded by an oscillograph of suitable
sensitivity giving not less than 30 mm deflection for the peak voltage, and with a time scale not less
than 30 mm from zero to the peak of the TRV.

To assess the time delay accurately, it will be necessary to amplify the voltage and time scales for
the initial part of the wave.

The lower speed record of the current will show whether the current was symmetrical when
broken, and the high speed record will give the rate-of-change, di/d¢, immediately before current-
zero. It will also show whether or not there was any appreciable post-zero current to cause damping
of the TRV, or appreciable suppression of the current likely to affect the TRV amplitude.

The TRY record will represent the natural transient oscillation of the circuit under investigation,
and will take into account most of the factors causing voltage depression.

The values can be determined using a voltage calibration in terms of the full power of the circuit.
Detailed explanations are given in Sub-clause GG 3.4.
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GG3 3 Group 3 — Capacitance current injection

This method is similar to Group 2 except that the current through the circuit being considered is
obtained from the discharge of a capacitor. Thus, the frequency of the injected current will depend
upon the values of the capacitor and the inductance of the circuit.

As the frequency of the discharge current should be 1/8th of the equivalent natural frequency of
the circuit, this means that the method is suitable for measuring the TRV of circuits containing
components with high natural frequencies. It is particularly useful for measuring the characteristics
of the components on the line side of short-line fault test circuits, the natural frequencies of which
are very high, with correspondingly small time delays.

The schematic diagram of an example of a capaciiance current injection circuit is shown in
Figure GGY, page 319, together with details of the components. Figure GG 10, page 320, shows the
sequence of operation of the schema.

The same precautions and method of calibration are used as for Group 2, and these are detailed
in Sub-clause GG3.4.

6 © IEC 1987 — 305 —
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3.4 Groups 2 and 3 — Methods of calibration
From the measured value of the rate-of-change, di/dt, of the injected current immediately before
zero, calculate the equivalent r.m.s. value of the injected current I,

dt
2xf V2
where f; is the frequency of the injected current.
In this calculation, it is assumed that:
=T\ /2sin2nft=1 2 rf1
This is approximately valid when ¢, < 1 250 us (or when ¢; < 1 000 us on a 60 Hz basis).

[i-

On the basis of the above approximations, the following rule may be derived:

The frequency of the injected current should be < 1/8th of the equivalent natural frequency of
the circuit being measured. For cases where the coordinate ¢, of the prospective TRV is greater than
1250 ps (1 OOO us for 60 Hz), the frequency of the injected current should equal the rated power
frequency.

If the r.m.s. value of the maximum short-circuit current of the circuit is /,, A, then the voltage
calibration ¥;/mm for the TRV corresponding to I . will be:

Vi/mm = V/mm - I fsc
I £
where f is the frequency of the short-circuit current.
Subject to the provisions given above, concerning prospective TRV with long times ¢,, for those
cases where the deviation of the curve of the current from the sinusoidal, symmetrical form is too
significant to be neglected, the following basic formula should be used:

dic ;9
J/mm = V/mm df

4 o

dt

where (di;/d?) i, — O is the rate-of-change of the power frequency short-circuit current at current
zero, with the current function:
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e =Ie V2sin2nfy t = I \/2 20ft -
This formula will apply particularly to the method of capacitance current injection where the
current will be of a slightly damped oscillatory form. '
To determine the calibration for short-line fault tests, the following method is suitable:

From the high-speed recording measure:
duy/dt = RRRYV of the TRV at zero of the injected current
u; = first voltage peak of the injected current
diy/dt = rate-of-change of the injected current at its zero
The value of the surge impedance Z is then obtained by calculation:

— dui/dt ‘
diydz

3.5 Group 4 — Model networks

In this method, a model network is assembled from units which shall be true representations of
the components of the full-scale circuit. It is usually necessary to imitate the components of the .
full-scale circuit which have distributed parameters by model units having lumped parameters. In
addition, it is essential that the im pedance (especially reactance and resistance) characteristics of the
model units shall be, as near as possible, a true imitation of those characteristics of the full-scale
components at frequencies up to at least that corresponding to the TRV under consideration.

The accuracy of this method depends upon having exact data for the parameters of the circuit to
be imitated, and these are frequently difficult to obtain and to simulate on a small model
component.

This applies particularly to parameters which vary with frequency, so that this method in general
does not directly take into account the depression of the TRV, and tends to give values which are
somewhat higher than those obtained with direct short-circuits on a full-scale system.

The method is mainly useful for investigating power systems since it does not require the system
to be taken out of service, and will give useful guidance provided that its limitations are
recognized.

3.6 Group 5 — Calculation from circuit parameters

When the data concerning the parameters of the components of the circuit are known, as for
Group 4, it is often convenient to calculate the waveform of the TRV, particularly if the circuit is
not too complex.

In general, the method does not take into account depression effects, although some allowance
can be made for these if the relevant data for the circuit are available; similarly the decrement of the
power-frequency component, for those TRV where the time ty exceeds 1 250 ps, can be taken into
account.

The method is subject to the limitations of Group 4, plus the errors inherent in calculations unless
experience has been gained in checking results with actual TRV obtained from tests using the
techniques of Groups 1, 2, 3, or 6.

3.7 Group 6 — No-load switching of test circuits including transformers

This method consists of connecting the test transformer on the open circuit and recording, by
 oscillograms, the behaviour of the transient voltage at the open gap of the secondary circuit.
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The method is very useful in those test stations where the short-circuit current is obtained by
generators. However the circuit-breaker used for the switching shall have no shunt resistance, be
free of any appreciable pre-striking and be located in close proximity to the circuit-breaker vnder
test. Furthermore, this method has a limited application to those circuits producing single fre-

quency TRV and does not reproduce the exponential component which is related to eddy cur-
rents.

‘ GG4. Comparison of the methods

The various methods are listed in Table GGl, with their characteristics, advantages and disad-
vantages. '
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Composante & fréquence industrielle
sans réduction de la tension
Power-frequency component
without depression
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/ Composante & fréquence industrielle
c /i avec réduction de la tension
.g I Power frequency component
§ o with depression
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U, = valeur de créte spécifiée de fa TTR
peak value of specified TRV

U, = TTR mesurée avee la réduction de 1a tension
TRY measured with depression

U, = valeur de créte de la tension a fréquence industrielle sans réduction de la tension
peak value of power frequency voitage without depression -

FiG. GGI. — Influence de la réduction de la tension sur la valeur de créte de la TTR.
Effect of depression on the peak value of the TRV.
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0 655/86

FiG. GG2. — TTR pour une coupure idéale.
- TRV in case of ideal breaking.

Temps
Time

654/86
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E Y 656/86
Fi1G. GG3. — Coupure avec présence d’une tension d’arc.

Breaking with arc-voltage present.
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657/86
F1G. GG4. — Coupure avec arrachement prononcé du courant.

Breaking with pronounced premature current-zero.

Courant
Current

0 Tension

/ Voltage

658/86
FiG. GGS5. — Coupure avec courant post-arc.

Breaking with post-arc current.

Influence de I'arc. de I'arrachement du courant et de la conductibilité post-arc sur la tension transitoire de rétablissement.
Les lignes tiretées représentent dans les figures GG3 4 GGS I'allure de la courbe dans le cas de la coupure idéale.

Influence of the arc. of premature current-zero and of post-arc conductivity on the transient recovery voltage.

fl The chain-dotted lines in figures GG3 to GGS5 represent the behaviour following ideal breaking.
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Fi1G. GG6. — Relation entre les valeurs du courant et de laTTR, a

présumées du réseau.

659/86

courant et tension apparaissant lors de I'essai

current and voltage arising in test, respectively

courant et tension présumés du réseay

prospective current and voltage, respectively, of system
tension de rétablissement a fréquence industrielle

power frequency recovery voltage

valeur de créte de la tension transitoire de rétablissement
peak value of transient recovery voltage

pparaissant lors de Pessai, et les valeurs

Relationship between the values of current and TRV occurring in test and those prospective

to the system.
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iK1, RK2 si nécessaire. circuits résonants sérics ¢t paralléles en vue de la suppression des harmoniques
: where required, scnies and parallel resonant circuits for harmonic suppression purposes
PT transformateur isolant le circuit d'injection de I'alimentation et fournissant une tension de sortie réglable
i transformer to isolate injection circutt from supply and to provide an adjustable output voltage
i BS interrupteur de protection
* back-up switch
MS interrupteur pour 'établissement du courant
making switch
K interrupteur court-circuntant la diode
diode bv-pass switch
X ¢n vanante, connexion pour K permettant utilisation d'un shunt comportant une caractéristique nominale temps-
sourant relatisvement laible
alternative connection tor Koto permit use or g shunt having relauvely low nme-current rating
D montage ¢n parailele de Jdrodes au stlictum g coupure rapide gusqu'a cing diodes)
parallel connection of up to five fast silicon switching diodes
Sh shunt de mesure du courant
current measuring shunt
0, oscillographe cathodique, premiére piste utilisée pour enregistrer 'amplitude et la linéarité du courant ainsi que pour
contréler le fonctionnement de la diode
cathode-ray oscillograph, trace | recording magnitude and linearity of current for checking the diode operation
O, oscillographe cathodique, seconde piste enregistrant la réponse du circuit d’essai
cathode-ray oscillograph, trace 2 recording the response of the circuit
P circuit dont on mesure la TTR presumée
circuit the prospective TRV of which is to be measured
CU élément de commande fournissant la séquence de manceuvres indiquée sur la figure GG8

control unit to provide the sequence of operation given in Figure GG8

Note. — Le mesurage du courant injecté peut également éire effectué au potentiel de la terre.

The measurement of the injected current may equally be made at earth potential.

F1G6. GG7. — Schéma de I'appareillage d’injection de courant a fréquence industrielle.

Schematic diagram of power-frequencv current injection apparatus.
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Courant traversant D

-\  Current through D
- : V /
B —— %
1
\
\

: —
L/ / t
— \ |y
\1/
e e g, .—--————-....-—
~_ BS Ouvre
~_ MS est fermé K ouvre BS Opens

MS closed K opens
Déclenchement de C. et O,

0, and O, triggered

661/86

Au repos: BS et K sont en position de fermeture, MS est en position d’ouverture.
Quiescent state: BS and K closed. MS open.

t; = temps de passage du courant avant le fonctionnement de l'interrupteur K
duration of current flow prior to operation of switch K
Valeurs types comprises entre 10 et 20 périodes du courant injecté.
Typical values lic between 10 and 20 cycles of injected current.
Le pnincipal critére est que la composante apeniodique du courant. si elle existe. ait une decrorssance telle gu'elle devienne inténeure a
20% de la composante penodique.
The main criterion is that the d.c. component of current. if anv. shall have decaved 0 a value less than 20% of the a.c. com-
ponent.

FiG. GG8. — S¢quence de mancuvres de apparetilage d'injection de courant & frequence industrielle.
Sequence of operation of power-frequency current injection apparatus.
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RL = =2sistance de charge

Charging resistor

[7¢]
f

relais de commutation

switching relay

‘L = -ondensateur constituant la source
source capacitance

Yore. — Quand le condensateur CL chargé est relié au circuit P par I'intermédiaire du relais S. un courant de forme oscil-
‘atoire de fréquence /, circule.
Tl est recommandc de régler la valeur de CL de telle fagon que:

Jo . L
= ou /. est la frequence propre du circuit P. £/ = -
8 Y

51 1a valeur de /; doit &tre telle qu'elle assure la disparition des oscillations qui se superposent au courant avan: ke
passage a s¢ro du ce dernier.

a3 fi <

wte. — When the charged capacitance CL is connected to the circuit P via relay S an oscillatory currenat, of frequency 7,.
flows. The value of CL should be adjusted so that:

1

Je . o
< ES , where /. is the natural frequency of circuit P, f, = EE T
r4 c.’ ~
21 /; shall be such that the superimposed current oscillations will have disappeared before the instant of current

Zero.

h = shunt de mesure de courant
current measuring shunt ‘
b = oscillographe cathodique. premiére piste utilisée pour enregistrer Pamplitude et la linéarité du courant ainsi que pour
contréler le fonctionnement de la diode
cathode-ray oscillograph. trace | recording magnitude and linearity of the current and checking the diode operation
5 = oscillographe cathodique, seconde piste enregistrant la réponse du circuit
cathode-ray oscillograph. trace 2 recording the response of the circuit
' = montage en parall¢le de diodes au silicium a coupure rapide (jusqu'a 100 diodes)
parallel connection of up to 100 fast silicon switching diodes
= circuit dont on mesure la TTR présumée
circuit the prospective TRV of which is to be measured
U = &léement de commande fournissant la séquence de manceuvres indiquée sur la figure GG10

control unit to provide the sequence of operation given in Figure GG10

e, — Le mesurage du couriant injecté peut également étre effectué au potentiel de la terre.
The measurement of the injected current may equalily be made at earth potential.

FiG. GG9. — Schéma de I’appareillage d’injection par condensateur.
Schematic diagram of capacitance injection apparatus.

662/86
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commutation de S
switching of S
déclenchement de I'oscillographe cathodique
tripping of the cathode-ray oscillograph
courbe de la tension aux bornes du circuit P
voltage curve across the terminals of the circuit P
forme de I'onde du courant injecté
waveform of the injected current
valeur maximale de la tension appliquant une contrainte sur les diodes
maximum voltage stressing of the diodes
passage a zéro du courant (commencement de I'oscillation de la TTR)
time where current passes through zero (beginning of the TRV oscillation)
durée du courant & travers la diode D, /; = 77—
24

. . 1

duration of current through diode D, f, = T
2y
durée d’une demi-période de la TTR
duration of half-cycle of TRV
F1G. GG10. — Séquence de manceuvres de I'appareillage d’'injection par condensateur.

Sequence of operation of capacitance-injection apparatus.

igg‘;u i
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APPENDL}{'?Hﬁ

EXAMPLE OF A COMMISSIONING TEST PROGRAMME

HHI1. Checks after erection

HHL.1 General checks
— Assembly check as per manufacturer’s drawmgg an d“;‘*n §t ructions.
— Tightness check of circuit-breaker and its con r
— All piping, junctions.
— Tightening of terminal block connections,
— Painting and corrosion protection. - -

— Cleanliness.

HHI1.2 Checks of electrical circuits
— Conformity to the wiring diagram.
— Signalling (position. alarms, lockouts, etc.). {s,» .
— Heating and lighting. :

HH1.3 Checks of the insulation and/or extinguishing ﬂuid(s)

— Onl: type, dielectric strength (IEC Publication 296: Specification for Unused
Mineral Insulating Oils for Transformers and Switchgear), level.

— SF.: quality and humidity content (IEC Publication 376: Specification and
Acceptance of New Sulphur Hexafluoride), filling pressure or density. except
for sealed apparatus.

— Compressed air: quality (if applicable) and pressure.

HH2. Mechanical tests and measurements

HH2.1 Measurements of characteristic operating fluid pressures (if applicable)

HH2.1.l General
The following measurements (list to be adapted as necessary) should be taken, in order to com-
pare them with the values both recorded during routine tests and guaranteed by the 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.).

HH2.1.2 - Measurements to be taken
a/ On a rise in pressure with the pumping device (pump, compressor, controlled valve, etc.) in
service: .
— reset of the opening lockout;
— reset of the closing lockout;
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reset of the auto-reclosing lockout (if applicable);

disappearance of the low pressure alarm;

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

_ The measurements may be combined with the measurements of the recharging time of the operating mechanism (see
Sub-clause HH2.4.2).

i Note.

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

§ _ starting of the pumping device;

appearance of the low pressure alarm;

_ lockout of the auto-reclosing (if applicable);

— lockout of the closing;

— lockout of the opening.
I In the case of a hydraulic control, the pre-inflation pressure of the accumulators should be
P\,:/ measurced together with the ambient air temperature before the tests are performed.

'HH2.2 Mcasurement of consumption during operations (if applicable)
g device switched off and the individual reservoir at the cut-in pressure of the

with the pumpin
quences should be

pumping device, the consumptions during each of the following operations or se
evaluated:

— O three-pole;

— " three-pole:

— O—0.3 s—CO three-pole (if applicable).

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

HH2.3 Verification of the rated operating sequence
The ability of the circuit-breaker to perform its specified rated operating sequence should be
verified. The tests should be performed with the recharging device in service, with site supply
and, if applicable, starting with the cut-in pressure of the pumping device, as in Sub-

voltage
- clause HH2.2.
‘ Ay
Cx/\_/ Note. — Site supply voltage is the voltage available at the actual circuit-breaker from the normal site supply.

HH2.4 Mcusurement of time quahtities

HH2.4.1 Characteristic time quantities of the circuit-breaker

HH2.4.1.1 Closing and opening times, time spread

The following measurements should € made at maximum pressure (cutoff of pumping device)

and at site supply voltage:
_ closing time of each pole, time spread of the poles and when possible time spread of the breaking

units or groups of units of each pole;

— opening time of each pole, time spread of the poles and when possible time spread of the

preaking units or 2roups of units of each pole.
n the case of muitipie trip coils all should be tested and the times recorded for each.

I
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The instant at which the three-pole control relay, if any, is energized should also be recorded to
enable calculation of the total time in three-pole operation (relay time plus closing or opening
time).

when the circuit-breaker is provided with resistor closing or opening units, the resistor insertion
times should be recorded. .

HH2.4.1.2 Operation of control and auxiliary contacts

The timing of the operation of one of each kind (make and break) of control and auxiliary
contacts should be determined in relation to the operation of the main contacts, on closing and on
opening of the circuit-breaker.

HH2.4. 2" Recharging time of the operating mechanism

HH2.4.2.1 Fluid operated mechanism v
The operation time of the pumping device (pump, compressor, control valve, etc.) should be
measured: -
_ petween minimum and maximum pressure (cut in and cut off of the pumping device);

_ during the following operations or sequence, starting each time with minimum pressure (cut in
of the pumping device):
— C three-pole;
— () three-pole;
— O—0.3 s—CO three-pole (if applicable).

HH2.4.2.2 Spring operated mechanism
‘[he recharging time of the motor after a closing operation should be measured at the site supply

voltage.
HH2.5 Checks of certain specific operations

HH2.5.1 Auto-reclosing at the lockout pressure (if applicable)
with the pumping device out of service, the control pressure should be lowered to the lockout
value for auto-reclosing and an auto-reclosing operation be carried out (under site conditions it may
be necessary to use a separate timing device to initiate reclosure). The test should be conducted at
site supply voltage. The final pressure should be noted and it should be ensured that there is
suflicient safety margin to the lockout pressure for opening, as a guard against pressure switch
deviation and pressure transients.

(n case of doubt, an alternative test to the one described above may be performed, starting with a
jower pressure than the lockout pressure for auto-reclosing (short-circuited contact). It should then

be verificd that an opening operation is still possible.

HH2.5.2 Closing at the lockout pressure (if applicable)
with the pumping device out of service, the control pressure should be lowered as far as the
lockout value for closing and a closing operation be carried out. The test should be conducted at site
supply voltage. The final pressufe should be noted and it should be ensured that there is sufficient

safety margin to the lockout pressure for opening.

(n case of doubt, an alternative test to the one described above may be performed, starting with a
Jower pressure than t+he lockout pressure for closing (short-circuited contact). It should then be

verified that an openizg operation is still possible.
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HH2.5.3 Opening at the lockout pressure (if applicable)

With the pumping device out of service, the control pressure should be lowered as far as the

lgckout value for opening and an opening operation be carried out. The test should be conducted at
site supply voltage. The final pressure should be noted. '

HH2.5.4  Simulation of fault-making operation and check of anti-pumping device
Measurement should be taken of the time during which the circuit-breaker remains closed on a
CO-cycle|with the trip circuit energized by the closing of the auxiliary contact.

The test also allows checking of the anti-pumping device operation and the absence of mal-
; function due to any mechanical, hydraulic or pneumatic reason, caused by the rapid application of
the opening command. :

R

The closing 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, a closing command is
applieb and maintained. while a consecutive opening command is applied.

r-—-  HH2.5.5 Behavz’djmr of the circuit-breaker on a closing command while an opening command is already
present | ‘

It should be verified that the circuit-breaker meets the technical specifications in the presence of a
closing comband when previously an opening command is applied and maintained.

HH2.5.6 Applicaj!ion of an opening command on both releases simultaneously (if applicable)

It may happen that both releases (normal and emergency) are energized simultaneouslyv (or
virtually si ‘ultaneously).

It should be ensured that the operations are not subject 10 any mechanical. hvdraulic or pneu-
matic interference, particularly if the releases do not operate at the same level. ‘

HH2.5.7 Protection against pole discrepancy (if applicable) _
The proted:tion against pole discrepancy should be checked by either of the following tests:

— with the circuit-breaker open, the closing release of one of the poles shall be energized and a
check carried out to see that it closes and then opens;

— with the ¢ircuit-breaker closed, the opening release of one of the poles shall be energized and a

C[) check carried out to see that the other two poles open.

HH3. Electrical tests and measurements

HH3.1 Dielectric tests

The dielectric tests on the auxiliary circuits should normally be performed with reduced voltage,
applied during 1 s, to avoid disconnection of parts of the circuits.

Normally no dielectric tests are performed on site on the main circuit.

Note. — Wiicn dielectric tests are performed on the main circuit, the shape and the level of the test voltage should be subject
to-agre¢ment between manufacturer and user.

HH3.2 Measurement of the resistance of the main circuit

Measurement of the resistance of the main circuit need only be made if interrupting units have
been assembled on site. The measurement should be made with direct current, and as far as possible
in accordance with Sub-clause 7.3 of IEC Publication 694,

N
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