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Short Circuit Testing of Circuit-Breakers
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—Sequence Switch—Direct Testing—Short Time Current Test—Indirect Testing—Unit Testing
—8ynthetic Testing—Substitution Test—Compensation Test—Capacitance Test—The Switching
Phenomena for Tests—Tests on EHV Breaker—Summary—Questions.

11.1. INTRODUCTION

In Chapter 9, we studied the difference between type tests and routine tests. The various tests
performed on circuit-breakers according to Standard Specifications were briefly reviewed. The

short-circuit tests come under Type Tests. The short-circuit tests and switching duty tests on cir-
cuit-breaker include :

(@) Breaking current tests.

(b) Making current tests.

(e) Short time current tests,

(d) Operating duty tests, Basic short-circuit Test Duties.

() Tests for small inductive currents,

() Test for short line faults (SLF).

(g) Tests for breaking capacitive currents,

(h) Capacitor switching.

(£) Out-of phase switching.

(/) Line charging current breaking tests.

(k) Cable charging current breaking test,

(1) Critical current tests (m) Inductive current tests,

Short-circuit test mentioned above are conducted to prove the ratings of the circuit-breaker, In
addition, short circuit tests are performed for research and development. The modern EHV circuit-

breakel_'s are developed through experimental investigation of the problems of circuit-breaking e.g.
arc extinction, current chopping, breaking of inductive current ete.

11.2. STRESSES ON CIRCUIT-BREAKER, DURING SHORT-CIRCUIT TESTS

The short-circuits produce a severe stress on circuit-breakers. The circuit-breaker should be
capable of withstanding the stresses. Short-time current test verify the capacity of the circuit-
breaker to carry the specified short-circuit current for a duration of 1 sec or 3 sec. When short-circuit
current is passed through the circuit-breakers, the contacts and current carrying parts are subjected
to thermal stresses. The insulation in the vicinity of conductors is severly stressed. The poles and
terminals experience electro-dynamic forces. The short time current tests verify the ability of the
circuit-breaker to withstand temperature stresses and electrodynamic forces.

'Il‘he Tnaking capacity test verify the ability of the circuit-breaker to cloe on short-circuit. As
the circuit breaker closes on existing short-circuit, the current reaches a high value during the peak
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of the first current loop. The electrodynamic forces between contacts and between poles reach a
high value. The circuit-breaker should be capable of closing effectively contact welding and contact
bouncing.

The breaking capacity tests verify ability the of the circuit-breaker to clear short-circuits. The
operating mechanism and the interrupter should be able to perform their functions effectively.
During the breaking operation, the operating mechanism is subjected to mechanical stresses. The
contacts and current carrying parts are subjected to thermal stresses. The insulating and metallic
materials in the neighbourhood of the are are subjected to high thermal stresses. The part of the
interrupter may be subjected to high pressure due to increase in pressure in the interrupter.

These stresses depend on the magnitude of fault current and the design of the circuit-breaker
itself. In the post current zero period the contact gap is subject to transient recovery voltage, The
severity of the voltage stresses depends upon the system configuration and the type of switching
duty. Short circuit testing is an experimental method for proving the ratings of the circuit-breaker
and investigating the behaviour of circuit-breaker for research and development.

The chapter is divided into three sections as follows :

Part A-Short Current Testing Plants,

Part B-Basic short-circuit Test Duties and Special Tests.

Part C-Indirect Tests.

The short-circuit testing plants are built specially and they provide the facility of short circuit
testing. In Direct texts the breaker is subjected to direct short-circuit and results are analysed. In
Indirect Testing, the capacity of complete breaker is ascertained by indirect test procedures.

Tests are conducted as per relevant standards.

PART A

11.3. SHORT-CIRCUIT TESTING PLANTS

There are three types of testing station :
1. Field type testing station.

2. Laboratory type testing station.

3. Composite testing station.

In field type testing power required for testing is directly taken from a large power system, the
breaker under tests is connected in the system.

In laboratory type of testing the short-circuit generators provides the power for testing. In
laboratory testing the breaker is tested directly or indirectly. When the capacity of the test plant
is inadequate to test the breaker, indirect tests are performed to assess the behaviour of the cir-
cuit-breaker. There are several indirect methods of testing such a subsitution method, unit testing
synthetic testing etc. A composite testing station is a combination of field type testing station and
laboratory type testing station.

Layout of a Simple Short-circuit Testing Station*

The layout of a test plant for testing 11 kV/33 breakers up to 750 MVA is simpler and different
from that of a large test plant for testing breakers up to, say 220 kV, 7500 MVA.
(a) Description of a simple Test Plant (Fig. 11.1)

The short-circuit power is supplied by speciality built Short-cicuit Generators. There are nor-
mally two or more generators though only one is shown in the figure. The short circuit generators

* Switchgear, testing and development station (STDS). Bhopal belonging to CPRI has a capacity of 1250 MVA
can test circuit-breakers upto 12 kV. A very high capacity composite short-circuit testing station has been built
a CRRI, Bangalore 1989, Breakers up to 420 kV, 62.5 kA can be tested.
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are driven by three phase induction motor and the special type of excitation called impulse excita-
tion is provided.

Series resistor and reactors are provided for adjusting the magnitude of short-circuit current
and power factor.

The Master Circuit-Breaker has higher capacity than circuit breaker under test. In the event
of failure of the circuit-breaker under test, the Master Circuit-Breaker opens and protects the cir-
cuit.

Making switch is a specially designed circuit closing device which can close at the desired mo-
ment and can withstand the making currents.

Transformers are used to get test voltages other than the generator voltage. The transformers
are single phase units which can be connected in different ways to get several test voltages.

In addition to the above equipment there is equipment for

1. Measurement, record, control;

2. Sequence switch to obtain sequential operation;

3. Auxiliaries ete.

(b) Short-circuit Generator and Drive Motor

Short-circuit generators provide power to the circuit-breakers under test. The short-circuit gen-
erators must be capable of withstanding extremely high reactive power surges lasting for a short
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Fig. 11.1, Schematic diagram of short-cireuit test plant.
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duration. Therefore, their design is different from that of the conventional alternators for power
generation,

The generator is driven by a three phase induction motor connected through a resilient shaft.
Shortly before the short-circuit, the motor is disconnect from the supply and idles with the generator
rotor. .

A separate d.c. converter set with a high speak output provides the “Impulse Excitation”. The
short circuit current which are at lagging power factor have a demagnetising effect, This results
in reduction in total field hence in reduced e,m.f. As a results the recovery voltage is less than the
voltage before short circuit. The effect is reduced by boosting the generator field current by means
of Impulse Excitation. The converter set used for excitation is fitted with a large flywheel. The motor
is disconnected from supply before the application of excitation. The field current is increased short-
ly to about 10 times its normal value at the time of short circuit. This takes care of the demag-
netising effect of short-circuit and gives desired recovery voltage.
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U, V, “2!2 } Part 2 of generator winding 2-Making switch.

Fig. 11.2. Arrangement of circuit it a short-cireuit plant,

_Shurt-circuit generator is a 3-phase alternator. Each winding is made in two or more parts
Wwhich can be connected in series, parallel combinations of star or delta to get voitages.

(¢) Short-circuit Transformers

For tests at voltages other than the generator voltage, transformers are used. To step down
the voltage to lower values a three-phase transformer is normally used. For voltage higher than
Benerator voltage, usually banks of single phase transformers are employee. These transformers
are designed to withstand repeated short-circuit and their windings have several parts which can
be connected to series parallel combinations to get several voltages.

The leakage reactance of the short-circuit transformer is kept low. Transformer winding is
Mmechanically strong and provided with extra-turn insulation, Three phase units are not used be-
tause a single 3-phase unit becomes too big. There is no special problem about cooling these trans-
formers because they are in the circuit for a short time. The tank is normally smooth without any
hllhEE for circulating oil. For 3-phase tests, the transformers are connected in delta on alternator
51}18- The four windings of each phase on secondary side can be connected in series/parallel com-
binations and the three phases can be connected in star or delta.
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Another three-phase transformer is used for testing low voltage breaker, H.R.C. fuses and for
conducting short-time current tests on circuit-breakers.

(d) Reactors

For controlling the short-circuit current reactors are employed. These are normally air cored
and air-cooled. Iron parts are avoided in their construction, These are single phase units or three
phase banks. Each reactor is designed to withstand electrodynamic stresses. The coils are securedly
placed to avoid distortion.

(e} Master Circuit-breaker

These are air blast circuit-breakers of capacity more than the breakers under test. In case of
failure of the test circuit-breakers, the master circuit-breaker opens. In addition after every test,
it isolates the specimen under test from the supply source and must be able to handle the full short-
circuit power of the test circuit.

(f) Making Device

The making switch or making device, as the name implies, is used io ensure that the short-
circuit current are applied correctly at the desired moment. This equipment is characterized by
close making time, high making capacity. However, the breaking capacity is negligible and the
making device is not used for cirenit interruption.

The basic construction of making device is as follows. It is usually air blast making switch with an
air pressure of 14-16 kgf/em®. Contact clearance of only a few mm is sufficient because the contact
device is fast, sure and without chapter. In recent stations SFg make switches are used.

(g) Capacitor

Capacitor banks are useful for two purposes :

(1) Provide leading current for testing the performance of circuit-breaker in interruption of
charging currents.

(2) Regulating the frequency of transient recovery voltage given by

£ 1
"= ogNLC
In synthetic testing and other indirect tests, capacitors are important items in the test circuit.

The capacitor banks provide r_:harging currents, regulate natural frequency of transient recovery
voltage and are used for synthetic testing, These are single phase banks. These banks can be con-
nected in series or parallel, as desired, both individually and in any combination of the three,

(h) Resistors

The variation of short-circuit power factor is obtained by using resistors in series with the reac-
tors. The p.f. can be increased from 0.1 to 0.3,

(i) Test Cubicles.

The test cubicles are constructions of reinforced cement concrete or strong brick work. In these
cubicles the breakers are tested. There is provision for observation. Supply of compressed air and
oil purification system is given to the-test cells to facilitate testing of air blast circuit-breaker and
oil circuit-breakers respectively. Separate cubicles are provided for testing L.V., H.V., E.H.V. equip-
ment, fuses,

(/) Sequence Switch

During the short-circuit testing several operations are performed in a sequence and the total
time is too short to perform manual operation. The sequential switching of equipment measure-
ments and control circuits is accomplished by sequence switch. This is a drum switch with several
pairs of contacts. The drum is rotated by a motor. Once the drum is rotated, it closes and opens
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geveral control circuits according to a certain sequence. For example, the sequences for Breaking
Capacity Test in one test were as follows :

1. Drive motor of short-circuit generator made off.

9. Impulse excitation switched on.

3, Master circuit-breaker closed.

4, Oscillograph circuit connected.

5. Make-switch closed.

6. Circuit-breaker under test opened.

7. Master circuit-breaker opened.

8. Exciter switched off and its field suppressed.

The above operations take a very short time of the order of 0.2 second.

(k) Measurements

The test events mentioned above cover a very short time of the order of a few hundredth of a
second. All the measurements must, therefore, be recorded by means of oscillographs.

Light beam oscillograph which are simple to operate are used for relatively slow varying quan-
tities like current, voltage and also for mechanical quantities such as contact travel, trip signal ete.
High frequency transient phenomenon of TRV covers a very short time interval of the order of 1
msee. For recording such fast varying quantities cathode ray oscilloscope are used. Processes which
last a few half waves are recorded on barrel type camera. If time is too short, around current zero,
Polaroid Oscilloscope camera is convenient. Normally one light beam oscillograph and several
cathode ray oscillographs are simultaneously used. High speed photography techniques are being
employed for investigating arc extinction phenomenon, movement of part ete. Films are taken at
400 to 800 frames per second.

The following quantities can be recorded during the tests :

(a) Short-Circuit current in each phase.

(b) Voltage across each pole before, during and after the short-circuit.
() Fluid (Air, SFg or oil) pressure,

(d) Contact travel-speed.

(e) Generator voltage.

(f) Transient Recovery voltage.

(g) Current in trip circuit ete.

PART B, DIRECT TESTING

11.4. DIRECT TESTING

Direct testing involves subjecting a complete breaker or breaker pole to full power or stress
during the test.

The circuit for direct test is shown in Fig. 11.3.

The preliminary preparation of circuit-breaker testing include connecting the equipment ad-
justing the magnitude of reactors, connecting transformers to get desired test voltages etc. The con-
tacts on sequence switch are adjusted to get desired timings. The oscillographs are adjusted and
calibrated. The operations of test foliow automatically by means of sequence switch, as mentioned
earlier,

While testing breaking capacity; Master circuit-breaker and circuit-breaker under fest are
closed firts. Short circuit is applied by closing the making switch. The breaker under test is opened
at moment. The breaking current determined from the oscillograph as explained in Chapter 3, Sec.
3.19.5,
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Temperature rise limits are not specified for short-time current tests. It is very difficult to
record the transient temperature during 1 sec, duration.

(h) Stresses during Short-time Current Test. The electrodynamic forces between adjacent
poles and adjacent phase conductors are proportional to square of current and inversely propor-
tional to phase spacing. During short-time current, the insulator supports experience impact can-
tilever force due to electrodynamic forces.

The contacts experience temperature stresses proportional to I? Rt. The resistance depends on
contact pressure and surface condition.

11.7. BASIC SHORT-CIRCUIT TEST DUTIES (Ref. Sec. 10.27.3.15)

(a) Requirements. The circuit-breaker should be capable of performing the opening and closing
operations as per rated operating sequence for all values of short-circuit currents upto its rated short-
circuit breaking current at specified test voltage and relevant conidtions of TRV for terminal short-
circuits.

The requirements are verified by conducting Basic short circuit. Test Duties. These require-
ments are discussed below :

(i) Breaking Capacity (Ref. Sec. 3.19.5. (Ref. Fig. 11.12)

The Circuit-breaker should have rated short-circuit current breaking capacity. It should be
capable of breaking all currents upto its rated short-circuit breaking currents. Since it is difficult
to carry out tests at every value, the basic short-circuit tests are made at 10%, 30%, 60% and 100%
of rated short-circuit breaking current (a.c. component) and specified d.c. component.

(ii) TRV Conditions

The circuit-breaker should have rated TRV for terminal faults (Ref. Sec. 3.19). During Breaker
operations, the TRV should be as per specified TRV condition for the respective test duty.

TRV for test Duty 1 (10%) and Test Duty 2 (30%) are more severe than those for Test Duty 3
(60%) and Test Duty 4 (100%)

(iii) Making Capacity. (Ref. Sec. 3.19.6.) (Ref. Fig. 11.12)

The circuit-breaker should be able to close on short-circuit, i.e., it should have rated short-cireuit
making capacity. This is tested by closing the circuit-breaker on short-circuit.

(iv) Operating Sequence. (Ref. Sec. 3.19.8) (Fig 12.11)

The cireuit-breaker should be able to perform the opening and closing duties as per rated
operating sequence. The requirement is verified by conducting the Basic Short-Circuit Test Duties
with rated operating sequence.

(b) Procedure. For breaking capacity tests (D 1, TD 2, TD 3 and TD 5), the short-circuit
currents are initiated by closing the make switch of the testing station and the current is inter-
rupted by opening the circuit-breaker under test. The circuit-breaker under test is not closed on
short-circuit (Ref, Fig. 11.12)

For making capacity tests (TD 4a) the short-circuit is initiated by closing the circuit-breaker
under test. The opening of short circuit current is by master-breaker of the testing station. The
circuit-breaker under test need not to open the short-circuit.

The sequence of circuit-breaker under test, master circuit-breaker and make switch is pre-ar-
ranged to get desired duty cycle.

(¢) Test circuit (Ref. Fig. 11.3) The basic short-circuit tests are carried by out on complete three
pole circuit-breaker. However, when capacity of the testing station is inadequate for testing a com-
plete three phase circuit-breaker the test may be carried out on one pole of a three phase circuit-
breaker. Even then, a complete circuit-breaker is usually installed in the test bay and only one pole
is connected in the circuit. In case of EHV circuit-breakers with modular construction, the tests
may be carried out on pole. The test voltage is selected such that rated power frequency recovery
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voltage is obtained. The test voltage is selected such that rated power frequency recovery Vﬂltage

is obtained.
The parameters L and C in the
conditions are achieved L and C are

station are arranged such that the required current and TRy
changed for each test duty.

. (el) Severity. B::{su:l short-circuit test duty produces severe electromechanical, thermal
dielectric stress on circuit-breaker, The severity of these components varies with Tes’t Duty 1 2and
4a/4b and 5 depending upon type of circuit-breaker. For circuit-breakers with internal sou; ¢
energy, the smaller breaking currents generate less pressure. Hence TD 1 and 2 may be ::]:5

severe. When arcing time for Test Duty 1 d2i
Critical Current Tegks are i o ¥ L and 2 is more by 1/2 cycle than Test Duty 3 and 4, the

11.8. CRITICAL CURRENT TESTS (Ref, Sec, 8.7)

In circuit-breaker with internal source of extinguishi 1 i
A ; ; I ! 1guishing energy i.e., oil circuit-breakers, th
fl{l; E;;n;n depends zpi)ln design of cross-jet pot and speed of contacts. The arcing time for Test f)::?
may exceed that of Test Duty 2 by more than one-half eycle. In such cases, additional ‘Criti.

cal Current Tests’ are required.

Critical current test duties are similar to Test Duty 1 except for following changes.

— The breaking currents are in
current,
— TRV conditions are modified,

the range of 4 to 6% and 1 to 2% of rated short-cireuit breaking

11.9. SHORT-LINE FAULT TESTS (Ref. Sec. 3.14.1)

o (a)tnequirements. These tests are applicable to three pole circuit-breakers intended for direct
nection to overhead transmission lines having rated voltage of 72.5 kV and above
e g‘;cnsz i?;:i Sr:;td ?ﬁp@’;?g}i éoTShﬁ kV agdl 12 kV circuit-breakers. The theory of short-line faults
as b ; =ec. 9.16. The capability of the circuit-breakers to perform the sh. i
clearing duty is tested by conductin 3 i E taticn o b
ey g these tests. In high power testing station the t issi
line is generally represented by an artificial transmission line comprisﬁng R, L,, C%aﬁiﬁfﬂéﬁl?ﬁ

by specially built transmission line,

For purpose of short line fault si
3.16)

mulation, the system can be considered in two sides (Ref. Sec.

— Source ide aving ra d volt Vi
3 IS age and e uival o r
hav te I E q alent mductance cor respondmg to 10% rated

— Line side impedance.

To represent different lengths of lines and corresponding short-line fault current, these values

of line side impedcmces are lecommcnded, Ihe are selected £ et 90% o
g 8e 8 te 0 g % ) 5% and 60% of rated

(b) Test Circuit.. The short lin

e fault tests are single phase tests. The ci reuit consists of a

supply circuit and line side circuit, The parameters are so selected that required TRV conditions

are obtained.

(c) Short line Fault Test Duties, The i
; 8 standard test is ¥
operating sequence for opening operation only as fo]low: ? SRS IR it of i

Test Duty L90 : At 90% rated breaking current and appropriate TRV,

Test Duty L75 : At 75% rated br
Test Duty L60 : At 60% rated br

eaking current and appropriate TRV,
eaking current and appropriate TRV,

(d) Severity, After opening a shortl—line fault, voltage waves originating in the circuit-breaker
e line wave gest reflected from the fault point and thus within
travels to-and-fro between the open circuit breaker and the

travel to source side and line side, Th
a few tens of microsecond, the wave

RT CIRCUIT TESTING OF CIRCUIT-BREAKERS

SHO ;
1 ‘s . " sillati ¢ line side terminal of circuit-breaker.

t giving rise to damped saw-tooth oscillations of vullla.ge at . al of cure _ 3
fau]tri:iﬁt End TRV across the circuit breaker is characterised by high ratg l?f_durlng initial purtm{)_ of
?ﬁi’ (Ref. Sec, 3.16). Different types of circuit-breakers have different sensitivity of TRV, The grading

itors dampen the TRV. — L
capacitors P ¥s c8 I~ Xi L,

Value V, = 146

I;, = Short line fault current. g
Cpg = Circuit-breaker under test. \
X; = Reactance on line side. 1

Xg = Reactance on source side. =
7 = Surge impedance of line.
L = Length of line upto fault.

Fig. 11,6. Circuit representing Short Line Fault condition.

11.10. LINE CHARGING BREAKING CURRENT TESTS
urrent. It is the value of line charging current taken by

ated line charging breaking ¢ cur cen
s ot ble of interrupting with over-voltage within permissible

the line no load. The circuit-breaker is capa
limits. Breaker should not restrike.

Rated Voltage (V) Rated line t@'ging cm::ﬂ( N
KV A
72.5 10
145 50
246 125
420 400
526 500 -

(b) Requirement. These test are conducted of h.v.a.c. circuit-breakers rated 72.5 kV and above
to prove their assigned rated line charging breaking current.

(¢) Test Circuit. The tests are either single phase or three phase with either overhead line on
on-load or with artifical line with R, L, C.

The supply circuit has two types :

Supply Circuit 1 : Which can give short-circuit current less than 10%.

Supply Circuit 2 : Which can give short-eircuit current more than rated short-circuit current.

(d) Test voltage. In single phase tests, the test voltage V, is given by
\
V, =1.2x 33—

where V is rated voltage of circuit-breaker.
(e) Test Duties. Test 3 is applicable only if the circuit-breaker restrikes during test duty 1 or
2. The test consists-of 10 to 12 operations for each duty.

" Test current as percentage of rated
Test Duty No. Supply Circuit line charging current
D ! 10 to 30 T
2 1 100 to 120
3 2 100 to 110 -
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11.11. OUT-OF-PHASE SWITCHING TESTS cR -

(@) Requirements. When a circuit-breaker is connected ‘_EVR E“Vr (a)

between two circuit supplied from different sources, the circuit-

E.mal;,g.r may lm_ave to open or close during out-of-phase condi- %E—VY %
101:1[ ig. 11.7 (a) or Pllase opposition [Fig. 11.7 (b)]. The phase i
Er}g e between rotating vectors on either sides of the circuit V& —
reaker may exceed normal value (0°) and b e - : ®
i i1 e (0 may be as much as [ ] (c)
¢ opposition). The circuit-breakers which are re- Fig. 11.7

:ﬁ;;;efhm ;nt:r-cnnnect two systems or to synchronise the units
i e busbars - i
need rated out-of-phase breaking capacity. The circuit-breaker should be capab]
a

of breaking out-of-phase currents u i i i
e rents upto its assigned ratings with specified conditions of TRV. (Ref

(b) Test Conditions. The out
. -of-phase breaki i i
" Wit . se b ing are either single ph:
I ance out-of-phase breaking capacity in a test is specified in %ernlis i:sfeti:r ?’hﬁee Phaﬁe- k-
— Value of out-of-phase breaking current o
— (\jfilue of out of phase recovery voltage
— Characteristics of inherent TRV for o i
tof- .
o i ut-of-phase switching,

For si
single phase test, the test voltage (V) given by the following expressions :

|4
Vi=2x ey For effectively earthed system.

¥ v
Vi=25x% Ny For non-effectively earth system,

Where V is rated voltage of Circuit-breaker,
(@) Out-of-phase Test Duties
Test Duty 1 : 0 and 0 at 20 to 40% I

op

Test Duty 2 : 0 and 0 at 100 to 110% L
l i .
where I, is rated out-of-phase breaking current, O is opening,

The rated out of phase breaking current

breaker, is generally 25% of rated breaking current of circuit-

11.12. CAPACITIVE CURRENT SWITCHING TESTS

Capacit ¥ itching 1 i i
. 3.:,'139.19&;.1' éz;ra?::u:tl::l?mf Ts a sgecml switching duty for a circuit breaker (Ref. S
e ren awllt_chmg tests are applicable for circuit-breakers whli heC‘ '3'!4,
ingiovaevitbace Wit ng capacitive currents. The breakers should be restrike fi ool
Soalieeaid ile opening single capacitor banks should be within permisaiebi::el‘% Ttle e
cwit breakers to be used for closing paral i . e
Tt i g parallel capacitor banks should 3
S pack c];ac; ptz- bankl brqakmg current and rated capacitor bank im'u‘;h bel:?Sted eront Baf o
: pacitor switching applications for medium volta S G R Ry
Applicability o
Capacitive current switching t
} g tests are i ireui
e Bl aSSignedappllcahle to all circuit-breakers to which one or more
— Rated line-charging breaking current (Sec. 11.10)

Line charging current switchi
72.5 kV and above. "

— Rated cable-charging breaking current (Seec. 11.13)

g tests are recommended circuit-breakers for rated voltages of
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Cable-charging current switching tests are recommended for circuit-breakers of rated voltages

of 24 kV and above to be used of switching cable currents.
_ Rated single-capacitor bank breaking current.
ent breaking tests are recommended for circuit-breaker to be

Rated single capacitor bank curr
he brealker should be restrike free and switching overvoltages

used for switching capacitor banks. T
should be within specified limits.
__ Rated back-to-back capacitor bank breaking current and
_ Rated capacitor bank inrush making current.
These tests are intended for circuit-breakers which sw

banks.

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 power frequency

yoltage variation caused by switching the capacitive current does not exceed 10%.

itch in or switch out parallel capacitor

Supply Circuit B

Supply circuit B is a circuit having imp!
its short-circuit current exceeds the rated sk
teristics of the test circuit shall be such that the power frequency voltag

is as small as possible and is in any case less than 5% for Test-duty No. 4.

Test duties

Test conditions corresponding to normal service conditions,
1 consist of four test-duties as specified in Table

odance which is as low as possible, but not so low that
Lort-circuit current of the circuit-breaker. The charac-
e variation when switching

The capacitive current switching tests shal

below.
Test-duty \ Supply circuit i@i&"é;’}lﬁl‘iﬁl‘éﬁ?ﬂ' f,f‘,f i;f{:g: t
1. i T A 20 to 40 T
2. | A Not less than 100
3. ‘ B 20 to 40
4, | B Not less than 100_ -

The number of tests for each test-duty shall be :

—10 tests for three-phase tests :

—12 tests for single-phase tests with the contac
proximately 30 electrical degrees.

Test duties for Capacitive current Switching tests

t separation distributed at intervals of ap-

Test Duty 1 2 3 . 4 .
Test Circuit A A B B
Line Current Switching tests and cable 0 C,P P C,0
charging current switching tests.
Capacitor bank 1
Current switching tests 0 C,0 0 c,0

Last two shots of the test duty to be C, O
C = Close; O = open.




o ——

= 178
Criterion of Suitability of circuit breaker,

The capacitive current switching tests are performed to prove respe

The Ibreakm' is considered to be gy o

11.10.1) if the breaker is restrike free d

frequency and peak during closing. T

SWITCHGEAR AND PRUTECTIQV

A ctive assigned ratings
able for respective capacitive curre itchi :

: : : nt switching duty (g
h::rtxlg_toigzanng and can withstand inrush eu rrunts&of spic(i?‘ec'
AN g : switching overvoltages should be within specified ]il-u' b
. gle Lapacitor Bank Current Breaking Test 4

(a) R-eq“" ement., T IlL‘SL‘ tests ¢ e ic t reul reaker, ch are inten for
sts ar app. able o circuit-b eake s which are intended fo Ope 4
i

capacitive loads such as Capaci
i g pacitor banks, C i
(reactive power com i ot e e : I
I i e ; sed for power factor improve
switching such capaci Ing end of transmission 1i cireui o i
; ing ‘bll(.h capacitor banks should have the rated cap:(ji[::n])rl lgl]ii-ﬂ:he S, g i
(Ref. Sec. 3.14). These should be restrike free e
] (b) Rated Capacitor
;uﬂ;ve(ljupment and proving test. This current vari
red amperes for circuit-break
an ’ ) ers rated g
1s expressed in terms of three phase MVAR ;‘?VI;:,bfrﬁ I

MVAR =3 x kV x kA
For example at 36 kV cir

‘ : i cuit-breaker wi a i r
o) ; ; o ith rated capacitor breaking current of 600. A will hay,
: . [3

3 _QO_Q X
3 %36 x 1000 = 37.4 MVAR
(e) Test Circuit. The tests ca

upon available test faciliti
M cilities. (Ref,

Supply Circuit I, Wi i i
. With higher i i
less than 10% or rated short-circuit cur;fzgiance S B

Supply Circuit IT Wi i
» With low
100% rated short-circuit current, .

(d) TES t Dut‘.xes. The SlI]gIB capacitor br eakmg test comprises for test dlltlf_‘s as mentioned
' be . For ach tes ¥, 0ts are taken for ree ase tests or 0als S 10T 851n

lt{)W each est dut, 10 sh ts 2 tak f th h test 12 to 30 hot; for sing

ol 25LS 1] 1ng

n be either single ha B e ase t ependin,
gle phase tests or th ™ g

re ph se tests de i
116) The tests are c:}nducted with two types ufbupply circuits
8

at short-cireuit current is

o .
nce on supply side such that short-circuit is more than

o le phase

Test Duty

Supply Circuit .@Euse &)

Test current as a percentage of
_rared capacitor breaking current

3 -
20 to 40%

2 1
: | 100 to 110%
2
; 20 to 40%
— A 2

100 to 110%

The tests sequence in Test Duty 4 are make-break te. ts

(e) Severity and Performance o

currents have high frequency. The e

\wi:hllch Idepends on magnitude and fi,
ph ; 5

closing duty with regard to frequency and magnitude of current

‘rent.

During openin, i i
g operations, the circuit-hy i
voltage above permissible limits (Ref, %.22 b:il.iagk('glt“as;]lgu;dfl?‘:t Fkihand

Evaluati i

ion. 51 i

domis re]ea;;d Durmg c!gbmg on capacitor banks, the inrush

e mhprearcmg causes heating and pressure rise
nrush currents. Each circuit-breaker has a limit

should not produce over-
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11.13. CABLE-CHARGING BREAKING CURRENT TEST

(a) Requirement. The circuit-hreaker for opening high voltage cables or cable networks should
pe capable of interrupting the charging currents of cables successfully with the over voltage within
speciﬁed limits. The recommended value of rated cable charging breaking current are as follows :

[ Rated cable charging breaking current

Rated Voltage

3.6 10
7.6 10
12 25
a6 50
72.5 125
145 160
245 250
420 400

(b) Test Conditions. These tests are either field tests or laboratory tests. Field tests are con-
ducted on actual cable. Laboratory tests are conducted by employing cables or capacitors. Single
phase tests are permitted for 36 kV and above.

Test Circuits

Test circuit 1 has such impendance that the S.C. current does not exceed 10% of rated short-

circuit current of the breaker. Test circuit 2 has impedance that short-circuit current exceeds rated

short circuit current of the circuit-breakers.
(¢c) Test Duties. For each of the duty 10 to 12 opening and at least two make-break operations
are conducted.

T Supply Circuit Test current as per cent of rated

Test Duty | cable changing breaking current
3 T 0t
2 1 100 to 110
2 2 20 to 100
i 2 100 to 100

11.13.1. Small Inductive Current Breaking Tests

(a) Requirements, The circuit-breakers to be used in following cases should have assigned
value of Rated Small Inductive Breaking Current.

— Steady magnetizing current of power transformers.

— Inrush currents of power transformers.
Currents of shunt reactors or reactor loaded transformers.
Currents of small high-voltage motors during starting periods.

The term ‘small inductive current’ refers to current having power factor less than 0.15 and
which are usually lower than the rated norm
current of transformers or motors) the value o
current of the circuit breakers.

The circuit-breaker should not produce over
of small inductive currents.

al current of circuit-breakers, In some cases (in-rush
f small inductive current may be more than the rated

-voltage beyond the specified limits during breaking
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(‘-1p$ igaiis;eﬂslz:;lll];ntducltive ?reallmling Current. The Rated Small Inductive Breaking Current

‘apac . zhest value of small inductive current which the circuit-bre: is capable
breaking with over-voltages within specified limits. SRR cha i berker ot
_ The frequencies of TRV are based on dura-

tion of first loop of voltage after final current SOURCE

zero. (Ref, Sec. 3.12).

(¢} The Test Circuit. The Test circuit is il-
lustrated in Fig. 11.8, Tests are either single
phase or three depending upon the availability
of load.

(d) Test Results. The circuit-breaker
should be capable of opening the circuit with
overvoltages with specified limits, In case, over-
voltages are beyond the limit, suitable surge
bu;;p;’_eﬁ;nr‘s (‘R-(,_} cumb!matlon shnuldl be connected on load side and interrupter design may be
modified. Switching resistors may be incorporated in the circuit-breaker, (Ref. Sec. 3.13.)

11.13.2. R:ecommendations for Small Inductive Current Switching Tests

The swln,chmg overvoltages produced by small
rent chopping phenomena. The overvoltage wave
assess the degree of effect of such wide range
circuits.

Clean shopping overvoltage without reigniti i

: ) 2 reignitions may be compared with standard switchi -
pulse Wave (SIW) of 250/2500 s in case of EHV circuit switchiPr)lg. l e

For medium voltage circuits standar

serve as guideline, Recommendations of
are summarised below :

I
1

R —

LOAD (Representing Inductor, reactor, molar)

Fig. 11.8. Test Circuit for Small Inductive
Current-Breaking,

inductive current switching are related with cur-
form can have different shapes. It is difficult to
of wave shapes on insulations of loads and supply

d Lighting Impulse voltage wave (LIW) of 1.2/ 50us may
IEC 56 1987 for small inductive current switching tests

1. Transformer magnetizing cur
kV and above.

Experience indicates that when
under steady state conditions and a
are small. Tests are therefore,

rent for circuit-breakers with rated voltages of 100

interrupting magnetizing currents of unloaded transformers
t v?l-tages not exceeding their rated voltage the over-voltages
: not specified to simulate this switching condition.

Switching of the inrush magnetizing curre

o nt of an unloaded transformer is not servie
condition and no tests are apevifind. mer is not a normal service

2. Transfor 7 izi 2 : .
100 KV, mer magnetizing current for circuit-breakers with rated voltages below

Generally tests are not required but in

actual service conditions. If this is not cases of doubt they should be made on the system under

t possible, three-phase tests may be de i ¥
using the actual transf - SWi i i i T e sacem ity
ormer to be switched in service. In either case, the source cirenit should

Valtags Lt b ot Rervion mag e conmorat e e saseoded. Acy maant of
3. Transformer with a teritary winding loaded with reac;‘.;:rs.
This shall be considered a special case and agreement reached between manufacturer and user.
4. High voltage motors.
A test circuit is under consideration of IEC (1988)
5. Shunt reactors.

A test circuit is under consideration if TEC (1988)
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11.14. REACTOR SWITCHING TEST

The laboratory tests do not give true representation of actual network couditicns: Hox\_rever_,\
laboratory test has been proposed by CIGRE (1987) and is likely to be recommended in the next,
revision of IEC 56.

(@) Test Duties ' .
CIGRE 1987 recommends the following test circuit for Medium Voltage and High Voltage Reac-

tor switching. o

oed vl of OB rarawy | cwmewr | Vel | Nermlere
—a | & | o | su T 150200
B 1500 18—22 150—200
A 2300 1.8—2.2 150—200
36-72.5 . B 500 3.6—4.4 150—200
A 100 0.9—1.1 150—200

72.5 and above B 300 i 1.6—1.8 e _lﬂ—jﬂﬂ__ B

(h) Purpose of Test.
Reactor current breaking tests are performed with following purposes :
Al. To prove the interrupting ability of the CB or the switch to interrupt the reactor currents.
A2. To confirm that reignitions oceurring during reignition are not harmful. ‘
A3. Investigations of the breakers behaviour mainly in respect of overvoltages productic
following respects.
— to determine maximum chopping current.
— to investigate statistical distribution of the chopping current.
— to investigate statistical distribution of the chopping current. . . .
— to investigate reignition probability, to determine the range of point-of-wave settings with
reignitions.
— to estimate the dielectric characteristic of contact gap.

n with

Conclusions. )
Interruptions of reactor currents may create overvoltage of the two types :
— Chopping overvoltages having high magnitudes of time duration approximately correspond-

ing to switching impulses. oy ) =y 1
— Reignition overvoltages overvoltage having time duration similar to lightning impulses but

lower crest values.
Expected over voltages.
Chopping overvoltages : below 2 p.u.

Reignition overvoltages : 2 p.u.
For circuit-breakers of rated voltages above 275 kV overvoltages above 2 p.u. may not be per-

mitted.
Method to Limit Overvoltages during Reactor Switching.
— Use of opening resistors with current breakers

* Current of p.f. less than 0.15. )
#% For first pole-to-clear, the worst overvoltages occur due to current chopping

test duties A performed with lower value of current.

at lower values of currents. Hence
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— Use of Zn0O arresters near the circuit-breaker
— Use of high capacitance between breaker and reactor connected between phase to earth.

Means to Limit switching overvoltages during opening
currents include the following.

1. Use of opening Resistors (Resistor Switching)
To reduce

of small inductive currents and reactor

the overvoltage amplitudes, two different ranges of opening resistors are used,

— Resistance values of the order 10 to 50 Kilo-ohras per phase.

— Resistance values of the order 1 to 5 Kilo-Ohms per phase.

The resistances used for damping TRV of short eircuit currents interruption are several
hundred ohms (for line CB) down to a few ohms for generator CB.

Resistance current is interrupted by auxiliary break.

2. Use of ZnO Arresters in parallel with the circutt-breakers,

This is an alternative to the use of opening resistors to re

duce peak-to-peak excursion of over-
voltage due to reignition.

The protective level of the ZnO arrester may be kept between 1.5 p.u. and 2.0 p.u. However
additional surge arresters are essential for phase to ground between the CB and the reactor.
3. Capacitor between breaker and reactor.

This reduces steepness and am

plitude of overvoltage. However it complicates the generation
and limitation of overvoltage,

Special Note

_ Labu}"atory tests for reactor switching and low inductive current switching are for obtaining
information about the influence of the CB on the overvoltages. For determination of overvoltages
in actual installation, field testing is recommeded by CIGRE.

PART C—INDIRECT TESTING

The short-circuit power available in earlier testing stations (of the order of 4000 MVA in
laboratory type testing station) is not sufficient to test a complete breaker (which is of rated break-
ing capacity of the order of 10,000 MVA at 245 kV), Even single pole of a EHV circuit-breaker cannot
be tested by direct means. As all EHV circuit-breaker are with several arc interrupter units tested
per pole each unit can be separately tested. This is called Unit Testing. From tests on one unit, the

capacity of the complete pole and breaker is determined, This method of Unit Testing is adopted

internationally. Synthetic testing is another popular method which permits testing of breaker of
capacity 5, times that of the plant.

The important indirect Methods include the following :

1. Unit Testing*, Which means testing one or more units separately.

2. Synthetic Testing® In which the current source providing

: g short cireuit current and voltage
source supplying restriking and recovery voltage are different,

3. Substitution Tests. These are conducted for oil cireuit-
versus time are obtained for different volta
mined by approximation.

breaker, the characteristics of current
ges. The performance beyond the tested values is deter-

4. Compensation Tests, Which are conducted on oil cireuit-breaker
rent by a suitable compensation such as increased frequency,

5. Capacitance Tests. The capacitor which is char
the breaker. An oscillatory circuit provides restrikin

s in critical range of low cur-
increase restriking voltages etc.

ged by a voltage source is discharged through
g voltage.

* Most widely used indirect test used for Type Testing.

?-_
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11.15. UNIT TESTING OR ELEMENT TESTING o
Almost all modern EHV circuit-breakers, minimum oil, Air Blast, SFg etc. consist o tv_vu n}r
re identical units (or interrupters) per pole. These interrupters operatc'(orprin or _(;10:;1;) 1\?_{“3‘;‘ -
g:;eousl}r and share the voltage across the pulg alr}::ost. eqll:a]ly, 'I;Jlleal;:;fl?;(éntt ;ﬁ;e:a:;p}; ik U,r t'hé
is also share lly. Hence by testing one unit, the results can appli $hike ‘ e
- ;25%‘;?51;': (}I(:;‘:fi js Unit Testing or Element Testing, Element testing in an internationally ac
ole. s
ted method.* .
o While applying unit test the voltage must be reduced by factor & and all the impedances should

be reduced by factor a to get test voltage across the unit same at that following expressions @
e I -

a= 1 when one unit is rested together.
n

@ ="" when m units are tested together.
n

here n is number of units per pole. : . . , _
3 Ejl"or example consider 3 pole, 230 kV circuit-breaker with three units per pole. Test 1s0 ;:2 ljé:
conducted at normal voltage ie. 230 kV between poles. Voltage across one p :

230/43 =133 kV,

a:-l—n:S
n’J

-. Voltages required for testing one unit
—ax133=1x133=44.33kV
; i r as that direct
Further : L and C of test circuit should be reduced to get same natural frequency as that di
testing, i.e. :
= - in Direct Testing
fa NIC in Dir

~2n/LC
1 1
fo=—"1= C “onLC
2n aLxE

iki y i i scale also
The natural frequency of transient restriking voltage remains unchanged. Time scale als
mai changed. . . g
M‘a‘\:‘:’l;fhuzreaksrs in which the voltage distribution across the pole is ;Et :Vetnii.; (ﬁlscil:rﬁ:upt;f
amongest the units, some units will be stressed more aml'l the others less. The cts b:z r?lade e per.
furmc%l 50 as to test the highest stress coming over the unit. Hence correction mu; ot
testing results. Statistically, unit testing has been established as a reliable method o ;

11.16. SYNTHETIC TESTING

Fig. 11.9 illustrates the principle
of synthetic testing.

2
HIGH
The synthetic test employs two  syorT VOLTAGE
sources namely. CIRCUIT SOURCE

(1) Current source (of relatively GENERATOR
low voltage)

(2) Voltage source (of relatively
low current).

Fig. 11.9. Synthetic Testing Test Circuit (simplified).

i 5 5 a ‘unit’,
* [f two interrupters are coupled in series, the double-interrupter assembly should be tested together as a
Ref. Sec. 11.7 C). . S
gf testing station has a capacity, complete breaker 15 tested instead of unit testing.
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The current source provides short-circuit current. The voltage source provides restriking volt-
age p}us recovery voltage, QLhe}' L, r, C etc. are used to get desired test conditions. The switch
S| is closed to‘ supply short-circuit current L. At near final current zero switch Sy (which is usually
a spark g:l}:)) is closed and Vj is applied to the bredker at an appropriate moment. The voltage wil]
have transient because of L and C of the cireuit. -

The advantages of this method are the following.

(1) The breaker can be tested for desired TRV and R.R.R.V.

(2) The short-cireuit generator has to suppl 4 i

_ a currents at a rels r less as ¢
Wl pply relatively less voltage (as compareq
teqtf'&) Both test current and test voltage can be independently varied. This gives flexibility to the

(4) The method is simple. It can be applied to unit testing also.

(5) With this method a breaker of ca acity (MVA) of fi i at . i1
Wb bashalan &k e teat pacity ( ) of five time that of the capacity (MVA) of

Types of Synthetic Test Circuits
There are two types of synthetic test circuit,
Master

Make
breaker switch brt‘;;-er

r i fubsicnd Lk Sz

% !

Ig B Triggered
spark gap
Ys (A)sc.
Gen Cs 8 Cu ? H

Test
breaker

+

(a) Parallel current injection

Transient recovery-
vpllagz across test —e
circuit- breaker

) : o (b) Waveforms
Fig. 11.10. Synthetic Test Circuit and waveform based on Parallel Current Injection Method.

5 Lll;; E:;:il:: gl'rhr:pt irljlection_ metlfo{i. voltage circuit (2) is effectively connected in parallel with current (1) and
te 2 ore the main current I reaches zero. This method is widely used for synthetic test circuits for
getting frequencies of TRV] I ‘

E B
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— Parallel Current Injection Method (Fig. 11.10)

— Series Current Injection Method

Parallel Current Injection Method widely used for testing circuit-breakers because it can give
high frequency transient voltages as required by standards.

Ref. 11.10 (a). In parallel current injection method, the voltage circuit (2) is effectively connected
in parallel with current cireuit (1) and the test breaker before the main current I in test breaker
current is properly simulated.

itlgher Make T Test
breaker g sx:r;ch T breaker o ful'-g%'\__oSE
[ LY (3 G| {

Triggered

_—115 spark gap!

TSI B PR OF
Au:-t./

GUPFent Iy Voltage

circuit L circuit

Transient recovery voltoge
across test circuit breaker

Fig. 11,10, Synthetic Test Circuit and \vaveff}dr:n based on Series Current Injection Method.

Fig. 11.10 (c) represents series current injection method, in which the voltage circuit (2) is con-
nected to current circuit in series before main current zero. As a result the Iy and I; are in opposi-
tion in breaker circuit.

Stresses produced by synthetic test should correspond to those in actual network. This is dif-
ficult. Several factors influence the stresses during the test. These include.

— High voltage mode

— High current mode
-_— tl, £2,£3, tlz (Ref Flg 11.10)

— instant of applying voltage
— frequencies of TRV etc.
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Brown Boveri's Synthetic Testing Circuit. Synthetic test circuit shown in Fig. 11.11 is used
by Brown Boveri, Switzerland. It is used in such a fashion that the short-circuit current is supplied
from a circuit at a relatively low motive voltage while the restriking and recovery voltage is supplied
by a separate H.V. circuit.

HIGH CURRENT CIRCLIT —-— ;—’-HJGH' VOLTAGE CiRCUIT

Ly S B l -, \_or L\G” i
g élé@ T
o Hil e Tt i
N

Gy =H.V. Generator Cy =Supply capacitance of H.V. circuit
S, = Auxiliary breaker is high current cirenit G = Short circuit generator
Lg Lp = Inductance in high current circuit

F = Spark Gap

T = Transformer in high current
S, = Control unit for triggering sphere gasF B = Breaker under test
I; Vi; = Current and voltage in high circuit iy = Current h.v, circuit.
Cg R = Capacitance and resistance for regulating the natural frequency of high current circuit.
Fig. 11.11 Brown Boveri's Synthetic Testing Circuit.

The circuit on the left side of the breaker under test B is high current circuit which consists of
short-circuit generator IG, short-circuit transformer and also capacitor Cp; and resistor Rg Cg and
Eg control the natural frequency of high current circuit. The short-circuit power is supplied at a
voltages V; which corresponds to about 30 kV, this voltages is smaller than recovery V required
for testing the specimen. The recovery voltage is supplied by a separate voltage circuit on the right
side of breaker B.

The auxiliary breaker S; is opened simultaneously with the tested breaker B and a few
microseconds before the current interruption (ig) in breaker B, the spark gap is triggered by control
Sy and the voltage V, is applied to breaker B.

The current iy has a natural frequency of 500 Hz and an amplitude of one-tenth of that of
current ig. The currents are superimposed in current zero zone in such a way that during final 100
micro-seconds only current ig is flowing through breaker under test B. The auxiliary breaker S;
interrupts high current circuit from H.V. circuit before current ig = ig; + ip is interrupted by breaker

B and breaker B has to interrupt only current ig. The restriking voltage across breaker B is, there-
fore, given by that of H.V. cireuit.

Iy = Breaker current : V, = Voltage

%> >y
11.17. SUBSTITUTION TEST

(D) AT VOLTAGE Vi UPTO CURRENT &
AT VOLTAGE Vy UPTO CURRENT {5
(@) AT V3 UPTO CURRENT &

In oil circuit-breaker the current to be
interrupted provides the internal sources of T
extinguishing energy. Therefore the are
duration depends upon the current to be in- lé‘
terrupted i.e. for lower currents breaking &
time is more and for higher currents the
breaking time is less. In subsitution test a
number of tests at closely graduated
capacities are conducted on the breaker
with internal source of extinguishing ener- 0
gy. Characteristics of arc duration and cur-
rent to interrupted are plotted (Fig. 11.12).

CURRENT I ——>
Fig. 11.12 Substitution test characteristics,

+
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SHORT CIRCUIT TESTING OF CIRCUIT-BREAKERS

These are development tests.

The substitution test is conducted as follows : . ’ . . -

(1) Test the breaker at full voltage and upto current permitted by the capacity of the plant, i.e.
current iy of characteristic I. . . ‘ R

(2) Test the breaker at reduced voltage upto current iy pelrm1tted by the test }?lElIntI}ll reduced
voltage Vj obtain the time required for various current upto iy and plot characteristic I7.
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N
13 zkﬂ'/\ 2
Ir 29,5kA1\ 1] 1 3
TRIP SIGNAL _____——_\] ‘ 4
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' N\ N\ —5
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n a | g

y . )

W AV Y —

U—y/\/\/\ N\ DR \BAY .
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b 23,8kA vV -
1 |
|t||1|||||lufll—-ir#as*éﬁ1“‘"'*;?{35rF

Fig 11.13. Record of ‘C-0" operation during a short-circuit test on civenit-breaker.

Channels of U.V. Recorder :
U, U, U= Applied Voltages
4 = opening signal T = Contact Travel
t = Timing marks O = Open . e
(3) Likewise, plot characteristics III at voltage V3 upto current ig, charai:termt..n.I\.rr at val_tlage
V, upto current i; etc where V; is the highest test voltage V| > Vy > V3 >V} ete. i is the current
at voltage V; permitted by test plant. . ‘
i isti pse ded by approximation as shown by
lotting the characteristic 1, II, III, ete, these are exten ¥ Xin .
the dour::tgc{) li:wi. Form the extended line the breaker performance can be predicated for values of
current beyond range of testing station.®

3 = closing signal I, I, I;,=Short-Circuit Current

C = Closed

11.18. CAPACITANCE TEST*

In this text a capacitor is charged by a d.c. voltage source. Capacitor is Fonnected in series w;t}q
an indeutor and making switch, The breaker is connected across the capacitor. C and L _frafnl US(;_'I .
latory circuit. The circuit-breaker under test is opened and voltage across the capacitor is dis-

* These methods a;c used for development and research, and not for certi ﬁcnl'ulsn lests, These are nol 9501] by designers
any more. The stresses occuring at full voltage and !‘u}l cu.rrcm cannot ‘bc stmul_alcd by l:eise I:t,hi;.l -
Field Testing. The most convincing testing of cucml-hrc_akcrs for prcvm‘n% capability of loa : .hmlld i
without exceeding overvoltages is testing in actual installation. At least 30 switching operations s|

carried out.
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c?mrg(rd through tl_m arc. The arc gets extinguished at a current zero. This test is used for inves-
tigating the behaviour of the breaker towards restriking voltage.

11.19. COMPENSATION TEST*

Oil circuit-breakers have internal source of extinguishing energy. For low currents extremely
difficult extinguishing conditions may be experienced because of insufficient pressure build up. The
characteristics of the breaker in critical range are ascertained by compensation test. These tests
are conducted in critical range. In the test, the pressure in the arc extinction device, lengths and
fiumtmns of arc etc. are recorded, test being conducted at reduced voltage. The reduction in voltage
is-compensated by some other factor such as :

(1) Increased frequency.

(2) Applying impulse voltage at current zero,

(3) The pressure in the tank of an oil circuit breaker is given by

p=hVOS12 .
The effect of reduced voltage can therefore be compensated by increasing current.

DURATION OF
2 TRANSIENT — TRANSIENT RECOVERY
u VOLTAGE OF HIGH
g FREQUENCY
2 POWER FREQUENCY
> RECOVERY VOLTAGE

HALF PERIOD=10ms.

— |
arc

VOLTAGE

t—»
EXTINGUISHED
TIME IN ms —_—

Fig. 11.14, Record of transient recovery voltage waveform on high speed CRO,

11.20. DEVELOPMENT TESTING OF CIRCUIT-BREAKERS

Table 10..2 to ‘10.4 gives a list of various development tests on a typical circuit-breaker.

Short-Circuit Development Tests : In earlier stages of circuit-breaker development the
development tests were conducted on scaled models. Now, full scale prototype are subjected to
development tests.

A complete programme of short-
full scale prototypes are built. The in
zles etc. are made interchargeable,

The parameters which have a si
cuit-breaker are identified. Their ra
in the range of 30 mm to 45 mm. In t
testing,

Three important
include.

1. Contact separation and the time-travel characteristic during opening operation,

2. Short-circuit current magnitude and its co-relation with the contact separation, speed and
flow of quenching medium.

circuit development tests is drawn and adequate numbers of
nportant components in the interrupter such as contacts, noz-

gnificant influence on the short-circuit performance of a cir-
nge is selected, For example, the diameters of contact may be
his case three to four contacts may be selected for development

parameters which determine the short-cireuit performance of a circuit-breaker

3. Arcing ti_me and energy in arc. Parameters are varied and the performance of the circuit-
breaker is analysed.

* These methods are used for development and research
designers any more. The stresses occurin
Field Testing. The most

» and not for certification tests. These are not used by
g at full voltage and full current cannot be simulated by these tests.
convincing testing of circuit-breakers for proving capability of load switching
east 30 switching operations should be

without exceeding overvoltages is testing in actual installation, At ]
carried out,

——

SHORT CIRCUIT TESTING OF CIRCUIT-BREAKERS

Effect of Time-Travel Characteristic : The
most important parameter is the time-travel char-
acteristic during opening stroke and the number of
current zeros. If speed is increased, the number of
available current zeros during effective portion of
travel is reduced. If speed is reduced the number
of available currvent zeros is more, but the pressure
in SF puffer cylinder may be inadequate.

During development testing, the time-travel
characteristic is optimized. )
Summary

Short Circuit Tests provide a useful data for
design and development of circuit-breakers and
they are necessary to prove the making capacity,
breaking capacity, breaking capacity, short time
capacity and specified operating duty of the circuit
breaker. The short circuit testing stations are filed
type or laboratory type.

The number of useful current zeros, 1, 2, 3
depend upon the contact speed.
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Fig. 11.15. Time-travel characteristic
for opening stroke.

In laboratory type testing station there are specially designed equipments such as short circuit
generators, short circuit transformers reactors master circuit breakers, making device etc. In ad-
dition there are equipment for measurements and control.

Direct tests are conducted according to Standard Specifications.

In unit testing one or more units are tested and from that the capacity of the complete breaking

is ascertained.

‘In synthetic testing separate current source and voltage source and used for testing.

QUESTIONS

1. Why are short circuit necessary ? What information can be obtained from the short circuit tests ?

2. Describe with neat sketch the layout of a simple short civeuit plant. Give details of equipment.

3. What is the difference between field testing ar.l laboratory testing ? Explain the relative merits of
each.

4. Describe the procedure of direct testing of a three phase circuit breaker for short circuit testing. Ex-
plain how is the making capacity, breaking capacity and short time capacity determined.
5. Explain the standard procedure of determining rate of rise of restriking voltage from a single frequency

transient,

6. What is the difference between direct testing and indirect testing 7 What are the various procedure

of indirect testing 7 Describe
(@) Unit testing

(b) Synthetic testing,

7. Calculate the natural frequency for a circuit having inductance 1.9 mH/km per phase capacitance 7.5
n F/km phase to earth, length of circuit 10 km,

8. With neat diagrams, explain the principle of synthetic testing.
State the difference between ‘Series Current Injection’ and ‘Parallel Current Injection’.




