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4.B

A 132kV system, the reactance and capacitance up to the location of the circuit
breaker is 3 ohms and 0.05uF, respectively. Calculate the following
(1)The frequency of transient oscillation
(i) The maximum value of restriking voltage across the contacts of the
circuit breaker (iii)The maximum value of RRRV

[6]

CO5

L3

Define following terms:
(a) Breaking capacity
(b) Making capacity
(c) Short-time capacity
(d) Rated Voltage, Current & Frequency
(e) Rated operating Duty

[10]

CO5

L1

6.a

Explain the working of ‘HVDC’ circuit breaker with a schematic diagram.

[6]
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L2

6.b

Explain the phenomenon of current chopping in a circuit breaker.

[4]
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A 132kV system, the reactance and capacitance up to the location of the circuit
breaker is 3 ohms and 0.05uF, respectively. Calculate the following
() The frequency of transient oscillation
(i) The maximum value of restriking voltage across the contacts of the
circuit breaker (iii)The maximum value of RRRV
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Define following terms:
(f) Breaking capacity
(g) Making capacity
(h) Short-time capacity
() Rated Voltage, Current & Frequency
() Rated operating Duty
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6.a

Explain the working of ‘HVDC’ circuit breaker with a schematic diagram.
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Explain the phenomenon of current chopping in a circuit breaker.
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?4.19.3 Direct Testing

iti i ist
In direct testing, the circuit breaker is tested under the con(-]mo.ns which gqtualgcezccna]
on power systems. It is subjected to restriking voltage which is expecte u:o;: i
situations. Figure 14.30 shows an arrangement for direct testing. The r.f?c P
control sh.ort-circuit current. C, R, and R, are to adjust transient restriking ge.
Short-circuit tests to be performed are as follows.
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16.5.1 Klydonograph ~ / Line

The klydonograph is an instrument for the
measurement of surge voltage on transmis-
sion lines caused by lightning, It measures
voltage by means of Lichtenberg figures,

Electrode
Film

Homogeneous
when suitably coupled to the line whose Insulat;?lglMaterial
surge vollage is to be measured. The kly- L Metal ate

donograph contains a rounded electrode Grc;und
connected to the line whose surge voltage

is to be measured. The clectrode rests on Fig.16.4 Klydonograph

the emulsion side of a photographic film or plate, which in turn rests on the smooth

surface of an insulating plate made of homogencous insulating material, backed by a
metal plate electrode as shown in Fig. 16.4.

The photographic plate or the film is turned or moved by a clockwork mechanism .
for bringing in the element of time. Three assemblies are generally placed in the
same box, for simultaneously me

asuring the voltages on the three phases of a trans-
mission line.

With this arrangement, a positive Lichtenberg figure is produced by a positive
surge, and a negative Lichtenberg figure by a negative surge, as illustrated in Fig.16.5.
Positive Lichtenberg figures are found to

be superior to the negative ones for voltage
measurement purpose, since they are much larger than the

negative figures for the
same voltage, as shown in Fig. 16.5. Diameter of positive Lichtenberg figure is a
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Fig. 16.5 Positive and negative Lichtenberg figures produces by positive
and negative surge voltages of same magnitude and wave shape
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Q4a

Q.4.b

Arcing Horns bypasses the high voltage
across the Insulator using air as a
conductive medium between the Horns.
The small gap between the horns ensures
that the air between them breaks down
resulting in a flashover and conducts the
voltage surge rather than cause damage to
the insulator.
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Q5

14.18.1 Breaking Capacity
The breaking capacity of a circuit breaker is of two types.
(i) Symmetrical breaking capacity
(i) Asymmetrical breaking capacity
Symmetrical Breaking Capacity
It is the rms value of the ac component of the fault current that the circuit breaker is
capable of breaking under specified conditions of recovery voltage.
Asymmetrical Breaking Capacity

It is the rms value of the total current comprising of both ac and dc components of the
fault current that the circuit breaker can break under specified conditions of recovery
voltage.

Instant of contact

instant of 7| -V, s VAR VARV
short circuit ek

X
Asymmetrical Symmetrical
SC current | SC current

Fig. 14.29 Short-circuit current waveform

14.18.2 Making Capacity

The possiblity of a circuit breaker to be closed on short-circuit is also considered.
The rated making current is defined as the peak value of the current (including the
dc component) in the first cycle at which a circuit breaker can be closed onto a
short-circuit. /, in Fig. 14.29 is the making current. The capacity of a circuit breaker
to be closed onto a short-circuit depends upon its ability to withstand the eftects of
electromagnetic forces.

Making current = V2 x 1.8 x symmetrical breaking current.

The multiplication by \2 is to obtain the peak value and again by 1.8 to take the
dc component into account.
Making capacity = V2 x 1.8 x symmetrical breaking capacity
= 2.55 x symmetrical breaking capacity.



14.18.3 Short-time Current Rating
The short-time current rating is based on thermal a.nd !nechanical limitations. The
circuit breaker must be capable of carrying short-circuit current for a short period
while another circuit breaker (in series) is clearing the fault. The rated short-time
current is the rms value (total current, both ac anq de componcn.ls) of the current
that the circuit breaker can carry safely for a specified short period. According to
British standard, the time is 3 seconds if the ratio of symmcmc‘a.l bl"cuku.\g current
to rated normal current is equal to or less than ‘.‘0 i‘“f' _' second 'll this ratio is more
than 40. According 10 ASA there are (wo short-time ratings, one is the current which
. it breaker can withstand for | s'ccond or less. AI?Othl‘ Is r.ulcd +-second cur-
s cm}::‘“h is the current that the circuit breaker can withstand for a period longer
m:; Yslei:ond but not more than 4 seconds.

. ol P i mie -

14.18.4 Rated Voltage Current ana rrequency

In a power system. the vo!lagc lcv:l:.l at all pl()nn‘ls is not ‘lhc same, [t "nrics. depending
upon the system operating con :l.lun‘s. '.u;, to this reason manufacturers have
‘o a rated maximum VOGS a1 WNCh the operation of the circuit breaker
fipectln‘::':anlcml The specified voltage is somewhat higher than the rated nominal
15 g R :
VOl"l"l:: .rmcd current is the .ﬂ:l-‘ ::":;—L l:{‘::\it;':urft:nl that a circuit breaker can carry
continuously without any tempe s xcess of its specified limit.

The rated frequency is also mentioned by the manufacture. It is the frequency at
which the circuit breaker has been designed to operale. The standard frequency is
50 Hz. If a circuit breaker is to be used at a frequency other than its rated frequency,
its effects should be taken into consideration.

14.18.5 Rated Operating Duty

The operating duty of a circuit breaker prescribes its operations which can be
performed at stated time intervals. For the circuit breakers which are not meant for
autoreclosing, there are two alternative operating duties as given below:

(i) O-r-CO-t'-CO

@Gi) O-1"-CO
where O denotes opening operation, CO denotes closing operation followed by
opening without any intentional time lag, and 7, t” and t” are time intervals between
successive operations. According to TEC, the value of f and t’ is 3 minutes and #” is
15 seconds.

For circuit breakers with auto-reclosing, the operating duty is as follows.

O — Dt — CO, where Dr is the dead time of the circuit breaker, which is expressed
in cycle.

According to B.S.S. there is only one operating duty for the circuit breakers not
intended for auto-reclosing. It is written as follows. 2 -~

B - 3 — MB — 3 — MB, where B denotes breaking and MB denotes making
followed by breaking without any intentional time delay. Three is the time interval in
minutes.

For circuit breakers with auto-reclosing, the operating duty is written as

B — Dt —MB
Dt is the dead time and it is expressed in cycles. 3



6.a
© Figure 14.2% shows the schemalic dia- Time —» \/

m of a HVDC circuit breaker. It consists s inde
g;na main circuit breaker MCB and a circuit ~ Fig- 14-27 Artificlal c;;:':;:ie;ocircuit
to produce artificial current zero and to suppress transient voltage.d O wre connectod
breaker MCB may either be an SFg or vacuum circuit breaker. R an Ay
in parallel with the main circuit breaker to reduce dv/dt after th.e final cu o 5
is saturable reactor in series with the main circuit breaker. It is used t?fcial current
:e?'om current zero. C, and L, are connected in parallel to pm;n hlrl‘CB A non-

7 i in circuit -
i f the contacts in the main c1 .
lz'ero am::s‘::)cr issepmused“:’: s?npplcss the transient overvoltage which may be produced
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Fig. 14.28 HVDC circuit breaker

i itched immediately after the
2ogiog :ogered vacuum gap, 1S sWi : : harged in

Switch S, which is @ mgg:min circuit breaker. The capacitor C, ':d p;c n(:::for -

& of the contacts of the re. When S is closed, the precharged cap G
opening O S he 1 g",t breaker and sends a current in opposition to g
the directl h the mal“_;';.f:::e the main circuit current to become zero with a
i . This Wi zero.
uit C:s"%':c orc is interrupted at a current
Fows nSCi“auo °

Q.6.b

shown in the fi

— 14.7 CURRENT CHOPPING 13
When low inductive current is being interrupted and the arc quenching force of the
circuit breaker is more than necessary to interrupt a low magnitude of current, the cur-
rent will be interrupted before its natural zero instant. In such a situation, the energy
stored in the magnetic field appears in the form of high voltage across the stray
capacitance, which will cause restriking of the arc. The energy stored in the magnetic
field is ¥2 L i%, if i is the instantaneous value of the current which is interrupted. This

will appear in the form of electrostatic energy equal to 2 Cv2. As these two energies
arc equal, they can be related as follows.

1,2 .13
> Li _Ecvz
L v=iNL/IC (14.19)
Figure 14.12 shows the current chop- \ ”
ping phenomenon. If the value of v is \—I I Recovery
more than the withstanding capacity of i i /\:‘m
the gap between the contacts, the arc six::] ¥ Arc voliage

saprans

appears again. Since the quenching force \, *Gap with stand
is more, the current is again chopped. S

This phenomenon continues till the value @Pwm
of v becomes less than the withstanding

capacity of the gap. The theoretical value Fig. 14.12 Current chopping

of v is called the prospective value of the voltage.



