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1 |[Explain the recovery rate theory and energy balance theory of arc interruption | [10] | CO5 | L2
in a circuit breaker.
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4.B |A 132kV system, the reactance and capacitance up to the location of the circuit | [6] | CO5 | L3
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PSP-IAT 111 — SOLUTION
Q.1

Recovery Rate Theory

The arc is a column of ionised gases. To extinguish the arc, the electrons and jons
o be removed from the gap immediately after the current reaches a natural zero. Ions
and electrons can be removed either by recombining them into necutral molecules
or by sweeping them away by inserting insulating medium (gas or liquid) into the
gap. The arc is interrupted if ions are removed from the gap at a rate faster than the
rate of ionisation. In this method, the rate at which the gap recovers its dielectric
strength is compared with the rate at which the gap recovers its dielectric strength is
compared with the rate at which the restriking voltage (transient voltage) across the
gap rises. If the dielectric strength increases more rapidly than the restriking voltage,
the arc is extinguished. If the restriking voltage rises more rapidly than the dielectric
strength, the ionisation persists and breakdown of the gap occurs, resulting in an arc
for another half cycle. Figure 14.5 explains the principle of recovery rate theory.
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Fig. 14.5 Recovery rate theory

Energy Balance Theory
The space between the
current zero and hence, ith

jately aftel

i .. : d
contacts contains some ionised gas 1mme ments

as a finite post-zero resistance. At the current zero me
power is zero because restricking volt-
age is zero. When the arc is finally
extinguished, the power again becomes
zero, the gap is fully de-ionised and its
resistance is infinitely high. In between \
these two limits, first the power \
increases, reaches a maximum value, .
then decreases and finally reaches zero  t=0 Time ———» R=oo
value as shown in Fig. 14.6. Due to the Fig. 14.6 Energy balance theory

rise of restriking voltage and associated
current, energy is generated in the space between the contacts. The energy appears
3 o o

in the form of heat. The circuit breakc.r 1s designed to remove this gtj,neratf:d heat as
early as possible by cooling the gap, giving a plast of air or flow of oil at high velf)c-
ity and pressure. If the rate of removal of heat is fflste.r than the rate of heat gcncrahf)n
- extincuished. If the rate of heat generation is more than the rate of heat dis-
Z‘l:gifg lis tefi; qpc:qce breaks down again resulting in an arc for another half cycle.
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(a) Electrical circuit of a simple power system
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(b) Transient voltage across the gap of the circuit breaker

Fig. 14.13 Interruption of capacitive current
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Q.4.a

14-13.4  Advantages of SF, Circuit Breakers

(1) Low gas velocities and pressures employed in the SF, circuit breakers prevent
current chopping and capacitive currents are interrupted without restriking.
(i1) These circuit breakers are compact, and have smaller overall dimensions and
shorter contact gaps. They have less number of interrupters and require less
mantenance.
(iii) Since the ggs is non-inflammable, and chemically stable and the products of
. decomposition are not explosive, there is no danger of fire or explosion.
(iv) $1nce the same gas is recirculated in the circuit, the requirement of SF¢ gas
1s small.
(v) The operation of Fhe circuit b'reaker is noiseless because there is no exhaust
to atmosphere as in case of air blast circuit breakers

(vi) Because of excellent arc quenching properties of SF, the arcing time is very
short and hence the contact erosion is less. The contacts can be run at higher
temperatures without deterioration. °

(vii) Because of inertness of the SK¢ gas, the contact corrosion is very small. Hence
contacts do not suffer 0>I(idation.

(viii) The sealed construction of the circuit breaker avoids the contamination by
moisture, dust, sand etc. Hence the performance of the circuit breaker is not
affected by the atmospheric conditions.

(ix) Tracking or insulation breakdown is eliminated, because there are no carbon
deposits following an arcing inside the system.

(x) Because of the excellent insulating properties of the SFg, contact gap is
drastically reduced.

(xi) As these circuit breakers are totally enclosed and sealed from atmosphere,
they are particularly suitable for use in such environments where explosion

hazards exist.

14.13.5 Disadvantages of SF, Circuit Breakers
(i) Problems of perfect sealing. There may be leakage of SF, gas because of

imperfect joints.

(ii) SF; gas is suffocating to some extent. In case of leakage in the breaker tank,
SFg gas may lead to suffocation of the operating personnel.

(iii) Arced SF4 gas is poisonous and should not be inhaled or let out.

(iv) Influx of moisture in the breaker is very harmful to SFq circuit breaker. There
are several cases of failures because of it.

(v) There is necessity of mechanism of higher energy level for puffer-types SFy
circuit breakers. Lower speeds due to friction, misalignment can cause failure

of the breaker. :
(vi) Internal parts should be cleaned thoroughly during periodic maintenance under
clean and dry environment.
Special facilities are required for transporting the gas, transffarri_n_g the gas and
maintaining the quality of the gas. The performance and reliability of the SFq
circuit breaker is affected due to deterioration of quality of the gas.

(vii)




Q.4b
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Q5.4
16.2 LIGHTNING PHENOMENA
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'1_‘he d}scha}-ge of the charged cloud to the ground is called lightnine pheno A
lightning discharge through air occurs when a cloud is r'xik:cdato su ;P l'L' 'hnk:n?ni"\
};vith re_spcct to the ground (or to a nearby cloud) th;u ‘th.e air P:»rc;-xk;1 n_;i»::vnp'(i[i!n;xa}
insulating pr_opf:rty of the surrounding air is destroyed. This r;11<{nx; of pot :x:: 1 L
cau-sed by fnctlor_*ml effects due to atmospheric disturbances (c:v r(hun[Zlc‘r:tol: I:
actlng__ on tt‘le partxc_les forming the cloud. The cloud and the nrou:g.l~ fom tw;) l'ltlt-
o.f a gigantic capacitor whose dielectric medium is air. Duri:g thundcﬁtonn& pwdw i
tive and .ncgatlvc charges are separated by the movement of uir cun'cnt; forn{i}x{v"\\-l:
crystals in the upper layer of cloud and rain in the lower part. The cl;wud bec v l&‘t
negatively charged and has a larger layer of positive charee at i~t\~ to As the g‘b‘ofnfn\
tion of charge proceeds in the cloud, the potential dit‘t’crcn?cc bct;vcc!:)' L“\_“HC ‘:1:% I’_~‘I~lf
of charges increases and the vertical electric field along the cloud also incr:-n;:u”;“::
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Fig. 16.1 Lightning mechanism

The lightning is initiated with a flow of electrons from the base of the cloud towards the

ground (stepped leader)
When the leader gets close to the ground a flow of positive charges surges upwards.
When they meet a strong current (return stroke) transfers a charge between the cloud and

the ground.
The process can be repeated several times in the same channel (dart leader, return stroke...)



Q.5.b

16.5.1  Klydonograph

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,
when suitably coupled to the line whose
surge voltage is to be measured. The kly-
donograph contains a rounded electrode
connected to the line whose surge voltage
is to be measured. The clectrode rests on
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Ground

Fig. 16.4 Klydonograph

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

p : I ; .
surface of an insulating plate made of homogeneous insulatiy
metal plate electrode as shown in Fig. 16.4.

1g material, backed by a

The photographic plate or the film is turned or moved by a clockwork mechanism

for bringing in the element of time. Three assemblie

same box, for simultaneously me
mission line.

With this arrangement, a positive Lichtenberg
surge, and a negative Lichtenberg figure by a negati
Positive Lichtenberg figures are found to be superi
measurement purpose, since they are much larger than the neg
same voltage, as shown in Fig. 16.5. Diameter of positive Lic

s are generally placed in the

asuring the voltages on the three phases of a trans-

figure is produced by a positive
ve surge, as illustrated in Fig.16.5.
or to the negative ones for voltage
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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

Q.6

Insulation coordination is the correlation of the insulation of electrical equipment and lines

with the characteristics of protective devices.
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Fig. 16.25 Construction of volt-time curve and the terminology associated
with impluse testing



