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~ Insulating vessel

Arc shield : Arc shield

Arcing range 1 " Movable
Bellows member

e

j[

bt b | 7T

Contacts

Main arc shield —+

J

Insulating vessel )

Fig. 19.12

They can interrupt any fault current. The outstanding feature of a VCB is that it can break
- any heavy fault current perfectly just before the contacts reach the definite open posmon

They require little mamtenance and are qu1et in operation.

;.,acuum circuit breakers are bemg employed for outdoor applications ranging
n 1th llmlted rating of say 60 to 100 MVA, they are suitable for a majority
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__:i""' A p.ld.lucu ul LAY &svm -
8 rrent breaking. Another cause of ex- w\_r—. v,

((123) Capacltlve cu
in the circuit breakers is the 1nterrupt1on A

cess1ve voltage surges -
cap ts. Jes of such instances are opening
of ca a01t1ve currents ]:jxamp

(0¢)
! '
[

‘of an unloaded long transmission line, disconnecting 2 capacitor

bahlt nsed for power factor nnprovement etc Consider the simple @ Vg C,

equlvalent circuit of an unloaded transmission line shown in Fig.

19.20. Such a line, although unloaded in the normal sense, will

actually carry a capacitive current I on account of appreciable ¥ I
Fig. 19.20

amount of capacitance C between the line and the earth.
Let us suppose that the line is opened by the circuit breaker
[point 1 in Fig. 19.21]. At this instant, the generator

at the instant when line capacitive current is Zero
voltage V will be maximum (i.e., V ) lacgmg behind the current by 90°. The opening of the line
~ 5Vgn

leaves a standmg charge on it (i.e., end B of the line) N

and the capacitor C, is charged to V . However, the |
/T‘T T |\
\

generator end of the hne (i.e., end A of the line) contin- Earth
\

ues its normal sinusoidal variations. The voltage V, potential | ' ‘
across the circuit breaker will be the difference between y P X /,\im\ m i L
LA

the voltages on the respectlve sides. Its initial value is 7 I Qial : Time
zero (point 1) and increases slowly in the beginning. I}\)/ i ny \J
But half a cycle later [point R in Fig. 19.21], the poten-
tial of the circuit breaker contact ‘A’ becomes maximum ! R
negatlve ‘which causes the voltage across the breaker (V) X
to become 2 Von . This voltage may be sufficient to re-
 strike the arc. The two previously separated parts of the
circuit will now be joined by an arc of very low resis-
tance. The line capacitance discharges at once to re- Fig. 19.21
duce the voltage across the circuit breaker, thus setting up high frequency transient. The peak value
of the initial transient will be twice the voltage at that instant i.e., — 4 V,,. This will cause the

- transmission voltage to swingto -4V, to+V_ ie., -3V,

~

Scanned by CamScanner



» ré_smke arc current qulckly reaches its ﬁrst zero as it varies at natural frequency The
n the line is now =3V, and once again the two halves of the circuit are separated and the line

ated at this potential. After about half a cycle further, the aforesaid events are repeated even on
'. formidable scale and the line may be left with a potential of 5V, above earth potential. Theo-
¥ this phenomenon may proceed infinitely increasing the voltage by successive increment of

.,While the above description relates to the worst possible conditions, it is obvious that if the gap

neakdown strength does not increase rapidly enough, successive re-strikes can build up a dangerous
e in the open circuit line. However, due to leakage and corona loss, the maximum voltage on
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troke starts. The stroke mechanism is as under :
As Sodn as the air near the cloud breaks down, a streamer called leqdel: Streamer or pjlog
' streamer starts from the cloud towards the earth and carries charge with it as shown in Fig,
A 4.4 (i). The leader streamer will continue its journey towar Elsearth aS}??}s%i?ﬂSmdggg,
.~ from which it originates feeds enough charge to it to maintain gt adient at the tip of leader
 sireamer above the strength of air. If this gradient is not maintained, the leader streamer

stops and the charge is dissipated without the formation of a complete stroke. In other

@,‘fﬁ?fﬁacféf?tfé@inef'ixfiﬁ“ﬁbt' reach the earth. Fig. 24.4 (i) shows the leader streamer™

being unable to reach the earth as gradient at its end cloud not be maintained above the
strength of air. It may be noted that current in the leader streamer is low (<100 A) and its

velocity of propagation is about 0-05% that of velocity of light. Moreover, the luminosity
of leader is also very low.

ARt

S R——

: CIon Cloud

PR + 4+ + + + ++ ++
PTTTTT7 777777777 7777
(@) | (i1)
Fig. 24.4

(i) In many cases, the leader streamer continues its journey towards earth [See Fig. 24.4 (ii)]
until it makes contact with earth or some object on the earth. As the leader streamer moves
towards earth, it is accompanied by points of luminescence which travel in jumps giving
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: d leaders. The velocity of stepped leader exceeds one-sixth of that of light
and dl‘stance travelled in one step is about 50 m. It may be noted that stepped leaders have
et l‘umim)Sity and give rise to first visual phenomenon of discharge.
Th? Path of leader streamer i a path of ionisation and, therefore, of complete breakdown
of Insulation. Ag the leader streamer reaches near the earth, a refurn streamer shoots up
iom the carth [See Fig. 24.4 (iif)] to the cloud, following the same path as the main };hgnmr_lfl
Of the downward leader. The action. can be compared with the closing of a switch between
the positive and negative terminals; the downward leader having negative charge and re-
turn streamer the positive charge. This phenomenon causes a sudden spark which we call
lightning. With the resulting neutralisation of much of the negative charge on the cloud,

any further discharge from the cloud may have to originate from some other portion of it.
The following points may be noted about lightning discharge :

(@) A lightning discharge which usually appears to the eye as a single flash is in reality made up
of a number of separate strokes that travel down the same path. The interval between them

varies from 0-0005 to 0-5 second. Each separate stroke starts as a downward leader from
the cloud. '

Tise to steppe

(i)

It has been found that 87% of all lightning strokes result from negatively charged clouds
and only 13% originate from positively charged clouds.

It has been estimated that throughout the world, there occur about 100 lightning strokes per
second.

(¢)

(@) Lightning discharge may have currents in the range of 10 kA to 90 kA.

24.6 Types of Lightning Strokes

There are two main ways in which a lightning may strike the power system (e.g. overhead lines,
towers, sub-stations etc.), namely;

1. Direct stroke 2. Indirect stroke

I Directstroke. In the direct stroke, the lightning discharge (i.e. current path) is directly from
the cloud to the subject equipment e.g. an overhead line. From the Tine, the current path may be over
the insulators down the pole to the ground. The overvoltages set up due to the stroke may be large
enough to flashover this path directly to the ground. The direct strokes can be of two types viz.
(i) Stroke A and (ii) stroke B.

) //Af7 Support Support

(i)

| Fig. 24,5 &
i ,i(i) In stroke A, the thtning discharge is from the cloud to the subject equipment i.e. an over

¢
1
j

g head line in this case as shown in Fig. 245 (/). The cloud will induce a charge of dﬁf)osit
siasleit ' e
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sign on the tall object (e.g. an overhead line in this case). When the potential between the 3
cloud and line exceeds the breakdown value of air, the lightning discharge occurs between

the cloud and the line.

(#i) In stroke B, the lightning discharge occurs on the overhead line as a result of stroke A
between the clouds as shown in Fig. 24.5 (ii). There are three clouds P, Q and R having
positive, negative and positive charges respectively. The charge on the cloud Q is bound
by the cloud R. If the cloud P shifts too near the cloud Q, then lightning discharge will
occur between them and charges on both these clouds disappear quickly. The result is that
charge on cloud R suddenly becomes free and it then discharges rapidly to earth, ignoring
tall objects.

Two points are worth noting about direct strokes. Firstly, direct strokes on the power system are
very rare. Secondly, stroke A will always occur on tall objects and hence protection can be provided
against it. However, stroke B completely ignores the height of the object and can even strike the
ground. Therefore, it is not possible to provide protection against stroke B.

2. Indirect stroke. Indirect strokes result from the electrostatically induced charges on the
conductors due to the presence of charged clouds. This is illustrated in Fig. 24.6. A positively
charged cloud is above the line and induces a negative charge on the line by electrostatic induction. i
This negative charge, however, will be only on that portion of the line right under the cloud and the |
portions of the line away from it will be positively charged as shown in Fig. 24.6. The induced ‘
positive charge leaks slowly to earth via the insulators. When the cloud discharges to earth or to
another cloud, the negative charge on the wire is isolated as it cannot flow quickly to earth over the i
insulators. The result is that negative charge rushes along the line is both directions in the form of |
travelling waves. It may be worthwhile to mention here that majority of the surges in a transmission ‘
line are caused by indirect lightning strokes.

/«‘/—:*_\\
T \
+)
+ + +/
\\_ £+ 8
______ +
_:"t++++ PR A ++++_ 4+
B +
+ +
)
Fig. 24.6

24.7 Harmful Effects of Lightning™

A direct or indirect lightning stroke on a transmission line produces a steep-fronted voltage wave on
the line. The voltage of this wave may rise from zero to peak value (perhaps 2000 kV) in about 1 ps
and decay to half the peak value in about Sus. Such a steep-fronted voltage wave will initiate travel-
ling waves along the line in both directions with the velocity dependent upon the L and C parameters
of the line.

(i) The travelling waves produced due to lightning surges will shatter the insulators and may
even wreck poles.

(¢£) If the travelling waves produced due to lightning hit the windings of a transformer or gen-
erator, it may cause considerable damage. The inductance of the windings opposes any
sudden passage of electric charge through it. Therefore, the electric charges “piles up”’
against the transformer (or generator). This induces such an excessive pressure between

7 the windings that insulation may breakdown, resulting in the production of arc. While the

‘normal voltage between the turns is never enough to start an arc, once the insulation has
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- broken down and 4

B a0l suffici t an arc' ha§ been started by a momentary overvoltage, the line voltage is
_ Y . .G?n to .mamtazn the arc long enough to severely damage the machine.

If the arc is initiated in any part of the power system by the lightning stroke, this arc will set

- up very disturbing oscillations in the line. This may damage other equipment connected to
i the line.
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24.11 Lightning Arresters

;Ifhe earthing screen and ground wires can well protect the electrical system against direct hghtmng
strokes but they fail to provide protection against travelling waves which may reach the terminal
‘app argtus The lightning arresters or surge diverters provide protection against such surges.

hghtmng arrester or a surge diverter is a protective device which conducts the high voltage
n the power system fo the ground.
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Fig. 24.8 )

Fig. 24.8 (i) shows the basic form of a surge diverter. It consists of a spark gap in series with a
non-linear resistor. One end of the diverter is connected to the terminal of the equipment to be
protected and the other end is effectively grounded. The length of the gap is so set that normal line
voltage is not enough to cause an arc across the gap but a dangerously high voltage will break down
the air insulation and form an arc. The property of the non-linear resistance is that its resistance
decreases as the voltage (or current) increases and vice-versa. This 1s clear from the *volt/amp
characteristic of the resistor shown in Fig. 24.8 (ii).

Action. The action of the lightning arrester or surge diverter is as under :

(/) Under normal operation, the lightning arrester is off the line i.e. it conducts **no current to
earth or the gap is non-conducting.

(i) On the occurrence of overvoltage, the air insulation across the gap breaks down and an arc
is formed, providing a low resistance path for the surge to the ground. In this way, the
excess charge on the line due to the surge is harmlessly conducted through the arrester to
the ground instead of being sent back over the line.

(@iii) Itis worthwhile to mention the function of non-linear resistor in the operation of arrester.

As the gap sparks over due to overvoltage, the arc would be a short-circuit on the power
system and may cause power-follow current in the arrester. Since the characteristic of the
resistor is to offer high resistance to high voltage (or current), it prevents the effect of a
short-circuit. After the surge is over, the resistor offers high resistance to make the gap
non-conducting. :

Two things must be taken care of in the design of a lightning arrester. Firstly, when the surge is
over, the arc in gap should cease. If the arc does not go out, the current would continue to flow
through the resistor and both resistor and gap may be destroyed. Secondly, / R drop (where [ is the
surge current) across the arrester when carrying surge current should not exceed the breakdown strength
of the insulation of the equipment to be protected.

2412 Types of Lightning Arresters e
i There are several types of lightning arresters in general use. They differ only in constructional details
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but operate on the same principle viz. providing low resistance path for the surges to the ground. We
shall discuss the following types of lightning arresters :

1. Rod gap arrester 2. Homn gap arrester

3. Multigap arrester 4. Expulsion type lightning arrester

3. Valve type lightning arrester

1. Rod Gap Arrester. It is a very simple _&/
type of diverter and consists of two 1-5 cm rods | Rod ttz)o'r]_\rr:eec:te;ci
which are bent at right angles with a gap inbetween

as shown in Fig. 24.9. One rod is connected to

the line circuit and the other rod is connected to

earth. The distance between gap and insulator Transformer
(i.e. distance P) must not be less than one-third of ~ Bushing SaplicdigEn
the gap length so that the arc may not reach the
insulator and damage it. Generally, the gap length
1s s0 adjusted that breakdown should occur at 80%

«—Rod connected

of spark- over voltage in order to avoid cascad- to earth
ing of v eEp wav i - \

ing of very §t p wave fronts across the 1n511{13 / R \

tors. The string of insulators for an overhead line | tank

on the bushing of transformer has frequentlyarod / \

gap across it. Fig. 24.9 shows the rod gap across /

/ \
the bushing of a transformer.

Under normal operating conditions, the gap Fig. 24.9
remains non-conducting. On the occurrence of a high voltage surge on the line, the gap sparks over

and the surge current is conducted to earth. In this way, excess charge on the line due to the surge is
harmlessly conducted to earth.

Limitations
(1) After the surge is over, the arc in the gap is maintained by the "normal supply voltage,
leading to a short-circuit on the system.
(i) The rods may melt or get damaged due to excessive heat produced by the arc.

(zif) The climatic conditions (e.g. rain, humidity, temperature etc.) affect the performance of
rod gap arrester.

(zv) The polarity of the surge also affects the performance of this arrester.

Due to the above limitations, the rod gap arrester is only used as a ‘back-up’ protection in case of
main arresters.

2. Horn Gap Arrester. Fig. 24.10 shows the horn gap arrester. It consists of two horn shaped
metal rods A and B separated by a small air gap. The horns are so constructed that distance between
them gradually increases towards the top as shown. The horns are mounted on porcelain insulators.
One end of horn is connected to the line through a resistance R and choke coil L while the other end
is effectively grounded. The resistance R helps in limiting the follow current to a small value. The
choke coil is so designed that it offers small reactance at normal power frequency but a very high
reactance at transient frequency. Thus the choke does not allow the transients to enter the apparatus

: - tobe protected. The gap between the horns is so adjusted that normal supply voltage is not enough to

i cause an arc across the gap.
- Under normal conditions, the gap is non-conducting i.e. normal supply voltage is insufficient to
arc between the gap. On the occurrence of an overvoltage, spark-over takes place across

The "W F MMM S ST ED G, o [ R T D T DR

an - . SIS EOURERE T _._..L_Jin}
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Choke coil -
To apparatu
to be protected L 3
2 [B
R § A iy Horn
U
?
Gap G
Earth
Fig. 24.10

the *small gap G. The heated air around the arc and the magnetic effect of the arc cause the arc to

travel up the gap. The arc moves progressively into positions 1, 2 and 3. At some position of the arc
(perhaps position 3), the distance may be too great for the volta
the arc is extinguished. The excess charge on the line is thus
ground.

ge to maintain the arc. Consequently,
conducted through the arrester to the

Advantages
(¢) The arc is self-clearing. Therefore, this type of arrester does not ¢
the system after the surge is over as in the case of rod gap.

(i) Series resistance helps in limiting the follow current to a small value.
Limitations

ause short-circuiting of

(i) The bridging of gap by some external agency (e.g. birds) can render th
(i) The setting of horn gap is likely to change due to COrrosion or pitting. This adversely
affects the performance of the arrester,
(¢7i) The time of operation is comparat.ively long, say about 3
operating time of modern protective gear for feeders,
Due to the above limitations, this type of arrester is not reliable and can only be used as 4 second
line of defence like the rod gap arrester. : ey

e device useless.

seconds. In view of

556 the very short
this time is far long.
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€Xpensive equipment.
5. Valve ty

: P€ arrester. Valve type arresters incorporate non-linear resistors and are exten-
sively used on sy

stems operating at high voltages. Fig. 24.13 (i) shows the various parts .of a va}lve
type arrester. It consists of two assemblies (i) series spark gaps and (ii) non-linear resistor dlsf:S
(m'flde O,f material such as thyrite or metrosil) in series. The non-linear elements are connected in
series with the spark gaps. Both the assemblies are accommodated in tight porcelain container.

(©) The spark gap is a multiple assembly consisting of a number of identical spark gaps n
series. Each gap consists of two electrodes with a fixed gap spacing. The voltage distﬁpu-
tion across the gaps is linearised by means of additional resistance elements (called grading
resistors) across the gaps. The spacing of the series gaps is such that it will withstand Fhe
normal circuit voltage. However, an overvoltage will cause the gap to breakdown, causing
the surge current to ground via the non-linear resistors.

(#Z) The non-linear resistor discs are made of an inorganic compound such as Thyrite or Metrosil.
These discs are connected in series. The non-linear resistors have the property of offering
a high resistance to current flow when normal system voltage is applied, but a low resis-
tance to the flow of high-surge currents. In other words, the resistance of these non-linear
elements decreases with the increase in current through them and vice-versa.

Current
2 —— Spark Gaps
Porcelain ; and 3
hiod2ind \ Grading
L~ resistors
Spark
s \
+ Set of
non-linear
Non-linear Resistors
resistors / N \\‘
=== :
hoid h = e S
(0)
§ 1
' Fig. 24.13 (i2)

: . Working. Under normal conditions, the normal System voltag
air gap assembly. On t_he oceurrence of an overvoltage

s place and the surge currgn_t 1s conducted to earth yj,
£ surge current s very large, the non-linear elemengs v:

¢ is insufficient to cause the break-

~down of , the breakdown of the series spark

f
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- passage of surge. The result is that the surge will rapidly go to earth instead of being sent back over
 the line. When the surge is over, the non-linear resistors assume high resistance to stop the flow of
current.
Advantages :
(i) They provide very effective protection (especially for transformers and cables) against
surges.
(ii) They operate very rapidly taking less than a second.
(i) The *impulse ratio is practically unity.
Limitations
(i) They **may fail to check the surges of very steep wave front from reaching the terminal
apparatus. This calls for additional steps to check steep-fronted waves.
(i) Their performance is adversely affected by the entry of moisture into the enclosure. This
necessitates effective sealing of the enclosure at all times.

Applications. According to their application, the valve type arresters are classified as (i) station
type and (i7) line type. The station type arresters are generally used for the protection of important
equipment in power stations operating on voltages upto 220 kV or higher. The line type arresters are
also used for stations handling voltages upto 66 kV.

24.13 Surge Absorber “—

The travelling waves set up on the transmission lines
by the surges may reach the terminals apparatus and
cause damage to it. The amount of damage caused not
only depends upon the amplitude of the surge but also
upon the steepness of its wave front. The steeper the
wave front of the surge, the more the damage caused
to the equipment. In order to reduce the steepness of
the wave front of a surge, we generally use surge ab-
sorber.

A surge absorber is a protective device which
reduces the steepness of wave front of a surge by ab-
sorbing surge energy.

Although both surge diverter and surge absorber
eliminate the surge, the manner in which it is done is
different in the two devices. The surge diverter diverts
the surge to earth but the surge absorber absorbs the
surge energy. A few cases of surge absorption are dis-
cussed below :

(i) A condenser connected between the line and earth can act as a surge absorber. Fig. 24.14
shows how a capacitor acts as surge absorber to protect the transformer winding. Since the
reactance of a condenser is inversely proportional to frequency, it will be low at high fre-

‘quency and high at low frequency. Since the surges are of high frequency, the k¥ capacitor
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aCts as a short circuit and passes them directly to earth. However, for power frequency, e
Teactance of the capacitor is very high and practically no current flows to the ground.

R

Line

" Line
_\I\ Transformer ¢ Transformer
Cl .

Fig. 24.14

Fig. 24.15

(if) Another type of surge absorber consists of a parallel combination of choke and resistance
connected in series with the line as shown in Fig. 24.15. The choke offers high reactance to
surge frequencies (X, =2 mfL). The surges are, therefore, forced
to flow through the resistance R where they are dissipated. _Metal sheet

(#ii) Fig. 24.16 shows the another type of surge absorber. It is called ——~<00000 ———
Ferranti surge absorber. It consists of an air cored inductor con-
nected in series with the line. The inductor is surrounded by but
insulated from an earthed metallic sheet called dissipator. This ar- -
rangement is equivalent to a transformer with short-circuited sec-
ondary. The inductor forms the primary whereas the dissipator forms
the short-circuited secondary. The energy of the surge is used up in the form of heat gener-
ated in the dissipator due to transformer action. This type of surge absorber is mainly used
for the protection of transformers.
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Fig. 24.16
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(i) 1))
- Fig. 24.17

Fig. 24.17 (i) shows the schematic diagram of 66 kV Ferranti surge absorber while Fig. 24.17 (ii)

 shows its equivalent circuit.
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