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Q1 (a) 1- lonmization: The process of build-up of high currents in a breakdown,
in which electrons and ions are created from neutral atoms or molecules, and their
migration to the anode and cathode respectively leads to high current.

2- Townsend’s first ionization coefficient or primary ionization coefficient (a)
: It is the average number of ionizing collisions made by an electron per

centimeter travel in the direction of the field where it depends on gas pressure p
and E/p.

3-Townsend’s secondary ionization coefficient y : It is defined in the same way

as o, then the net number of secondary electrons produced per incident positive
ion, photon, excited particle or metastable particle and the total value of y due to

the four different processes. It is the probability of addition new electrons being

liberated by these mechanisms, further avalanches are initiated and are called as
secondary electron avalanches.

4- SELF SUSTAINED DISCHARGE:
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Figure : I-V characteristics for Townsend’s breakdown mechanism

The rapid increases of ionization processes in the gap region are called avalanches process.
When the region 1V, anode current will be increased very sharply depending on secondary
ionization processes initiated from the primary avalanche. This is called self- sustained
discharge. The current magnitude could reach infinity and the value is limited only by the
external resistance. Even the current behavior would not change even if the UV light source is

removed. and the process is independent of light source or voltage source. Finally, the gas is to
be breakdown. The

()
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Q1 (b) 1-THE MAIN PROPERTIES OF A SOLID DIELECTRIC FOR
ELECTRICAL INSULATION :A good dielectric should have low dielectric

loss, high mechanical strength, should be free from gaseous inclusions, and
moisture, and be resistant to thermal and chemical deterioration. Solid dielectrics
have higher breakdown strength compared to liquids and gases.

2- TYPES OF SOLID INSULATING MATERIALS: Solid insulating materials,
which are generally used in practice, are of two types, namely, the organic
materials, such as paper, wood and rubber, and the inorganic materials, such as
mica, glass and porcelain, and synthetic polymers, such as perspex, PVC, epoxy
resins, etc.

3- Insulsation Classes: The insulating materials are grouped into different classes
O, A, E, and B with temperature limits of 90°C, 105°C, 120 and 130°C ;
respectively. Classes O and A cover the various organic materials without and with
Impregnation respectively, class E for synthetic materials, while classes B to C
Cover inorganic materials, respectively with and without a binder.

Class Y (formerly O) 90°C Paper, cotton, silk, natural rubber, polyvinyl chloride,
etc., without impregnation.

Class A 105°C Same as class Y but impregnated, and nylon.

Class E 120°C Polyethylene terephthalate (terylene fibre, melinex film), cellulose
triacetate, polyurethanes, polyvinyl acetate enamel.

Class B 130°C Mica, fibreglass (alkali free alumino borosilicate), bitumenized

asbestos, Bakelite, polyester enamel.

Class F 155°C As class B but with alkyd and epoxy-based resins.

Class H 180°C As class B with silicone resin binder, silicone rubber, aromatic
polyamide, polyimide film (enamel, varnish and film).
Class C Above 180°C As class B, but with suitable non-organic binders; teflon

( pol}’tetraﬂuoroethylene), and other high-temperature polymers. Sub-groups in
class C are 200°C, 220°C and 250°C and above.

(2)
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QU (B ) 4 Streamer Theory

Townsend mechanism when apphied to breakdown at atmospheric pressure is found
to have certain drawbacks. Firstly. according to the Townsend theory. current growth
ocvuns bevause of jonization processes only. But in practice, breakdown voltages
were found to depend on the gas pressure and the geometry of gap and electrodes.
Secondly, the mechanism predicts time lags of the order of 107 s, while in actual
practice breakdown is observed t0 occur at very short time of the order of 10" s, the
Townsend mechanism failed to explain the observed phenomena and Streamer

Streamer process

Figure shows the streamer mec

hanism. The streamer mechanism have several
process. there were
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Streamer Mechanism
B ;‘- - . - G - Plasma of positive
B ions and electrons forms
the streamer channel

L/JE1 .‘ln
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H — Streamer tip

| — Production of free
electrons by photon
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J - Streamer propagating
close to cathode
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Q2 ( C) HEAT GENERATED IN A SOLID DIELECTRIC SPECIMEN

When alternating voltage of rms magnitude U and frequency f is applied to an insulator having

nsulation current is

total effective capacitance C. The reactive part of the total i

I, = wCU

The active part of the total insulation current is
{y =1 TADLO
i, = CU tan o

Hence the active power loss “p ”isgiven by .
ac

P =il

ac
£,E,A4

d
U = Ed

P, =m C: U2 -tano
O =

—

plate condenser of area A and gap distance d

Considering a parallel

having dielectric with relative permittivity € forming a uniform field E
r

b gy

oW, 1=
fVARY)
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in this case. the dielectric |10SS€S

where V . the volume of the dielectric, is given by ( Ad) clc
olume of the dielectric, its

depend upon the applied fi eld intensity and its frequency, V
relative permittivity, and the loss tangent.

. tt
p =E V.o "%
dc dc
2
P = E .o watt/cm3
dc dc
P .= oL Ve tano  wall

3

= &0 Ezar tan o watt | cm

107”7 107"

Eo = F/m = F/cm
367 3677
10-—41
P. = B 27 fE*tand watt | cm’
367
E?fe tano
P = /¢, — watt | cm’
1.8%x10
p =52 ” watt/cm3
dc " dc

.. Heat generated E, = P, .t watt sec

(9)
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HV AC GENERATION
he weight of the whole

is desired to cascade two or more.
ction become easier. Also,

ltage may be reduced, since cascaded units need not
d in single stage transformers for

for such voltages for a

Q2 ( d ) Cascade transformer for
For voltages higher than 400 K'V, it
unit is subdivided into single units an
with this, the transformer cost for a given vo
individually possess the expensive and heavy insulation require
high voltages exceeding 345 kV. It is found that the cost of insulation

single unit becomes proportional to square of operating voltage.
I

d, therefore, transport and ere

o
L]

-
»5<|D

Figure 1 : A basic scheme for cascading three
transformers.

ﬁ ]
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|
I
|
| |
r i I
| == |
: Elp: :ng P } 2y e Figure 1 shows a basic scheme for |
i F ] : cascading three transformers. The primary
' 4 : of the first stage transformer is connected
! i

4 to a low voltage supply. A voltage IS

available across the secondary of this

[
I |
! |
L gSs
D QfIS v transformer. The tertiary winding of first
l : stage has the same number of turns as

¥ L4 g
the primary winding and feeds the primary

second stage transformer is connected in series with the secondary

The secondary winding of the
ge of 2V is available between the ground and the

winding of the first stage transformer, so that a volta
terminal of secondary of the second stage transformer.

Similarly, the stage-ll| transformer is connected in series with the secon
the output voltage between ground and the third stage transformer, secondary is 3V.

d stage transformer. With this

ction of transformers . The low voltage terminal of the secondary
| transformer is earthed. The tanks of stage-lI and

ctively above earth and, therefore, these must

4- Figure 1 shows metal tank constru
winding is connected to the tank. The tank of stage
stage-lll transformers have potentials of V and 2V, respe

be insulated from the earth with suitable solid insulation.
5. The loading of various windings Is indicated bv P in Figure 1. For the three-stage transformer, the total

output VA will be 3VI = 3P and, therefore, each of the secondary winding of the transformer would carry

P/V. The primary winding of stage-lIl transformer is loaded with P and so also the tertiary

acurrentof | =
the second stage transformer would be

winding of second stage transformer. Therefore, the primary of
t stage primary would be loaded with P.

loaded with 2P. Extending the same logic, it is found that the firs
Therefore, while designing the primaries and tertiaries of these transformers, this factor must be taken

into consideration.
(1°)
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