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Question 1 (20 marks)

(a) Describe briefly with the aid of suitable diagrams the avalanche
process in the breakdown of gaseous dielectrics.

(b) Derive the Townsend’s criteria for spark breakdown in a
gaseous dielectric.

(c)Explain very briefly, considering the breakdown of gaseous
dielectrics, why SFg is suitable in indoor substations.

(d) If the following measurements were made in a Townsend type
discharge, determine the values of the Townsend’s first and
second ionization coefficients.

d |1 [2 [3 |4 |5 [6 [8 [10 [12 [14 [16
(mm)
I 21 [24 |30 [34 |46 |51 [90 [120[175]290(494
(pA)

Question 2 (20 marks)

Describe briefly with the aid of suitable diagrams (where necessary)
the following:

(a) breakdown mechanisms in commercial oil insulation

(c) thermal breakdown of a solid dielectric,

(d) breakdown due to internal discharges, and

(e) mechanism of lightning discharge.
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Question 3 (20 marks)

(a) Compute the value of critical electric field (E¢) that would cause
a break down in a transformer oil with water globule that would
reach a condition of instability when (, the ratio of the longer to
the shorter diameter of the spheroid, of about 1.85. For a water
globule having R = 2.3 um with surface tension 0 = 43 dyne/cm,

and ¢; = 2.0 (transformer oil), €, = 90 for water globule.

(b) In an experiment for determining the breakdown strength of
transformer oil, the following observations were made.
Determine the power law dependence between the gap
spacing and the applied voltage of the oil.

Gap spacing 4 6 9 13
(mm)

Voltage at 100 | 150 | 220 | 265
breakdown

(kV)
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Question 4 (20 marks)

(a) A 132 —kV line is required to be used in PNG for transmission.
Select the BIL and BSL, for a heavy pollution level of 49.3
kV/m in a volcanic aerosol prone environment. Determine the
required number of string insulators for the vertical connected
string insulation. The standard insulator size of dimension are
of diameter of 254 mm and connection distance of 146 mm.

(b) Determine the required number of string insulators for the
vertically connected string insulation. The standard insulator
size of dimension are of diameter of 254 mm and connection
distance of 146 mm.

(Use a standard BIL of 750 kV for the 132 kV system)

(c) What is the function of a surge arrester?

(d) What are the causes for switching and power frequency over-
voltages? How are the power frequency overvoltages controlled
in a power systems?

3 of4



Question 5 (20 marks)

(a) A transmission line of surge impedance 500 Q is connected to a
cable of surge impedance 60 Q at the other end. If a surge of 500
kV travels along the line to the junction point, find the voltage
build-up at the junction?

(b) An underground cable of inductance, L = 0.25mH/km and C =
0.45 pF/km, is connected to an overhead line having inductance, L
= 1.5 mH/km, and capacitance, C = 0.015 pF/km.

Calculate the transmitted and reflected voltage and current waves at
the junction, if a surge of 100 kV travels to the junction,

(c) along the cable, and
(d) along the overhead line.

- END OF EXAM -
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