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Instructions

o Answer all questions and show all working.
e Time allowed = 3 hours

e Full marks = 100

Question 1

A 600 kV bipolar high voltage direct current transmission line has pole conductors arranged lin-
early at a height of 30 m and separation distance of 20 m, each pole has a 4 conductor bundle with
a conductor radius of 1.8 cm and a geometrical radius R = 28 cm.

Determine:

e The equivalent radius of the conductor bundle.

e The potential coefficients, the total charge on the conductor bundle and the average and
average maximum bundle gradient on the pole conductor.

e If corona occurs on the pole conductor through the use of Peek’s empirical expressions with
the pressure at an altitude of 1000 m is 670 torr, the temperature is 30°C and the conductor
surface roughness is m = 0.7.

(25 Marks|

Question 2

Describe the phases of the pollution flashover mechanism of a ceramic insulator include any sketches
that would aid in the description.

Describe two cases (ceramic or non-ceramic) where this mechanism is not applicable and why.

[15 Marks]



Question 3

A transmission line is situated in an area with ground flash density of 9 strikes/kin?/year and has
2 shielding wires at a height of 35 m spaced 10 m apart and phase conductors at a height of 30 m.
The phase conductor has an insulator flashover voltage (Usg) of 880 kV and a surge impedance of
260 Q.

Determine the number of strikes per 100 km per year to the line.

e Determine I..;;.

Describe the concept of ‘perfect shielding’.

Determine the optimal separation distance for ‘perfect shielding’.

Determine the probability of a lightning strike causing a shielding failure.

[15 Marks]

Question 4

A metal oxide surge arrester has resistive elements with non-linear characteristics described by
R = 240017955 The arresters are to be installed at the end of an 33 kV distribution line.
Considering the characteristics of the surge arrester:

e Determine the rms current that will flow through through each arrester under normal oper-
ating conditions.

e Determine the dissipated power.

e Comment on the calculated values. Is there a problem?

e Compare the MOA to a gapped arrester.

[15 Marks|



Question 5
Sketch a circuit representation of the dielectric and the cavity and explain what each component

represents. Derive from first principles an expression to determine the inception voltage of a partial
discharge. If the cavity has a depth of 0.2 mm and pressure of 1 bar, determine the inception

voltage.

Electrode

Cavity

d=4mm

D = 6cm

FElectrode
[15 Marks|

Question 6

Sketch a partial discharge measurement system (including the device under test) and discuss each
component in the circuit.

[15 Marks]



Useful Formulae
0.308

Constants | Enegative| = 31md(1 + ﬁ) [kV/cm]
Standard temperature: tg = 20°C
Standard pressure: Py = 760 torr 0.301
Permittivity of free space: €9 = 8.85x1071?F/m |Eacpeak| = 29.8mé(1 + —=) [kV/em)]
Vore
Formulae Relative air density:
Electric field in relation to a line charge ¢: = 5273—_‘_%
Py 273 +t
Fo !
2meor Voltage across cap and pin insulator string:
The equivalent bundle radius: sinh /%ﬂn
. V,=V— Y&
Teq = (fnar-l); sinh \/ %’;—N
Relationship between @ and V: Efficiency of cap and pin insulator:
[Pl =1[V] ne —
-1 ! NVN
Q= [PI77[V]

Resultant electric field: Method of determinants:
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271’50
Self potential coeflicient:
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11022033 + 12G23G31 + 013021032

Mutual potential coefficient:
— a31022013 — (32G23@11 — 433021012

1 D;;
P = 1 2
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Probability of negative lightning stroke:
P 1
D;; = \ﬂ(xi —z;)? + (ys + 95)? 1+ (f2)26
dyy = \/((% —2)% + (y; - y;)? Average number of strikes to line:

28h06 1 b
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Attractive radius:

Average bundle gradient:

B, =211

“a — n 2mweor Ra — 0.67h?.671’0.74
Average maximum bundle gradient: Flashover current:

_ _nr 2Us0

Eam = Ea [1 + (TL 1)R] Iy = Z_O

Peek’s empirical expressions: Shielding separation:
o 0.24
IEpositivel = 337m6(1 + \/(S_T‘:) [kV/cm] Xsp =R, — R% — (Y; — Yp)2



Reflection co-efficient:

 Z,- 2

=T

Insulator flashover volt-time curve:

710
U(t) = (400+ ﬁ) w
Switching impulse stength of airgaps:
3400

Uso = kﬁg

Voltage at protected equipment:

Usguip = Ua + 22142 x5
v

Protective zone:

N (UBIL

L,==—
PTOAN\ 115

- Ua) X Lsp

Paschen's eqn:

Vi = 6.721/pd + 24.36(pd)



