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Briefly explain how to determine a suitable peak lightning current rating of an
arrester. Also, explain how the peak current rating is related to the energy class of

an arrester.

(7 marks)

A 300 kV substation transformer in a solidly grounded neutral system needs to be
protected by a surge arrester with a nominal discharge current of 20 kA and energy
class 4 (corresponding to Specific energy of 12.0 kJ/kV (Uies), Short-circuit/Pressure
relief capability of 65 kAsym, Specified long-term load of 2500 Nm, Specified short-
term load of 4000 Nm, Maximum Ujes 20ka, 8/20/Ur = 2.50, Maximum Ures 1kA, 3060/ Ur
= 1.98). The transformer basic lightning impulse withstand level is 1050 kV peak.
The following information is available:

ZnO residual voltage/length = 290 V/mm, Level II Creepage length/voltage =

28.7 mm/kV, minimum switching impulse2s02500 ps, wet Withstand voltage = 1.25

Utes 14, 30/60 (peak), fault level = 1.5 p.u., krov, 10s = 1.075.

Design a suitable arrester for this transformer. Your design should include a suitable
rated voltage of the arrester, corresponding protection level and margin of protection,
length of the ZnO blocks required, minimum lightning impulse withstand of the
housing, minimum phase-to-earth switching impulse withstand of the housing,
creepage length, number of housing unit required, and the requirement of a grading

ring.

(10 marks)

Table Q.1c shows the information of an MO arrester in a solidly earthed neutral 50
Hz system.
i. Draw the equivalent circuit of the surge arrester
il. Accurately sketch the applied voltage and currents (resistive, capacitive, and
total) versus time (for 1 cycle)
iii. Determine the 3-phase system rated voltage
iv. Determine the equivalent capacitance of the ZnO surge arrester

Neglect all harmonic components.
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Table Q.1c
Parameter Value
Ipeak capacitive (mA) 1.7
Ipeak resistive (mA) 0.13
Frequency (Hz) 50
Vpeak (kV) 350

(8 marks)

Q.2 a) The insulation coordination standard divides the voltage systems into two different

b)

categories, namely range I (Um < 245 kV) and range II (Um > 245 kV). Explain

the differences between the two ranges and the effects on the final values of

withstand voltages.

(6 marks)

Briefly explain the differences between deterministic and statistical determination of

the coordination factor, K., as defined in the standard insulation co-ordination

procedure.

(4 marks)

A 24 kV substation is to be designed. Design the insulation withstand voltages for

the substation. The following information is available:

Neutral earthing:
Altitude, H:
Maximum TOV level (p-p) =
Uet =

Upt =

Up =

n=

A=

Ly =

L.=

L =

Ucw Fro =

K internal =

K external =

Ka phase-carth = Ka phase-phase
SDWinternal =

SDW cxternal =
LIWinternal =

isolated
1000 m

1.15 p.u. rms
3.0 p.u. peak
4.4 p.u. peak
1.0

80 kV peak
4

2700

100m

42 m

5 m for external and 3 m for internal

1.15
1.05
1.13
Urw x 0.5
U x 0.6
Umwx 1.1
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LIWexternal = U x 1.06

(15 marks)

Q.3 a) Accurately sketch the electric field lines for the configuration shown in Fig. Q.3a.

Fig. Q.3a
(5 marks)

b) With the help of the diagram in Fig. Q.3b, and if F; is the energy for element i and

@i is the potential at node i, for example, when i=1, F; is simplified to
& @1 - @2 2 @2 _ @3 2
F, = — Ax Ay,
14I(Ax)+(Ay)xy

show that the equation for minimisation of energy in the FEM is given by

oF

1
1

where F is the total energy of all six elements.

Then, show that the solution of finite element method is similar to that for finite

difference technique.
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Fig Q.3b. Triangular elements associated with node 1

(10 marks)

¢) A hollow building in the shape of a cube is made of metal sheets for all its walls and
roof. The floor of the building is however isolated from the rest of the building using
special insulation. The floor is grounded to the grounding system. The dimension of
the cube is given as 4 m x 4 m x 4 m. If a lightning with a peak voltage of 2 MV strikes
the roof of the building, determine the peak voltage at the central point (exactly at the
centre of the cube) and estimate the peak vertical electrical field just 0.05 m above the
central point. You should use a minimum of 16 square meshes and two iterations to
solve this problem.

(10 marks)



Q4 a)

b)

c)
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Using suitably labelled diagrams, briefly explain the working principles of a
transient earth voltage sensor when used to measure a partial discharge signal.
Describe its advantages and name a typical application of this sensor.

(8 marks)

Briefly explain the followings:
i. Advantages and disadvantages of a PD measuring system using a coupling
capacitor.
ii. The working principle of an optical technique for PD detection, and its
typical applications.
(10 marks)

A partial discharge underground cable mapping measurement using a very low
frequency (VLF) supply was carried out on a 0.55-km long cable. If the time
difference between the two pulses measured is 4.9 ps, determine the location of
discharge from the injection point. Assume wave travels at 0.31 x 10® m/s in the
cable and discharges occur only at one point.

(7 marks)
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Appendix I (extracted from IEC 60071-1)

Table 2 — Standard insulation levels for range | (1kV < U, = 245 kV)

Highest voltage Standard rated short- _Stanfjar-u_l rated
for equipment duraticn lightning impulse
(Ul power-frequency withstand voltage
kv withstand voltage
{r.m.s. valug) kW o ;"" lue)
{r.m.s. value} ‘pedk valug]
20
3,8 10
40
40
7.2 20
il
il
12 28 75
BE
75
T.5e 38
BE
BE
24 50 125
145
145
3G 70
170
52 g8 250
72.5 140 325
[150) (380}
100" -
185 450
(185) [450)
123
230 550
(185) (450)
145 230 550
T8 G50
{230) (950)
170" 278 G50
125 750
(275) (650)
{328) (T80
245 360 850
05 850
460 1050
WOTE If values in brackeis are considered insufficient fo prove that the reguired
phase-io-phase withstand voliages are met, additional phase-to-phase withstand
voltage 1ests are needed.
%  These U, are non preferred values in IEC 80035 and thus no most frequently
combinations standardized in apparatus standards are given.
B This U, value iz not mentioned in IEC 60038 but it has been introduced in range |
in some apparatus standards.
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Table 3 — Standard insulation levels for range Il (Ug, > 245 kV)

v;{g;:ﬂfhr Standard rated BW":GI'I“'IE ||'|"IF||J|QE withetand 'lmltagn standard rated
squipmant Longitudinal Phase-io-sarth | Phass-to-phase | '8 “f;‘l't’:‘gt'::&“ lag
Un) Insulation * voltage ¥
- [ratio to the -
KV ) h . KV phase-to-sarth ) h .
[r.m.s. valug) (peak value) (peak valug) paak valus) (peak valug)
B30
750 750 1,50
930
200 =
930
750 850 1,50
1050
5]
350 850 1,50
1050
362
1050
350 250 1,50
1175
1050
a5a B850 1,60
1175
1175
420 950 950 1.50
1300
1300
950 1050 1,50
1425
1175
|950 950 1,70
1300
1300
S50 950 1050 1,60
1425
950 1425
1175 1,50
1020 1550
1675
1175 1300 1,70
1800
1800
800 1175 1425 1,70
1950
17e 1550 50 1950
; 1.6¢
1300 2100

WOTE The Introducilon of Uy above 300 kV |s under conslderation, and 1050 kv, 1100 kv and
1200 kW are listed a& U, In IEC 60033 Amendment 2, 1937.

Value of the Impulse component of the relevant combined test while the peak value of the power-
frequancy companent of opposite polarity Is U, = 42 / <3,

Thesa values apply as for phase-to-earth and phase-to-phase Insulatlon as well; for longliudinal
Insulation they apply as the slandard rated lightning Impulse component of the comblned standard
rated withstand voltage, while the peak value of the power-fraquancy component of oppasite

podarity 1s 0,7

« U = 42 1 43,

This Uy, I8 @ non preferred value In IEC S0038.
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