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Q1. In a laboratory, switching impulses are applied to a post insulator in order to 

determine the basic switching impulse insulation level (BSL) of the post 

insulator. The results of the test are shown in Table Q1.  

 

a) Determine the critical flashover voltage (CFO) 

 

b) Calculate the BSL using statistical equation, and what is the percentage of 

flashover at this condition? 

 

Table Q1 

Applied crest voltage, 
kV 

No. of “shots” No. of flashovers 

900 100 2 

1000 40 20 

1050 40 33 

1075 100 93 

960 40 7 

980 40 16 

960 40 10 

 



 

Q2. Figure Q2 shows a transformer which has an impulse insulation level of 1050 

kV. It is to be operated with an insulation margin of 15% under lightning 

impulse conditions. The transformer has a surge impedance of 2250 Ω and is 

connected to a transmission line having a surge impedance of 450 Ω. 

 

A short length of overhead earth wire is to be used for shielding the line near 

the transformer from direct strikes. Beyond the shielded length, direct strokes 

on the phase conductor can give rise to voltage waves of the form 960 e-0.04t kV 

(with t expressed in µs). 

 

If the corona distortion in the line is represented by the expression; 
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determine the minimum length of shielding wire necessary in order that the 

transformer insulation will not fail due to lightning surges. 
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Figure Q2 

 



 

Q3. Figure Q3 shows lines AJ (Zo = 300 Ω, 150 km), BJ (Zo = 400 Ω, 40 km), cable 

CJ (Zo = 40 Ω, 60 km) and line DJ (Zo = 400 Ω, 90 km) meeting at a junction J. 

A rectangular surge of 100 kV with the propagation  velocity of 3 × 108 m/s 

originating on AJ. 

 

a) Determine the reflected and transmitted first surge voltages and currents 

at junction J for line AJ and cable CJ. 

 

b) If terminal B, C and D in Figure Q3 are on open circuit, determine and 

sketch voltage waveforms at J for the first 300 µs after the step surge first 

arrives at J. 
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Figure Q3 

 

Q4. A 500 kV steep fronted wave (rate of rise 1000 kV/µs) reaches a transformer 

of surge impedance 1600 Ω through a line of surge impedance 400 Ω and 

protected by a lightning arrester with a protective spark-over level of 650 kV, 

90 m from the transformer as shown in Figure Q4. 

 

 



 

 

Figure Q4 

 

a) Sketch the voltage waveforms at the arrester location. 

 

b) Determine the time at which the arrester operates. Assume all waves 

travel at 3 × 108 m/s. 

 

 

Q5. A surge arrestor is required to protect a 20 MVA, 132/33 kV, three-phase 

transformer. The transformer is effectively earthed and has an impulse 

insulation level of 550 kV with a surge impedance of 1600 Ω. With appropriate 

calculations, select the required discharge current rating for the arrester to 

protect it from 930 kV surges arriving on a transmission line with a surge 

impedance of 400 Ω. Table Q5 shows the characteristics for station type 

lightning arrestor. 

 

Table Q5 

Discharge current 

(kA) 
5 10 20 

Discharge voltage 

(kV) 
316 350 418 

 

 

 


