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Abstract— In this paper an equivalent circuit model of 

impulse voltage generator with capacitive load of bushing is 

analyzed by simulation method. The effect on the R1, R2 that 

is front and tail resistance respectively with variation in ratio 

C1/C2 by using different stages of equivalent circuit model of 

impulse voltage generator has been analyzed for a standard 

impulse wave (1.2/50µs). The ratio C1/C2 decreases with the 

increase in number of stages in equivalent circuit model of 

impulse voltage generator for the same capacitive load of 

bushing.  
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I. INTRODUCTION 

An impulse voltage is a unidirectional voltage that rises from 

zero to a maximum value in a very short time and dies away 

more or less to zero in a comparatively greater time without 

appreciable oscillations. An impulse wave is specified by its 

peak value, wave front time (t1) and wave tail time (t2). In the 

wave shape small oscillations are tolerated, provided that 

their amplitude is less than 5% of the peak value of the 

impulse voltage. If there is no flash over during generation of 

impulse voltage wave, it is called full impulse wave otherwise 

chopped impulse voltage wave. 

A full impulse voltage is characterized by its peak 

value and its two time intervals the wave front and wave tail 

time interval.  

A. Wave Front Time Interval 

It is the time taken by the wave to reach to its peak value 

starting from zero.  

Standard tolerance allowed for wave front time is 

±30% so, the wave front time the values should be between 

0.84μs and 1.56μs. 

B. Wave Tail Time Interval 

The nominal wave tail time is measured between the nominal 

starting point and the point on the wave tail where the voltage 

is 50% of the peak value. Standard tolerance allowed for 

wave tail time is ±20%. So, the wave tail time the values 

should be between 40μs and 60μs. 

 
Fig. 1: Full impulse voltage waveform 

1) Equivalent Circuit Diagram of Multistage Impulse 

Voltage Generator: 

Two different form of equivalent circuit of impulse voltage 

generator are shown in Fig 2(a) & (b) respectively. 

 
Fig. 2(a): 

 
Fig. 2(b): 

Fig. 2: Diagram of equivalent circuit of Impulse Voltage 

Generator 

In the above two diagrams it can be seen that when 

R2 is on the load side of R1 (Fig. 2(a)) the two resistances 

form potential divider which reduces the output voltage 

whereas when R2 is on the generator side of R1 (Fig. 2(b)), 

there is no loss of voltage because these resistances do not 

form potential divider. Here C1 represents the generator 

capacitance and C2 represents the capacitive load of bushing.  

A capacitor C1 is previously charged to a particular 

D.C voltage is suddenly discharged into the wave shaping 

network by closing the switch S. The discharge voltage V0(t) 

shown in Fig. 2 gives rise to the desired double exponential 

wave shape. 

II. SIMULATION OF IMPULSE VOLTAGE GENERATOR WITH 

CAPACITIVE LAOD OF 34.5 KV BUSHING 

A. Simulation of Equivalent Circuit Model of 3 Stages 

Impulse Voltage Generator 

 
Fig. 3: Simulation Circuit (A) 
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1) Combination Used for Generator Capacitor C1 in 

Equivalent Circuit Model (A) 

 
Fig. 4: combination of generator capacitance C1 

Here, 

V0 = maximum output voltage = 58.33×3= 175kv 

C1 = generator capacitance = (0.33/8) = 0.04125µf = 41.25nf 

C2 = the capacitive load of 34.5kv bushing = 0.40nf 

R1 = front resistance 

R2 = tail resistance 

C1/C2 = (41.25/0.40) = 103.125  

These parameter values have been used in the model 

and the values of R1 = 460Ω and R2 = 1700Ω is obtained to 

get a standard impulse voltage wave. The simulation view of 

standard impulse voltage wave is shown in Fig. 5.  

B. Simulation View 

 
Fig. 5: Simulation with C1/C2 =103.125 

Wave front time (T1) = 1.226µs Wave tail time (T2) = 

50.267µs 

The maximum output voltage obtained from simulation = 

170.55kv 

Here to get a standard impulse voltage wave 

multiple numbers of simulations has been done by varying 

parameters front resistance (R1) and tail resistance (R2) and 

during the simulation it is observed that whenever R1 

increases corresponding wave front time (T1) increases and 

vice versa. It is also observed that whenever R2 increases 

corresponding wave tail time (T2) increases and vice versa. 

Combination of generator capacitor C1 in equivalent circuit 

Model (A) when C1/C2 = 137.5 

 
Fig. 6: combination of generator capacitance C1 when C1/C2 

= 137.5 

Here, 

C1 = generator capacitance = (0.33/2) × (1/3) = 0.055µf = 

55nf 

C2 = the capacitive load of 34.5kv bushing = 0.40nf 

C1/C2 = (55/0.40) = 137.5 

In this combination the generator capacitor C1 is 

larger and C1/C2 ratio is larger than 106.5 that is out of range 

provided for standard impulse voltage wave (1.2/50µs). It is 

observed from simulation for this generator capacitor 

combination by keeping all parameters same, the standard 

impulse voltage wave (1.2/50µs) has not been obtained. 

C. Simulation of equivalent circuit of 5 stages Impulse 

Voltage generator 

 
Fig. 7: Combination of generator capacitance C1 in 

Equivalent Circuit of 5 stages impulse voltage generator              

Here, 

V0 = maximum output voltage = 35.20×5 = 176kv 

C1 = generator capacitance = (0.33/2) × (1/5) = 0.033µf = 

33nf 

C2 = the capacitive load of 34.5kv bushing = 0.40nf 

R1 = front resistance 

R2 = tail resistance 

C1/C2 = (33/0.40) = 82.5 

These parameter values have been used in the model 

and the values of R1 = 620Ω and R2 = 2100Ω is obtained to 

get a standard impulse voltage wave. The simulation view of 

standard impulse voltage wave is shown in Fig. 8. 
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D. Simulation View 

 
Fig. 8: Simulation with C1/C2 = 82.5 

Wave front time (T1) = 1.25µs Wave tail time (T2) = 50.25µs 

The maximum output voltage obtained from simulation = 

170.34kv 

Here to get a standard impulse voltage wave 

multiple numbers of simulations has been done by varying 

parameters front resistance (R1) and tail resistance (R2). 

III. CONCLUSION  

The simulation results of both equivalent circuit model of 3 

stages and 5   stages having C1/C2 ratios 103.125 and 82.5 

respectively show that the C1/C2 ratio decreases with the 

increase in number of stages for the same capacitive load of 

bushing and when the C1/C2 ratio decreases the 

corrosponding front and tail resistance increases to get a 

standard impulse voltage wave and viceversa. The persentage 

change in R1 and R2 has  been calculated as 34.78% and 

23.53% respectively. It is observed that when C1/C2 ratio 

137.5 i.e out of limit (6 < C1/C2 < 106.5) , the standard 

impulse voltage wave has not been observed while beeping 

other parameters same. It is also observed during the 

simulation that whenever R1 increases by keeping other 

parameters constant corresponding wave front time (T1) 

increases and vice versa and when R2 increases by keeping 

other parameters constant corresponding wave tail time (T2) 

increases and vice versa. 
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