
 

 

 

Abstract—A graphical user interface (GUI) tool built using 

MATLAB programing is presented in this paper. Using this tool, 

impulse generator (IG) parameters can be designed and efficiency of 

IG can be calculated. Purpose of developing this GUI tool is to 

provide an easier interface to a difficult mathematical algorithm 

written in a programming language. This way anyone, regardless of 

programming knowledge that it holds, can use this GUI for 

determining the parameters and analyzing efficiency of IG. In this 

paper, two different impulse generator circuits, according to the 

location of Wave Tail Resistance (WTR) are considered for analysis. 

With the help of GUI tool, IG design parameters and efficiencies for 

two different IG circuits are calculated and analyzed. A SIMULINK 

model of IG is created to verify the accuracy of calculated parameters 

and efficiency. 
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I. INTRODUCTION 

HIS paper presents a graphical user interface (GUI), 

developed for design and efficiency analysis of an impulse 

generator (IG). GUI [1] is a pictorial interface to a program. A 

well-developed GUI can make programs easier to use, giving 

them a friendly appearance and can free the user from learning 

complex command languages. A good GUI makes an 

application easy, practical, and efficient to use. GUIs provide 

point-and-click control of software programs, eliminating the 

need to learn a language or type commands in order to run the 

program. Performing tests and analysis on IG needs a high 

voltage facility, as well as there are safety risks involved due 

to high voltages. With the advancements in computer 

programs and simulation technology, the GUI presented in this 

paper is used to simulate high voltage experiments on IG and 

efficiency analysis of IG is performed without need of any 

high voltage set up.  

An Impulse generator is an electrical apparatus which 

produces very short high-voltage or high-current surges. Such 

devices can be classified into two types: impulse voltage 

generators and impulse current generators. High impulse 

voltages are used to test the insulation strength of electric 

power equipment against lightning and switching surges. High 
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impulse currents are needed to perform tests on equipment 

such as lightning arresters, insulators and fuses. IG has many 

other technical applications such as lasers, thermonuclear 

fusion, and plasma devices. Impulse waves generated by IG 

are used to perform Impulse tests on HV equipment to 

determine the ability of high-voltage equipment to withstand 

lightning strikes and switching over voltages.  

II.  PRINCIPLE AND OPERATION OF IMPULSE GENERATOR 

A. What is Impulse Generator? 

Impulse generator (IG) generates very steep-front wave 

shapes, knows as Impulse Waves that are similar to a lightning 

wave [2]. Fig. 1 shows the standard Impulse wave shape with 

peak voltage reached in time t1 (1.2 µS) and the tail of the 

wave decaying to a level of 50 percent of the peak in time t2 

(50 µS). The time t1 is called as Wave Front Time and time t2 

is called as Wave Tail Time [3].  
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Fig. 1 Standard Impulse Wave shape 

B. Impulse Generator Equivalent Circuit 

Fig. 2 represents an exact equivalent circuit of a single stage 

impulse generator along with a typical load. C1 is the 

capacitance of the generator charged from a dc source to a 

suitable voltage which causes discharge through the sphere 

gap. The capacitance C1 may consist of a single capacitance, in 

which case, the generator is known as a single stage generator 
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or alternatively if C1 is the total capacitance of a group of 

capacitors charged in parallel and then discharged in series, it 

is known as a multistage generator.  

L1 is the inductance of the generator and the leads 

connecting the generator to the discharge circuit. L1 is usually 

kept as small as possible. The resistance R1 consists of the 

inherent series resistance of the capacitances and leads. R1 

often includes additional lumped resistance inserted within the 

generator for damping purposes and for output waveform 

control. L3, R3 are the external elements those may be 

connected at the generator terminal for waveform control. 
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Fig. 2  Exact equivalent circuit of a single stage impulse generator 

with a typical load 
 

R2 and R4 control the duration of the wave. However, R4 

also serves as a potential divider when a CRO is used for 

measurement purposes. C2 and C4 represent the capacitance to 

earth of the high voltage components and leads. C4 also 

includes the capacitance of the test object and of any other 

load capacitance required for producing the required wave 

shape. L4 represents the inductance of the test object and may 

also affect the wave shape appreciably. Usually for practical 

reasons, one terminal of the impulse generator is solidly 

grounded. The polarity of the output voltage can be changed 

by changing the polarity of charging voltage [2]. 

The multi-stage impulse generator uses several capacitors 

charged in parallel. These capacitors are then discharged in 

series to achieve higher voltages from a relatively lower 

voltage source. The capacitors are discharged by use of 

spheres, which act as switches. This design was credited to    

E. Marx in 1923 [2]. Therefore, the multi-stage impulse 

generator is commonly referred as a Marx generator. 

In this paper, single stage Marx generator circuit is used for 

analysis. For evaluation of the various impulse generator 

circuit elements, the analysis using the equivalent circuit of 

Fig. 2 is quite rigorous and complex. Therefore, two simplified 

but more practical forms of IG circuits, based on the location 

of wave tail resistance R2 are shown in Fig. 3 and Fig. 4. Fig. 3 

illustrates the first circuit in which the wave tail resistance R2 

is connected on load side (RCLS) of R1. The two resistances 

R1 and R2 form a potential divider which reduces the output 

voltage hence reducing the output voltage efficiency of the 

impulse generator. 

Fig. 4 depicts the second circuit in which the wave tail 

resistance R2 is connected on the generator side (RCGS) of the 

resistance R1. The voltage loss which existed in RCLS circuit, 

due to the potential divider formation, is absent in case of 

RCGS circuit. Hence the RCGS configuration of IG circuit 

gives better voltage efficiency compared to RCLS circuit. 
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Fig. 3 Wave tail resistance R2 connected on load side (RCLS) 
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Fig. 4 Wave tail resistance R2 connected on generator side (RCGS) 

 

Where, 

C1   – Generator capacitor, charged to voltage V0  

C2   – Load capacitance 

R1   – Wave front time control resistance 

R2   – Wave tail time control resistance 

V0  – Capacitor charging or input voltage 

V(t)   – Output Voltage 

SG    – Spark Gap (High Voltage Switch) 

C. Mathematical Analysis of IG Circuit 

By applying Laplace Transform to RCLS circuit shown in 

Fig. 3, following relations are obtained [2]. 
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Similarly, for RCGS circuit shown in Fig. 4 
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Where, α, β and γ are time constants [2] depending on the 

circuit elements such as R1, R2, C1 and C2. 

The RCLS and RCGS circuits represented in Fig. 3 and Fig. 

4 are widely used and differ only in the position of the wave 

tail control resistance R2. The impulse generator circuit 

elements like C1, C2, R1 and R2 and many other parameters 

influence the efficiency of the generator. 

D. Problem Statement:  Design of IG parameters and IG 

Efficiency Calculation 

Design a single stage Impulse generator having capacitors 

rated at 25nF, 150kV. The capacitance of the test specimen is 

400pF. Determine the wave front and wave tail resistance to 

produce 1.2/50 µS impulse wave and calculate the maximum 

output voltage and efficiency, if the input voltage is 1 per unit 

(pu) [2]. 

Solution: In the problem statement, values of Impulse 
generator capacitor C1 and Load capacitance C2 are given as 
C1=25nF, C2=400pF. As well as the desired wave front time t1 
and wave tail time t2 are given as t1=1.2 µS and t2=50 µS, The 
values of IG parameters R1 and R2 and efficiency of IG needs 
be calculated. 

III. PROCEDURAL STEPS FOR DEVELOPMENT OF GUI TOOL 

A. Proposed Algorithm for IG Design  

The steps shown in flowchart of Fig. 5 are implemented 

using MATLAB programming to develop the GUI tool [4]. 

With the help of GUI tool created using MATLAB, impulse 

generator parameters and efficiency are calculated for RCLS 

and RCGS circuits. The obtained results are verified using IG 

simulation [5] created in SIMULINK.  

Start

Provide Inputs for Impulse 
generator capacitance C1, Load 
capacitance C2, wave front time 

t1 and wave tail time t2

Calculate Design Parameters α, β and γ

Calculate Values of Wave Front resistance 
R1 and Wave Tail Resistance R2

Observe calculated wave shape and 
efficiency

Are the wave shape and 
efficiency as per problem 

statement?

Perform simulation using GUI tool

Yes

No

Compare calculated and simulated values

End
  

Fig. 5 Flowchart for the GUI tool 
 

B. Analyzing Effect of WTR Location on IG efficiency using 

GUI tool 

For analysis of RCLS circuit, select „RCLS‟ in the GUI tool 

as shown in Fig. 6 and provide the inputs as shown in Fig. 7. 

The inputs are provided in the problem statement for impulse 

generator design. 

 

 
Fig. 6 Selection of RCLS circuit for analysis in the GUI tool 
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Fig. 7 Input parameters for impulse generator design 

 

Design parameters will be calculated and displayed as 

shown in Fig. 8. The formulae used to calculate design 

parameters α, β and γ of the impulse generator are given in (4), 

(5) and (6). If the design parameters are as per the 

requirement, the value of wave front resistance R1 and wave 

tail resistance R2 will be calculated using (2) and (3). 

 

 
Fig. 8 Impulse Generator Parameter Calculation for RCLS circuit 

 

Fig. 9 shows the plot of impulse generator output voltage 
(pu) vs. Time (10

-6 
Seconds).  

 

Fig. 9 Output wave form of impulse generator for RCLS circuit 
 

The maximum value of output voltage is around 0.7 pu for 
an input voltage of 1.0 pu. The output voltage is less because 
of connection of wave tail resistance R2 on the load side, the 
two resistors R1 and R2 form a potential divider, which reduces 
the output voltage. Due to the reduction in output voltage, the 
voltage efficiency of the RCLS circuit is poor. 

Similarly, design parameters and plot of impulse generator 
output voltage for RCGS circuit, are displayed in Fig. 10 and 
Fig. 11 respectively. 

 

Fig. 10 Impulse Generator Parameter Calculation for RCGS 
circuit 

 

 

Fig. 11 Output wave form of impulse generator for RCGS circuit 
 

Fig. 11 shows output waveform of RCGS circuit. Using 
RCGS, the desired wave shape is successfully achieved and 
the maximum value of output voltage is changed to 0.96 pu for 
same input voltage of 1.0 pu. The voltage efficiency of the 
RCGS circuit is better than RCLS circuit. Using the GUI tool 
presented in this paper, comparison of RCLS and RCGS IG 
circuits is done without HV facility. 

C. IG Simulation to Verify GUI Tool Calculations 

To verify the calculated values of impulse generator 
components and output wave shape, a simulation [6] is created 
using MATLAB SIMULINK. 

The GUI tool itself provides the facility to perform the 
simulation with the click of a single button. Once the user 
starts the simulation, the GUI tool is programmed to 
automatically transfer the calucated values of IG componets 
C1, C2, R1, R2, t1 and t2 to SIMULINK Model, perform the IG 
simulation with calculated values and the simulation results are 
displayed immediately in the same GUI tool. 

 
Fig. 12 SIMULINK model for RCLS circuit 
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The output wave shape obtained from simulation is 

displayed in Fig. 13. 

 

 
Fig. 13 Output wave-shape of simulation for RCLS circuit 

 

Comparing the waveforms Fig. 9 and Fig. 13, it is observed 

that the values calculated by GUI tool are correct and produce 

the desired wave shapes. 

Similarly, the simulink model of RCGS circuit is as shown 

in Fig. 14.  

 
Fig. 14 SIMULINK model for RCGS circuit 

 

 
Fig. 15 Output wave-shape of simulation for RCGS circuit 

D. Results produced by GUI tool 

The values of wave front time t1, wave tail time t2, output 

voltage V(t) and efficiency obtained by performing calculation 

and simulation using GUI tool are tabulated as shown in Fig. 

16 and Fig. 17 for RCLS and RCGS circuits respectively.  

From the results shown in Fig. 16 and Fig. 17, it is 
observed that GUI tool produces desired wave shape for given 
IG design problem. The values of t1, t2, output voltage and 
efficiency by calculation and simulation are closer to design 
requirements.  

 
Fig. 16 Results obtained using GUI tool for RCLS circuit 

 

 
Fig. 17 Results obtained using GUI tool for RCGS circuit 

 

Hence, it is verified that calculations done by GUI tool are 

correct. Though, the values of wave front time and wave tail 

time are not exactly same as given in problem statement, the 

values are within the tolerance limits specified by IEEE 

standard 4, 1995 [7] and Kuffel and Zaengl, 2000 [8]. The 

screenshot of GUI tool is shown in Fig. 18. 

An important point to be noted is, the efficiency obtained 

using RCLS circuit is 70.8%, which is lesser than the 

efficiency obtained using RCGS circuit which is 96.6 %. 

Hence, it is proved that the efficiency of IG changes according 

to the location of WTR, R2 and efficiency of RCLS circuit is 

inferior to the RCGS circuit. 

E. Discussions and Future Scope 

Using the GUI tool, Impulse generator parameters are 

calculated accurately and the desired wave shape requirements 

are achieved with ease. Also the effect of location of wave tail 

resistance R2 on the efficiency of generator can be observed 

without any manual calculations. Manual calculations are 

cumbersome as IG parameter calculations involve iterative 

procedure to arrive at desired requirements. GUI tool 

presented in this paper provides a simpler and faster way of 

calculating and verifying the IG parameters. From the above 

results obtained using GUI tool ,it is very clear that the 

efficiency of the RCGS circuit is far better than the RCLS 

circuit and using RCGS circuit, efficiencies closer to 100% 

can be achieved. 
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Fig. 18 Screenshot of the developed GUI Tool 

This application can also be used for analyzing effect of 

changes in values of IG components such on impulse generator 

efficiency.  IG design for different values of wave front time 

and wave tail time can be done using same GUI tool.  This 

GUI tool also provides the facility to verify calculation results 

for accuracy. 

IV. CONCLUSION 

The traditional ways of calculating impulse generator design 

parameters are tedious and time consuming, as iterative 

methods are involved. Programming simplifies and accelerates 

the process of IG parameter design and efficiency analysis. 

The GUI makes the use of software simpler for everyone to 

use, regardless of any programming knowledge. With the help 

of GUI tools, computer programs and simulations, modeling 

and analysis of complex engineering phenomena can be done 

with ease. Future work will be aimed at expanding GUI tool to 

design and analyze Multistage Impulse Generators.  
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