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Abstract – This paper describes the selection of 

component at design level. In this paper various criteria is 

explained in brief to achieve the design parameter. As 

High Voltage DC (HVDC) transmission is becoming more 

popular in the present scenario of bulk power 

transmission over long distance transmission, it is 

required to study the testing of various insulation 

materials at laboratory level in under graduate and post 

graduate course curricula. Since, generation and 

handling of high voltage is very dangerous and required 

skilled personnel in the laboratory. In addition, it is very 

much costly. If any institute or educational organizations 

wish to install high voltage laboratory in their premise 

they need huge investment including the civil structure. 

Apart from the basic requirement, a precise development 

of electrical circuit is required in order to generate high 

voltage in the laboratory.  
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1. INTRODUCTION 
 
Quite a few researchers are active in the field of high voltage 
engineering. It is noteworthy that the system for generation 
of high voltage for educational laboratories for the study of 
high voltage phenomena is very challenging task. In order to 
achieve the same one need well developed laboratories with 
all safety precaution as per the rules. Various methods and 
techniques has been developed to achieve high rated voltage 
to study the phenomena of high voltage testing and 
measurement. Obviously, playing with high voltage 
engineering is fascinating for everyone. Very first, N. Tesla 
had successfully experimented various high voltage 
technique to reduce the loss of transmission even for the 
longer distance. High voltage is becoming integrated part of 
electrical power system along with x-ray generation, medical 
advancement and other field [1]. In year 1930 J. D. Cockcroft 
and E.T.S. Walton had proposed circuitry for generation for 
high voltage using Grienacher Voltage Doublers circuit for 
the study of high voltage generation for positive ion emission 

from the hydrogen and other element [2]. In their successive 
submission they had presented the application of Cockroft 
Walton Voltage Multiplier (CWVM). Insulation testing of 
cable, disc insulator and other electrical insulator draws 
heavy current if they are tested under the high voltage AC. In 
[3] author had detailed the advantages of CWVM for the 
small and handy device so that the cost and weights are 
minimized. In the same work author presented a paper for 
the optimal utilization of the dynamic performance of the 
circuit. However, rating of such device depends on the 
breakdown strength of the material.  

 
A wide application of DC high voltage and their 

methods of generations are discussed by the various authors 
[1, 4, 15, 19]. In this work, author had got the attention of 
research community towards the best utilization of high 
voltage engineering. In addition, the various limitations for 
the study of high voltage engineering came to light. However, 
this work is again a proportional of the high investments to 
be made for the development of laboratories and to keep it 
functional all the time. BHEL (Bharat Heavy Electrical 
Limited), IISc (Indian Institute of Science, Banglore), JEC 
(Jabalpur Engineering College), and other CFTI (Centrally 
Funded Technical Institutes) have functional and well 
developed laboratories. Nonetheless, some of the institutes 
provide consultancy on high voltage testing for the recovery 
of revenue as well as for further extension of laboratory. 
However, this limitation is overcome by the [8] to reduce the 
cost for generation of high voltage in the laboratory. In this 
work, author had presented an active and functional model 
of generation of high voltage using CWVM up to 60 [kV] in 
the educational laboratory. An extension of work is 
mentioned in [27] which rated up to 110 [kV] to generate the 
functional level of the multiplier. In this paper, authors had 
achieved a minimization of ripple of voltage at earlier stages 
with common capacitor rating. Also, no load behavior is 
discussed in both [8, 27]. However, there is no clear 
explanation of selection of capacitor and the diode (passive 
and active component respectively)  

 
In this paper a criteria for the selection of parameter 

and device rating has been discussed. Although, for the clear 
selection of the number of stages depends on the test level 
voltage requirement. In laboratory high level of generation 
can be made using the multiple converters. Yet, the rating 
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may be limited up to 1000 [kV] for successful study of 
various phenomena.  

 
This paper is divided as follows, in section-II 

fundamental and known working is presented. Section-III 
describes the selection of various elements; section-IV 
compares the simulation results between the usual selection 
and proposed selection scheme. At section-V conclusion is 
presented.  

 
2. Operating Principle.  
 

 
Fig. :- 1 Grienacher Voltage Doubler Circuit [1, 4, 5, 27 ] 

Fig-1 shows the well known device structure for the voltage 
doubler which is used to double the input voltage at terminal 
A-B. It is well known the performance of half wave rectifier 
bridge for the generation of pulsating DC. But after point M it 
gets doubled at load end.  
  

3. Selection Criteria.  
 
This section describes the various criteria for the selection of 
various element including the number of stages for the 
desired output level. In addition, required limit of ripple in 
output voltage is considered to minimize the selection of 
capacitor size. 

 
3.1 Selection of Number of Stages. 
 
Here [8] and [27] presented a strict number of stages for the 
CWVM circuit once the system is assembled it is not possible 
to dismantled the system to get a lower voltage level. Then 
selection of stages needs to be in accordance with the 
required output voltage and the total drop till the final stage.  
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In the above equation if the value comes a fraction then the 
nearest greater integer is considered for the selection.  

 
3.2 Selection of Capacitor 
 
Generally, capacitor is selected based on ripple content 
in the output voltage. In order to minimize the ripple 
one need to define the voltage level at the various 

ripple content. Hence it is important to consider the 
output level either we are considering at final stage or 
any intermediate stage. In this work only final stage 
ripple is considered, to minimize the ripple at final 
stage a way to achieve it is to minimize it at earlier 
level.  
Mathematically, capacitor size is given as for a specific 
ripple level is, 
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For a specific cases in [8,27] a equal magnitude of 
capacitor has been selected to avoid the complexity of 
the multiplier. 
  
Ripple for final output stage is given by equation (4) in this 
equation frequency of operation is same as that of supply 
frequency while the output ripple is considered as the some 
fixed percentile of the output voltage. 
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In this case supply frequency is considered as 50 [Hz]. To 
minimize the final stage voltage ripple one can minimize the 
intermediate stage. A detailed optimal technique will be 
presented in future work.  

 

 
Fig. :- 2 Variation of Ripple Voltage at Different Stages 

In fig 3 it is very much clear that at higher stages ripple is 
much higher. This figure is important for investigation of 
stage where the higher Capacitor can be installed to achieve 
the minimum ripple at final stage.  
Generally, equal capacitance causes a non linear 
characteristic of ripple most commonly a quadratic function 
as at each level voltage ripple get doubled. While, in the non 
equivalent condition ripple characteristic may become less 
quadratic. 
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3.3 Selection of Diode. 
 
 Diode at each level performs two major operations as firstly, 
it conducts to discharge the every capacitor at each level and 
secondly it blocks the reverse voltage to prevent the 
unwanted conduction. Generally, series-parallel 
combinations are used to maximize the level blocking 
voltage.  But number of diode for each level is determined by 
its Peak-Inverse-Voltage.  
 
It is advisable to select diode according to [27] as smoothing 
and Oscillating column. In this view, both columns will block 
a different voltage level to get the output at different level.  
 

 
4. Simulation Results.  

 
Fig. :- 3 Simulation Setup 

 

 
Fig. :- 4 Variation of Ripple Voltage at Different Stages 

 
 

Table I Parameter Value for Simulation 

Parameter Numerical Value [unit SI] 

Input Voltage to Primary 

of X’mer VP 

230[V] 

Secondary Voltage 10000 [V] 

Supply Frequency, f 50 [Hz] 

Capacitor, C 100 [nF] 

Number of Stages, n 7 

 

 
Fig. :- 5 Variation of Ripple Voltage at Different Stages and 

frequency 
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Fig. :- 6 Variation of Ripple Voltage at Different Stages and 

frequency 
 

 
Fig. :- 7 Variation of Voltage at Different Stages with source 

 
 
 

 

5. CONCLUSIONS 
 
This paper ideates the selection of device on the bases of the 
performance of the multiplier. It is noteworthy that for 
higher level of multiplier circuit selection of component 

becomes important issue to deal with. Generation of High 
Voltage at laboratory up-to 100kV is designed and 
simulated for laboratory level. In this work effect of diode 
drops and parasitic resistance of capacitor is considered. 
Basically, selection of capacitor and its rating is main part of 
concern. compares the result between the usual selection  
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