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Cock-croft Walton voltage multiplier as a
voltage source to three electrode setup of
volume resistivity measurement

Saneha Sapehia* and Jaspreet Singh Chahal**

ABSTRACT

The cock-croft Walton voltage multiplier isan eectric circuit used to produce high dc voltage from low ac voltage.
The CW model ismanufactured by ladder network of capacitor and diode. Asit isknown that volumeresistivity is
the major specification to determine the performance of the insulation material, as the resi stivity may be used to
determinethe didlectric breakdown, dissipation factor, moisture content etc. Sofar two el ectrode testing equipment
was used for measuring the volume resistivity of material, neglecting the effect of surfacecurrent .Asaresult high
amount of testing error may exist during testing of insulation material. To improve the testing precision three
electrode testing equipment has been established for minimizing the effect of surface current. In thistest system a
sampleis taken and el ectrodes are placed on the top and bottom of sample. In this work three electrode volume
resistivity measurement system had been designed on the PSPICE simulation. This paper will present the effect of
theripple contents present in the supply voltage. The source voltage to volumeresistivity measurement system can
be applied by apure dc voltage source or a Cock-croft Walton voltage multiplier. Here Cock-croft voltage multiplier
circuit is also used as voltage source. Theeffect of theripple present in the Cock-croft voltage multiplier circuit will
be seen in the volume resistivity of the material. Cock-croft Walton is also designed on PSPICE
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1. INTRODUCTION

In recent years, it was recognized that due to high insulation properties electrical insulating materials are
being used in high voltage application to provide insulation for various apparatus. Insulating material may
be in form of solid, liquid or gas. These materials must acquire high insulation properties for different
operating parameters. There are various test performed on these material to ensure that these material does
not get damaged in case of high voltage testing. Thesetestsare basicaly related to measurement of resistance
or resistivity. for different operating condition. The main function of electrical insulation is to resist the
electrical stress. In spite any dielectric material exposed under electric field will have dielectric polarization
phenomenon. Basically dielectric phenomenon is to state the performance of insulation material under
external electrical field. When external electric field is applied to insulating material there will be shift in
positive and negative charges in material.

So far this two electrode method was being used for resistivity measurement, neglecting the effect of
surface current. There will be high error in measurement of volume resistivity, in case of material with high
resistivity. To neglect the effect of surface current a three electrode system was established, in which an
extra electrode called as guard electrode was being used Thus in a smple way we can measure the volume
resistivity of any insulating material by applying a known source voltage to material and then calculate the
resistance, neglecting the effect of surface current. A three electrode system is displayed in below:
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1.1. Current in Didlectric

As stated above resistivity of insulating material is obtained by calculating resistance value, resistance is
measured by value of consistent voltage V applied across dielectric specimen and steady state value of
volume current |,. As constant voltage is employed across dielectric specimen, result in flow of volume
current, which decline continuoudly to asteady state value. |n case of insulating material with large resistivity
value ,the duration afterward volume current arrive at steady state value may take extreme time as hours, a
week or even year. If insulating material has low resistivity then volume current reaches its steady state
value within few minute. Meanwhile it was detected that decline of the volume current does not only
depend on dielectric material but also on the space charge.
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Figure 1: Three electrode testing system
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Figure 2: resistivity, volume current- time characteristics
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2. MODELLINGAND SIMULATION

Asexplained earlier that in this study designing of three electrodes measuring system and Cockcroft Walton
voltage multiplier will be done.

2.1. Modelling of Three Electrode Test System

Asitisshowninfig. (1) Thevoltageisapplied acrossthe high voltage electrode and the measuring electrode
(guarded electrode) across which electrometer is connected is guarded by guard (ring electrode) electrode.
The measuring electrode is placed under the insulation of guard electrode. The top view of three electrode
testing system is:
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Asshown in above fig the measuring electrode is shielded with guard electrode . There will be adistance
between guard electrode and measuring electrode and this distance isfilled with air. Air gap isalso takenin
studies because there will be effect of thisair gap into measuring of current across the system. The formula
given for the measurement of capacitance is:

Capacitance = (K*R)/9* 10° farad
Where K is dielectric constant =1.01; and R is radius
From the above formula the capacitances are
» Capacitance of guard electrode = 3.64PF

» Capacitance of main electrode = 1.402 PF
» Capacitance across air gap =. 056 PF

It was cleared that these capacitance are not distributed on asingle point they are distributed all over the
electrode. So after the calculation the total capacitance of electrode and air gap the distributed circuit of the
three electrode model was designed and these total capacitances are distributed in the circuit.

Now this model is smulated in PSPICE A/D LITE. The distributed capacitances are shown in above
figure. Inthis model the specimen under insulation of guard electrode, air gap, main electrodes are shown.
Asit was discussed above the capacitance is distributed all over the circuit and also there will be resistance
in the circuit. Asit is known that there is always some resistance present in the material. These resistances
are distributed in form of parallel and series circuit. Here rc are the internal resistance of the capacitance.
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Figure 4: time- resigtivity characteristics for a DC source

The time- resistivity characteristics in case of pure DC as voltage source are plotted in MATLAB software
are illustrated below:

2.2. Modelling of Cock-croft Walton Voltage Multiplier

The cock-croft Walton voltage multiplier is an electric circuit used to produce high dc voltage from ac
voltage. Inthiswork afive stage Cockcroft Walton model was designed on PSPICE A/D LITE. Asherewe

had connected five capacitances between ground and output terminal so this model is called a five stage
CW circuit.
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Figure 5: CW voltage multiplier

The output voltageis twice the peak input voltage multiplied by the number of stage N. Then output of
the circuit is

VO = 2NVs

Vi = Applied voltage

Vs = Peakinput voltage

Here Vi = 7kv so Vs = 9.898kv and N = 5 therefore
VO = 98.98kv

This cock croft voltage multiplier will be simulated on PSPICE. The output of Cockcroft model is
displayed below:

Figure 6: output of CW model
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3. RESULTSAND DISCUSSION

When this output of Cockcroft model is used for powering the three electrodes setup the time —resistivity
characteristics are presented below:

It isseenthat fromfig. (4) And (6) that the resistivity measurement is greatly affected by applied source
voltage. Ripple in the output of the Cockcroft mode give high inaccuracy in measurement of resistivity.
From earlier studies it was explained that the resstivity of sample increase with time .But there is a large
effect of the voltage source applied to the three electrode system. From above figure it is shown resistivity
of the material gradually raises up but also there are effects of ripple present in the time resistivity
characteristic of material and thus it is cleared from this figure that there will be inaccuracy in resistivity
measurement. It is also seen that there will be rising in the voltage level but the voltage level had not
reached its output value of 99 kv because with larger number stages there is voltage drop across each of
diode during charging period .
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Figure 7: timeresigtivity characteristics, cock-croft Walton model as voltage source

4. CONCLUSION

From all of the above studies it was cleared that for use of any insulating material in the high voltage
application volume resistivity is an important aspect to determine the strength of the material. This paper
attempt to design a three electrode model for precise measurement of volume resistivity. Here cock-croft
Walton voltage multiplier was also designed and this model is used as voltage source .Further the effects of
ripple present in voltage source are shown in resistivity measurement of material

REFERENCES

[1] LiangYing, ChenYixin, LiuYunpeng, Thedevelopment of thethree-electrode testing system for the volumeresistivity of
compositeinsulation materials, 978-1-4577-0547-2/12©2012 | EEE.

[2] Michas Lisowski, issues of volumeresistivity measurement of solid dielectrics and eval uation of uncertainty of results by
approximate method at a confidence level of .95 Index 330930, | SSN 0860-8229.



Cock-croft Walton voltage multiplier as a voltage source to three electrode setup... 8107

(3]
[4]

(5]

(6]

(8]

(9]

[10]

Micha? lisowski * Minimization of the effect of diel ectric specimen Electrization on theresults of measurement of volume
resistivity’ Metrol. Meas. Syst. Vol. XV1 (2009), No 3, pp. 403-413.

Michad Lisowski*, Ryszard Kacprzyk* , Edmund Motyl*, Pawe? Gadézki* ‘ Space chargeinfluence on theresults of volume
resistivity measurementsin solid dielectrics Proceedings, XVII IMEK O World Congress, June 22 —27, 2003, Dubrovnik,
Croatia.

Michal lisowski and ryszard kacprzyk ‘ change proposed for the IEC 60093 standard concerning measurements of the
volumeand surfaceresstivity’ sof dectrical insulating materials . IEEE Transactionson Didlectricsand El ectrical Insulation
Vol. 13, No. 1; February 2006.

M. Lisowski, M. Adamowska, W. £uszczkiewicz: “Issues of volume and Surface Resistivity Measurement”. MKM
Conference, val. 111, Wroclaw, 2002, pp. 91-102

V.M.Moreno, R.S.Gorur Ac and dc Performance of Polymeric Housing Materials for HV Outdoor Insulators | EEE
Transactionson Didlectricsand Electrical Insulation[J]. Vol. 6

R. Wilkins, M.J.Billings Effect of discharges between el ectrodes on the surface of organic insulation [J]. PROC. |EE,
Vol. 116, No. 10, OCTOBER 1969

loannis C. Kobougiasand Emmanuel C. Tatakis Optimal ‘ Design of aHalf Wave Cock-croft-Walton Voltage Multiplier
with Different Capacitances per Stage’ 2008 |EEE.

Francis Hwang, Ying Shen, and Shesha H. Jayaram ‘Low-Ripple Compact High-Voltage DC Power Supply’ |IEEE
TRANSACTIONS ON INDUSTRY APPLICATIONS, VOL. 42, NO. 5, SEFTEMBER/OCTOBER 2006





