Volume 3, Issue 2, April 2016

ISSN: 2348-8565 (Online) )

International Journal of Modern
Engineering and Research Technology

Website: http://www.ijmert.org

Email: editor.ijmert@gmail.com

Analysis of Inductance Front Controlled Impulse Voltage Generator
Circuit By MATLAB Simulink

ABSTRACT

In this paper comparison of the resistance
front controlled (R.F.C.) circuit with
capacitive (C) load and resistance front
controlled circuit with capacitive inductive (C
-L) load has been done and both circuits are
analysed to obtain the impulse voltage wave
shape within the tolerance Ilimit
(1.2us+30%/50us£20%)by using Simulink/
MALTAB. It is found that in the R.F.C. circuit
with capacitive load impulse voltage wave
shape can be obtained easily by using fixed
ratio C;/C,but for capacitive inductive load it
is difficult to obtain impulse voltage wave
shape within the tolerance limit by using same
ratio C;/C,. It is also observed that wave tail
time can be obtained within the range but
wave front time cannot be obtained within the
range.

Keywords:—Model of impulse voltage
generator, capacitive load, Inductive load,
Simulink/MATLAB version R2010a.

1. INTRODUCTION

National and international standards
specifies a lightning impulse voltage of 1.2/50
us when impulse voltage testing of electrical
equipment is carried out. In the testing this
standard impulse wave can be easily generated
for the capacitive object. Difficulties arise in
getting the standard tail time of 40 to 60 ps in
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case of inductive object. For ultra-high-voltage
transformers it is found that their inductance is
never in any case lower than 15mH, so that the
standard time to half-value can always be
obtained when testing the high voltage
windings of these transformers merely by
using the ordinary testing circuit. Small
inductive loads which are often experienced in
practice when testing low-voltage windings of
generator transformers, or distribution
transformers results in a time less than 40us
with the conventional Marx impulse voltage
generator circuit.

According to K. Feser the inductance of
these equipment lies in the range of ImH to
12.4mH which appear in low voltage winding
of generator transformers and distribution
transformers. He proposed a modified impulse
voltage generator circuit. This circuit has a
lower limit of approximately SmH for impulse
capacitance of 1.1 uF and a time to half-value
of 40us, He says that the lower limit for
production of an acceptable wave shape with
this impulse generator circuit is reached with a
series resistance of 65 ohms and the
appropriate parallel resistance value and a
longer time to half-value can be obtained with
the modified circuits. He tested impulse
voltage generator practically with medium
inductive load of SmH. With the considered
value of the circuit a standard time to half
value can be obtained but in that circuit wave
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shape is obtained with a longer front time.
Hence modifications of the conventional
circuit thus become essential for a better wave
shape.

II. GENERAL ANALYSES OF THE CIRCUITS

(A) Analysis of basic impulse voltage circuit

having purely capacitive LOAD Cy/
C=66.66uF
Continugus
powergui
Rl

o Violtage Measurement mp

Figure 1: Simulation Circuit (4)

By using basic impulse voltage circuit
having purely capacitive load a standard
impulse wave form can easily be obtained
within the range.

Standard wave shape: - A standard wave
shape is specified by (1.2us+30%/50us£20%)

1.Effect of variation in R;and R, for the
fixed ratio C,/C,=66.66uF

The wave shape of the considered circuit
can be controlled by the generator capacitance
(Cy), load capacitance (C,).The effect of
impulse voltage waveform can be controlled
by wave front and wave tail resistancesR; is
varied from 75 to 160Q2 and R, is varied from
2600 to 30002 by keeping other parameters
constant.

Consider Table:(1) Simulation Result can
be obtain by using table :-(1)

SL. | Resis- [ Resis- [ Maximum Front Front
No. | tance | tance Output time T, | time T,
Ri(Q) | RO Voltage (ns) (us)
(KV)
1 75 2600 898.58 0.84 50.26
2 90 2700 896.27 1.22 50.26
3 110 2900 890.14 1.46 51.30
4 160 3000 887.18 1.55 59.58

Wave tail time (T5)

Figure 1(a) Simulation withC,/C,=66.66uF
Y-axis represents voltage V (t)& X- axis represents
Time period T (t)

(B) Analysis of Impulse Generator Circuit for
Medium Inductive Loading.

(6500uH to 13500 wH)

Voltage Measurement Scope

|
x
|

Continuous
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Figure 2:Simulation Circuit (B)
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Effect of variation of Rjand R, in the Variation of R;
fixed ratio C;/C,=66.66uF
SL. Lb. Resis- | Resis- | Front Tail Maxi-
ot . No. tance | tance time time T, mum
The Varlatlog of R; and R, is to' conj[rol R(Q) | RuQ) | Tyus) | (us) | Output
the wave-front time and wave-tail time Voltage
respectively by keepingC,/C, ratio fixed to (KV)
observe the effect on wave front time and wave 1 | 13500 [ 60 | 2600 | 2.0 38 974
tail time of the impulse wave shape having 2 | 13500 | 60 | 3000 | 2.0 58 975
different loading condition. 3 | 13500 [ 60 | 6000 | 2.0 60 975
4 | 13500 | 60 | 8000 | 2.0 60 975
LOAD HAVIND L, =6500pH
5 | 13500 | 60 | 10000 | 2.0 60 975

Variation of R,

Considered Fig (1&2)for the fixed ratioC,/C,,

SL. | Lb. | Resis- | Resis- | Front | Tail time | Maximum C1=0.40pF, C,=0.006puF,
No. tance | tance | timeT; | T,(us) Output
R@ | R | (k9) V(",'(téfe Simulation Result can be obtain by using table :-( 2)
1 |6500| 60 | 2600 | 2.0 58 976
2 6500 80 2600 2.7 54 969 '
3 | 6500 100 2600 3.4 51 962
4 6500 120 2600 3.1 47 955
5 6500 135 2600 3.5 45 951

Variation of R,

SL. Lb. | Resis- | Re- | Fro Tail Maximum Output
No. tance | sistan | nt | time T, Voltage(KV)
Ri(Q) | ce R, | tim (us)
Q) |eT,
(ns)
1| 6500 | 60 | 2600 | 2.0 | 58 974 Figure 2 (b): Simulation with C;/C,=66.66uF
2 | 600 60 J3000]20] 58 o7 Y-axis represents voltage V (t) & X- axis
3 | 6500 60 |6000)20 | 60 o7 represents Time period T (t)
4 650 | 60 |38000|20]| 60 975
s | 6500 | 60 |10000] 20 | 60 975 Simulation of Impulsg Generator For
medium inductive Loading (Ly,=6500puH
LOAD HAVIND L, = 13500pH t013500 puH)
Variation of R, Variation in L,=6500 pH to 13500 puH
' ‘ ‘ ' has been done according to standard circuit
;'; Lb. 1}:;2 l::;i Ftlrl‘:l';t gr":l'i Mgﬁ‘tm“m and it is found that the standard front time
. put i o
Ri(Q) |Ry(Q) | Tuus) | T Voltage cannot be obtained for the existing values of
@) | &Y parameters: L,=6500uH, R =60Q, R,=10,000
L[S G0 J| 2600 || 20 || 98 o1t Qt; =2.07us, t, =60usand by keeping other
2 | 13500 | 80 | 2600 | 2.7 | 54 969 parameter constant. It is found that Standard
3 13500 | 100 | 2600 | 34 | 51 962 wave shape can be obtained easily by varying
4 |13500| 120 |2600 | 3.1 | 47 955 R, and R, for a capacitive load having ratio C,/
s | 13500 135 | 2600 | 35 | 45 951 C, = 66.66puF.Butfor the variation of inductive

load.Ly, =6500 pH to 13500uH. the front wave
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time and tail wave time of 2.07us & 60us
respectively with the help of simulation. This
shows that T, is not obtained within the
tolerance limit. ButT, is obtained within the
tolerance limit. So for finding out the standard
impulse wave. Difficulties arise when testing
low-voltage winding of large generator
transformer, high-voltage windings of
distribution transformers and inductance is less
than 15pH.

IT1. CONCLUSION

Analysis of both impulse voltage
generator circuit for different loading
conditions. It is found that Standard wave
shape can be obtained easily by varying R, and
R, for a capacitive load having ratio C,/C, =
66.66uF. But inductive load it is difficult to
obtained standard wave shape for the fixed
ratio C,/C,. The simulation analysis of
Resistance Front Controlled circuit with
capacitance- inductance (C-L) load shows that
the wave front time is obtained asT,=2.07uF,
(which is beyond tolerance limit: 1.2us+30% /
50us+20%).The desired range of wave tail
time (T,= 40us to 60us) can be easily obtained
by keeping L, in the range 6500nH to
13500pH, having fixed ratio C;/C,=66.66uF.

REFERENCES:

[1] K.Feser, “Circuit Design of Impulse
Generator for Lightning Impulse
Voltage Testing of Transformer”.
Reprinted from Bulletin SEV/VSE
Bd. 68/1977.

[2] KANNAN, S.R., and NARAYANA
RAO, Y.: 'Prediction of the
parameters of an impulse generator
for transformer testing', Ibid. 1973,
120, (9) pp. 1001-1005.

[3] SR. Kannan, Y Narayana Rao:
Generator Loading limits for impulse
testing low-inductance  windings.
Proc. IEEE 122 (1975) 5, pp. 535—

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

538.

MONAHAN, T.F.: 'A note on the
impulse testing of power transformer’,
Proc. IEEE, 1953, 100, pt. IL, pp. 35-
37.

W. Schrader W. Schufft “Impulse

Voltage Test of Power
Transformers”. Workshop 2000,
Alexandria, Virginia, 13 & 14
September 2000.

High Voltage Engineering fourth
Edition by (Late) M S Naidu
Department of High Voltage
Engineering Indian Institute of
Science Bangalore and V Kama Raju
Department of Electrical Engineering
College of Engineering Jawaharlal
Nehru Technological University
Kakinada. McGraw-Hill

R. B. Standler, "Protection of
Electronic Circuits from
Overvoltage’s, John Wiley & Sons,
1989; pp. 87-91, 109-110, 387-388.

P. Richman, “Single Output, Voltage
and Current Surge Generation for
Testing Electronic Systems,” IEEE
1983 Electromagnetic Compatibility
Symposium, pp. 47-51, 1983.

American National Standard C62.41-
1980, IEEE Guide for Surge Voltages
in Low- Voltage AC Power Circuits.

J. Wiesinger, Mess- und Proftechnik
104 (1983) 1102-1105.

M. S. Naidu and V. Kamaraju, “High
Voltage Engineering second edition”,
McGraw-Hill, New York, 1996.

International Journal of Modern Engineering and Research Technology
Volume 3 | Issue 2 | April 2016



