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Abstract: This paper presents the development work done for virtualization of a typical
high voltage laboratory. The main objective of the paper is to develop an understanding
of an impulse current generator’s circuit parameters’ effect on output current waveforms.
The most significant part includes analyses of various internal constraints which cannot
be estimated in a high voltage laboratory. Parametric analyses are carried out on the
effects of different parameters for impulse current generator along with desired outputs.
Application of an impulse current generator for standard tests on metal-oxide surge
arresters in the lower range of distribution voltage is examined.

1 INTRODUCTION

Computer simulation plays an important role in
engineering course teaching. Nowadays, a variety
of softwares like MATLAB, AutoCAD, and PSCAD
are available to simulate electrical circuits; but fail
to provide the actual feel of a physical laboratory.
Also, most of these softwares come with
commercial license at a high price, thus restricting
their availability. Virtual high voltage laboratory
(VHVL) is a web based [1-3] application which not
only serves as a good tool for teaching but also
enables a student to understand the influence of
the circuit parameters on the output of the various
experiments. VHVL can also act as a guide for the
testing engineer to arrive at the values of the
desired parameters to get a standard output
waveform as listed in Table 1 [4]. Also, VHVL
prompts user to achieve the standard Impulse
Current parameters by providing facility to vary the
circuit parameters through graphical user interface
(GUI).

Table 1. Time parameters with tolerances for
some standard impulse current waveforms

Type of Front Time Tt Tail Time Ty

Impulse (us) (us)
Impulse Current 4.0 + 10% 10.0 + 10%
Impulse Current 8.0 + 10% 20.0 + 10%

Figure 1 presents the scheme of VHVL which
constitutes home page links for various
experiments. By selecting a particular experiment
from the list, GUI prompts input values. After
submitting the input values mathematical analyses
(algorithm for impulse current generator (ICG)
circuit in this particular case) is run and displays
output waveform with the help of JAVA
programming. So, present paper deals with the
parametric analyses of impulse current generator
(ICG) and impulse testing on metal-oxide surge
arrester (MOSA).
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Figure 1: Proposed Scheme of VHVL
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2 IMPULSE CURRENT GENERATION

The basic circuit for ICG [5] with capacitive storage
is shown in Figure 2. (R, L) are wave-shaping
resistance and inductance, (R, L)) are resistance
and inductance of the test object. The wave-shape
of impulse current is adjusted by adjusting the
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Figure 2: Typical circuit for generation of impulse
current

value of R and L. The output impulse current
waveform can be un-damped or under-damped
sinusoidal in nature and has a front time (4us or 8
ps) and tail time (10 ps or 20 ps) which depends
on the circuit parameters. The output impulse
waveform depends on the magnitude of the total
resistance (R+R)). If the magnitude of the resistor
is large, energy is lost as heat and thus a decrease
in the magnitude of the output pulse is achieved.
Damping is a way to reduce oscillation in a circuit
which depends on the degree of damping
coefficient (discriminant, D). Now, Laplace
transformed equation for the circuit shown in
Figure 2 is:
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The relation between circuit parameters for
producing the above mentioned oscillations are:

i) for undamped oscillations (for D>0),
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Solution for this case is given as
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aand § are the roots of Eqn. 1.
i) for underdamped oscillations (for D<0),
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Solution for this case is given as
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where: I(t) = output current (kA)
Cg = generator capacitance (uF)
lo = peak current (kA)

R’ = R+R,

L' =L+l

It is basically a series R-L-C circuit. Damping is a
way to reduce oscillations in a circuit. It depends
on the degree of damping coefficient. From Figure
3, it is evident that, when there are no oscillations,
the circuit is said to produce over damped
oscillations. On the other hand, when the
oscillations persist and gradually fade out, the
circuit is said to produce underdamped oscillations.
The relation between circuit parameters for
producing the above mentioned oscillations are
given in Equations 2 and 6.

Wave 1 (underdamped)

Wave 2 (overdamped)
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Figure 3: Standard waveform of impulse current
generator

where: T,; and T,, = time-to-rise, Ty and Ty = time-
to-fall (or time to 50% of peak current) and ij-
undershoot (u.s.).

2.1 Algorithm - impulse current generation

The analysis in previous section allows
understanding on how to obtain the impulse
current waveform, if the circuit parameters are
provided. An algorithm for the implementation of
this on VHVL is developed [10]. The flowchart
shown in Figure 4 explains the algorithm of
parametric  analyses for impulse current
generation. The first task is to track peak current of
waveform, which is accomplished by comparing
present and previous sampled values, which are
continuously stored. At an instant when previous
value is greater than the present value, the sample
data of previous value is stored as the value of
peak current. After tracking peak current, rise time
to peak current (front time, T;) and time to 50% of
peak current (tail time, T, are determined. This
provides waveform parameters listed in Table 1.
Finally, a plot between current vs. time with front
and tail time value is displayed with the help of
JAVA programming.

Development of VHVL requires detailed
mathematical analyses of the involved electrical
apparatus in order to arrive at algorithms to be
implemented in a web based software module.
Proceeding in this direction, mathematical
analyses are followed by design of algorithms.
These algorithms are implemented in Java to
enable web based access to the Virtual High
Voltage Laboratory [10].

3 IMPULSE
APPLICATION
MOSAs are equipments used in power systems
protection against several kinds of surges. In this
way, they effectively contribute for increasing the

CURRENT GENERATOR
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Figure 4: Algorithm for generation and parametric analyses of impulse current generation [Y = Yes, N = NOJ

reliability, economy and continuity of system
protected by them. Due to the importance of
MOSA for the electrical systems and the need of
accurate representation, several models have
been proposed with the aim to provide tools for
studies involving: insulation coordination, and
energy absorption capability.

Insulation coordination in electric power systems
requires knowledge of the voltage stress
waveshapes. MOSA are useful tools for impulse
voltage stress limitation. The evaluation of these
residual voltages is necessary when accurate
insulation coordination is wanted. In this paper
simulation method is adopted for obtaining circuit
models of MOSA evaluating their performances
with several impulse front times, as shown in [6].

3.1 Surge Arrester equivalent model

IEEE working group 3.4.11 on MOSA modelling [7]
has reviewed a number of ways to model MOSA
(The simulation tests are carried out on two
samples of two types of zinc oxide varistors (type A
and type B) with different physical and electrical
characteristics, as explained in [6].) A typical model

Figure 5: Model of a Typical Surge Arrester

Ity

is shown in Figure 5, which gives an appropriate
voltage response for a current surge which has a
time-to-crest anywhere in the range of 0.5us to 45
ps. It is based on the fitting of the rated residual
voltages obtained from the MOSA models, to kA
standard lightning current impulses.

Present work is carried out for the ICG testing
analyses of residual voltage for IEEE MOSA model
[8], which is composed of two sections of nonlinear
resistance, usually designated by Aq and A;, which
are separated by a R-L filter as shown in Figure 5.
An inductance Lo, which represents the inductance
associated with the magnetic field in the arrester.
The capacitor C, represents the capacitance
between the arrester terminals. The elements R;
and L; compose the R-L filter that represents the
dynamic behaviour of the MOSA. The empirical
formulae which are given by IEEE working group
for identification of SA parameters given in [6] are

as follows: Co =100 (1 (12)
d
Ly =02 x (%) (13)
Ly =15 x = (14)
n
R =100 9 (15)
n
Ry = 65 x 9 (16)
n

where n = number of parallel columns of metal
oxide in SA, d = estimated height of SA.
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4  RESULTS AND DISCUSSION
4.1 Impulse current generation

The task is to get a standard Impulse Current
waveform of 4/10 ys and 8/20 ps. An analysis is
done with variation of R and typical result is shown
in Figure 6. As R increases front time and peak
current decrease but tail time also increases
slightly. For the same parameters undershoot is
more and peak current is also high to get an 8/20
Ms pulse but low for a 4/10 ps pulse which is seen
in Figure 6. This is because of loop inductance
provided by the circuit as summarised in Table 2.

Another analysis is carried out by changing the
inductance L from 1 pH to 5 upH; the output
parameters front and tail time is increased but
current decreases with higher undershoot as
shown in Figure 7. This is because, increase in
inductor value does not allow current to increase
but provides increment in front and tail time. But in
a slight increment in generator capacitance
produces a waveform nearly equivalent to standard
waveform of 8/20 us with increment in peak current
and less undershoot. Table 3 summarizes the
waveforms for Impulse Current variation with
inductor L.
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Figure 6: Variation of impulse current waveform
with R
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Figure 7: Variation of impulse current waveform
with L

where: R = Waveshaping resistance of impulse
current generator circuit

L = Waveshaping inductance of impulse
current generator circuit

Table 2: Variation of impulse current waveform
with R (Charging Voltage, V = 10kV; Cg=10yF,
R|:0.1Q, L|:1HH)

Curve R L Tt Tt Ip %
Q) | (uH) | (ps) | (us) | (kA) | os.
a 08 | 1 | 432 | 12071149 | -
b 07 | 1 | 473 | 1180 | 1153 | -
c 05 | 1 | 487 | 11.40 | 1156 | 5.80
d 03 | 1 | 506 | 11.25 | 11.60 | 15.46
e 01 | 1 6 | 11.36 | 11.64 | 47.36

Table 3: Variation of impulse current waveform
with L (Charging Voltage, V=10kV; Cg=10pF,
R|:0.1Q, L|:1lJH)

Curve R L Tt Tt Ip %
Q) | (uH) | (ws) | (ws) | (kKA) | os.
a 08 | 1 | 432 |1207 | 1149 | -
b 08 | 2 | 509 |1425 | 1070 | 0.8
c 08 | 3 | 675 | 16.20 | 1009 | 3.20
d 08 | 4 | 795 |1830 | 9.62 | 6.40
e 08 | 5 | 943 |1063 | 9.20 | 9.50

4.2 Surge arrester testing analyses

Impulse currents of waveshape 4/10 ys and 8/20
Js are applied to analyze the behaviour of residual
voltage and impulse current of SA model. The
voltage which appears across SA during discharge
current flow is referred as residual voltage. Present
paper discusses the residual voltage behaviour for
four types of SAs (parameters as shown in Table
4) [6] when impulse current waveform of
7.85/20.93 us and 4.15/11.34 ps are applied. In
Figure 8 waveforms are shown for residual voltage
with 7.85/20.93 pus testing impulse current. The
output values obtained from the surge arrester
parameters are summarised in Table 5. Now high
impulse current of 4.15/11.34 us are applied to the
IEEE model of SA with estimated parameters. In
Figure 9 waveforms are shown for residual voltage
with 4.15/11.34 ps impulse current. The output
values obtained from the surge arrester
parameters are summarised in Table 6. It is
possible to say that, IEEE model can represent the
behaviour of the SA for other kind of fast transients
too [9].

Table 4: Estimated parameters of Surge Arrester
for IEEE model

Arre R, L, R (@) L, c,
ster (Q) (uH) ! (uH) | (nF)
A 0.5 0.173 0.05 0.752 91.72

Az 0.724 0.263 8.675e-6 0.529 | 76.74

B 0.5 0.366 5.586e-6 5.706 | 78.41

B, 0.5 0.474 5.198e-6 5 84.36
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Figure 8: Residual voltage waveforms for a lightning current impulse (7.85/20.93 ps) applied to
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Figure 9: Residual voltage waveforms for a lightning current impulse (4.15/11.34 ps) applied to the
(e) arrester A; (f) arrester A, (g) arrester B, (h) arrester B,
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Table 5: Variation in residual voltage (V,) with
arresters for 7.85/20.93 ps Impulse Current

Arrester | Vipeax) (kV) Ib(kA) Te(us) | Ti(us)
Ay 54.70 23.80 7.40 20.39
A, 53.90 23.45 7 20.64
B 54 23.37 6.85 20.69
B, 53.95 23.37 7.11 20.70

Table 6: Variation in residual voltage (V,) with
arresters for 4.15/11.34 s Impulse Current

Arrester | Vipeax) (kV) Ib(kA) Te(us) | Ti(us)
Ay 43.27 44.71 4.45 11.26
A, 41.92 44.44 4.27 11.31
B: 43.32 44.45 4.15 11.31
B> 42.93 44.50 4.23 11.31

V= residual voltage, |, = peak impulse current
5 CONCLUSION

The mutual coordination between present work
and VHVL is to provide a remote access of virtual
laboratory with accomplished parametric analyses,
which is most important for the learning
perspective.

This paper outlined and illustrated a MATLAB
model to generate standard output impulse current
waveforms of 4/10 uys and 8/20 ps using
parametric analyses which leads to the simulation
analyses on impulse current testing of surge
arresters. The focus is placed on studying the
change in the waveforms during a simulation test
on surge arresters. The waveshapes of residual
voltage of the varistors of same type present a
similar behaviour. An increment of peak residual
voltages with relation to the impulse current is
observed. This behaviour is expected and desired
for such dynamic SA model.
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