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Abstract

The paper deals with the numerical sim-

ulation of transient �elds using Boundary-

Element-Method (BEM) and Discrete Fourier

Transformation (DFT). Instead of solving the

Maxwell equations for transient �elds in the

time domain a numerical method using the

DFT algorithm for solving in the frequency

domain is developed.

Impulse voltages and polarity reversal for

HVDC systems are simulated as examples for

the transient stresses. The application exam-

ple is a standard spacer for Gas Insulated Sub-

station (GIS) used in 145 kV systems. Inves-

tigations are made concerning the sampling

rate and frequency. The behavior of conduc-

tive and non-conductive spacer surfaces due

to transient �elds are made.

Furthermore for the calculations a parallel nu-

merical solver based on PVM (Parallel Virtual

Machine) is used. Results are proving the ad-

vantage of this tool to reduce the calculation

time.

Introduction

Transient �eld stresses are important for the
development of HV equipment. Therefore it is
useful to have a tool to simulate transient �elds
with numerical methods. Instead of solving the
Maxwell equations in the time domain a numer-
ical method using the DFT algorithm for solv-
ing the equations in the frequency domain is de-
veloped. Due to [1] the �eld distribution of an
HVDC system can be improved with a certain
surface resistivity. With such a resistivity it is
not su�cient to consider only the electrostatic

�eld because the time dependency of the applied
voltage a�ects the �eld distribution [2]. There-
fore the behaviour of capacitive-resistive �elds in
case of transient stresses is of importance.

Theory

The numerical �eld calculation is based on the
Boundary Element Method (BEM). According to
[3] the boundary conditions are modi�ed to calcu-
late �elds with surface resistivity of solid insula-
tors. For the calculation of the transient �elds an
algorithm based on the Discrete Fourier Transfor-
mation is developed.
The transient voltages have to be discretized with
N discrete values. The sampling (with the sam-
pling time Ta) yields N spectral values at dis-
crete frequencies !k = k�w = 2�k

NTa
. The tran-

sient voltage is transformed into the frequency
domain and back to the time domain according
to equations (1,2).

U [!k] =

N�1X
n=0

u[n]e�j!knTa (1)

u[n] =
1

N

N�1X
k=0

U [!k]e
j!knTa (2)

The sampling causes a periodical continuation of
the signal in the time domain. Therefore tran-
sient voltages have to be sampled with their com-
plete impulse duration to avoid aliasing. Figure 1
shows the in
uence of the sampling time on the
spectrum of a lightning impulse voltage. Sam-
pling 8 and 64 �s with N � Ta leads to a wrong
sprectrum. For a correct sampling it is necessary
to sample the whole impulse (512 �s).



Figure 1: In
uence of sampling time

Application example

The application example for the investigations is
a standard spacer manufactured by SIEMENS for
Gas Insulated Substation (GIS) used in 145kV
systems. The simulation model (�gure 2) shows
the inner conductor, the spacer and the outer
conductor of such a system.

Figure 2: Modell of the GIS-spacer

To investigate the in
uence of the conductiv-
ity on the applied transient voltage the surface
resistivity of the spacer is varied from 107 (s7) to
1013
 (s13). A surface resistivity of 1020
 (s20)
stands for a non-coated surface, i.e. for an ideal
insulator. The numbering of the contour points
starts at the high voltage electrode. The results
are presented for the contour point with maxi-
mum value of resultant stress on the concave side
of the spacer.

Impulse voltages

The investigated impulse voltages like lightning
and switching impulse can mathematically be de-
scribed with a double-exponential equation (3)

with the constants U0,T1 and T2 shown in the
table below.

u(t) =

�
U0 � (e

�
t

T1 � e
�

t

T2 ) for t � 0
0 for t < 0

(3)

Impulse U0 T1 [�s] T2 [�s]

LI (1.2/50) 1.0371 0.405 68.5
SI (250/2500) 1.1043 62.48 3155.02

Figure 3 shows the in
uence of the frequency
on the �eld distribution. For 0 Hz there is a re-
sistive, for 0 < f < 10 Hz a capacitive-resistive
and for frequencies higher than 50 Hz a capac-
itive �eld distribution. For a surface resistivity
of 1011
 there is a treshold frequency of 100 Hz.
There is no change in the �eld distribution above
this frequency.
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Figure 3: In
uence of frequency (with surface re-
sistivity 1011
)
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Figure 4: Transient �eld stress

Regarding a lightning impulse voltage the main
part of the spectrum is above the treshold fre-
quency due to its short duration of some 10 �s.



Therefore the �eld distribution is nearly the same
as for a static capacitive distribution. The sur-
face resistivity has no in
uence. For a switching
impulse voltage with a duration of some ms the
surface resistivity has an in
uence. The calcula-
tions for such a switching impulse are made with
a sampling time Ta = 12:5�s and with N = 212

discrete spectral values. Figure 4 shows the re-
sults for a spacer with a surface resistivity of
1011
. The in
uence of surface resistivity in case
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Figure 5: In
uence of resistivity

of a switching impulse voltage is shown in �g-
ure 5. The peak value of the resultant stress has
a maximum for a capacitive-resistive �eld with
109
 and is clearly lower for a resisitive �eld of
107
.

Polarity reversal

A further point of interest is the simulation of
polarity reversal for HVDC systems. The sim-
ulated voltage changes between +/- 1 kV in a
reversal time of 125 ms. The duration of the
whole simulated voltage is 16 s and is sampled
with N = 210 discrete values. Figure 6 shows
the in
uence of surface resistivity on the polarity
reversal. For both a purely capacitive �eld (s20)
and a purely resistive �eld (s9) the electric �eld
stress is similar to the applied voltage. However,
for capacitive-resistive �elds (s11-s13) the resul-
tant electric stress exceeds the static value tem-
porarily after the reversal. This peak approaches
the �nal static value with a time constant that
depends on the resistivity.
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Figure 6: In
uence of resistivity

Improving calculation time

One major drawback when doing numerical sim-
ulation of transient �elds is the high amount
of calculation time. According to table 1 it
takes about nine hours even on a 180MHz R5000
SGI workstation. An acceleration of the com-
putation may be achieved by parallel process-
ing. Parallel processing has been successfully
used to speed up �eld calculation in [5] and [6].
The target hardware environment is a cluster of
one R5000 based SGI workstation (the one that
has been used for the sequential computations)
and two LINUX based PCs, one with a 200MHz
PentiumPro CPU, the other one with a newer
400MHz AMD K6 CPU. This environment is
supposed to be representative of contemporary
standard resources which are available to engi-
neers. The widely spread parallel programming
library PVM (Parallel Virtual Machine) [4] has
been used to implement the parallelization of the
code.

Parallelization of the Code

After transforming the (discretized) transient
voltage into the frequency domain a set of N
frequencies is obtained. For each of these fre-
quencies the �eld calculation has to be done sep-
arately. Since all frequencies can be calculated
independently from each other the task can eas-
ily be parallelized based on a master slave ap-
proach. One node (i.e. computer) is assigned the
master (who has to coordinate the parallel job)
while the others are the slaves (who are waiting
to receive a task from the master). Each slave
is assigned a frequency that is has to calculate.
Since the administrative part of the algorithm is
not very CPU intensive a slave task can also be



started on the master node. Whenever a slave
has �nished its calculation it informs the mas-
ter that it is ready to calculate a new frequency.
The parallel program has �nished its job when
all frequencies have been processed.

Results of Parallelization

Table 1 shows the overall calculation times for
one node (sequential calculation), two nodes and
three nodes. The calculation example in this case
is a polarity reversal with N = 210 frequencies.

SGI Linux Linux
R5000-180 PPro200 AMD K6-400 time

in use o� o� 9h23'
in use in use o� 3h55'
in use in use in use 1h21'

Table 1: Results of parallelization

The time can be signi�cantly reduced by paral-
lelization. Since there is almost no communica-
tion between the tasks on the parallel cluster dur-
ing the actual calculation a very high parallel ef-
�ciency can be achieved as for instance by using
the R5000 SGI and the PentiumPro PC which
have similar performance for such applications.
By an additional 400MHz AMD PC a consider-
able improvement can be achieved.

Conclusions

� A simulation tool for the calculation of sev-
eral transient �elds is developed and tested.

� Impulse voltages can be calculated. The in-
vestigated surface resistivity has only in
u-
ence on the �eld distribution for switching
impulse voltage.

� Polarity reversal voltage is simulated.
Capacitive-resistive �elds have an in
uence
on the �eld distribution.

� An acceleration of the computations can be
achieved by parallel processing of the �eld
calculation. The calculation time can be
signi�cantly decreased.
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