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DIGITAL TECHNIQUES IN HV TESTS — SUMMARY OF 1989 PANEL SESSION

T.R. McComb, C. Fenimore, E. Gockenbach, J. Kuffel, R. Malewski, K. Schon,
L. Van der Sluis, B. Ward, and Y.X. Zhang

Abstract: A panel session on digital techniques in
HYV tests was held at the IEEE PES Summer Meeting in
Long Beach, CA (July 1989). This panel addressed the
question of how signal processing can be used to en-
hance High Voltage Tests and extract more information
from them. Part 1 dealt with the evaluation of digitizers
and records and Part 2 dealt with the application of dig-
itizers to industrial testing. This paper presents an out-
line of the Panel Session and lists pertinent reference
material.

INTRODUCTION

The first standard covering the application of digi-
tizers to High Voltage Impulse Measurements was pub-
lished in 1987 (IEEE/ANSI 1122-1987 [1]). This
standard states the requirements for an impulse digitizer
and the tests necessary to verify that these requirements
have been met. When an impulse digitizer is used and
maintained in accordance with this standard it will meet
or exceed the accuracy requirements presently demanded
for surge oscilloscopes. A major difference between an
oscillogram and a digital record is that the latter has a
non-linear character that is introduced by the acts of
sampling and quantization. Imperfections in the practical
implementation of sampling and quantization will lead
to increased non-linearities. The approach taken in the
standard is to limit these non-linearities to values which
are sufficiently small that the digitizer can be treated as
a quasi-linear device. In addition, resolution and sam-
pling rates are specified to ensure that the resolution of
the impulse digitizer is as good as, or better than, that
of the best ‘available surge oscilloscopes. Impulse digi-
tizers must meet the accuracy requirements without any
signal processing of the raw data. If these requirements
are met, then signal processing is permitted in order to
enhance the accuracy of the reading.

This paper summarizes the papers that were pre-
sented at the Panel Session and does not imply endorse-
ment of any individual’s opinions by the PSIM, its
Sub-Committees or Working Groups. The full text of
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CALIBRATION OF IMPULSE DIGITIZERS
T.R. McComb, NRC, Ottawa, Canada

Methods and costs of establishing the voltage and
time scale factors of digitizers using “through-the-instru-
ment tests” (in which a known input is applied and the
output of the digitizer is read) were discussed. Results
from several different digitizers were presented. Further
results can be found in the works quoted in part A of the
Bibliography.

DYNAMIC TESTS ON DIGITIZERS
J. Kuffel, Ontario Hydro, Toronto, Canada

The differential non-linearity under dc conditions
can be calculated from the dc-calibration. However, at
very high rates of change of input, the DNL may increase
drastically and in many digitizers this sudden-increase
in DNL sets the high frequency limit of the recorder.
Rather than attempting to measure the code transition
thresholds at high rates of change of the input voltage,
the DNL can be inferred from the statistical distribution
of a large number of records of any known signal. The
signal recommended in [1] is a triangular wave, as this
provides a uniform rate of rise which facilitates ensuring
that the digitizer under test is capable of measuring the
front of an impulse. Results taken with triangular waves
were presented. Additional results using sine waves were
also presented. Further results can be found in the works
quoted in part B of the Bibliography.

ALGORITHMS FOR READING PARAMETERS
E. Gockenback, E. Haefely, Basel, Switzerland
(Now with Schering Institute, Hanover, Germany)

and
ROBUST ESTIMATION IN PARAMETER
EXTRACTION
C. Fenimore and Y.X. Zhang, NIST ..
Gaithersberg, MD, U.S.A. (Y.X. Zhang is now with
Hipotronics, Brewster, NY, U.S.A.)

These two papers presented methods of evaluating
parameters from digital records. The first paper concen-
trated on evaluating parameters of full impulses and the
particular problems posed by impulses with overshoot
and/or oscillations. Simple methods of reducing the

0885-8977/92/33.0001992 [EEE



scatter in parameters were presented together with test
results. The second paper considered the problem of
evaluating the parameters of the unit step response of an
impulse measuring system. The method used should be
robust: that is, the estimates should not be sensitive to
noise or small variations in the input. Using cubic
splines to fit the waveform provided an objective inter-
pretation of “the mean curve” and “the steepest tangent
line” and the derived time parameters of the step re-
sponse. Direct application of the standard definitions
gave estimates which were sensitive to the selected win-

dow size of the fitting splines which indicated sensitivity.

to small changes in the data. Redefining the tangent as
the best-fitting straight line along the rising portion of
the step gave robust estimates of the parameters. Further
results can be found in the works quoted in part C of the
Bibliography.

DIGITAL FILTERING OF HY LIGHTNING
' IMPULSES
K. Schon, PTB, Braunschweig, Germany

The recorded data are approximated in parts, i.e.
within a “moving window”, by least-squares adjustment
to a suitable smooth approximation function which may
be a polynomial or a Fourier series. The window covers
the samples ranging from number k-N to K+N, where k
is the running number of the sample, y, to be filtered,
and 2N+1 is the window width which must be carefully
chosen for effective smoothing. The samples within the
window are weighed according to the weight coeffi-
cients, w;. The filtered sample at the time kt, in the
center of the window, is then:

N
Ye = E Wi Yesi
=N

The sample interval is usuvally uniform and the
weight cocfficients are symmetrical with respect to i =
0, i.e. w; = w-;. Digital filters can be subdivided into two
groups: A) the weight coefficients, w;, group are exclu-
sively positive; B) some are positive and some are neg-
ative. The result of filtering a step is that filter A rounds
off the edges of the step while filter B causes an over-
shoot. Good results were obtained for full impulses but
special care was needed when analyzing chopped im-
pulses.

CONVOLUTION/DECONYOLUTION
T.R. McComb, NRC, Ottawa, Canada

There is great interest in the use of numerical cor-
rection techniques to extend the range of “state-of-the
art” impulse measuring systems. The basis of these tech-
niques is the convolution theorem, in which the output
from the measuring system, y(t), is related to the input,
x(1), by the impulse response, h(t), of the measuring
system by the convolution integral. If y(t) and h(t) were
«nown analytic functions then the convolution equation
would have a unique solution for x(t). However, y(t) and
n(t) can only be measured with limited resolution and
may be contaminated with noise: in this case the problem
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becomes ill-posed. The frequency response of the system
can be divided into 3 regions: (1) low frequencies where
the attenuation is constant and no correction is needed,
(2) high frequencies where there is more than 40 dB
additional attenuation and no correction can be made,
and (3) a band of frequencies where correction may be
made. Several authors have used deconvolution with
some success and their results have been published.
However, it is generally agreed that although deconvolu-
tion is a useful technique it should not be used to com-
pensate for an unsuitable measuring system in standard
impulse measurements.

Recently, a new approach has been applied to cal-
culating the error limits of the reconstructed impulse
from assumed errors in the measurements [E7). To date

" this work has only been applied to probes whose step

response can be measured without modifying the probe:
however, it offers a new tool for use in this area.-

DIGITAL TECHNIQUE FOR IMPULSE TESTING
OF POWER TRANSFORMERS
R. Malewski, IREQ, Montréal, Canada (Now with
- 2640-0184 Québec, Inc., Montréal)

This paper reviewed techniques of analyzing im-
pulse tests of power transformers and discussed how
digitizers can be applied to impulse testing. While digi-
tizers with resolutions of 9 bits or more can provide
better records than oscilloscopes for conventional eval-
uation of test data, the real advantage of digital record-
ing is shown in the new technique of transfer function
analysis. The basic elements of this technique were out-
lined and some illustrative results presented.

A simplistic conceptual winding model is a string
of inductors tapped by their parallel capacitance to
ground and shunted by the parallel stray capacitance
between the winding sections. Such a model is quite
adequate for explaining changes in the transfer function
caused by a fault in the winding insulation. Breakdown
between adjacent turns in an EHV transformer usually
excites an oscillation at approximately 2.5 MHz,
whereas an interdisc breakdown causes an oscillation at
about 0.8-1.2 MHz. In larger winding sections a fault
would cause an oscillation at a proportionately lower
frequency. Experiments have demonstrated that a local
breakdown in the winding results in a frequency shift of
one of the transfer function poles. This can best be de-
tected by superimposing the transfer functions obtained

. at the full and reduced test voltages. Even a minor shift

in the pole frequency indicates a local breakdown, since
no other mechanism could change the frequency of the
local winding resonance with the increase in the applied
test voltage. In addition, the frequency of the affected
pole may provide an indication of the size of the short-
circuited section and, also, of its location in the winding.
In this somewhat oversimplified model of the winding
insulation, a partial discharge may be perceived as an
insertion of a high ohmic resistance (with respect to the
nearly zero resistance of a breakdown) between the af-

‘fected location of the winding and the ground, or be-

tween two parts of the winding. As predictable, in a
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nearly resistance-free network of inductances and capac-
itances, this results in resonance damping. Consequently,
the pole height decreases, although its frequency re-
mains practically unchanged.

DIGITAL TECHNIQUES FOR PARTIAL
DISCHARGE MEASUREMENTS
A report on the activities of the working group on
digital analysis of partial discharges
B. Ward, Biddle Instruments, Blue Bell, PA, U.S.A.

The working group is addressing the subject of dig-

ital analysis of partial discharges (PD) in power appara-,

tus. Included in its activities is a worldwide survey of
ongoing research and a review of previous work in this
area. A paper is being prepared with emphasis on the
post-measurement processing, analysis, and meaningful
presentation of the PD signals, and the significance of
the presentation as it relates to insulation degradation.
_ The paper describes currently-accepted techniques using
analog type instrumentation for detection and display,
presents a critical review of these techniques for assess-
ment of the qualification of power apparatus, and shows
the inadequacies of these methods in light of the new
techniques using digital technology. An expanded ver-
sion of the material presented at the Panel Session has
since been published [2].

DIGITAL ANALYSIS OF CALIBRATION PULSES
K. Schon, PTB, Braunschweig, Germany

According to the standards, the calibration of par-
tial discharge (p.d.) instruments measuring the apparent
charge q is carried out by injecting short-current pulses
into the terminals of the instrument (or measuring im-
pedance) and into the test object. Advances since the
standard was written allow digital recorders to be used
to measure fast impulses and computer-aided data pro-
cessing to analyze them. In these investigations, the cal-
ibration pulses i(t) of a commercially available,
battery-operated pulse generator were fed into a measur-
ing resistor Ry, = 50, and the voltage drop recorded by
a scan recorder. The calibration charge was computed
with a numerical integration.In one example, the calibra-
tion charge calculated was q, = 48 pC which agreed with
the nominal charge (50 pC) within the measurement un-
certainty. To summarize the results of these investiga-
tions, it has been found that the calculated charges agree
with the nominal values (5pC ... 5000 pC) within 10%,
and that variations of the test circuit influence q, by less
than 5%.

DIGITAL TECHNIQUES IN HIGH POWER
LABORATORIES
L. Van der Sluis, KEMA, Arnheim

During a test in a High-Power Laboratory both
high-voltage and high currents are present in the test
area. The strong electromagnetic fields make a distur-
bance free and accurate measurement difficult, espe-
cially when the object under test has a failure. Testing
in accordance with ANSI- and IEC-standards makes it
necessary to perform short-circuit tests -within a fixed

time interval of three minutes between tests. In this three %
minute time interval the test data need to be analysed -
and evaluated, records have to be printed and the mea-

suring equipment must be armed for the next test.

The introduction of fiber-optic links makes it easier

to use sensitive measuring equipment such as digital re- -

corders in High-Power tests, by providing isolation be-
tween transducers in its test area and digital recorders in
the control room. Both hardware and software have to
be sufficiently fast to allow tests to be completed and
analysed in the allocated time.

Digital recorders with high resolution and sampling e
speed are now available (for example, 12 bits at 10 mil-
lion samples/second). This is suitable for nearly all the -, -
measurements during short-circuit testing. Memory sizes 7 _

of 256 kb are large enough to store the test results at the
highest sampling speed. The fiber-optic links, are (from
the accuracy point of view) the weakest link in the data-
acquisition system. Due to the test sequences it is prac-
tically impossible to calibrate the fiber-optic links just
before or just after the test. The (battery powered) equip-

ment must be stable and reliable. For this reason mainly 7
analog links with frequency modulated transmission are 1%
used. It is possible to build these links with an inaccu- 4

racy of less than 1% for frequencies between 0 and 50 -

kHz and for frequencies up to 600 kHz with an inaccu-

racy of less than 5%. The signal to noise level limits the :

overall accuracy of the system.

REFERENCES
(1]

ers for High Voltage Impulse Measurements”.

[2) Ward, B.H., “Digital Techniques for Partial Dis- &

charge Measurements, IEEE Working Group on
Digital Analysis of Partial Discharges”. IEEE

Power Engineering Society Summer Meeting, San -

Diego, July 1991, Paper SM 355-8-PWRD.
BIBLIOGRAPHY

A — Calibration of Digital Recorders

[A1] 1EEE Std 1057 1EEE Trial-Use Standard for Digi-
tizing Waveform Recorders, July 1989.

Collins, M.M.C, Malewski R.A. and McComb,
T.R., “Measuring Properties of Fast Digitizers Em-
ployed for Recording HV Impulses”, IEEE Trans.
Instrum. Meas., vol IM-32, No. 1, March 1983, pp.
17-22.

Kuffel, J., Malewski, R., McComb, T.R. and

(A2)

(A3]

Schon, K., “Qualifying an Impulse Digitizer for

Measurements in HV Impulse Tests” JEEE Trans.
Power Delivery 5(3) 1256-1265, July 1990.

Malewski, R. and McComb T.R., “Technical Basis
of IEC/IEEE Standards on Digital Recorders for
Measurements in HV Impulse Tests”, Fifth Interna-
tional Symposium on High Voltage Engineering,

[A4])

IEEE/ANSI Standard 1122-1987, “Digital Record-




Paper 72.01, 24-28 August 1987, Braunschweig,
Germany.

(A5] Scheingold, D.H., Editor, Analog-digital conver-
sion notes, Published by Analog Devices, Nor-
wood, MA, U.S.A., 1977, pp. 214-215.

[A6] Schmid, Herman, Electronic Analog/Digital Con-
versions, Van Nostrand, New York, New York,
1970. -

'A7] Souders, T.M. and Stenbakken, G.N., “Modelling
and Test Point Selection for Data Converter Test-
ing”, in Proc. 1985 Int. Test Conf. (Philadelphia,
PA), 1985, pp. 813-817.

B — Dynamic Testing of Digital Recorders

(B1] Bertin, D., Germain, A.M., Ribot, J.J. and
Spangenberg, E.; (France), “Practical Tests to Eval-
vate the Accuracy of Digitizer used for HV Mea-
surement”, Fifth International Symposium on High
Voltage Engineering, Paper 72.04, 24-28 August
1987, Braunschweig, Germany.

B2] Bird, S.C., Frohring, B.J., Peetz, B.E. and Unkrich,
M.A., “Waveform Recorder Design for-Dynamic
Performance”, Hewlett-Packard Journal, Feb.
1988, pp. 39-48.

[B3] Biselli, W., Feser, W., Ganzmann, P. and Hiusler,
H.P.,, “Transient Recorder for HV Impulse Tests”,
Fifth International Symposium on High Voltage En-
gineering, Paper 72.02, 24-28 August, 1987,
Braunschweig, Germany.

{B4] Blair, JJ., Flach, D.R. and Soudcrs, T.M., “Step
and Frequency Response Testing of Waveform Re-
corders”, Proceedings of IEEE IMTC/90, San Jose,
California, February, 1990.

[B5] Brandolini, A., Carminati, E. and Gandclll, AL “A
New Approach for A/D Converter Testing”, IEEE
Instrumentation/Measurement Technology Confer-
ence IMTC 88, San Diego, Ca, USA.

‘B6] Brandolini, A. and Gandelli, A., “High-Precision
Analog-To-Digital Converter Testing Using Walsh
Transform”, Digest of the Conference in Precision
Electromagnetic Measurements, pp. 384-385, 11—
14 June 1990.

B7] Elsley, R.K., “Accurate Ultrasonic Measurcments
with the Biomation 8100 Transient Recorder”, Na-
tional Bureau of Standards Special Publication

596, [Ultrasonic Materials Characterization,
Gaithersburg, Md., issued November 1980, pp.
311-317.

(B8] Flach, D.R. and Souders, T.M., “Measurement of
the Transient Versus Steady-State Response of
Wave-form Recorders”, National Bureau of Stan-
dards Special Publication 634, Proceeding of the
Wave-form Recorder Seminar, June 1982, pp. 27—
34.

B9] Flach, D.R. and Souders, T.M., “Accurate Fre-
quency Response Determinations from Discrete

1803

Step Response Data”, IEEE Trans. Instrum. Meas.,
Vol. IM-36, no. 2, June 1987.

[B10]Green, PJ., “Effective Waveform Recorder Evalu-
ation Procedures”, in Proceedings of IEEE
IMTC/90, San Jose, California, February, 1990.

[B11] Korff, H., Malewski, R. and Schon K, “On the
Dynamic Performance of Digital Recorders for HV
Impulse Measurements”, Fourth International
Symposium on High Voltage Engineering, Athens,
Greece, September 5-9, 1983, Paper 65.05.

[B12]Kuffel, J., Malewski, R. and McComb, T.R., “Mea-
suring Characteristics of the Fastest Commercially-
Available Digitizers”, JEEE Trans. Power Delivery
PWRD-2(3): 661-670, July 1987.

[B13]Kuffel, J., Malewski, R. and McComb, T.R., “Com-
parative Evaluation of Computer Methods for Cal-
culating the Best-Fit Sinusoid to the Digital Record
of a High Purity Sine Wave”, IEEE Transactions,
IM-36, No. 2, 1987.

[B14]Linnenbrink, T.E., “Effective Bits: Is That All
There 1s?”, IEEE Transactions on Intrumentation
and Measurement, vol. IM-33, no. 3, September
1984.

[B15]Linnenbrink, T.E., “Introduction to Waveform Re-
corder Testing” 201-206, Digest of the Conference
on Precision Electromagnetic Measurements, 11-
14 June 1990.

[B16]McComb, T.R., Kuffel, J. and le Roux, B.C., “A
Comparative Evaluation of Some Practical Algo-
rithms Used in the Effective Bits Test of Waveform
Recorders”, IEEE Transactions, IM-38, No. 1,
1989.

[B17]Peetz, B.E., “Dynamic Testing of Waveform Re-
corders”, IEEE Trans. Instrum. Meas., vol. IM-32,
No. 1, pp. 12-17, March 1983.

[B18]Renneboog, J., Schoukens, J. and Vanden Bossche,
M., “Dynamlc Testing and Diagnostic of A/D Con-
verters”, IEEE Trans. on CAS, vol. CAS-33, n. 8,
August 1986

C — Obtaining Values of Parameters

[C1] Gockenbach, E. and Hausler, H.P., “Some Aspects
of the Evaluation of High Voltage Impulses Mea-
sured With An Impulse Digitizer”, Sixth Interna-
tional Symposium on High Voltage Engineering,
New Orleans, LA, USA, August 28-September 1,
1989, Paper 50.03, Vol. 3.

[C2] Kind, D., Schon, K., and Schulte, R., “The Calibra-
tion of Standard Impulse Dividers”, Sixth Interna-
tional Symposium on High Voltage Engineering,
New Orleans, LA, Vol. 2, Paper 41.10, 28 August—
September 1989.

[C3] Lagnese, J.E. and McComb, T.R., “Calculating the
Parameters of Full Lightning Impulses Using
Model-Based Curve Fitting”, IEEE PES Winter
Meeting, New York, New York, February 1991,
Paper No. 91 WM-019-0 PWRD.




1804

[C4] Qi, Qing-Cheng and Zaengl, W.S., “Investigation
of Errors Related to the Measured Virtual Front
Time T: of Lightning Impulses”, IEEE Trans.
Power Apparatus and Systems, vol. PAS-102(8):
pp- 2379-2390, August 1983,

[CS] Standler, R.B., “Standard Waveforms for Surge
Testing: Experimental Evaluation and Proposed
New Criteria for Tolerances”, Eight International
Zurich Symposium on Electromagnetic Compatibil-
ity, Paper 24 FI; pp. 115-124, March 1989.

[C6] Y.X.Zhang, R. McKnight, C. Fenimore “A Method
for Fiting and Smoothing Digital Data”, Sixth
International Symposium on High -Voltage Engi-
neering, New Orleans, LA, USA, August 28-Sep-
tember 1, 1989 Paper No. 50.06

D — Digital Filtering

[D1] Blinchikoff, H.J. and Zverev, A.L, Filtering in the
Time and Frequency Domains, John Wiley and
Sons, New York, New York, 1976. g

[D2] Cappelini, V., Consténtinidcs, A.G. and
Emiliani, P., Digital Filters and Their Applica-
tions, Academic Press, New York, New York, 1978.

(D3] Hamming, R.W., Digital Filters, Englewood Cliffs,
New Jersey, Prentice Hall, 1983, 2nd edition.

[D4] Stearns, S.D., Digital Signal Analysis, Hayden Co.
Inc., Rochelle Park, New Jersey, 1975.

E— Convoluﬂonﬂ)econvolutlon

[E1] Annestrand, S. and Hebner, R.E., “Evaluation of
Calibration Techniques for Mulumcgavolt Impulse
Dividers”, Third International Symposium on HV
Engineering, Milan, August 1979, Paper 42.18.

[E2] Charrat, O., Demnoment, G. and Segalen, A.,
“High Voltage Impulse Restoration With a Fast
Deconvolution”, IEEE Trans. Power App., vol.
PAS-103 No. 4, April 1584, pp. 841-848.

Collins, M.M.C., Malewski, R. and McComb, T.R.,
“An Evaluation of Digital Recording Equipment
and Numerical Correction Techniques in Impulse
Measurements”, NBS Special Publication 628,
NIST (formely NBS), Gaithersberg, MD, June
1982.

Gitt, W. and Schon, K., “Reconstruction of High
Impulse Voltages Considering the Step Response of
the Measuring System”, IEEE Trans. Power App.
Sys., vol. PAS-101, No. 10, October 1982, pp.
4147-4155.

[E5] Guillaume, M.E. and Nahman, N.S., “Deconvolu-
tion of Time Domain Waveforms in the Presence of
Noise”, NBS Technical Note 1047, NIST (formerly
NBS), Boulder, Colorado, 1981.

Harris, F.J., “On the Use of Windows for Harmonic
Analysis with the Discrete Fourier Transform”,
Proc. IEEE, vol. 66 No. 1, January 1978, pp. 51—
83.

(E3]

(E4]

(ES]

[E7] Lagnese, J. and McKnight, R.H., “Calculation of
Confidence Intervals for High Voltage Impulse Re-
construction”, IEEE Trans. Inst. Meas., vol. 3 no.
2, June 1988, pp. 201-206.

F — Digital Techniques for Impulse Testing of Power
Transformers

[F1] Dick, E.P. and Erven, C.C., “Transformer Diagnos-
tic Testing by Frequency Response Analysis”,
IEEE Trans., vol. PAS-97, No. 6, 1978, pp. 2144—
55.

Douville, J., Lavallée, L. and Malewski, R., “Mea-
surement of Switching Transients in 735-kV Sub-
stations and Assessment of Their Severity from
‘Transformer Insulation” IEEE Trans., PWRD 3(4),
October 1988, pp. 1380-1387.

[F2]

(F3]
(Switzerland); Kachler, A.J. and Klein, H., “High
Voltage Impulse Tests on Power Transformers
Using a Digital Measuring System”, Fifth Interna-
tional Symposium on High Voltage Engineering,
24-28 August 1987, Braunschweig, Germany.

[F4]
Power Transformers Using the Transfer Function
Method”, IEEE Trans. PWRD 3(2), April 1988 PpP-
476-489.

-Malewski, R. and Poulm, . “Dlgllal Momtonng
Technique for HV Impulse Tests”, IEEE Trans.,
" vol. PAS-104, No. 11, 1085, pp- 3108_—3116.

[F5]

G — Digital Ter::hnlques in High-power Laboratories - _
[G1] Brasca, E., Caccia Dominioni, A., Rovelli, S. and 3§
Tiramani, A.R., “Requirements and Performance of - §

the New CESI High Power Facilities”, IEEE Trans- . 3}
actions on Power Apparatus and Systems, vol. ! J

PAS-102, No. 7, July 1983, pp. 2224-2230.

[G2] Costenaro, M., Guilloux, C., Van Der Sluis, L. and
Therme Y., “Data Processing Methods for the De-
termination of Test Quantities in High-Power Lab-
oratories”, IEEE Trans. on Power Delivery, PWRD
5 (1), April 1990, pp. 892-898.

[G3] Genon, A.M., Guilloux, C., Hanriot, J.M., Legros,
W.P., Scarpa, P.G., “Digital Acquisition and Nu-
merical Processing of Measuring Signals in a High
Voltage Circuit-Breaker Testing Laboratory”, LEEE
Transactions on Power Delivery, PWRd-1, 3/86,
1986, pp. 134-139.

[G4] Kempen, H.W. and Van Der Sluis, L., “Develop-
ments in High Power Testing and Measuring Tech-

niques”, IEEE/CSEE Joint Conference on H:ghﬁ_

Voltage Transmission Systems in Chma. Beijing,
October 17-22, 1987.

[G5] Therme, Y., “Automatic Computation of Test Re-
sults at Les Renarditres High Power Laboratory”,
E.D.F. Bulletin de la Direction des Etudes et Re-
cherches, série B, Réseaux électriques, Matériels
électriques, no. 1, 1990, pp. 61-71.

Gockenbach, E., Haeusler, H.P. and Szaloky, G. - 8N

Malewski, R. and Poulin, B., “Impulse Testing of . e



