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' VOLUME?2
41 - IMPULSE VOLTAGE GENERATORS AND TESTING CIRCUIT COMPONENTS

Special Reporter :

41.00 K. Feser (Switzérland)
Special Report of Group 41.

41.01 B.l. Gordin, G.E. Krastin, A.G. Levit, N.N. Tikhodeyev
(USSR) - G. Elstner, S. Franke, W. Schrader. (German
Democratic Republic)

Impulse generator for testing the insulation of EHV-UHV tran-

smission lines and equipment.

41.02 A. Marinescu (Rumania)
Power transformer switching impulse test method using direct
current simultaneous demagnetization of magnetic core.

41.03 R. Peiser, H.J. Reinhardt, W. Strauss, J. Vogt, W. Wendt
(Federal Republic of Germany)

Automatic on-line control by microprocessor of impulse voltage

generators with potential free triggering.

41.04 M. Cortesi, C. Mazzetti, A. Tomassi (Italy)
Non standard lightning impulse generators.

K. Feser (Switzerland)

R

Simulation of multiple lightning strokes in la

41.06 K. Feser, M. Modrusan, H. Sutter (Switzerland)
Steep front impulse generators.

41.07 R. Buccianti, F. Gallucci, A. Pigini, G. Sartorio (Italy)
Design of air-to-air bushings for special high voltage test applica-
tions.

41.08 A. Marconcini, G. Picci, G. Villa (Italy)

Capacitance graded bushing used in the HV gas compressed
capacitors.

41.09 R. Buccianti, W. Mosca, D. Perinelli (Italy)
Problems concerned with laboratory terminations for testing
extruded insulation cables.

-

42 - IMPULSE VOLTAGE TESTING AND MEASURING TECHNIQUE

Special Reporter :

42.00 L. Thione (Italy)
Special Report of Gl:oup 42.

42.01 J. Kucera (Czechoslovakia) 5 et
Statistical methods for evaluation of measurements with impulse
voltage.

42.02 K.H. Gonschorek (Federal Republic of Germany)
The electromagnetic behawour of wndely extended high voltage
test circuits. }

42.03 K. Dharmalingam, B.l. Gururaj (India)
Step response of UHV impulse voltage dividers using |IEC square
loop lead arrangement.

42.04 R. Malewski, G. Dick (Canada)
Digital recording of HV impulses with correction of digitization
errors by a microprocessor.

42,05 N. Hyltén-Cavallius (Brasil) - T. Parnell (Australia)
The measurement of standard lightning impulses.

42.06 N. Hyltén-Ca\)aIIius, J.R. Fonseca (Brasil)
Extreme value statistics and high voltage test techniques.

42,07 R. Peiser, W. Strauss (Federal Republic of -Germany)
Impulse peak voltmeter with extended measuring possibilities.

42.08 H. Anis, M. Abo-El-Saad. (Egypt)
Optimal up-and-down testing of external insulation.

42.09 G. Prax| (Austria)
Automated evaluation of high voltage tests.

42.10 A. Di Napoli, C. Mazzetti (ltaly)

Time-analysis of HV resistive divider from the electromagnetic
field computation.

42.11 M. Aro, Y. Rantanen (Finland)
Precision impulse voltage calibrator.

L. Thione (ltaly)

42.12 W. Breilmann (Federal Republic of Germany)i
Effects of the leads on the transient behaviour of a coaxial divi-
der for the measurement of high alternating and impulse voltages.

42.13 A. Schwab, H. Bellm, D. Sautter (Fed.Rep.of Germany]
Peak-error correction for front-chopped impulse voltages.

42.14 T. Harada, Y. Aoshima, M. Harada, K. Hiwa (Japan)
Development of high-performance low voltage arms for capaciti-
ve voltage divider.

42.15 M. Darveniza, B.C. Holcombe (USA)
A fast Fourier transform technique for correcting impulse voltage
divider measurements.

42.16 J. Wierzbicki, St. Kwiatkowski (Poland) - K. Feser (Swit-
zerland)
Calibration unit mod. 42.

42.17 U. Wacker, H. Boecher (Federal Republic. of Germany)
Recent measurements and computations of transient eléctro-
magnetic field propagation near high voltage arrangements.

42.18 R.E. Hebmer, S. Annestrand (USA)

Evaluation of calibration techniques for multimegavolt impulse
dividers.

42,19 K. Alstad, J. Huse, H.M. Paulsen, A. Schei, H. Wold,
T. Henriksen, A. Rein (Norway)

Lightning impulse flashover criterion for overhead line insula-
tion.

42.20 |.S. Grént, A.S.-Paulson, R.E. Kennon, D.D. Wilson (USA)
Phase-phase switching surge testing for compact HV line design.

42.21 L. Thione, G. Villa (ltaly)
Application of fibre optics to impulse voltage measurements



43 - DC AND AC: GENERATORS, TESTING AND MEASURING
CIRCUITS, PARTIAL DISCHARGES MEASUREMENTS

Special Reporter : A. J. Schwab (Federal Republic of Germany)

-‘I'r 2 .
) W
43.00 A.J. Schwab (Federal Republic of Germany)
Special Report th‘up 43.

43.01 *H linger, H. Schultz H. Zimmer (F.R. of Germany)
Problems in the jdentification of partial discharge incéption voit-
ages in laboratory testing.’

43.02 F. Bernasconi', W.S. Zaengl, K. Vonwiller (Switzerlandi
A new HV-series resonant circyit for dielectric tests.

43.03 J.Berril, J.M. Christensen, G.C. Crichton, |.W. McAllister
(Denmark) :
A high precision 300 kV DC measuring system.

43.04 C. Mangiavacchi, G. Rabach (Italy)
Partial discharges amplitude spectra measurement and analysis
in aging process evaluation.

43.05 H. House, F.W. Waterton, J. Chew (United Kingdom)
1000 kV standard voltmeter.

43.06 K. Trumpy, G. Szaloky, J.J. Wavre {Switzerland)
Injector DC power supplies for high energy particle accelerators.

43.07 K. Umemoto, E. Kayanagi, T. Yamada, S. Kenjo (Japan)
Partial discharge measurement system using pulse-height analyzer.

43.08 D. Peier, V. Graetsch (Federal Republic of Germany)
A 300 kV DC measuring device with high accuracy.

43.09 T. Kawamura, M. Ishii, M. Akbar, K. Nagai (Japan)
Stabilized DC source for testing of polluted insulators.

» 43.10 G. Karlsson (Sweden)
Loss tangent digital meter.

43.11 P. Seitz (Switzerland), P. Osvath (Hungary)
Microcomputer controlled transformer ratio-arm bridge.

43.12 W. Schulz (Federal Republic of Germany)
High-voltage AC peak measurement with high accuracy.

43.13 E. Lemke (German Demacratic Republic)
A new method for PD measurement on polyethylene insulated
power cables.

43.14 G.A. Gertsch (Switzerland)

Measuring errors of instrument transformers in the frequency
range of 1 to 10.000 Hz.

43.15 L. Battistelli, V. Mangoni (ltaly) - G.A. Gertsch (Switzer-
land)

Influence of magnetic saturation and of the residual induction on
the transient béhaviour of capacitive voltage transformers.

43.16 U. Brand, H. Dietz, H. Eberleff (Fed. Rep. of Germany)
A metalclad testing set for voltage transformers for GIS.

43.17 R.E. James, F.E. Trick, P.J. McMullan (Australia)
Location of partial discharges in power transformers, with spe-
cial reference to an internal winding calibration technique.

43.18 G. Liptak, R. Schuler (Switzerland)
A high-voltage method of testing winding insulation, especially
for field windings of rotating machines.

43.19 D. Konig, C. Neumann, H. Lipken (Fed. Rep. of Germany)
Partial discharge measurements of SFg-insulated high- voltage me-
tal-enclosed switchgear on site.

43.20 E. Bertani, E. Molteni, W. Mosca (ltaly)

The measurement of partial discharges in shunt capacitors for po-
wer system.

44 - MEASURING METHODS -OPTOELECTRONICS
Special Reporter : C. Malaguti (italy)

44.00 C. Malaguti (Italy)
Special Report of Group 44.

44.01 M. Aguet, M. lanovici, Ph. Blech, B. Zircher (Switzerland)
Measurement of impulse currents using optical fibers.

44,02 A. Braun, R Zirpel (Federal Republic of Germany)
Opto-electronic transmission system for high-voltage measure-
ments.

44,03 S. Rld N. Trapp (Federal Republic of Germany)

Optoelectronic cont.rol equipment for high voltage test facili-
ties.

44.04 T.H. Teich, J.A.G. Neale (United Kingdom)
Current measurement by means of the Faraday effect and the Po-
clgls effect.

44.05 T. Horvath, G. Clement (Hungary)
Measurement of the distortionless electric field intensity of high
voltage installations. ]

44.06 D. Armanini C. Brambilla (ltaly)
Electric field measurement devnces used in the 1000 kV plant at
Suvereto.

44.07 R.T. Waters, E.O. Selim (United Kingdom)

Field filters - New static probes for field measurement at electro-
des.

44,08 W.B. Stark (United Kingdom)

A significant improvement in the performance of the rotating
electrostatic fluxmeter.

44.09 M. Milkovic, R. Humphreys, R.D. Baertsch, N.C. Git-
tinger (USA)
A solid state lightning surge recorder.

4410 C.M. Arturi, E. Carminati (ltaly)

Industrial prototype of a frequency- modulated electro-optical
current transformer.

44.11 L. Thione, G. Costa, E. Elli, A. Mantini, A. Cente-

meri (ltaly)
Application of fibre optics to the measurements of corona losses
in UHV experimental lines.



51 - AIR INSULATION - PHYSICAL APPROACH
Special Reporter : R.T. Waters (United Kingdom)

51.00 R.T. Waters (United Kingdom)
Special Report of Group 51.

51.01 Y. Murooka (Japan)
Jutting electrode effects on breakdown voltage of 3 m rod-plate
gap with positive switching impulses.

51.02 L.E. Kline, L.J. Denes (USA)
Prediction of the limiting breakdown strength in air from basic data

51.03 M. Chiba, T. Kouno, H. Fujita (Japan)
Stepwise propagation of surface discharge.

51.04 G.E. Maier (Switzerland)
Switching surge breakdown of rod(sphere) - plane gaps. Voltage
drop and charge injection during the final jump.

51.05 J. Mrézek (Czechoslovakia)
Some results of czech research of long air sparks.

51.06 H. Isa, M. Hayashi (Japan)
Breakdown phenomena in non-uniform short air gap under im-
pulse voltage.

51.07 H.D. Sprang (Federal Republic of Germany)

Analysis of breakdown mechanisms of long-air gaps under swit-
ching-impulse voltages with the help of a surface discharge analo-
~ gy model.

51.08 F. Rihling (Federal Republic of Germany)
Calibration ynethod for quantltatlve analysis of discharge channel
diameter.

51.09 E.M. Bazelyan, V.I. Levitov, A.Z. Ponizovsky (USSR)
Electric field strength in the leader channel of a long positive
spark in air.

51.10 1. Miyachi, K. Horii..S. Muto, G. Ikeda, S. Aiba (Japan) -
Experiment of long gap discharge by artificially triggered light-
ning with rocket.

51.11 M. Darveniza, B.C. Holcombe (USA)
A two-electron population hypothesis for the leader channel in
the breakdown of long air gaps.

51.12G. Baldo, G. Pesavento (ltaly) - B. Hutzler, J.P. Riu
(France) - A. Fischer. P. Zacke (Federal Republic of
Germany)

Phase to phase insulation : space charge effect on discharge deve-

lopment.

51.13 G. Pesavento (ltaly)
Leader development under non standard lightning impuises.

51.14 M. M. Kekez, P. Savic (Canada)
Derivation of the breakdown characteristics of a positive rod-pla~
ne gap over a three-decade range.

52 - AIR INSULATION-ENGINEERING APPROACH
Special Reporter : B. Hutzler -(France)

52.00 B. Hutzler (France)
Special Report of Group 52.

52.01 W. ‘Mosch, H. Bohme, H. Lobl (German Dem. Rep.)
Breakdown of air-gaps heated by dperating current.

52.02 T.E. Allibone, J.C. Saunderson (United Kingdom)
Sparkover of rod-plane, sphere-plane and rod-rod gaps stressed
with DC voltages; effects of conditioning.

52.03 T.E. Altibone, D. Dring, N.L. Allen (United Kingdom)
The influence ofelectrode shape and conditionon thehumidity cor-
rection factor for negative polarity sparkover of rod-plane gaps.

52.04 W. Mosch, E. Lemke, E. Engelmann, M. Dietrich (German
Democratic Republic)

Dimensioning of screening electrodes for UHV test equipments

based on a critical streamer intensity.

52.05 W. Schulz (Federal Republic of Germany)
Erratic breakdown in air due to impurities in the presence of di-
rect and alternating voltages.

‘

52.06 T. Harada, Y. Aoshima, Y. Aihara (Japan)
V-T characteristics of air gaps for steep front impulse voltages.

52.07 P.V. Volkova, A'R. Koriavin (USSR)
Electrical strength of phase-to-phase air insulation in the light of
discharge physics.

52.08 A. Fischer (Federal Republic of Germany)

Humidity and breakdown of 20 cm rod-plane gaps with negative '

impulse voltages.

52.09 J. Lalot, G. Gallet (France)
Breakdown phenomena at power frequency.

52.10 |.P. Kuzhekin, R.K. Borisov, V.L. Budowitch (USSR)
Investigation of dielectric recovery of gaps after pulse current
passage.

52.11 C.W. Powell, H.M. Ryan (United Kingdom)
Switching impulse strength of a 765 kV simulated tower window
with V-string insulators under artificial rain.

52.12 |.L. Krébmer (Hungary)
Switching surge breakdown parameters of conductor-tower

52,13 R.T. Waters, N. Farrag (United Kingdom)

Interdependence of impulse breakdown parameters and electric
field.

52.14 M. Kleimaier (France)
Influence of the time to half-value on the impulse breakdown of
large air gaps.

52.16 A. Pigini, G. Rizzi, R. Brambilla, E. Garbagnati (Italy)
‘Switching impulse strength of very large air gaps.

52.16 G.N. Alexandrov, Ju.A. Gerasimov, V.V. Korotkov (USSR)
The modelhngpf flashover in long air gaps.

52.17 G.N. Alexandrov, V.L. lvanov, A.M. Sokolov (USSR)

Flashover characteristics of long air gaps for high voltage appa-
ratus.

52.18 G. Baldo, G. Pesavento (ltaly) - B. Hutzler, J.P. Riu (Fran-

ce) - A. Flscher P. Zacke (Federal Republic of Germany)
Phase to phase insulation ; effect of time shift between the two
components of the applied voltage.

52.19 G. Baldo, G. Marchesi (ltaly) - J. Lalot (France)
Breakdown of sphere-plane gaps under positive switching surges.



53 - CORONA'IN AIR
Special Reporter : G. Baldo (ltaly)

53.00 G. Baldo (ltaly)
Special Report of Group 53.

53.01 M.S. Abou-Seada, A.R.M. Zaghloul, R.Y. Amer (Egypt)
A physical model for formative time lag calculation under space-
charge-stabilized nonuniform fields.

53.02 |.C. Somerville, D.J. Tedford (United Kingdom)
The spatial and temporal variation of ion densities in non-uni-
form-field gaps subjected to steady state-or transient voltages.

53.03 E.O. Selim, R.T. Waters (United Kingdom)
Current density distribution in negative coronas in air and nitro-
gen in the pressure range 0.1---760 torr.

53.04 D. Graf (Federal Republic of Germany)
Calculation of corona dischiarges in point to plane gaps.

53.05 M. Khalifa (Egypt)
On the controversial subject of glow corona.

53.06 H. Isa, M. Hayashi (Japan)
Observation of streamer corona under AC voltage by mean of
;treak photograph.

53.07 K. Arai, Y. Tsunoda (Japan) )
Electric field by the space charge with temporal variation of mo-
bility around a wire under corona discharge.

53.08 G. Be;'ger, R. Hahn (France) '
Statistical time-lag distribution of an electrical discharge in air.

53.09 Y. Murooka, S. Koyama (Japan)
A nanosecond surface discharge study in low pressures.

53.10 S.J. Dale (United Kingdom)
Primary corona characteristics and the dark period in long rod-
plane gap discharges in air.

53.11 M.V. Sokolova (USSR)
The frequency influence on the discharge characteristics 6f an
ozonizer.

53.12 A. Goldman (France)
Analysis of the energy losses on the plane of a pomt plane negat|
ve corona for short gaps.

-7 54 - SURFACE INSULATION
Special Reporter : P.J. Lambeth (United Kingdom)

54.00 P.J. Lambeth (United Kingdom)-
Special Report of Group 54.

54.01 A El-Arabaty, A. Nosseir, S.EI-Debeiky, E. Nasser,
A.El-Sarky {Egypt)

Measurement and analysis of dynamic discharge propagation on

HV polluted insulators.

54.02 A.El-Arabaty, A. Nosseir, S.El-Debeiky, E. Nasser, E.El-
Sharkawi, A.El-Sarky (Egypt)

Measurements of temperature of high-voltage polluted insulators

using infra-red techniques.

54.03 L. Higginbottom, S. Zoledziowski, J.H. Calderwood (Uni-

ted Kingdom)
The dynamic model of flashover along a conductive surface.

54.04 R.M. Radwan (Saudi Arabia) - G.M. Abd EI Salam

(Egypt)
Effect of silicon grease on the DC electrical characteristic of pol-
luted insulators.

54.05 D.A. Swift (United Kingdom)
Flashover across the surface of an electrolyte : some methods of
arresting ar¢ propagatlon

54.06 L. Egiziano, G. Lupo’, B. Macchiaroli, P. G. Orsini (ltaly)

"Chemical and electrical investigations on insulators covered with.

semiconducting layers.

54.07 R. Kosztaluk, J. Mikulski (Poland)
Electric withstand strength of insulator strings under various at-
mospheric conditions.

54.08 H. Anis, O. Gouda (Egypt)
Behaviour of desert-polluted insulators under transient voltages.

54.09 A. Leschanz, E. Steinort (Austria)
Examination of the influence of silicon grease on epoxy resin
outdoor insulations.

54.10 K. Lloyd (USA) - G. Marrone (Italy)

ENEL-EPRI joint research comparison results of pollution tests
performed on some given insulator strlngs at two different UHV
laboratories.

54.11J. Danls I.L. Krébmer (Hungary)
Switching surge performance of transmission line insulation in
ambient conditions.

54.12 J. Danis, J. Schnérch (Hungary)
The correlation between the parameters in the different pollution
test methods.
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IMPULSE VOLTAGE GENERATORS AND TESTING CIRCUIT COMPONENTS
Special Report of Group 41

K. FESER
Emile Haefely & Co. Ltd
Basel, Switzerland

Nine reports were assigned to group 41. The
topic can be splitted up in following
groups . ¢ -

- impulse voltage generators with

controls,

- impulse current generators

- switching impulse test on transformers

- bushings and terminations

- compressed gas capacitors.

1. Impulse voltage generators with controls

For testing purpose the lightning impulse
voltage and the exponential switching impulse
voltages are standardized in specifications.
Therefore most of the efforts in the develop-
ment of impulse generators were in the past
related to the generation of these standardi-
zed impulse shapes. With the better knowledge
of the overvoltages occuring in practigal
power systems more complex waveshapes are
often needed to be generated in laboratories
to simulate actual stresses. Especially for
fundamental studies leading to improved tes-
ting methods with technical or economical
background the different non-standard wave-
shapes are of interest.

In this wide range of possible waveshapes
there is a special trend in the last years to
investigate the behaviour of insulation sys-
tems or components to two waveshapes :
- the steep front impulse voltages and
+ - the oscillating switching impulse
voltages.

Both waveshapes are not recommended in speci-
fications, but demonstrate their actual in-
terest in three papers, presented to this
conference., Paper 41-01 describes a new im-
pulse generator circuit for the generation of
symmetrical and asymmetrical oscillating
switching impulse voltages as well as all ex-
ponential waveshapes, whereas papers 41-O4 and
41-06 are related to impulse circuit for the
generation of steep front impulses.

At the moment the oscillating switching im-
pulse voltage is discussed as possible wave-
shape for On-Site testing of SFg-substations.
The main point of applying oscillating
switching impulse voltage to capacitive test
objects is the resonance behaviour of the
circuit, resulting in reduced costs for a gi-
ven test voltage for the impulse generator.
A further discussed application of oscilla-
ting switching impulse voltages is in the
field of switching surge tests on transfor-
mers by applying discharges to the low vol-
tage side of a transformer. This technique is
also used to produce oscillating switching

impulse voltages with test transformers. The
paper 41-01 describes a circuit generating
the oscillating switching impulse voltage
with additional elements in a normal Marx
generator circuit., The construction of the
generator uses an indoor design ardiutit in =
tower enclosure. This solution for outdoor
impulse generators is nowadays adapted to
practical all commercial available outdoor
impulse generators.

Question 1

Where are the practical test applications
of the oscillating switching impulse vol-
tages besides of research work in insula-
tion design for EHV and UHV transmission
lines ? Should the oscillating switching
impulse voltage be discussed as alterna-
tive to the exponential switching impulse
voltages because the overvoltage in power
lines are oscillatory and for certain test’
objects it is more economical to generate
oscillating impulse voltages ?

Paper 41-04 and paper 41-06 bring the steep
front impulses to our attention. In both pa-
pers the steep front impulses are generated
with peaking circuits in connection with nor-
mal Marx generators. The main problems invol-
ved are the behaviour of the gap and the
practical problems to build the components
including the gap with a low inductance. Ri-
se times of less than 10 ns at voltages of
500 kV are demonstrated in paper 41-06.

One practical application of these steep
front impulses seems to be in testing of mo-
dern electronics in substations, electronics
in high voltage laboratories or electronics
in telecommunications systems, avionics or
military systems, In all these cases, the
electromagnetic field generated by high vol-
tage breakdowns, lightnings or atomic¢c explo-
sions can destroy the electronic components
or lead to malfunction of electronic mezsu-
ring or control systems. Paper 41-03 shows
one possible solution for the interference
problems in high voltage laboratories for
the control of impulse generators. Similar
solution used in the past have the optical
link applied between u-prozessor or mini-
computer and control system, but also solu-
tion without any optical link are working
(see paper 41-01).

Question 2

What is the experience of users or manu-
facturers of modern electronics in sub-
stations ? Is it necessary to introduce a
high voltage interference test in substa-



tion to test the wiring and the compatibi-
1ity of all electronics against tran-
sients ? What waveshapes should be used
‘for testing purpose ?

2. Impulse current generators

For testing of power apparatus 4/10 us ‘or
8/20 us-current impulses with specified peak
amplitude of 100 kA resp. 20 kA are standar-
dized. Measurements of natural lightning and:
statistical evaluation of the results show
that the four parameters representing a
lightning stroke can be simulated by an idea~
1lized current test waveform. Paper 41-05
describes a test circuit for the simulation
of this current waveform,

Question ;3 8

Is this new idealized current test wave-
form for the evaluation of the direct
effects proposed by military specifica-
tions also relevant to the testing of high
voltage arrestors or material for light-
ning protection.

%, Switching impulse test on transformers

A possible solution for the problem involved
in the switching impulse test of transiormers
is shown In paper 41-02. As it is reported
the main problem of transformer testing with
switching impulses seems to be the different
waveshapes resulting of the saturation of the
core and therefore 4 to 5 impulses of opposi-
te polarity and about 50% amplitude are
applied before the test voltage. Then it is
possible to get reproduceable waveforms at a
certain ‘test voltage. But changing the test
voltage results in another waveform, there-
fore the reference-voltage and the test-
voltage are different. With anadjustable
d.c. current supplied permanently to the not
tested low voltage terminal the saturation
can be compensated and the zero passage of
the voltage can be adapted to be the same for
the reference voltage and the test voltage.
This helps by the interpretation of the test
results.

Question 4  :

What is the most often used practice of
switching impulse tests with transfor-
mers ? What is the experience in evalua-
tion of measured results of switching im-
pulse tests with different time to zero ?
Have other people applied the d.c. current
for compensation and what are the practi-
cal experiences with both methods ? Are
there any other problems related to the
fact that the low voltage terminal of the
transformer is connected to a certain im-
pedance ?

4, Bushings and terminations

The last three papers are all dealing with
the design of bushings or terminations for
a.c. applications, Two papers 41-07 and
41-09 are describing a bushing or termina-
tion for laboratory use at very high voltage
levels. The main purpose is to get an econo-
mical solution which can be built by labora-
tory people. The design characteristics des-
cribed in paper 41-07 for air to air bushing
and in paper 41-09 for terminations for tes-
ting of plastic cables are in this respect
very useful.

Question 5 :

Can an air to air bushing be used to re-
place a wall bushing ? What is the long
time behaviour and the outdoor performan—
ce of such a bushing ?

5. Compressed gas capacitors

Paper 41-08 describes a new design of a
bushing used in a compressed gas capacitor,

- resulting in a reduced height but increased

diameter of the apparatus. It is also stated
that the electrical parameters can be kept
with lower tolerances in respect to tempera-
ture and voltage variations than the older
design. :

Question® :

What is the maximum change in capacitance
of different constructions of compressed
gas capacitor ? Is it economical visible
to use for the design of indoor compressed
gas capacitors a bushing ?
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|NTERNATIONAL SYMPOSIUM ON

IMPULSE GENERATOR FOR TESTING THE INSULATION
OF EHV - UHV TRANSMISSION LINES AND EQUIPMENT

BeI. Gordin, G,E, Krastin,
N.N, Tikhodeyev

DIRECT CURRENT RESEARCH INSTITUTE
Leningrad, USSR

A.G, Levit,

Abstract - It is of major importance for
selecting adequate insulation for EHV and UHV
trensmission lines to use in tests such waveshapes
that would simulate as closely as possible anti=-
cipated overvoltages in such lines, Presentday
factory-made impulse generators fail to satisfy
the researchers completely in this respect, The
5 MV universal impulse generstor developed and
manuféctured by VEB TuR "Hermenn liatern" (GDR) to
order of DC Research Institute (USSR) meets the
challenge most successfully,

THE PAPER

Test waveshapes - In the last decade im~
pulse generators have been used in different coun-
tries and helped obtain a wealth of experimental
date on overhead line insulation which have proved
the time to crest Tgp to be an inadequate crite-
rion for assessing the impulse waveshape, This is
evidenced by & "minimum" of the volt-time charac-
teristic for air gaps several meters long, by the

G, Elstner, S, Franke, W, Schrader
VEB TuR "HERMANN IATERN"
Dresden, GDR

absence of a "minimum" and by a uniform reduction
of the flashover level with T increasing for
air gaps over 10 m /1,2/, hy %ﬁe incompatibility
of the volt=-time characteristics (witha Tep =

1000 ,us) obtatmed,with impulse generators and
thosé obteined with trensformers /2,4/.

Therefore a new criterion has been suggested and
confirmed by coordinated tests /2/ for positive
polarity impulses, which is based on an experi-
mentally substantiated fact of fleshovers occur-
ing only at the "active part" TO 7 of the wave
front, i.e, during the time interval between

0,7 U and 1,0 U, U being the impulse crest voltage
corresponding to a 50 75 flashover probability,
This approach has permitted to bring in alignment
test data obteined from impulse generators and
from transformer cascades and to suggest a conver-
sion technique for results obtained by the two
methods, However, aperiodic impulses used in nega-"
tive polarity tests or in moist contamination and
wet tests of line and external equipment insula-
lation result in distorted measurements of the

""'*;‘() O Bl : <+ q—.-hi——() }_-__g 'r
! 3 if)\\\\ -
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—it
R R !I
Fz cz ﬁd 2 FZ
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Ly []Rl [ b Ly [Rl"
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.[]Rt : []]R‘
1
-U +U, +U,
Y (o0 (-w) o (-U)
Fig, 1 Circuit diagrams of impulse generator (3 stages)
a) aperlod1c impulse circuit b) oscillatory impulse circuit
C - basic capucltances, C, - load capacitance, R, - damping resistor,

Re - discharge resistor, R
Ly, L, - inductances,

= oscillatory impulse damping resistor,
Py F2 ~ spark gaps,

RL - charging resistor,
Uy, - load voltage



volt=-time characteristics due to a profound diffe-
rence in the shape between these impulses and the
actual switching overvoltages after crest,

To avoid such distortions the impulse generator
must be capable of producing both aperiodic and
oscillatory impulses thereby permitting to obtain
compatible volt-time characteristics with the
help of a single installation, At present oscil-
latory impulses with T = 2000 ,us can be obtained

only by using cascadescgf test transformers /3/.

Design of the new impulse generator - The
TuR-designed impulse generator has taken account

of the above requirements and has-a number of fea-
tures making it substantially different from ear-
lier factory-made models of impulse generators,
This 5 MV 20-stage impulse generator with the to-
tal charging energy of 800 kJ is of the conventio-
nal multiplier type and is capable of precducing
both aperiodic impulses with times to crest from
1,2 to 5000 ,us and times to half value from 40 to
200,000 ,us,” and damped oscillatory impulses with
frequenéies of 500, 1000 and 2000 Hz, The gene=-
rator can be charged through charging resistors
or through pneumatically operated charging switch-
es, The latter assure 2 high efficiency factor

of the installation and a short charging time

even with the longest impulses, Connected to the
output of the impulse generator is a 450 pF
slightly damped capacitive voltage divider which
acts as the load as well, As Tep rises the inter=-
nal resistance of the generator gets increased.

To avoid dips in the voltage curve because of
leaders on the test object during tests with long-
er times to crest, an additional loading capaci-
tance of 8 nF can be connected to the generstor,
Reliability of firing at any values of Toy 1is
assured by using triggered spark gaps of all the
stages of the impulse generator, Twenty series-
connected chopping spark gaps provide for chop-
ping of aperiodic voltage impulses, with times

to chopping from 1,4 to 10,000,us, The symmetri-
cal charging circuit /5,6/ is pérticularly adapted
for generating oscillatory impulses (Fig, 1),

It assures a more reliable firing of the generator
and a better shape of the output voltage, as com-
pared to an eariier circuit /7/.

An oscillatory impulse is produced at each
stage by superimposing two cosine voltages of op-
posite polarities different frequencies and dif=-
ferent damping coefficients, After the spark gap
F, gets sparked over the circuit C, - L, oscilla=-
tés in a slightly damped way, while the circuit
02 -L, -R, - Rd nearly operates aperiodically,
but wi%h haif the frequency of the first circuit,
The inductances L, and L_-can be used to change
the impulse frequency, while the resistor R, ser-
ves to vary the shape of oscillation curves“from
asymmetrical to nearly symmetrical (Fig, 2).

All the spark gaps of the circuit are triggered,
The impulse generator has a low internal re-
sistance that may be important in certain tests,
Its value of 180 Ohm is determined basically by
the resistors R, whose function is merely to limit
the current in gase of a flashover on the test
object, .\ ciiange of the generator load has a minar
effect on the frequency and crest value of the
impulse, The inductances L, and L, are arranged
at each stage of the impulse generator (Fig, 3).

The generator is an outdoor installation
but is housed in a stationary weather-proof enve-
lope of polyurathane foam blocks (Fig, 4), 9,5 m
in diameter and 22 m high provided with a 1 m
diameter toroidal top-electrode, To increase the
creepage distance, the envelope tower has a rib-
bed outside surface assuring rated parameters of
the generator's operation in rain, An air condi-
tioning plant maintains a uniform temperature and

Fig, 2 1000 Hz Oscillatory impulses,
timebase 500 ,us per unit

a) symmetricél,

crest value 1670 kV, R, = 100" ohms
b) asymmetrical,

crest value 2430 kV, R2 = 1920 ohms
C,;=¢C, = 2560 nF', R, = 1§ ohms,
Ly = 8%mH, I, = 32

Fig, 3

Outer view of impulse generator
showing inductances L,, L, (left)

humidity level inside the tower and.eliminates
dust, Thus spontaneous firings of the impulse
generator are virtually ruled out,

The control and measurement system provides
for automatic experiment procedures with the
help of code panels and punched tapes, as well as
for automatic recording of test results by a nume-
rical printer and & puncher, the resulting punch-
ed tapes being used for computerized processing
of test data, The control system lets the in-
vestigator concentrate on the test objects, The
test personnel get involved only when changing
the software or the waveshape,

Test results =~ The impulse generator was
commissioned in Leningrad, USSR, in September -
December 1978, During the commissioning tests the
generator was used to obtain 1,2 / 50/us light-
ning impulses with 4 MV crest value,



Fig, 4

General view of 5 IV impulse generator in
in its tower
(DC Research Institute, Leningrad)

250 / 2500/us, 500 / 10,000 us and 5000 /
200,000 ,us’ aperiodic switching impulses with

2,5 MV érest values, and oscillatory switching
impulses with frequencies from 500 to 2000 Hz
and crest values from 2 to 2,75 IV, _
Aperiodic impulses were successfully and repro-
ducible chopped., These and further tests took
place under a variety of weather conditions (fair
weather, light rain, shower, storm, snowfall,
frost down to =30° C) which did not affect opera-
tion of the impulse generator, Normal indoor
conditions were always meintained inside the en-
velope, There were a few cases of spontaneous
spark gap extinction.on the tail of 5000 /
ZO0.000/us impulses, This appears to be the re-
sult of’attaining a natural physiacal limit of
superlong aperiodic impulses obtained with the
help of spark geps, The impulse generator was
tested using the control and measurement system
which functioned quite successfully, At present
the impulse generator is used for a research
project dealing with UHV transmission line insu=-
lation,

COIICLUSION

The 5 IV, 800 kJ universal impulse gene-~

rator rakes it possible to carry out various
tests and research on LEHV and UHV insulation
under conditions very closely simulating those
of actual operstion, The wide range of impulse
wave shapes and the autometic test procedures
result in a higher confidence level of test re-
sults, a shorter test time, and a lower cost of
experiments,

/1/

/2/

/3/

/47

/5/

/6/

/1
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POWER TRANSFORMER SWITCHING IMPULSE
TEST METHOD USING DIRECT CURRENT SIMULTANEOUS
DEMAGNETIZATION OF MAGNETIC CORE

A ,MARINESCU
CCSIT~ELECTROPUTERE
Craiova-Romania

Abstract - An operative method for a
switch 1se test (SI test) of transfor

mer using direct current simultaneous demag-

netization of magnetic core with which it
can be obtained a controlled or even constant
duration as far as to zero passage of SI,
indifferent of the test voltage value is sug
gested.

It is analysed theoretically and expe-
“rimentally the behaviour of the demagnetiza-
tion circuit in transients caused by SI ap-
plication and with a view to routine tests
it is established the method of the two para
meters for determination by calculation of
the demagnetization current and of the time
to the first zero passage for different test
voltages. - g g

1. INTRODUCTION

.In the 'last years within of IEC and
CIGRE - has been discussed the . amendment of
the insulation tests  available for some
decades.One found necessary to introduce new
tests and ‘to  abandon the tests useless
strength the insulation and generally give a
little indications about real behaviour in
transformer service. ;

' Materialisation of these proposals it
is stated in ' [1] which introduce inter alia
the switching impulse test (SI test) of the
high voltage equipment with Up>300 kV, in
the same - time reducing the power frequency
test voltage.

At power transformer SI test two signi
ficant problems arise, namely [2]:

~ the decrease of the impulse duration
due to saturation of magnetic core,generally
obtaining a reduction of the time to first

zero passage (t?)proportional to overvoltage

factor Ks=\/3/2(Un/Ur) where Ur is the test
voltage; gy, - *

= difficult compare of the voltage and
current oscillograms through wind under
test at different test - voltages with the
view to insulation failure detecting.

In the papers so far published concern
ing this subject, the reduction of ty at
voltage increase is compensated by change of
the remanence flux from the magnetic core.
either by application of SI of opposite pola
rity in the interval between the useful
-impulses [3,4,5,6,7,8] or by a temporary ap-
plication of a dc in the same time [2].

The main disadvantages of these solu-
tions are [9]:.

= significant outside
insulation; demagnetization impulses have
fositive polarity and relative high amplitude

60 + 80% from full test voltage) and it is
necessary to apply 3-4 impulses to obtain
the saturation opposite to useful impulse;

= lower promptness of the tests; the
number of the demagnetization impulses is
bigger than the number of useful impulses
and the fail of the oscillographic recording

stress of the

of one of the useful impulses leads to rec-
curence of demagnetization impulse series.
Demagnetization under temporary applied dc
requires the safe mechanic separation of the
dc circuit to avoid HV penetration -yielded
by test impulse in dc source.

- the impossibility of the accurated
control and adjustment of the demagnetiza-
tion obtained by the help of the impulses or
of the temporary applied dc due to unknown
demagnetization K coefficient of the magnetic
core.

Therefore the change of the SI trans-
former test into a routine test need a safe
and efficient test method and it 1s the
purpose of the present paper to suggest a
solution of this problem.

2. PRINCIPLE OF SUGGESTED METHOD

In Fig.l it is given SI test circuit
of a three-phase transformer completed on
the 1low voltage side with the dc demagne-
tization circuit (thick 1lines) remaining
permanently coupled.

~A B

Le,
;‘u(t) ’
F

Fig.1l
Suggested test circuit

The essential element of the
is RCD group having the following functions:
- transmission of the demagnetization

circuit

dc Iq ylelded by e controllable direct
current source-Eg;
- attenuation of the induced impulse

voltage Ej(t)at secure values for Eo source
and its afferent circuits;

- additionasl protection of the low-
voltage side at the accidentally breaking of
the connection of the capacitor C by diode
D which is"on" only when the impulse voltage
amplitude at the terminals of the source
exceeds E  value.



: SI test technique with the new
eding i1s the following:

(a) - one or more reference impulses
are applied to a voltage between 50 and70%
from UF with I4=0 and it is determined t.(at
this voltage usually the megnetic circuig is
alread¥ ;aturated);

b

proce-

- @a demagnetization current
Ig max = (0.05 & 0.15)V2 I, ‘is established
where” I,, 1s the effectiVe value of the
no-load rated current at 50 Hz;in Section 4
it will be shown how to choose the accurate
value of the demagnetization current;

(c) - the impulses ‘are-applied to the
full test voltage which must have the same
duration to as the reference voltage now;

4 d) - one or  more  reference impulses
for Iy =0 or lg<I§ max are applied if
exceptionally :-the - same-', duration of the
impulses  from (a) and (c) is-mot obtained;

. (e) = the - oscillograms at : the refe-
rence voltage are compared- with those at the
test voltage after the; classic rules of the
insulation defectoscopy [2].

3. ANALYSIS OF DEMAGNETIZATION CIRCUIT
PERFO TION
In Fig.2 it is presented the simplified
equivalent. circuit of the test circuit from
Fig.1 in which one' take into account the
fact as the SI is ~generally applied on a
winding and the demagnetization de¢ on

another winding.
U S ‘Re U Ls

3 Fig.2. .
Sinp%@f1e¢?equ£wa1ent‘circuit

The inductance L, is considered in
this paper as a non-linear element control-
led by dc Iq with general form Lp = £(ip,I4)
where {1 is the impulse current passing
through the winding under test. Capachors Or
enclosed the . distributed capacitance of the
HV winding of the transformer and of . the
voltage divider Cy; theé circuit elements are
considered related to the winding at which
the impulse is applied.

To 'analysis  of the processes taking
place in the circuit as a result of the pene
tration of an impulse voltage Ej(t)following
assumptions are made:

- Dc source .is an adjustable rectifier
which

can be represented in the equivalent
circuit (fig.3) indifferent of rectifier
circuit, by a source Eo of constant voltage
if the transient process time is lower in
regard to conduction period of the rectifier
diodes) in series with a diode d and with
the equivalent leakage inductance Lgy of the
rectifier transformer windings; '
'~ SI has'a single zero passage as a
result of Ly saturation; the induced voltage
Ej(t) keeps a similar shape and according to
theorem of equality of areas, the A and Ap

areas must be equal (Fig.l4), ' ,
Idealized impulse for calculation has

the expression: ey oy
. By (8)=E, [¥(£)-(1+a) ¥(t-t) ) +at(t-t,)]

where ¥(t) is the unit step function;¥(t-t

¥(t-%,) are retarded unit step functions afid

a -?Ein'/Ei represents ‘the backswing.

2

9

i 118 L

(b C'=x Uyl 4
| =

0

Fig.3
Circuit for calculation of
E;(t) impulse penetration:
into the power source.

;2 From Fig,4 one notice as the idealised
impulse area A'y 1is larger than the real
impulse area A; if tj=t,; one can so obtain
the covered results. !

. .The : calculation conducted as in [10]
leads to the following expressions for the
change in .time of the voltage at the recti-
fier terminals:

U10(t)=E,~(E; (£)/R)L, /C exp(-pt)sine t (1)

and for impulse current supplied by recti-

fier:
I(€)=(E, (£)/R) [1-exp(-pt)cos v t]  (2)

where 2p=1/RC is the attenuation of circuit
RC and ‘w, 1s natural frequency of  the
LgyC circuit, y

From the plotting of these amounts
given in Fig.5 results that in the moment
when Uj(t) becomes equal to E, the current
has a maximum value and continues to flow
until the whole magnetic energy stored in Lg,
inductance is returned to the circuit.In the
moment t = t3 the .current becomes zero and
remains zero due to diode d "off".From this
moment. the:validity :of the relation (1) and
(2) ceasses and further on voltage variation
is given by the integration of the opposite
oscillation of the voltage E;j(t) due to RC
circuit with the maxi

rum value
1 - - o
(Uc)nx' -(Al/RC) (tz tB)/(tZ tl)] (3)
, To calculate the maximum voltage drop
at the rectifier terminals they observe this
takes place for t=T/2w, and therefore:
AUpax= ~(E;/R)NLg /C exp(-Tp/2w,) (&)
Then the capacitance of C must be 80 chosen
in the case of a given rectifier that to

minimize AU i.e;
g ot ,7fs;7C<<R : (5)

Maximum voltage appearing at the rectifier
terminals is: . ,
(Ulo)max?ulo(t3)+(uc)max+Eo ' (6)
After the fading of the Ej(t) impulse
the . capacitor C charged at the voltage
(U10)max given by (6) is discharged.by R in
the secondary winding of the transformer,The

.discharge has taken place by the <time that

the voltage at capacitor terninals decrease
to E, value, moment when the rectifier sets

in c8nduction getting finally the constant
de Id - Eo/ R, : 3

Eit

1 i

1

- A

Fig.h
equalized by an
r impulse.

Real impulse
idealized rec
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Fig.5
Current and voltage at the
‘rectifier terminals calculated
in the case of the idealized
SI application

In Fig.6 it is presented the oscillo-
gram of the induced voltage Ei(t) and of the
voltage at the rectifier terminals Ujo(t)
getting by an 190 MVA 242/15.75 kV Y,d-5
block ' transformer test under the above
circuit., Besides the similitude with the
calculated curves from Fig.5 they notice the
moment of blocking of the rectifier and
further on the slow rising of the voltage due

to RC circuit, It is also established a very

good correlation forw (1500 as to 1530 1/s
calculated)on the ‘6ther hand as it was to be
expected the calculated value foraU is
higher than that measured (150 as to 100 V)
due to ‘simplification inserted into the
calculation(neglected of the ohmic resistance
of the rectifier circuit and the adoption of
the idealised rectengular impulse).
Repeatibility of %o duration for succesive
impulses is very good but for routine appli-
cation of the suggested circuit must by found
a method for predetermination by calculation
of to and'Iq at different test volteges.

4, TWO PARAMETER . METHOD FOR DIRECT
CuU RO
T DASSACE DETERMINATION
Under conditions of the set forth
method it can be considered that is depend
ing on two variable: test voltage Up and the
demagnetization current Ig i.e.:
t, = F(Up, I4) 5 7)
Then, the ty variation regarding a presetted

value, for a given Ut and I3 results from
total differential:

 [OF [aF]
dt -[—v du, + dI (7)
°."18% ]Idgdt ﬁuTgct

ke Aty = AaUp + Balg

relation representing the searched dependence

A and B are constants experimentally result-
ing from two reduced voltage tests, one at
Ig=ct and another at Ur=ct on the following
assumptions:test voltage should be not lower
than the minimum voltage yiel magnetic
circuit saturation and megnetic field yield
by Iq on magnetic circuit should be 0<§g<2Hc
where He is the coercive field of employed
megnetic material [10]. s

Thus, for instance at the 400 kV winding SI
test of a 400 MVA 400/231 kV autotransformer
at which demegnetization was made throughthe
tertiary winding of 22 kV they obtained:

Aty = -1.75-107AUL+0.67al,  ms,kV,A

Oscillograms from Fig.7 demonstrate the
appliance of the above method to the test of
this autotransformer.The oscillograms render
ed the voltage at the test winding terminals,
current by winding respectively.Oscillograms
7c and 7d° at reference voltage and test
voltage have virtually the same duration tgo=
=1,8 ms and the difference regarding the
calculated values does not exceed +5%.

Common variation limits of the constants
A and B for high power transformers in 400kV
insulation class are:

A= =(1,2 +3,0)10 ms/kV
B =(0.4s O.a)ms/A

Otherwise,if it is known the impulse magneti
sation characteristic of the material and the
magnetic circuit structure, A and B can be
determined without other experiments Eflo]

Fig.6
190 MVA 242/15,75 kV block trans-
former test, Time marking 0.3 ms;
Ur=650 kV (Kg=2.72); to=2ms;Ig=1A

Relation (8) allows easily solve of two
cases frequent encountered in practice, 1i.e:

= it is given t, at reference voltage
g”i Snd Iq=0; it is asked to at given Urand
d H

- it 1s given t, at UT and I4#0 given;
1t 1s asked I rer et Upes 4n order that
(to)T - (to)r.f-

5. OPTIMUM VALUE OF DIRECT CURRENT

The researches undertaken on the basis
of the simultaneous magnetization characte-
ristics ' with dc and impulse of the power
transformer magnetic circuits[10] have shown
as the dc demagnetization 1is the most
effective for a demagnetizing magnetic field
Hg in the magnetic circuit column on which
there is fitted the test winding, which does
not exceed 2H (Hc is here the coercive magne
tic field nengured in dc for a flux density
of 1,5 to 1,7 T).

Thus, for instance for M3H transformer

steel:
Hd/Hc .‘. 1 +.1.5

The main dimensions of the magnetic
circuit and the number of turns of the low
voltage winding being known it results the
necessary value of the current Id value
immediately. . ! .




| _KS=,2,29(750kV) Ks=2.9(950kV)
Id=03t°=1,6m5'

[4=0it, =1,25ms

K¢=2,29(750kV) | K4=316(1034kV)
143=03Ait=1.8ms | [4=1A:t,=175ms

Fig.7
4LOO kV winding gI test of the 400
MVA 400/231°'kV autotransformer;dc
demagnetization by 22 kV tertiary
winding. Time marking 0.5 ms.

The above mentioned analysis leads to
the interesting result that the optimum
demagnetization ' current value for the SI
test practiced in [1} 18 placed in the range
(0.5 ¢+ 1.5)A for the majority of the common
type transformers. ;

This reasonable value of the current
encourages the practical application of the
proposed test method.

6. RC_CIRCUIT INFLUENCE UPON THE
UTILISAE:@ FA;EQE OF !E §E;E VOLTAGE

RC circuit used for direct current
input into the LV winding of the transformer
under test can affect both utilisation factor
k of the charging voltage U, and SI shape
(the voltage drop is changeg from cosine in
exponential form at too little values for R).

To maintain the utilisation factor on
the level considered reasonable at SI test
in aperiodic regime k=Ur/Ug>0.7 and in the
same time to preserve the simultaneous de-
magnetization procedure efficiency , the
expression of k is deduced from equivalent
diagram given in Fig.2 where for small times
-(impulse front time) they can consider:

- voltage drop on capacitor C is ne-
glected due to time constant RC~0.5s3t,

- current passing through inductance
Lm is neglected in comparison with the
current through capacitance Cp;

) - resistance high enough to be kept
the aperiodic condition of the circuit at
high frequencies and therefore can be
neglected the 1leakage inductance effect.

Thus can be obtain a simplified cir-
cuit with only two energy accumulators Cg
and Cr (enclosses C;) for ch 10 :

k = 1/J1+(Rg/R")(Cn/ Ca il 1+ (RgRp))
where R'-an, n being the ratio of transfor-
:atton on phase of the transformer under
est.

Analysis shows for n>» 10 that one can
find k> 0.7 even for R = 500 ohms, which for

max = 1.5A leads to a maximum voltage of
the source E, = 750 V, : }

If higher voltages of the source Eq
are accepted, for instance 3 kV there is no

limitation for the application of the method.

It results that the test circuit at SI
with dc simultaneous demagnetization can be
practically applied to the all power trans-.
formers, block transformers and interconnec-
tion autotransformers having a low voltage
tertiary winding.

7. CONCLUSIONS

It is presented a power transformer
switching impulse test method with dc
simultaneous demagnetization by which it can
obtain a controlled duration as far as to
the first zero passage of the SI whatever
would be the voltage value,

In the same time this eliminates the
risk of external insulation flashover to
positive SIs and increases the promptness of
the test. The utilisation factor of the
charging voltage is reduced in a neglected
measure and the circuit reliability 4is not
affected.

The test method is able for routine
employment under the two parameter method
allowing the determination of the demagneti-
zation current and of the .uration to the
first zero passage depending on the applied
voltage.

One proves that for magnetic materials
employed at present in transformer design
and test voltages stated in [1],the demagne-
tization current is situated in the range
0.5 + 1.5 A whatever would be the rated
power and voltage of the transformers.
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Abstract - A realised control system is descri-
bed, in which a 8 bit microcomputer sets and regula-
tes autamatically the charging voltage and the firing
gap length and releases a potential free trigger sys-
tem.. Because of generation of firing impulse at any
desired potential, wide trigger range, short firing
time lag and better triggering characteristic of mul—
tiple chopping gaps are possible.

. The use of light guide transmission lines elimi-
natemany problems of electraomagnetic interferences .
Hereby and through suitable shielding and earthing
measures it is possible to run the measuring and con-
trol system in the high voltage laboratory without
Faraday cage.

1. INTRODUCTION

In the high voltage impulse testing technique
the following advantages . can be achieved through
automation of the testing procedure:

1. Reduction of personnel

2. Time-saving in testing procedure evalution of

test results ?

Better set accuracy of the parameters of the test

arrangement and in this connection reduction of

faults of test procedure

4. Measuring and storing of a higher number of test
dates

5. More speedy and accurate evalution 'of test re-
sults.

For a purposeful range of automation one has to
take into account its advantages and costs. The fol-
lowing tasks of the test procedure e.g. can be auto -
matized:

1. Setting and release of the impulse generator in
accordance with the desired testing procedure
‘Measuring and recording of test results
Evaluation of test results according to given spe-
cifications and protocolling.

Recently seweral autamatic test equipments for
impulse voltage tests have already been developed. The
autamatic setting and release of an impulse genera-

2.
3

tor using standard electronics is -said in [1]. The
automatic measurement, storage and evaluation of test
results with help of an minicomputer in a well
shielded testing cabine have been described in [2].
A model has been described in [3], in which the'set-
ting of the - impulse generator is done with analog
electronics, measurement and storage with a micro-
camputer and off-line evaluation with a° processing
computer IBM 1800. The favourable cost development on
the field of microcomputer electronics with stand-
ardized cards offers new possibilities. A microcom-
puter on a single europe card with 1 k Byte RAM,

4 k Byte ROM and 20 parallel as also 2 sérial 10 lin-
es oosts less than DM 1000,-.

With a high-storage capacity of 16 k Byte EPROM
or dyriamic RAM on a single europe card very powerful
microcomputer = systems can be designed economically
today with a few cards.

If time shortage occurs, different tasks can be
assigned to several microcomputers. In such a multi-
processor-system data transfer between individual cam-
puters is possible with a priorised interrupt control

The free programming of such systems make com-
plex programming for test and evaluation as software
possible and large numbers of them can be stored in
the system PROM. Change or =xtension of programs is
possible through transfer of corresponding PROM sto-
ring elements. A single and cheap adaptlon to new
problems of autamation is possible.

2. PRINCIPLE OF OPERATION OF THE CONTROL SYSTEM

In. the present system the automatic setting and
release of an impulse generator as well as measuring
and storage of test results have been done by means
of a 8 bit microcomputer. Fig. 1 shows the block
diagram. The microcamputer sets automatically gap
length S of the firing gap dependent on the desired
relative gap voltage k and relative air density d as
a function of the desired charging voltage U.The rela-
tive gap voltage k is the ratio of the actual voltage
of the gap to the static breakdown voltage.

. mains impulse voltage generator test
regulating transformer ] biect
HV transtormer : [ firng gap object.
circuit regulating Measuring Measuring | | position. | | Triggering "m:"’""sl
breaker motor U S motor device impulse
] i voltage Fig. M1
v ' ’ 4 * * + I : t Block diagram
I ‘ ‘Intertace - ]
dekired relative - relative ) Microprocessor
| P e Start Reset umit
vaive voltage density | [ °fart |} Reset o4 .
U K d Program




