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Abstract

Internal fault arcs in power step-up transformers occasionally occur at different locations inside the tank. In
this study it has been investigated to what extent generator circuit breakers (GCB) between generator and
transformer may prevent explosion or severe damage due to pressure rise caused by the fault arc. Using sourc-
es from literature, study of fault cases that occurred in the past, and research of arc-current and arc-voltage
conditions, a procedure was established to check the probability to what extent a GCB may reduce severe trans-
former damage and increase safety by prevention of fire. Following this procedure some actual fault-case stud-
ies show that GCB are effective in saving the transformer tank with a probability up to more than 80 %. Com-

parison with failure data verify the calculations.

1 Introduction

Step-up transformers in power plants normally
show high availability. However, in rare cases internal
dielectric flash-overs occur resulting into a fault arc in-
side the transformer causing significant internal pres-
sure rise by production of large quantities of gas (main-
ly hydrogen) due to dissociation of the oil. The amount
of gas produced has been investigated in the past by sev-
eral investigators [1-5] with somewhat diverging re-
sults. Depending on the fault-arc energy, (which is a
function of current value, arc length and arc duration
[1-3]), the pressure rise usually is sufficiently high to
crack the transformer tank or to blow out one or more of
the bushings. In most cases severe damage occurs inside
the transformer, but also other equipment of the plantin-
stallation is jeopardized by burning oil or hydrogen out-
side the transformer. Unacceptable outage of the plant or
at least parts of it normally is the consequence.

The current of the fault arc is delivered both by the
system from the high-voltage side and by the generator.
Its value is determined by parameters as short-circuit im-
pedance of transformer, generator and network and the
number of short-circuited windings as well.

The current fed by the system is interrupted by the
circuit breaker installed at the high-voltage side. The
minimum interrupting time for two cycle breakers is
about 40 ms . The generator continues to deliver a signif-
icant portion of the fault-arc current until it is de-excited
(within seconds). Therefore the tank pressure rises stead-
ily also after separation of the high-voltage system and
even if the current fed by the generator is comparably
lower than the portion delivered by the system, de-exci-
tation normally comes too late to save the transformer.

Today it becomes more and more common to install
a generator circuit breaker (GCB) between generator
and step-up transformer for operational and safety rea-
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sons as well. In this context the question arises whether
serious internal or external damage can be prevented if
the generator-fed fault current is interrupted by a GCB
quickly enough.

In order to answer this question a calculation proce-
dure has been developed by means of a suitable comput-
er code. The goal was to estimate the probability to what
extent installation of a GCB is preventive for tank rup-
ture in case of an internal fault. As a basic input for the
calculations the following quantities had to be investi-
gated:

Value of Fault-Arc Energy

— Calculation of fault-arc current (which is rather com-
plex in case of only part of the winding is short cir-
cuited).

— Estimation of the arc voltage which depends on the
arc length and thus on the location of the fault.

— Calculation of arc duration determined by the protec-
tion system, i.e. switching moments of the GCB and
the high-voltage breaker.

Pressure Rise Inside the Tank as a Function
of Arc Energy

Results presented in literature [2, 6] have been ana-
lysed. [6] presents a theory for small distribution
transformers where in general the vessel was as-
sumed to be stiff. Where in [6] the first pressure peak
a couple of milliseconds after fault initiation was of
main interest, for our study a static approach seemed
to be more appropriate since the purpose was to in-
vestigate an average pressure rise over a longer peri-
od of time (up to some seconds). Therefore the for-
mula introduced in [2], which also takes into account
the expanding potential of the tank, seemed to be a
suitable bases.
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Study of the Behaviour of a Transformer Vessel
Exposed to Inside Pressure

Not much data are published on the cracking behavi-
our of transformer tanks when pressurised. Several
relevant transformer manufacturers in Europe have
been consulted to obtain more insight.

Statistical Fault Behaviour of HV Transformer

In order to learn from field experience, 25 failure
cases have been analysed as good as failure data have
been recorded. Source of information of this part of
the study were a well-known insurance company and

. several transformer manufacturers and utilities as
well. For those cases where sufficient data have been
recorded during the fault, the calculation procedure
was applied and the calculated results were compared
with the real event.

2 Strategy of the Calculation Procedure

The flow chart of the calculation procedure is
shown in Fig. 1.
3 Determination of the Essential Quantities
3.1 Energy of the Fault Arc

3.1.1 Fault Location

The arc energy is primarily a function of arc duration,
arc current and arc voltage. The later two strongly depend

an the location of the fault, i. e. the location influences the .

short-circuitimpedance and the arc length influences the
arc voltage. Therefore different fault locations have been
categorized as listed below and their probability of oc-
currence estimated by analysis of 25 failure cases.

Impedances
Relaying
\ characteristics

Transformer
characteristics

Tank
characteristics

Gas production
rate

ET1103.01H

Fig. 1. Principle flow chart of the calculation procedure
(GCB Generator Circuit Breaker)
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The failure data have been provided by an insurance
company and GCB manufacturers and utilities. Trans-
formers in the range of 1,7 MVA to 1500 MVA have
been analyzed. Often there was not a complete failure
data set available and estimations were necessary. The
numbers in brackets indicate the estimated probability
for a certain failure location inside the tank derived from
the available data:

— Flash-over from high-voltage (HV) conductor to
ground (10 %).

— Flash-over from low-voltage (LV) conductor to
ground (5 %).

— Flash-over across the bushing with pressure build-up
in the tank (15 %).

— Flash-over across the bushing, with bushing is blown
out (15%).

— Partial shorting across several turns:
— arc along the turns (15 %);
— arc from winding to tank (15 %).

— Shorting across two positions of the tap changer
25 %).

3.1.2 Calculation of Arc Current

Significant effort had to be taken to determine the
arc-current value. Fig. 2 shows in principle the current
value depending on the moments of interruption #; and
r of the breakers at the high-voltage side and of the GCB,
respectively.

During the first interval T the arc is fed by system
and generator (Ipy = Ine; + Ipen). After disconnection of
the system at #; during the second interval 7, the arc is
only fed by the generator until disconnection by the
GCB. In case there is no GCB, the generator continues
to feed the arc during a third time interval T; with a slow
current decay by de-excitation within seconds.

For the arc-current value two major groups of arc lo-
cations are relevant, which have to be handled different-
ly for calculation:

— short circuit of a complete transformer coil,
— short circuit of a portion of a coil.

If the arc shorts a complete coil, the value of the arc
current is approximately the same as if the short circuit
would occur directly at the transformer terminals. It can

—
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Fig. 2. Arc current I,,. depending on fault time (/, generator
current; I, net current)
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Fig. 3. Shorting across part of the winding, HV side (GCB
Generator Circuit Breaker; SH Switch at the HV side)

a) Current fed by generator and system

b) Current fed by generator only

be calculated by means of network impedances and the
rated short-circuit impedance of the transformer, which
is state of the art.

If only a portion of the HV coil is bridged by the arc,
conditions become significantly more complicated. The
coilis splitinto two parts, i. e. the short-circuited part and
the remaining (non shorted) part (Fig. 3).

Apart from the impedances in the HV and LV
system, the arc current is influenced by three additional
parameters:

— magnetic coupling m, between the LV coil and the
shorted turns (Fig. 3a),

— magnetic coupling m, and m; between the non short-
ed turns and the shorted turns of the HV coil (Fig. 3a).

The values of these coupling factors m;, m,, ms,
strongly depend on the geometrical conditions (length
and position) of the short-circuited portion of the coil.

L. Coupling factor m;:

For calculation of the coupling factor m, between the

LV winding and the shorted turns of the HV winding (ac-
cording to Fig. 3b) the following considerations apply:

Two coaxial coils have maximum magnetic

coupling m;, if their geometrical heights are equal and

there is no displacement A

: ) against each other in axial

é ST direction (Fig. 4). If one coil

S .= is of smaller length b, the

K
Fig. 4. Position of the shor-
ted windings

RN

coupling is reduced (assum-
ing that the number of wind-
ings does not vary). Also
displacement by a certain
value of k causes further re-
duction of m,.

Fig. 5 shows how m; depends on the length b if the
shorted part varies in size with the axial displacement
h as a parameter. The smaller b and the higher A, the
smaller is m;.

The curves given in Fig. 5 have been calculated ap-
plying a mathematical analytical method, which was
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Fig. 5. Dependence of 1/m; on the length of shorted turns
with £ as a parameter

originally used to determine the current in induction
furnaces [7].

For comparison the curves in Fig. 5 have also been
calculated for a 85 MVA transformer by means of nu-
merical simulation employing a computer code of a
transformer manufacturer (unpublished). The results for
m; obtained by the two different methods match suffi-
ciently, which verifies both ways of calculation.

1. Arc current fed by the generator only (within T, T):

In case of sherting a portion of a coil by the arc, the
number of shorted turns is assumed to be proportional to
the geometrical length of the shorted part of the coil.

Thus the arc current is determined by m; and by b/a
as well. According to the conversion of the current from
the primary (feeding winding) to the secondary winding
(shorted part) — the fewer turns are shorted, the higher
the current will be and the arc current I, can be approx-
imated by: ~ '
Lo = Is (alb) my (h) ¢Y)
with
L. arccurrent,

I, short-circuit current for flash-over at HV terminal,
bla amount of shorted turns in referénce to the amount

of turns of the entire coil,
my coupling factor of short circuited transformer.

Fig. 6 shows the arc-current value over the percent-
age of shorted turns. The arc current is normalized by the
short-circuit current of an intact transformer with HV
terminal fault. ,

The curve shows a minimum at about 30 % because
of two contrary effects. On the one hand the current is
lower for smaller geometrical length of the shorted turns
because of the smaller magnetic coupling. On the other
hand the current is larger with decreasing amount of
turns being shorted because of the changing conversion
ratio from primary to secondary side.

III. Arc-current fed by generator and system (within T):

For the time interval T}, where both sources feed the
arc, coupling factors m;, and m; become relevant too. As-
suming the value of the current being fed by the genera-
tor does not change after disconnection of the HV line,
an approximation for the current value during 7, can be
found by the following considerations:
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Fig. 6. Arc current depending on the amount of shorted turns
(I arc current; I;; short-circuit current for the intact trans-
former)

The portion of the failure current being delivered by
the generator is set into relation with the value of the cur-
rent being fed by the system in case of a terminal fault.
This is done for a fault on the HV terminal as well as on
the LV terminal. For an internal fault the average of these
two values is taken. Knowing the arc current after dis-
connection of the HV side and the ratio of the generator
current to the current fed by the system, the current for
the time interval T; can be calculated.

Partial short circuit on the LV side was not consid-
ered in detail because the probability of this type of fault
is very small.

3.1.3 Arc Voltage

Besides the arc current, the arc voltage is an essen-
tial parameter for the arc power and thus the arc energy.
From literature it is known that the arc voltage is approx-
imately proportional to the arc length [2]. A gradient of
50 V/cm ... 100 V/cmis given, depending on how much
the arc column is quenched. Newest research has shown
that also hydrostatic pressure influences the arc voltage
[6], however, this phenomenon has been considered as a
secondary effect for our approach as the arc length is the
more influencing parameter which scatters already
widely in reality.

In our calculations 100 V/cm have been applied to
be on the conservative side in regard to pressure rise. To
calculate the arc length the different types of possible
arcing faults are considered (see chapter 3.1) and appro-
priate lengths and the according arc voltages are esti-
mated.

For higher rated voltage, higher length has to be con-
sidered (In our calculations 30 cm ... 40 cm coil to tank
and 200 cm ... 260 cm across the coil have been applied
as average values).

3.1.4 Arc Duration

To obtain the arc duration, the specific conditions in
a power plant have to be studied for each case. The du-
ration of the arc burning is usually known by the relay-
ing time and the switching time of the breakers and/or
the de-excitation time of the generator.

3.2 Calculation of Pressure Rise

For calculation of the pressure rise inside the tank
the volume of the (compressed) gas produced by the arc
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is set equal to the expanding volume of the tank. The cor-
responding eq. (2) was taken from [2]:

Ap(t)=CUIt 2
with

pressure (in Pa),

gas-production rate (in m%J),

arc voltage (in V),

arc current (in A),

time of the arc burning (in s),
tank expansion coefficient (in m*/Pa).

>SN av

The left side of the equation expresses the increase
of tank volume by pressure, while A is a tank expansion
coefficient (see below). The right side of eq. (2) gives
the amount of produced gas depending on the arc ener-
gy Ul'tand a gas production coefficient C. Approximat-
ed that Cis alinear function of the pressure p(¢) (derived
from the ideal gas equation), i.e.

Go

C=—r"—u 3)
L+ p(#)/ py
with
po normal air pressure (in Pa),
Co gas production rate at py (in m*J),
eq. (2) turns into:
1, CO 1Ut 1
H=.—p;+ -=Do- 4
p(t) \/41’0 A Po 21’0 C))]

This is in consistency with [2] where py was set to be
of the value 0.1 MPa or 1 bar, respectively.

3.2.1 Gas Production Rate C,

For coefficient C, values have been published
between 50-10~ m%J and 500-10° m%J [1-3,5,7]. It
seems that 20010~ m*J matches best with the major-
ity of published data. Thus this value has been applied
for our calculations.

3.2.2 Tank Characteristics

The tank expansion coefficient A indicates the
amount of tank deformation when pressurized. It ex-
presses the amount of increase of tank volume in
m¥Pa (e.g. some manufacturers specify 3-10~° m¥Pa
... 7-107° m¥Pa [2)).

As a guideline given by a big transformer manufac-
turer it is stated that the admissible wall distortion in the
centre can be up to 0.7 % when 0.1 MPa overpressure is
applied. From this value, A can be estimated in case the
tank dimensions are known. For a first approach in our
study, the tank was represented by a rectangular box with
six flat walls. The volume increase was then approximat-
ed by a rising pyramid on top of each wall.

Most uncertainty is given for the real withstand pres-
sure of the tank before cracking. Transformer manufactur-
ers specify at least 0.1 MPa overpressure, but not an exact
value (which seems to be impossible, at least in a general
way). As a plausible approach 0.12 MPa to 0.15 MPa
withstand pressure was assumed.
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Fig. 7. Flow diagram of calculation procedure

3.3 Probability that a Generator Circuit Breaker
is Able to Prevent Transformer Rupture

In order to express the usefulness of the GCB in our re-
spect, asafety factor f has been defined which expresses the
probability a GCB may prevent catastrophic damage of the
transformer or the entire installation. fis calculated accord-
ing to the procedure schematically shown in Fig. 7.

Applying the results for arc-current value, pressure
rise and the statistical occurrence of the various fault lo-
cation, the following procedure has been established
with the aid of a computer code.

After input of the relevant data (i. e. net characteris-
tic, breaking time of the switches, etc.) and calculation
of the tank expansion coefficient, the code splits into two
main paths.

One path is calculating faults where a complete coil
is shorted. This part of the code is worked through for HV
flash-overand for LV flash-over and for a fault at the bush-
ing. The pressure values are calculated for the moments
the HV breaker and the GCB, respectively, disconnect.
For comparison the final pressure rise in case there is no
GCB s calculated too. This leads to a pressure course for
each type of failure, schematically shown in Fig. 8.

The interrupting times of the HV and the LV circuit
breaker are indicated by 7, and #,, respectively. The
dashed line represents the pressure rise if there was no
GCB. If the tank withstand pressure lies higher than the
permanent pressure after disconnecting both sides of the
transformer, the GCB prevents tank cracking. If the pres-
sure rise during the first and/or second time interval is
high enough to meet the limit of the tank, the GCB is not
able to contribute to transformer protection. This way
the procedure supplies a yes/no decision for each type of
faultinvolving an entire coil in the short circuit.
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Fig. 8. Pressure rise inside the tank

(I) GCB prevents rupture of tank with high withstand capa-
bility

(II) GCB cannot prevent rupture of tank with low withstand
capability

The other main path of the program calculates the
pressure rise when only part of the winding is involved
in the short circuit. The entire coil is thought to be split
into a hundred portions and it is calculated up to which
percentage of shorted turns the GCB is able to prevent
tank rupture (Fig. 9). It is assumed that the probability
for a certain number of windings being shorted is equal
for each number of shorted turns.

Finally the yes/no decisions of each kind of fault
being evaluated with the statistical probability of that
specific fault to happen (as described in chapter 3.1.1)
lead to an cumulative probability of the GCB being able
to prevent transformer explosion.

4 Case Studies

For verification of the procedure above, three fail-
ure cases, where detailed data have been available, have
been calculated and one of them is shown in the follow-
ing as an example. The following data were applied:

— Transformer: 426 MVA, 22 kV/250kV, £= 14 %;

— Generator:  Short-circuit impedance 23 %;

- System: Short-circuit power 10 GVA;
— Switching
moments:  HV-side #; = 40 ms,

LV-side ¢, = 80 ms after fault initiation.

0 0.2 0.4 0.6 038
ET1103.09H bla —»

1.0

Fig. 9. Final pressure depending on amount of shorted turns
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Fig. 10. Pressure rise for different kinds of faults

The result of this calculations is shown in Fig. 10.
The full lines show the build up of pressure when a GCB
is installed. In this case the pressure does not rise any
more after the disconnecting time ¢, of the GCB. The
dashed lines illustrate how the pressure would increase
if there was no GCB installed.

The figure shows that the pressure rise for a LV fault
is very steep so that the bursting pressure is already
reached before even the HV switch is able to disconnect.
In this case it does not make any difference if a GCB is
installed, the tank normally will burst anyway. The rea-
son for that is that the arc current is very high at a LV
fault.

The curves for HV fault and bushing fault are par-
allel, because along the bushing there is assumed to be a
shorter arc path (400 mm) than at any other HV flash-
overs between connecting conductors at the HV side.
These curves exceed the limit of the tank withstand pres-
sure after the breaking moment of the GCB, i. e. the GCB
is able to prevent tank explosion for these cases.

Fig. 10 also shows how the pressure rises if 1 % or
100 % of the HV coil is short circuited. Where at 100 %
the GCB cannot help, the pressure rise at 1 % is uncriti-
cal. In the considered case up to 36 % of the coil can be
shorted before the GCB looses its protective function.

For a winding fault with more than 36 % of the turns
being shorted, the pressure rise is very steep so that the
bursting pressure is already reached before the LV
switch is able to disconnect the line. In this case the
GCB is not able to prevent tank rupture.

Evaluating all the different kinds of faults with their
probabilities of occurrence, the calculation shows that
the GCB is able to prevent tank explosion with a prob-
ability of 73 %.

Return of field experience in this specific case
showed that the bushing was blown out 160 ms after
fault initiation and the tank was damaged already with
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serious cracks but which were not open. As the accord-
ing curve crosses the tank withstand limit at approxi-
mately 120 ms, this observation matches sufficiently
with the calculation.

In two other cases, where sufficient recording was
available, the transformer exploded as could have been
predicted by calculation. In a fourth case, the GCB
cleared before tank rupture, which also can be shown by
calculation.

5 Concluding Remarks

The procedure presented in this paper shows how
estimation of pressure rise caused by a fault arc inside a
power transformer is possible. A variety of fault types
and fault locations have to be taken into account. Con-
sidering the somewhat wide scatter of the relevant pa-
rameters as arc energy, gas production, and mechanical
tank withstand characteristics, exact calculations are not
feasible.

Nevertheless, using statistical mean values, it is pos-
sible to provide an adequate result which gives the ex-
tent to what a generator circuit breaker (GCB) between
generator and step-up transformer prevents severe dam-
age of the transformer and consecutive jeopardy and/or
damage of the entire installation.

Case studies for existent plants show that the poten-
tial of a GCB to prevent damage is significantly high,
up to a probability of more than 80 %. The studies dem-
onstrate that for a typical application the use of a GCB
can greatly reduce the probability of a tank rupture dur-
ing an internal fault. This will increase the reliability of
the facility by prevention of fire and the safety of per-
sonnel as well. Shortrelaying time and interrupting time
of both the GCB and the breaker at the high-voltage side
is essential.
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The estimation above provides a step in the process
of decision on the profitability of a GCB in new power
plants or in case of retrofit.

6 List of Symbols

a total length of transformer coil

A tank-expansion coefficient

b length of transformer coil

C gas-production rate

Co gas-production rate at normal air pressure

f - safety factor

h axial displacement

1 current

L arc current

Lyeny  current fed by generator

y system current

I short-circuit current of intact transformer

m coupling factor between LV winding and shor-
ted turns of HV winding

my, m3 coupling factors between shorted turns and
intact turns of HV winding

P pressure

Po normal air pressure

t time

n moment of system isolation

) .moment of clearing by GCB

I3 moment of current zero after de-excitation of
generator

T time where arc fed by system as well as by ge-
nerator .

T time where arc fed by generator only (with
GCB)

T time where arc fed by generator only (without
GCB)

U voltage

References

[1] Freidin, V. A.; Shilin, N. V.: Vapour Bubble Parameter Cal-
culations around an Electric Arc in Transformer Oil. Sov.
Electr. Engng. (USA) 48 (1977) no. 10, pp. 33-8

[2]1 Kawamura, T.; Udea, M.; Ando, K.: Preventure of tank
rupture due to internal fault of oil-filled transformer. Paris/
France: CIGRE 1988, vol. 1, no. 12-02, pp. 12-02/1-7

[3] Goodman, E. A.; Zupon,.L.: Static Pressure Developes in
Distribution Transformers Due to Internal Arcing Under
Oil. IEEE Trans. Power Appar. a. Syst. PAS-95 (1976)
no. 5, pp- 1689-1698

[4] Shilin, N. V.; Minaev, P. V.: Experimental investigation of
gas formation in a model of a small oil-volume breaker.
Sov. Electr. Engng. (USA) 54 (1983) no. 10, pp. 103107

[5]1 Mahieu, W. R.: Prevention of High-Fault Rupture of Pole-
type Distribution Transformers. IEEE Trans. Power
Appar. a Syst. PAS-94 (1975) no. 5, pp. 16981707

[6] Cuk, N.: Oil Tank Explosion Resistance. Rep. for the Can.
Electr. Assoc., prep. by Powertech Labs Inc., 1990

[71 Haubitzer, W.: Die Induktivitit von Induktionsrinnentfen
und anderer koaxialer Wicklungs-Anordnungen mit zylin-
drischem Eisenkern. Arch. f. Elektrotech. 72 (1989)
pp- 225-232

Manuscript received on February 2, 1994

ETEP Vol. 6, No. 1, January/February 1996

Acknowledgment

The authors acknowledge the valuable assistance on this pro-

ject obtained from

— ABB Switzerland, High Voltage AG,

— ABB Germany, Bad Honnef,

— ELIN Austria, Weiz,

— Doz. Dr. techn. W. Haubitzer, Montanuniversitit Leoben,
Austria, and

— Allianz Versicherungs-AG, Munich, Germany.

Furthermore, several utilities are gratefully acknowledged for

providing suitable data of faults.

The Authors

Bettina Culver (1962) studied Electrical
Power Engineering at the University of
Vienna in Austria, leading to the degree of
Dipl.-Ing. in 1990. From 1990 to 1993 she
was working for the Institute of Switch-
gear and High-Voltage Technology at the
Technical University of Vienna. Currently
she is a scientific staff member of the de-
partment of Electrical Machines and
Drives at the Technical University of Vien-
pa. Her work deals with the behaviour of
power transformers in case of an internal
arcing fault. (Technische Universitdt Wien, Institut fiir elektrische
Maschinen und Antriebe, GuBhausstr. 25/372, A-1040 Wien,
T +43-1-58801-3620, Fax +43-1-5041105)

Klaus Frohlich (1945) studied Electronic
Engineering atthe Technical University of
Vienna, Austria, leading to the degree of
Dipl.-Ing. in 1972, followed by a Ph.D. in
Electrical Power Engineering in 1976.
From 1973 to 1979 he was a scientific staff
member on the Institute of Switchgear at
the Technical University of Vienna, deal-
ing with high voltage phenomena on oil
and vacuum breakers. In 1979 he joined
Brown Boveri AG in Baden/Switzerland,
where he specialized on high power test-
ing techniques of HV circuit breakers. In 1986 he became manag-
er of the BBC High-Voltage Laboratory, where he was mainly in-
volved in the development of gas-insulated switchgear (GIS). In
May 1990 he became a full professor at the Technical University of
Vienna where he heads the Institute of Switchgear and High-Volt-
age Technology. He is a senior member of IEEE, a member of
CIGRE Study Committee 13 and a member of several CIGRE and
IEC Working Groups. (Technische Universitit Wien, Institut fiir
Schaltgerite- und Hochspannungstechnik, GuB3hausstr. 25/374, A-
1040 Wien, T +43-1-58801-5281, Fax +43-1-5041103)

Leonhard Widenhorn (1954) studied
Electrical Energy Engineering at the Uni-
versity of Karlsruhe in Germany, leading
to the degree of Dipl.-Ing. TH in 1979. He
joined the Brown Boveri High Power
Laboratory (now Asea Brown Boveri) in
1979, developing and testing heavy cur-
rent equipment as well as HVDC equip-
ment. In 1986 he became head of the Gen-
erator Breaker study group, and since
1988 he is manager of studies, simulations
and international sales concerning gener-
ator circuit breakers and high current systems of the ASEA Brown
Boveri Company. (ABB-Hochpannungstechnik, AGV, Affol-
ternstr. 52, CH-Ziirich, T +41-1-3183991, Fax +44-1-3116963)

45



	
	
	
	
	
	
	



