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(57) Cette mvention se rapporte a un procede pour
surveiller les décharges partielles dans un transformateur
de puissance c¢lectrique (1) dans des conditions de
fonctionnement normales. A cet effet, le champ
magnetique au niveau d une traverseée a haute tension (2)
sur le transformateur de puissance est detecte a 1'aide
d’un capteur inductif (6) comportant au moins une
bobine (6a, 6b) placée au niveau de la traversee, et le
champ ¢lectrique au niveau de cette traversee est detecte
au moyen d’'un capteur capacitif (5). Les signaux de
sortie provenant de ces capteurs sont introduits dans une
unite¢ (3) de traitement de signaux, dans laquelle un des
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PDI

(57) In a method for monitoring of partial discharges 1n
an electric power transformer (1) under normal operating
conditions, the magnetic field at a high-voltage bushing
(2) on the power transtormer 1s sensed with an inductive
sensor (6) comprising at least one coil (6a, 6b) arranged
at the bushing, and the electric field at the bushing 1s
sensed with a capacitive sensor (5). The output signals
from said sensors are supplied to a signal processing unit
(3) 1in which each one of the output signals 1s filtered 1n a
separate bandpass filter (101, 102), whereupon the
filtered output signals from said sensors are multiplied
by each other. An output signal (PDI) from the signal
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signaux de sortie est filtré dans un filtre passe-bande  processing unit 1s formed 1n dependence on the result of
separe (101, 102), puis les signaux de sortie ainsi filtres said multiplication for the purpose of detecting internal
provenant de ces capteurs sont multipli€s les uns par les  partial discharges 1n the transtormer.

autres. Un signal de sortie (PDI) provenant de ['unite de

traitement de signaux est forme en fonction du résultat de

cette multiplication, pour permettre la detection des

deécharges partielles internes dans ledit transtformateur.
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(37) Abstract

In a method for monitoring of partial discharges in an electric power transformer (1) under normal operating conditions, the magnetic
field at a high-voltage bushing (2) on the power transformer is sensed with an inductive sensor {(6) comprising at least one coil (62, 6b)
arranged at the bushing, and the electric field at the bushing is sensed with a capacitive sensor (5). The output signals from said sensors are
supplied to a signal processing unit (3) in which each one of the output signals is filtered in a separate bandpass filter (101, 102), whereupon
the filtered output signals from said sensors are multiplied by each other. An output signal (PDI) from the signal processing unit is formed
in dependence on the result of said multiplication for the purpose of detecting internal partial discharges in the transformer.
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MONITORING OF INTERNAL PARTIAL DISCHARGES
IN A POWER TRANSFORMER

The present invention relates to a method for monitoring of
partial discharges in an electric power transformer under

normal operating conditions, and to a device for carryilng

out the method.

The device comprises a direction-sensitive two-sensor

system for sensing both the electric and the magnetic field

generated by a discharge.

Voids or other defects in an insulation material may gilve
rise to non-homogeneous electric fields 1n the material and
in that connection the field strength may become so high
that a local discharge, a partial discharge, 1n the
material occurs. A general description of these phenomena
1s given, for exemple, 1in E. Kuffel, W.S. Zaengl: High

Voltage engineering, Pergamon Press, 1984.

Conventionally, partial discharges are measured using a
capacitive decoupling from the object to be measured and a
detector unit, for example a bridge or a fast digital
converter and a computer. In International Electrotechnical
commlssion (IEC) Publication 270: "Partial Discharge
Measurements", 1981, 2nd edition, normalized methods for

such measurements and for calibration of the measurement

equipment are discussed.

Measurement of partial discharges using 1inductive sensors

based on Rogowski coils is described in Proceedings of the
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1987 International Symposium on High Voltage Engineering,
vol. 2, paper No. 42.0Z, H. Borsi, M. Hartje: "Application

of rogowski coils for Partial Discharge (PD), decoupling

and nolise suppression”

The occurrence of partlal discharges in a high-voltage
apparatus is often an 1ndlcat10n that a fault 1s developlng

A power transformer is usually a crit:i.’cal component ’in a
power network. An extensive fault in the transformer may

10 cause long interruptions and expens-ive repairs It is there-
fore de31rable to discover stateS'wh1Ch:may lead to faults
as early as possmble. A power transformer is often equipped
with a capacitive test tap at its high-voltage bushings,

which may be utilized as a- capacitive decoupler. It 1is
therefore possible to carry out a conventional measurement

of partial discharges also under normal operating condi-

tions.

A problem which arises during a measurement in a transformer
statn.on compared with a measurement in a test chamber envi-
ronment are the d:l.sturbances which are generated by surroun-
ding apparatus and connections. To cope with these external
disturbances, different solutions have been proposed and
tried, for example PRPDA and pattern recognition using
neural networks; ‘see, for exarrple, descriptions 1n IEE

Proc.-Science Measurement and Technology, vol. 142_ No. 1,
Jan. 1995, pp. 22-28, B.A. Fruth, D.W. Gross: “Partial

d::.scharge signal generata.on transmission and acquisition*,
and in IEE Proc.-Science Measurement and Technology, vol.
142, No. 1, Jan. 1995, pp. 693- -74, H. Bors:., E. Gockenbach,

D. Wenzel "Separatz.on of partial dlscharges from pulse-
shaped noise signals with the help of neural networks". Both

30" of these methods are based on learnn.ng typical s:.gnal
- patterns. In an analysis accordlng to the PRPDA method, data

20
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is collected over a certain period of time, whereupon the
pattern for these data is compared.W1th patterns for known

types of discharges. Neural networks are taught to recognize

‘the wave shape for certain speC1f1c types of discharges. For
‘both of these'methods, the decoupling of the partlal dis-

charges is carrled out in a conventlonal manner.

- The object of the invention 1s to provide an improved

method of the kind described in the introductory part of
the description, which makes possible a separation of
internal partial discharges in the transformer from
external disturbances and which may be used on both

existing and new transformers, and a device for caryilng out

the method.

According to one aspect of the present invention, there 1s
provided a method for monitoring partial discharges 1n an
electric power transformer under normal operating
conditions, comprising:

sensing a magnetic field at a high-voltage bushing on the
power transformer with an inductive sensor that includes at
least one coil arranged at the bushing;

sensing an electric field at the high-voltage bushing with

a capacitive sensor;

supplying output signals from the inductlve sensor and the

capacitive sensor to a signal processing unit in which each

output signal is filtered 1n a separate bandpass f1

ter;

multiplying the filtered output signals by each other;

forming with the signal processing unit a PDI output signal

corresponding to the amount of internal partial discharge

in the transformer 1in dependence on the result of the
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multiplication to detect internal partial discharges 1in the

transformer.
The expression PDI is a designation for a variable.

According to another aspect of the present invention, there
is provided a device for monitoring partial diScharges in
an electric power transformer under normal operating
conditions, comprising:

an inductive sensor including at least one coil arranged at
a high-voltage bushing on the power transformer;

a capacitive sensor arranged at the bushing; and

a signal processing unit for receiving output signals from
the inductive sensor and the capacitive sensor and forming
a (PDI) output signal corresponding to the amount of
internal partial discharge in the transformer, the signal
processing unit including bandpass filters for filtering
the output signals from the inductive sensor and the
capacitive sensor, the signal ©processing unit also
including a multiplier for multiplying signals from the
respective bandpass filter by each other and producing the

PDI output signal in dependence on the output signal from

the multiplier.

The device will be inexpensive, reliable, and simple to
apply to both existing and new transformers and may also be
used together with more advanced acquisition systems, such

as Phase Resolving Partial Discharge Analyser (PRPDA), and

will improve the performance thereof.
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BRIEF DESCRIPTICON OF THE DRAWINGS

The invention will be explalined in more detail by descrip-

tion of embodiments with reference to the accompanying

drawings, wherein:

Figure 1 schematically shows part of a power trans-
former with a high-voltage bushing and a
device according to the invention,

Figures 2-4 show signal shapes for output signals from a
device according to the invention

Figures 5-8 show further signal shapes for output signals
from a device accbrding to the invention,

Figure 9a schematically shows part of an i1nductive
sensor according to the invention,

Figure 9b schematically shows a side view of a high-
voltage bushing with a location of the
inductive sensors according to the invention,

Figure 9c schematically shows an end view of a high-
voltage bushing according to Figure 9b, and

Figure 10 shows in the form of a block diagram a signal
matching unit according to the present

invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The following description relates both to the method and

device of the present invention.

Figure 1 show part of an electric power transformer 1 with

a high-voltage bushing 2. A signal matching unit 3 1is
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located on the transformer close to ' the high-voltage
bushing and 1s connected, by means of a conductor 4, to a
capacitive test tap 5. An inductive sensor 6, which will be
described in greater detall below and which comprises two

coills 6a, 6b, 1is also connected by means of conductors 7a,

7b to the signal matching unit. The sensor is arranged at

the lower part of the high-voltage bushing immediately

above a flange 8, through which the bushin passes 1into the

tranformer.

The inductive sensor 1s based on the principle of a
Rogowski coil but has been modified to obtalin sufficient

sensitivity and to facilitate installation and manufacture.
The inductive sensor thus comprises (Figs. 9a, 9b, 9c) two
relatively short colls 6a, ©b, whi.ch are mutually series-
connected by means of a conductor 7Jc¢. Each one o0f the
coils, of which Fig. 9a shows one, 1s wound onto a magnetic
core 6la, ©6lb and the two coils are then connected 1in
series with each other. Fig. 9a shows a design of the coils
and Figs. 9b and 9c show a preferred location thereof. To
suppress disturbances, the two coills are mounted on the

high-voltage bushing opposite to each other and are

attached thereto, for example by gluing.

As a capacitive sensor, the capacitive test tap of the

high-voltage bushing 1s used.

The signal matching unit shown 1i1n Fig. 10 1is supplied with
signals from respectively the inductive sensor 6 and from
the capacitive test tap 5. The signal matching unit

comprises two matching circuits 91, 92 for matching of the
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respective signals to each other's level and for
amplification to a suitable signal 1level. The matching 1s
performed by means of passive circult elements with
resistive, inductive, and capacltive 1lmpedances. Each of
the output signals from the respective matching circuits 1s
then supplied to a different bandpass filter 101, 102. The
bandpass filters are tuned to the resonance frequency of

the coils. The resonance frequency of the coils has been

chosen to attain the best signal/noise ratio.

"The output signals from the respective bandpass filter are

each supplied to an amplification means 111, 112, and the
output sign'als therefrom are supplied to a multiplying
means 12, in which the two signals are multiplied by each
other. The output signal from the multiplier 1s now either

positive Or negative, depending on the origin of the

discharge.

The measurement principle 1s Dbased on determining the
polarity of a partial discharge with the aid of the output
signal from the capacitive test tap whereas the direction
of the current pulse associated with the discharge 1is
determined with the aid of the output signal from the
inductive, sensor. Thus, by sensing the electric as well as
the magnetic field generated by the partial discharge, the
direction of the power flux of the discharge may be
determined, and the output signal from the multiplying
means 1s either positive or negative depending on where the
discharge is generated. Discharges outside the transformer
will correspond to positive signals, or vlice versa,

depending on how the coils in the 1inductive sensor are
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wound. The boundary line for this polarity reversal is the
location on which the coils are applied, usually at the
base of the bushing\. The output signals from the
multiplying means are supplied to a peak value detector 13,

which only forwards positive signals. The output signal

from the peak value detector 1s then supplied to an

envelope circuit 14, which extends the decay time for 1its
input signal. The amplitude of the output signal from the
envelope circuit 1is related to the level of the 1internal
discharge such that an 1increasing 1level of 1internal
discharge results in an increasing value of the output
signal of the envelope circulit. This output signal Is
supplied to a data acquisition system 160, arranged outside
the signal matching units, via a conversion circuit 15
which converts the output signal from the envelope circuit
to a corresponding direct current PDI. The direct current
PDI from the signal matching unit to the data acquisition

system will thus correspond to the amount of internal
discharge. The direct current 1s compared 1n the data

acquisition unit with a preselected alarm level. programmed

into the data acquisition unit. An alarm 1s consldered to
be an indication of a abnormal state in the power
transformer and that a more careful investigation should Dbe

made. Further investigations may, for example, be made with

some of the diagnostic tools which are available. See, for
example, Proceedings of the 1995 Stockholm Power Tech

Conference. C. Bengtsson: "Status and trends 1n Transormer

Monitoring", for an overview.

The sensor system described may also lmprove, for example,

PRPDA diagnostic measurements. The described direction-
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sensitive two-sensor system for sensing partial discharges
has, during laboratory tests, shown a good - capacity to
distinguish internal discharges from external ones. This
has also been verified during a field measurement carried

out on a 100 Méga Volt Ampere (MVA) transformer.

Figs. 2-4 and 5-8 show typical signal shapes for output
signals from the signal matching unit with the time t

plotted on the horizontal axis and the amplitude PDI of the

output signal on the vertical axis.

Figs. 2--3 show signal shapes observed 1in a test room
environment with the sensors applied to a separate high-
voltage bushing provided with a capacitive test tap. The
discharges were simulated by supplying both positive and
negative calibration pulses according to IEC Publication
270 to both sides of the bushing. Fig. 2 shows the output
signal in case of an externally applied calibration pulse,
and Fig. 3 shows the output signal in case of an 1nternally
applied calibration pulse. As will be clear from the
figures, the system can c¢learly distinguish 1internal
discharges from external ones 1n that external discharges

result 1n a negative output signal and an 1internal

discharge results in a positive output signal.

This sign convention also applies to Figs. 4 and 5-8.

Fig. 4 shows signal shapes observed with the sensors
applied to a laboratory transformer. External disturbances
are simulated by means of a point plane gap connected to a

high-voltage level and the figure shows an external
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disturbance (corona) both for half a period (lower

horizontal axis) and with a higher resolution with respect

to time (upper horizontal axis).

Figs. 5-8 show signal shapes observed in the field with the
sensors applied to a 130/50 kv 100 MVA transformer provided
with capacitive test taps on the high-voltage bushings. The

transformer has not previously shown any 1indication of

partial discharges.

Fig. 5 shows signal shapes observed with the sensors
applied to phase 1 and phase 2 and with an external
calibration pulse applied to phase 2. As 1s clear from the
figure, an output signal with a negative polarity (lower
horizontal axis) 1is observed. Because of the capacitive
coupling between the phases, the calibration pulse results

in an output signal also in phase 1 (upper horizontal

axis) .

Figs. 6-8 show signal shapes observed with the transformer

connected to a 130 kV line and with the 50 kV side open.

Fig. 6 shows, with a high resolution with respect toO time,

typical signal shapes observed in phase 2 with a number of

discharges.

Fig. 7 shows typical signal shapes observed over a full
period, in phase 2 (upper horizontal axis) and phase 1

(lower horizontal axis).
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For both phases, the discharge profile 1s quite similar and
only negative signals are detécted. This indicates that no
internal discharges occur and 1t may be assumed that the
observed output signals are caused by external disturbanées

(mainly corona) from connections and the connected switch-

gear.

An acoustic measurement of partial discharges PD was

performed parallel to the electric measurement. No acoustic

signals indicating internal defects were observed.

Fig. 8 shows typical signal shapes observed during
operation of the tap <changer of the transformer. The
positive parts of the output signal indicate 1nternal
transients. The signals caused by the tap-changer operation
are larger, by several orders of magnitude, than those

signals from partial discharges which the device 1s to

sense. For this reason, the amplifiers are saturated and an
associated phase shift occurs. This 1s the reason for the

negative values of the output signal in Fig. 8.

Figs. 5-8 show that the system 1s able to distinguish

between internal and external discharges also under field

conditions.

The invention is not limited to the embodiments shown but a

- plurality of modifications, easily realized by one skilled

in the art, are feasible within the scope of the inventive

concept. Thus, the inductive sensor need not necessarily be

designed in the form of two series-connected coils but may

be designed as one single coil. As a capacitive sensor, the
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capacitive test taps of the high-voltage bushings of the
transformer may preferably be used. However other sensors

for sensing of the electric field associated with the

partial discharge may be used.

The test results together with the simplicity, the low cost
and the simplicity o¢f 1installing the sensor system show
that the invention 18 . suitable for direct-connected

monitoring of both new and existing power transformers.

10
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Claims

1. A method for monitoring partial discharges in an
electric power  transformer under normal operating
conditions, comprising:

sensing a magnetic field at a high-voltage bushing on the
power transformer with an inductive sensor that includes
at least one coil arranged at the bushing;

sensing an electric field at the high-voltage bushing with
a capacltive sensor;

supplying output signals from the inductive sensor and the
capacitive sensor to a signal processing unit in which
each output signal 1is filtered in a separate bandpass
filter:;

multiplying the filtered output signals by each other;
forming with the signal processing unit a PDI output
signal corresponding to the amount of internal partial
discharge 1in the transformer in dependenCe on the result
of the multiplication to detect internal partial
discharges in the transformer.

2. The method according to claim 1, wherein the capacitive
sensor 1includes a capacitive test tap on the high-voltage

bushing.

3. A device for monitoring partial discharges in an
electric power  transformer under normal operating
conditions, comprising:

an 1nductive sensor including at least one coil arranged
at a high-voltage bushing on the power transformer;

a capaclitive sensor arranged at the bushing; and

a signal processing unit for receiving output signals from
the inductive sensor and the capacitive sensor and forming
a PDI output signal corresponding to the amount of
internal partial discharge in the transformer, the signal
processing unit including bandpass filters for filtering

the output signals from the inductive sensor and the
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capacitive sensor, the signal processing unit also
including a multiplier for multiplying signals from the
respective bandpass filter by each other and producing the
PDI output signal in dependence on the output signal from

the multiplier.

4. The device according to claim 3, wherein the inductive
sensor 1ncludes two mutually series-connected coils

arranged opposite to each other at the high-voltage
bushing.

5. The device according to claim 3, wherein the capacitive
sensor 1includes a capacitive test tap on the high-voltage
bushing.

6. The device according to claim 3, wherein the signal
matching unit includes a peak value detector for receiving
a signal from the multiplier and for transmitting signals
only with a preselected polarity.

7. The device according to claim 3, wherein the signal

matching unit includes a conversion circuit for converting

a signal from the multiplier into a direct current
corresponding to the signal.
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