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Abstract

The paper presents Labview program for automatic measurements of current
pulses in polyethylene insulation during the first stage of electrical treeing.
The pulses have a very short duration (ns) and a small level of current, so to
make the measurements possible, the differential method was applied. This
method allows to compensate the residual dissipative and capacitive current
of the control sample by the same current in the standard sample.

Streszczenie

Proponowany referat przedstawia aplikacj¢ opracowana na bazie programu
LabView wspolpracujaca z oscyloskopem cyfrowym za posrednictwem kar-
ty GPiB. Program ma na celu ciagla (on-line) rejestracjg impulséw prado-
wych majacych charakter niepowtarzalny o krotkich czasach trwania (ns).
Rejestrowane impulsy zwiazane sa z ruchem ladunku elektrycznego w ob-
szarze przyelektrodowym (uktad ostrze-ptyta uziemiona), w poczatkowej fa-
zie drzewienia elektrycznego. Aby mierzy¢ skladowa pradu zwiazana tylko
z ruchem tadunku zastosowano metode wykorzystujaca uktad wzmacniacza
réznicowego. Sygnal pomiarowy w ukladzie uzyskuje si¢ mierzac spadki
napi¢¢ na dwoch rezystorach bezindukcyjnych wlaczonych szeregowo
w obwody obu probek - badanej i wzorcowej. Napigcie z wyj$cia wzmacnia-
cza réznicowego rejestrowano oscyloskopem cyfrowym i przesytano do kom-
putera za pomoca karty GPIB. Aplikacja napisana w Labview umozliwia re-
jestracjg i akwizycjg wybranych parametrow kolejnych impulséw pradowych,
zapisywanych w standardowym formacie pliku tekstowego (spreadsheet).

Keywords: electrical treeing, partial discharge, polyethylene
Stowa kluczowe: drzewienie elektryczne, wytadowania niezupetne, po-
lietylen

1. Introduction

The detection, location and recognition of partial discharges at an
early stage of possible insulation failure in medium voltage are of
great importance for maintenance purposes [1]. The information con-
nected with ageing insulation material can help to improve the re-
liability of the insulated system. Under the rated voltage, polyethyle-
ne cable insulation is submitted to an electrical field up to
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10 kV/mm. Excluding water and oxygen influence, the main proces-
ses leading to electrical tree initiation is the existence of defects like
cavities, contaminants and protrusions. Electrical treeing in polyethy-
lene is still a poorly understood phenomenon. Some papers [2, 3]
allowed for proving the thesis that partial discharges initiated by
switching impulse could be supported by ac voltage. This is proba-
bly caused by a space charge injected into the polymer insulation by
the voltage impulse. The charge remains in the insulation and co-
operates with the ac voltage. Theoretically discharges initiated du-
ring short overvoltage could continue at comparably lower ac volta-
ge, leading to polymer degradation.

Fig. 1. The user interface
Rys. 1. Interfejs uzytkownika

The measurement of current impulses is important to understand
the mechanisms of electrical treeing - induced by partial discharge.
The main purpose of this work was to make a system for automatic
measurements of level and phase impulses under ac voltage. To car-
ry out this work, we chose Labview, which is a graphical environ-
ment for signal acquisition, measurement analysis, and data presen-
tation (fig. 1). This language provides an easy means to quickly de-
sign and implement measurement applications. It provides seamless
integration with measurement hardware to facilitate rapid develop-
ment of data acquisition and analysis, instrument control, and data
presentation solutions [4, 5]. Among other things The Labview sys-
tem is fully integrated with GPIB hardware - a standard for digital
oscilloscopes. It will be possible to take the full advantage of this
system in applying switching impulses supported by ac voltage and
this will be done later.
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2. Experimental implementation

The program is implemented for automatic measurements of current
pulses in polyethylene sample, when an electrical tree starts to grow.
The whole setup is presented in fig. 2. The circuit is supplied by
a HV transformer. Two polyethylene samples in a needle - plate ar-
rangement are immersed in silicone oil. The residual dissipative and
capacitive current of the control sample is compensated by the same
current in the standard sample. The output voltages from 50 ohm,
non inductive resistors are subtracted by a very sensitive differential
amplifier (DA 1850A - Lecroy, frequency limit - 100 MHz). The
output voltage is proportional to the current impulses connected with
charge transfer between needle and polymer [6]. The charge transfer
is-connected with injection and extraction of charges during electri-
cal treeing. The area near needle electrode was observed by optical
microscope and recorded by digital camera. The differential voltage
proportional to charge transfer is recorded on one input of oscillo-
scope. The second input is used to record ac waveform from voltage
probe (P6015A). The results are transmitted from oscilloscope to
computer via GPiB card.

Fig. 2. Complete setup with optical microscope
Rys. 2. Uktad pomiarowy z mikroskopem optycznym

The program which controls the measurements and writes some
results to the file in spreadsheet format, was prepared with integrated
Labview programming environment (fig. 3).

Fig. 3. The diagram of the program (virtual instrument)
Rys. 3. Uktad blokowy programu (przyrzad wirtualny)

With the virtual instrument panel (fig. 1), the following functions

can be performed:

- setting the time base and vertical sensitivity,

- setting the level of disturbances of both polarities,
- setting the name of output file,

- setting the time of measurement,

- starting and stopping the program.

After pressing the start button, the program runs in a loop until
the time of the monitoring waveforms is exceeded (fig. 4). The loop
involves 2 steps. The first step controls the amplitude of current im-
pulses. The program rejects all points of partial discharge waveform

which are below a defined threshold. The input value of threshold
allows to reject some noises connected with electromagnetic distur-
bances. The second step records all remaining points to output file
(text file in spreadsheet format). The format of file is the following:
two columns, the first column - time of current impulse, second -
level of current impulse. After every transfer of data from oscillosco-
pe, the program adds the next events (time and level) of current of
partial discharges.

The program gives a possibility of long-standing acquisition with
frequency of 3 measurements per one second. In measurement inte-
rvals, the computer takes waveforms from oscilloscope (first and se-
cond channel). The time base of waveforms depends on frequency of
sinusoidal voltage (for example for S0 Hz the time base is set up at
2 ms).

contr_ol amplitude
Start |—— the amplitude | ————_[arger than the
of impulses sefting?

Yes record
the amplitude and
time of appearance

of registrati
was exceeded?

Stop

Fig. 4. Impulse detection algorithm
Rys. 4. Algorytm detekcji impulsow

After the experiment, the output file is analysed in a spreadsheet.
The statistical calculation gives some information about process of
tree growing:

- intensity of impulses versus time

- the total number of current pulses

- the mean level of impulses

- the impulse distribution (phase angle - magnitude - number),
which are important for diagnosis of electrical treeing degradation.

Preliminary experimental results obtained on polyethylene sam-
ple prepared from XLPE cable give some information about the acti-
vity of partial discharges during treeing. For example, the intensity
of impulses is variable in time. At the beginning (first 15 minutes of
treeing) the level of impulses is very high, and then the level decre-
ases with time (fig. 5).

10 20 30

40 50 60 70 80
time [min]

Fig. 5. Intensity of impulses during experiment
Rys. 5. Amplitudy impulséw w czasie trwania eksperymentu

Fig. 6 and 7 show the typical phase - magnitude - number pattern
of electrical treeing - induced by partial discharges under sinusoidal
voltage of 6 kV and 50 Hz. During the experiments, the final tree
was like a bush - tree approximately 1 mm in length. The phase -
magnitude - number pattern (fig. 6) was obtained by summing the
measurement result from 900 consecutive cycles at
At=300 s interval (fig. 5). It is clear that current magnitude has the
maximum activity for phase angle 0+~90° and 180+270°. The number
of positive impulses is a little larger than the negative due to back
discharges from insulation to electrode initiated by space charge [2].
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Fig. 6. Phase distribution of impulses
Rys. 6. Rozktad fazowy impulsow
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Fig. 7. The number of positive and negative impulses acquisition at At interval
Rys. 7. Liczba impulséw dodatnich i ujemnych zarejestrowana w czasie At

3.Conclusions

The presented application considerably improves the process of data
acquisition from experiment. During many hours of tests, the pro-
gram operates fully automatically, and the output file is ready for
further processing, using any spreadsheet or mathematical analysis
software. The graphic programming language applied, makes it po-
ssible to easily extend the application, to create additional libraries
allowing to support other oscilloscopes or measuring devices. The
small frequency of acquisition of samples from the oscilloscope is
a disadvantage of the program. However, it is sufficient for the needs
of the presented experiment. It does not cause a threat of incorrect
interpretation of results.
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