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ABSTRACT

Snusoidal 0.1 Hz VLF test voltage is suitable for cable
diagnosis. The diagnostic results are well comparable to
measuring data at power frequency.

New studies performed by Technische Universitaet Berlin
and Hochschule Konstanz are confirming the good
comparability of diagnostic results achieved at sinusoidal
0.1 Hz VLF test voltage compared to 50 Hzand 60 Hz power
frequency respectively. Specifically the PD inception voltage
(PDIV), the PD level and the phase resolved graphical PD
pattern are very similar. This makes VLF test voltage in
combination with PD measurements a suitableapproach for
on-site cable testing.

INTRODUCTION

Since decades the partia discharge (PD) measurement isan
important and reliable, non destructive measurement to
investigate prospective lifetime and ensure performance of
HV apparatus [1-4]. From laboratory the PD routine test is
known with arange of PD levels around some pC for cables
and accessories. On site, field PD diagnosis however reguires
different approaches. For medium voltage cable systems the
determination of the exact PD level isnot the most important
issue. Of much moreinterest is, if thereisany PD inception at
Vg orat 1.7V, or not. If there is, this would be harmful in
case of a polymer insulated cable or would need further
interpretation in case of PILC cables.

Inmost casesthe PD isnot located within the cableinsulation
itself, but in joints and terminations. Therefore it is very
important to identify thelocation of the PD source. PD levels
of some 100s of pC or even nC however in accessories may
not lead to a failure within years. The remaining lifetime
depends on awide variety of parameters. Lifetime assessment
isacomplex topic.

Although the power frequency is 50Hz and 60 Hz
respectively, on-sitetesting is often performed with lower test
voltage frequencies as 0.1Hz VLF test voltage with
sinusoidal voltage shape [5,6]. Using VLF test voltage
sources |eads to benefitsin system size and weight and more
important to benefits in system costs. Typicaly it is
compared, whether defectsresult in comparable PD signdsat
50/60 Hz and at VLF testing.

Inthe past several scientific and practical studies concerning
the comparability of the diagnostic results had been carried
out [7-10]. A general conformance could be stated that
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critical defects in cable systems are detected with PD
measurements at both, 50/60 Hz and VLF. Neverthdess
additiond new studies had been performed in 2006 by
independent departments of high voltage engineering
institutes at Technische Universitaet Berlin and Hochschule
Konstanz to confirm and to underline these results [11,12].
For these studies modern digital state-of-the-art PD
measuring systems have been used to profit from the benefits
of new technologies in hard- and software.

PD MEASURING SYSTEMS

The PD measurements have been performed on onehand with
the established measuring device ICMsystem
(Powerdiagnostix, [13]) as a well known and widespread
diagnosis instrument. On the other hand the MPD 540
(mtronix, [14]) was used as a second type of digital pd
measuring system. A brief overview on this systemis given.

Fig. 1: MPD 540 PD measuring system (PD acquisition unit, power
cell, Optic-USB converter, Notebook)

Thismeasurement system consists of oneor more acquisition
units (fig. 1), an optica interface (fibre optic bus-controller)
and a PC including measuring software.

PO I = %5
——[*»

Anti-Alaising-Filter 20 MHz

FPGA

Al

e

:
il

Pre-Amplifier

A/D-Converter 14 Bit, 64MS/s
A/D-Converter 24 Bit, 100kS/s
Fiber- Optic- Interface

FELEEE]

Trigger Logic / Dig. Filter fc 0 ... 20MHz, bw 9kHz... 3 MHz

Fig. 2: Block diagram of an acquisition unit of MPD 540
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The PD signals are filtered, amplified and digitized. Having
an amplitude quantization of 14 bit and a sampling rate of
64 MS/s, the time accuracy of detection of a PD signal is at
about 2 ns. Thequasi-integration isrealized by adigital band-
pass filter. The centre frequency for the digital filter can be
chosen in a frequency range from DC up to 20 MHz, the
bandwidth between 9 kHz and 3 M Hz, respectively. Hencean
optimal frequency band can be chosen to avoid disturbances
and to reach a high SNR even under noisy conditionson site.
Furthermore, thetest voltage signal isdigitized in acquisition
unit to document thetest voltage during the PD measurement
(seefig. 2).

TEST VOLTAGE SOURCE

The sinusoidal VLF test voltage with 0.1 Hz frequency was
generated with acommercial mobile VLF generator (VLF28,
BAUR) and an experimental VLF voltage source designed for
test voltage levels up to aprox. 400kV « aternatively. This
generator has a very low noise level, so sensitive PD
measurements could be performed.

Reference PD measurements were performed with 50 Hz test

voltage frequency.

TEST SAMPLES

For basic measurements well known structures and
geometries (tip on potential, tip on ground, Toepler
discharges) were considered. As a next step MV cable and
cable accessories were prepared with artificid defects. One
termination of ashort cable test samplewas removed in order
to force heavy discharges. In another test series an impurity
was implemented under the stress cone of one cable
termination to create avoid (seefig. 3).

Void under
stress cone

Rod to lift termination

Fig. 3: Artificial defect (void under stress cone)

Tosimulateanirregularity or damageasmall part of theouter
semicon layer was removed, as shown in fig. 4.
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Fig. 4: Artificial defect (damage of semicon layer)

Dueto the ongoing outsourcing process many accessoriesare
mounted on site by subcontractors nowadays. Thissometimes
goes ahead with aloss of know how and quality awareness.
Therefore several test accessories are mounted wittinglyinan
incorrect way. For instance, fig. 5 showsapart of ajoint with
improper measures leading to partial discharges.

Fig. 5: Incorrect mounted joint

RESULTS

All PD measurements have been performed at sinusoidal
0.1Hz VLF test voltage and 50 Hz power frequency,
respectively.

PD Inception Voltage

For all test samples and test series the PD inception voltage
was noted. Figure 6 showstheresultsfor artificial PD defects.
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Reference:

Void under
Termination Deflector Surface
Discharge

Missing Needle

Type of PD Fault

Fig. 6: PDIV of artificial defects

In all observed test series the PD inception voltage was well
comparablefor 0.1 Hz VLF test voltage and for 50 Hz power

frequency.
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Also the misassembled joints showed asimilar PD behavior
concerning the PD inception voltage (seefig. 7).
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Fig. 7: PDIV of assembly faults

It can be stated that the PD inceptionvoltagelevelsat 0.1 Hz
VLF are in the same order of magnitude with less then 30%
deviation compared to 50 Hz power frequency. In somecases
the PD inception voltage level wasevenlower for VLF asfor
50 Hz power frequency (faults Type C and D).

Phase Resolved Partial Discharge (PRPD) Pattern

For further statistical analyses PD pattern wererecorded. Due
to significant clusters PRPD pattern are an important tool to
estimate the type of the PD defect or even its positionin the
cable system [15]. Therefore it is important to proof the
similarity of these typical cluster formations, too.

Figure8 shows the PRPD pattern of a Toepler surface
dischargefor 50 Hz and 0.1 Hz.

50 Hz 0.1Hz
Fig. 8: PRPD Toepler

The PD clusters are nearly identical in shape and phase
position related to the test voltage. Therefore the diagnostic
result based on these clusters will be identical, too.

Figure 9 showsthe PRPD pattern of an artificia defect within
the cable termination (void below stress cone).
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50 Hz

Fig. 9: PRPD, void

Four significant clusters can be seen in both diagrams,
symmetrically to the zero-line within therising positive edge
and the trailing negative edge. An identification of the PD
fault can be done successfully for 0.1H Hz VLF as well as
50 Hz.

ON-SITE APPLICATION

Doing PD measurements on medium voltage cable systemson
site the main focus isthelocalization of the PD fault in order
to replace joints or cable sections. Therefore an automatic
statistic PD pulse acquisitionwith TDR failure estimation has
to be started. Figure 10 shows a location graph of a 6.6kV
XLPE cable system with aprox. 1200 m length.
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Fig. 10: localization of PD defects, automatic analyses (software
screenshot)

The red columns indicate the position of defective joints that
should be observedin detail. PD activity insidejointscanlead
to maeria degradation (see fig. 11) and findly to the

Fig. 11: PD activity dueto imp

oper bending of joint
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CONCLUSION

On-site PD measurement as a tool to diagnose medium
voltage cables can improve the reliability and extend the
lifetime of the whole cable system [16,17]. Therefore light
weighted and small sized VLF test systems are available to
perform PD measurements with sinusoidal 0.1 Hz VLF test
voltage. It has been shown in independent up-to-date studies
accomplished at German universitiesin 2006 that diagnostic
results of 0.1 Hz test voltage frequency are well comparable
to service conditions with 50 Hz power frequency. PD
inception voltages as well as PRPD pattern are similar so
results of diagnostic measurements are well transferable.
Due to good experience on the MV cable sector the use of
sinusoidal VLF test voltage will be extended eventoHV and
EHV cable systems. First studies showing promising results
have been published [18].
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