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Abstract— The reliability of electrical power systems depergion
the quality and availability of electrical equipmert like power
transformers. Local failures inside their insulation may lead to
catastrophic breakdowns and can cause high outage@ penalty
costs. To prevent these destroying events power trsformers are
e.g. tested on partial discharge (PD) activity befe
commissioning and currently also during service.

As there are different PD measurement methods, thahesis deals
with the influence of PD location on the measuremermesults. A

movable PD source is presented, which is movableenthe entire

height of a high voltage winding and generates PDalong the
inner surface. The influence of different heights iside the
winding on two different PD measurement systems igresented:
The electrical method according IEC60270 and the UHRPD

measuring method. The electrical method measures i@rms of

picoCouloumb (pC) the apparent charge with the helpof a

coupling capacitor in frequency range below 1 MHzThe UHF-

Method with a bandwidth from 300 MHz up to 3 GHz baes on
emitted electromagnetic waves which are measurableith e.g. oil

valve sensors inside the transformer tank.

Although a calibration process according to IEC60270is
performed, the measurable apparent charge stronglgepends on
the PD source location within the winding, whereashe emitted
UHF waves are less affected by the PD source loaati The
reliability of electrical power systems depends othe quality and
availability of electrical equipment like power transformers.
Local failures inside their insulation may lead to atastrophic
breakdowns and can cause high outage and penalty ste. To
prevent these destroying events power transformerare e.g.
tested on partial discharge (PD) activity before cmmissioning
and currently also during service.
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. INTRODUCTION

The reliability of electrical power systems deperais the
quality and availability of electrical equipmenkdi power
transformers. Examining existing insulation qualityf

oil/paper-insulated transformers during full ope&mator at
least in the field gets more and more importanahse of the
increasing number of transformers reaching theineal life

expectancy. Local failures inside their insulatibay lead to
catastrophic breakdowns and might cause high outagk
penalty costs. To prevent these destructive eveotser
transformers are e.g. tested for partial dischafB&y activity
before commissioning and currently also during iserv

The conventional measurement of the apparent chafr§d

according to IEC60270 [1] and signal decouplinghvathigh

voltage capacitor are common measurement techndiogy
quality assurance of high voltage (HV) equipmentcdrding
to IEC60270 the measurement setup can be calibiratedms
of pico Coulomb (pC). The measurable so called sppa
charge in terms of pC miss a direct correlationh® charge
exchange within the PD. Although threshold valuésthe
apparent charge levels for acceptance test aftaufacturing
of new power transformers proofed to be successifute
recent years.
Performing the same calibration process in field) P
measurements on-site should have the same semsitivi
terms of pC. But no standardized threshold valukshe
apparent charge for aged transformers tested agai®D
activity in field are valid or at least acceptedheTdeclaration
of insulation condition is endlessly discussed ase of any
measured PD activity.
Because of an integral calculation of the appackatge, the
normal IEC60270 measurements supposed to be indepen
of measurement setup and the location of the PDcsoat
least after calibration. The current paper dealsh vithat
misunderstanding of the IEC60270 measurements arebs g
further proof, that focusing only on the apparemirge is not
helpful, because measurable apparent charge depenttse
normally unknown location of the PD source at thiedwng.
In recent years a growing demand for on-site/oa-IlD
diagnostics with high measurement sensitivity led the
development of innovative advanced PD decoupling an
measurement methods to overcome certain drawbdckteeo
conventional method in these applications. Comigitiive so-
called UHF (Ultra High Frequencies) or acoustic ss¢n
technology with suitable instrumentation and datacessing
gives a series of advantages for different HV devias:
» Separation of internal and external PD signals
(“Faraday’s cage/shielding” effect of the transferm
tank for UHF detection)

» Diagnostic double checks and possibly deeper ihsigh
in deterioration processes e.g. through compamstin
IEC60270 measurement results

» Geometric PD location (either by a combination of
UHF and acoustic method or the sole application of
one of the methods depending on devices under test)

PDs under oil are very fast electrical processeb radiate
electromagnetic waves with frequencies up to theahigh
range (UHF: 300 — 3000 MHz). The current contribatileals
additionally with the electromagnetic method, alsmwn as
the UHF-Method. The emitted electromagnetic wavesless
affected by the measuring setup and the PD soacadidn.



. MOVABLE PDSOURCEWITH CONSTANT
GEOMETRYAND MEASURING SET-UP

Main part of the PD source is a typical HV disc diimg, as
used in oil-insulated transformers. The windingois high

voltage potential and not grounded, i.e. that éaahis on the
same potential. For that arrangement the windirigeis of PD

up to a measurement voltage of 35 kV. For the gaiuer of

PD a grounded metal sheet core is fit into the imigdThat

sheet consists of a bearing, which allows movinglaminum

cube over its entire height. Therefore the cubmadsinted on a
threaded control rod, which changes the positiothaf cube
by being rotated, see Figure 1.
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Figure 1. Sketch of the PD source constructiondmsi high voltage disc
winding: top) vertical view, bottom) top view
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Mechanical conditions of the winding lead to poksib
locations of the PD source within the winding ofnén -
800 mm. A stated PD source location of 0 mm ingisahe
highest possible position within the winding, wreesex stated
value of 800 mm implies that the PD source is atttbttom of
the winding. An Ogura needle [2] is mounted on that
moveable cube perpendicularly to the surface ofgtioeinded
sheet core. At the tip of the grounded needle (&dius
frp, = 3um) occurs a field enhancement of the electric field
when the winding is connected to high-voltage piéé&nT hat
field enhancement leads to the generation of Pike(icorona)
at measurement voltages of higher than 25 kV. Tihus
possible to generate PD along the inner surfaca bigh-
voltage winding over its entire height, without agiang the
electrode geometry of the PD source.

By changing the PD source location there is no ghan its
geometry, but there is a significant change inithpedance
between the PD and the voltage supply. Each siwglding
consist of a series inductancg parallel capacities to the tank
surface and sheet core (concentrated gp &bd capacities to
the other windings (), see Figure 2.
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Figure 2. Equivalent circuit of movable PD source

At the highest position of the PD source, e.g. O, fima series
inductivity (Lg) is at its lowest value. At the moment of a PD,
represented by the switch in Figure 2, its dischacgrrent
(sourced by & and &) flows through a parallel circuit ofd.
and Gy. At a PD source position lower in the winding,.e.g
800 mm, the discharge current has to flow througbedes
network consisting of a number of parallel circwfsLs and
Cw. The series inductances are added linearly, whetiea
sum of the winding capacities decreases in vallrisTthe
high-voltage winding has a filtering effect on #AB discharge
current and influences the results of electrical lRBasuring
systems which will be presented in the next chapter

The HV winding, including the PD source, is pladatb a
cylindrical transformer tank, which is filled wittnineral oil.
The tank ground is connected to the metal sheet aod both
grounded via copper bands to the main ground. The H
winding is connected to a HV AC source and a pealrall
coupling capacitor (= 2.5 nF) according to the test circuit
stated in IEC60270. There is a coupling quadrupg) (
inserted between the low potential side of the togp



Conference Proceedings of CMD2010

capacitor ¢ and its grounding. That quadrupole has twomainly of negative charge. At a PD source locatibBO0 mm

output ports, one to measure the test voltage aother to
detect PD. That PD-output has according to IEC6G2Band-
pass behavior within the range of 15 kHz to 15 MHz.

The calibration process according IEC60270 wasoperéd
by injecting calibration pulses at the top of thénding
outside the tank. A change in the PD source paositid not
influence the value of the recorded calibratiortdac

Two DNB8O flanges of the used transformer tank alline
installation of two UHF-sensors [3]. These senstgtect the
electromagnetic emissions of
influencing the electric measurement circuit of 89270.

. CHANGEOFAPPARENTCHARGEDEPENDING
ONPDLOCATION

Figure 3 shows the PRPD pattern of four PD souasitipns,

occurring PD, withou

tThe

this fact changes to mainly negative charges in filhst

guadrant and positive in the third.

That possibly leads to problems in the patternyaigl as the
PRPD pattern of a source location of 0 mm indicathigh
field enhancement at a grounded tip (inner cor@dia)lhe
pattern originating from the same PD source at sitipo of

500 mm contrarily fit rather to inner corona ofighpotential
tip, with lower electrical field strength. As the@metry of the
PD source does not change, there should be no ehartge
real charge over the source location.

IEC60270 setup cannot resolve if the change
measurable apparent charge bases on change obtkeurce
pulses or on changing impedance in the measureoenit.

Simultaneously measured UHF signals indicated timatPD
pulses of the PD source stayed constant over tire dright,
because the UHF radiation of the PD source didhdnge

of

0 mm, 100 mm, 200 mm and 500 mm. The electrical P%ignificantly, see chapter IV. Due to that the ajeh

measurements resulting in these patterns, wererpatl at
test voltages of 28 kV, using a commercially avd#éaPD
measurement system, evaluating the PD currents in
frequency band of 3.5-4.5 MHz. That is due to IEZBD
because the readings do not differ from those astored for
the recommended values of the frequency band [1].
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Figure 3.  PRPD pattern at test voltages of 28 k¥ ehanging height of

PD source locations

The detected PDs remain constant in terms of paagke, but
decrease in amplitude in terms of pC by decrealsaight of
the PD source. E.g. at a source position of 0 nerélcorded
PD have maximum amplitude of about 900 pC, deangais
100 pC maximum at a source position of 500 mm (PBrst
phase quadrant). All measurements were performetbsit
voltages of 28 kV.

Additionally a change in polarity can be observéithe
recorded PDs at a position of 0 mm have higher ihadgs in
the first phase quadrant as in the third. In th&t fjuadrant the
magnitudes of the positively charged PD exceedoties of
the negatively charged PD. The PD of the third gaaidare

impedance, as explained with Figure 2, causesilteerfg or
damping effect of the measurable apparent chargeeoPD
urce.
Calibration procedure is not able to adopt with ttha
phenomena because calibration pulses are only tahjec
outside the winding, e.g. on the bushings of tramsérs. The
changing winding impedance by changing PD locdbrnats
not taken into account and even the idea to de#i that
phenomenon by integration of the current impulseP@f
seems not workable.
The presented results are dependent on the megsurin
frequency band, i.e. the damping effect of the wigd
depends on the measuring frequency range. Not
recommended frequency ranges in IEC60270 seemsve h
the same sensitivity and further investigationsl fatus on
that and will be published.
To verify the change of apparent charge dependmthe PD
location, ultra-wide-band measurements with ossiltgpes are
performed and presented in the next chapter.

all

IV. COMBINED UHFAND IEC MEASUREMENTS

A combined measurement setup allows a comparisotheof
measured apparent charge with the electromagrestiation
of a PD. Investigations [3] demonstrate a high gieity of
UHF measurements by means of low attenuation factor
caused by e.g. windings and structures of the eqtiart of
transformers.

Three oscilloscopes are synchronized via triggputifoutput.
One oscilloscope records the time domain IEC sigha PD
at the PD output of the coupling quadrupole. Thpaagnt
charge is calculated after IEC calibration prodessaking the
peak value of the pulse, [5]. That oscilloscopggers two
additional oscilloscopes, one to measure the redidiHF
emissions in time-domain and one to log the tekbyge at the
voltage output of the coupling quadrupole, see IEigu



Measurement voltage: 28 kV, sinusoidal 50 Hz
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Figure 4. Test setup for combined oscilloscope nremsents
That test setup results in comparable PRPD pattsrshown
in Figure 3 and thus the behavior of the appardwrge
depending on the PD source location is validated.

Figure 5 shows the comparison of the apparent ehafrg PD
with its UHF radiation at three PD source positiolrs that
figure the apparent charge is plotted on the x-axid the
maximum of the output voltage at UHF
(max( [VUHF|)) is plotted on the y-axis at posigoof 0 mm,
150 mm and 500 mm.
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Figure 5. Apparent charge plotted versus UHF ratiatat

different PD source locations

It shows that PD at a source position of O mm hawe

apparent charge of 800 - 1800 pC and a maximum UHF

amplitude of 140 — 350 mV. At a source position160 mm
the apparent charge is decreased to values of 2004C

with maximum UHF amplitudes of 120 — 300 mV. Congghr

to each other, the apparent charge decreases dnta bf 3,
whereas the UHF amplitude decreases only by arfattb.2.

sensor 1
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The apparent charge of a PD decreases far moredrgabking
height of the source position within a high-voltagending

than its UHF radiation. The small attenuation oé tiHF

waves was demonstrated [3] and explains the dengebdHF

signal amplitude by higher distances between PDcsoand
UHF Sensor. l.e. the radiation behavior of the BOrse stays
nearly constant over the changing height. That fuather

proofed by simultaneously measured acoustic sigfiais
localization purpose [6] which additionally proofédat the
Ogura needle was the only active PD source ingidetdank.
By that it can be concluded, that the measurableamt
charge must be changed by the influence of the gihgn
winding impedance due to changing PD height, sgearEi2,

whereas the real charge of the PD itself might sti@ysame
due to the constant electrode geometric.

V. CONCLUSION

A movable PD source inside a high voltage winditigves
measuring the influence of PD location on PD meament
results. The test results show a high damping awidripy
changing effect of the winding on the apparent ghar
measured with test circuits according to IEC 60270.
Measured apparent charge is dependent on the Rilzition
inside the winding. That effect was proofed witbcanmercial
PD measurement system as well as with a measuetup s
based on measured raw data.

Parallel UHF measurements indicate that these teffém not
resolve on changing PD source properties, but berifig
effect of the winding impedance on the dischargeeru of
PD.
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