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KURZFASSUNG

Zur Uberpriifung und Diagnose der Isolationsqualitathspannungstechnischer Geréte wird die
Messung von Teilentladungen (TE) durchgefihrt. Banwendung der konventionellen
Teilentladungsmessung nach IEC60270 kann das Mg=w@s durch den hohen Stdrpegel im Feld
nur beschréankt aussagekraftig oder unter Umstagdenicht brauchbar sein. Die Entwicklung einer
unkonventionellen Messmethode auf Basis elektromi@ggher Sensoren wird vorgestellt. Diese
Sensoren werden (ber einen normalerweise zur Oliwedii benutzten Flachkeilschieber bei
laufendem Betrieb in den Transformator eingefutburch die Schirmungseigenschaften des
Transformatorkessels sind externe elektromagnetis&itdrungen minimiert und erméglichen
Messungen mit hohem Stérabstand.

Bisher war es nicht mdglich, den installierten Sersuf seine Funktionalitdt zu Uberpriifen. Das
vorgestellte Design eines am Institut fur Energestdagung und Hochspannungstechnik (IEH)
entwickelten Sensors ermdglicht diesen sogenanferiormance Check. Untersuchungen zur
mechanischen Belastbarkeit des Sensors belegen Bairglichkeit fir eine permanenten Montage fur
Online Monitoring Systeme.

Ein Nachteil der UHF Messmethode ist die fehlendigli¢hkeit zur Kalibrierung, oder ein Nachweis
ihrer Empfindlichkeit in Bezug zur IEC konformen B&ing. Die im Beitrag vorgestellten Ergebnisse
zur Bestimmung der Empfindlichkeit lassen sich feigt zusammenfassen:

o Die Abstrahlung von elektromagnetischen UHF Welishnicht nur von der TE Quelle
abhangig. Die Abstrahlung wird ebenfalls durch Sirmiktur bestimmt, die sich zwischen der
Hochspannungsquelle und der TE Quelle befindet.

0 UHF Signale erfahren eine Dampfung, die vom Ausbrgjsweg der Signale durch den
Aktivteil abhangig ist.

o Fur konstante Ausbreitungswege existiert eine h@meKorrelation zwischen der UHF
Signalamplitude und der scheinbaren Ladung eineinTi.

0 Es erscheint nicht méglich, durch die alleinige Blexy der UHF Signale, die Intensitat einer
TE in pC abzuschatzen.

o Der vorgestellte Sensitivity Check ermdglicht uritensténden eine Worst-Case Abschéatzung
der Empfindlichkeit der UHF Messmethode.
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1 INTRODUCTION

The reliability of electrical energy networks degenon the quality and availability of electrical
equipment like power transformers. Examining thesteng insulation quality of oil/paper-isolated
transformers during full operation or at least igld gets more and more important because of the
increasing number of transformers reaching theinneal life expectancy. Local failures inside thei
insulation may lead to catastrophic breakdowns rarght cause high outage and penalty costs. To
prevent these destroying events power transformaes e.g. tested on PD activity before
commissioning and currently also during servicee 8o called conventional PD measurement
according to IEC60270 might show certain drawbdok®nline measurements.

PD under oil are very fast electrical processesraddite electromagnetic waves with frequencies up
to the ultrahigh range (UHF: 300 — 3000 MHz). Therrent contribution deals with the
electromagnetic method, also known as the UHF-Mgtfiditra High Frequency). Electromagnetic
waves are detectable with UHF probes, e. g. seBmgiril.

Fig. 1. UHF PD probe for standard oil valve

The probes can be inserted into the transformeangldull operation using the olil filling valve. As
result of shielding characteristics of the transfer tank against external electromagnetic waves,
normally a clear decision can be made concerniadPth activity of the test object. Preconditionhis t
moderately attenuated propagation of UHF wavesienshe transformer tank. This was shown in
laboratory research in [1] and is investigated icwtive in this paper. Because of a missing
calibration possibility of the UHF measuring methbid necessary to examine the installed probes fo
its function with the so-called Performance Chédlerefore probes with new design are presented.
For the verification of sensitivity, the relatioetiveen unconventionally measured UHF quantities to
the PD apparent charge level in pC is aim of cumesearch. The following questions are important:

0 What exactly is the source of the emitted UHF wau@ees the PD source itself radiate? Or is
actually the high-frequency PD current the originemitted UHF waves, while flowing
through the surrounding high voltage structure?

o0 Can UHF signals be measured everywhere inside rdmsformer tank with the same
sensitivity? How strong is the signal amplitudesmnal energy dependent on the measuring
location? Regarding the attenuation of UHF sigmadgle and through the internal structure of
the transformer, is there a constant attenuaticiofaand what is the range of the attenuation?
When measuring inside another transformer withediffit tank size and/or internal structure,
Is the attenuation factor in a comparable range?

o0 Can an e.g. linear correlation be found betweensared UHF quantities like the signal
amplitude to the PD apparent charge level in pQmicg to IEC602707? Is it possible to
extract a correlation for single impulses or ardyoimpulse repetition rates or phase
correlation comparable? Is the correlation constomt one transformer, or even for
transformers of the same tank size or similar imgkstructure?

0 Isit possible to perform a so called Sensitivitye€Ck to verify the quantity of a PD in terms of
apparent charge (pC) by only measuring UHF sigraléeast in a “worst-case way”? Is this
dependent on the location of PD inside the transéor e.g. if there is a PD inside the
winding?

The following chapters provide some answers toginestions above by outlining some experimental
research work.
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2 UHF PD PROBE DESIGN

An essential component for the detection of PDipatgd electromagnetic waves propagating through
transformer tanks are the decoupling devices callddF probes. Experiences made during
measurements in field and in laboratory lead tolp@sveloped probes. Focus is the improvement of
the measuring performance, enhanced handling dssvgie mechanical properties. First aim was the
development of a so called Performance Check tofpilee functionality of the UHF probe and
therewith the whole measuring setup. Second aimthaasmprovement of the mechanical properties
of the UHF probe regarding thermal and mechanicatses.

2.1 Electrical Improvements

Using an UHF probe with just receiving capabilitgatls to the problem of considering its

functionality. Therefore the new design of the UptBbe includes an insulated monopole, see Fig. 2,
which allows a so called Performance Check with gle@eral procedure like mentioned in the

following.

The injection of an artificial UHF-impulse (see F&jleft)) caused a coupling of the UHF signalhe t
probe head. Therefore two parallel lines inside gthebe frame for transmitting and receiving are
necessary. Precondition of a correct PerformanazICls the prevention of direct cross-coupling of
signals from the transmitting to the receiving lifidne line lengths are used for an approximation of
the signal propagation time of 6 ns in case oflgateupling from the integrated monopole to the
probe head. The theoretically estimated propagaiom was proofed in a separate laboratory test, i.
there is no direct cross-coupling of signals.

Another precondition for a successful PerformanbedR is the recognition of an inaccurate probe
application. One fault might be the galvanic contaicthe probe head within the oil valve or the
transformer tank due to incorrect mounting and tbsulting grounding. In worst case, no high
frequency signals may be detectable due to thainBa reference measurement the UHF probe with
integrated monopole laying on a wooden table isctuaily grounded. The detectable signal has a
frequency spectrum without significant high fregoyefractions. (see Fig. 3 right)), grounded probe).
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Fig. 3: left) Time :signalt'(r;]EE artificial UHF impulseight) Spectrum of the grounded probe (thick blue
line) in the comparison to the error free probehe transformer tank (thin red line) using
same injected signal

The method of the Performance Check is investigditeally on a test transformer tank inside
laboratory. The shown UHF signal is injected ane taceived UHF signal was measured with a
transient recorder with the analogue bandwidth @fH. After injecting the artificial UHF impulse
the signal with the corresponding frequency spectfsee Fig. 3 right), thin red line) was detectable
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High frequency components up to 1.25 GHz are gle@tognizable. Hence it could be obviously

measured that the complete receiving path fromMHE probe to the PD acquisition unit is correctly

installed. The Performance Check fulfils its taskcheck whether the UHF probe and the UHF
measuring system are correctly installed and regadgapture PD UHF signals from within the

transformer.

Further investigations will focus on the gain ofeefive height of the probe head. The gain
characterises the transformation of the electromigmwaves (far field conditions assumed) to the
conducted UHF signals in the measuring line. Tloeeefa set up using a giga hertz transverse
electromagnetic cell (GTEM cell) might be necessaifgring defined electromagnetic waves and
standardised analyses for high frequency antennas.

2.2 Mechanical Development

Oil flanges of power transformers may in worst-chselocated at the top of the transformer tank.
According to the IEC60354 “Loading Guide” [2], tlmaximum oil temperature at the top of the
transformer tank may reach 115 °C regarding loca$gots of maximum 160 °C. In addition to the
resulting thermal stress the inserted UHF probadasthstand mechanical stresses caused by the oll
pressure. Most transformers do not get above thighheof about 10 m (or the conservator
respectively), consequently the oil pressure oaogiin power transformers will be below 1 bar (also
due to the fact that the density of insulationi®illower than that of water). For a leakage testfaty
factor of 5 might be sufficient. Summarizing thespects of stresses, a type test for the UHF psobe
performed with a pressure of 5 bar at a temperabdfiré20° C. The UHF probe developed at the
Institut fir Energietibertragung und Hochspannursti (IEH) is intended for the installation at oll
valves with a normalized flange, as mentioned abbwe the examination of the oil tightness a test
vessel was designed that corresponds to a stamaillarglve flange. The probe mounted at the
appropriate flange side of the test vessel carebe s Fig. 4 on the left side.

Fig. 4: Picture of leakage test; left) UHF PD probtached to a test vessel, right) Measured
temperature and pressure

The bleeder screws existing at the probe are usethé subsequent oil filling. At room ambient
temperature oil is pumped into the test vessel atlappropriate oil pump. Existing air in the vésse
released over the second bleeder screw. Finallyoiltfilled test vessel with the attached UHF ggrob

is brought into a furnace.

With the help of the attached pump a pressurelmdrSs generated and held. The following heating
lead to an expansion of the oil and the pressuwalaation is reached manually with an expansion
container. The furnace reached quickly the necedsanperature of 120 °C and heated up the test
container with the oil inside. With closed valvieg theating caused a constantly increasing pressure.
With manual opening of the valve to the expansiont&iner, the pressure can be kept constant at
approximately 5 bar. The necessary monitoring ef pnessure allows a check of the completely
heated oil volume with a constant pressure andd#tection for an arising leakage by a sudden
decrease of pressure. After heating the oil voltineepressure remained apparently constant during
the tests. The optical control of the whole UHFh@waluring the pressure and heat test resulted in no
evidence of a leakage. The developed UHF PD pradbbtroe installed at every located oil valve and
will withstand every occurring thermal and presstagsed stresses.
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3 RADIATION BEHAVIOUR OF PD SOURCES

PD under oil emit electromagnetic waves in the loWelF range. l.e. occurring wave lengths inside
power transformers are between 10 and 70 cm. Regaatitenna theory, an emitting antenna might
have the minimum dimension of half the occurringv@langths to work best, i.e. in the range of
10 cm. That leads to the question, what is therematdor the PD originated electromagnetic waves?
The PD source itself seems to be ranges too sBwlPD phenomena causes high frequency currents.
Possibly parts of the high voltage structure inghk/anic circuit surrounding the PD source acias
antenna, while high frequency current is flowingptigh them?

The following setup was used to examine that gaesiihe so called 2-path-arrangement, see Fig. 5,
offers the possibility to measure independently W signals of one and the same PD impulse.

PD source
y
o

Dividing tank wall
5

Fig. 5: 2-path-arrangement

By a metal wall, two UHF probes are electromagmditicdecoupled. The needle sphere PD source
inside the 2-path-arrangement was energized wih kidltage. In the feeding electrode of the PD
source a bow of copper was introduced, see Fighé.high-frequency PD current has to flow through
the bow into the PD source.

e o TH

Fig 6 : Radiation

The horizontal dimension of the bow is about 20which leads to a resonance frequency of about
500 MHz in oil. The two UHF probes have the samegeaof resonance frequency and measure
sensitively the emitted UHF waves. By changingdhentation of the bow, see Fig. 7, the qualitative
radiation behaviour can be analysed. For each RD@hena/pulse, the signal energy of the two UHF
signals were computed, i.eefand Egn, See Fig. 7. By building the ratio of the two sifnenergies,
the influence of the bow of copper can be estimdtedase of symmetrical paths, the ratio should be
1. In case only the PD source is somehow respafibthe emitted UHF waves (and deviations from
slightly changing discharge channels are insigaifty, the ratio should remain 1, also in case if
changing the orientation of the bow.

pbehaviour; left) Bow of coppelidaie) simulated model, right) simulated radiation
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In the following the bow was orientated in diffetg@mositions, see Fig. 7.
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Fig. 7: Different orientations of the bow of copperthe feeding electrode of the PD source

The PD source was energized with high voltage andyzes PD phenomena of 50-100 pC. For each
position of the bow, 10 UHF signals for both UHFolpes were recorded with a 2 GHz analogue
bandwidth transient recorder. Building the ratiotloé signal energies between the probe on the left
and right side and averaging the ratios leadsead#r diagram in Fig. 8.
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Fig. 8: Ratio between measured UHF signal energigl different bow orientations, one bar
represents 10 measurements, standard deviatiorihasst %

The orientation of the bow of copper has an infagean the measurable UHF signals. Regarding e.g.
position 30°right shows, that the energy,Emust be smaller than the energy.EThat leads to the
conclusion, that the bow of copper radiates UHFeagavormal to its stretching area, i.e. the diagonal
UHF sensor receive more energy than the other.ngakbme experiments more than once and
changing the orientation of the bow to the opposite proof this radiation behaviour. The standard
deviation during all measurements was below 6 %.

The qualitative results of the experiment were fgddn a second step with an simulation tool for
high-frequency signals. As could be seen in Bigthe bow of copper was modelled with the same
dimension as in the measurements. It was enerdgmea@ high-frequency current flow
(gaussian impulse). The radiation diagram simulatethe software (see Fig. 6 right)) shows
the most radiation in normal direction (x-direcfi@a the stretched area of the bow.

The radiation behaviour of UHF PD sources depesdsedl on the structure between the high voltage
source and the PD source.
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4  ATTENUATION OF UHF SIGNALS IN 220 MVA AUTOTRANSFO RMER

PD signals might be measured and quantified wigfanads to a sensitivity check in apparent charge
(pC) within large power transformers with an UHRsar, when electromagnetic waves emitted by a
PD can be measured everywhere in the transforntboutior at least with known loss of UHF signal
power. For optimal measuring results, there shbeldo significant influence of the internal struetu
on the propagation of UHF signals.

For analysing this characteristic of the UHF pragam inside power transformers, two 220 MVA
single-phase autotransformers of the same typendetk for scrapping were prepared for some
experiments. The transformers were oil free buhwitact tank, which acted as a faraday cage for
external disturbances. More important, the tramsérs included their complete active parts. To get
several different location for injecting and redegelectromagnetic waves through the transformer a
lot of boreholes were drilled in the tank wall arious positions around the transformer tank. This
exemplary shown for the front side view of one sfanmer in Fig. 9.

At least two 10 cm long monopoles (see Fig. 10) banshifted into the transformer through the
boreholes. The attenuation of different propagagaths through the transformer can be investigated
by feeding one of the monopoles by an UHF impukssegator and measuring at the other monopole
the received UHF waves. Additionally an UHF probasvinstalled for reverence measurements at an
oil-filling valve. The feeding signal had an amptie of 60 V with signal rise times of less than p80
and a corresponding frequency spectrum up to 2.5 [GH

Fig. 10: Monopole for emitting and receiving elextragnetic waves

With the impulse generator repetition rate of 1) khany non-amplified single signals could be
received and analysed independently. Fig. 11 sleogvshe maximum amplitude of the received UHF
signals at different positions characterized by ribenber of the borehole, as defined in Fig. 9. The
UHF signal source (the emitting monopole) was lelcdconstant location, e.g. here at a borehole on
top of the transformer tank.

Immediately recognizable is the clear differenceighal amplitude depending on the position of the
receiving antenna. Regarding the antenna positias 8 reverence, the damping factors to the other
antenna locations could be calculated.
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Fig. 12 summarizes an example of one fix UHF sodomation and different receiving antenna
locations by plotting the calculated attenuatioctdes in dezibel (dB), see left axis. By knowing th
transformer tank dimensions, the correspondingcseteceiver antenna distances are calculated and

included in the diagram. This results in generératation factors of the UHF signals inside the
transformer with the unit dB/m, see right axis ig.A.2.
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Fig. 12: Attenuation of UHF signals measured indidomain

The attenuation of UHF signals relating to theatisk is not linear correlated to increasing digtanc
Depending on the internal structure of the tramsfat some antenna locations might be better for
receiving UHF signals than other locations. Thengttbway of analysing the attenuation was done for
many different measurements with different draid aaurce locations. Summarizing, the attenuation
of UHF signals within the transformer varies betwé&eand 13 dB/m, depending on the location and
therewith the propagation path of the UHF signale maximal measured attenuation was 33 dB at a
distance of nearly 6 m. Compared to the state-®faith amplification of about 30 dB for UHF signals,
the high UHF signal-to-noise ratios and regardhng gtrong amplitudes, the measured attenuation do
not undermine the sensitivity of the UHF methodémeral.

Comparing the attenuation factors of complete agbart arrangements from above (e.g. propagation
path through complete HV/LV-windings etc.) to reésubr single, generic structures as e.g. part of a

disc-winding (attenuation around 2 dB) or a 0.5gap in a metal plate of (attenuation around 3 dB)
[1, 4], shows comparable ranges.
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Active parts of transformers have strong influetw@JHF signals and the caused attenuation is not
linear to the distance. More experiments like thentioned above with different transformers will
show, if the attenuation is within same range @mepredictable for identical transformer types.
Because of the showed attenuation, it might be gsibte to examine the quantity of a PD originated
UHF source (in terms of apparent charge) withouwvkng its location and therewith the possible
span of experienced attenuation of the UHF wavebhempropagation path to the UHF probe.

5 CORRELATION BETWEEN UHF — IEC60270

The so-called Sensitivity Check for UHF measurememt power transformers might be comparable
to the procedure suggested for the UHF method at igalated switchgear (GIS) [5, 6]. An
approximation of the measured UHF PD quantity caaipia to the quantity of the apparent charge in
pico Coulomb (pC), determined with the measurenaatording to IEC60270 (IEC), should be
achieved.

First step is an investigation about the corretabetween the apparent charge pC and the measured
UHF signals. Therefore the IEC measuring method daase simultaneous with the UHF measuring
method, see setup in Fig. 13. The UHF signal aad/tiitage signal of the IEC measuring impedance
were recorded at the same time.

PD Measuring Instrument

b Bl

ol

| 4
[ |

2, =500

DSO

Fig. 13: Combination of UHF and IEC60270 measureinen

Additionally a PD measuring system measured dyeitté apparent charge levelz@serving for
reference measurement and voltage measurement. dsfibrating the IEC measuring method, the
scope measures the apparent charge and the UHgtsetie one and the same PD pulse. While
recording e.g. more than 30 signals the naturahtien of PD defects helps to find a relation begwe
UHF signal amplitude and apparent charge.
Two different sources of PD are shown in Fig. 1He Tirst source of PD consists of a glass ampoule
with an air cavity between a rod-plane PD sourageumil. The second PD source consists of another
rod-plane arrangement which uses the same oil wlamthe transformer. The high voltage was
applied by a coaxial cable (RG214), which is Pftg to a voltage of approximately 12kV. PD
inception voltage of the sources was about 5-10kV.
‘ 50mm ‘
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The PD sources were brought into a 10 kV/380 V R@A distribution transformer. Through an
available oil filling valve an UHF probe was slintdé the transformer, receiving the emitted UHF
waves from inside the transformer tank. Becaust@hot completely closed top cover, the location
of the PD sources, mounted on a stick, can be @htoy20 different positions, defined in Fig. 15.
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Fig. 15: Measuring posiiions in transformer tank, Kv/380 V, 200 kVA

During the measurements the transformer with the#uded active part was oil-filled and an
aluminium foil closed the cover to simulate a cbhgank. In the exemplary results shown in this
paper, the UHF probe was installed at the uppefilbilg valve and the PD source with the glass
ampoule was used. The applied voltage was adaptedas PD with an intensity of 50 to 150 pC
occurred. For each measured UHF signal, the andglitund the apparent charge of the corresponding
PD were determined. In Fig. 16 the measured UHHiaudp over the apparent charge&ls shown.

Amplitude /mV  ——

250 300

Q.. pC —
Fig. 16: PD Source “glass ampoule”: Correlation beten UHF amplitude and apparent chargeQ

All measurements (points) of the 20 locations asded with a clear colour. Different clusters of
points with the same colour are remarkable. Thasatp show a linear correlation between the
apparent charge and the measured amplitude of itfe dignal. In order to examine this correlation
quantitatively, for the measured values regreskims were computed according to the method of the
smallest error squares, see Fig. 16. The followingervations can be made:
o0 The regression analysis shows a linear correlatietween the apparent charge and the
measured UHF signal amplitude.
0 The correlation is constant for a fixed positionRId source. The correlation factor depends
on the position of PD source and thus of the destdretween PD source and UHF probe.
o0 The signal/noise ratio decreases with increasisgdce between PD source and UHF probe.
0 The PD sources show - even with constant appahemge level - a large dispersion regarding
the UHF signal amplitude. From this it can be stateat different kinds of PD have likewise
different characteristics concerning the relatiogtween measured apparent charge and
emitted electromagnetic waves.

10
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6 SENSITIVITY CHECK

The idea for the so-called Sensitivity Check far thbHF measuring method on power transformers is
based on the procedure suggested for the UHF megsuethod at GIS [6]. Therefore a well known
real PD has to be placed into a transformer tankalratory. The same probe reading from the
measured real PD will be simulated in a second atigp an UHF signal generator with variable
output power using a second transmitting probeh\&it excitation voltage of e.g. 10 V this will lead
to a ratio of the feeding amplitude to the appaots@irge of 0,1 V/pC. Installing the whole measuring
system at an identical transformer with two oliliriy valves may then allow a sensitivity verifigati
for 100 pC, i.e. the UHF method is able to detdateffects with at least 100 pC.
Aim of the following investigation is to find thébave mentioned relation between the feeding signal
and the according apparent charge.
All measured UHF signals are measured with an Ugtisar, installed at the upper DN 80 oil-filling
valve. First step is activating the PD source aitpm "7u™ (see Fig. 15) with an apparent chasge
100 pC. The UHF sensor detects an UHF signal witlaraplitude of 5 mV. In the second step, the
monopole antenna (Fig. 2) held at position "7u"swad by the UHF signal generator with an
amplitude of 4.0 V for simulating the same measlaraffects as the original PD. l.e. the relation of
0.04 V/pC can be used for the Sensitivity Check.
Comparing the relation of 0.04 V/pC to results 7ih, which stated a relation between 0.2 V/pC and
1.5 V/pC, the big discrepancy might be explained by

o different sensitivity of the UHF coupler or usedgification
o different transformer tank sizes

o different internal structures

o different types of PD
Investigations in future may allow comparable resulhen defining some standards for the
Sensitivity Check procedure in laboratory first.
For analysing, if the artificial impulse of 4.0 ¥dds to the same quantitative result as in theteh&p
the transmitting antenna was located successivelthe 20 different defined positions in the
transformer and the UHF probe signal was recorded.
The following Fig. 17 compares the measured UHFlanges using the 4.0 V impulses with the UHF
impulses caused by the original PD of 100 pC ah éacation. Position “7u” is the reference point of

the Sensitivity Check where the UHF signal ampktwud the original 100 pC PD has the same value
as from the artificial impulse of 4.0 V.
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Fig. 17: Sensitivity Check with original 100 pC Bburce and artificial UHF impulse with 4.0 V
The measured values strongly support the prelirpimasestigation results, that the attenuation ef th
UHF signals depends on the internal structure hadotopagation path, because measured values of

the same origin (100 pC PD and 4.0 V atrtificial inges) varies between 3 and 90 mV. With the
exception of point “10”, the artificial UHF impulseshow similar UHF measuring results to the

11
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original PD sources. The procedure makes an ewafupbssible whether PD of certain intensity at
the tested positions are detectable, i.e. it migity be a worst case estimation of the sensitifdty
this transformer.

Generally the Sensitivity Check for UHF measuremmeltdes not allow an estimation of the apparent
charge, because of not predictable UHF attenuatidmesrding to the location of the PD and the
resulting propagation path of UHF signals. The pdare might be a worst case estimation of the
sensitivity. But defining a general procedure fdre timmense number of different types of
transformers might be difficult.

7 CONCLUSION

The detection of PD during full operation of poweansformers is possible with the shown UHF
probes. The probes withstand all occurring mecleraad thermal stresses and can be used as a
permanently installed measuring device for onlinenitoring systems. Improvements of electrical
properties of the UHF probes allow a significanhdtionality test of the probes and the whole
measuring equipment including measuring lines &edPD acquisition unit.

For the verification of the sensitivity of the Uhtethod, the results of the presented researchean b
concluded as followed:

o0 Radiation of UHF waves depends as well on the stradbetween the high voltage source and
the PD source.

o UHF signals experience propagation-path-dependi@anwation while propagating through
the internal structure of the active part of trensformer.

o For fixed propagation paths there is a linear i@abetween the UHF amplitude and the
apparent charge pC of PD.

0 It seems not reasonable to solely calculate thenpgisity of an PD according to IEC60270
with UHF measurement on a basis of a SensitivitgdBh

Near-future research will consist of the presergeatedure in chapter 5 and 6 of the Sensitivity
Check at transformers planned for scrapping to $imhe additional information.
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