ADVANCED ONLINE PD MONITORING OF POWER TRANSFORMER
ASA TOOL FORRELIABILITY IMPROVEMENT

REJI JOHN RESHMI.R
HEAD OF THE DESIGN DEPT. ENGINEER/DESIGN
TRANSFORMERS & ELECTRICALSKERALA LIMITED
ANGAMALY
KERALA
ABSTRACT

This paper deals with digital acquisition, clagsifion and analysis of the stochastic
features of random pulse signals generated by pditieharge (PD) phenomena. In order to promote a
better understanding, the first part of contribntettempts to provide simplified explanation for rt
discharge mechanism & its principle. The second gdatti® contribution has made its focus is made on a
new measuring system for the digital acquisitiorPBf-pulse signals, which operates at a sampling rate
high enough to avoid the frequency aliasing, bat girovides an amount of PD pulses which enables PD
stochastic analysis. A separation and classifinati@thod, based on a fuzzy classifier, is develdped
the analysis of the acquired PD-pulse shape sigmals result of the fuzzy classification is a chusbf
signals homogeneous in terms of stochastic featafeBD pulses. The classification efficiency is
evaluated resorting to the PD-pulse height andelastributions analysis. The instrumentation, drel t
associated classification methodology, are appliech¢asure and analyze PD data recorded for mica-
insulated stator bars and coils, where typical @dsfeoccurring during normal operations, were sinedat
It is shown that the proposed procedure enablesdPee identification to solve the identification
problems which arise, in particular, when differeatirces of PD are simultaneously active. In additio
fuzzy classification provides an efficient noisgeadion tool.

WHAT ISPARTIAL DISCHARGE?

In electrical engineeringartial discharge (PD) is a localisedielectric breakdowrmf a
small portion of a solid or fluigtlectrical insulatiorsystem undehigh voltagestress, which does not
bridge the space between two conductors. Whiterana dischargés usually revealed by a relatively
steady glow obrush dischargén air, partial discharges within solid insulatisystem are not visible.PD
can occur in a gaseous, liquid or solid insulatimedium. It often starts within gas voids, such aslyan
solid epoxy insulation or bubblestiransformer oil Protracted partial discharge can erode solidlatisun
and eventually lead to breakdown of insulation.

DISCHARGE MECHANISM

PD usually begins within voids, cracks, or inclusiowithin a solid dielectric, at
conductordielectric interfaces within solid or liquid diefeics, or in bubbles within liquidielectrics
Since discharges are limited to only a portion @ itsulation, the discharges only partially bridge
distance betweeelectrodesPD can also occur along the boundary betweenrdiffénsulating materials.
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A patrtial discharge within solid insulation. Wherspark jumps the gap within the gas-filled void, a
small current flows in the conductors, attenuatedheyvoltage divider network Cx, Cy, Cz in parallel
with the bulk capacitance Cb

Partial discharges within an insulating material aseially initiated within gas-filled
voids within the dielectric. Because thiglectric constanof the void is considerably less than the
surrounding dielectric, thelectric fieldacross the void is significantly higher than asraa equivalent
distance of dielectric. If the voltage stress asrb® void is increased above tteronainception voltage
(CIV) for the gas within the void, then PD activigyll start within the void.

PD can also occur along the surface of solid irnigigamaterials if the surface tangential
electric field is high enough to cause a breakd@along the insulator surface. This phenomenon
commonly manifests itself on overhead line insulatpegticularly on contaminated insulators during
days of high humidity. Overhead line insulators aises their insulation medium.

PARTIAL DISCHARGE EQUIVALENT CIRCUIT

The equivalent circuit of a dielectric incorpor@tira cavity can be modeled as a
capacitive voltage divider in parallel with anotliapacitor. The upper capacitor of the divider espnts
the parallel combination of the capacitances iresenith the void and the lower capacitor represtrgs
capacitance of the void. The parallel capacitoresgnts the remaining unvoided capacitance of the
sample.

PARTIAL DISCHARGE CURRENT

When partial discharge is initiated, high frequeti@nsient current pulses will appear
and persist for nano-seconds to a micro-second,disayppear and reappear repeatedly. PD currents are
difficult to measure because of their small magnitade short duration. The event may be detected as a
very small change in the current drawn by the sampdier test. One method of measuring these currents
is to put a small current-measurirggistorin series with the sample and then view the geedrabltage
on anoscilloscopevia a matchedoaxialcable. When PD occurs, electromagnetic waves gaipaway
from the discharge site in all directions. Detectidrthe high-frequency pulses can identify the texise
and location of partial discharge.




DISCHARGE DETECTION & MEASURING SYSTEM

The partial discharge measurement, the dielectric conditiohigif voltage
equipment can be evaluated, and treeing in the insulationbeadetected.Whilstan delta
measuremeni@allows detection of water trees, partial discharge measuatemesuitable for
detection and location of electrical trees.Data collected duhagprocedure is compared to
measurement values of the same cable gathered duringct@ance-test.

A patrtial discharge measurement system basically consists of:

+ atestobject

« a coupling capacitor of low inductance design

« a high-voltage supply with low background noise

- high-voltage connections

« a high voltage filter to reduce background noise from tlveepsupply
- a partial discharge detector

+ PC software for analysis

THE PRINCIPLE OF PARTIAL DISCHARGE MEASUREMENT

A number of discharge detection schemes aadial discharge measurement
methods have been invented since the importance of PDeatsed early in the last century.
Partial discharge currents tend to be of short duration avd hse times on the order of
nanosecondsOn anoscilloscope the discharges look like randomly occurring 'spikes’ usgs.
The usual way of quantifying partial discharge magnitud@ igicacoulombs The intensity of
partial discharge is displayed versus time.An automatic dsadyshe reflectograms collected
during the partial discharge measurement — using a methedee to astime domain
reflectometry TDR — allows the location of insulation irregularities. They digplayed in a
partial discharge mapping format.A phase-related depictiotheofpartial discharges provides
additional information, useful for the evaluation of the deuicder test.

PARTIALDISCHARGE

Failures of any of the dielectrics inside of a sf@nmer may be preceded by partial
discharge (PD). An increase in PD activity or aoréase in the rate of the increase should be aafuse
concern. Since partial discharge can deteriordte damplete breakdown, it is desirable to monitaes th
parameter on-line. PD sources most commonly encadhtare related to moisture in the insulation,
tracking on paper and barriers, cavities in salisulation, metallic particles, and gas bubbles geadr
due to some fault condition. Partial dischargesilinvil produce hydrogen which is dissolved in tbik
However, the dissolved hydrogen may or may not kectkd, depending on the location of the PD
source and the time necessary for the oil to cartyamsport the dissolved hydrogen to the locatibthe
sensor. Most transformers are tested of PD actikityng normal factory acceptance tests. Typicatlev
of PD activity are shown in Table 1.




Category PD level = Pico-Coulembs
Defect Free 10 =100 pC
Mormal deterioration < 200 pC
Developing Defects (ireversible 1,000 = 3,000 pC
damage to paper)
Ereakdown of oil 10,000 = 100,000 pC
Table 1

Common PD levels

Both electrical and acoustic PD detection eaamvehadvantages and disadvantages and
are complimentary rather than exclusive. A partiacdarge exhibits, besides other phenomena, a fast
transient electrical pulse and an acoustic "babgpending of the location of the PD and the cogplin
path between the event and the detector, the iglectacoustic signal can be used to detect theBeh
methods have different detection ways and sengitéviior unwanted signals (noise). The acoustic PD
detection is most useful for events within the lafsight of the acoustic transducers. This limits the
detection range, but also the amount of noise.

The electric PD detection covers a wider arealuding e.g. bushing and tap changer.
External noise will also be detected and is diffito remove. The correlation between instrumentiread
and actual discharge magnitude is better than \ighacoustic method. Several international standards
exist that define the instrument response, whig¢héseadout in pico-Coulomb or micro-Volt, allowing a
better comparison between manufacturer and in-fieldsorements.

1. ELECTRICALMETHOD

The electrical signals from PD are in the form ohgualar pulse with a rise time that can
be as short as nanoseconds. The pulse rise tinte atrigin is dependent upon the type of discharge.
Breakdown of an oil gap is a very fast process avhikurface discharge may have up to ten times longer
duration. PD pulses have wide frequency contettieabrigin. The high frequencies are attenuatednwhe
the signal propagates through the equipment andhé¢hegork and pulse shape is also modified due to
multiple reflections and exciting resonant frequesciof elementary circuits. The detected signal
frequency is dependent on the original signal, @ulsopagation path to the sensing point and the
measurement method. Electrical PD detection methodsftea hindered by electrical interference
signals from surrounding equipment and the networistMommon and most difficult noise sources are
aerial corona discharges and discharges to eléatimshields that are not properly connected toeei
the HV bus or ground. Any on-line PD sensing methmagt have methods to minimize the influence of
such signals. The most common method for PD detectide idecouple the High Frequency partial
discharge signals using sensors that are capgaitdlpled to the HV bus (coupling capacitor). Midst
apparatus have a natural “capacitor” built into #i¥ bushings or CTs have a convenient point for
connection of the PD instrument. Bushing test tapCor shield leads are frequently used for partial
discharge measurements along with power frequenacyaitisn tests.

The most popular method to interpret PD signals issttaly their occurrence and
amplitude as a function of the power phase positiois;is called phase-resolved PD analysis (PRPDA).
This method can provide valuable insight into theetpf PD problem present.

The best method of noise rejection for in field measwents employs the use of multiple
sensors. Use of a single sensor model in the fielahiikely to produce satisfactory results. If save
sensors of different types or at different locasicare employed, the possibilities to reduce external



influences are greatly enhanced. Generally, theitseiitsor approach can be split into two processes:
separate detection of external signals and enésgyrheasurements.

Energy-flow measurements use both an inductive acdpacitive sensor to measure
current and voltage in the PD pulse. By the turdhghe signals from the two sensors, they may be
reliably multiplied and the polarity of the resuffienergy pulse determines whether the signal aiga
inside the apparatus or outside. A modern PD ingnt should employ both processes of the multi-
sensor approach allowing the comparison of PD paoisgnitude from different sensors and pulses
polarity for energy flow measurements.

2. ACOUSTICMETHODS

Acoustic emissions (AdEg transient elastic waves in the range of ultradpusually
between 20 kHz and 1 MHz, generated by the rapsdise of energy from a source. Partial discharges ar
pulse-like and cause mechanical stress waves (acoustes) to propagate within the transformer. & th
stress waves propagate to the transformer tank thialf, may be detected with a transducer that isdtune
to the right frequency.PD sources can be locatednbgsuring the relative time of arrival of acoustic
waves at multiple transducer locations.In typicapleations, the signals from a group of externally
mounted acoustic sensors are collected simultaneanglanalyzed to detect and locate PD. However, as
the acoustic tank signal propagates from the PDcsaiarthe sensor, it will generally encounter défe
materials. Therefore, acoustic signals can only &eaied within a limited distance from the source.
Consequently, the sensitivity for PD inside transfer windings, for example, may be quite low.Though
not disturbed by signals from the electric netwakternal and internal influences in the form of rain
wind and non-PD vibration sources like loose pactsling fans and oil flow from transformer oll
circulating pumps will generate acoustic signalst tinéerfere with the PD detection. These non-PD
acoustic signals may extend up to the 50 to 100 ddgion. To diminish the effects of this disturbance,
acoustic sensors with sensitivity in the 150 kHzgeare usually employed. Such sensors may, however,
have less sensitivity to PD signals than lowerdestpy sensors.

COMPARISON OF BOTH METHODS

Source Electrical Acoustic Remarks
Detection Detection
PD on the Yes Yes Best use for
cutside of the winding acoustic detector,
location
PD within the Yes Unlikely Strong acoustic
winding attenuation inside the
winding.
PD between Yes Difficulty Acoustic signal
winding and core reflection at the core
required
Arcing / tracking Yes Yes
of the oil surface
Arcing ! tracking Yes Yes
of the bushing surface
in the oil
PD in the Yes possible Safety Concerns
bushing with Acoustic
PD in the de- Yes Yes
energlzed tap changer
PD in the on- Yes Yeas
load tap changer




3. PD PATTERN CLASSIFICATION SYSTEM USING IMAGE ANALYSIS

Factory PD testing of new equipment is a routinewéth a simple pass or fail outcome.
For power equipment in service, on-line PD detectiemains a challenge that is left for experienced
personnel only, because the records always produdeD pattern due to the presence of local
electromagnetic interferences that cannot be cdetrator avoided. Local interference includes both
synchronous and asynchronous signals. The formetaaxternal corona, lose contact noise and power
electronics employed in AVR’s to mention a few amel latter can cover signals from all new electronic
gadgets, cell phones, WiFi, broadcasting statiowissa far.Furthermore, electronics employed to monitor
PD activity on-line can fail easily due to harslviemnment conditions encountered at the installasios
that include aggressive chemicals, extreme tempesatarechanical shock, vibration and strong local
magnetic fields or high transient over voltages thimnormal power system plants. A faulty PD detecto
may also produce incoherent readings that can exaeasptable levels and therefore trigger unwanted
alarms. From so many source of interference, it isanstirprise to find that an unattended online PD
system may be recording nothing but noise. The atgdidor an on-line monitoring system is not only to
record true PD activity, but also it requires a\klezige system that may be able to discriminate ravise
accurately identify PD activity without the need &continuous supervision from a PD expert.

To achieve this compatibility, Cladp’s input usegitdl images in standard Joint
Photographic Experts Group format (JPG). Such forsneady available on most digital PD detectors in
the form of a file or it can be recovered from a mhreport if it is scanned into jpg format. In thiay,
any digital detector can be converted into a caowtirs monitoring device using only its NQ-PD
pattern output. The structure of Cladp’s can beridmd in four modules, named: Input, de-noising,
classification and labeling. In the input stages phocess is directed either to a single file oa tiest of
files or directory with jpg files. From that list|&ip’s will produce a sorted output differentiatithgse
files with noise from those with a PD pattern thafjuire any action. In the de-noising stage and to
produce reliable diagnosis, all patterns are amealytp remove spurious and random noises. This feature
is central to perform unattended and successfullyhal classification procedure, preventing unwanted
alarm issuing when high readings produced by exteroise occur. For the classification module, PD
activity is considered as a slow evolving activityat should be present during a considerable anumfunt
time during monitoring. In this respect, the PD pattis segmented according to its repetition rate and
those sub-divided patterns are classified using hadggical filters to fulfill all requirements statéa PD
interpretation

3.2INPUT STAGE

In the input stage, the process is directed eitbex single file or to a list of files or
directory with jpg files. From that list, Cladp’s Iwproduce a sorted output in separated directories
differentiating those files with noise from thoselwa PD pattern that require any action. All infilets
are kept unmodified and all output files had the sanpait name, but written in the appropriated
directory. For a large number of files, an optiordisplay in sequence all files, like in a movieftered.



3.3 DE-NOISING STAGE

In the de-noising stage and to produce reliablgrdiais, all patterns are analyzed to
remove spurious and random noises. This featurenisat¢o perform unattended and successfully all the
classification procedure, preventing unwanted alasaing when high readings produced by external
noise occur. To achieve a 92% accuracy the Clddp pattern classification system starts with the raw
information from monitoring systems or uses the cotivaal graphical output, with repetition number
for the studied discharges N, generally coded &EX colour, the PD magnitude (Q), and the phase
angle from the applied voltagel), named as digital N-Q+ pattern of most commercial Detectors,
following the procedure outlined next. The digiNdQ- pattern is the output for a defined monitored
period of PD activity. The importance of this subagice time resides in the repetition rate expetoed
the PD that will shift the N value, allowing longecording periods, in the range of 3 to 5 minutes,
appearance of well defined PD patterns even foragho activity. When intense interference is présen
the recording time may be reduced to a few hundretksyof the applied voltage, to prevent a complete
overwriting of the PD pattern by interference orseo The digital N-Q- pattern is then normalized to
obtain only positive patterns and saved as a mduithe popular JPG format and handled as a matrix
where all graphical filters are applied. The figsaphical filter is a de-peg, that involves removiogy
repetition pixels from the image. This in physicaine is associated to spurious or low repetition rate
signals that are not typical PD behavior but argstered by the PD detector. Then, repetition Wl
originally recorded in 256 levels are reduced tdeMgls, by converting the image from colour to grey
scale. This procedure allows the clustering of gmilsith similar magnitude, broadening the clusters
frontiers to account for randomness in PD levelsseduby lack or delay of starting free electrodes.
Furthermore, this permit the identification of asymetous interference that can be identified as noise
bands, since all asynchronous pulses will drawaregilar bands of roughly constant charge that are n
related to PD and should therefore be removed.

3.4 CLASSIFICATION STAGE

For the classification module, PD activigyconsidered as a slow evolving activity
that should be Present during a considerable anufuitne during monitoring. In this respect, the PD
pattern is segmented according to its repetitioa aamd those sub-divided patterns are classifielgusi
Morphological filters, as follows: The image aftez-doising is left with synchronous records of psilse
that are subjected to graphical operations of apmeaind closing. Opening is employed to isolate and
differentiate study regions with different repefitirate. Once those study regions are named, aigaaph
closing operation is performed, using an adjustaidsk with pixels sizes between 3x3 and 10x10 to fill
an area and produce a homogeneous or linearly aecayiidy region. To locate a PD pattern each
graphic zone is analyzed to identify a normal disttion. Then overlapping of a zone is determined by
analyzing the contour of each pattern and assunhiaigthe Normal distribution caused by one defect is
partially hidden in the pattern corresponding tesemonded causing defect. Next the visible or non-
overlapped area of the normal distribution undedysia defined as those poirdgo b that correspond to
an inflexion point where the next normal distributi@ppears. Then that area is calculated as the dmoun
of pixels betweem andb. This area is compared to an area generated usfagedt k values between
andb. (a andb corresponds to the area that contains non overbpattern and x Amp correspond to the
phase angle where the maximum Amp is located, dewmiglth and shape of the distribution).



4. PULSED X-RAY INDUCED PARTIAL DISCHARGE MEASUREMENTS

Measurement of partial discharges (PD) is a wellldsthed method for the detection of
defects in high voltage insulation. The method $® alsed for routine testing of high voltage instédins
and components. However, the detection of small dgtects by PD measurements is demanding,
because the inception of PD in voids does not delyend on the local electrical field, but requittes
presence of a start electron. In many cases, tdisedectron can only be provided by ionizatiométyral
background radiation. This means that there wilab#elay between the application of sufficientlythig
field and the inception of the PD, called inceptidelay time. Owing to the statistical nature of the
ionization process, the inception delay time will tamdomly distributed, such that long measurement
times are required to achieve reliable detectiosnwdill voids. Alternatively, start electrons can beated
by field emission at sharp tips in the void. Usualhis mechanism requires higher fields, which means
that the effective PD inception voltage is highdrew the start electron can only be provided bydfiel
ionization. Earlier attempts to artificially providgart electrons by ionizing radiation succeedely on
partially. While the inception time delay disappebras predicted, the resulting PD signals were
sometimes too small to be measurable in a typicab&tap in production [1]. Other investigations show
that constant irradiation of the insulator withays can also suppress PD activity for high dosesr].
This indicates that the irradiation of the voididgrPD activity can strongly influence the dynamaés
the PD process. It was therefore investigatediifigdadischarge pre-testing can be made more reliayple
creating start electrons by ionizing radiation. émber of investigations on this subject were carded
in the past; the most comprehensive one was leddntgrio Hydro in the 1990s. In these investigations
insulators samples were constantly irradiated witays during the partial discharge measurement. This
has indeed led to partial discharges in insuldatovghich none were detected without irradiationwbeer
often with reduced magnitudes lower than 0.1 pC Wwhiould hardly be measurable in atypical factory
environment. In the present investigation, extrersélyrt X-ray pulses are used. The idea was to limeit t
influence of the ionizing radiation to provide arstelectron, and not to influence the dynamicsefRD
activity itself. Consequently, the X-ray pulseghe experiments were only applied immediately
before the PD measurement, and not during the PDurezasnt.

41 THEORETICALLY EXPECTED VALUES

For spherical voids, the PD inception field carpbedicted using the streamer criterion

fEo>Estr = [E/p]crit P[1 + B/ (pd)

where

EO applied field

(E/p)crit 25 V/(Pa m) for air

p pressure in the void

B 8,6 m1/2 Pal/2 for air

n 0,5 for air

f 1,33 for spherical voids ilheid epoxy
d diameter of the void

The exact pressure in the void is of course nowkndut usual values range from 50 — 100 kPa .The
expected PD inception background field was caledldr some pressures close to or in this range as a
function of the void diameter.
42DETECTION LIMITS

In this section, calculations are presented coliregrie question under which conditions
one can expect to detect all relevant void defiece insulator. In this context, a relevant vadiefined
as a void in which PD inception can occur undeviserconditions. If one defines service conditibysa




maximum background field in service Eservice, thismsdhat only voids of a certain minimum size dinc
can show PD inception. Consequently, dinc can hmilzded by solving Eq(1) for d, setting EO=Eseevic
Whether or not PD in a certain void can detectethdua test depends however on the apparent charge,
which is a function of the actual PD charge and dbapling of the charge pulse to the measurement
equipment.

For spherical voids, the magnitude of the chargaded in the electrodes is given by

g =- (e edAE TIA ((2)

where d is the diameter of the vpilE is the field change in the void caused by the Rid,[@\ois the
gradient of the dimensionless scalar field at tlwation of the void, i.elJAo=Eveid/Uo Which is a property

of the insulator design. The field chanfye is a function of the PD magnitudeor the considerations
regarding detection limitsAE is substituted with its maximum possible value, yigdd gq'max, the
maximum of the induced charge. Ifmgxis higher than the noise level of the measuremernesyshe
discharge is considered detectable

4. ELECTRO-OPTIC MODULATION TECHNIQUE

The PD on-line monitoring technique is based onuse of a Lithium Niobate (LiINbO3)
electro-optic (EO) modulator The measurement mechansss the measured PD signal and applies it
across an optical fiber coupled LiINbO3 waveguide wohatdr, which modulates the intensity of the
transmitted laser light as an approximately linearcfion of the voltage applied across it. The @tic
network supplies polarized laser light via polati@a maintaining optical fiber to the LINbO3 modulato
input, and monitors the optical output from the mothulasing an optical receiver. The EO modulator is
compact and passive requiring no additional powepierate. The laser source, which is controllec by
temperature and current laser diode controller,ehasmvelength of 1550 nm and maximal power of 10
mW. A polarization tuner was used to ensure thatrthet light for the modulator was linearly polarize
The optical receiver has a bandwidth of 1 GHz. g2 shows the relationship between a single pulse
from a signal generator applied across the EO mamtukad the resultant output from the optical
receiver. There is a slight delay between the tignads that have similar rise and fall times. Thedted
signal contains frequency components in exceshefiseful bandwidth of the RFCT. It can be initiall
assumed that the method of transmission will not Bggmitly alter the PD signal information.

Partial discharge (PD) detection is an importanhnéue for assessing the health of
high voltage power transformers. A partial dischasggal within an oil-filled power transformer may
reach a winding first, then travel along the wirgdiio the bushing core bar. The bushing, acting dike
capacitor, can transfer the high frequency compaenehtthe partial discharge signal to its tap point.
These high frequency components at the bushing dgay pan be detected using a suitable sensor and
transmitted to remote digital equipment for on-lam@alysis. In a high voltage substation there terof
excessive electrical noise which may corrupt any omeasPD signal from the bushing tap point as the
bushing acts as an antenna. If signal transmissiamplemented using standard coaxial cables this can
result in further corruption of the PD signal. Tuee of optical transmission techniques thereforecleass
advantages not only through improved noise immunityatso because it realizes electrical isolatioth an
improved operator safety. So the application of ktte optic modulator to generate transmission
signals over polarization maintaining optical fidesm the measurement point. The feasibility of this
approach has beednvestigated using PD signals measured at the tapt pf a 60kV bushing, two
different PD sources have been used and in bot#sdbwas possible to detect PD activity above 40p



5. COMBINATION OF DIFFERENT TECHNIQUES

The reliability of electrical energy networks dederon the quality and availability of
primary electrical equipment such as the power foaneer. Localized internal insulation failures can,
however, lead to catastrophic breakdowns and iniglr outage and penalty costs. To reduce suchitisks
is normal for power transformers to have passed geraf factory tests including one for partial
discharge (PD) activity before acceptance and cosiamigig. Once installed it is costly to energiethwi
e.g. induced test voltage or resonant sets, andethdts are often restricted by high site intenee.
Many users then rely on integrated detection mettadh the use of dissolved gases in the ails.
However, this need not be the case. The UHF, aicoaistl multi-terminal PD measurement methods are
using different physical peculiarities of the PDepbmenon, e.g. electric currents according to IEZ760
[1], electromagnetic waves (UHF-range) and acoustitiation. The electrical PD-measurement set-up
according to IEC 60270 usually has sensitivity latidns for on-site/on-line measurements because of
the noise level in field. Due to the existing conglof the three phases in a transformer, singlégbar
discharge pulses in one certain phase can also bsumeel as cross coupling signals in all phases.
Evaluation of multi-terminal PD measurements estaldisire approach to clearly distinguish between
multiple PD sources and to remove external distureanThe so called “UHF PD measuring method”
(UHF: Ultra High Frequency) is based on the falotg PD under oil are very fast electrical processes
radiate electromagnetic waves with frequencies upeailtrahigh range (UHF: 300 — 3000 MHz). Due to
the moderately attenuated propagation of UHF wansisle the transformer tank, the electromagnetic
waves are detectable sensitively .UHF probes caimdezted into the transformer during full operation
through the oil filling valve. As a result of shdaig characteristics of the transformer tank against
external electromagnetic waves, normally a clearsitatican be made concerning the PD activity of the
test object.

When electrical or UHF PD measurements confirm PDvisgtia three dimensional
localisation of PDsources is the next step for mslaluation of PD phenomena. With three space
coordinates and a time dimension relating to a siRfleevent, the number of unknowns’ requires four
sensors for arrival time measurements and locatibtk téchnology offers this possibility but access fo
most designs is normally limited to 3 sensors or IBesause there is no limit in the number of piezo-
electric acoustic sensors that can be mounted osftnaner tanks, the acoustic measurements remains
attractive for localization purposes. However, atmusensors are normally more sensitive to external
disturbances than to the internal PD originatechdonaves. They are also affected by distortion iwith
the tank from the winding core and support striggun the transit path which influences partly ben
eliminated with appropriate signal processing afteds. The compromise is therefore, to use a
combination of the two methods, using sensitive UHifhas to provide triggering and by using
averaging of acoustic signals for de-noising.



CONCLUSION

Partial discharge (PD) detection is an importartnéue for assessing the health of high voltagegoow
transformers. A partial discharge signal within ddfitbed power transformer may reach a winding fjrst
then travel along the winding to the bushing cae Bhe bushing, acting like a capacitor, can feans
the high frequency components of the partial disgpdaignal to its tap point. These high frequency
components at the bushing tap point can be detesiad a suitable sensor and transmitted to remote
digital equipment for on-line analysis.A particutaethod can't be concluded as the most reliable
one.through and through analysis about each meshoeleided for this.

SOME NEW GENERATION EQUIPMENTS AVAILABLE IN MARKETFOR PD MONITORING

PD SMART ELECTRICAL (USING CONVENTIONAL IEC60270 MTHOD)
PD SMART ELECTRICAL (USING UHF METHOD)

PD GUARD(UHF METHOD)

PDL-650 OMICRON(ACCOUSTIC METHOD)

MPD-500 OMICRON(OPTICAL METHOD)
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