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Detection of Wide-Band E-M Signals Emitted
from Partial Discharge Occurring in GIS
Using Wavelet Transform

Masatake Kawada, Ampol Tungkanawanich, Zen-Ichiro Kawada&imber, IEEEand Kenji Matsu-ura

Abstract—Recently, diagnostic techniques have been investi- spatial phase difference that is produced when the electromag-
gated to detect a partial discharge (PD) associated with a dielectric netic (E-M) wave emitted from PD is propagated in space.
material defect in a high-voltage electrical apparatus. Gas Insu-  pqnacially since it is generally reported that the level of PD
lated Switchgear (GIS) is an important equipment in a substation, . the i lation breaks d theref i
it's highly desirable to measure a partial discharge (PD) occurring |ncrease'_5 as the insulation breaks own: _ere ore, a_ con In_uous
in GIS which is a symptom of an insulation breakdown. As it Observation of PD may lead to the prediction of the insulation
is important to develop a noncontact method for detecting the breakdown.
insulation fault, this paper proposes a new method to detect the  |n this paper we propose a new method to detect PD occur-
wide-band electromagnetic (E-M) wave emitted from PD using fing in GIS and to investigate the “Dynamic spectrum” of PD,

the Wavelet transform. The Wavelet transform provides a direct . the ti f d in b ina the Wavelet t f
guantitative measure of spectral content, “Dynamic spectrum,” In the ime-irequency domain by using the vvavelet transiorm

in the time-frequency domain This paper experimentally shows [3], [4]. The Wavelet transform can map any finite energy signal
the “Dynamic spectrum” of the wide-band E-M wave emitted from the time domain to a finite energy two-dimensional distri-

from PD in the time-frequency domain. This method is shown to  pution in the time-frequency domain (the Wavelet domain), and
be useful for detecting the symptom of the insulation breakdown - ey amine the time of occurrence and the duration of the PD.
occurring in GIS. . . .
Then, we use the same system as in our previous publica-
tion [2] and experimentally show the Dynamic spectrum of the
wide-band E-M wave emitted from PD as the two-dimensional
N RECENT years, it has been very important to develgfiistribution in the time-frequency domain by using the Wavelet
a diagnostic technique to maintain the proper functionirigansform. This method is shown to be useful and progressive
of electrical equipment and prevent a breakdown [1], sinder detecting PD.
a high-information-oriented society needs a high-quality
electrical power supply. Gas Insulated Switchgear (GIS) is an II. WAVELET TRANSEORM
important equipment in a substation, it is highly desirable to ) ) _ ) )
measure a partial discharge (PD) which is a symptom of anThe_ analog §|gn_al in the t|me-doma|n must be acqwred_ over
insulation breakdown occurring in GIS. its en_t|re duratlor_1 in ordgr to examine the sp_ectral_behawor of
Essentially, GIS is designed not to need maintenance. HO_W-e signal frqm its Fourier transform. I.f a signal is change_d
ever in case of an insulation breakdown, it takes a long tinfd @ small_nelghborhood of Some time instant, then the entlr_e
for its restoration and the breakdown causes serious damagg%cnum is affected. In_de_ed, In the extreme case the Fourier
system operation. tr_ansform_ of the_z delta dI.StrIbutloﬁ(t - to), Wlt_h respect to a
Therefore, it's very important to develop the diagnostic teci§i9nal pointto, is exp(—j2m fto), which certainly covers the
nigue to detect a characteristic symptom, that is, PD occurriwgoIe frequency doma_ln. Thergfore, i many ap_pl|cat|_ons such
in GIS. When PD occurring in GIS is to be detected during ope?— analysis of nonstationary signals and real-time signal pro-

ation of the apparatus, a sensor is placed inside or on the surfagssing, the formula of the Fourier transform alone is quite inad-

of the apparatus for a better detection sensitivity in many casgguate. Th? Wavel_et transform”has be_en applied to many fields
This internal diagnostic technique may attain a higher S/N ratir(S?c fglalyze Dynam|s speﬁtﬂ::m (.)f vanoufs phenomena instead
However it's not applicable to live high-voltage apparatus fro ThOWVG\’/r splectrum ¢ yt ef o:cmer _trans orr_nh
the safety viewpoint. It therefore is important to develop a non- € Wave _et transform of a unc’qof(t)_, with respect to_a
contact method for detecting the symptom. given admissible mother wavelg(t), is defined as the equation

In our previous publication [2], we proposed a noncontact d@l-) [31. [4].
tection method, “Spatial Phase Difference Method” which can 1 oo
locate PD’s occurring in GIS. This method is one that utilizes (W f)(b, a) = ﬁ/ U(

|. INTRODUCTION

t—>5
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Any finite energy signal is mapped from the time (or space)
domain to a finite energy two-dimensional distribution in the
scale-translation (wavelet domain). A wavelet domain coeffi-

H H J) “ 1(0)
cient (W< f)(b, a) is computed for each scale parametet K /\/\/\/\/—»

and translation parameteb,” that is, the Wavelet transform

20
breaks the signaf(¢) down into component pieces and these x
pieces are examined or operated on instead of the fun£fign T
The mother wavelet (¢) is constrained by the following equa- T s ’
tion (2). @ Frequency : 20MHz
oQ
/ widr=0 2) a
30
20
The mother wavelet is one that oscillates, has finite energy, and 10
has an average value of zero. I
We define the 1/a” term in the equation (1) as the following >
equation (3). ")
1 -5-%.15 <010 -0.05 0.00 0.05 010 015
- 27Tf (3) Timeus
a

() Frequency : 200MHz
f: frequency Hz
The translation parameteb™is used to translate a time-local-Fig. 1. Gabor mother wavelet (Real part) for the frequency (a) 20 MHz,
ization window in order to cover the whole time domain for e b) 200 MHz. The mother wavelet is one that oscillates, has finite energy, and
) . . i as an average value of zero.
tracting local information about the functiofi{t). The energy
normalization is performed by the //a” term that keeps the

energy of the scaled mother wavelet equal to the energy of the Gls Needle-Plane electrode
original mother wavelet. o - "ﬁwlm Ineulated
In this paper we use the real part of Gabor mother wavelet, 50 20 ] %0 1 wire
which is produced using a Gaussian function, as the mother \w 5 un =\ 30 Newdle-chaped
. . . ~— am Pl electrcde
wavelet given as equation (4), where= 8, voluntarily. ’ ® o
200V/50kV
.2 coupling Slide rheostat
ouplin L
—=e o2 capacitor
P(t) =e cos(t) (4) €=2000 pF SW@
A.C 200 V
. . . P =50 Q
Itis reported that Gabor wavelet is most localized in time-fre- E e E_@
guency domain compared with other wavelets. It's easy to dis- -

cuss the frequency components of PD signal because Gabor
wavelet is based on exponential function like the Fourier transg 2. An outdoor 77 kV, a three-phase model GIS used in the experiment to
form. Therefore we selected Gabor wavelet to analyze E-M sigpnerate corona discharge. PD is generated in the GIS using the needle-electrode

nals emitted from PD. and the plane electrode.
We vary the frequencyf” from 20 to 200 MHz; as shown
in Fig. 1, because the frequency bandwidth of the biconical an- ey Needle-Plane Electrode

tenna used in this paper is from 20 to 200 MHz. As the record
length of an acquired data set is 25, the time-localization
window is moved from 0 to 2.5s by the translation parameter 0. 56 '“I I 242 m

“b.” Hence, we observe the Dynamic spectrum of the wide-band L.2n

E-M wave emitted from PD’s in the time-frequency domain for o.78 "’I _

which the time window is 2..xs and the frequency bandwidth “Sis 35.35 m BiconiZal antenna

is from 20 to 200 MHz using the Wavelet transform. (Frequency band)
:20-200 MHz

lll. EXPERIMENTAL METHOD Fig. 3. The measurement site of the wide-band E-M wave emitted from the

An outdoor 77 kV, a three-phase model gas insulat&d®- The antenna is wide-range biconical antenna (band-width: 20-200 MHz).
switchgear (GIS) is used in the experiment to generate corona
discharge as shown in Fig. 2. The corona discharge sourdesingle-phase A.C. voltage to ground is applied to the bus
which is regarded as PD, is produced in the model GIS. @fovided with the needle-electrode.
the three-phase high voltage buses in the model GIS, one bublo voltage is applied to the other two phase buses. The gas
is equipped with a needle-shaped electrode and another [B5;) pressure is 101 kPa (the pressure of the atmosphere).
is equipped with a plane-shaped electrode. The gaps of th&'he wide-band E-M signal emitted from PD is received by an
needle-electrode and the plane-electrode are both 10 maxternal antennaas shown in Fig. 3. The antennais a wide-range
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Fig. 4. The wide-band E-M wave emitted from PD received by the antenna. (d)
The discharge levels of PD are at (a) 0 pC (background noise), (b) 500 pC, ) ) ) .
(c) 1500 pC and (d) 2000 pC, respectively. Fig. 5. Dynamic spectrum of the wide-band E-M wave emitted from PD. This

figure shows the Dynamic spectrums of PD at (a) O pC (background noise),
(b) 500 pC, (c) 1500 pC and (d) 2000 pC, respectively which result from the

biconical antenna (the bandwidth: 20-200 MHz, the mz;tnufa\{:vfwe'et transform.

ture’s model number: EMCO 3014C). The signal received by
the antenna is input into a digital storage oscilloscope (DSQhe DSO is controlled by a computer through the GPIB.
The sampling interval is 2.5 ns, and the record length ig:8.5 The waveform data taken into the computer are recorded in
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Fig. 6. The E-M wave received with the antenna. The discharge level of PD is

170 pC buried under a continuous wave (FM radio).
Time us 20 25

a magnetic disc. A 5@ resistance is inserted in series with @ Dynamic sp

the ground wire of the GIS and the discharge level of PD is 5
measured by measuring the current pulse flowing through the
resistance.

W Hba)

IV. TIME-FREQUENCY ANALYSIS OF PARTIAL DISCHARGE

The magnitude of the applied voltage is varied to change the
discharge level of PD. Fig. 4 shows the wide-band E-M wave re-
ceived by the antenna arbitrarily located at 35.35 m from the PD 00 05 1015200 29
site for PD levels of 0 pC (background noise), 500 pC, 1500 pC fine us
and 2000 pC, respectively. Itis difficult to estimate the discharge
level of PD by measuring the amplitude of the E-M wave emitted
from PD, because the amplitude decreases inversely with dis-
tance and is attenuated by the weather such as rain, snow and
so on. If there are many PD sources, the amplitude is affected af
because the E-M waves emitted from them interfere with each
other.

Fig. 5 shows the Dynamic spectrum of the received signal
which is analyzed by the Wavelet Transform. The Dynamic
spectrum is represented as the magnitude of the components.
The time window is 2.5:s and the frequency bandwidth is
from 20 to 200 MHz. This figure shows that, when PD occurs
and how long PD lasts. Clearly, when the discharge level of PD
is at 500 pC, the main components of the transform of the E-M
wave lie in the high frequency band (120-200 MHz).

On the other hand, when the discharge level is increased s&@h 7. The Dynamic spectrum of the E-M wave emitted from minute PD
as 1500 pC and 2000 pC, the main components of the tra@%r_i_ed under a continuous wave (FM radio). The E-M wave of PD can be dearly

. IStinguished from the continuous wave.
form shift to the lower frequency band (20—-80 MHz). There-
fore it is important to detect the components of the lower fre-
quency band (20-80 MHz) of the E-M wave emitted from PBvave emitted from minute PD buried under a continuous wave
for the insulation diagnosis. Furthermore, the duration of ttsgich as FM radio.
discharge at the 2000 pC level is longer than that for the 500 pCFig. 6 shows the E-M wave emitted from minute PD’s for
and 1500 pC levels. This result shows that when the dischakgkich discharge level is 170 pC. The distance between the dis-
level is increased, the duration of the low frequency band comrrharge site and the antenna is 3.36 in which is selected to mini-
ponents becomes longer. The above result agrees qualitativelye attenuation with distance. It is hard to distinguish the E-M
with the report that, when the applied voltage is increased, theave of PD from other signals by amplitude.
duration of the current associated with PD is increased [5]. Fig. 7 shows the Dynamic spectrum of the received signal as
analyzed by the Wavelet transform. This figure shows that the
time of occurrence of PD is about 1.25 and the PD signal
can be clearly distinguished from the continuous signal which
is FM radio.

Itis necessary to detect minute PD in the range of a few hun-Therefore, this system is very useful for detecting the E-M
dred pC in order to apply the method to the practical insulatiamave emitted from minute PD buried under the continuous wave
diagnosis of GIS. Furthermore it's necessary to detect the Eddch as FM radio.

(b) Component of 40 MHz

V¥ db.a)

(©) Component of 200 MHz

V. DETECTING E-M SIGNAL OF MINUTE PD BURIED UNDER
CONTINUOUS WAVE
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As it is important to develop a noncontacting method for davorks and wavelet transform. He is a member of IEEJ, the Japanese Society of

. . . B . plied Physics and Japan Society of Medical Electronics and Biological En-
tecting the insulation fault, we analyzed the E-M wave emlttégﬂeermg_
from PD.

Clearly, there was a correlation between the discharge level of

PD and the Dynamic spectrum of the E-M wave emitted from
PD. The results demonstrate that. when the discharge |eve|;g"pol Tungkanawanich received B.S. degree in Electrical Engineering from

. , A

. ulalongkorn University (Tailand) in 1995 and is presently a master course stu-
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