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Abstract — There is a continuous pressure to increaseapacitors rate voltage and can lead to their cliete
quality of the passive elements at reduction ofirthe destruction. Thus, we propose to observe whetheiapa
production costs. Therefore, present methods aof thelity = discharges are present within this period. The stoou
assessment have to be reconsidered to avoid udailpe o emission (AE) signals caused by partial dischamcss be
elements that could break down and lead to seriouwgnhalyzed and applied to characterize capacitoritgua
economical losses. This paper compares resultapaitor
tests introduced by the obligatory technical statslaand 2. CAPACITOR IMPERFECTIONS
measurements of acoustic emission induced by partia
discharges within voids in foil-based capacitors.e W  The foil-based capacitors are produced within five
suppose that presence of voids within dielectrid éwil  separate stages: winding the metalized foils, akind
structures can lead to capacitor damage and carb@ot shaping, spraying metalized contacts, terminal inglénd
detected by measurements of dielectric loss oraigpee final packing [1-3]. The production stages can ddtice
only. various imperfections within the capacitor struetwvhich

limit their durability. These defects can appeae do poor

Keywords: acoustic emission, partial discharges, qualityquality of the applied materials or incorrect protion

parameters, especially during foil winding (creatiof air
1. INTRODUCTION voids) or sprayed metalized contacts. Distributddnvoids
that can exist in the capacitor structure illugtsdig. 1.

Almost all domestic electrical equipments comprise

foils-based capacitors used for reduction of etentignetic a) Self xtinguishing BB Melleiin
interferences emitted by these tools. Such populareans Plastic case | electrode dieleciric

a continuous need of their quality enhancement wioests 7 3 : | Metal and spray
of the used materials and of the assembly procass to be Lead: Phfice

reduced. Both requirements are contradictory aad te the
necessity of a more strict quality monitoring thaaquired
by the present and obligatory technical standaid®se
standards are time-consuming and there is no eleswer b)
which of the tests is more informative than thesogh

The presently-applied procedure tests only a small
fraction of the capacitors production and takesne¥@00 s | M
hours of their extensive charging and dischargifbe f—
capacitors are treated as well prepared when anthef
capacitors breaks down. The tiny number of thestegand
even smaller of the eventually broken) capacitarsses that
we need more sensitive tool to collect more datuatheir Fig. 1. Capacitor cross-section: a) across the wdaihd) with
quality. the distinguished imperfections; 1 — faulty conimtbetween the

The obligatory technical standards, except of the metalized head and dielectric, 2 —intrusion insidedielectric
mentioned time-consuming procedure, demand that the structure, 3—intrusion_at the metal surface,gdr-voiq at the
tested capacitors have to sustain excessive suupigge metal surface, 5 — air void between the dieledayers.
within interval of 60 s. The voltage exceeds a fames the

“| tinned wire
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All the illustrated voids can be characterized hyigher Therefore, we propose to measure AE signals toegath
voltage gradient than the rest of dielectric thedds to more information about their quality. The multichen
partial discharges there. This phenomenon caugewt@al  oscilloscope Tektronix TDS5034B was utilized to istey
breakdown of the dielectric by sparking acrossdkisting  parallel (fig. 3):
voids. Intensity of this phenomenon depends amadhgro e AE signal emitted by the capacitor under gt
things on a void size and the inside humidity thak current pulses, that flow through the dischargee fre
characterizes conditions at their production precétsdoes capacitorCs=500 pF and are caused by partial discharges
not result immediately in a complete insulationai@own in Cy, measured as a voltage drop across the resistor
but can cause rapid deterioration of the dielediric and/or R=500,
metallization due to the hot spot temperature tegufrom .« yoltage at the moment when partial discharge toakep
the heat concentrations during the sparkling [4-6]. (attenuated by capacitor voltage dividg=14.9 pF and

The sparking can be characterized by charge antbant  C,=13 nF).
takes part in the event or by sound emitted duttiegevent. AE signal was measured by the piezoelectric sensor
This effect is similar to the sounds of thundeeafighting  vS45-H of bandwidth 20+450 kHz, produced by Vallen-
[7]. Systeme GmBH and joined directly to the oscilloscop

input. The sensor was placed on top of the tesépadator
3. ACOUSTIC EMISSION MEASUREMENTS and hold slightly by the elastic band (fig. 4). Tkt
between the capacit@; and the sensor was filled with the

The measurement were performed within the set of 68ame gel as used during USG check-up.
foil-based capacitors of nominal capacitance 27(type
WYP, class Y2) and of the rate voltage 275.¥ produced
by the polish company Miflex S.A. Capacitance (f&n) _IQ _ks
and dielectric loss (fig. 2b) of the tested capasitwas -- T Cy . o
measured just after their production by the briGgnRad —_ ))) A;gﬁgfgg:;fgn
1689M. These measurements can not single out tt
capacitors of various qualities because variatibrthese 1 |

arameters between the samples is not remarkable. T~
P P Urms=1.5kV | C; |;|R Multichannel Oscilloscope
Q) Tektronix TDS5034B
I .
o5 e S SRR B

kadtaadhoef ‘“‘o‘;‘"““ow““’wm’ Fig. 3. Measurement setup applied for investigatibpartial
: 1 : | 1 discharges in the tested capaciigr
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= 1 Fig. 4. Photo of the tested capacitor under thdiegppcoustic
DT e e e R = Sensor.
g
é 51 O S S - The capacitorC; was tested by applying alternating
8 voltage of 50 Hz and of 1500R)s intensity within period
B 05 o i of 60 s, as is assumed by the obligatory techrsizaidards
3 for the electrical strength test in the class Ypaitors.
0 ‘ ‘ ; ‘ ; When the acoustic signal exceeded the thresholde vhiat
0 10 20 30 40 50 60 was set a little bit over the system backgroundsendhe

Sample number oscilloscope registered all three signals. Only esah the

tested capacitors exhibited partial discharges.dl&erved

Fig. 2. Variations within the set of tested caparsita) capacitance UP to 20 events of various intensity but similaasé, typical
Cr, b) dielectric lossgd; the measurements were done at 1 kHz for acoustic emission phenomenon (fig. 5a) [8]. Theent
and capacitor polarization 1 V. pulses, observed as a voltage dd@pacross resistdr were
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less intensive than AE signals (fig. 5b). We reyistl

of the registered samples [11]. Skewness measures

sequence of 10000 samples separately for each etentasymmetry of the probability distribution of theadysed

sampling frequency 10 MHz.
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Fig. 5. Signal observed during partial dischargenéva) AE
signal, b) voltage droplg across the resist&t.
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Fig. 6. Standard deviation of the AE signal obserwvethe set of

tested capacitors.

signalx as in (1).

_ 3
p, = EXE®) W
g

where operatoE denotes averaging. Skewness is zero for
samples having normal distribution.

Kurtosis is a measure of the "peakedness" of the
probability distribution of the signalas defined in (2).

_ 4
y, = ECEOL_g @
g

Kurtosis is zero for normal distribution.
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Fig. 7. Skewness of the AE signal observed in ¢t@ttested

capacitors.
60 :
! : : g |
50 |
E I R |
< | & o0 e > L Lo |
== 40 *he i :“ 3 RS
Ié:J R S : f * M
* . ' 1 * '
530 e e e .
(%} ! : . ¢ ;
2 IR
£ 20 —----- ooy S S UREEE omnneneees e —
2 s R A
10 f-oooeeee b A e -
e
: : *
0 oo e0000 osoroose oo * ou %‘ *
0 10 2 30 40 50 60

0
Sample number

Fig. 8. Kurtosis of the AE signal observed in teedf tested
capacitors.

All these parameters were estimated by analysing
sequence of the registered AE signal events (18@@tples

We used statistical parameters (standard deviatiof"d €ach), separately for each capacitor. Thedatah
skewness and kurtosis [9]) to characterize thestegid AE ~ deviation measures intensity of the registered Agha
signal as was proposed by Gulski and Kreuger [10 fig. 6) and validates that there are serious vana

Standard deviatiow of random signak indicates dispersion

etween the capacitors. The skewness exhibits amall
variation between the tested samples (fig. 7) thlaserved
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for the estimated standard deviation. When kurtegis
estimated (fig. 8) there was more visible divisiohthe
capacitors for two separate groups. We suppose thist
effect is due to the AE signal shape. This sigraiststs
mainly of two harmonics: approx. 100 kHz and 280zkH
This conclusion was learned from the spectrogram 9)
that was estimated by applying thepecgram function
available in Matlab software. Probability distritmurt of sum
of two harmonics is symmetric and means that mérhe
variance is due to infrequent extreme deviationserwh
compared with the Gaussian distribution. Thus, dgist
looks as the most valuable parameter for the obseAE
signal characterization.
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Fig. 9. Spectrogram of the part AE signal preseatdiy. 5a.

The capacitors changed their
(e.g. capacitance, dielectric loss) after extensitiarging
and discharging test of duration 1000h. Thus, s&ssvhich
of AE parameters can predict quality of the capasjtwe
applied linear correlation coefficient,, that measures
whether there is any statistical dependence betwhen
series of two random variables and y having standard
deviationgy, ¢, adequately:

_ E(x-EM)y-E(v)

0,0,

®3)

Xy

Experimental data showed that there was no sigmific
correlation between skewness or kurtosis of théstegd

parameter

small correlationri, = 0.071) between their capacitance loss
and power spectral density of AE signal at freqyenc
f=19.5kHz (tab. 1). Additionally, there was négat
correlation between isolation resistané® and power
spectral density of AE signal at frequenéy 293 kHz
(rey=-0.181).

These results can be rationally interpreted. Low
frequency AE signal means that partial dischargks place
on extensive voids and lead to decrease of capaeitedue
to dielectric deterioration within these voids) eafttheir
intensive charging and discharging. While fast Agnal
components can be bounded with abundant and tifdsvo
within dielectric structure and give rather infotina about
general quality of the applied dielectric that dases with
lower R,.

We suppose that similar or even more clear cormhssi
aboutr,, behaviour as for the power spectrum of AE signal
could be reached when kurtosis would be estimatedht
filtered within suitable frequency bandwidths coments of
the registered AE signal.

Table 1. Estimated linear correlation coefficiggtfor a set of 60
capacitors between their AE sighal power spectrugiven
frequency and their relative capacitance dk@sC after 1000 h
long test or their initial isolation resistanRe

Feweny [ pcc | R
19.5 0.071 -0.063
97.6 0.049 0.049
293.0 -0.009 -0.181

4. CONCLUSIONS

Partial discharge phenomenon occurs only withinesom
f the tested foil-based capacitors and can beackenized
y the concomitant AE signal. This signal gives itaddal
information about quality of the produced capasitor
(existence of voids within structures) when comganéth
measurements of their capacitance or dielectrics los
exclusively.

Intensity of the AE signal was characterized by its
standard deviation, higher than two statistical renta
(skewness and kurtosis) and power spectrum.

The results of extensive charging/discharging test
(1000 h) shows that partial discharges are onlytlypar
responsible for capacitors deterioration. Powercspm of
AE signal at relatively high frequency (97.6 kHzives
some information about quality of the applied ditlie.

AE signal and the measured capacitors parametees. Wresence of extensive voids can be probably detduye

suppose that there are a few independent mechanighs
can determine capacitors quality and do not caasergtion
of AE signal. The investigated capacitors with tigkdy low
capacitance can probably fail by bad contacts astdby
defects of the applied dielectric which has rekdiiviow
volume and therefore causes lower probability afufa.
Additionally, duration of the test was too shortléad to
more significant destruction within capacitors. \dheserved
deterioration of capacitors parameters (decreaseheif
capacitance and isolation resistance). There whssmume

power spectrum of AE signal only at lower frequenagge
(19.5kHz). Unfortunately, AE signal can not
unambiguously predict capacitor quality becauseetlae
other reasons of their failures, not connected didtectric
quality (e.g. bounded with badly sprayed metalized
contacts). We suppose that for capacitors of higher
capacitance and bigger dielectric volume intensityAE
signal should be more valuable for their qualitedction.
Additionally, 1000 h long test can be too shortcause
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(5]

sufficient deterioration of the capacitors. Thuse test of
capacitors was prolonged further.
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