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Abstract. The aim of the work is to study partial discharge at DC voltage below 1000 V in the presence of an aqueous
solution of sodium chloride on a vehicle plug. By analogy with high-voltage partial discharge, such partial discharge
stages as incomplete and completed partial discharge are distinguished. To develop discharge, such elements of low-
voltage equipment have been used as a contactor, a rectification circuit with voltage multiplication, and a ballast
resistance. It has been found that in the presence of an electrolyte, a complete partial discharge is ignited at a
low voltage with a high current and a short delay time. When the current value has been controlled by the ballast
resistance, the completed partial discharge has the form of a damped ball, in the absence of ballast resistance, the
form of an exploding ball. This is due to the appearance or absence of a shock wave in the completed discharge.

Keywords: partial discharge, low voltage, pulse RC generator, switch, salt solution, incomplete discharge, completed
discharge, discharge initiation, luminous ball formations, ballast resistance, voltage-multiplying rectification schemes.

Introduction

Partial (sliding) discharge (PD) plays an important
role in the electric power industry when operating
high-voltage power lines. It is a breakdown of a gas
in the presence of a dielectric. Numerous experiments

were performed at high voltages and high rates
of current change [1,2]. It was found that a partial
discharge is a source of intense ionizing radiation and
has a wide range of practical applications in high-
voltage engineering. In particular, it allows switching
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currents of several mega amps at a voltage of up to
100 kV. On the other hand, it presents a problem for
high-voltage insulation of power lines.

Partial discharges that occur in electrical
equipment at a much lower voltage (200-300 V)
described in [3] are a negative factor that reduces the
service life of the equipment, and require the cost
of their detection and neutralization are. The fight
against the negative impact of partial discharges on
the insulation state naturally raised the question of
the useful use of partial discharges at low voltages.
Therefore, the aim of this study was to study the
characteristics of a partial discharge over the surface
of a solid dielectric at a low voltage (up to 1000 V).
The subject of the study was a partial discharge on a
rectified pulse current of one direction. We took into
account the fact that in the presence of an electrolyte,
the intensity of the PD glow sharply increases in the
visible region due to the fact that arcs appear on the
electrolyte surface, and not a glow discharge, as on a
dry surface [4]. At the same time, the ignition voltage
and the timing belt of the PD are reduced.

Research results

Experimental setup

A schematic diagram of the installation is shown
in Figure 1.

An automobile spark plug Sv/Ca was used as
a spark gap, in which the upper electrode was cut
down. The value of the air gap 5 between the central
electrode 1 and the grounded electrode 2 (see Figure
1) was 2 mm. Such a gap at a voltage of 1000 V did not
break through. Therefore, to reduce the breakdown
voltage, an electrolyte was poured into the candle
- a 1.5% solution of table salt (NaCl) in water. The
electrolyte level reached the upper level of the
dielectric 3.

Current and discharge voltage pulses were

recorded on an ADS-2031 oscilloscope. In particular,
when applying a pulse to a candle placed in tap
water, a voltage pulse with an amplitude of 700 V
with a front of 1.6 microseconds and a duration of
20 microseconds was recorded. For the electrolyte,
550V, 0.4 ps, and 2 ps, respectively. The ignition was
photographed and partial discharge burns at 30 and
150 frames per second. Switching of the capacitor
to the spark gap was performed using a controlled
switchboard K/S, which is a small-sized contactor
KMI-10910.

An experiment

Incomplete partial discharge occurred when a
negative potential was applied with a voltage of 450
V on the central electrode of the candle. In this case, a
round glowing region waslit at the end of the insulator
surrounding the central electrode (Figures 1,2). This
area existed until the capacitor was discharged. The
lifetime of the incomplete PD was 0.1...0.15 s and
coincided well with the time of discharge of the
capacitor C to the electrolyte resistance (Re). The latter
increased due to the evaporation of the electrolyte
from 300 to 10,000 ohm (see figure 2).

Oscillograms of the voltage of an incomplete
discharge had a duration of about 10 ... 20 ns, a
current value from 2 to 0.05 A. The occurrence of
an incomplete discharge was associated with the
presence of an electrolyte dissociating into positive
Na+ and negative Cl- ions. Unlike the high-voltage
discharge, this discharge was not independent.

A completed partial discharge (Rb=0) occurred
when a negative potential was applied with a voltage
of more than 450 V on the central electrode of the
candle. At the same time, a large dazzling white
spark was generated in the air between the candle
electrodes, accompanied by a loud sound (figure-3).

The current reached several thousand amperes,

Rs

-U - DC voltage 0-1000V Rz — charging resistance Rb — ballast resistance, V — digital voltmeter, S — low voltage switchboard, Ca — candle,
1 - central electrode, 2 — earthed electrode, 3 — dielectric, 4 — the ignition place of incomplete partial discharge (I stage), 5 — digit span,
6 — the ignition place of completed partial discharge (Il stage)

Figure 1 — Scheme of partial discharge generation on a car candle




Figure 2 — Incomplete partial discharge with an
electrolyte. Rb=0,U =450V, t=1/150s (1);
t=2/150s (2); t=3/150s (3)

Figure 3 — Completed partial discharge with
electrolyte. Rb =0, U =950V,

t=1/150s (1); t=2/1505s (2)

and the discharge lifetime was less than 1/150 s. A
shock wave was generated, which gave the discharge
area an extended shape (figure 3.1). The velocity of
discharge products spreading is 15 m/s. In figure 3.2
cooling products are fixed.

The completed partial discharge (Rb=68 ohm) had
a slightly different ball shape. At the same time, the
discharge current passed during 1.5-10-2 s (figures
4.1, 4.2) and the discharge cooled down during 1.5-10-
2's (figures 4.2, 4.3).

Apparently, this was due to the limitation of the
discharge current value by the ballast resistance and
the absence of a shock wave.

The complete discharge was initiated by an
incomplete discharge at the corresponding voltage:
600 V for a discharge gap of 3 mm, 450 V for a
discharge gap of 2 mm. The discharge delay time was
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Figure 4 — Completed partial discharge with
electrolyte in the presence of ballast resistance
(Rb =68 Ohm). U=950V t=1/150s (1),
t=2/150s (2),t=3/150s (3)

about 0.1 microseconds. The discharge zone reached
the surface at a rate of 0.2 m/s.

The stage of the completed discharge generally
corresponded to the description of a spark discharge
in air from [5] with approximately the same
parameters.

When wusing an industrial-frequency AC
rectification circuit with voltage quadrupling without
ballast resistance as a power source, complete partial
discharges with a shock wave break were obtained
[6].

When using a rectification circuit of alternating
industrial frequency with voltage doubling with
a ballast resistance of 60 ohm, completed partial
discharges in the form of balls were obtained [7].

Conclusions

1. When studying partial discharge at low
voltages (in the range of 500-1000 V) in the presence
of an electrolyte, the following stages of PD were
studied:

- incomplete discharge U = 450-600 V, which
lasts while the capacitor is charged, for a long period
(0.1..0.15 s);

- a completed discharge U > 450-600 V, > Rb = 0
that lasts less than 7 * 10-3 s and is accompanied by a
bright white spark and a loud sound;

-a completed discharge U > 450-600 V, > Rb =
68 ohms, which lasts more than 1.5 * 10-2 s and is
accompanied by a reddish spark and a weak sound.

2. When powered by pulsed installations without
ballast resistance in the completed discharge mode,
luminous formations are formed, which are torn apart
by the shock wave that occurred in the gas during the
completed discharge. When powered from pulsed
installations with a ballast resistance Rb=68 ohm,
spherical formations appear, which gradually fade as
they cool down.
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3. An incomplete discharge at a certain voltage | balls, depending on the value of the ballast resistance.
value initiates a completed discharge with a certain 5. An incomplete discharge is a non-independent
delay time (0.1 microseconds). discharge in air along the surface of a dielectric. The

4. When wusing industrial frequency current @ source of charges is the electrolyte. A completed
rectification circuits as a power source, discharges are | discharge is a non-independent discharge in the air.
obtained, both with a shock wave and in the form of | The source of charges is an incomplete discharge.

The authors express their deep gratitude to Olzhabay A.Sh. and Nesipova S.S. for their help in this work.

CMUCOK JIUTEPATYPbI

1. KysbmuH I.M., MuHaes N.M., Pyxagse A.A. O6TekaHMe BA3KMM MOTOKOM rasa naa3MeHHOro ncta, 06pa3oBaHHONO CKONb3ALMM
paspagom // Tennodusnka BbicoKMx Temnepatyp. 2002. T. 40. Ne 3. C. 515-518.

2. JNeKTpUYECKUI paspsas No NOBEPXHOCTU TBEPAOro AM3NEKTPUKaA. Y. 1. OcObeHHOCTHN Pa3BUTUA U CYLLLECTBOBAHMSA NOBEPXHOCTHO-
ro paspsaga / A.H. Mpuropbes, A.B. NasneHKko, A.MN. UnbuH n ap. // U3Bectna TOMCKOro noanTexHUYecKoro yHusepcuteta. 2006.
T.309. Ne 1. C. 66-69.

3. YacTtnyHble paspaabl U metoabl ux namepeHus. /A.M. AHapees, A.E. MoHacTbipckuii, H0.B. Conosbes 1 ap. CM6.: UMK, 2010, —
48 c.

4. Pa3pagpl B BO34yXe BAO/b NOBEPXHOCTM TBEPLOTO ANINEKTPUKA [INEeKTPOHHbIN pecypc] — Pexkum goctyna: http://geum.ru/next/
art-240035.php

5. ®u3MKa yaapHbIX BOAH WM BbICOKOTEMMNEPATYPHbIX MMAPOAUHAMUYECKUX ABNEHUN. [INEeKTPOHHbIN pecypc] — Pexmm goctyna:
http://www.pirochem.net/index.php?id1=3&category=pirophysics&author=zeldovich-yab&book

6. Research of generators of impulses for elektrotechnological installations with solutions of electrolutes. UccnepgoBaHue reHepaTo-
POB MMMYNbCOB A/ 3NEKTPOTEXHOIOMMYECKMX YCTaHOBOK C pacTBopamu anektponutos / E.A. ikosnes, A.[l. Mextues, B.B. lOraij,
N.A. 3uHoBbeB // BecTHuK KaparaHamHckoro yHusepcuTeta. Cepuna dusmka. KaparaHaa: M3a-so Kaprly, 2018. Ne 2 (90). C. 65-70.

7. Pa3paboTka KOHCTPYKLUMM U UCCAea0BaHME PeXMMa paboTbl N1a3MOTPOHA Ha YaCTUYHOM Pa3pALe HU3KOro HanpsxeHus / AKkos-
nes E.A., Mextues A.[., Oraii B.B., AngowwHa O.B., 3uHoBbeB J1.A.; KaparaHAMHCKUIA TOCyAapCTBEHHbIV TEXHUYECKUI YHUBEPCU-
TeT // Hay4yHo-TeXHUYeCKnI KypHan «ABTomaTnKa. MHdopmaTtunkar. 2018. Ne 2 (43). C. 8-12.

Mapmeoinaii pa3padmel 2a300UuHAMUKACLIH 3epmmey

1*9KOBJ/IEB EgzeHuii AHamonbesuY, m.f.K., aFra oKbimyuisl, jenia2001@mail.ru,

2MEXTUEB Anu [»asaHwuposuy, m.f.K., npogeccop, barton.kz@mail.ru,

tOrAU Bavecnae Bukmoposuy, PhD, kahedpa meHzepyuwici, slawa_v@mail.ru,

33UUHOBbEB JleoHud AnekcaHOposuY, X.f.K., 38pmMXaHa xemekuwici, Izinovyev@yandex.ru,

LIAJIEBCKAA CeemnaHa Onez206Ha, P3T-17-3 mobbiHbiH cmydeHmkacsi, ship.ship91@mail.ru,

KaparaHdbl mexHuKanwiK yHusepcumemi, Kazakcma, 100027, KaparaHowl, H. Hazapbaes 0aHFbinbl, 56,

2C. CelighynnuH amoelIHOGFbI KA3AK 02pOMeEXHUKAnbLIK yHusepcumemi, Kazakcmax, 010011, Hyp-CyamaH, KeHic
O0aHrbInbl, 62,

3E.A. Bekemos amebiHOaFbl KaparaHOsl yHusepcumemi, Kazakcmat, 100028, KaparaHowbl, YHusepcumem Keul., 28,

*aemop-koppecrnoHOeHm.

AHOamna. KymbicmelH MaKcamel asmomobunb WaMbIHOGFbI AC MY3bIHbIH CYsbl epimiHOICIHIK KambICybIMeH mypaKmel
moK kepHeyi 1000 B memeH 6onaraH Ke3oe iwiHapa paspadmel 3epmmey 60106l *oFapbl 8016mmebl ¥apmsoiaal pas-
pAGKA yKcac, apmelaal pa3padmoiH AAKMAAMAFaH HIHE AAKMAAFAH ¥apmolaal pa3paomap cuskmel KeseHoepi
6eniHedi. Pazpadmei Kypy ywiH KOHMakmop, kepHeyodi kebelimemiH my3emy cxemacel, 6annacm kedepeici cuaKkmel
memeH 80a1bMmbl Hab6ObIKMbIH 31eMeHmmepi KOoAO0AaHbIA0bI. IaAeKmpoaummin KamelCybiMeH AAKMAAFaH Hapmel-
nal paspsad #orapsl MoKneH memeH KepHeyoe 1 aHe Kidipic yaKelmol a3 60faH Ke30e MaHAMbIHbl AHbIKMaaobl. ToK
wamacsiH bannacm kedepeaicimeH pemmey Ke3iHOe aaKkmanraH ¥apmeoiaal pa3pad ceHemid wap mypiHOoe 60s1a0bl,
b6annacm Kedepeaici 60AMaraH Kezde — #apblaambiH WapObiH NiwiHi. bBya aakmanraH pa3padma COKKbl MOsKbIHbIHbIH
nalioa 6onysimeH Hemece 6oamaybsimeH 6alinaHeicmel.

Kinm ce3dep: »capmeinali pa3psad, memeH KepHey, ummnyascmik RC eeHepamopsi, KOMMymamop, ac my3sl epimiHoici,
AAKMAAMaraH paspsao, aaKManFaH paspao, pa3padmel 6acmay, MapKbiparaH 2n106yaapasi mysinimoep, 6anaacm Ke-
Oepeici, kepHeydi kebelimy apKblabl my3emy cxemanapel.
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AHHOmMayusa. Lensto pabomel A6:a7710Cb npogedeHue Uccaedo8aHus YacmuyHo20 pa3pA0a nNpu HANpAXeHUU nocmo-
AAHHO20 MoKa Huxce 1000 B 8 npucymcmeuu 800H020 pAcmeopa nosapeHHol coau Ha asmomobunsHoli ceeve. o
QHA102UU € 8bICOKOBOMLMHbBIM YACMUYHbIM Pa3pA00M 8bideneHbl makue cmaduu Yacmu4Ho20 pa3paodd, KAk He3asep-
weHHbIl u 3asepuweHHbIl Yacmu4Hbell paspadel. [a1a co30aHUA paspaoda Ucnonb308anucs maxkue 3nemeHmesl HU3KO-
80abMHOU annapamypesl, KOK KOHMAKMOpP, CXema 8biMPAMAEHUA C YMHOXEHUEM HanpAaxeHus, baanacmHoe conpo-
muesneHue. YcmaHo8s1eHo, Ymo 8 Npucymcmeuu 3AeKkmpoauma 3aeepwéHHbll YyacmuyHell pa3pao 3axcueaemcs npu
HU3KOM HanpAxeHuU ¢ 6016WUM MOKOM U C MasbiM 8pemeHeM 3ana3deleaHus. [Tpu pe2yauposaHuu 8eauduHbl moka
b6annacmHeIm conpomuesneHuem 3asepuleHHbIl yacmuyHbll pa3pAad umen ¢popmy 3amyxarowe2o wapa, npu omcym-
cmeuu 6a11aCMHo20 conpomusneHus — hopmy 83pbl8arOUE20CA Wapd. ImMo C8A3GHO C 803HUKHOBeHUEM aAUubo om-
cymcmeuem yoapHoli 80s1HbI 8 3a8epUWEHHOM pa3psAode.

Kntouesble cnoea: 4acmuyHbll pa3psAd, HU3KOe HanpsaxeHue, UMmynscHbll RC-eeHepamop, KoMMymamop, pacmeop
nosapeHHoli conu, HezasepweHHbIlU pa3pad, 3a8epuieHHbIl paspAo, UHUYUUPOBAHUe pa3pada, ceemsawuecs wapossie
0bpasosaHus, basanacmuoe conpomuesneHue, cXemol 8bINPAMAEHUSA C YMHOKEHUEM HAMPAHEHUS.
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