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Research of generators of impulses for electrotechnological
installations with solutions of electrolytes

Article is devoted to functioning of pulse electrotechnological installations on low frequency (0,1 Hz) and in-
dustry frequency. As an analog schemes of pulse relaxation generators for processes of electric erosion ma-
chining of metals are considered. Also RC-generators and static generators of impulses (transformers of the
industry frequency with the gate) were considered. Pulse RC-generators on voltage of 1000 V and a pulse
repetition rate of 0,1 Hz and the static generator of impulses on voltage of 1000 V and a pulse repetition rate
of 50 Hz are developed. Experiments on studying of development of the partial (sliding) electric discharge
with attenuation at the 1st stage and with transition to the second stage are made. Experiments on studying of
a complete and incomplete electrical breakdown of electrolytes are also made. An analogy was found be-
tween the course of the discharge in the electrolyte and the surface of a solid dielectric covered with a thin
film of electrolyte. In both cases, discharges first develop in the form of a pre-discharge current of small
magnitude, and end with a transition to a high-current discharge (breakdown). It is shown that the measured
delay time of electric discharge (4 microsec) much less a delay time of the electrothermal category
(30 microsec). Owing to this fact breakdown in this case has to be it is carried rather to electric, than to a
thermal look.

Keywords: electrotechnological installations, generators of impulses, pulse relaxation generators, static gen-
erators of impulses, discharge in electrolyte, partial creeping discharge on solid dielectric, test.

Introduction

Studies of electric discharge technologies of low voltage were widely carried out in the seventies years
of the last century at Institute of mining name of D.A. Kunayev. They led to development of new pulse de-
vices, for example, of pulse current generators [1]. Advantage of low-voltage devices consists in their low
cost and reliability. Instead of dear operated dischargers, pulse high-voltage capacitors, there was an oppor-
tunity in some electrodischarge processes to apply magnetic contactors and low-voltage capacitors.

Now electrotechnological installations are widely used in the industry. They include a wide range of in-
stallations for electroerosive machining of metals, electrochemical machining, electrohydraulic machining,
installations for plasma processing of materials, electric filters, etc. [2]. At the same time there are new elec-
tronic and ion technologies, which in something are similar, and in something differ from the predecessors.
When putting into operation new electrotechnological installations a logical step is use of already existing
electric equipment taking into account new specifics.

When developing the electronic and ion technologies including the discharge in electrolyte at low volt-
age and the partial discharge of low voltage in the presence of electrolyte. Therefore the purpose of this work
was development and a research of pulse power supplies for new processes.

From all set of the electrotechnological processes described in monography [2] we selected technology
and the equipment for electric erosion machining of metals. It was made owing to strong likeness of process-
es of electric erosion machining with processes of impulsing breakdown of electrolytes and the impulsing
partial discharge. The schematic diagram of the power supply of pulse installations on the basis of the
relaxational RC-generator described in works [3, 4] is submitted in Figure 1.

As the discharger for creation of conditions of existence of the partial discharge the automobile spark
plug processed 1,5 % by NaCl solution was used.

Time of a charge of the capacitor C up to 99,2 % in our case is defined as

1=5RsC =5 10°0hm20 ' 10°F =10 s.

It gives the chance to pulse with a frequency of 10” Hz.

At short circuit of the switch K on the discharger voltage impulse with an amplitude of 600 - 800 V is
formed. In a pulsed operation the capacitor was charged at the opened switch K. Then the switch K became
isolated and voltage impulse entering on the discharger’s electrodes was formed. In this case ignition of the
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partial discharge happened during voltage pulse length (about 30 microseconds lasting front of 2 microsec-
onds). The similar source allowed to make experiments on dynamics of development of the partial discharge

(Fig. 2).
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U — a source of constant voltage of 0 - 1000 V; R, = 10° Ohms — a ballast; C = 2:10° F — capacitor; V — the digital voltme-
ter; K — switch; CB — the spark plug; 1 — an electrode; 2 — the grounding electrode; 3 — a dielectric; 4 — place of ignition of
the first stage of the partial discharge; 5 — a discharge gap (the place of ignition of the second stage of the partial discharge)

Figure 1. Scheme of the pulse relaxational generator

Figure 2. Dynamics of development of the first stage of the partial discharge
at power supply from pulse relaxation RC-generator: U =610 V, At=1/30s

In Figure 2 the moment of ignition of the partial discharge is well visible (a photo 2). During 0,1s it ex-
ists while the capacitor on an automobile spark plug is discharged (a Photo 2—4). On a photo 5 the moment of
extinction of the partial discharge is visible. Reddish color of radiation of the partial discharge testifies to the
low temperature of plasma in the period of the first stage of the discharge.
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a) the discharge gap did not break through; b) the discharge gap broke through

Figure 3. Oscillograms of current and voltage when giving an impulse
on a discharge gap (spark plug) through resistance R1 =1 Ohm

In Figure 3 oscillograms of current and voltage at electrolyte breakdown by the spark discharge at a
power supply from the RC generator of impulses are submitted. In Figure 3a breakdown does not happen
though processes before breakdown develop. It is visible that through a discharge gap current about 15 A
begins to flow. Then for 4 microsec it decreases to 10 A and all the time of existence of voltage impulse
flowed. However breakdown at the same time does not happen. It is bound, according to us, to the fact that
for 20 microsec voltage impuls already decreased from 750 V to the level of 300 V.

In Figure 3b initial current significantly higher than 30 A with decrease to 20 A. Therefore processes
before breakdown develop during the entire period of 4 microsec. At the same time voltage on a discharge
gap during this time decreases from 750 V to 700 V. This voltage is quite enough for breakdown of a dis-
charge gap. At the same time current increases to 270 A. Voltage on a discharge gap sharply falls. The dis-
charge current decreases to zero. There are processes of a deionization. Voltage on a discharge gap begins to
increase because the capacitor C did not manage to be discharged completely. After that the condenser is
discharged through resistance of oddments of electrolyte, but one more breakdown at a sufficient capacitor
capacitance is possible [4].

Static generator of impulses

The static generator of impulses represents the symmetric rectifier with quadrupling of voltage. The
symmetric scheme represented in Figure 4 [5] represents a combination of two schemes of the half-wave rec-
tifiers with a doubled of voltage, working in different half-cycles of voltage of a power line. Work of this
scheme happens as follows. During a half-cycle of one sign C; and C, capacitors are charged, and voltage on
the C; capacitor reaches, approximately, unary, and on the C, capacitor — the doubled effective value of
voltage of a power line (the C4 capacitor is charged, using already available charge on the C, capacitor). Dur-
ing a half-cycle of the counter sign C, and C; capacitors are in the same way charged. Rectified voltage is
removed from the corresponding poles of the C; and C, capacitors connected between themselves is serial.
Thus, it doubles for the second time.
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Figure 4. The static generator of impulses on the basis of the symmetric scheme of the rectifier with
quadrupling of voltage: R=135 Ohms, C1-C4 of MBGO 500 V, 20 uF, U ~=220V, - Uxx = 1242 V

Voltage up to which C; and C, capacitors are charged is that larger, than more load resistance or, in
other words, less power given by the rectifier. Charge voltage reaches the maximal value in case of discon-
nection electrical load from the rectifier. In this case it becomes equal to amplitude value of voltage of elec-
tric grid (is 1,41 times more larger than an effective value) on C; and C, capacitors and to the doubled ampli-
tude value (is 2,82 times more larger than an effective value) — on C; and C, capacitors. At alternating-
current nominal voltage of Un = 220 V the maximal voltage of a rectified current was 1242 V. Time of a
charge of C; and C, capacitors is defined as

1=5R-C=5"1,3510*0Ohm20 - 10°F = 13,510 s.

At the same time the voltage value is enough for transition of the discharge to the second high-current
stage. The discharge lights up (a Photo 1) and in 1/30 sec. passes into the high-current stage characterized by
bright flash and a loud sound (a Photo 2). After the discharge of the capacitor and a deionization of a dis-
charge gap there is an increase in voltage and charging of capacitors owing to what primary stage of the par-
tial discharge (a Photo 3) which passes into the second stage etc is again lit.

Comparing Figures 2,3,5 it is possible to note a number of circumstances:

a) Figures 2 and 3a. 1t is possible to speak about similarity of creeping discharge on solid dielectric
(1 stage) which does not pass into the second stage (breakdown), with predischarge current in electrolyte
which does not pass into the discharge (breakdown).

b) Figure 5 with Figure 3b. This similarity of a creeping discharge of a dielectric (the first stage with
transition to the second stage - breakdown) with predischarge current in electrolyte which turns into electro-
lyte breakdown. Though predischarge current also decreases, nevertheless there is a breakdown.

The similarity of the partial discharge to the discharge in electrolyte is that the charged particles with
particular concentration are formed at the expense of the molecules H,O and NaCl dissociated on ions. At the
discharge in distilled water the charged particles are formed due to ionization of molecules by ions in an
electric field of high strength.

The delay time of the discharge of 4 microsec is much lower than a delay time of the electrothermal
discharge (30 microsec according to work [4]). For this reason breakdown in this case has to be referred ra-
ther to electric, but not to a thermal type of breakdown. That is gas emission at course of current and a heat
liberation in a discharge gap does not happen.

If as loading the automobile suppository was used, then voltage fluctuated from 400 V to 800 V. In
Figure 5 photos of the partial discharge at a power supply from the static generator of impulses are shown.
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A photo 1, 3 — the partial discharge the first stage, a photo 2 — the partial discharge the second stage

Figure 5. Dynamics of development of the partial discharge with its transition from
the first to the second stage at a power supply from the static generator of impulses on the basis
of the symmetric rectification scheme with quadrupling of voltage. U = 1242 B, At=1/30s

Conclusion

1. The pulse generator with a frequency of 0,1 Hz is developed for power supply of pulse installations
on the basis of breakdown of electrolytes and the partial discharge on a surface of a solid dielectric in the
presence of electrolyte. It is an analog of the pulse relaxation RC generator for electroerosivemascining of
metals. For creation of the generator low-voltage magnetic contactors of KMI - 10910 and low-voltage ca-
pacitors MBGP-1 10 pF, 1500V are used . Impulses of voltage lasting front of 2 microsec and a pulse length
of 30 microsec are received.

2. The static generator of impulses on the basis of the symmetric scheme of the rectifier with quadru-
pling of voltage and mains supply of 220 V alternating-current is developed for generation of potent electric
impulses of the industry frequency. At the exit voltage of 1242 V of a direct current in the mode of a no-load
operation is received. In the mode of the partial discharge voltage is from 400 to 800 V.

3. Experiments on work of pulse generators in the modes of the partial discharge with attenuation in the
first stage and with transition to the second stage (a breakdown stage) are made. During the experiments on
breakdown of electrolyte the delay time of 4 microsec, too small for electrothermal breakdown is registered.
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E.A. Sxosnes, A.Jl. Mextues, B.B. IOraii, JI.A. 3uH0OBBEB

DIEeKTPOJUTTEP epiTiHaICi 0ap 3JTeKTPTEXHOJNOTHAIBIK KYPbUIFbLIAP
YIIiH MIMITYJILCTI FeHePaTOPJIapAbl 3epTTey

Maxkana temenri (0,1 I'y) koHEe OHTIPICTIK YKULTIKTETT HMITYIbCTI IEKTPTEXHOJIOTUSIIBIK KOHIBIPFBLIAP IBIH
JKYMBICBIHA apHaJfaH. AHAJIOT pETiHIe MeTalgapibl 3JIEKTPIPO3USMEH OHJCY NpoLeci YIIH HMIYJbCTi
penakuusiIblK reHeparopiap, RC-renepatopnap jkoHE HMITYJIbCTApABbIH CTATHKAbIK I'€HEPAaTOPJIAPbIHBIH
(BeHTmii Oap eHepKaciNTiK JKUiMIKTI TpaHcdopmaropiap) cyibanapsl Kapacteipbuinsl. Kepueyi 1000 B,
UMITYJIbCTapAbIH Kaitanany okuimiri 0,1 Tu, mmmynecrik RC-renepartopraper sxone kepueyi 1000 B,
HMITYJIbCTApIbIH KaliTanany xwuiniri 50 I'm GonmaTsH cTaTHKANBIK reHepaTop a3ipiensi. bipinmi caTeiga emin
JKOHE eKIHII Ke3eHre OTeTiH OOMImIeKTIK (CHIPFUTHIH) pa3psATHIH AaMybIH 0aKpUIay TaxipuOeci >kyprisinmi.
ONeKTPONUTTEpAIH asKTaJFaH >KOHE asKTaJMaraH OeINIKTepiH 3epTTey YVINiH Toxipubenep OTKi3iIai.
Pa3psaaThIH 2IEKTPOUTTE KOHE 3JEKTPOIUTTIH JKYKA KAaOBIKITACBIMEH KANTAJFaH KaTThl AUDJICKTPUK OeTiMeH
arybl apachIHAaFbl aHAIOTUs aHbIKTaIAbl. EKi jkarnmaiina paspsiarap (celHaK) GacTankbiaa a3 KeJeMili TOK
TYpiHe apHaJFaH KeiinTe, KeiliH aHbIK alKbIH pa3ps/ika eTyMeH asKranaasl. Pa3ps keuriryi aitapibikrait a3,
4 MKc, aJ ANeKTPXKbUTYJBIK paspsa kemiriynen 30 mxc. Onpma Oy okarmaiiga Oy3suly Kem jkaraaiiia
XKBLTYJIBIK TYPJICH I'epi JIEKTPIIKKE )KaTKbI3bUIYBI KEPEK.

Kinm ce30ep. 3neKTPTEXHOJIOTUSIIBIK KOHIBIPFBUIAP, UMITYJILCTEP FEHEPATOPbI, HMITYJIBCTIK PEeIaKCaMsIIBIK
TeHepaTopiiap, UMITyJIbCTapbIH CTATUKAIBIK TeHEPATOPHI, SIEKTPOIUT Pa3psiibl, KATTHI JUIICKTPHK OeTiMeH
OOJIIIeKTIK pa3psiy, ChIHAY.

E.A. SIxoBnes, A.Jl. Mextues, B.B. IOraii, JI.A. 3uH0oBbEB

HccnenoBanne reHepaTopoB MMILYJIbCOB sl 3JIEKTPOTEXHOJIOTHYECKUX
YCTAHOBOK C PACTBOPAMH JJIEKTPOJIHUTOB

Cratbst IOCBSIIEHa pab0Te UMITYIECHBIX MIEKTPOTEXHOJIOTHUECKUX YCTAHOBOK IIpH HU3KOI gactoTe (0,1 ')
W IPOMBIIUICHHOH JacToTe. B KadecTBe aHaora paccMaTpHUBarOTCSI CXEMbBI HMITYJIBCHBIX PEeJIaKCAIIHOHHBIX
TeHEepaToOpOB VIS TIPOIECCOB AIIEKTPOIPO3HOHHOI 00paboTky MerauioB — RC-reHepaTopsl M CTaTHYECKHE
reHepaTopbl UMITYJILCOB (TpaHC(HOPMATOPHI NPOMBIIIICHHOH YaCTOTHI C BEHTHIEM). Pa3paboTaHbl UMITyIbC-
Hele RC-renepatops!l Ha HanpspkeHue 1000 B u wactoty cnenosanust ummyiscoB 0,1 't u cratuueckuii re-
HepaTop UMITy1bcoB Ha HanpspkeHne 1000 B u wacroty crnemoBanus ummynscoB 50 'u. [IpoBeneHb! onbIThI
0 M3y4YEHUIO PA3BUTHSA YAaCTHYHOTO (CKOJIB3SAIIEro) pa3psaa ¢ 3aTyXaHHEeM Ha 1-i CTajuM U C IePeX0/ioM BO
BTOPYIO cTamuio. [IpoBeaeHs! ONBITEI O M3YYEHHIO 3aBEPIIEHHOTO M HE3aBEpIICHHOTO IPO0O0S 3IIEKTPOIIH-
TOB. BhIsBIIeHa aHAIOTHS MEXIy NPOTEKAHHSIMH pa3psizia B HJIEKTPOJIUTE M 10 MOBEPXHOCTU TBEPJIOTO M-
JJIEKTPHKA, MOKPBITOTO TOHKOW IUIEHKOH 2JIEKTpoinTa. B 000MX ciydasx pas3psusl pa3BHBAIOTCS CHadana
B BHJE IIPEApa3psiiHOTO TOKA MaJoH BEIMYMHEL, a 3aKaHYUBAIOTCS IIEPEXOJOM B CHJIBHOTOYHBINA pa3psiy
(mpo0oit). YcTaHOBJIEHO, YTO BpeMsl 3ala3IbIBaHus pa3psaa 4 MKC ropa3o MEHbIIe BpEMEHH 3ama3/ibIBaHus
anekTpoTeruioBoro paspsaa 30 mxc. Torga mpoGoii B TaHHOM ciy4ae JOJDKEH OBITh OTHECEH CKOpee K JJIeK-
TPUYECKOMY, HEXENH K TEIJIOBOMY BUJLY.

Kniouesvie cnosa: QJICKTPOTEXHOJIOT'NYECKUE YCTAHOBKU, I'CHEPATOPHI UMITYJIbCOB, UMITYJIbCHBIC pEIaKcalu-
OHHBIC I'€HCPATOPLI, CTATUYCCKUE TI'€HECPATOPbl UMITYJILCOB, pasps/l B JJICKTPOJIMUTE, YaCTUIHBIN paspdaa 1o
NOBEPXHOCTU TBEPAOI'O JUIJICKTPUKA, UCIIBITAHUS.
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