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LIMITATION OF APERIODIC TRANSIENT DURATION IN CAPACITORS CIRCUITS
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The mathematical modeling of pulse periodic transients in the circuits of capacitors of two-channel semiconductor electrical dis-
charge installations is performed. The conditions for limiting the duration of the aperiodic transient processes of the discharge of
capacitors of such installation through the electro-spark load, the resistance of which can vary from one discharge to another one,
are determined. It is shown that the duration of the aperiodic discharge of the capacitors in two-channel installations depends on the
frequency of spark discharge pulses in the load and this duration cannot exceed the duration of spark discharge pulses period. The
limitation of the aperiodic discharges duration depends on the parameters of the discharge circuit and the duration of recovery of
locking properties of the semiconductor (thyristor) switches. It is shown that reducing the duration of discharge currents in the load
increases the frequency and stability of the pulsed modes in the load. References 12, figures 3.
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Introduction. At the structural-parametric synthesis of electric discharge installations (EDI) with reservoir
capacitors (RC) [1, 2] and during analysis of transients in its circuits [3, 4] the problem of increasing both the rate of
discharge currents rise and impulse power in the load [3], whose electrical resistance can be stochastically and nonline-
arly altered [4, 5] is the most complicated. In the production of electro-eroded powders [6, 7] with unique properties [8,
9] and during electro-thermal [10] and hydro-pulse treatment of liquid media [11], the load resistance of the EDI can
randomly increase several times, causing an inadmissible long discharge of RC [3-5].

The aim of the work is to develop a technical solution that would limit the duration of random aperiodic
discharges in a semiconductor (thyristor) electro-discharge installation with capacitive energy storage devices
(capacitors) and electro-spark load, the resistance of which can randomly increase. Fig. 1 shows proposed equivalent

circuit of a two-channel EDI, in which charges and dis-

L, VT, VT, charges of capacitors C; and C, follow by turns. In this

N [)r installation, the duration of the random aperiodic discharge

N of capacitor C; through the load impedance Ry, is limited

Vl;l" i10ad by beginning of the discharge of capacitor C, (or vice versa).

GDV L, .2 u 4 R Analysis of charge-discharge transients in the
RN foad two-channel EDI. The charge of capacitors C; and C, in

ic, ic, such EDI is carried out from a generator of direct voltage

L R (GDV) Ugpy=500V after unlocking by turns of

J corresponding charging thyristors (V7T for C; and VT3 for

Fig. 1 C,) through a charging choke with inductance L, and

impedance of the charging circuit R;. The discharge of the
capacitors on the resistance Ry, is implemented through the inductance L, and the impedance of the discharge circuit
R, when the discharge thyristors V'T; or V'T, are switched on respectively.
The analysis of transients in the EDI's circuits was performed using the method of multiparameter functions
[12]. According to this method, the charge of capacitor C; in the circuit GDV-L-VT|-C\-R\-GDV occurs at the first
interval of time At = ¢, — t,. This time interval corresponds to time period from thyristor V'7T; unlocking to its locking.
Using the second Kirchhoff law, you can get the following second-order differential equation relative to the
instantaneous voltage re (t) on the capacitor C, for this time interval

d*uyc, (t)/dt2 == Riduyc, (t)/Lidt +Ugpy —uic, ()| LiCy . (1)

By the Runge-Kutta method, the solution of equation (1) for an interval Af; can be obtained in the form of a
matrix Uyc, with step p;, which is as follows:

Ulcl = rkﬁxed(ulcl ,to,tl,pl,chl ) (2)
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Here D¢, is a column vector of intermediate solutions relative to the voltage u)c, () on the capacitor C.

In the second time interval At, = t, — t;, which corresponds to the pause between charge of capacitor C; and its
discharge to load Ry, all thyristors in the circuit are locked. The voltages on the capacitor C; for the first and second
time intervals at moments ¢, and #, correspondingly are the same

uye, (ty )=y (1) - 3)
In the third interval At; = t; — ¢, there is a discharge of condenser C; over the circuit C\-VT5- Rjyus- Ry~ Lo-Ci.
The following differential equation can be written for the discharge transition process

d*uyc, (t)/a’l2 =—(Ry + Rypgq dusc, (1) | Lydt —usc, (1) [ LrCy . “)
The solution (3) is defined on the interval Az in the form of a matrix Uz, with step p; as
U3C1 = rkﬁxed(uwl ,12,13,]73,D3C1 ) (5)

Here Djc, is a column vector of intermediate solutions relative to the voltage u 3¢, (1) on the capacitor C.

In the fourth interval Aty = t, — t;, which corresponds to the pause after the discharge of the capacitor C;, all
thyristor switches are locked and the voltage on the capacitor for the third and fourth time intervals at moments #; and #
correspondingly are the same

ugc, (14) =u3c, (13) . (6)
Then the total voltage uc, is determined by the summation of the voltages found in expressions (2), (3), (5), (6)

4

ug, = D uicy - (7
i=1

Current in the capacitor C; is calculated according to the formula
duc
ic, =C—L. 8
a=b—; (®)

The voltage and current during charge and discharge of second capacitor C, is determined similarly. It could be
written the equations similar to (1) — (8) taking into account that the elements C,, V75 and VT, work in the circuit
instead of the elements C;, VT, and VT,.

In the fifth time interval Azs = #5— #,, the charge of capacitor C, occurs over the circuit GDV-L\-VT5-CrR\-GDV
and the voltage Usc, (t) of the second capacitor in this time interval is defined as

d?usc, (f)/dt2 == Rydusc, (t)/Ldt + (UGDV —usc (t))/L1C1 - )
The solution (9) is determined by Runge-Kutta method on the interval At in the form of a matrix Us¢ ) with step ps
U5C2 :rkﬁxed(uSCvz,t4,t5,p5,D5C2). (10)

Here Dsc, is a column vector of intermediate solutions relative to the voltage usc, (7) on the capacitor C,.

In the sixth time interval Afg= ts— t5, which corresponds to the pause after charge of the capacitor C, and prior
to its discharge through the load, all thyristor switches are locked and the voltage on the capacitor C, remains
unchanged

ugc, (te) =usc, (1s) . (11)
In the seventh interval At; = t; — ts, when the capacitor C, is discharged through the load over the circuit
Cy-VT4-Rjpua-Ro- Lo-C,, the capacitor voltage is determined by formula

d*uzc, (f)/df2 == (Ry + Rypgq duzco (1) Ladt —urc, (1) Lo . (12)
The solution (12) is defined on the interval Az; in the form of a matrix Usc, with step p;
Uy, =rkfixedlusc, t.17, p7. Dic, )- (13)

Here D;c, is a column vector of intermediate solutions relative to the voltage u7¢, (1) on the capacitor C;.

In the eighth interval Afg = 3 — ¢, which corresponds to the pause after the discharge of the capacitor C, up to
the start of the next charge of the capacitor C), all thyristor switches are locked and the voltage on the capacitor C, at
the moments #; and #; correspondingly is the same

ugc, (1) =uzc,(17) . (14)

Then the total voltage uc, could be found as sum of voltages from expressions (10), (11), (13) i (14)

8
uc, = D uic, - (15)
i=5
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Current in the capacitor C, is calculated as

duc2

ic, =C o (16)

The current through resistance R, is defined as the sum of the discharge currents of the capacitors by the

formula
iload = Cl dM2C1 /dl + C2 du7C2 /dl . (17)

Normal operation the EDI is based on the implementation of oscillatory charges and discharges of capacitors.
However, in case of a prolonged aperiodic discharge, which may arise due to a random increase in the resistance of the
electro-spark load, the proposed circuit (Fig. 1) allows to limit such discharge and return again to normal modes.

To test the efficiency of the scheme, a mathematical modeling of its operation in the program package
Mathlab/Simulink was carried out. For modeling the parameters of the circuit elements were chosen as follows:
Ugpy=500V, Ly =150 uH, L, =5 uH, C,=C, =50 pF, R, = R, =0.085 Ohm, switching frequency for all thyristors
frr=500 Hz. Load resistances at oscillatory modes R;,,; = 0.8 Ohm; and at aperiodic discharges R,,; = 6 Ohm.

The oscillograms of capacitors voltage uc, (t), uc, (t) and load current ij,,,(t) at oscillating discharges of

both capacitors are shown in Fig. 2. In should be noted that the pulses of current in the load have a double frequency
compared with the frequency of discharges each of capacitors.
Figure 3 shows the oscillograms of the currents ic, (1), ic, (1) and iy, (t) (Fig. 3, a, b, ¢) in the capacitors

Cy, C; and in the Ry, correspondently when the long aperiodic discharge of the capacitor C, (which lasts during the
next charge of the capacitor C;) occurs due to increase of load resistance. Then, after the next unlocking of the
discharge thyristor V'7T,, the higher reverse voltage will be applied to the unlocked thyristor V'7,, which will cause its
locking and interrupting the long-term aperiodic discharge. The limitation of duration of the aperiodic load current can
be seen in Fig. 3, c.
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As can be seen from oscillograms in Fig. 3, the duration of the aperiodic discharge of the capacitors in the two-
channel EDI depends on the frequency of oscillatory (spark-discharge) pulses in the load. Due to the presence of two
channels, the duration of the possible aperiodic discharge cannot exceed half switching period of the thyristors (and
correspondently half period of oscillatory pulses, taking into account the pause between them). It should be noted that
the time interval for equalization the discharge voltages of first and second capacitors should be sufficient to restore the
locking properties of the thyristor V7. Otherwise it can open again and the duration limitation of the aperiodic
discharge of the capacitor C, will not happen.

Conclusions. An electrical circuit of a semiconductor two-channel electro-discharge installation with two
reservoir capacitors and electro-spark load was developed. The circuit allows to limit the duration of possible aperiodic
discharge pulse in the load arising as a result of a random increase its resistance. The duration limitation of aperiodic
discharges depends on both the parameters of the discharge circuit and the restoring time of locking properties of the
semiconductor (thyristor) keys. Reducing the duration of discharge currents in the load increases their frequency and
improves stability of the pulse modes of the electro-discharge installations, even when its load resistance increases
randomly.
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OBMEXXEHHS TPUBAJIOCTI HEPEXITHUX AITEPIOJUYHHUX ITPOLECIB Y KOJIAX

KOHIAEHCATOPIB IBOKAHAJIBHUX EJIEKTPOPO3PAJHUX YCTAHOBOK
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Buxonano mamemamuune mooenioganus iMnyibCHO-NEPiOOUYHUX NEPexXiOnUx npoyecie y Koaax KOHOeHcamopié 08OKAHANbHUX HA-
ni6NPOBIOHUKOBUX €NIeKMPOPO3PAOHUX YCMAHOBOK. Busnaueno ymosu obmescenns mpueaiocmi anepiooutHux nepexionux npoyecie
PO3PAOY IXHIX KOHOEHCAMOPI6 HA eNIeKMPOICKPO8e HABAHMANCEHHS, ONIP K020 MOJCe 3MIHIO8AMUCS 810 po3psdy 0o pospsady. Tloka-
3aHO, WO 8 OBOKAHANLHUX YCMAHOBKAX MPUBANICMb ANEPiOOUUHUX PO3PAOI6 KOHOEHCAMOPIE 3aiedcumsy 6i0 4acmomu GUHUKHEHHS
iCKpOPO3PAOHUX IMNYIbCIB Y HABAHMANCEHHT | He MOdice nepesuwyysamu mpueanicms ixHo02o nepiody. ObmedicenHs mpusaiocmi
anepioouyHux pospaoia 3anexicums 6i0 NApamMempis po3psaoOHO20 KOHMYPY ma Mpusailocmi npoyecie 8i0HO6IeHHA 3aNIPHUX 8IACTIU-
socmeli HaNieNPOGIOHUKOBUX (MupucmopHux) komymamopis. CKopoueHHs mpueaiocmi po3psaoHux Cmpymie y HaanmadiceHHi cnpu-
A€ NIOBUWEHHIO IXHbOT Yacmomu ma cmabinbHOCMI IMRYIbCHUX pedcuMmig y Hasanmadicenni. biom. 12, puc 3.

Kntouosi cnoea: anepionudHi nepexiHi IPoIecH, KOHJSHCATOP, HAITIBIPOBITHUKOBHN KOMYTATOD, PO3PSA, IMITYJILCHUH CTPYM.

OI'PAHUYEHMUE JVIMTEJBHOCTHU NEPEXOAHBIX AITEPUOUYECKUX MIPOHECCOB

B HEIIAX KOHI[EHCATOPOB JABYXKAHAJIBHBIX 3JIEKTPOPA3P$[I[HI)IX YCTAHOBOK
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Buinonneno mamemamuueckoe MoOEIUPOSAHUE UMNYIbCHO-NEPUOOUUECKUX NEPEXOOHbIX NPOYECCO8 6 Yensix KOHOEHCamopos 08yX-
KAHAIbHBIX NOLYAPOBOOHUKOBBIX INEKMPOPAZPAOHBIX YCMAHOBOK. Onpedeienvl YCIo8Us 0ZPAHUYEeHUsL OTUMENbHOCU anepuoouye-
CKUX NePexoOHbIX NPOYeccos paspsidd ux KOHOCHCAMOPOS8 HA DNEKMPOUCKPOBYIO HAZPY3KY, CONPOMUBTEHUE KOMOPOU MOXNCem usme-
HAMbCs om paspada Kk paspaoy. Ilokazano, umo 8 08YXKAHANLHBIX YCMAHOBKAX ONUMENbHOCHb ANepUuoOUYeCKUX paspsaoos KOHOCH-
Camopog 3a6ucun om Yacmonbl 603HUKHOBEHUS UCKPOPA3PAOHBIX UMNYAbLCO8 6 HAZPY3KE U He MOJICen NPesblutamy ONUMeNbHOCHb
ux nepuooa. Ozpanuienue OIUMENbHOCMU ANEePUOOULECKUX PA3PI008 3A6UCUNM OM NAPAMEMPO8 PA3PIOH020 KOHMYPA U OIUMENb-
HOCMU NPOYecco8 60CCMAHOGLCHUs 3ANUPAIOWUX CEOUCME NOAYNPOBOOHUKOGLIX (mupucmophbvlx) kommymamopos. Cokpawjerue
OIUMENBLHOCIU PA3PSAOHBIX MOKOG 8 HA2PY3Ke CNOCOOCMEYem NOGbIUEHUIO UX YACMONMbL U CMAOUTLHOCTU UMRYIbCHBIX PENCUMOE 6
Haepyske. bubn. 12, puc 3.

Knouesvle cnosa: anepuoquueckue MepexoHbIe MPOIECChl, KOHICHCATOP, MOMYIIPOBOAHUKOBBI KOMMYTATOP, pa3psl, UMITYIbCHBIH
TOK.
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