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1t is shown that if in the three-loop circuits of the capacitors of electric discharge installations (EDI) the charge thyristor is switched
on after the end of the previous reverse recharge of the capacitor to a positive voltage, then in the EDI is realized a negative voltage
feedback and for the capacitor charge voltage will be satisfied the inequality Uc < 2Ugpy. If the thyristor VT is switched on before the
end of the capacitor reverse recharge, it is possible to realize a controllable voltage feedback, which can be either negative or positive,
depending on the voltage polarity on the capacitor at the moment of VT, activation. References 14, figures 4.
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In most cases, the synthesis of various electric discharge installations (EDI) is limited to determining the pa-
rameters of the discharge electric circuit of their reservoir linear capacitors [1-3] or nonlinear ones [4], the features of
the change in the resistance of an electro-spark [5, 6] or electro-thermal [7] process load. There was a need to take into
account the features of the transient processes in the EDI circuits [9] with compulsory limitation of the duration of the
discharge currents in the load [5, 8] and energy losses in the energy exchange between linear and nonlinear capacitors
[1-4]. An important scientific and applied problem in the synthesis of semiconductor EDI for the volumetric electro-
spark dispersion (VESD) of a layer of metallic granules in a dielectric medium between electrodes is the synthesis of
electric circuits of such discharge pulse generators (DPG) that would provide to production the submicron spark-eroded
powders with unique properties [10, 11].

Since at a certain level of consideration all semiconductor EDI have a structure that varies as a result of switch-
ing semiconductor keys, then practically any task of realizing a certain technological process can be reduced to the
problem of algorithmic-parametric synthesis [12]. In [1, 2, 5, 9, 13] the analysis and synthesis of only two-loop electric
circuits of the reservoir capacitor in EDI is carried out, including analysis and synthesis of circuits in the thyristor DPG
of the installations for VESD of metal in a dielectric liquid, whose active resistance R,,,; can vary from one discharge to
another one [6, 13]. The use of positive voltage feedback in such DPG can substantially increase the charge voltage of
the reservoir capacitors and, accordingly, the average impulse power in the load. But at the same time, the implementa-
tion of uncontrolled positive feedback in these two-loop DPG circuits can cause an unacceptable multiple increases in
voltage on capacitor terminals as the result of several interconnected charge and discharge cycles of the capacitors.

Therefore, the aim of the work was to synthesize a simple three-loop electrical circuit of semiconductor dis-
charge installations, which, on the one hand, would increase the average pulse power in the load, and on the other hand
would limit the voltage of the charge of their reservoir capacitors.

The target function of the synthesis was chosen an increase in the average pulse power in the load
Py 1oaa = Wioad/Taisen (Where W4 1s the energy released in load during discharge of the reservoir capacitor with a capaci-
tance C, and 7., is the duration of discharge current).

The three-loop electric circuit of the DPG of semiconductor electric discharge installations with thyristor keys is
shown in Fig. 1.
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than 5 pH and an increase in the charge voltage of the capacitor more than 1000 V in semiconductor DPG. Therefore,
during semiconductor DPG development it is important to choose the suitable ranges of parameters of all elements.

In the calculations of the transient processes in the DPG circuits, it was taken into account that the capacitor with
a capacitance C = 10 * F was charged from the generator of dc voltage (with Ugpy = 500 V) through a choke inductance

Ly =10 *H and with a Q factor of the capacitor Q; = \/L_l / Rlx/E = 30. The inductance of the discharge circuit of the

reservoir capacitor was L, = 5-10°° H, active resistance R, = 0.02 Ohm, and Q factor Q> = /L, / (Ry + Ripua )\/E var-

ies from 0.6 to 7 according to load resistance Ry,,; changing.

Modeling and analysis of transient processes in the circuit in Fig. 1 were carried out using application programs
MATLAB/SIMULINK. The dependences of the charge voltage of the capacitor U ., and the average pulse power in
the load P,, ,.q on the Q factor of the discharge circuit O, taking into account the change in its efficiency 1, and the
energy utilization factor of the capacitor k,;; c when the Q factor O, varies from 0.6 to 7 are studied.

Fig. 2 depicts the dependences of the parameters of the DPG circuits using the positive feedback of the charge
voltage of the capacitor with the value of the residual voltage at its previous discharge, on the Q factor of the discharge
circuit Os: a — Ucpax and P, joua, b — kisir c and .

Studies have shown that an increase in Q, leads to an increase in the voltage Uc ... In this case, the average
pulsed power in the load P,, ;4 first increases to its maximum value (which is 4.9 times larger than the initial value of
P, 10aa at Qy = 0.6) with increasing Q-factor from 0.6 to 5, and then P,, ;,,s decreases with further increase in Q-factor
(starting from Q, = 5). With increasing O, from 0.6 to 7, the discharge circuit efficiency 1, is reduced by 2.5 times,

while the coefficient of utilization
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Fig. 2 in load resistance R;y.4.

At the same time, the in-
troduction of the third thyristor
key VT, which is switched on after the end of the oscillatory discharge of the capacitor C to the load, makes it possible
to perform an reverse oscillatory recharge of this capacitor through a choke inductance of L; = 10~* H at Q factor of the
reverse-recharge circuit O = 30. If the next connection of the thyristor V7| occurs after the end of recharging the ca-
pacitor to the positive voltage with respect to the GDV voltage, then a negative voltage feedback will occur in the three-
loop DPG circuit. This feedback will limit the
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so0l out in the DPG. In this case, it can be satisfied
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100,

(detailed consideration of the control laws for
the turn-on time of the thyristor V7, after the
connection of the reverse-recharge thyristor V73
will be presented in the following papers).
Simulation of transients in the circuit
shown in Fig. 1, performed using application
programs MATLAB/ SIMULINK/SPS (Per-
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sonal licence's password 16-11194-26164-52495-54221-19414). Fig. 3 shows the voltage oscillograms of the
capacitor when the quality factor discharge circuit O, = 1.5 (respectively at Rj,,;, = 0.13 Ohm). The repetition period of
the control signals for all thyristor switches (V'T}, VT, and V'T3) was set identical and equal to 1200 us and moment of
turn on VT (after turn on V7 i.e. time pause Afyp3) is varied from 800 mo 1100 ps.

As can be seen from fig. 3 the later thyristor V7j is

L'r('('i’a{:mrum.\' L'F(' harge min V
1 » Y Charge switched on in the circuit of a reverse capacitor recharge (at

3000 invariable parameters of all circuits), the charge capacitor
1 voltage is higher. Calculations show that capacitor charge

2500 Ule chergemas P voltage can be increased in 1.08 — 1.6 times by varying of
2000 V/ delay time of turning on V7;. The dependences of capacitor
- charge voltage Uccpage On temporary pause Atyr;, changed
1500 // from 800 to 1100 ps and on QO-factor of discharge circuit 0,
i — 1 increased from 0.6 to 7 (at the expense of decrease of resis-

1000T %= . tance R, at invariable resistance R,) are defined. The influ-
) ence of a temporary pause Atyr; and O-factor O, on voltage

500 - \7_‘ 1 Uc charge variation from the minimum value Uc carge min t0 the
Uf-<.,‘,,-g{; mil | | | | maximum value Uc garge max 15 studied too. Fig. 4 represents

0 * ¢ * the variation ranges of maximum (Uc crarge max) and minimum

06 15 25 35 50 55 7.0 0, (Uc charge min) charge voltage of the capacitor (accordingly at
. the maximum and minimum temporary pause Atyr) as a func-
Fig. 4 tion of O-factor of discharge circuit 0.

Analysis of the results presented in Fig. 3 shows that the variation range of charge voltage of capacitor Uc carge
depends not only on switching time of the thyristor V75 for reverse recharge of capacitor, but also on a O-factor of dis-
charge circuit Q5. It is determined that at invariable parameters of circuit elements the increase of a temporary pause
Atyrs from 800 to 1100 ps can increase a voltage of next capacitor charge in 1,1 — 4.8 times. In this case the maximal
charge voltages of the capacitor correspond to the highest value Afy7;, and minimal voltages — the smallest value Atyrs.
The control range of capacitor charge voltage Uc crarge (from Uc charge min 10 Uc charge max) 15 €xtended with increase of O-
factor Q,: for example at O, = 7 this voltage range is 4.6 times wider then at O, = 1.5.

Conclusions. 1. The parametric synthesis of the three-loop thyristor DPG capacitor circuits has shown that the use
of positive voltage feedback in such DPG makes it possible to increase the average pulse power in the load, but requires
the introduction of restrictions because of a possible unacceptable increase in the charge voltage of the capacitor.

2. As a result of the parametric optimization performed, it is determined that the Q factor of the discharge cir-
cuit O should be changed from 1.5 to 2.5. In this case, the voltage of the charge of the capacitor U cpqrge can be con-
trolled from 1.5 Ugpy to 3.2 Ugpy, and the average impulse power in the load P,, ;.4 can be increased approximately by
3 times (in comparison with the modes without feedback) at sufficiently high values both of the efficiency of the dis-
charge circuit 1, = 77 — 87% and coefficient of utilization of energy stored in capacitor &, ¢ = 75-89%.

3. If the connection of the charge thyristor V'T) is carried out after the end of the previous capacitor reverse re-
charge to a positive voltage, then a negative voltage feedback will be realized in the EDI circuit shown in Fig. 1. At
such feedback the inequality Uc<2Ugpy will be satisfied for the capacitor charge voltage. If the thyristor V'T is turned
on until the end of the capacitor recharge, then a controllable voltage feedback, which can be either negative or positive,
depending on the polarity of the capacitor voltage at the moment of switching on the thyristor /'7}, will be implemented.

4. Controllable voltage feedback in three-loop thyristor GDP allows to realize the wide-range control of
capacitor charge voltage Uc .. Without exceeding of allowable voltage values for modern thyristor keys. Such control
is based on change in moment of activation of thyristor V'T5 in the circuit of reverse recharge of capacitor.

5. It is proved that the control range of the capacitor charge voltage depends not only on the time of activation of
the thyristor for reverse recharge the capacitor, but also on the Q- factor of discharge circuit (the it is higher, the control
range is wider). In order to implement of energy efficient modes of EDU, which used controllable (positive and negative)
feedback, it is expedient that the Q factor of the discharge circuit is not higher than 1.5. At higher Q factor of discharge
circuit its efficiency and use factor of capacitor k. ¢ are decreased.
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Toxazano, wjo AKWO 6 MPUKOHMYPHUX KOJAX KOHOEHCAMOPI8 eneKmpopo3paonux ycmanoeok (EPY) emukanna 3apsaonozo
mupucmopa 30iiCHIO8aMU NICA 3aKIHYEHHs NONEPeOHbO2O nepe3apsady KOHOeHCamopa 00 NO3UMUSHOL Hanpyeu, Mo @ cxemi
EPY mooicna peanizysamu He2camusHutl 360pomHuull 36'a30K 3d HANpy20to, Ul 01 Hanpyau 3aps0y KoHoeHcamopa 6yoe uKo-
nyeamucst nepisnicmo Uc < 2U gy, Axwgo oic emuxanns mupucmopa VI podumu 00 3axinuenns nepe3apsioy KOHOeHCamo-
Pa, Mo MOJICHA Peanizyeamu pe2yib08aHUll 360POMHULL 36 130K 34 HANPY2010, SIKULL MOdIce GYmu He2amusHuil abo no3umue-
HULL 3a71eXHCHO 80 3HAKA HaANpyeU HA 3apAOHOMY KOHOeHCAmopi 8 Momenm tioco emukanus. biomn. 14, puc. 4.
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Tlokaszano, 4mo eciu 8 MpPexKOHMYPHBIX Yenax KOHOEHCAMOopo8 I1eKmpopaspAOHblx yemanosok (OPY) exnouenue 3a-
PAOHO20 MUPUCMOPA OCYWECMEIAmb HOCe OKOHYAHUA NPeouecmsyioujeco nepesapsaoa KOHOeHcamopa 00 NOI0HCU-
MerbHo20 HanpsaxceHus, mo 8 cxeme IPY 6o3mooicHo peanuzosams ompuyamensHyio 0OpamuyI0 c8a3b N0 HANPANCEHUIO,
u 01 HanpsaXcenus 3apaoa konoencamopa oyoem gvinoausamvcs Hepagencmeo Uc < 2Uqppy. Ecau dice sxniouenue mupu-
cmopa VT npogodums 00 OKOHUAHUA Nepe3apaoa KOHOEHCAmopa, Mo MOMCHO Peanu308amy pesyiupyemylo 00pammuyio
C6:3b NO HANPAICEHUIO, KOMOPas Modicem Oblimb OMpUYAMenbHO U HONOACUMENLHOU 6 3a8UCUMOCY OM 3HAKA Ha-
NPSICEHUs. HA 3aPIOHOM KOHOEHCAmope 6 MoMenm e2o exuodenus. buodin. 14, puc. 4.
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