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PROPERTIES THEIR SEMICONDUCTOR SWITCHES

A.A. Shcherba*, N.I. Suprunovska**, M.A.Shcherba***
Institute of Electrodynamics National Academy of Sciences of Ukraine,
pr. Peremohy, 56, Kyiv, 03057, Ukraine,

e-mail: iednatl @gmail.com

The paper substantiates the approach to the selection of the inductance value of the choke in the reverse-recharge cir-
cuit of a capacitor of thyristor electric discharge installations with controlled voltage feedback (in particular, installa-
tions for volumetric electro-spark dispersion of metals in a liquid). The approach is based on taking into account the
recovery time of the locking properties of the thyristor in the discharge circuit of such installations, as well as the per-
missible losses in the reverse-recharge circuit of a capacitor. The results of mathematical modeling of the transient
processes in the capacitor circuits of such installations have shown that if the choke inductance is correctly selected in
the reverse-recharge circuit of a capacitor, then it is possible to switch on this circuit before the end of the discharge
process of the capacitor to the load (i.e., when the capacitor discharge circuit change its configuration during capaci-
tor discharge).In this case, the losses in the reverse-recharge of the capacitor will not exceed 10% of the energy stored
in the capacitor before the recharge start. References 10, figures 5, tables 2.
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Introduction. Capacitive energy storages (capacitor banks) are most often used in various electric
discharge installations, as they can realize the greatest pulsed currents and power in the load in comparison
with other storage devices [1-7]. To optimize the operation modes of electric discharge installations with
both linear [1-5, 8] and nonlinear [6, 9] capacitors, as well as for the synthesis of new structures of such in-
stallations [8, 9], it is important to estimate the ranges their main characteristics variation. Reservoir capaci-
tors are also used in installations for electrical discharge machining of materials [2, 4], in particular, in thy-
ristor installations for volumetric electro-spark dispersion (VESD) of metals in liquid [5, 7]. In such installa-
tions, the oscillating charge of the reservoir capacitor from the DC voltage generator (DCVG) and oscillating
discharge of this capacitor to the electric spark load, which is a layer of metal granules immersed in the lig-
uid between the electrodes, are usually used [5, 7]. Analysis of the transients in the circuits of such installa-
tions is substantially complicated, since the electrical resistance of their load can vary randomly from dis-
charge to discharge [5, 7].

In Fig. 1 the electrical diagram of installation for VESD of metal in a liquid is presented. In the dia-
gram the oscillatory charge of capacitor C is carried out from the DCVG of the voltage Upcy¢ after unlock-
ing the charging thyristor VT through choke L and resistor R (whose resistance consists of sum of resistances
of the DCVG, choke, circuit wires and capacitor). The oscillatory capacitor discharge is performed after

unlocking the discharge thyristor VT through spark dis-

-+ L VT VT '1\/ charge load with resistance R,,,; and resistor R; (discharge
s/ YN Pl Pl circuit resistance) and the choke L, (discharge circuit in-
ductance, which is usually 1-5 uH). The use of oscillatory
processes of charge and discharge of the capacitor allows
to realize fast natural locking of thyristor keys VT and VT
and sufficiently high frequency of discharge current
pulses (usually more than 1 kHz) in the load. The circuit
R L also provides a circuit of reverse capacitor recharge (C-
———1{ 1 Y Ry-VT,-L,-C) to a certain voltage U, for implementing a

Fig. 1 controlled (negative or positive) feedback.

Using the positive feedback of the capacitor

charge voltage U,, with the residual voltage after previous capacitor discharge Uy, makes it possible to in-

DC L2 Rload
Vv —
G U, DCVG — VT2
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crease the voltage U, and, consequently, the quality factor of the discharge circuit in the subsequent dis-
charge. Such feedback can be used in case of increasing the average statistical resistance of metal granules in
the process of their wearing-out between loadings and provides control of such installations modes [5].

A more common practice is the use of a negative feedback of U, with Uy, which allows to reduce
the instability of the discharge modes of installations for VESD of metal at stochastic decrease of the metal
granules resistance [5].

In practice, the voltage U is usually not more than 10% of the charge voltage of the capacitor, which
makes it possible to use about 80 % of the rated capacity of the capacitor bank.

It should be noted that when a negative feedback U, with Uy, is implement, a special choice of the
choke L, in the reverse recharge circuit of the capacitor is necessary. On the one hand, the inductance of the
choke L, is trying to choose a small one in order to increase the frequency of charge-discharge cycles. On the
other hand, this inductance should be chosen so that the reverse recharge of capacitor ended after the time
required for recovery of locking properties of the discharge thyristor V7). Otherwise, a positive voltage will
be applied to the anode of the thyristor V7 until the locking properties are restored, which will lead to its re-
unlocking. In such a case, weakly damped pulsating currents with a small pulse ratio may appear in the dis-
charge circuit, which can cause an increase in the turn-off time of the switch T} by more than an order of
magnitude [5].

Therefore, the aim of the paper was to analyze the transients in the reverse recharge circuit of ca-
pacitor for selecting the parameters of this circuit, taking into account the recovery time of the locking prop-
erties of the thyristor in the discharge circuit of for VESD installations with negative voltage feedback.

Research and discussion of the results. In the analysis of transients in the circuits, it was assumed
that the commutation of the thyristor switches occurred instantaneously, while in the closed state their resis-
tance was equal to infinity, and accordingly the current and power dissipation was zero, and in the open state
their resistance and the corresponding voltage drop and power dissipation were zero.

The capacitor voltage and the current in the reverse recharge circuit of the capacitor vary according
to the expressions [5]

uc(t)=U gisen e 002/20 (sin g, At/20,A+ cos o, At), (1)

(1) =U jigen e 02202 i CoozAf/Lz(DozA ) )

were Uyn — the residual voltage of the capacitor after its previous discharge, which is the initial voltage of
its reverse recharge; O, =/L, / (\/ERZ) and oy, =+/1/L,C — O-factor and the circular frequency of natural

oscillation of the reverse recharge circuit correspondingly; 4=+/1 —1/ 4Q22 .

To analyze the duration of reverse capacitor recharging, the following parameters of the reverse re-
charge circuit were set (corresponding to the actual parameters of the installation for producing powders by
the method of electro-spark dispersion of metal granules in a liquid) [5]: capacitor capacitance
C = const = 10™ F, the initial voltage of the capacitor reverse recharge Uy;.,=— 300 V.

The inductance value L, should be chosen so that the time, during which the capacitor voltage begins
to change its polarity, exceeds the time required to restore the locking properties of the thyristor switch of the
discharge circuit V'T). According to [10], the locking time of the thyristor taking into account the restoration
of its locking properties for thyristors Th 353-630-16 (Th 353-800-18, Th 353-1000-18) used in the installa-
tions for VESD is 60 ps.

When L, is changed, the resistance R, of the reverse charge circuit, which is basically the resistance
of the choke wires of this circuit, also varies depending on the thickness of the wires and the number of its
turns. To ensure energy efficiency, it is also necessary that the energy losses during reverse recharge of ca-
pacitor do not exceed 10 % of its initial energy.

Calculations and processing of results was carried out using the software package MathCAD 12.

The value of energy losses in the reverse recharge circuit of the capacitor (as a percentage of the en-
ergy stored in the capacitor before the start of its reverse recharge) W, %0 is given by:

w. . ..,—-W
I/Vlgsggs v = initial final 100 % , (3)

initial
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were I/I/vim'tial

=CU? / 2 and W, =CU }ma, / 2 —respectively, the energies accumulated in the capacitor

initial
before and after its reverse recharge (Ui and Up,q — respectively the capacitor voltages before and after
the reverse recharge process).
Since the reverse recharge circuit has a high Q-factor (Q, >> 0.5), then the expression relating the
initial and final capacitor recharge voltages can be obtained from (1), taking into account that under this con-
dition the coefficient 4 can be considered equal to 1, and the time of recharge ¢..., is assumed to be equal to

the half-period of capacitor reverse recharge (¢,,.;, = 7/L,C )

U finat = Unitiai e 002!/20 (sin m02n1/L2C/2Q2A +cos m02n1/L2C). 4)
Then, taking into account that wg, = /1/L,C , we get:
—7/2
Uﬁnal = _Uinitial e /20 . (5)

After the transformations, the final expression for losses is written as

VVlosses % = (1 - e—n/Qz ) 100 % . (6)
The results of loss calculations at O, = 20; 25; 30 are presented in Table 1.
Table 1 As can be seen from Table 1 the condition that the energy losses during the

reverse recharge of the capacitor does not exceed 10% of its initial energy is satis-
O 20 | 25 |30 fied only for quality factor of the recharge circuit O, = 30.

Wiosses % | 14,5 11,819,9 Figure 2 shows the time dependence of the current in the reverse recharge

circuit i»(¢) and the capacitor voltage uc(?) at O, = 30 and different values of L,. The
results of the analysis of the dependencies in Fig. 2 are given in Table 2. It gives the values of the time of the
reverse recharge process until the polarity on the plates of the capacitor changes ¢,.., o (wWhich in oscillatory
recharge is determined by the time when the capacitor voltage reaches zero and begins to change its polarity)
at 0, = const = 30 and various values both inductance L, and active resistance R,.

uc(t), V b(t), A
Table 2
S00 [ e t)yg 2.5 U (D12-10 uii 500
= i L,, uH 2,5 5 10 15 20

uc(t)i2- pH

0 1o Ry, Q 10,0053 0,0075| 0,0105| 0,0129| 0,0149
trecnos US| 25,1 355 | 50,2 | 61,5 | 711
b(t)i2- 20
7500 N 17500
\lz(f)m:lsw Thus, both set conditions: the losses do not
~ by ()2 10 411 exceed 10 % and the time until the capacitor's plates
~1000 171000  polarity changes exceeds 60 ps (the locking time of
b(12= 5 the thyristor taking into account the restoration of its
B . 1 locking properties) are satisfied at the following pa-
1500 B(Vi2-25 1500 rameters of the reverse recharge circuit: either
L,=15pH and R,=0.0129Q or L,=20pH and
=000 - - - =000 Ry =.0.0'149‘Q (corresponding to the quality factor
I T4 T4 of this circuit O, = 30).
0 4-10 810" 1.2-10 1.6 10 . . .

Fig. 2 t,s The numerical simulation has been performed

using the MATLAB/SIMULINK/SPS package in
order to consider more complex transients that occur when the reverse recharge circuit C-R,-VT,-L,-C during
the discharge of the capacitor to the load, i.e. when the configuration of capacitor discharge circuit was
changed during capacitor discharge. The influence of the moment of recharge chain R,-VT,-L, connection
(by changing the turn-on time of the thyristor V'7,) on the transients both of the capacitor discharge through
the load and subsequent reverse recharge of capacitor was studied.

Figures 3, 4, and 5 show the oscillograms of the voltage and current of the capacitor, as well as the
currents in the circuit of its reverse recharge and in the load at following circuit's elements parameters:
Upcrg =500V, C=10"F, L=2-10"H, L;=510°H, R=0.07 Q, Rjuu=0.15Q, R,=0.015 Q.

Fig. 3 indicates the installation operation, when the connection of R,-V'T5,-L, recharge chain occurred
after capacitor discharge trough the load, and Fig. 4 — in the process of capacitor discharge. The inductance
value in the reverse recharge circuit was taken L, =210 H.
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Fig. 5 reflects the operation mode in which the recharge chain is connected during the discharge, but
the inductance value L, is reduced by an order of magnitude (L, =2:10° H). The delay time of the connection
of the recharge thyristor V7T, (relative to start of capacitor charge transient) varied within 0.55-2 ms. The re-
covery time of the locking properties of the discharge thyristor V7| was set equal to 7}e,, = 0.6 ms.
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Analysis of the results in Fig. 3 and 4 showed that if inductance L, is properly selected then the sta-
ble operation of electric discharge installation could be achieved both when the recharge chain is connected
after capacitor discharge and during this discharge. If, however, the value of the inductance L, is less than a
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certain critical value L., which is equal to 2:10"° H for the cir-
cuit in Fig. 1 with parameters Upcyg=500V, C=10 “F,
L=2-10°H, L;=510°H, R=0.07 Q, Riuwu=0.15 Q,
R, =0.015 Q, then the capacitor reverse recharge will occur
faster than the discharge thyristor VT, can restore its locking
properties (Fig. 5). In this case, as can be seen from the oscil-
lograms of Fig. 5, the discharge thyristor V'7) is unlocked again
and remains in this state, which will lead to an emergency
short circuit mode when the charging thyristor VT is subse-
quently turned on.

Conclusion. It is substantiated that for stable trouble-free
operation of thyristor electric discharge installations with negative
voltage feedback it is necessary to realize two conditions:

— the inductance of the reverse recharge circuit of the
capacitor should be selected so that the time for change in ca-
pacitor's plates polarity exceeds the time necessary to restore
the locking properties of the thyristor in the capacitor dis-
charge circuit;

— the quality factor of the reverse recharge circuit of
the capacitor should be such that the energy losses in this cir-

cuit is not greater than 10 % of the initial energy of the capacitor.

It is found that both of these conditions are satisfied when Q-factor of reverse recharge circuit of the ca-
pacitor is O, = 30 and the element's parameters of this circuit is following: either L, = 15 pH and R, = 0.0129 Q or
L, =20 pH and R,= 0.0149 Q. In this case, the losses will not greater 10 %, and the pause time between the mo-
ments of occurrence on the discharge thyristor the negative (locking) voltage and the positive (unlocking) voltage
will not exceed 60 ps (the locking time of thyristors of the type Tb 353-630-16 that is used in abovementioned
installations, taking into account the time of restoration of thyristors locking properties).
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YAK 621.3.011

AHAJII3 NIEPEXITHUX NPOLECIB Y KOJIAX EJIEKTPOPO3PAJHUX YCTAHOBOK 31 3BOPOTHUM
3B'SI3KOM 3A HAIIPYT O1O 3 YPAXYBAHHSIM YACY BIJIHOBJIEHHS 3AMUKAIOUYNX
BJIACTUBOCTEM IXHIX HAIIIBIIPOBIJJTHUKOBUX KOMYTATOPIB

A.A. lep6a, wi.-xop. HAH Vkpainu, H.I. CynpyHnoBcbka, nokt.rexH.Hayk, M.A.lllep0a, kaHa.TexXH.HayK
IncruryT enexrponunamikn HAH Ykpainn,

np. Ilepemoru, 56, Kuis, 03057, Ykpaina, e-mail: iednatl @gmail.com

Y pobomi obrpynmosano nioxio 00 eubopy eenuduHu iHOyKMueHOCHI OpOCeis 6 KOJi 360POMHO20 nepe3apady KOHOeHCamopa mupuc-
MOPHUX eNeKMPOPO3PAOHUX YCIMAHOBOK 3 Pe2YIbOBANUM 360POMHUM 36'A3KOM 34 HANPY2010 (30Kpema YCMaHo8oK 0N 00'eMHo20
€eNeKMpOICKP06020 ducnepeysants memanig y piouni). I1ioxio sacnosanuii Ha ypaxyeanHi yacy 6i0HOBNEHHS 3AMUKAIOYUX BIACIUBOC-
metl mupucmopa 6 po3paOHOMY KO MAKUX YCMAHOB0K, d MAKONXC NPUNYCMUMUX 6MPAm Y KO 360pOMHO20 nepe3apsdy KOHOeHCa-
mopa. Pesyrvmamu mamemamuuno20 MOOENO8AHHS NEPEXIOHUX NPOYECI8 Y KOIAX KOHOEHCAMOpA MAKUX YCMAHOB0K NOKA3AU, WO
npu NPASUNLHOMY BUOOPI 6EUYUHU THOYKMUSHOCMI OPOCeisa 6 KO 360POMHO20 nepe3apsady KOHOEHCAmopa iCHYE MOMCAUBICHIb
BKIIOUEHHS. Yb0O2O KONIA 00 3AKIHUEHHS PO3PAOHO20 NPOYECY KOHOCHCAMOPA HA HABAHMAICEHHS (MoOmo npu 3MmiHi Kongizypayii po3-
PAOHO20 KONA KOHOeHcamopa nid uac 1oeo pospady). Ilpu yvomy empamu nio uac 360pomuo2o nepe3apsdy KOHOeHcamopa He Oy-
Ooymb nepesuwyeamu 10 % 6i0 enepeii, HakonuueHoi 8 KoHoeHcamopi 00 nouamxy nepesapsdy. bioin. 10, puc. 5, Tabmn. 2.

Knrouogi cnosa: nepexiani npouecH, po3psia KOHAEHCATOpa, 3BOPOTHHH Iepe3apsiy], 4ac BiJHOBJICHHS TUPUCTOPA.
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AHAJIN3 NEPEXOJHBIX ITPOECCOB B HEIAX 3JIEKTPOPA3PSJHBIX YCTAHOBOK

C OBPATHOM CBSI3b10 10 HAIIPSI)KEHAIO C YYETOM BPEMEHUA BOCCTAHOBJIEHUSA
3AIMPAIOIIMX CBOMCTB UX MOJIYIIPOBOJIHUKOBBIX KOMMYTATOPOB

A.A. lllep0a, un.-xopp. HAH Vkpaunsl, H.U. CynpyHoBckas, 10KT.TexH.Hayk, M.A.lllep0a, kaHJ.TeXH.HayK
HMucruryT 2iexrponunamuky HAH Ykpaunsl,

np. IloGeanl, 56, Kues, 03057, Ykpauna, e-mail: iednatl @gmail.com

B pabome obocHo6an nooxoo k eviO0py GenutUHbl UHOYKMUSHOCU OPOCCelsl 8 Yenu 00pamHo20 nepe3apsaoa KOHOeHCamopa mupuc-
TMOPHYIX INEKMPOPA3PAOHBIX YCIMAHOBOK C Pe2yIupyemMoll 00pamHoll C6a3b10 N0 HANPANCEHUIO (8 YACMHOCIU YCIMAHOBOK OJisl 00beMHO-
20 DNIEKMPOUCKPOB020 OUCHEP2UPOBAHUSL MEMAN0s 6 dicuokocmu). I100X00 ocHO8an Ha yueme epemeHu 80CCMANOENEH U 3ANUPAIOUUX
CBOUICE MUPUCMOPA 8 paspAOHOL Yenu MaKux YCMaHo8oK, d Maxkx#ce OONYCMUMbIX NOMepsb 6 yenu 0OpamHo2o nepesapsaod KOHOeHca-
mopa. Pe3ynomamel Mamemamuiecko2o MoOe1uposanus nepexooHbIX NPOYECcos 6 Yensx KOHOEHCamopa makux YyCmano6oK nokasa,
UMo Npu NPABUILHOM 8blOOpe BENUYUHBL UHOYKIMUBHOCHIU OPOCCENs 8 Yenu 06pamHo20 nepe3apsiod KOHOeHCamopa cyuecmsyem 603-
MOJCHOCb BKIKOUEHUS DMOTL Yenu 00 OKOHUAHUA PA3PAOHO20 NPOYECca KOHOEHCAMOpa Ha HASPY3KY (Mo ecnib npu usMeHeHuU KOHGuU-
2ypayuu paspsaoHoll yenu KOHOeHcamopa 60 epems e2o paspsaoa). Ilpu smom nomepu npu obpamuom nepesapsade KOHOEHCamopa He
6yoym npesviuwams 10 % om suepeuu, nakonienHou 8 konoencamope 0o nauana nepesapsioa. bu6m. 10, puc. 5, Tabm. 2.

Kniouesvie cnosa: niepexoHbIE IPOLECCH, Pa3psi] KOHIEHCATOpa, OOpaTHEIN Iepe3apsisl, BpeMsl BOCCTAaHOBIICHUS THPHUCTOPA.
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