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DECREASE OF TRANSIENTS DURATION AND IMPROVEMENT OF DYNAMIC
CHARACTERISTICS OF ELECTRICAL DISCHARGE INSTALLATIONS
BY CHANGING THE STRUCTURE OF THEIR DISCHARGE CIRCUIT
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The features of changing the duration and nature of transients in electric-discharge installations (EDIs) when shunting
the discharge circuit of their capacitor with an additional RL-circuit instead of by regulating the voltage feedbacks are
determined. The dependences of pulsed currents and powers in the load of such installations when changing their struc-
ture are studied. Based on the mathematical simulation, the appropriate values of the time delay of connecting an addi-
tional shunt RL-circuit after the start of the capacitor discharge through the load and the energy-efficient parameters of
the additional circuit are determined. The use of obtained results allows to reduce in practice the duration of the pulse
currents and increase the pulse power in the load, that is, to increase the output dynamic characteristics of the EDI. In
spark technology, this approach contributes to the production of electro-eroded powders with smaller sizes and better
performance. References 12, figures 5, tables 2.
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Changes in the duration of transients and dynamic characteristics in the output circuits of electric-
discharge installations (EDIs) for spark erosion [1-3], electro-hydraulic [4] and induction [5] treatments of
materials are usually investigated taking into account changes in their output voltage [4, 6], discharge pa-
rameters pulses [2, 7] and electrical resistance of the load [8]. However, connecting the shunt RL-circuit in
parallel to the capacitor of the EDI at a certain moment of its discharge can prevent the occurrence of unde-
sirable long aperiodic currents in the load, which significantly reduce the efficiency of the EDI and increase
the particle size of the obtained powder [9-12]. Therefore, it is important to investigate the peculiarities of
changing the parameters of impulse currents in the EDI under different conditions of shunting of the dis-
charge circuit of their capacitor.

The aim of the work is to determine the conditions for changing the structure of the output circuit
of the EDI, which reduce the duration of the pulse currents in the load and increase the output dynamic char-
acteristics.

In the circuit diagram of discharge circuit of EDI for spark erosion shown in Fig. 1, the discharge of
the reservoir capacitor C to the load resistance R),.q is carried out through the

\/,VT2 VT,L/ inductive resistance and active one of the discharge circuit (L, R;) after
~ “l locking the semiconductor (thyristor) switch V7. The bypass R,L,-circuit
was connected in parallel to the capacitor by switching on the thyristor

|:| R, — R |:| switch VT, after start. of the capacitor d.ischarge some time later. .
-_ load The calculations on mathematical models and the analysis of pulse
currents in the load of experimental EDI showed that the change in their dy-
L, L, R, namic characteristics significantly depends on the duration of the pause be-
LYY L (YY1 | tween switching on VT, and V7T,. For simulation the transients we used
Fig. 1 software packages MathLab Simulink. The parameters of the discharge cir-

cuit elements were chosen so that on the one hand they correspond to the

real parameters of discharge circuit of experimental EDIs with electro-spark load [2, 5, 8, 12], in which

c=10"* F, R, =0.001 Ohm, L, = 10° H and on the other hand, that the discharge transient has an aperiodic

nature due to increasing the load resistance to Rj,,,> 1 Ohm. Initial voltage on capacitor was 1000 V. The

bypass circuit parameters were chosen so that the aperiodic discharge of the capacitor was guaranteed to be
transformed into an oscillatory one after turning on the thyristor V'T5 (R, = 0.001 Ohm and L, = 5-10" H).

The results of the studies are shown in Fig. 2, Fig. 3 and in Table 1. The ic currents in the capacitor

and ipy.s currents in the load that occur during the aperiodic discharge transient without connecting the by-
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pass R,L,-circuit and after switching on the V7, thyristor after pauses equal to 0.005; 0.025 and 0.1 msec are
shown in Fig. 2 and Fig. 3 correspondingly.

Table 1 reflects the change in obtained characteristics of the discharge transient (such as maximum
currents in the capacitor /¢ gy, in the load Irpad mar, and in RyLo-circuit Igyro mayr; the recharge capacitor voltage
Uc reen; discharge duration in the load t; energy and average pulse power in the load: W), and Pj,uq4v; capaci-
tor energy utilization factor kc) when the connection moment of the R,L,-circuit 7., changes. The average
pulse power in the load was calculated as Pjyuqa = Winaa/T, and ke — by the formula kc = Wy / Weo, where
Wey is the energy in the capacitor at the beginning moment of the discharge transient (Weo= CUg*/2 = 50 J).

Analysis of the results in Fig. 2, Fig. 3 and in Table 1 confirms that the moment of connection of the
bypass circuit significantly affects the nature of the discharge transient. It proceeds the faster the earlier the
bypass circuit is connected. So connecting the bypass circuit at time #.,, = 0.005 msec (0.025 and 0.1 msec)
reduces the discharge time by 7.2

ic, A iRload> A : ;
200 0005 sed, || 1200 . (6 and 3.6) times, respectively,
fon = _:Q.szlf;s@c: B A compare.:d to th@ mode without
1000 I 1000F-+-=----+-7--r-7-7-"r-71 connecting. In this case, the aver-
! ! | | | | | | | | . .
age pulse power in the load in-
800 ) A W G I A S B S .
o o creases 4.6 (4.5 and 3.5) times,
600 Tnfa| 600 o o4-d--b-i---yp-| respectively.
L R AR It should be noted that the
d p-citcuit |_attd,=0.005 msec | . ;
400 \ ffffffff ST doof - } . at,=01025 msec | maximum load currents in all con-
o 1 1  Atlen= Ol msee| gjdered modes do not change
777777777777777777 | 1 4~ |_ _ L _ 1 _ - _L_] .
200 o 2001~ without RoLi-circuit| (R toadmax = 960 A). The capacitor
0 Lo 1 - ol ! ~4T energy utilization factor kc be-
0051 152253354455 0051 152253354 455 comes the greater, the later the

Fig. 2 10", sec Fig.3 rl07,sec  pypass circuit is connected. So, at
teon = 0.025 (0.1 msec), compared to ¢, = 0.005 msec, the k¢ value increases by 1.2 (1.5) times. This is ex-
plained by the fact that the later the

Table 1 .

Conditions of R,L,-circuit connection circuit is connected, the gr.eater part
Characteristics of (R,=0.001 Ohm, L, = 5-10° H): 1,,,,, msec of the accumulated energy is already
the discharge transient o msec dissipated in the load and the smaller
0.005-msec | 0.025 msec | 0.1-msec (no connection) | Part of it will be used to recharge the

JADN 1135 963 963 960 capacitor to the reverse voltage.
Tetoad macs A 960 960 960 960 The most technologically and
Lpor2 maxs A 852 696 326 0 energy-efficient discharge mode for
Uc reens V -599 —489 -228 0 electro-spark load in EDIs with reser-
T, msec 0.10 0.12 0.20 0.72 voir capacitors (in particular in semi-
Wioaa I 31.6 37.6 47.0 49.7 conductor installations for volumetric
Pioad avs KJ/sEC 323 321 246 71 spark dispersion of current-conducting
ke, r.u. 0.63 0.75 0.94 0.99 materials) is the oscillatory discharge

of capacitor with its recharge up to
30% of the initial voltage [6, 7]. Based on this, it is advisable to connect the bypass circuit at the time ., = 0.1
msec. In this case, the discharge time will be reduced by 3.6 times (compared to the mode without circuit con-
nection), the capacitor recharge voltage will be approximately 23% of its initial voltage (modulo), and the load
energy Wi, will be 1.5 (1.2) times greater than at ., = 0.005 (0.025) msec, respectively.

The pulse power in the load will be slightly less than with an earlier connection of the bypass circuit,
but the capacitor energy utilization factor will be 1.5 (1.2) times higher.

However, if the main purpose of the dispersion process is to minimize the size of the obtained spark
eroded powders, then in this case it would be advisable to connect the bypass circuit as early as possible
(t.on = 0.005 msec), since in many papers the proportional relationship between the discharge duration and
the size of the particles is proved.

Another factor influencing the nature of the capacitor discharge transients to the load is the values of
the inductance and the active resistance of the connected bypass circuit.

Active resistance R, is the active resistance of the connecting wires and the wires wound on the coil
of this circuit. The resistance R, is two orders of magnitude lower than the load resistance (R, = 0.001 Ohm,
Riosa > 1 Ohm). That is why a change in R, several times with a change in the inductance L, by an order of
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magnitude or more did not actually affect the course of the discharge process. Therefore, we assumed that R,
is constant when the inductance L, is changed.

We studied the transients of capacitor discharge to the load, depending on the magnitude of the by-
pass inductance L,. The parameters of the elements of the discharge circuit except L, were chosen the same
as in the previous study. The connection moment of the bypass circuit was accepted .., = 0.1 msec. Transi-
tions were investigated at three different values of inductance L,: 100; 50; 5 uH. The results of the study are
shown in Fig. 4, Fig. 5 and in Table 2 (similar to Table 1). Fig. 4 and 5 show the capacitor currents and the

. load ones, respectively, during the aperi-
i, A 1000 Xeads A odic discharge process without connecting
15007 == = the bypass circuit and with connecting this

400

i i : T i i i i 800 bk circuit at different values of its inductance

1000k -1 - jﬂﬂlﬂifi”iwi” L,: 5;50; 100 pH.
I B Analysis Fig. 4, Fig. 5 and Table 2
i i i i shows that the maximum current in bypass

circuit increases with decreasing the induc-
SONH . | tance in this circuit. Thus, at L, = 5 puH, the
discharge current in the capacitor has two
maxima (the second maximum is caused
by an increase in the current in the bypass
circuit up to I,z mar, Which is 43% greater
than the maximum current in load Zzs,qq max)-
Table 2 That is why further reduction of L,, which will lead to an
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0

Inductance L, of | even greater increase in the maximum current in the bypass circuit
bypass circuit, uH| and therefore in the capacitor, is impractical because of the limited
100 | 50 | 5 | capabilities of semiconductor switches.

Characteristics of
the discharge transient

¢ paxs A 963 | 963 | 1428 With regard to the energy released in the load, with a

LRtoad maxs A 961 | 961 | 961 | change in L, from 100 to 50 (5) mH, it decreases by only 1.5
Lror2 mavs A 199 | 326 | 1375 (5.9)%. In this case, the discharge duration in the load decreases
Ucrecn, V 196|227/ 303 | 1)5pe significantly: by 14 (41)%, respectively, which leads to an
L, TSee 0.2210.1910.13 | 4 ease in the average pulse power in the load by 14 (59)%.
Wivaa I 47.7147.0 | 44.9

P Kl/sec 217 1247 | 345 In all cases considered, the reverse recharge voltage of the

. . o A
ke, T, 0951094 090 capacitor practically does not exceed 30% of its initial voltage (the

condition for the most effective discharge mode to the spark load),
and the capacitor energy utilization factors are high (k¢ > 0.9). Thus, the most appropriate choice is the induc-
tance L, = 50 uH, at which the maximum current in the circuit does not exceed 35% of the maximum currents
in the capacitor and in the load with sufficiently high other transient characteristics.

Conclusions. Simulation and analysis of transients in the discharge circuit of a semiconductor elec-
tric-discharge installation with a spark load showed that using the additional RL-circuit in parallel to the ca-
pacitor of the installation, we can convert a long aperiodic discharge of the capacitor into a rapidly decaying
oscillatory one, in which the load current increases and its duration decreases. It is substantiated that the
main factors influencing such changes are the moment of connection and the inductance value of the addi-
tional RL-circuit. In this paper, the expedient moments of connecting such a circuit and the value of its in-
ductance are determined for the parameters of the discharge circuit of actually operating installations for
electro-spark dispersion of a layer of metal granules in liquids during the formation of charging voltages up
to 1000 V.
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lectualization of technological processes and means of measurement, control, monitoring and diagnostics in electric
power and electrotechnical systems (code: INTEHEN)" within the target program of scientific researches "Fundamen-
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opment of Priority Areas of Research" (code of programmatic classification of expenditures 6541230).
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SMEHIINEHHSA TPUBAJIOCTI HEPEXI/IHUX MPOUECIB I NIIBUHIEHHA JUHAMIYHUX
XAPAKTEPUCTHUK EJIEKTPOPO3PAJHUX YCTAHOBOK 3MIHEHHAM CTPYKTYPH

IXHBOT' O PO3PAJHOI'O KOJIA
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Busnaueno ocobnusocmi 3minenns mpusanocmi ma xapaxmepy nepexioHux npoyecie 8 eiekmpopospaonux ycmauoskax (EPY)
Ypasi WyHmMy8aHHs KOAa po3paody iXHb02o KoHOeHcamopa 000amxosum RL-nanyiozom, a ne pecynioganHsAM 360POMHUX 36'53Ki6
3a nanpyeoio. Jocniodceno 3an1eicHoCmi IMRYIbCHUX CHpYyMI6 ma nomydcHocmell y Haganmaicenti EPY 3a 3minennam ixnvoi
cmpykmypu. Ha ocnogi mamemamuuno2o MoOemno8anHs 6U3HAUEHO OOYiNbHI 3HAUEHHA 3aMPUMKU 8 YACI NIOKIIOUEeHHS 000AmKO-
6020 RL-nanyroza nicisi novamxy po3psoy KOHOEHCamopa HA HABAHMANCEHHA MAd eHepeoephekmusHi napamempu 000amK08020
Janyroed. Bukopucmanus ompumanux pe3yiomamis 0ae 3mMo2y 3MEeHWUmy Ha NpaKmuyi mpueaiicmy iMnyIbCHUX CmMpymie ma
30iMbWUMU IMAYTILCHY NOMYHCHICIMb Y HABAHMANCEHHI, MOOmMO niosuwumu uxioHi ouHamiyni xapakmepucmuxu EPY. B enex-
MPOICKPOBUX MEXHONO02IAX MAKULL NIOXIO CRPUAE OMPUMAHHIO eeKMPOEPO3IUHUX NOPOWKIE 3 MEHWUMU POIMIDAMU A KPAuju-
Mu excnayamayiirumu xapakmepucmuxamu. bion. 12, puc. 5, Tabdmn. 2.
Kniwouoei cnosa: nepexigHuii mpouec, KOHAESHCATOP, PO3PS, IMITyJIbCHUH CTPYyM, TPHBAIIICTB, TOTYXKHICTb.
YMEHBHIEHUE JJUTEJBHOCTH HNEPEXOIHBLIX NPOLHECCOB U INOBBIINEHUE IUHAMMYECKHX
XAPAKTEPUCTHUK JIEKTPOPA3PSIHBIX YCTAHOBOK U3BMEHEHHUEM CTPYKTYPbI UX PA3PATHOU
EIIN
II-iI/I. CynpyHoBcKast', 10KT. TexH. Hayk, MLA. Illep6a’, nokr. Texs. Hayk, FO.B. IlepersiTko’, kar, TexH. Hayk, C.C. Posuckysios'
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Onpedenenvl 0coOeHHOCU U3MEHEHUs ONUMETbHOCIU U XAPAKMeEPa Nepexo0HbIX NPOYecco8 8 Yensax 2AeKmpopaspsaOHbX YCMaHo-
6ok (OPY) npu wynmuposanuu yenu paspsoa ux KOHOeHcamopa 0onoaHumenvHol RL-yenouxotl, a He pe2yiuposanuem oopamuix
cesazell no Hanpsxcenuro. Yccne0oeanst 3a8uUCUMOCMU UMRYIbCHBIX MOKO8 U MowjHOCcmel 6 nazpyske EPY npu usmenenuu ux
cmpykmypul. Ha ocnose mamemamuueckoeo modenupoganus onpeoeiensl yenecoobpasivle 3HAYeHUs 6PEMEHHOU 3A0ePHCKU
NOOKIIOYeHUs OONONHUMENbHOU wynmupylowei RL-yenu nocie Hauana paspsaoa KOHOEHCAmopa HA HASPY3KY U IHep2odp-
pexmusnvie napamempsvi OONOTHUMENLHOU Yenu. HCcnonb306anue NOIyYeHHbIX pe3ynbmamos NO360Jaen YMEeHbUms Ha
npakmuke OIUMENIbHOCMb UMNYIbCHBIX MOKO8 U YEENUUUNb UMNYIbCHYIO MOWHOCMb 8 HAZPY3Ke, M.e. NOBbICUMb BbIXOOHbIE
ounamuyeckue xapakmepucmuxu IPY. B a1ekmpouckpogbix mexnHoniozusx makoui nooxo0 cnocobcmeyem NoayyeHuro d1eK-
MPO3PO3UOHHBIX NOPOUIKOE C MEHLUIUMU PAZMEPAMU U TYHWMUMU IKCRIYAMAYUOHHBIMU Xapakmepucmukamuy. brnomn. 12, puc.
5, Tabm. 2.
Kniouegvie cnoea: nepexoqHbIN poIiecc, KOHASHCATOP, pa3psill, UMITYJIbCHBIN TOK, JUITEIBHOCTD, MOITHOCTb.
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