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SUITCHING THE CIRCUIT OF AN INDUCTIVE ENERGY STORE USING A VACUUM

SWITCH

A. V. Reymers, A, A, Tsvetkova, Yv. P, Ivanov, and V. P, Zhil'tsov

Moscow

Hhen using a pulse generator with an inductive energy store

great difficultics are caused by the effective breaking of i*s

electrical circuit. It is interesting to investigate the possibility

of using a vacuunm switch for this gpurpose [1]). As is known,

extinguishing of an arc in a vacuur switch takes place at the moment

of passage of the current through zero. In the case of installation

of such a switch in direct-current circuits (in particular, in a

pulss genarator with an inductive enargy store) the transiticn

through 2zero is achieved by the use of a special extinguishing device

vhich is a capacitor bank discharging to the switch at the necessary

momcnt (2]. The sxpadiency of using a switch cf a given type in theo

circuit of an inductivo enorgy stcra is da2termin~d to a significant
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degree by the size and ccst of the auxiliary capacitor bank. The
basic task of this articls is to determine the necessary energy of
the capacitor of the extinguishirg device during switching of the

circuit of the inductive energy stcre with a vacuum swvitch.

A diagram of the simplest extinguishing circuit, connected to
the circuit of an inductive energy store, is shown in Fig. 1.
Curves of tha recovery voltage and tha current through the

svitch during discharge of the caracitor of the extinguishing circuit

in a simplified form are shown in Fig. 2.

R P
SRTOR?

7 Tm_;
R, % L

| P iy
R

Fig. 1. Diagram of the switching cf the circuit of an inductiva

energy store with a linecar extinguvishing circuit LC.

C - capacitor of the extinguishing circuit; L - choke of the

extinguishing circuit; B - iacuum switch; L, - energy store; P -

discharger; R - load resistance; R - charge resistance.
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Fig. 2. Curves of the current and recovery voltage. 1 - in the
presanc2 of a linear extinguishing circuit LC; 2 - in the presencs of

an extinguishing circuit with a saturating choke.

- 3
1
.
S

i..

FPig. 3. Oscillograms of vcltage and current in the circuit of a

vacuun arc-extinguishing charher {ex4inguishing circuit with a
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saturating choke),. KEY: 1. pse.

The duration of the switching rrocess (as a result of which *he
current in the switch is decreacsed from I, to 0, and in the load
increasas from 0 to I,) is determined by the sum of the time of

currant drop and the voltage reccvery time:

T -
(1) 'l=‘en+'n=T+l‘{l‘.£a,

vhere T - period of oscillaticns c¢f the extinguishing circuit; Cc -
capacitance of ths capacitor of the extinguishing circuit; I, -
current to be switched; U,xIoRy =~ maximum voltage on the lcad wvith
a resistance of Ry s « - a certain coefficient depending on the
moment of connection of the load (subsequently vwe shall consider that
axl, wvhich is justified if the 1lcad is connected at the moment whan

the recovery voltage is close tc U, ).
The minimum duratiop of switching necessary for successful
disconnection may be exarined as 8 characteristic of a svitch of a

given type.

Lat us determine the dcpendence betwean energy for which the
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f capacitor of the extinguishing circuit must be designed and tha
duration of switching. The necessary capacitance of the capacitor of

the extinguishing circuit is found from the relationship

¥
- A
E (2) C =507
R
Y
"
§ vhere Uy, is the initial voltage cn the capacitor of the extinguishing
_ﬁ circuit, It is not difficult tc shcw that energy E, stored in the
‘,d .
ﬁ capacitor of the extinguishing circuit vill be minimum with Uy=0 .
{
1
3
M Taking into account (1) and (2) we find:

. A

i 3 =t
Ki

vhera Lo is the inductance of the enerqy store;

Ly _ Ul L,

I:’.m—z—- 7 TR

Thus the energy storad in the capacitor cf the extinguishing
; circuit is proportional to the switching time. Relationship (3) nay
"
> | be written in a sorewhat different form if we introduce the concept
!

- of the limiting frequency of the extinguishing circuit:

. - - -

|

4
|
]
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(4) f'j
£ §-
£y 20y ent
s whare | |
- L Y
; " Fupen = 7 i (_‘ +-2-1?>.
oY
f Along with the simplest diagram of the extinguishing circuit
? examined above it is possible ¢c use other diagrams which provide
1
‘ better conditions for extinguishirg the arc in the switch. For
} exarpjle, in the presence of a saturating choke in the switch circuit >
i- [3) we observe that the current and the recovery voltage are
&
H

approximately equal to zerc during the svitching period . ., A 1

simnilar effect takes place whken we use an artificial line as the

VR

extinquishing circuit. It is not "ifficult to show that for ths

! indicated diagrams the switching duration is equal to

o

U
ty= ——2€. = (npht Uy == Uy).

The nacessary energy of the capacitor of. the extinguishing 1

circuit is determined by a relaticnship analogous to (3):

>

(5) By ™o
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From relationships {(3)-(5) it is evident that for evaluating tho
energy of the capacitor c¢f the extinguishing clircuit it is necessary
to know the nminimum switching duration t, (or the limiting freguency
fN“A')' The indicated valves were determined experimentally for
vacuun arc-extinguishing charhers ¢f ths type KDV~12M. The diagranm of

tzsts is aralogous to that shcwn in Fig. 1 with the difference that
the current in the circuit of the tested chamker was created by
discharging a bank of capacitcrs with a capacitance of C=1400 pFP; the

inductance of the store L, was 0.2Z5 mH.

It should be noted that the erployed method did mot completaly
reproduce the conditicns of cperaticn of the switch inm the circuit of
the inductive energy store since ir the process of testing a stage of
prolonged passage of the current through closed contacts during the
accumulation of energy was absent. For sliminating pcwerful héating
of the contacts of the vacuum arc-extinguishinrg chamber it may bha

necessary to shunt it using a suprlementary ccmmutator, which breaks

just bafore triggering cf the vacuup switch,

buring the tests the contacts of the vacuum arc-extinguishing
charber were separated simultancously with the beginnirg of discharge
of the capacitor bank which led tc the appearance of an arc hetwecn

then. The discharge of the capacitcrs of the arc-extinguishing

circult was realized at the moment when the distance botween tha
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contacts of the chamber reached 2-3 mm. As a rule, this moment
corresponded to the maxinum curtent in the circuit of the chambhnr
which arrived onre millisecond after the beqginning of discharge of the
basic capacitor bank. In the covrse of the cxperiments it was
established that the duraticn of turning of the arc Letween the
contacts greatly affects the maxinur switchable current, For example,
vith a decrease in the duraticn of hurning of the arc from 4 to 1 ms
the raximum switchable current increased approximately 1.5 times.

A relatively small arc time (1 ms) vas achieved By rapid
breaking of the chamber ccntacts using a special electrodynamic
drive, consisting of tvo coils, mutually repelling each other during
discharge on them of a capacitor with a capacitance of 100 pF charged

to a voltage of 1.5 kV.

The resistance of the load ccnnected through the discharger with
a breakdown voltage of ahout 20 kV, was 5 Q. Tha initial voltag=: on
the capacitor of the extinquishing circuit vas selected in tha limits

of 23-25 kv,

Along with the diagram depicted in Fig. 1 a diagram was tested

vith a saturating choke which was ccnnected to the circuit of the

arc-extinquishing chambexr (in 4his case choke L was absent).
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In the course of the coxperirments w2 recorded the current ir the-
circuit of the vacuum arc~axtinguishing chamnber and the recovery
voltag: on an oscillegraph (Pig. 2). Th2 switched current wvas defincd
as the current preceding the morkent of triggering of the
extirguishing circuit. The limitino current was taken as the current
corresvonding to 90 9/, successful disconnzctions. Tha svitching
duration was determiﬁed from the c¢cscillograms from the moment of the
initial) current drop to the mcment when th2 maximum recovery voltage

was rcachesd. The results ¢f the tests have been reduced to a tabla.

L) —37 'I) ' 5) Ax—lﬁlm‘y-
I) FMEOcIs | Gactara Tipess Mperean- | 73 gnecra-
FACROEPO | PUCKILCFO | KOMMYTa- 'f”“ OT- | yapanpik-
Tun exemu rouTypa, | RosTypi, wum, Kauae- | peae nas
e Kok xreex MU TOK, |y mcenng,
La xe
7 16 8.3 120 6 23
C munedumm 4 13.5 50 5.8 24
Rpocceey | 9 30 29 4.4 25
1 47,5 15 3,1 25
C nagu- 16 32 6,3 23
LA KMHMCR 4 22 6,1 25
ppoccees 9 15 4,2 24

KEY: 1. type of circuit; 2. capacitanct of the extinguishing circuit;
3. freyuency of thoe extinquishirg circuit, kliz; 4. switching tine,

pss 5. taxionum switcheble current, kd; 6. anplitude of recovery

volteqgo, kvV; 7. with lipear choke; 8. with saturating choke.
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In the absence of a lcad (B“ =«) the voltage may be restored to

a very large value; in this case a breakdown cccurred between the

contacts of the chamber ¥ith a voltags of 35-46 kV.

From the table it is evident ¢hat the waximum switchable current
dapends little on the frequency ¢f the extinguishing circuit in the
limits of 8~14 kHz; a significant decrease of the switchable current

occurred at frequencies of the extinguishing circuit of 30 kHz and

greater.,

With a given capacitance of the capacitor of the extinguishing
circuit the use of a saturating chcke makes pessible a certain
increasa of the switchatle current. It 1s interesting that with an

increase of the duration of switching to 500 ps the switchable

current Yrose only to 7 ki.

On the basis of the obtained data it is possible to select th>
switching duration and to evaluate the energy for which the capacitor
bank of the extinguishing circuit sust be designed. Apparently the

use of a svitch vith an extinguishing circuit in the circuit of the

inductive store is expedicnt under the condition that the energy of
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the capacitors of the extinguishing circuit is at least an ordzar less
than tho enorgy stered in the inductiva store. From experimental data
given in the table and frcwm relaticnships (3)-(5) it follows that the
indicatad ccndition for the investigated vacuum swjitch will be
observ~ad if the duration c¢f the discherge of the inductive store r is
hundreds of microseconds and greater,

E, 1

(For example, with fape=10 kHz E,=0h = E, =
. . 2nfupen “F,
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