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SPECIFIC CHARACTERISTICS OF HIGH-VOITAGE PULSED CAPACITORS
V. V. Konotop and S. M. Fertik
Khar®kov Polytechnical Institute imeni V. I. Lenin

Durability [life] is the most important technical and econonmic
indicator of any industrial prodact, including high-voltage pover

capacitors.

During a comparative evaluaticn of various types of capacitors
one should necessarily take this factor into account. Let us recall
that usually ve use so-called specific qualitative characteristics of
capacitors which do not take 1life iuto account, These include
specific yaight. unit cost and unit volume wvhich are actual weight A,
cost S and volume V of the capacitor referred to its erergy index B
(1 and 2], As the lattor f&ctor for power capacitors oporating in
alternating current circuits, for example, cosine and series

capacitors, ve use the reactive pcwer of the capacitor Q, and for
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pulssd and filter capacitors, stored ensrgy W.

Thus, for powsr capacitors we havo:

R Ayu==j§-
v

(2) Vw‘-:_._a_‘

(3, SYJl:%‘

Sometires inverse values are used, for example:
3
(4) 3yn=“§"

Such specific characteristics, however, are applicable for
comparative evaluation of capacitors only in the case vhen the

compared objects have an identical rated life.

Actually this is far from the actual case, in particular for
puls2d capacitors which, dépending on their designation, are
developed for one or arnother 1life significantly differing fron the

accepted average values of the life of power capacitors for general

application. Thus, high-voltage pulsed capacitors intended for

oo
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physical investigations cf powerful magnetic fields or hot plasma are
often designed for a total of 1-2 thousand discharges. Along with
this capacitors for electrohydraulic installations or for forsing
lines operating with a repetiticn frequency of 1-50 Hz must have an

average life of 106-708 discharges,

The individual approach to establishing the life of one or ) L

another type of capacitor is determined not only by economics but

sometines by purely technical ccnsiderations, inasmuch as a decrease
of the life makes it possible tc correspondingly reduce the weight,
voluse, and inductance of the capacitor. Therefore for capacitors
having a different rated life specific indices must be introduced

vhich take the life into account as well as wveight, cost, and volume.

For pulsed capacitors one should take into account the rated and
average life (the number of charge-discharge cycles which the
capacitor will withstand before failure) and refer a specific

characteristic to a single discharge. Then instead of (3) we obtain:

A %2 k '
(5) ”m"”‘W ['DSF-’,)I:'?:;'}‘U]'
Fo dischoeg

And likewvwisa
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[{
(6) s,.a=§_[ ‘,&_____!,%_ .
. (]
WN _d*‘.ﬁ?:‘u

The latter formula is very graphic, It expressas the component
cost of a single pulse (discharce) expendable for depreciaticn of the

capacitor referred to the energy stored in the capacitor.

The specific characteristics taking into account the life of a
pulsed capacitor could be desigrated and named: ay - specific
sconomic weight, Sy, specific cost, Yoa~ specific econoric

volunme.

Let us examine the suggested specific characteristics in
soaevhat more detail using the erxarple of pulsed capacitors for

general application.

Por this wve analytically express the specific characteristics of

the capacitor through the average life,

For establishing the connection betwveen the average life and the
gradient for cosine capacitors in a relatively narrowv range with

resprct to life ve uvse & formuvla cf tha form [1]:
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vhers E - intensity of the electrical field in the dielectric:

T

t - average life with a gradient E;

E k and m - coefficients, depending cp the mode of operation of the
! capacitor, technology of its manufacture, peculiarities of

construction and a number of c¢ther factors.

Thus for example, for paper capacitors ispregnated with liquid
dielectric operating with alterrating current, m say have the values:
7-8 {13, 10 [3], and 12-14 [ 4]. For capacitors operating with

direct current, m=16 [3].

The performed investigations shoved that for pulsed capacitors

with paper-oil insulation the dependence of the vorking gradient on |
the average lifs mnay be expressed by an analogous enpirical formula

of the form [5].

LI

(8) E:—:'{'/N

v

vhere E, - intensity of the electrical field wvith vhich the
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capacitor could theoretically oparate an infinitely long time; in a

narrov range vith respect to life we may accept E, =0.
e N - the average life of a capacitor vith gradient E.

As is knovn the weight of the capacitor in kilograams may be

[ found approxicately according tc¢ the formula

v Cl?
(9’ A= 1.13-10"1'@‘—',

where E - vorking gradient, V/co:

U - working voltage, Vg

C - capacitance;

€ - relative diolcctric constant; j

k, - coef{iciert of filling of the volume of the capacitor wvith

active dielectiric;

vy -~ spocific gravity of the dielectric, g/cm3,

T et e TR
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Coefficient k, is equal to the ratio of the weight of the active

| : part of tho vorking dielectric of the capacitor to its total weight
and deponds both on the parametets ¢f the capacitor (working voltazge,

capacitance, life) and on the perfection of its comstruction.

Lot us find am for which we substitute (9) into (S):

(10) : a,,:-:é.%- 10y = kL]..

1
shEN [?’:”f-.lxmﬁs

Having substituted the value of gradient E from expression (9)
into (10) ve will obtain:

2

’ : N-';l—- -l k LIS
@ = 2,26 10" Kz X§
on =t T )

In order to rove to the specific cost of the capacitor let us

note that inasmuch as ve use forgula (9) and all those following it

f for coaparison of the same type of capacitors which are close to each
k other in their parancters, then in the first epproximation ve may

i consider k, as a corstant coafficiert. hnalogously, in the firmst
approxination it is passible to accept that the supply cost cf the
capacitor is proportional to the weight of the active part of the

dioloctric. Az shown by the cocst amalysis of & number of donastic
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capacitors, the corresponding proportionality coefficient k3 lies in

the lirits of 0.15 to 0O.4.

Then

2, N

e es DR, N P, puo.
(12, s’u——2.26 10“7 P%) :'— [6.)1C~pa.’i[)ﬂd]'

KEY: rubles/Jdedischarge.

where P; is the cost of the dielectric, rubles/kg. *

It would be possible to write more accurate and more complex
equations expressing the dependcnce of the total veight and the
supply cost of the capaclitor on the weight of the active part of the
vorking dielectric. However, for the given qualitative investigation
this is apparently not required, especilally as the value K3 is
affectad by a number of othar factors which are difficult to comsider
(technological effectiveness of the construction, degree of

mechanization of producticn, level of additicpal expenses, ©¢tce).

Lot us erauine expression (17} . From it. it folleows 4hat other
conditions heing equal the calculated syA decrcases in propertien to

the increase of N.
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On the basis of analysis of the wholesale cost of capacitors of
type It producad by douestic plants, and also of capacitors produced

in small series at the Ebar'kcv Pelytechnical lanstitute, dopending on

the rated (guaranteed) life, the figure shows plotted curves.
00 (- -
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Dependeance of the spacific cost of discharge on ths rated life of the

capacitor. @-area I; A~ X—Ul. KEY: 1. specific cost,

2 copecks/kJedischarge; 2. rated (guaranteed} life.

e o

Yalues of coefficicents v and k; for capacitors turned out to

crnily for arca I, 5=l and k,~2.5¢10¢; for arca IX, ==11 and

| ks 1. 101083 for ares ilT, m=8 and k,=1.6010¢,

-

The sence ffquroe shovs che spacific cost of sora types of




SRTY SPSPpver S

BTN =y

poC = 1959 PAGE 10

capacitors with insulation of capacitor paper impregnated with

capacitor oil.

These curves enclose three aresas:

Area I encompasses pulsed capacitors operating at an eguivalent
load of more than 1 2, with a discharge trepetition frequency not
greater than 0.1-0.01 Hz (for examgle, circuits of generators of
pulsed voltage and current in high-voltage electrical engineering

laboratories, and some electrohydraulic installations).

Area II encompasses pulsed capacitors operating at very small
equivalent loads on the order of 0.01-0.1 2 (installations fcr sone
physics research, for ragneto-pulse treatment of nmetals, and =o

forth). The repstitiocn frequancy is usually not greater than 0.1 Hz,

Area III - capacitors dischaxrging to loads on the order of 10
ohrs vith a repetition frequeacy of 25100 Hz (circuit of
high-voltage forming lines, some electrohydraulic installaticons,

6tCe) o

It should bo censiderad ¢Lat the average life of a capucitor is

ucually not Iess than 2-3 tiwes higher than the rated (guaranteed)

lLifc.

v e -
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The relationships given abcve apparently relate to the case when
capacitors are always operated under nominal conditions with respect
to charge voltage and lcad. If vunder actual conditions, as this often
happens, the capacitor is used with various values of the charge

voltage UCU,, then its work capacity will naturally increase.

Normally the operation of a carpacitor is provided for at several
different (discrete) operating voltages Ug, Uzs neey Ui o weceo Uy »
to vhich corresponds a life Kie Wze cvey Ny o cees N, . If at each
voltage the capacitor operates p 9/, of the time so that
PitPatecotp, +teeot¢P, =100 0/, , then the rated life of the capacitor

is increased and will apparently be equal to:

(13) 2}-§L

vhere N, -~ rated life of the capacitor taking into account the

charging conditions in the given installation.

Taking into account that for a pulsed capacitor a relatioaship

of the form
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(14) () =7

is valid, and substituting (15) into (14) we obtain

100y

)

(15) N

vhers N, - rated life at the nosinal voltage.

The relationships given abc'e cay be used by developers of
high-voltage pulsed capacitors and designers cf high-voltage pulsed

installations for technological purposes and fer scientific rescarche.
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