~

A NOTE ON THE EQUIVALENT CHARGE METHOD IN THE THEORY OF
~ " COMPOSITE CHARGES

V. vB.\ Tawakiey & 8. C. Jav

* Defence Science Laboratory, Delhi
(Received 26 March 68, Revised 26 April 68)

" This note deals with finding the value of the equivalent form factor by taking into accouht the
shot-start pressure. The methods used are (i) Corner’s method (¢2) Clemmow’s method and (i%¢)
Least square method. .

The internal ballistics problem of composite charge can be solved either by the Equi-
valent Charge Method proposed by Clemmow *’> and Corner® or by the Direct Method
as given by Venkatesan & Patnit. To use the cxisting tables of internal ballistics for
calculating ballistics for composite charge, Clemmow and Corner gave the idea of
réducing the composite charge consisting of two componert charges to a single charge.
They calculated the composition and the form which this equivalent. charge should posses.
In a recent paper, Kapur® extended the theory as given by €lemmow and Corner to the
general case of -n component charges. \ L

Consider the equivalent charge to be such that at any instant the energy produced
by it is the same as that produced by the component charges whereby - the composition
of the equivalent charge is deduced. The form factor for the equivalent charge is then
calculated by any of the two different methods proposed by Clemmow and Corner. Knowing
the composition and form factor for the equivalent charge, any one of the existing me-
thods for a single charge can be used to calculate the internal ballistics of the gun. But
the equivalence is not perfect in the serse that none .of the methods takes into account -
the effect of shot-start pressure on the equivalent form factor. The complex process
of band engraving is represented by the use of the shot-start pressure theory and this
shot-start pressure has quite a considerable effect on the internal ballistics as established
by Aggarwals. Thus it is necessary to include the shot-start factor while calculating the
form factor for the equivalent charge. '

COMPOSITION OF THE EQUIVALENT CHARGE

; IIJ; guns since generally we use only two charges having quadratic form functions,
we will confine our attention only to such charges. As the energies' produced by the
equivalent and the composite charges are the same at any instant; we have
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Also, at the end of two stages of burning the fractmn of eqmva.lent charge remammg is
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* meaning thareby that the -energy: generated. by the equ.walent cha.rge is equal to the sum
* of the energies available from the two component charges ‘

Since at all-burnt stage the mass of the gas for the equwa.lept and the compomte charges -
is the same, ' : : _
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Thus (4), (5) (6) and (N debermme the charac‘&e ttléé of the equlvalent charge in terms
of ¢ the characteristics of the comp031te charge. .

CALCULATIQN QF ’I'HF EQUIVALENT FORM FACTOR

From (2), When both the charges are bummg, we have N
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‘ Now Wlth the help of (8) and (9), we can ﬁnd the va,lue of the form factor by the me-
thods given by Corner and Clemmow. o :

Y (@) Corner’s Method-——Followmg thlS methodf the va.lue of 0is found by ma.kmg S
T the ares under the curve Z = ( 1 —f){1 + 0f ) -equal to the area under the ( Z —f)
- curves for the two oomponent charges Accordmgly from (8) and (9), we have.
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| lntegratmg and snn.phfymg for 0, we obtam
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.iult_a,,s that of Kapur for

Obviously if we put fy, = fg‘3 = 1 S obtain the same
two component charges g L

(m) Clemmow’s Method—-—ClemmOW estlma.tes the vahx,e of 0 by e“surmg that the.
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curve Z = (1—f) (1+4-6f) passes through the common “poirt of the (Z- f)“

curves for the two stages of - burning and  so obvmusly his m thod ean be applied
only when the composite charge corsists of only two comporent charges. - In our case,
the common point of the form fun,ctlons of the two qtages of burmpg is
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which agrees with Kapur s result in the pa.rtlaular case. when fm = fop = 1. _
(v4¢) Least Square Méthod—Yet another method for estlma,tmg the value of B has
been proposed by Kapur which is based upon the Least Square Method in Statisti¢s. In
this method we find the best fit'of the form - fanction fer the equivalent charge to the dif-

ferent form functions for the stages of burni ing of the comporent cha.rges Accordingly,
we have to find that value of -8 which mmlmlses the followmg
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% Followmg the method of vdiﬁ'e_v;'entiatipxi \unfier'iigteg{afti‘en sign, we have
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Integrating the above and after 81mp11ﬁcat10n we obta,lr the value of 9 as follows

o N (1ﬁ0 }); B \
0 — (1fm4_K;f2,, ) +ZA 4, +ZA 6: B; ‘."(12)

\2K, 5K}

where

. Iiofzo 1
Jio [‘:%.Kﬁ “é'i(’ 12 K.ﬁ“LzK, 9K

”_fio 1 fw Ji3  1f3 2fwf20 l.fwfzo

Jie lfw Jeo fzoz]

N |

2ﬁqﬁo

B; = fio* {K K3 121{z 0K 3K T 3 K? +3 +
| +1fw f20+1fgg___1_ / }@o_};@z_;
6 K. 2K; 2K, 5Kz 3

\ ) ‘ ‘ =1, 2

“Here again we observe that if we neglect the shot-start pressure, t.e. put fip = f20 =1,
‘we obtam the same result as given by Kapur for two component charges.

The above analysis can easily be extended to the case when the composite cha.rge
"may corsist of » (> 2 ) component charges.
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