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'ABSTRACT

In the present paper, the theory of bore resistance for com-
posite charges consisting of n component charges with general
form-function for component charges has been given to cover
the cases of both simultaneous and non-simultaneous burning
out of composite charges and also the possibility that resis-
tance may arise in any stage of burning.

Introduction

" Corner! made a valuable contribution to theimportant Internal Ballistics
problems of bore resistance, when he gave his ‘weighing—factory’ method of
discussing the ballistic effects of bore resistance. Later Tawakley® extended
-+ Corner’s method for a single charge to.a composite charge consisting of two
* component charges with form-functions in the standard quadratic form. of
= (1 —f) (1 + 6f). However, the ballistic effects of bore resistance were not
explicitly deduced either by Corner or by Tawakley; their results having been
expressed in terms of mathematical formulee, which, in their treatment are not
always very simple.

Recently Kapur® (subsequently referred to as paper I) extended Corners
method to apply to a charge with the general form-function z = &(f)and
obtained some interesting and useful general results about the effects of bore
resistance on maximum pressure, all-burnt position and muzzle velocity.

“In the present paper, we have extended the earlier discussion to the case of
composite changes with 7 components having their form-functions: in-the
general form by using the equivalent charge method of Corner* and Clemmow®
as extended by Kapur®. It will be seen that the present study besides being more
compact, generalises the earlier discussions in the following directions:

. (¢) the composite charge may consist of n component chargedinstead of

two, ‘ . E
(44) each component charge may have the form-function in the general
form, o ,
(43) the resistance may arise in any stage and no [separate discussion
is necessary - for the various possibilities,
(iv) no separate discussion is nécessary when some or all of the compo-
nent charges burn out separately, ' SR
(v) we use throughout non-dimensional variables ‘and constants,” so
. that the results are of general application. -
5
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We have also stated conditions for the validity of the earlier results of
Kapur®, when extended to composite charges.
The Form-Function for the Equivalent Charge o .
‘ Let the composite charge cotisist of n component charges, and let ¥;

Dy, B;, %, f;, %, = '; (fi ) refer tothe i th component charge. We assume that

co-volume is equal to specific volume for each component charge and that the
ratio of specific heats is the same for all the component charges.

Let F,C,D,8,z2,f, 2=¢(f) refer to the equivalent sharge, then from results
proved in Kapur$, we get ’ ‘

0 = 01"""02""‘ ........ +Cn .o ‘ . .e (1)
0 = C, F + CoFyt ........ + Cy F, ()
C;+Co+4 ..ee .. + Ca o "
D Dn ‘
T = v .o N . L) LY . e 3
g En )
z =" (f)
r—1 n .
=3 M+Z MAL—kQ—fl. .. @
1= 1=
hen’ 1 L 1— | 5)
when ~ W > — % .. . .. (B)
0 ' F; i B /D .
where N o= _?F—’ki = gp, == mij {z=1,2,....n] (6) ’
and where the charges have been so serially arranged that
D, D, s - D,
i g — o (7
Bl = Bz v\. = gn ()
In the particular case, when ' ,
D, D, D,
T IR e = iiiirereieren., B2 .. (8
B h P ®

all the component charges burn out simultaneously and the composite charge
behaves in all respects as a single charge with form-function

i= 1 (f)= ?:_lx.- ) e e e @)

In this case no separate discussion is necessary and all the results for a com-
posite charge can be deduced from those for a single charge. The same consider-
ation requires no separate discussion when some of the component charges burn
out simultaneously. _ » v

In ¢he rest of our discussion, we can assume without loss of generality that

D, D, . D . Dy
2 L K K oviiiiasgees < .. (10)
, 1 Ba T B T 2
In this case there are ‘n’ distinct stages of burning and in the r th stage f
goes from f, 1 to f, where , R L
1

fo=o fi=1— 3~ [r==12n] 11)
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Bore Resistance : General Form-Funection for Component charges. -
AD ,

Now let £ =1+ —f—‘,ﬁ%—ﬁ;,—f_v, SOV
: |
- .. (12)
Al Az2D? ¢
| ?=‘FFP5‘M=*W’A’=’°°—TK
Z, (1—f) —-Mf %(v——l)M(l—f)z sy

o (f) = Mf———df e _(14‘)"

(fo —1df
Y, (f) 1""fo {fz (l—f)—l_M(/—*l) Z, 2(1 f)}(]b)

Let the resistance R ocour' durmg the [ th stage, then up to theend of the
(1—1) th stage, the motion is undisturbed. For the rth stage when r > I, (13)
of I becomes

A ho f
f——————f Hiy -fMTff- ........ _ Ag_f.

# o1

+1—-—f° {[ Zz (1—f) +f ZR+1(1"f)+"""

N0

o
+f o ]+M(y——1>[;f —gﬁ%%—

o

firr 7
(fo—f1df | (fo —=f)df
-+ f Zz+12(1-—-—f)+""f ..... +f Z,5(1 f)]JI (16)

r —1

s logt =-—{ ()= (V) + @, (fa);—qs2 A E
seseree +(br (f “"Ql (fr—l)} u
+R{‘l’z (fi )—"z (fo)+ Cit1 (fi+1) — Vi (ft)

Foeenn + w, (f)——w,‘[(f,_l)}, T | . --"(17)
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and

A (log E)—R“L Yi (i )— W (fo) + “’t+1(fl+1)——‘¥’z+1(fl

e O () — s (5 >} as)

In pa.rtlcula,r
A fog ¢ )= R {w: (fz)——uz o) e

-9 — v, (fn_1>} (19)

where 2 is the suffix corresponding to all-burnt.

using (37) of pa.per I, we see that the maximum pressure occurs durmg the
rth stage, if

R
b (NFIUA=f)+ 7] — (D

Gt b R ,—nM(l—f)]

—1— M(’_;,)(f" =N _, .. . (20):-
has a root lying between f, _; and f,

When R = 0, it gives f@r ta (m i is the suffix correspondmg to the instant
of maximum pressure:

O (i) ¥ MA—fr)=o . L@
With bore resistance, maximum pressure occurs when _
C fe=fad B L (@)
-where, using (40) of T, : |
_ : Y ‘
=TT — s @
provided - ° 1'— Ll 1 >f,;+A,’R>1—L§C— e (24)
Also from (35) (36) of T and (18) above |
3 1)R —fi
A (og§) = — {cm (,f)— (—DHT—]F
fi f1+1 ' Jr—1—f }
& K == e, R I

“‘R{% (f)—vi (fo)+ \Pz+1(fz-}1)'—‘!)z;-1(ﬁ
-I—,__.—f—‘k,}!, (f)"'"q)r(fr—-l)} ‘ .o :..A (’25)
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In particular to obtam . ‘we replacef by f min (25), and to obta.m

At
Tt

AN
“tn
we repla.ce r by n and f by zero.

For A (’7 2) (46 of I is modified to

Aln, )=—2MR{1—}—1f°fo ( £ ).

+( SL) T u—d G- MY n(o)—U (far)
\-!-)n-—-l fw—l)“'\yn—l(fn—-2 . l (fl )—Ul (fo )](26)

where suffix 3 refers to the muzzle. position

4. Particular cases of Quadratic and Cubic form-Functions :
If the form-function for the ¢ th component charge is
n=01—f;) @+6f)

the form-function for the equivalent change for the case of simultaneous burn-

ing out is : z=’(1——f)(1+0f), .. .. .. @n.-
where " o
P 01F191+021‘262+ ...... + Cn Fa b (28)'
= TG G Ft T CaF..

and all the results of Tawakley (2) for this case can be ob’oamed by making the
subsbitutions (1), (2), (3), (29), (28) with n = 2 in Corner’s results for a single

charge. .
For non-simultaneous burning out, the form—functlon for ther th stage
is [Kapur®].

z-q>,<f>~—Ar+B, A—f) =B (L —f0, . e (29)
where . . )
r—1
A, =2 7\,,,B,_.2 x,k(l-{—b),E_Z ),,k, 0; ..+ (30)
F—1 "=t ’

Also in this case

..@r(f)_ml—u_i-_rlog[(a,-l—}—f) (b +1--f) ](31
1 [ 1 | & —14f /
‘P'(f)=1—fo{k, @ Fh) %8 5 F1—7 |
M(.—1  (f 2ab 14
NEEICEEN )“‘[ S )l Ty

__( (1 :rfolzrgfa, 2 ‘_”‘ (1 —b—f+)lb_:}b )J} --;.~-~.(3?)




10 BALLISTIC EFFEOTS OF BORE RESISTANGE FOR COMPOSITE CHARGES

2

where . S ‘
Kr' ar br' = Ar ’ Kr (ar "—br ) == By s Kf ="‘lr + % (:/ - 1) M e (33)

Making the substitutions (1), (3), (6), (27)—(32)in (18), (19), (21), (24),
(25), (26), we get the results obtained for the particular case n=2 by Tawakley?,

- If the form-function for the ¢ ¢4 component charge is
w=0—f) QA+64+v: LY .. . . (34)

then for simultaneous burning out; [Kapur®] .. . .. (35)
¢(N)=1= )1+ 07+ ¥ 13, ‘
Where
”n n
X C; F; 6; & C; F; v;
$ =1 i =1
b="5— ¢ ="= . .. (36)
& C'g F.' g Oi Fi
i=1 t=1

- #nd for non-simultaneous burning out
tr ()= A3+ BA(1—f)—E*(1—f)P+ D1 —=f®  @an
where , . :

r—1 n :
= 2 N, Ba= 2 NkQ+6 +Y;)
i=1 i=r
n n . (38)
By l= 2 NEARO:4+2Y),D 0= I NEGy, :
g=r

=7

and closed expressions for @ (f), Vs (f),log(E), A (log ¢), A (log &5)

A (108 §), A (log &a ), A (3?), can be easily written down and are not being
written here for reasons of space

&. Conditions for the Results for a singal charge when applied to composite
charges.

Some important results about the ballistic effects of bore resistance on
internal ballistics haye been proved by [Kapur3] under certain assumptions,
The corresponding assumptions for composite charges would be -

@) 1—3G—1DM>0 . .. .. (39)
@) d (F)=A—fRforfoy >f>fr=12.2] (39%)
@) ¢ "(fl—aM <o[r=1,2 .1 .. .. .. (3%) .-

All the results of I would hold for composite charges subject to the above
assumptions. In particular, we see that if without bore resistance, maximum
pressure occurs in the r ¢k stage of burning, then, with bore resistance, it may
occur in the 7 th stage or (r 4 1) th stage or in crossing from the r ¢/ stage to
the (7 + 1)%, but not in the (r —1) stage. '

Also precisely the same sort of arguments as used. for a single charge show
that for an overwhelming majority of cases likely to arise in practice, the above
conditions would be satisfied.
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