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1. INTRODUCTION

The main problem of internal ballistics is the calculation of maximum pressure
and muzzle velocity for given loading conditions in a gun. In the methods of
solution of internal ballistic equations the resistance due to the engraving of the
band is taken into account either by the use of ‘ shot-start pressure’ or by increasing
the rate of burning constant 8 and the resistance which persists over much of the
travel of a projectile is taken into account by an appropriate increase of shot mass.
This is a very special form of resistance and gives a rough allowance for the energy
lost against friction, but fails to represent the relatively high resistance in the very
earliest stages and is probably never a good approximation to the true resistance
found in practice. Also it does not enable the sMape of the resistance travel curve
to be varied in studying a given firing, yet the form changes against one’s wishes
when the charge is altered. ‘

Corner (1949) has given a method by which the change in muszzle velocity,
peak pressure and position of all-burnt can be computed quickly for a bore resistance
of any desired form, provided the magnitude of resistance is such that it does not
halt the shot for a time. His method is based upon the choice of a standard bore
resistance, the determination of its ballistic effects, and the construction of more
realistic resistance laws by superposition of standard forms suitably spaced along
the travel. The method is analogous to that of finding the weighing factors while
calculating the change in range due to perturbations such as head wind, which
occur with varying strength at different heights. In this paper the author has
found the effect of bore resistance on maximum pressure and muzzle velocity for
composite charge on the same lines and assumptions as those of Corner. Also the
¥’s for the two propellants are taken to be equal, since for most of the propellants ¥
are practically the same.

If A be the area of cross-section of the bore, then as standard bore resistance
we take a force 4P, constant over a travel Ax near the point z,, and zero at all
other shot positions; it is assumed that Ax is infinitesimal and PgA z is finite.
The effect on ballistics to the first order in Py A  is calculated by subtracting an
energy AP, A x from the kinetic energy of the projectile as it passes through the
point x,. For travels less than wx, the solution is the normal solution of the
ballistic equations and for travels greater than x, the ballistic equations are exactly
the same as before except for a perturbing term linear in PyA 2. By taking a
specific example Corner has shown that first order theory is adequate to represent
the effect of a concentrated bore resistance except when this is sufficient to halt the
projectile.

Before proceeding to the solution we must note two limitations of this method.
Firstly, if the velocity of the shot V, at the point where resistance occurs is zero,
the infinitesimal time Ax/V, of the action of resistance does not remain infinites-
imal, hence initial resistance to the motion of the shot cannot be represented by
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this model. Secondly, if the kinetic energy of the shot at the moment the resistance
occurs is less than AP,Ax the method breaks down, for it gives the projectile an
imaginary velocity after crossing the resistance. In practice the projectile would
come to rest and would restart after the pressure had built up behind the shot that
is after a finite time which means that Ax/V, is not infinitesimal.

2. TaE Basic EqQuaTions

With the usual notations the basic equatibné before the occurrence of resistance
are as follows :
The energy equation is

2,01 R(T o1 —T)+ ZC0,R(T. o—1>——~(W1+Cl+02)V S

where ¥ is the value of ¥ suitably increased to allow for heat loss.
The equation of state of the gasis

(1 01+02)
* oW
AP(x+41) = (RTC1Z,+R10sZ5) >——"2 7~ 2
(1+ 01+02)
3W,
where the length [ is defined by
- C,, Cp
ar=v— (G4 s‘)
The form functions are '
Zy= (1=f1)(1+6,f1) -. .- . N ¢}
) Zg = (l—fz)(1+0?_f2) .o .o .. .o (3“)
The rate of burning equations are
d
Dl-aj—}=—l31P .. .. .. 4
d
_fE_ —BP .. ... (4a)
The dynamical equation of the shot is
(W1+ 01;'02)d”_AP e B

where W, is the effective weight of the projectile accounting for its rotatlonal
inertia,

In the above equations Cy, Fq, By, Dy, 6y, f1, Z;1, Ty refer to the first charge
and Oy, Fy, Ba, D3, 05, fo, Z5, Toe refer to the second charge.

3. SIMULTANEOUS AND NON-SIMULTANEOUS BURNING OF THE CHARGES.
Dividing equations (4) and (4a),
dfy _ BiDe
= K (sa
if, = BD; )
Integratmg and applying the conditions that initially f, = f» = 1, we get

C(A—f)=KQ—f) .. .. .. .. (9
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Now two cases arise :

(i) The two charges may burn out simultancously.
(i) The two charges may burn out at different times.

Case (¢) : If the two charges burn out simultaneously then since at all-burnt
position f; = f3 == 0, we have from (6), K = 1, i.e. 81Dy = ByD;, as the condition for
simultaneous burning.

Case (i) : Let the charge C; burn out first. If suffix ‘b’ refers to this posi-
tion we have from (6),

1
f 2 = 1—- K

But fg; must be a positive fraction which means K >1.
Thus the condition that the charge C'; burns out first is that 8,D, > 8,D,.
Similarly if charge €y burns out first the condition is 8, D, < B, D;.

4. SoLUTION OF THE EQUATIONS

The basic equations (2) to (5) remain true after the resistance and the equation
(1) is replaced by

,. _ y2
ZyC\R(Toy = T)+ ZoCoR(Tpe—T) = (p—1) [(W1+ ) B +AP0AW] (7)
Also just before reaching the resistance the kinetic energy of the charge and pro-

jectile is 3 (W +01+62) V and immediately afterwards it is = (W 1+Cl+c ) Vg
— AP, Ax If ¥, is the velocity of the shot immediately after the reswta,nce,

C1+0,

then, assuming that the total kinetic energy is at all times = ( Wi+ Cl+(’ ) Ve,

where V is the velocity, we have

(W1+ C'1+02) V“ _1 (W1+ C1+02) V§ — AP Az (8

Eliminating P from (4) and (5) and integrating, we have

V = V1+ ADI flg—fl
ﬁl(W + 1+(/2)

Therefore from equations (7) and (9), we obtain
Zy/C\R(T1—T) , Z -
ST AT o) (1423
x [ 724 ADI({;l—jg) 2AD1V1(f01 ~f1)
Bl(Wl‘l‘ 1t ) ﬁl(W1+Cl+Oz)

which by making use of equation (8) reduces to
ZlclR(Tm—T)_’_ZzCzR(Toz—T) 1( 01+02)
-1 71 2
x [ 24 ADl(f(g_va ) + 2AD1V1(éfol 0{1 .. (10)
ﬁz(W + 1+ 2) S ( 1‘; 2)

&)
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Combining equations (2) and (10), we have

AP(z+) (1 + Cé'v*};?ﬁ)

Cy+0s
(14525
y V§+ ADx(f(g -{_—flc)' 2+ 2AD1V1(bfo.1+g1) .. (11)

ﬁl(W1+ 1 2) 51(W1+ L 2)

Up to this point the equations have been exact. Now, keeping only first order terms
in (8), (9) and (11):

ZIO]_R T01+Z202RT02 =

+- (W +Cl+02) X

APyAx
<W1+Cl +02) Vo

p=AD(—f) __ APyAz L. a3

ﬁ (W1+Ol+02) (W +01+02) VO

AP(@+]) (1 +0§"v;,102)

C14-Cs)
(1+ 2W, )

% ADy(1—f1) 2 24P, ax(for—f1) (14)
BI(W1+0‘+OZ) (W +01+02)< —fm)J

The latter equation can be written as

V1 = Vo (12)

Zy01RTo1+ZoC2RT g0 =

+251 (W1+O‘+02)

C14C,
CoRTys AP(.’E+l)(1+ )
(I=f1)(14+61f1) +0 B (I—f2)(1+48,fs) =
Toy ( 01+02)
CuRT 1+ 3%
1
=1 q— o F—=DAPyAx(for —f1)
g M R oy () as)
where
27,2 01+C'2)
M, = . D] (1+ 3Wy 2
132 W101RT01(1+01+02)

But from equations (5) and (9)

A*DE(1—fy) APOAx(W1+Ol+02)

AP= = AN 01+ 0
BZ(WH‘ s 2) (W1+ it 2)(1"fo1)

i
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Thus equation (15) reduces to
CoR d
(A=F 16, Fib RO (L~fo) 1) = = Mo+ (1 —fi) 2

APy A x(x+1) dfy 7 ~1y (V—I)APoAx(fox—fl)
il Ll il A 1—f )2

C1RT61(1—fo1) dz @t g Hhl-f- CyRToy(1—~fo1)
Making use of relation (6) this can be written as

CoR T ( B '
(1+01f1)+01RT01K {1+62 1

D ey B -1 g~

. APgAx [ dfy _ ]
= T —fo)CiETo |10 3z — = Dlor=f1)

or

dfy APy Az dfy _ ]
Z+M1(x+l) dLU - (l—fl)(]-""fOI)OIRTOl [($+l) dm (7 1)(f01 fl) (16)
where
ozmoz{ 1 }_7—1 ]
[1+~———CIRTMK 1+92(1 k‘) 5oy | oy .. @17
R 5
u_01+K252R—§1,°2+7—'-§—1-M1 R ¢ F-)

Equation (16) shows the first-order effects of the resistance on the equation of
unresisted motion

Z+M1(x+l)%=0 e aw

and we can obtain a solution correct to terms of order Py A x by using (19) on the
right of (16). This gives

APoAx

i .
T4 = ~ e it~ a1))

and so

‘e [Mydf, | AP.s i1 o [Jo=fodfs
Jw" J z +(1—fm)01mm[Jza—fﬂ“y ”M‘J z2(1~f1>] (20)

Integrating equation (20) and taking the lower limit the point, suffix zero, at which
the resistance occurred, we obtain

OzRToz
log (x_+l) _ My [(1'*'9‘) o Y (1"‘02)] APy Az
I v 8 Z (T—fo1)O1R T =

CoRT ~
14-0, 222202 (Ve -
y +otg gL+ 0)— (=11 (1—fo) tog {Z(l_ f01)}+
1 OzRToz 2 Zo(1—f1)

CoRT
+(§__ )Ml( _) {(1+91)"‘"(1—f01)+0—21'ﬁ,—9%(1+92)}
Zqy

Z Co.RT
’ (L+62)+ 5 5 (L +62)

@h
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All the above equations hold good when both the charges are burning.

Case (¢) : * Simultaneous burning of charges’. If both the charges burn out
simultaneously then all the above equations are true for K =1. If suffix ‘B’
denotes the position of all-burnt we have

o (xB+l) M, . (1+91)+02RT02 (14-62) AP Az
g\ %8 Z, (1=f01)C1RT

CyRT S
(A+61)+ 52572 (1409 — (=D My (1—for)

x log {ME_*_

CoRT 2 Z
: {(1+01)+02M°2 (1+62)} ’
CoRT
F—1)M {<1+01)—v(1 —fo)+ 7 °2(1+uz)}
+ =1 I(Z 7) (22)
° % (146,)+ 02”"2<1+o)
1 OIRQTOI 2
Hence the change in log (xz+1) is given by
C.RT
APyae | (1HOF GRps A0 = (=DM (1—fu)
& log (k) = (17 3G’ } 164 C2BToz ; *
VIH0)+ 7 (460
C,BT
Z(1=fa)) (p—DM(1 1 {(1“"91)_"(1—}001) CZRPO2 (1"'92)}
xlog {204 0] I(Z"z") GoET
0 0 B 2 02
(1461)+ 01RT01(1+02)
(23)

Now we proceed on to find the change in muzzle velocity due to the bore resistance
in this case. Since after all-burnt the expansion of the gases is adiabatic, the
pressure at any instant after ¢ burnt’ is given by

P=Py=7 .. .. .. .. .o {(29)
where
41
=a .. .. .. .. (25)
Algo the dynamical equation of motion of the shot is -
C1+Ce\ dV .
(W1+ ) )_&?—AP - . .. (26)

Then integrating (26), we have, if suffix ‘Z’ refers to conditions at the muzzle, the
muzzle velocity given by
AP (2, +1)P

V2= V24
E B (W1+ 01+02)

(27)
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where
¢=72 (L—r-7) .. O )]
and
yo et (29)
=iy
In equation (27), Vg, Pp (xz+!) and @ are all altered by the resistance.
From equation (15),
_r=1
APB(.I:B-I—Z) OIRTOI [1 ) -Ml] +C2RT02 (7 I)APoAzfm (30)
01+02 01+C2) ( (/1‘}'02)
(1+ 2W1) (155 + (=for)
Also, X
AP =2r Y Ar = —2r" "7 A log (zp+1) .. .. (31)
and from equation (13),
A(Fy) == el (32)
(W1+ : ”)(l—fm)
So that from (23), (27), (30), (31) and (32) we have
AV =— 2AP0A9; _:gn+foﬂl ) _2rt- "ZgAfzﬁz X
(W1+ ! 2)(1-—f01) (W1+ : )(l—fm)
CoRT
(140y) + 222222 (14 02) = (5~ 1) M 1 (1 =)
ClRT()l 1 ZB(l_fOI)
X 5 og
J0top+ 2202 gy | %
VT ORT 2y
_ 02RT02 }
g (1 1)1 0F— e+ 22 e |
M 00O g | >
VT CRT 2
and finally
(W1+Cl+02) Ve(l—=fo1) AVE .
AP, A7 = ~14for—forr' ™"
(L+0)+ 22RT02 1 4 ) (5 1) M (1)
—7g, YT CRT ¥ ! ol log Zp(1—fo1) +
oBT o2 } Zo
{000+ E2270 14g,
CoRT gy }
4= (_ _ _) {(1 o) —v(A—fa)+g 77 = (1+02) -
v ZO Zﬂ Ozquog
148 1446
( + 1)+01.RT01( + 2)
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This gives the change in muzzle velocity A Vi due to the bore resistance AP, A x
occurring at a certain point during the burning of both the charges (and both the
charges burn out simultaneously), in terms of the characteristics of the solution
without resistance.

If resistance had occurred very early in the travel f;, is nearly unity, and

(W1+914?:_02_) VAT, 272,
~ X
CoRT
AP 2 02 -
0 A% {(1+91)+01RT01(1+92)}(1 -for)

Z (1 —fp1)

which shows that if resistance occurs sufficiently early in the travel the muzzle
velocity rises. Again when resistance occurs at < all-burnt ’, f,; = 0, and

(WrF%) VAV,
.AP‘)A.’L'

and the muzzle velocity falls. If resistance occurs after ¢ all-burnt ’, i.e. during the
adiabatic expansion, the kinetic energy of the shot and the gases at the muzzle are
reduced by the work done on the resistance, without having effects on the ballistics
(except on the time to travel through the bore). Hence

(14-6,)+ (14-65)

X log

(35)

=~1

C
(W1 + —1;-—0-2 ) VeV
AP, A% =-—1
if the resistance occurs after ¢ all-burnt’.
Case (11} : ‘Non-simultaneous burning of charges’. For the sake of epn-

venience we assume that charge 'y burns out first and charge (5 continues to burn.
This case we will have to consider in two parts :

{@) if the resistance had occurred during the burning of both the charges, and

() if the resistance occurs when charge C; is burnt out but charge C; is burning.

Case (2) : Now when both the charges are burning the equations from (1) to (21)
are true. Since suffix ‘b6’ denotes the position when the charge C, is burnt out,
we have

CoRT s
log (L’+l) M log (1+01)+013T01K (1+02)} APz
) Z (1~fo1)C1BT o1
ORT g2

CiRToK (146g) ~ (¥ =) M 1(1—f01)

; (1 +91)+m (1462

4

(1+61)+

X

log {Zb(lz—;fm)}_l_

7y CoRT o }
+(Y—1)M1( 1_1 ) §(1+0l)""(1"'f01)+m(1+02)
v\ L CoRTop
C1RT o K

(1+61)+ (1+6y)

ss
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Hence the change in shot-travel up to the position when charge C, is burnt out is
given by

CgRT oy v -
oo ety AP0 (+00)+5 57 (1+62) (7 DHM,(1=fo1) y
A log (z,+0) = (1=fo1)C1BT CoRT e :
(1+01)+0RT K(1+02)
1 CyRTg }]
, Zb(l_fol) (7—1)M1(_]:___1){(1+01) V(l f01 +0 er (1+92) (36)
xlogy =7 + Zy Zy OB
(1+01)+m(1+92)

Now when the charge C; is burnt out and charge C; is burning, since Z;=1, the
equations corresponding to the equations (13) and (14) will be

AD2(1 ""fZ) — APO Az

V= (37)
ﬁZ(W1+01+02) (W +01+02)Vo
AP(x+l)(1+0’+02) 1 010
and  C,RTo4+CoRT %0 = o +Y (W1+ L 2)x
(+%55)
oW,

ﬂz(W1+ w +Ol+02)<1—f0>2>

where fy,s is the fraction of D, remaining just at the moment the resistance occurs.
Also from equations (4a), (5), and (37) we have

ADY(1—fy) APOAx(W1+01+02) i,

+
C.+C dz
52(W1+Cl+02) (W1+ it 2)(1+fo,2)

Thus equation (38) reduces to

ADy(1—fo) 2_ 24Py A x( fo.0—f2) (38)
[ {29 §

AP =

C1BT i _
01RT01+(1 ~f2)(140af o)+ Mo(x4-1)(1—f; )ﬁ - 7’_M2 (L—fo)? i
4Py Az dfe .~ ]
UFon)O:BTo| = 1)(for— (39
(l‘fo,z)C'zRToz[( + ) ~ F=1){(fo.a—Sf2) , (39)
Equation (39) shows the first order effects on the equation of unresisted motion,
ORIy

d -1
AT U1+ 0+ Mo+ —f) 02 — L2001 —fr = 0
2
Using this equatlon on the right of (39) gives

glgg‘“ﬂl ~Fo) L+ Oef)+ Maa+ D1~ T2 — ——Mz(l—f 2)*
2

APy Az C\BT == -
(1_fz)(l_fo’z)ozRTM[Mz{OzRT HA=f+0ef) — 35 Lata—for+

+@-1)( —fz)(fo’z—fz)]



114 V. B. TAWAKLEY: EFFECT OF BORE RESISTANCE ON MAXIMUM

and so
dz Mz(l"‘fz)dfz + APyAw x
T R (1=f0.2)CoRTs;
i glR§°1+(1—f2)<1+ezfz )= Sl gy I

X dfa _ +
-1
g;ﬁig;"'(l"fz)(l +0sf2) — %Mz(l—fz)z

- (o= -—fz
[ /|

M, (1—fz)df2 N APoAx %
(OlRTol_l_l__ o ) (1—af))(1+8fz) * (1=fo,2)C2RT s
CoRToq z

+1-

% 1 _ dfe " My(r—1) .
(01RT01 +1-""1M2) (1—af3)(1+bf2) (OlRTm y—1M2)2

CoRTos CoRT o 2
(fora—=Sfe)(1~—f2)
X .. (40
J(l—afz)2(1+bf2>2] (40)
where
dmb = 01%1702 (y-—-_l)ﬂilz ce e (4D
Liftd o Y=
TalTy 1~ 77 M2
51
02+’i— M,
ab = (’1RT01+1_ - .. .. .. (42)

Integrating equation (40) and applying the conditions that x = x, when fo, =

1— 1 , we have
1
l~all——=
M 1—- ( ) ;
2 a 3 K g

E
xb+l) = 01RT01 ‘y—]. a(a+b) l—af2
T BT, T1— 7 M2

{1
L kb §1+”(1‘R)§ AP Az 1

(a+b) 1+bf, (I ~fo:2)C2BTge OIRT01+1_

1 1
Golg) o () -1
a+b 1—af, a+b 1+bf, (OlRTOI 1— I_M)z
OpRTp T1— 3 M2

log (a:+l

'y—l

M,




PRESSURE AND MUZZLE VELOCITY FOR COMPOSITE CHARGE 115

1 1
,(/\1 1=a (I—I_f) Ag 1 1 A l+b(1_f)
log ———— — = ( ~20

a =, af, (1 1)‘1—af2 A T A
A 1 1 '
+-2 - .. .. .. .. .. (43)
b 1 1+bf2)
()
where
A _ a[(a=b)(1+fo,2) = 2(1 —abfp,e)]
T (a+b)?
N _ (1=afp.)(1—a)
BT T a2
e = b[(a—b)(1+fo,2) —2(1 —abfy,0)]
5 (a+)?
3. = LHHo)(1+)
T (atb)2

At the position of ‘ all-burnt,’, we have

1'B+l . M2 l—a i _ ( - _1—)}
log (xb+l) _C1RT01+1_7-1M [a(a+b)log 1—all e +
CoRT s 2 2

1+b 1
Fiats) 8 {“”’(1‘ E) }] +

l—a(l— l\)
+ APoAIlJ 1 K I’+
(1=f0,2)C2BTo2 | (C,RT - p=1 ) ( 1)}
(C'gRT02+l— 3 M, ) (a+b) 145 I—K

1
Wfi-1)

b M=) 10g (1-af1- 1)) - *-x)
(ClRTol_I_l_ 7—'1M )2 @ - K 1— (l—- _1)
CoRT s 2 2 N'TEK

1
| )
A 1 K

il )2

1+b(1—1~{)

Hence the change in log (x5+1) due to the bore resistance is
A log (xp+1) =

A log (w14

1

—ll— =

APy 1 1 “( K
1

log
(1=fo:2)C2BT 02 | {C,RTy, y=1 ) ( )
(CzRT02+1 L)ty (148(1- 2
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u(-2)
4o M=) 10g (1-a1- 2)) - 2 EL
(C’lRTm_l_l__—;lM)z a K l—a(l——l)
C2RToe 2 T2 K
1
Ml1— =
Ag 1 4( K)
-z
or from (36)
C.RT
(1+62) + % (L4 02) = (7—1) Ma(1—fo1)
Alog (xp+l) = APy Ax 1o X

C,RT 2
ClRT01(1_f01){(1+91)+6ﬁ (1+02)}

X log {Zb(lz—fm)}

0

(F—1)M, (l_L){(l+61) M1=fo)+g g g (1+02) N
(1=fo)CrBTo1v \Zy  Zy CoRT s

(1+91)+m(1+92)
1

l—a(l— —)

+ 10 RT, 1\ 11(
- 1BTo01, . 7— 1

CoRTg5(1 fo,z)(a'+b)(02RT02+1 5 -Mg) 1+b(1 K)

T

+ — alog 1—a I—K

C.RT -1 z
(O:RT:;Z_‘-I— 4 3 Mz) O3 RTg2(1=fo,2)

(44)

1 1

. K A; 1 K
_..——...__1 : 1) —?log (1+b(1_f))—_——_1 b(l 1)
"‘“( ~% +o\l- %

Now we proceed to find the change in muzzle velocity in this case. From equations

(37) and (38), we have
2APO Ax

A(V2) =~
’ 01+02) 1—fo.2)

.. (45)
(.t |

o .
1 APs{zat) _GIRT°1+02RT°2[‘" kA Mﬁ] (7—1) APy Acfo,s

(I+ C;-S"-’C'z) (1+ ﬂt@) (1+ 01+02)(1 —fo:2)
1

(46)
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Therefore from equations (27), (28), (29), (44), (45) and (46), we obtain
C1RT01+023T02{ 1 ——-M 2}

a(Vy)=— 2AP°AZ(1-£O’2H°’2T1—Y) —2r1-7 0140
(Wit 25%) 1o (wit 21%)
C‘ORTOZ )
0 O,RTy, il A
1R g1 ~fo) {(1+ol)+ o (0
. 02RT02 }
C1BT o1(1~for)v (Zo - Z;,) 02RT02
) (1+01)+—0W(1+02)
1
l—a(l— —)
+ ICRT IOg If +
C’zRToz(l‘—fo,z)(a'+b)(O,IRT01 1+b 1 K)
T My(3-1) M log 1 a Ij{))_
1 01
(CZRT02+1 ———Mo) CoBTo2(1—f0s2)
Az(l‘ I"f) A 1 A"(l‘ 1“15)
AT (”b(‘“fc))— ;—b(l—”r)
or finally
(W1+Ol+02) Vo (l—for) AT o
= ~—14fo,0—fo,or! ¥ =217

APQA:E
y—1
X {OlRTol+07,RT02(1 -5 Mz)} X

Og.RT 2 "
[(1...f0,2){(1+01)+ Eﬁﬁfc(l+02)"(y_l)M1(l_f°1)}k,g{Zb (1-f01)}+
Uz

X
R z
l C1BT oy (1—=Fo3) {(1+91)+ -——-———C?;w?;:ZK(l-f-Oz)}

O RT
) {(1+91)—'V(1—f01)+b—1%—7ﬁ% (1 +02)}

CoRTge

G (11
CyRT o (1—fo1)v \Zg  Zs
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1
=)
N c 1;11 T If +
vl , , ¥V ——
CzRTog(a/+b)(02RT02+1 5 Mz) l+b(l K)
1
_ Ag(l— ‘—-)
CoRT 01RT°1+1—7—’—1M) ¢ ' K 1_a(1_l)
2 02 02RT02 9 2 K

1
)\4(1— _) ]
Az 1 K
tol-%
This gives the change in muzzle velocity due to the bore resistance occurring at a
certain point during the burning of both the charges.
Case (b): 'When charge (', has burnt out and charge C, is burning and resistance
also occurs during this stage of burning there will be no change in the solution
before the occurrence of resistance, i.e. there will be no change in the solution when

both the charges are burning. Now after charge C; has burnt out and charge C, is

burning and resistance has occurred the equations corresponding to equations (13)
and (14) will be

(47)

ADy(1=f5) _ APy Az (48)
Bg(W1+Cl+02) (W1+01+02) Vo
AP (“"‘l)(l'*'cflz—'u-foz) 0140
OIRT01+02RT0222 = 1 + (Wl+ ! 2) X
(1 +01+02)
2W,
ADy(1~f5) P _ 24P A2(for—f5) .. (49)
X O14C O14C
B2(W1+ it 2) _ (W1+—1-§—“2)(1"f02)

where fys is the fraction of D, remaining when resistance occurs
Equation (49) can be written as

C,RT d 1
CoRTeg T L=F)(1+0afo) + Molw+D(1 —fz)i* - 7— H(1—fy

APO Az d A _
= (I=fo2)02R T, [(’”'H) o -—(7—1)(foz—fz)] .. (50)

Equation (50) shows the first order effects on the equation of unresisted motion,

g:gg:m +(1—fo)(1+462f5) + Moz +1)(1 fz) s _ LMn(l—fz)z _
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Using this equation on the right of (50) gives

C1RT y—1 _ _ %_
m+(1—f2)(1+92f2)—' 5 Mo(1—fo)2+ Mo(x+1(1—f3) e
APko

1 01RT01 _ _ E _
= ~ 0=fJ0=fo)CaET s [E {O—2RT02+(1 f2)(1402f2) 3 Mi(2 f2)2} +

+(37—1)(1—f2)(foz-—f2)]

and so
j{”_ - Mo(1—f5) dfs + APyAx N
SR [ LC RN EW AT W A a5 T B ACHR Ll L)
CoRT s 2
dfs
= + My(3~1)
X C1BTq; y—1
[J 023T02+(1—f2)(1+02f2)— wh Mo(1—f5)2
J’ (foe—f2)(1—13) dfs
OIRTIM _ 77—-—1 }2
%CgRT02+(1 f2)(1+92~f2)— 2 M2(l —f2)2
= — M, (1—=£2) dfe APyAx x
(C’lRTm_l_l_ 7—-1M) (A—af2)(1+bfs) * CoRT go(1—fo2)
CoBT o 2 2
1 dfs + My(5—1)
x | {C.RT o—1 T=af) 05 CEERY
(O:RTE:"'I—yz Mz) fo)(L+bf; (gﬁgﬁ:"d"vz 1M2) X
(foa—Sfo)(1=f5) dfs (51)
x| (I—afo)2(14bfx)2 | °°
where
Qb = 1—,—(F—1) M,
CiRTy =1
CzRT02+1~ 2 o,
02+Z;—1 M,
ab = '
OIRTOI 77-—-1
CoRT, T~ 3 Mo

Integrating (51) and taking the lower limit the point, suffix zero, where resistance
oceurs, we get

1
Mz 1—a 1—a (1—- j{—)

log
7=1 o |a@t) %€ ) " I=af,
5 M

=4

xb+l) = OIRTOI
OoRT o, 1™

z+41
( +
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1
(1= )
+ 1+b o K

bla+b) °° T+2f, +
AP()A-Z' 1 { 1 Io l—‘afuz_ 1 lo 1+bf02}+
CoRT 4o(1—fo2) OlRT01+1_7—'1M a+b ° l—afy a+b 14-8f5
C2RTyy 2
Mo(y—1) A 1—afye A 1 1
Miypg2"Hoz A2 ( 1 1 )_
+(01RT01+1_ y=1,, )2{ a8 1-afy @ (1—“f02 1"'“f2)
A Ibfee A1 1 )}
b 8 Tap, o (1+be2 Hen) S| 52)
where
A = al(@—=b)(1+fo2) —2(1—abfo)]
! (a+b)
A r_ (l_afoz)(]-—a)
P (atbR
A = bl(a—8)(1+fo2) —2(1—abfos)]
® (a+0)
A = (L+bfo2) (140)
* (a-+0)2
At the position of all-burnt we have
xB+l)_ M, 1—a { - ( _l)}+
log (xb+l T ORTy -1y, [a(a+b)log 1—al-%
CoRTy, 2 2 .
1+b 1
+zm‘°g{‘+”(l‘i)}]+
APy Az 1 {1—“foz}
1
CoRT g2(1—fo2) [(OIRTM (¥l ) (@+b) BT+ o +
CoBT, 71~ T3 M2
My(y—1) A/ As' foz
4 —1 1— —_— —
T(C_IRT01+1_7_'1M2)2{“ o8 (1~ o2) = Ty,
\CoBT e 2

: _Ad _ Adfoe }
‘ b IOg (1+bf02) 1+bf02



PRESSURE AND MUZZLE VELOCITY FOR COMPOSITE CHARGE 121

Hence the change in log (zp+!) due to the bore resistance if it acts during the
burning of charge C; is

AP()AIL' ]. l—hfnz
A log (zp+l) = CoRToa(l— - log{l b }+
2BT 02(1 —foz) (ClRT01+1_ 'y;le) (ath) +bfos

My(y—1) Ay A2’ fos
-2 log (1 —afy,) — —22%
+ 01RT01+1_‘7"'1M )z{ a o8 (1=t 1—afos
CoRT s 2 2

—%“‘—'1og<1+bf02>—fi{f°:2}} . (53)

Now we find the change in muzzle velocity in this case. From equations (48) and
(49) we have

A(V?) = ZAf%M (54)
(W1+ L 2) (1—fo2)
B =1 )
APB(CCB+Z) B 01 T01+02RT02 (1 F) Mz (’)_/__ )APoAxfog (55)

01+ Ci+0, 01+Cz
(1+ W, ) (1+~——3W1 (1+ (I—=fos)
Therefore from (27), (28), (29), (53), {(54) and (55) we obtain

24Py Ax(1—fo+foer' ~7)

a(Vy) =—
C14+C
(W1+ ot 2) (1 —foz)
ClRT01+OZRT02 (l— —a .M))AP{)AQ?
—2rl-¥ x
40
(I=fo2) (W1+ 1t 2) CeRTys
1 1—afo,
log +
X 01RT01 ‘7—1 {l+bf02}
[(023T02+1_ g Mz) (@+D)
e . My-1) A Ao'fos
T(OlRT01+1_)7—1M 2{—6;10g(1—af02)—- 1—afoz
OzRTog 2 2

_A Adfoz
A log (1+¥fge)— mfo-z}]



122 V. B. TAWAELEY: EFFECT OF BORE RESISTANCE ON MAXIMUM

or finally
C14Cy

) Ve(l—=fo2d) AV,

(W1+ )
AP, 0w = ~1+fog—forr' ™7

5T 1 1—afos ) Mo(5—1) A
___21 ¥ 1 02% 2 {—-—l 1—
’ [a+b ogil+bfoz +(C’1RT01+1_7_1M) o 108 1—afo)
C3RTys 2 2
_Adfor A _ M for
T—afoy b log (1+bfo2) ﬂ-‘b‘f‘o}}] N )

This gives the change in muzzle velocity A Vi due to the bore resistance APy A x
ocourring at a certain point during «the burning of charge C,, in terms of the
characteristics of the solution without resistance.

5. Maxmuom PRESSURE

Maximum pressure may occur when
(I) Both the charges are burning
(II) C; has burnt out and (' is burning and
(III) At the position of “all-burnt’.
Case (i) : When both the charges are burning

C1 BT o1 (1—f1)( 1+91f1)+02RT02(1'-f1){1+02(1——)+ f1}
P= A@+)
_7-1 _ F=DAPoAz(for—f1) ( 01+02)
x—2 MO (=1 (A —fo1) ow, (57)
C1+C,
(l+ 3W, )

where (x+1) is given by (21)
For pressure to the maximum d P =0. Therefore differentiating (57) and sim-
plifying, we obtain
_ CoRT oy (292 )
M40, =145 | =2 — 10,
Y 1+ 1 + 01 RT02 K K 2 _
28y CoRTge
200+ %= O, BT,

fin=

+yM,

(p—1) APyAx
205 CoRTys | .
. C1RT 3(1—fo1) {201+K: C'zRTOZ-I-YMl}
To find the change in P, to the first order in APy A = we put in (57),
C3RTos (26,

_ '}-’M1+01'—1+C—§T01-E (jf‘ '—1'—9-2.)

.fl- =

—
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Thus
C1RTo1(1~fo1) APy _ (7—1)(f01'—f1.)+
APOAx ‘P, (1_flﬂ)zﬂ
CoRT e o _
+(1+01)+Z‘1—RT_0—1K (1+05)— (p—1) M1(1—fo1) og{zo(l—fm)}
CzRToz %2 Zm(l-f()l)
{(1+01)+01RT01K (1+62)
CoRT o0 }
—y(l— 202 ()
(')7—1)M1 1 1 {(1“"01) (1 f01)+01RT01K( +6;) \
+————"‘"'v A CaBiToy (58)
» 0 2 0
(1+01)+0—-——“1RT01K(1+92)
This holds only if )
CsRT 29
M0, L4 (M)
for = 30, 0BT >0.
201+ %2 wmmat 7 M
VK2 C1RTy, 1
C:RT 26,
P40 =14 7 ;’; (“1?2 -1—02)
It Jo1 < 5. C IgT >0
20, +22 Coltloz 4 oy,
VK2 C\RT o,

then there is no change in the maximum pressure.
Case (it) :
This case we will have to consider into two parts:
(@) if resistance occurs when both the charges are burning, ) )
and (b) if resistance occurs when charge 01 has burnt out and charge C, is burning.
Cagse (i a) :
When charge ('; is burnt out and charge (5 is burning and resistance occurs
during the burning of both the charges,

y—1
C1BT g1+ CoRTop(1—fo) (1462 f) — L5~ MoOpRTon(1—fo)2+

b= A+ X
(F—=1 APy Ax(fo,2—~f2) (1 01+02)
 aTw ) e
(1+Ol+02)
3W,

where (z+1) is given by (43) S
For pressure to be maximum dP = 0. Therefore differentiating (59) and simpli-
fying, we obtain

Fom = FMo4-05—1 _ yAP Ax )
= My+-206, CoRToo(1—fo,2)(7M o+ 205)
The change in P, to the first order in AP, A z is obtained by writing in (59)

fou= §My+03—1
S pMy+26;
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Hence
CZRToz(l“'fo,g)APm _ 7—1 (fO’Z—fﬁm)
AP, Az P, O.RT
0 E:—IWOI-F (1—=fon)(1402f04) "'—‘Mz(l—fzm)2
CoRTye
CoBT 45(1— fo,2) (1+01)+C1RT01K (4 02)—~ (7—1) My ( "'fm)log Z,
O1RTo1(1— fo1) CyRTos 2 {Zb(l—fm)}
{(1+01)+0—1R_T—7{" (1-}-02)}
— . OZRTOK)
L= )Ml( L) (1400) —v(1~for) + 5 g (1462)
v Zy  Zg Us BTy,
14-6 ekl U
I+ 1>+01RT0]K (14062)
1 1 —fom 1 1+ 8fon
1 - 1
+(CIRT01+1_7_1M){(‘1+6) Ogl ) 1) (a+d) Ogl (1 1)}+
OoRT s g 2 —\ T -z
My(y—1) Ay 1—afsn A 1 1
+ -\ —log —— 22 __ =2 —
C1RT y—1 2{“ ( 1) a (l—a'f2m 1)
(CZRT02+1_ B MZ) —a|l- e 1—a 1-1—2
A3 14+8fon A 1 1 ]
T % 0 b | T+5om 1
(60)
Case (3i b) :

When charge C; is burnt out and charge C, is burning and resistance
occurs during the burning of charge C,,

y—1
C1RT g1+ CoRT g5(1 —f2) (1 485f5) — 2’_5__ MoCoRT oo (1~f5)24

P= A(x+1) X
(F—=1 APy Az(fos—f2) ( G1+02)
+ 14 2=
x (1—'f02) 02-]:710 (61)
1+ e
(H 3W, )

where (z4-1) is given by (52)
For pressure to be maximum dP = 0. Therefore differentiating (61) and s1mp11fymg,
we geb
fom = yMo+6,—1 AP Az
" §Ma+20;  CpRToy(1—foo) (7 Ma+205)

To find the change in P, to the first order in 4P, A x we substitute in (61)

fom = yMo+0,—1 )
=y M,+20,
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Hence

CoRTg2(1—fo2) APw _ (F—=1)Joz—f2m) +
AP, Ax. P“ OIRT 1 v—1
0 @1—13;+(1—f2m)(1+02f2m)_ 5 M1 =fon)?

1 1 l—a’me 1 1+bf2m
] - 1
+(C’1RT01 7=l M){‘“"”’ BT afos ~ (atd) °g1+bf02§+
+ My(p—~1) 2{{1_'10g1"‘af2m__)\l'( 11 )_
GlRT01+1_7—1M) @ 1—afye a \l—afy, 1—afg
CoRT e 2 T2
Ay 14-Bfom A.;( 1 1 )ﬂ
- -1 - - .. .. .. .. (62
b Tty T o \I+len 1400 (62)

This is true only if

1 $Moy+26,—1
1-g=>fe> 0000 =0
If
1 yMa+6y,—1
1= >Fe < 37,555, = °
then there is no change in the maximum pressure.
Case (iii) :

(@) If the two charges burn out simultaneously, then from (23) and (30),
we geb

C1RT o1 —fo1) A (Pg) _ F=1fo1 1
APOAw‘PB (02RT02 1_’}—"—'1M )
CIRT01+ 2
CoRT
(1+91)+0iRTzi(1+92)"'(')7—'1)M1(1“f01) Z,
+ {(1_‘_0 )+02RT02(1+9 )}2 tog {Zs(l"f01)}+
1 —y(f— 14-6.
v ZB Zo 02R1702
148 SE 02 (140,
( + 1)+01RT01( + ,..)

as the change in maximum pressure,

(6) If charge C'y burns out first and resistance occurs during the burning of
both the charges, then we have from (44) and (46),

CoRToo(1—fo,0) APy - F—=Dfo,2
APyAx. Py O:RTy (| 71 Mz)
CsBRTy,

J_CZRTOZ(I_fo,z) (1+81)+01RT_“‘01K (1+02)—(7-—1)M1(1—f01) log{ ZO }+

T O RT 4 (1~ 2 Z,(1~fa1)
18T41(1 ~fo1) {(1+91)+C?%1;,€:;{ (1+02)} o 1—fo1
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CzRTog
7" 7,

v C 1
(A+01)+ 7% (14+02)

1

. o {1+b (1_1_{)

CiRTo: y—1 ) 1
(CzRT02+1— 5 M,) (a+b) 1—a 1- =

L e (i) _xl-g)

C3RT 1 y—1 )2 a K 1
(02RT02+1— p) M2 l—ail——

+ +

+

1

DY Pl

A 1 4( K)
—os (14 1- 7)) - (o b)
1+ ('K)

as the change in maximum pressure.
(¢} If charge ) burns out first but resistance occurs during the burning of
charge Cy, then from (53) and (61) the change in maximum pressure is

(64)

OsBTo3(1—fos) APy _ (#—Dfoe +
AP,Az . P, (CIRTOI 7=l )
C.RTp, 71— 2 2
1 L+bfoe
+ log { }...
CRT o, p=1 ) 1—afoq
(CgRTog'H— 5 Hs) (a+b)
My(7—1) A Az’ foe
- M Jog (1—afyy) — a2 S0z
(CIRT01+1_7"—1M )2{ o 108 (1= o) 1—afos
CoRT 42 2 2
A I
3 log (1+bfo2)— fj_{}’;} . (65)

6. CarcuraTioNn oy THE Er¥reEoT OF LONG STRETCHES OF BORE RESISTANCE

The effect of bore resistance extending over a large part of the travel and
varying in any manner, can be represented as an integral over suitably chosen
resistances of our standard type. Thus since the exact solution is known from all-
burnt to muzzle, we consider only the part up to all-burnt. Hence

AVg dx

AVE= Az Eﬁdfl
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if the stretch of resistance lies between f; = 0, 1. Thus

M ) AV
. 01+02
=" 1—f)Z AP, A !
(W1+01+02)VE ( fl) [FATY

This integral can be easily evaluated. Py is a known function of x, which is itself
a simple function of f;. Also Z is a function of f; and the factor within brackets
comes from (34) or (47) according as the charges burn out simultaneously or at

different times respectively.
Again if some part of the stretch lies between f; = (0, 1) and the rest between

f2=<1_—I§" ) then we have

AVe= )&z an "t f aw a0
140
MiA J'(»'H'l)Po (=A) (W1+ 3 2) Vel Vi df
= Z1— AP 1=
(W1+O1+02) v, (1=f1) OAx
_ M4 j (z+1) P N
1+ C C,RT
(W1+ it 2) Vel Gommoy (121 +0:f)— 2(1—f2)"
(1=f2) (W1+01+02) VedV,
x APz dfy .. (67)

These two integrals can be evaluated easily. In this case the factor within brackets
in the first mtegral comes from (47) and the factor within brackets in the
second integral comes from (56),

There is another possibility, viz. the stretch of resistance may wholly lie

between fp = (1 -4 0) In that case,

K’
AV, dx
AVe f YR Sk
M,A @41 P, y
C.RT
(W1+0102) C;R1701+(1 f2 1+02f2 —*MZ(]'_fé)z

» [(1-f2> (W1+01‘3*0“) Vpa VEJ
APine dfy .. (68)

the factor within brackets comes from (56).
9
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Similarly we can find the total change in maximum pressure for long stretches
of bore resistance.
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ABSTRACT

Using Coopock’s method of solution and neglecting B the covolume, Corner has found, for
a gingle charge, the effects on maximum pressure and muzzle velocity due to a standard bore
registance. In the pregent paper the author has found, on the same lines and assumptions as
those of Corner, the effects on maximum pressure and muzzle veloeity for composite charge. It
is assumed that (i) y4 = y5 = y since for most of the propellants y are practically the same and
(ii) the rate of burning of the charges is linear, i.e. r = P,
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