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ABSTRACT

In this paper the author has extended Cormer’s theory of bore resistance to the case of
composite charge consisting of n charges of different shapes, sizes and composition. Weighing
factors are calculated for each point along the travel so that the effect of bore resistance
depending in any way on shot travel can be calculated easily by integrating the weighing factor
and the resistance. The initial resistance due to the engraving of the driving band cannot be
accounted for by this theory as it failg if the resistance is sufficient to stop the shot for a time,

1. INTRODUCTION

As the shot begins to move along the bore of a gun under the pressure of the
gases generated by burning propellants in the chamber, there is considerable resis-
tance encountered by the shot. This resistance is mostly due to the friction
between the sghot and the bore, as well as initially the resistance due to the engrav-
ing of the driving band. In most systems of internal ballistics the latter type of
resistance is accounted for by the use of shot start pressure theory while the former
type of resistance is altogether neglected. But it is obvious that it is of practical
importance to consider its effects also.

A great deal of uncertainty prevails about the nature of the resistance encoun-
tered by the shot and experimental work has been done in many countries such as
the United Kingdom, Germany and U.8.A., etec., to study its nature and behaviour,
But the decisions derived were inconclusive. Attempts have also been made to solve
the equations of internal ballistics taking into account the bore resistance but in
order to derive any sort of conclusions the method of numerical integrations has
to be used and every time when the nature of the resistance is different we have to
repeat the numerical integration. Clemmow (1933) studied the effect of bore resis-
tance on internal ballistics and found the form of resistance which will give the
solution in finite terms. He also considered the case when the bore resistance is
constant and gave a first approximation to the solution when it is taken to be small.
But his method is not applicable when the actual form of resistance for a particular
weapon is given.

Since practically nothing is known about the nature of the resistance so it is of
no use to confine attention to any particular form. Corner (1949) gave a method by
which the changes in peak pressure, position of all burnt and muzzle velocity can be
calculated easily for bore resistance of any desired form depending upon the travel.
In essence his method is to add to the solution which neglects bore resistance terms,
a correction term to be computed for the particular resistance in use. Corner for-
mulated his theory on the assumption that n = 1/8. Recently the author (1956, 1957)
extended Corner’s theory in two ways, viz. :

(i) to the case of composite charge, i.e. to the case when two charges of different
shapes, sizes and composition burn in the chamber to produce gases, and

(ii) to the case when % 7= 1/8.
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In the present paper the effect of bore resistance on the internal ballistics of guns
has been calculated for composite charge consisting of » component charges with
different sizes, shapes and composition. The same assumptions and method has
been used as that of Corner. It may be pointed out here that recently Kapur (1956)
gave the theory of composite charge consisting of n component charges instead of
two charges for which earlier theories are given. He also pointed out certain
situations in which the theory for n greater than two is likely to be useful. ,

Corner’s 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. If 4 be
the area of cross-section of the bore, then as standard bore resistance we take a
force AP, constant over a shot travel Az near the point z; and zero at all other
shot positions. P, is such that the product PyAz is finite. The effect on ballistics
to the first order in PyAx is calculated by subtracting an energy equivalent to
APy Az from the energy of the shot as it passes through the point x,. Before the
shot passes the point 4 the solution is the normal solution of the equations but as it
crosses the point z; the ballistic equations are exactly the same as before except for
a perturbing term linear in PyAz. By taking a specific example Corner has shown
that the first order theory is quite adequate to represent the effect of concentrated
bore resistance except when it is sufficient to halt the projectile. He has also found
the effect on muzzle velocity of long stretches of constant bore resistance and the
results obtained by his first order theory are in very close agreement with the
results given by exact integration. He has also treated the maximum pressure on
the same lines as muzzle velocity although it is affected by resistance only in the
initial stages of motion.

2. EQUATIONS OF INTEBRNAL Barristics ror ComMpOoSITE CHARGE

Neglecting the co-volume correction, taking ¥; =% =...=¥,=?% and
assuming linear law of burning for the component charges, the basic equations of
internal ballistics before the occurrence of resistance are:

The energy equation

}:zio.-R(Tm—T>=Z:2‘—1(w1+01+024;,"'+0") oL
1=1

where 7 is the value of ¥ suitably modified to allow for heat loss, and W, is the
effective weight of the projectile accounting for its rotational inertia.
The equation of state of the gas

Cr4Cot ... +0,
(1+ oW, )

C1+0o+ ... +0,.) =
(“’ 3,

AP@+1) = RT CZ: .. .. @

where the length { is defined by

—p_(C1, 0 gz)
Al=U (SI+—8_2-+.+8, .

The form functions
Zi = (1=f)(1+6f)) [fE=1,2,...7] .. o (3)
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The rate of burning equations

D 4, )
;Et-'——ﬁ;P [@—1,2,...7!/] .. .. . (4)
The dynamical equation of motion
C1+4Co+ ... +C,\ dV
(W1+ 1+ 2-2 + )-E=AP .. . .. (5)

3. SIMULTANEOUS AND NON-SIMULTANEOUS BURNING OF THE CHARGES

From equations (4), we have

Dydfy D%, _Du%n
18t Bgdt T B, dt’
Integrating and applying the conditions that initially f; = f3 = ... =f, = 1, we have
1~ 1 1—
If1=._’_é=.,_= 'f” (6)
ﬁl ﬁ2 Bn

where
ﬁ£=—ﬁi [2=1,2,...n]

Now if all the charges are to burn out simultaneously, then since at all burnt posi-
tionf) =fo=....=f, =0, we have from (6), the condition for simultaneous
burning as

ﬁ;:ﬁ;:ﬁ;:,,_:ﬁ;,

Now if all the charges burn out at different times then there will be n distinct stages
of burning. For the sake of convenience we suppose that the first charge burns out
first, then the second charge and so on. In the (rth) stages the first (r—1) charges
have burnt out and only rth, (r41)th ..., nth charges are burning and thus the
charge to be burnt out last is the nth.

Now when the first (r—1) charges have burnt out the fraction of web of the rth
charge remaining is

’

f'=]_——- E' (r=2,3,...'n)

r-1

But f, must be a positive fraction, that is

7

1- P >0

r=1

or
B_,>B (r=23,...m)
Thus for the » distinet stages of burning we must have
B> B, >By.. > B,
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4. SoLUTION oF THE EQuATroxs

We first assume that the point z, is reached when all the charges are burning.
The basic equations (2) to (5) remain true even after the shot crossed the point z,
but the energy equation (1) is replaced by

“ 2
> Z0ETu=D = =1 | (W4 D0 B By gpn]

i=1
Also just before reaching the resistance the kinetic energy of the charge and

projectile is %(W1+ 01+02-;' — +0") Vg and immediately afterwards it is

y(w.+ 01“'02“;)' x +0’) V2 —APyAz. If ¥, is the velocity of the shot imme-

diately after the resistance, then assuming that the total kinetic energy is at all times

%(W1+ 01+02-;' = +0") V2, where ¥ is the velocity, we have
.. +C, C14Cs+ ... 40,
%(W1+01+02-; + )Vf = %(W1+ Ltk ) Vi—APoar  (8)
From equations (4) and (5), we obtain
AD —_
V="V + 1for—f1) L ®

31(W1+01+02+ “ee +Cn)
2

where fy; is the fraction of the web remaining of the first charge when the resist-
ance occurs at the point 5. Now from equations (7) and (9), we get

»

z Z.C,R(TO.—T) = AP0A17+%(W1+01+02+ R +0u) X

“~ y—1 3
2 ADy(for—f1) 2
X [V1+ {B (W +01+02+ e +0,,)}
1 1 2

C,+Co+ ... +C,
oWt Ot Gt

which by making use of (8) becomes

”

z ZLOR(To;—T) _ 3 (W1+01+02+ e +0,,‘)
3

y—1
72 ADy(for—f1) 2
X [ ot {B1(W1+01+02+ e +C’,)

24D,V (fo1=f1) ]

$=1

2
+ 2AD1V1(f01—'f1) ] . .. .. .. (10)
O1+0s+ ... +0.)
ﬁl(Wl‘l' 2
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Combining equations (2) and (10), we obtain

C1+Co+ ... +C,

C.RT.. = Wy AT 72T e T
ZZ,O.RTO,— +5 ( 1+ 3 )
“ ( L 01+Cst .. +0)

oW,

' ADy(for—f1) 2
x| Vi+
[ {ﬁl(W1+01+02-’-2. .. +0,,)}
' + 24DV (for—11)
B1(W1+01+02+2' .. +0,,)

So far our equations have been exact ; at least they are exact transcriptions of our
physical assumptions. Now we retain only first order terms in equations (8), (9)

and (11). Thus we get
Vi=Vo—

(11)

APgAz
C14Co+ ...
[
ADy(1—~f)) _ APyAz

C1+Co+t ... +C, B
Bl(W1+ +Ot. o+ ) (W1+01+02-; +0,) v,

(12)

V= (13)

. AP@+1) (1+01+02;;4,' & "'0") )
Z ZCRT,; = 1

&4 (1+01+0224]-y. . +0,,)
1

x ( —fl) 2
8, (W1+01+02-;. .. +0,,)
—_ 2AP0Ax(f01—-f1) ] (14)

C1+Ca+ ... +0C,
(W1+ = + )(l—fm)

The equation (14) can be written as

47 2 (W1+01+02-{;..+0,,)

CiRTo(1=f)(140: )+ D CiRTo1—f)(1+6,f,)

"_

= . 1
(1+C'1+C’2+ — +C’.) +5 5~ U101 BT oy (1~ )

2W,
_ w=DAPsAz(f,~f,)
=) R A L




OF GUNS FOR COMFPOSITE CHARGE CONSISTING OF 72 COMPONENT CHABGES 27

where
A2D? (1+01+02+ .. +C,)
1= 5 -
2 Ci+0+ ... 4C,
BORTy (14 AF et 4
Making use of equations (5) and (9) the above equation reduces to

AP Ax f
TRTof_—fI[( ) 52 —(p—1) (fOL—'fl)] (16)

> [ C;RT,,; B; B;) y—1
= Z(IRT(;lE{IH‘(I‘E)})_TM‘-WI .. (17)

1

Z(—f)+ M (=+1)(1—f1) df

where

C:RTo: Br )\ 71
”—01+Z(1RT 5 .)+~§—M1 ¢ )

If there had been no bore resistance, then
Z+M (x+]) fl =0 .. .. .. ..oQ9

Thus to obtain a solution correct to terms of order PyAx we use equation (19) on
the right of (16). This gives

fl APyAx [__Z_ . _ ]
- (l‘fm)(l—fl)ClRTm M1+(7 1)(for—f1)

Z+M1(x+l)

or
dz _ [Mdfy,  APpx " df, (for=F1)dfs
J':c+l— j Z TC1RTy (1 —fn) ” Z(1 f)+(y DA J' Z2(1——-f1)] o

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

| C.RTy B
) 1+01+Z (0 RTOI" 146 })
+1 M1
log( ] ) log

.APO Az
(1=f01)C1BT oy

+

: T,
1464 > (g—%"—;~{1+0})—(y—lm 1—/10) B1—fy)
$=2 —J01

2 S Zo(1—11)
i R

— [ C.RT,; B
1460, —v(1—f41) + =0 2146}
(7—1>M1(_1__1 ) .-Z.(CRT 5! )
Zy

v Z ” ’
1464 > (O'RT"‘E,'{IH.-})
— \C1lilo1 g

-+

(21)
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Hence the change in shot travel when the first charge is all burnt is given by

< [ CBTo: B;
AP A 46,4 > (C ’Toip, {1+0})—(y—1)M1(1—fol ot
A log [(xb)l-l'l] = 2 =2 log b 01
(1—f01)C1RT o1 {1+0 +z (CRTO. ‘{140, }) 2 Zo
! £ \C1BT o g }

T+6—v(1—fo)+ > (g‘ﬁﬁ"'ﬁ {149, }H

< GRTO..
1+0I+Z(ORT01 {1+0}) J

If all the charges burn out simultaneously then since 8',_; =pg', (r=2,3,...n),
we have the change in all burnt position as

(F—0M; (1 1
+ 14 (ZO Zb

(22)

< [ C:RTy
146,4+ Z (O’ RTO {144 }) F—1)M1(1—fo1)
APyAx s\t log 281 —fo1)

(1—fo1)C1RT 2 Z
FhlEon {1+01+Z(g§;1°;{1+0.-})} ’

Alog (xp+1) =

i=93

— [ C,RT,,
1+6,—v(1—for) + >, ((ﬁ;—ﬁ; {1+0.~})
i=2

— (23)
CiBToi (140
1+6',-+Z2 (——OIRTM {1+ -})

G-1My (11
+ 14 (ZO ZB)

Now we continue to discuss the case of non-simultaneous burning of the charges.
When the first (r—1) charges have burnt out and rth, (r41)th, ... nth charges
are burning, the equations of internal ballistics are

r—~1

20‘R<TN—T>+EZ‘OR<TO.—T> <y-1>[(w1+01+02+ +0)—+APoAx] (24)

t=1y

(1i01+02+ +0") -1 ”
2W,
AP(@+1) = RT Gt 2,05 - &
(@+1) (1+01+02+...+C,) [; ‘+.-_Z, ‘ ] -
3W,
Z'- = (l—fi)(1+0‘fi’) [‘i =7, (r+1), “ee 'n] .o . (26)
p%ie _pp =rern.m . . L@

(W1+0‘+0“;'“ )‘W_AP e @8
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Proceeding exactly as before the equations corresponding to equations (13) and (14)
are: ’

V o= AD(1-f,) _ APy Az
ﬁ‘(W1+01+Oz+2 +0) (W1+Ol+02_|;) : + )Vo
f=r(r+1),...7] .. (29)
.1 . AP(z+1) (1+0‘+02;'u; - "_'0")
O;RT,; O RT o (L —f)(1+6.f,) = 1
2 OiRTact 3, CRTu1—f)1+04) (1400t 0t 40
2W,
7—1 Ci+Cy+ ... +C, (1—f, 2
+72 (W1+ 1+ 24:; + ) ‘1(1}1)(2Y £.) .
B,(W1+ 1+ 2+2...+ )
24P A y r TS
- 0+0°+x(f°+0f) O 0
(W1+ 1 2 3”. ﬂ) (1 fO: r)

where fg, , is the fraction of web remaining of the rth charge when the resistance
occurred. :
From equations (27), (28) and (30), we obtain :

Z ORT0.+Z CRTo (1 —FIU+05)+ T2 M0 BT (a+1(1—1)

i=1 t=7r

_L-IM,O,RTO,(l-f,)2=£§LA£[( % & ==, ](31)
2 (1 fO:r)
where

2.9 01+02+

4°D (1"‘ 3, )

M. =

=

2
BW.C,RT,, (1_|_01+02+ s +O’,,)
" W,

Equation (31) shows the first order effects of bore resmtance on the equation of
unresisted motion.

Z C:RTou+ Z CRTo(1~FA1+01)— 15 M0 RT, (112
c o t=1 i=r
4,
+=7 MO RT,(z+1)(1=f) =0 O 7
Using this equation on the right of equation (31) gives
r-1
Z C.RT o+ Z CRTo(1~f)(1+8,£)— 15 M,0.RT o, (11,2

df,. APyAx &
de MCRT @+ D1~1) = = g 0 Fio AT, [Zl Ol
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+ ORTu(1=f)1+0.f)— T5* M0,RTo,(1~f)

+F=1){fo, ,—f,)(l—f,xMﬂ,RTo,)] PN . )
Therefore
dx — ) MrCrRTOr(l_fr) dfr
E-_F_l - -1 n 5— 1
D OiBToit > CRTo(1~f)(1+0:£)— 15 M, RTo,(1~f,)?
i=1 fz=y
+ APO Ax — dfr
(1 _fO: r)
Z C:RToi+ z CRTo(L~f)1+0:f)— L5= M,CRT, (1~1,)?

_ -MCrRTOrfO’r fr 1 ff)dff
+('}' 1) 71 2
{ Z C; RT0.+2 CRTou(1—f)1 4650 T2 M orRTo,(l—f»*}

(34)
__ M C.RT,, (1—f1,) df. + APyAzx df,
a -Kr (1 _arfr)(]- +brfr) Kr(l _fO’ r) (1 —a,.f,-)(l-i—b,.f,.)
('}-'—l)MrOrRTOr (fo’ r‘-fr)(l—fr)dfr
TE, J o= ,f,)2(1+b,f,)2] o @9
where
K,.(a,—b,_.) = z": C_’.-RTO‘ E—; (1 +o") — i 20‘RT0‘ g—,:: 0,--—(7-—1)M,.O',.RTO,. ’
t=7 ﬁr . =7 ﬂr
ﬂfz
Kb, = z CiRTy, 5 6,+7 5% M,0,RT,,
B .. (36)
z CiRTo-"'Z (0 RToiﬁ’{l'i'a;( ﬂt)})""?——lﬂrorRTOr
t=1 B Br 2
r=23,...n)

Integrating equation (35) and rémembering that when the (r—1)th charge is burnt

out * = (2p),_; and f, = I?' , we obtain
r—1



OF GUNS FOR COMPOSITE CHARGE CONSISTING OF 7 COMPONENT CHARGES

31.
’.’)+l _ MrCrRTOr ar—l l—arfr
B @hatl= K, |afa+5) % ( g )
1~ -a, 1—,—’°
_ bl 14b, f, AP Az
b{a,+5,) ¢ TK,(l—fo, )
l+b
[ {1—«», 1- B,' %(1+b,f,) o
1 r—1 (=1 M, T,
*|a+s, log B + K,
{ 1+br<1'_ 7 : ) }(l_a'rfr)
- ﬁr-l
1—“’(1" A )
’\11 r r—1 A21 r 1 1
X a, ! l_'arfr - a, Bl - —a f
l1—a, (1— —')
\ r—1
1+b,(1— ?’ ) ]
AS’ 1 ﬁf—l +A4’ r 1 _ 1
b, 1+5.f. b, g\ 1+5.f,
145, (1— =5 )
ﬁr—l <
37
where
A — ar[(ar_br)(l'l'fo: r) '—2(1—arbrf0’ r)]
b (@,+b,)8
A — (l—a,)(l —'arfo, r)
2T (@b re23.m
r=440,...1
A — br[(ar_br)(l +f0’ ,.)—2(1—a,.b,.f0, r)] .
e (@,+b,)8
A — (l+br)(l+brf0’ r)
LT (a4h,)2

Now if resistance occurred in the first stage of burning, i.e. when all the charges were
burning, we have the change in log [(xB +1)] as

{1+o‘}) —(F—1)M (1 —~fy)
Alog {2 +1l} = APy Az

Z(1—fo1)

» g log
clRTmu—fm){1+ol+z (g;ﬂ‘:ﬁ {1+, })}

Zy
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1+01—V(1"f01)+2 (g‘g?: ﬁ‘ {1+94})

1+01+2 (gﬁ;’,"” ﬁ' {1+ a‘})

(7—=1)M,C.RT,,
K?(l —'fO: r)

(y—1)M, 1
CiRT o\ (1=fo1v \Zy ~ 2,

g
’ 1\2’1-(1_ 1') ,
X '%’T'log(l—a,(l—- -EL)) —————A:,L— '\z”'lo (1+b ( ,:’ ))

l—a,(l— F’ ) ’
ﬁl—l

B, B,
—Alr 1— 7 1+br 1— n .. .. .. .. .
, * ( ﬁ,-l)/ ( ﬁ,_l) (38)

But if resistance occurs in the rth stage of burning then the change is only

1 1— arfO: r ('7—1)M,.0,.RT0,. A -
Alog[zg+l] = ‘:lPoAx Ela b )0—fo) 10g1+b,f0, . K,z(l—-fo, ) [ i log(1—a.f,, ,)

'\2’ rfo, r a&'
l—arfo, ’ br

) VIS /S
log {1+b"f09r}_ﬁz;——%o—-;|

+ E log ”,‘
)

,,+b,,)<1 o,y ( A

. Kp(l—fo, p) " ag p )

wfief)
p=1
2y a1 )
A
. ﬁ? )
, 2] 1—_1—'
’\s:p ﬁﬁ M P( BP"]- 38a
b, log { 148, {1——= —————-—-B-;—-— .. (38a)
1+b,,(1__,_)
B

-1
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Muzzle velocity

Now we proceed to find the change in muzzle velocity due to the standard
bore resistance. If suffix ‘ E’ refers to the conditions at the muzzle, then integra-
tion along the adiabatic from all burnt to the ejection of the shot gives

APp(xp+1)P

Vi=V2g (39)
E i C14+Cs+ ... 4+C,
Wi+ 3
where
¢=_—2——(1—r1—f) N € (1))
y—1
and
Zp+1
~ xp+l (1)

But due to the action of the resistance ¥V, P, (:cB+l) and @ are altered. From
equation (15) we have at the position of all burnt

C]_RTOI (1— 7———;1 M]_) + Z CiRTO(

1=2

(W1+01+02-;... +0,,)

F—=14P,az. f,

C14Co+ ... +C, '
(W1+ o r; + )(l_fm)

APg(zp+1)

(W1+01+02+2. .. +0,,)

+ (42)

Also i
AD=2r""Ar=—2/1"%7 log (z,+1) .. .. (43)

and from equation (13)

AP,
avy=- ol

C14Ce+ ... +C,
— 3 )(l_fm)

(W1+

Hence from equations (39) to (44), we have:
Case (I} :—If all the charges burn out simultaneously, then

Ci+Cs+ ... +0,.) v
3 E

(W1+ (l—fOI)AVE

1—-9 1—%
APy Az = —1+fy~for ~¥—r "VZg

S (CiRTw . )_ 7—1)M,(1—
l+91+¢Zz (ClRT01{1+0'} @ ) 1( f01) log ZB(I-fm)

X Zq

S\ (CiRTo; )
1+¢91+"Z2 (CIRTM {146}

o1t 4 S (SR (1 9-)
146, ~»(1 fm)+Z2 (CIRTM{ +6:}

G=1M, (1 1 »
+=0aty (Zo > (45)

. C"RTO‘ 1 0 )
140+ 2, (G 11+
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"This gives the change in muzzle velocity A Vz due to a bore resistance APyAz
occurring at & certain point when all the » charges are burning (and also all the »
charges burn out simultaneously), in terms of the characteristics of the solution
without resistance.

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

c oo +C
(W1+ 1+02+3 + ) VEAVE Az,

~ X

APyAz & (CRT

[1+01+ > (OIRT“ {140, })](l—fm)
=2
< (C,RT,;

146+ ;{Ho‘})

! Zz (CIRTOI c ... 48

Zs(1—fo1)

which shows that if resistance occurs sufficiently early in the travel the muzzle
velocity rises.

Case (1I) —1If all the charges burn out at different times but resistance occurs
when all the charges are burning, then

n-1
24Py Ax (1-f0, aHfo, ,,rl";') 2#7[ Z(C’,-RTO,-)+O,,RT0,,{ 1—”_;11",}]
i=1

NGRS -
(W1 +01+02-13- +0n) (A=fo.) (W1 + 01+0ng +0.)
C.RT
1+01+Z fs (1403) 1,070
C1RTo, g, Zy(1
X APyAx 5 log =2

C\RTo1(1—f41) {1+91+ Z (g‘fg,o' ﬁ‘ {149, })}
1+01—-v(1—f01)+z (g I;r;_pp“ = {146, })

— {C.RT
146+ > (C‘Mﬁ‘ﬂ {1+0})

4 G=DM, (1_1
C1RT01(1-‘f01)" Zo Zy,

1
1
+'Zz (l—fo, ")K"(ar""b,.) og

(7=1)M,C,RTo, |Ay,, _ (&
+ K?(l—fO’r) a, log (1 a"(l . ))

3B
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35
’\Z’r(l'—ﬁlﬁ’ ) ﬁ/ /\4ar(1'—ﬁfB’ )
) oo ) -
l—a,(l— i ) " Pros 1+b,(1— B)
ﬁr—l Bf«l
or finally
C14Ce+ --- +C,
(W1+ 1t 2-2 + )VE(I_fO, n)AVE
APoAx
_ _ n-1 5—1
= _1+f0a n_fO’ nrl")'_rl')' [Z OiRTOi+OnRT0n (l— },_2—Mn)]
i=1
> [ CRTy; B; '
(I=for n) § 146,+ Z (0 RTO - {1+9.'}> —(?—I)Ml(l"fm)}
Sp\Vibla B log Zy(1=fo1)
* (C.RTy B 2 Z,
01RT01(1—f01){ 146,+ Zz (OIRTZI :Ei {1+9;}) }

* [ C.RT,; B;
146, —v(1—fo1)+ ( ! °'-f{1+9'.})
(7=1) M1(1—fo,») ( 11 ) ' . Zz C1BT o1 g,
01RT01V(1—f01) Zy Z,

> [ C.RTy B:
146+ 522 (C1RT01 = {1+9i})

B,
l—a, (1 — ~ﬂ—'—)
r—1 (';"—1)Mr0rRT0r(1—f0m)

S A=ford | B,
+rZz (l—fo: r)Kr(af+b') o 1+b (1 .B: * K?(l '—fO) f)
AL

ﬁl ’\br(l— éy)
e 1o 1)) - S

- R L & LA R C ()
=)
145, {1——
( ﬂf‘l

ﬂ r—-1
Case (III) :—If resistance occurs in the rth stage of burning then similarly as

above we have the change in muzzle velocity in terms of the characteristics of the
solution without resistance as
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VE(]- _fO: n)A VE

Ci+Ce+ ... +0,.)
3
APoAx

= —'1+f0: n—fO: W1V —rl7y

rn—1
X | > CRTo+0,RT,, (1— =L M)]

L i=1

(W1+

(1=fo, a) 1—a,fo,r , (7—1)M,C.RT:,(1—fo,,) [,\ .
Eaat) (it 10 fe T Eaifon  — La 80—

)\Zarfo’r _i:jir _ ’\41rf0:r]
"'a‘rfo’ r b,. log (1+b'f0’ r) 1+brf0

l—a,,(l I—;—~)

—ann)
+ Z (ai’+bi’)(1—'f0’1’)l g +b ( ﬁp )
4 B A
1

p=r+1
p.—

By
, oy
X ijj].Og { l—ap( — ~,—p') } — P—}

I. N ot 1"‘%(1— &)
By 1
)\4,1:(1—*5’;)
s, {1+bp( ﬁ’gﬁ)} —_ff’_-l__ e L. (48)
1

P 1+b,,(1- !i)
By_y
where r can have any value from 2 to =,
Now if resistance occurs at all burnt so that fy, , = 0, we have

(W1+ GGt ...+ ) Ve Ve

A.PoAx

On the other hand if resistance occurs during the adiabatic expansion then
there is no change in the ballistics (except on the time to traverse the bore). Hence

(W1+ 01+02+3. .. +0n) VeAVs

APoAz'

n

(Y_I)MPGPRTOP(I_fO’ »)
‘Ki '—fO, P)

+

=—1

=-1

if the resistance occurs after all burnt.
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Now for the purpose of calculations we consider a typical gun. In order to
make calculations simple we take the case where n = 2, i.e. when the composite charge
consists of two component charges for which €, = 0-941, C5 = 1-031, A; = 1810,
Ag = 1900, and Wy = 27-158, etc. Firstly we consider the case for which K = 1, i.e.
B'1/8’s = 1. Ifthereis no bore resistance the all burnt position occurs when the shot
has travelled a distance of about x5 = 28 inches, Now if the whole charge consists
of the first type then the position of all burnt occurs after a travel of 26-47 inches,
while on the other hand if the whole charge is of the second type then the burnt posi-
tion is at 28-95 inches. Now we take into account the bore resistance terms and in

the following table are given the values of the factor (W1+ g) VeAVe / APyAz for

the three types of charges (C' being the total charge weight) when resistance acts at
the points 1/4 x5, 1/2 x5, 3/4 x5 and 5.

TasLE 1
Type of [ Point of
charge / oceurrence 1425 H2zg 3/4zp *B
. Composite —~0:377 —0-924 —0-994 —1-000
First type —0-365 —0-912 —0-992 —1-:000
Second type —0-257 —0-883 —0982 | —0998

Again if K = 1-05, then the table given below gives the values of the factor
(W1+ g) VeaVe(l—fo, ) / AP,Ax when the bore resistance acts at various posi-

tions along the bore.

TasLe II
C
Jos 2 (W1+ E)VE(I—fo, 2)AVE/AP0A.’E
0-8 +0-359
0-6 —0-203
0-4 —0-556
0-2 —0-799
00 —1-000

Mazimum Pressure :

Maximum pressure may occur when
(i) all the n charges are burning,
(ii) when the first (r—1) charges have burnt out and the rest of the charges
are burning,
(iii) at the position of all burnt.
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Case (I) :—When all the charges are burning, the pressure is given by

Z(l_f1)+('>-’—l)APoAx(f01—f1) (1+Cl+02+ . +Cn\)

C1RT01(1=fo1) 2w,
P= (49)
A l
=+ ClRTol(1+Cl+023-;7‘ u— +O")
1

For pressure to be maximum Zf—P = 0. Differentiating and putting g—fP = 0 and
1
simplifying, we obtain

< ( C.RT
1+6,+ > (o RT"‘ﬁ {1+0})
fla=1— = T + a term proportional to APgAz.

Since we have to find the change in P, to the first power in Py Az, we put in (49)

146+ > (gjj’;”mﬁ {1+0})

M1+2V

f1m= 1-

Hence from (21) and (49), the change in maximum pressure is given by

CiRTo1(1—fo)) APn _ (7—1)(for—f1u)
APOAx'P- Z-(l_fln)

1+6,+ z(g'f;ﬁo' B' {1+0;})—(y——1)M1 1—fo1)

_ ] Z,(1~fo1)

Z 1-— m)

{” 1+z(gﬁ§§'ﬂ’{1+e.-})} oA
= [ C.RT
146, —v(1—fo1)+ %2 {146,
_w—-l)Ml(l ) ';(CIRT gt })
Ty \Z, Z,
° 1+01+Z(g‘$£°'ﬁ {1+0})
(60)

This holds only if

> [ O.RT
146+ > (C RT“;—{1+0})

M, 53 =0.

> (ORTy B
1+01+ i; (CIRTOI E {1+0|})

M1+2V >O

Jo1>1—

Joo<1-—

then there is no change in maximum pressure,
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Case (I1I) :—When the first (r-—-1) charges have burnt out, the pressure P is given as

Z c RTO,-,- z C RTO'(I —f‘)(1+0‘f‘)_ M OrRTo,.(l "'.f )2+ 'y I)A(i)(—)—?:({m r'—fr)
P= A(x+l) X
C1+Cst - +0,.)
(1 + 2W,
X : (61)
(1+ 01+02+ e +Cﬂ)
3w,
For pressure to be maximum —— ¥/ f = 0. Thus differentiating (51) and putting gf =0
and simplifying, we get
z { CiRTo;(146;) % }
fom=1——=7 4 % + a term proportional to PyAx .

7,0, RTo,+ Z 20RT ol 3
But since a change in P, to the order of Py Az is required so we will put in (51).
n B:
z CiRT(1+6,) =
i=7 B’
fﬂn =1- B/g *
7M ,C.RTo,+ Z 2C,RT8 g

i=7

Case (11a) :—If resistance occurs in the first stage of burning then from (37) and
(51), we have

(l—fo, r)AP (7-’_1)(.f0’ r_.fr-)

APypAx. P, 771 id 5—1
Z CRToit D ORTo(1~fs (1+6:f5, w) = Lo MO RT o, (1~f,m)2

(1=fo, ) [l-f-01+ > (g %"' o+ (1+0)) —(v—l)Ml(l—fm)]

i=2 ZO

~ . 2 log 7
RT.. B. (1—fo1)
ClRTo1(1—f01)[1+91+ z (g;zgz'l% {1+9a})] ’ .
§=2 1

+

< [C:RT
A=fo, ) |1 +0,—v(1— % {149
+('7—1)M1(__1__l) —fo )[ +6,—v(1—fo1)+ Z(C’RT ﬂ {1+ (})]
Zy

v Zo d
C\RT 4y (1-fo1) {1+01 Z (gig:o: 1B {1+9¢})]
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{ 1+b (1— EE") } (l_arfr’n)
r—1 . ('7_'1)-Mr0rRT0r
+ z Ko T5) 7 e
=2 {1—@,(1——)% 1+b fr)-) .
ﬁr 1
M 1=, frm sy 1 1
% ay log ( ﬁ; )+—G’T ( ﬁl ) l_arfﬂu
1—a,|1—— l—a{1— -~
r—1 : r~1
- AS,f- 1+brfnm Abr 1 1
Dl room | Thr —— 52
b, %8 A g\ 1457, (62)
145, [1— 2 145, [1— =
Br—l r—1
where
BI

bm=1— = —ﬂn) = +1
S /3 fem) li=1, (r+1), ... 7]

I 4
Case (I11b) .—If resistance occurs in the rth stage of burning then

(l—fO’ ,-)AP,,. = (’}-’—1)(fo, r'—frn)

APopx. P, 1 " -_
> ORTot > CRTo(1~fo A+0fs ) — L5 M0 RT (1,
=1 =
1 1 1+brf0’r (1 —a, rn)_l_('y I)M OrRTOr ’\larlo 1 a’rfrn
+K,(a,.+b,.) (1 —a fOr r) 1+br rm) K2 ' a, - rfO: r
A2:9' 1 1 A311‘ 1+brf0’r _ %4_)!_'( 1 - 1 )]
+ ar (l—a’rfO: r 1 arfrn) + log 1 +brfn br 1+brf0: r 1+brfr-
B
" f ) §1+b}1( _ﬁ_p)§ (l_apfp:m)
. 05 r -1
+ 2 a’p+b _fO)p log ﬁl +
p=rt1 {l—a,,(l—-,—?-)} (L 4+b,fps m)
-1
('7"'1)Mp0p-RT0p(l ""fO: r) /\1, P .1 —apfp’ » _Aiy_p 1
K210, ) o % NG g,
b2 0> p. l—a,,(l-——,—t) l—ap(l_—TL)
ﬁﬁ—l ﬁp—l
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4]
1—apfp, m by 146, 0 m b, ﬁ;,
146, (1— 2
ﬁp-]
1
1 +.bpfp> n (53)
This is true only if
z O’,-RTo;%f{l-i-ﬂ,-}

m & > 0.
M0 RTo,+ > 20RTof; 5

7

B,
1""_7—" > :r>1—
( B ) o

r—1
If

z C:RTy; % {1+6,}

yM,C, RTo,+ z 20,RT 6, F

(1—‘5,—5'—) >Jo . <1=—

r—1

then there is no change in maximum pressure.

Case (11I):—

(@) If all the n charges burn out simultaneously, then from (23) and (42), we
have

C\RT (1 —fo)) APp F#=Dfo1 +
APoaz. P & omr oo
g-RTO- +1__Y lM]_
2. CiRTy, 2

S (CRTy; _
LoD (T2 (1463 )~ =020~ .

~ log
C,RTy; 2 Zp(1—f1)
{ 1"“’1"'; (OIRT01 {1+g,.}) }

< (CBT; )
(F~1)M, ( 1 1 ) = f°1)+iz=2(0112§l’01{ i

Zs  Zy X\ (C.RT
3 O¢
1+(:71+Z2 (0_13T01 {1+o‘})

as the change in maximum pressure.

+

(54)

v
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(b) If the n .cha,rges burn out at different times but resistance occurs when all
the charges are burning, then from (38) and (30), we have

(l_fOs a) - APB= (y_l)fOsu
APoAx.PB n-1 7’—-1
> CiRToi+C,RTs, (1 -5 M,.)

i=1

> ( O,RT,, B
(1=fo, ) [1+91+i; (OI‘RTE'I % {1+0-'})"(‘7—1)M1(1—f01)] 7

) ]2 8 Zi1—Tan)

+ . i
‘ C.RT,; B;

C1BT o1(1—fo1) [1+01+Z (0——1‘RTL’1 z {146,}

=2 1

(1~fo ,,)[1 +0, =1l ~for) + z(gg;’lg {1+a.-})]
i=2 1

& [ C.RTy, B;
1+01+Z('—T°'E{1+0,.})
=2

(P—=1)M, (L _ 1
CiRTo1(1 —for v \Zv  Z

OIRT01 B;
: f e (1— ;_ )
(1—fo, ) -1/ _ G=1)M,C.RTo,(1—fo,4)
+r2:2 K,.(a,.-l-b,.)(l—fo, r) 10g 1 (1 B; ) -Kf (1 _fOs r) X
—a, — 77
ﬂr—l

(%)

Bl ’\2,1' ﬂ,
X él—"log(l—a,(l— . ))——-—':;1—
a' Bill <1——')
r—1

o e )
LT SR (l+b,(1——,’—))——~——'l,—~

N £515)
b' ﬂ_l B){
’ 146, {1—
( Br-—]

as the changes in maximum pressure.
(¢) If all the charges burn out at different times and resistance occurs in the rth
gtage of burning then the change in maximum pressure is

(l—va ﬂ)APB = (’7—1) 0> n
APypx. Pp "L 5—1
> CBTotO.RTw (1~ T30,

f=1

(1 —fﬁi n) 1 +b1‘f0) r
+Kr(ar+ br)(l _fo: r) log 11— rfO) r
- (7—1)MrGrRTOr(l_f0; n) [AI,

K2(1 '_fO ) _a':r log (l—arfo» )
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’\23 rfO’ r AS, r
“T—afo. b log (143, f, .)
.. of-4)
_ /\4: rfoyr]+ z _fOrn) g ﬂp-l
1+brf0:r p=vrl ( p+bp) —fO:p) l—a (1_&
P 7
g,

—( MOPRTOp(l—fO"n) I\I’Plg {1 — ( _._ﬂ;_)}
KZ(1=fo, p) ap ’ /3;—1

Bp)

Ao, p | 1— .

- 2 ( '3?1 "3”’10 {1+b( ﬁ’;)}
B

’ b
l—ap(l _f_f_) ' -t
B
/\4)p(1‘—£ﬁ—) ]
.____.__ﬁLB_ . .. . .. .. (b6)
1+,
-3

5. CaLcuraTION OF THE EFFECT OF LONG STRETCHES OF BORE RESISTANCE

The effect of bore resistance, extending over a large part of the travel and vary-
ing 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, Thus according to weighing

factor theory, we have
_ | AVedx
A VE = J. Az df f 1

if the stretch of resistance lies between f; = (1,0). Thus

AVg= JMI(;"'” AVe g

M4 J(z+l)Po
- Z(1—
(W1+01+og;- el 0.) Ve (1=f1)

(I—f1) (W1+Ol+02-’; = +C') VeA Vg

APoAz dfl (57)

X
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This integral can be easily evaluated. P, is a known function of z, which ig
itself a simple function of f;. Also Z is a function of f; and the factor within
brackets comes from (45) or (47) according as the n charges burn out simultaneously
or at different times respectively.

Again if some part of the stretch of bore resistance lies between f; = (1, 0) and

extends up to f, = [1— B =, 0] , then we have

r=1

AVg dx AVgp dz
AVE—fo &, af1+ f“&;gﬁdfr

- _ MIA (Z+Z)Po
(Wl+01+02-|3-...+0")VEJ eSS
c C C.,
x 4 = 01t Cot ... 40
B APoA:v (W1+ 1+ 2‘*3:---+ n) Vs
x — . (Z+l)P0 %
: 5—1
J D CRTot D ORTo(L—f)(L+0if)— L5= M0, RTo(1—f,)2

t=1 i=7r

(W1+C_1+_02_';__~"'+C"') Ve(l—forr) AVE
X df.

AP()A:U

These two integrals can be evaluated easily. In thig case the factor within brackets
in the first integral comes from (47) and the factors within brackets in the second
integral are given by (48).

(58)

’

Finally, if the stretch of resistance lies within f, = [1 —_ B: , 0] , then we have
r—1
A VE
AVyg = Az df,- df,
_ AM.C.RT,,
(W1+01+02-|3:. . .+C,,) Ve

5 J (=+DP,
X Z CRTo(1~f)1+05)— L5~ M,0RT0(1~f,)2

i=1
O14Cs+. . .40,
X [(Wl"'"’_“:a“”“‘ ) (I=f)Vel VE] df. .. (59)

APoAz

and the factors within brackets are obtained from (48). Similarly we can find the
total change in maximum pressure for long stretches of bore resistance.
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