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ABSTRACT

In the present paper, we have obtained relations between partial derivatives of maximunt
pressure, all-burnt position and muzzle velocity for studying their variations with respect to
variations in each of the loading conditions. In particular the partial derivatives with respect
to the form-factor § have been expressed in terms of the other partial derivatives. For a simpli-
fied model, we have given twelve tables which enable us to find the percentage change in the
internal ballistics corresponding to & unit per cent change in anyone of the loading conditions.

‘1. INTRODUCTION

The object of any system of internal ballistics is to determine maximum pressure,
all-burnt position and muzzle velocity in terms of the loading conditions, which are :
(@) for the charge—(i) force constant F, (ii) charge mass C, (iii) propellant density 8,
(iv) co-volume per unit mass n, (v) ratio of specific heats ¥, (vi) ballistic size D,
(vii) rate of burning constant B, (viii) pressure-index a, (ix) form-factor 8 ; (b) for the
gun—(x) chamber capacity K, (xi) area of cross-section of the bore A, (xii) shot-
travel till muzzle x3; (c) for the shot—(xiii) mass of shell W, (xiv) shot-start
pressure pg.

In addition, if we use the cubic form-function we have (xv) a second form-
factor ¢, and if we use the general linear law of burning, we get (xvi) another
constant p;. The French use two others : (xvii) the coefficient of passive resistance 4
and (xviii) Pioberts coefficient ).

Moreover, we have to consider the following possibilities : («) maximum pressure
may occur (i) before all-burnt, or (i) at all-burnt, and (8) muzzle velocity may arise
. (i) when the charge is mcompletely or just burnt or (ii) when the charge has been
completely burnt out earlier.

Thus in the most general case, in order to determine variations of internal
ballistics with loading conditions, we have to determine :

(i) 36 partial derivatives to study the variations of maximum pressure.

(ii) 18 partial derivatives to study the variations of all-burnt position.

(iii) 36 partial derivatives to study the variations of muzzle velocity.

To determine all these ninety partial derivatives and to tabulate all of them
would appear to be a tremendous task, but this is considerably simplified by con-
siderations of ballistic similitudes, which show that only a few of these partial
derivatives are independent.

In the present paper, we investigate the relations between these partial deriv-
atives under the following assumptions :

- (i) usual linear law of burning, i.e. a =1, p; = 0.

(ii) usual quadratic form-function for the cha,rge ie. ¢y =0.

(m) usual Lagrange’s relations and assumptions about passive resistance, i.e. we
shallassnmenand,\tobeconstant
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In most of our discussions, we shall not also be interested in variations of ¥.

Thus we shall study effects on maximum pressure, all-burnt position and
muzzle velocity of variations in F, C, 8, b, D, B, 8, Ky, A, 23, W and p,. The
number of partial derivatives of our domain of study will thus be reduced to sixty.
We shall determine the relationships between these and show how to tabulate the
basic partial derivatives under certain simplifying asspmptions.

The effects of variations of loading conditions were first qualitatively discussed
by Tranter (1945) but since he did not make any use of the basic differential equa-
tions of internal ballistics, he could not give any quantitative results. Corner (1950)
studied the ballistic effects of charge and design variables on the basis of the isother-
mal model for a typical A.A. gun. In the H.M.8.0. publication (1951), some
monomial formulae for variations, giving average values for partial derivatives, are
given,

Tawakley (1956) studied the same problem analytically, but he did not make
any use of ballistic similitudes, with the result that, in his case, all the partial
derivatives would have to be calculated separately. In fact, he gave, under certain
agsumptions, separate formulae for about twenty of these and tabulated two or three
of the simplest ones.

The most exhaustive study of the subject was made by Winter (1954), but he, of
course, used throughout ¥French methods of internal ballistics and French notations.
In the present paper, we have followed the British methods in use in India.
Remembering that we are considering partial derivatives, the labour of transforming
his formulae involving partial derivatives may be quite considerable. Moreover the
transformations used here for ballistic similitudes are different from his transforma-
tions and in some respects these are simpler.

The preparation of Winter’s tables required extensive numerical integrations
and it would be.worth while to prepare similar tables following the methods outlined
in the present papers but that would be a time-consuming process. In the present
paper, we have, therefore, made two further simplifying assumptions : (i) zero shot-
start pressure, and (ii) specific volume equal to co-volume. These assumptions con-
siderably simplify the preparation of tables for other loading conditions and are
not likely to make a difference of more than a few per cent in the valze of the
partial derivatives and this should be quite satisfactory.

2. THE Basic EQuaTioNs

The bagic equations of internal ballistics are :

2= Z(E—Bz)+% ”—ﬂ}l O
d
M;=,,EZ’E T )
d
;=—”«T£ O )
| z= (1=)1+6f), e L@
where
.g=1+il”.. O ()
4D “ : -
17=F—-—Cﬂ’v ‘e . . . . (6)
Al o
L=z5p e )

IB
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with

£

l= — (8)
1\ C

B=(b—§):4—l O )

A2D2
¥ = pomi, A(10)
W,=108W+43iC .. .- .. .. .. (1D

The initial condition for the integration of the system are

E—'l’ ’7_0» l_lo—l—-BZo (12)

where the suffix ; corresponda to the instant of shot-start.
If we neglect covolume-correction term B and assume zero shot-start pressure,

we get, on integration, the systems of equations:

e\?
g=(_1_‘7_|_:§) R O 1)
n=MI—f).. -« .. .. .. .14
145 '
1+6 "
;=‘7(;)[1_1’Z'_0] i .. .. (5
where .
0'=%+%(y—1). R
For maximum pressure (Suffix 1)
. .
o\ F
51=(1—-}’h)” I 6 1)
148
,h=27+_ R 1))
w7
1
1 o 1+=
;1-_-”1(;”)[1—1”_"_0] L 1)
For all-burnt position (Suffix 2)
1
M7
fz=[1-'m]o (20)
m=M .. .. .. .. .. ..o@)
1
Moy '
zg=u+a>[1—m] d )
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For muzzle velocity (Suffix 3)

n’;.—.—%[l};,g;g;-’]. e (@)
Ehmmatmg x from (13) and (15), we get

z..(l"'o) f‘?"' 1(£0 ~1) R o0

the explicit equation of the pressure-space cutve.
‘We may point out here that :

(i) the above equations in non-dimensjonal variables and constants are simpler and
of more general application than those in the diménsional case, (ii) that it is equally
easy to get the equations of the-pressure-space curve, andnq reduction to-any special
form is necessary, (iii) further this explicit equation is applicable only when the
shot-start pressure is zero. When {0 1ts equa,tlon can be obtained in the para-
metric form (Tawakley, 1956).* :

Moreover the non-dimensional.approach is absolutely necessary for establishing
the relatmns between partlal derivatives which wé proceed to derive in the next
section. -

3. RELATIONS BETWEEN PARTIAL DERIVATIVES

We shall use X;,, %(1(‘1’—(;5———;;;) where X, is the
value of the variable X at the position corresponding to suffix ¢. X may be any one
of the variables £, 1, {, x, p, v; ¢ may be any one of the suffixes 1, 2, 3, and y may
stand for any one of the twelve loading conditions F, C, D, 8,0, b, 8, Ko, 4, 13, W, py.

to denote the partial derivative

3.1. Relations between partial derivatives of pressure a

From equations (1) (2) (3), (4) and (12),.it is obvious that {; will be a func-
tion of M, z,, 6, ¥ and B

L=fM,2,6,7,B). .. . .. .. .. (25)

. * It is, however, possible to eliminate the parameter 7 to get a direct relation between
&and {. Thus when B = 0, we have (H.M.5,0:, 1951_) N

_Na .
_ _n a-t+p ?l ,f+b
E= (1 a) + 1+b) :

-l (1—3’-)(i{¢§) :

where {, is the value of { at shot-st&rt md

- ﬁ“ﬁ—“ﬁr b — MNTo, a—b = B(I=0% i)
Eliminating %, we get )
- a+b '1 ’
[tf;e N (Cf)"b]
b -"l— '
+b[§"e a:r (ce)-“] ‘a‘—b—a+b, . e (24

the equatmn of the pressure-space curve in the case Lo #0.



CONDITIONS ON INTERNAL BALLISTIOS o 5
and since we are nét considering variatiens with respect to 7,

"y fu fzo Jo . I8
= fdM-l.- dzo+fdf+de C 28

Using (7); (9), (10) and (12), we get -

1 [ ¢ = ¢ ] dF dC |, dp;
dEg— L+ < ds| — = — 27 4 21
Ko—g 0T 3 T e F~07p
fMM{ + 2D _dF _dC _,df _ 1-O5dW+§;dO’}
f DT F T ,9 1~05W+§0
a2 1 dO’ 0 ) dF._dC dpo
s
fp . d8
+505
: dd ¢ ¢
db dKy— = ds
o ta B )05 w0 ToTTARE L
FUUTIHBRY |, T T 2 _C
: 3 - B0
Therefore
pIF—l—‘%{M—‘%’lf%lo .. .. .. (28.1)
K c 2 K
P c= °0—%{M[l+1——-—~.053,+§0] ff"o °0 .. (28.2)
Ko T
+bp o,
pID=2—.’;£M . (28.3)
p;,ﬂ'=—2’%‘,’.M N ¢ ¥
Pyg= J%’.o O - )
b I f Jz Bzogo] L >28.6
pl'b_b—__l[fB f1+B§o .. . .. .. .. { )
‘ 3 ‘

Qo med
< Q
- |

ATV SIS |
B R gy ‘+[fBB £ Bzo;o]

B p=— g \ SELA N Y )
5 \K‘OK Cf1+B§o 7 f1+B§o[ 1= ~0J
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_pl’A=2'€¥M O -1 )
P =0 . (28.10)
pl,w=—'%‘*iﬂm% O - 5 0}

=fo_2 R -3 5

If we eliminate '[P«'M , fa, ‘Z‘?G, s B, we get the following eight relations

f F A A
between the partial derivatives
- P p
Py p=l=—3==p 4 . .. .. .. .. .. (29.1)
p—1
_ K Py, p iC ] T3 K,
PrLc= c™ T2 [1+1'05W+§C g c
KO—S' Ko—'g
K
——-———-O—C-,pl’#o .. .- .. .. .. .. (29.2)
=3
pl'ﬂ=_.p1,p .e .. ‘e . .. .. .o .. (29.3)
C b 1 1 C C
5 ) 3 5 )
P53 =~ ot s p‘”‘( 1 0)+p1’f’0 of - @99
Ko—g b'—‘s" Ko“"s— Ko—— .
. b-—-!
K K K ]
Pk, =— °C+ °Cp1,,,0— ——-'l-dTpl,,, e ee .. (295)
Ko— g Ko—’g o_‘s" .
P4 =Dp (29.6)
Py,. = (29.7)
LO5W C L (08

Pyw =~ iGEwrgoPLo
Thus all the partial derivatives have been expressed in terms of the four partial
derivatives py 3 p; , 3 Py ;5 Py o In section 4, we shall express p, , also in
terms of the other three.
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From the above relations it follows at once that the effect on mazimum pressure

of ome per cent increase in ballistic size is the same as that of
(i) one per cent increase in area of c¢ross-section.
(ii) one per cent decrease in rate of burning constant.
iC .
(iii) 2 [1+ Tosw| 2¢ cent MT@e in shot mass.
If B=0, py=0 these relations reduce to (29.1), (29.3), (29.6), (29.7), (29.8)

and
| _ K, Pup o,

PLc=——0" 73 [1+1-05W+!;C’] e (@92
¢
5

PLg=— C . (294)
K

PLky=———"g . (29.5)

o— =

F
1t is obvious that the relations (29) also hold for the partial derivatives of p,.

3.2. Relations between partial dertvatives of shot-travel
From the basic equations of internal ballistics, £, is a function of M,7, 6,2, B

(30)

so that
ASUz
C = ¢(My y: 0: zO: B)
Ko—s

AIg
C ic ¢
Bo=5 lad do, FomFtm®
Tt |
K-

$u 4[5 34 2@_(1_19‘_d0_g@_1-05dw+§d0]

S AT DT F T 0 TR T TBWHC
dc ¢

29059 0% "K°‘T+8‘2d8_@£_«i_0+d_m]

$ T SIIBL| T L0 F Tl

)
1 ac . C
(o5t Buke] | P40 a0 gHe®
B | PR S E: A 1 o C
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wo get »

J. N. KAPUR:. EFFECTS OF VARIATIONS OF LOADING

'A.’Ez
._C ;
oo Ko—3 _bp—1
,2 1+ A‘”ZC §2
.Ko_§
]. ¢M ¢ ZO ]
== =X Y4
N R STy A
o
1 '3 P 1C
ity C’_TM(1+1-O5W+§C)
—
| 5

2
SR
1 %x
wp= =525 ]
é
== 3
coml b [t 0 ut]
’ 2, 11¢ ¢ 1+ B,
5
¢ Y 1
=1 8 $z 5 3 . B
=0 e 0+¢”°( s, 11+B;0)
Ko— < Ko—3 b—3

@81

(32.1)

(32.2)

(32.3)

(32.4)

(32.5)

(32.6)

(32.7)

(32.8)



CONDITIONS ON INTERNAL BALLISTICS

é
Zg, x5 =0 S
AT 105w ]y
ww =%~ o) 4%
1¢zo 29

n T $ B

By eliminating ‘—%’— M, ‘—ﬁ%’ 2g, ‘% B, %0 we get the eight relations
X9, D
Tg, F= — 22 +:r,2 .
C
_ B 10 Tg, D K, K,
T o= 0“( +1-05W+%0) 3 T C "t c
K,— 5 Ky— 5 Ko— 5
T8 ™= ~%20p
C C 1 ¢ b— 1
5 3 3 3 5
z2;8= C+ 012 p0+( 1_ 0) b X2, b -
Eo—5 Ko—3 \b—5 Ko—3
K K P '15
12, Ko = 00+ OCZZ,PO_ 00 b x2’b-
'KO_ § .Ko —8— Ko— '5'
xZ» A= _.1+x2, D.
To, x3 = 0
105W 24,0

oW = T T0BWAIC 2

(32.9)

. (32.10)

. (32.11)

. (32.12)

. (33.1)

—3— %2 b

.. (33.2)
. (333)

. (33.4)

. (33.6)

. (33.6)
. (33.7)

. (33.8)

Jit is obvious that the same relations hold for the partial derivatives of z, the shot-

travel till the instant of maximum pressure. *

3.3. Relations between partial derivatives for velocity
From (1), (2), (3), (4) and (12),
=M, 20,6,B, 6,7 .. o e e

(34)
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dA dD dF dC dB dva

At D" F 0B

—_—— e R D T3 7

""“M[ dA 2¢ZD dF dC 248 lO5dW+§d0] Yo o0
F~C B T TeWw+iC T

ic C
bz | FtR® 4p a0 dpo

+3 1¥BL, x,_C TF T 0T

3

1 dc ¢

] db+-8-d6 i dKo-T+82d8
LT TR T
5 L

'I‘B 0 Bzolo
+[ ~ 1+BL

From (34), we get the following

vy by 1
Us,p—l—T.M ¢Zom

. 1L +%@)-%’°ng

]
9
+K°K° o 2 B ey P

o= =1+ 4

ma=1- 22y

"”"-b__ [ 'ﬁ'o"’lf-;ﬁco

v3,0=-70

2

(35)

.. (36.1)

.. (36.2)

. (36.3)

. (364)

. (36.5)

. (36.8)
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c 1
) s, 3 8 B
$8= "y C~ . 11+BL
1 c
5 3 |ep g, G35
+|—= o s = (36.7)
b— 3 KO— —8- Ko- g
¥ K, ¥B._ K, Ky, %,
V3, gy = - % 5= B - 5 o €= (368)
[ l/l Ko— v '/‘ KO— 3 Ko__ 5 '/‘
¥
vg, 4 = —1+2—%l£ M+¢£§ (¢3—1) .. .. .. .. (36.9)
¥
vs,z3=—§(§s-—l) R ;8 1)
LVOSW_ 4M . ... .. @eu)

W WA

_ ¥ 1
Ua,po - '/‘ 20 1+B£0 . . (36.12)
Eliminating the partial derivatives of ¥ we get the following seven relations
us,F=1";’svD._us,m O 1 4 )
= iC 1+4v; D]
vsc=1 [1+I-O5W+§C 2
p—1 ¢
K K ] ]
- g C v, po+ 2 b Vg, v+ Cvs’ %38 (37.2)
-5  Ko—3 =3
V3, g= —V3,p .. . . .. .o e .. (37.3)
¢ 1 ¢ -1
3 ] ) )
vg, §= ¢ Vg, PO+ 1 - C b Vs, b
=3 =5 K3
¢
]
_”81 T3 C (37.4)
Ko— 3
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b 1
K Ky, 3 :
Vg, Ko = ——--—Q--(—7 Vg, P0™ —LC b Vs, b .« .. . (37.5)
Ro—5 K-
'”3» A= 173, D+‘l)3, zg . a e w~e . L e .. (37.6)

o = — 1-05W . 14v,
TEWTTO106W+HIC 2
It is obvious that if we put vs, z, = 0 we shall get the relations between the partial

derivatives for velocity for any fixzed x. These would also hold for velocity at the in-
stant of maximum pressure and for the velocity at all-burnt.

(37.7)

4, EXPRESSIONS FOR PARTIAL DERIVATIVES WITH RESPECT TO FORM-FACTOR IN
TERMS OF OTHER PARTIAL DERIVATIVES

The basic equations (1), (2), (3), (4) can be written as

z=§(¢f—Bz)+_§—-JE—-1ﬁ . .. (38
M;=,,Z_;Z e e
1 dz
Vit o)
where
v=1+0 O 7t B )
ST
I=qeE e e @12)
Making the further transformations
n=wvj (42.1)
g:é e @29
M = Mgp2 .. e ve .. (423)
B=gB R o)
z=g,'° oL (425
(38), (39), (40) become _ _
2=';(s;-ﬁz)+%z%ﬁ2 e @y
Hi=43, (44)
s dz 4
b= Visa “9)
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and the initial conditions for the integration of this new system are
§=1,;)“=0,§-=q;0=50,2=q20=20. .o .o (46)
Also. o
' 2o =0y 1=BL). . .. .. .. .. . (47)
It is obvious from thls system of equations that {; will be a function of B, Zo
46 B(1+6)2
and M only or that ———— a + 0)2 only.

M
———u ¢ will be a function of — R 0)22, and ~
Thm result waa’ first proved by Goldie (1945) by a different chain of reasoning
(Corner, 1950) and in a shghtly dl.ﬁ'erent form

I‘ét §1=F(M zo, B), .o, el e e (48)-
then
ac ¢
2 ), Hom5te® ar_ao, im
9 1+6 K C F~ 0T p;
0T %

2dA 24D dF. dC 2d8 1-05dW +1dC do]

.73 ar . %v «4p LVoeWw Tsav W@
TM[4+”'D‘""F T~ B T 1TBW+iC 6

dO’O’

Fi, [d0 2 d0]+EOF;" 1 JHomTre® _4F_d0  dp
TF |7 T15e F 1+BL, |~ 5, © F
. 1 .. dac . C
- il — dd
B2, 5 e ] Pra® a0 Mo T ET
F ~OF i+, 1 0 ~C
; b__-s K, 3
BrFg[de 2
"‘T[F"mdo]" e e e .. (49)
_ 26 20F%0 ','EFE] Fg —
Fi_. |
Po=24H .. .. L L (509)
AK F; .2 F3.B
Pore - [1 (O (50.3)
0;———
ZoFy, 1
Py 0=~ TTBE, X (50.4)
b [EFE . Tz, B, ]
pl,b = — ——F—-'-ZOTI—_'_-B—z(" B .. ‘e .o (505)
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From these equations, we get

C
Ky— <
Pip 1—8 03
Po=="g tizgPr K, GL.1
and
Pip, 1-8 b_}s
1,D -
Pro=—"3 tiga | Punt 3P| -+ - (612

so that we have been able to express p,, g in terms of the other basic partial deriv-
atives py, p; D1, 53 P1,s0. For any given shot-travel, from the basic differential

equation
G=GM, %, B, & .. .. . .. (62
dd dD dF dC dB ,dv db

CAYT D T TF T T E Y T 146
ey [2dA 2dD dF dC 2B 105dW+}dC do]

=G AT D "F T "B T ToW+iC ~ @
Grp_ [d 2
+-G—z°[0—1+0d0]
ac ¢
LG 1 | TFIER ar a0 i
+5 3 13 Bg, Z_ 0 7Tt
—
1 c C
+['EGB 20G%, Blo ] [db"'szda d_q_dK°_'8"+szd5
q G 1+Bl, [ 1 ' C Ko—%’

G L6 1496
ac  C
dKy— -+ dd
¢ dA  dx 3 "a2 5
+4 €= (7+';' = ) (53)
Ko—g
vy _ 8 . Gg 10 %Gio_—GE)
v, 9 H_a—ﬂa 1+0(—G_ 7 e .. (541)
v,p=—1+2ﬂ-%i e e .. .. (64.2)
_ Gz 1 :
v,’o—'ﬁ'Zol——'—_i_B;o . . .o . . (54,3)
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_ b [Bas %Gy, B, ] o
v’b—b_.l.[e -~ TTEL .. (64.4)
]
— K, G!o- Gy B K, £ Ko
Y, ko= C? ——é——'—a—'z;—(f—l) C .. (54.5)
0— % Ko—5 Ko—35 '
&
b= E=D .. . . .. (5L8)
) , 1
6 14v,p,1-6 ]
Ye={36" 2 T140 _"”’o_T”"’] - (85.1)
Also
i c
Ko— 2
0 1l4v,p,1—-0}"° 3
9’0—1+0'— 3 +1+0 i Ko v, Kot z] o . (552)
In the above formulae v is a function of the shot-travel ¥ and the loading con-
ditions, and v, y stands for g—gz———g;; . The formulae (55) would hold for the velocity
at the instant of maximum pressure except that in (56.2) v, , would be zero.
5. ErrEcTS ON INTERNAL BALLISTICS FOR THE SIMPLIFIED MODEL
5.1. Effect on maximum pressure when it occurs before burnt
In this case from (18) and (19)
20+ M(y+1)
_ (1402 [M4My420)2+M0—1)
b= Y7120 [ S My 140 =f0, 4.6 .. .. (5
Y 20
hou=M {_ 7426 My +20)(Mr— M +26)
40 My4M4-20)
YRR H—IF ' My 4 } 67)
For ¥ = 125 it gives
Tu { -5 320 640 9M +36
Y7 =M \sureet GHT) wron) T (W40 °° 100169 } (58)
This function is tabulated in
Taprx I (For {,, M)
M6 0 025 06 1
1 -1 ~(76208 —0:60731 ~—0-45159
2 -1 —0-86464 —0-76290 —0-61634
3 —~1 —0-905637 - —0-82746 ~—0-70479
4 -1 —002708 —0-84904 —0-76204



16 J. N, KAPUR: EFFECTS OF VARTATIONS OF LOADING

Also with our assumptions (51.2) gives
U mp 1=8_ fug 1=6. . 1-8

PLb= "5 "3~ " F —m=;—§1,m—m- (69)
This is tabulated in
TasLE II (For py, 9)
MB 0 0-25 05 1

1 0 —0-16208 -0-36398 —0:45159

2 0 —0-16464 —0-42857 -. ~=0-61634

3 0 —0-30537 —0-49413 —0-70479

4 0 —0-32708 —0-51571 —0:76204
| R
The above two tables together with equa.tlons (28), (29) and the values of — W 1;80

determine the percentage charge in maximum pressure due to a unit percentage
change in any one of the loading conditions F, 0, D, 8, 8, Ky, A and W. As typical
deductions from the tables, we may state the followmg
(i) Oorrespondmg to a unit percentage increase in D, the maximum pressure
decrease lies between 0-9 per cent and 2 per cent, the effect being greatest
for tubular charges and for large values of M.

(ii) Corresponding. to a unit per cent increase in F, the maximum pressure
increase lies between 1'45 per cent and 2 per cent, the effect being greatest
for tubular charges and for large values of M. -

(iii) Corresponding to a unit per cent increase in 6, the maximum pressure
decrease lies between 0 per cent and 0-76 per cent, the effect belng greatest
for Cord charges and for large values of M. -

The above tables would also be useful in studying the variability of maximum
pressure due to a given small variability in any one of the loading conditions dune to
manufacturing errors or otherwise.

5.2 Effect on maximum pressure of variations in ¥
From (56), we get )
1 M

li,y=7vM {—M‘y+20— 790 M7= T 36 ~
oM M7+M+28}
RO HMo—DIF %8 2ay+40 5 ... (69

OOmparmg (57) and (60), we get v . »
Ly y= — 0"[1+;1, S R 1

For ¥ = 1-25, this function is tabulated in

Tasz ITI (For &y

M 0 0% 05 1

1 —07852  —0-5948 - —0-4906 —0-3302
2 —0-7852 —0-6768 —0-5927 —0-4796
3 —~0-7852 —07097  —0-6470 —0-5535
4 -0-7852 ~07292 = —0-7548 - —0-5949
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The table shows that corresponding to a unit per cent change in ¥, the decrease
in maximum pressure lies between 0-33 per cent and 0-78 per cent, the effect being
greatest for tubular charges and for large values of M,

Comparison of Tables I and ITI confirms the result of Goldie (cf. Corner,
1950) that the effect of variation of ¥ on maximum pressure can be very acecurately
taken into account by replacing M by M;, where

My =M[Q4+3(r—126)] .. .. .. .. (62

5.3. Effect on maximum pressure of variations in 0

From (56)
¢ _20{ My—146 M
L8 = VY (M0) (My+26)  (My+26) (My— M +20)
oM : M7+M+20} (©3)
T 20+ My—1))z 8 2My+46 S

Using (57), we get
- 1—¢6

cl:a=—CI’M_l__F—0"' (64)
thus verifying (59)
From (59) and (61), we also get
My | 260
£1’0=—'§(7[i_-|?(—9—£1’0] s e . (65)
5.4. Effect on maximum pressure when it occurs at all-burnt
The condition for maximum pressure to occur at all-burnt
M < 1—6. ce e ... (66)
From (22)
- 20+ M(y+1) , 1—-3r—DM
log Iy = log (1+0)+20+M('y—1) lo 140
_ 40 1—3(y—1H)M
CE’M-M{[20+.M('Y—I)]2 log 170
__r=1 M+M7+20}
2—(y—1)M My—M4260)°
For y = 1-25
_ 640 8—~M 1 9M486
Cz,M—M{(M+80)2 log 8T8y~ 571 M+80}" .. (67)

For 8 = 0 it gives
TanLe IV (For lg, )
M 04 06 06
Lo, m —0-477 —0-600 —0-731
and for 6=0-25 (67) gives s, iy = —0-541 for M = 0-5.

Thus the variation here presents a trend similar to that of section 5.1.
2
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5.5. Effect on all-burnt position

From (20)
= 2 1—§(y—1) M
log é; = — W+ o—TH log o)
. = 2M(7~1)
= M{[20+M(7—1)] B—(—0H
- 46 1—%()/—-1)1!4]
o+ Hor—1 146 : (68)

For ¥ = 1-25, it gives

8M 646 8—M
bou=M {(M+80) (8=M) (M+80)ZIOg 8+80§ o - (69

(69) is tabulated in
TaBLE V (For {2 M)

Mo 0 0-25 05 - 1
1 1-14285 1-01504 0-92849 0-78001
2 2-66666 2-55498 2-12114 1-78878
3 4-80000 4-21086 3-72948 3-15474
4 8-00000 6-96228 6-19720 5-13116

The table shows that £,, 3 increases with M, but decreases with 6.
From (32) it is obvious that to find effects on all-burnt position, we have also
to find ¢;. This function has been tabulated in

TasLe VI (For £,)

M6 0 0-25 05 1
1 2:91 259 257 2:09
2 9-99 772 6-35 479
3 6872 27-86 20-11 12:65
4 25600 10285 81-00 40-32

The corresponding table for ei is
2

TaBLE VII (For l)
€9

M/0 0 0-256 0-5 1
1 1-53 1-63 173 1-92
2 111 1-15 1-18 1-27
3 1-01 1-04 1-05 1-08
4 1-00 1-01 1-01 1-03

Thus except for low values of M, e; does not play an important part.
C
Equations (32), (33), Tables V, VI and the knowledge of values of % and &

W
enable us to study explicitly the effects of variations of loading conditions on all-

burnt position. - Deductions similar to those of section 5.1 ean be made from these
2B
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tables. Thus for a unit per cent increase in D, the percentage change in all-burnt
position is given by

TaBLE VIII (For z2, p)

M6 0 0-25 05 1
1 3-438 3311 3-112 2-995
2 5916 5-876

5-006 4-543

The table shows that the effect on all-burnt position of variations of D decreases
with 8 but increases with M and is much more pronounced than its effect on maxi-
mum pressure.

5.6. Effect on muzzle velocity
From (20), (22) and (23) we have

(7-—1)1;§ s (52))’—1
— g =[—3—DH] Z .. (70)
2dyy _ dM [_L M d¢, ‘&]
T T M TS DH B & g )
where
°M
= _(7-1)+?. S (1)
N .
From (71)
d M d
ﬂ: 547-"%53—&,'53—3, .. e .. (73)
where
M
€= 1+2———(€$:1—)T[ —egés, M (74)
dA  dD dF dC dB  dvg
ST -F -5+
_ e, |44, 24D _dF _dC _ 248 1-O5dW+i;dC]
=t |t ~F T TR T TGBW+i0
ac ¢
dKy— —+, 43
Fhe [ﬁﬂ] ‘_’l.é_l.dﬁ___o.s_%z__ ... )
s 53 4 T3 K _g
0™ 3%
From (75) -
VM
vg, p= —1l+e¢ = €3[2—__——(7—1)M =&, M] (76.1)

€31
vg, zg = %58

f3-1 76.2

& (76.2)
Now {3,  has already been tabulated in Table V, so we can easily tabulate

— A —{s . This we do in

2—(y—=1)M 2
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) E M
Tasre IX (FOI'‘2—:?},—_'—ﬁl~-H —§2, M)

M6 0 0-25 05 1
"1 — 057142  — 044361  —0-35706  — 0-20858
2 —133333 — 122166 — 078781  — 0-45543

3 — 240000 — 181086  — 1-32048  — 1.75474

4 —4-00000 — 2-06228  — 219720 — 1-33116

To calculate e3 we need the value of £5. For definiteness we take £3 = 10 in
the rest of our discussions. Corresponding tables for other values of £ can easily
be prepared. This value of &g gives ' :

2 )
3 1 £2

Also

—1+ 1

[ 3
1 fz)
l = (“'s‘M) (&
We tabulate this function in ‘
TaBLE X (For €3)

. N (0]

|
J

Mo 0 0-25 05 1
1 0-4776 0-4151 0-3916  0-3628
2 0-7500 0-5920  0-5064  0-4167

Equations (76.1) and (76.2) then enable us to calculate v, p and »s, oy These
we tabulate in Tables XI and XII respectively.

TasLe XI (For vy, p)
M/o 0 0-25 0-5 1
1 0-2729 0-1841 0-1308 0-0755
2 —1-0000 0-7232 0-3983 0-1898

TaBrE XII (For vy, ’s)

M0 0-25 05 1
1 02149 01868 01762 01530
2 03375 02664 02279 01835

Table XT shows that due to one per cent change in D at £g = 10, the percentage
decrease in muzzle velocity is less than one per cent if M < 2 and that the decrease
would be smaller for cord charges than for tubular charges and would increase
with M. ‘

Table XTI shows that when £3 = 10, if the barrel length is increased by one
per cent, the increase in muzzle velocity is between 0-15 and 33 per cent and that
the increase is more for tubular charges than for cord charges and that it
increases with M.

To determine the variation of these partial derivatives with respect to varia-
tionin £3 we note that as £; increases, from (70) #g increases and then from (72), e
decreases and finally from (76-1) vy, p decreases. Thus for values of ¢; greater
than 10, vg, p will be smaller than the values in Table XI. Its values for different



CONDITIONS ON INTERNAL BALLISTICS 21

values £3 can easily be calculated. Thus the effect of change of D on v; is more
pronounced in guns of shorter barrels than in those of longer barrels,
Similarly since e decreases £3 increases, we expect from (76.2) that v, 2 Will

decrease as £ increases in spite of the small increase in 1——1-. This can be easily
)

verified by calculations for ¢ = 15 and 20.
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