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1. ImTrRODUCTION

The main problem of Internal Ballistics is the calculation of muzzle velocity
and maximum pressure for given loading conditions in a gun. Various methods
have been devised for the solution of the equations of internal ballistics. Hunt-
Hinds system (1951) is based on the characteristic assumptions (i) the linear rate
of burning, and (ii) the circumstances of band engraving may be represented by
the use of shot-start pressure (the pressure at which the shot starts its motion).
Venkatesan (1952} obtained explicit expression for the maximum pressure in terms
of shot-start pressure for § = 0, considering a single charge, which the author of
this paper generalised for all values of 8 {Aggarwal, 1954). Further Mehta and
Aggarwal have recently given the ‘Dependence of Muzzle Velocity and Allied
Quantities on Shot-start Pressure’.

In this paper the autlior has derived explicit relations between muzzle velocity
and shot-start pressure; and, maximum pressure and shot-start pressure for the
more complicated case of composite charges. The shot-velocity, pressure and shot-
travel at the point where one charge is burnt out. when two charges burn out at
different times, at all burnt and also for any position of the shot after all burnt,
have been expressed as explicit functions of shot-start pressure. These relations
have been obtained for tubular propellants for a linear law of burning with the
usual assumption of neglecting covolume correction,

2. Basic EQuUuaTIiONs

The basic equations of the internal ballistic, for tubular composite charges, are

FyC\By+FoCaZs _ ( ) y—1
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where 4, Fy, B1, D1, f1, Z; refer to first charge, and Ca, Fo, Bs, Da, f2, Zo refer to
second charge.
The initial conditions at the shot-start are

v=0;v=0;f1 =fi0:fe=f20;Z1=210; Zy=Zy
Hence from equation (i) we see that,
F1C1Z1o+FoCoZyy

Al = Po >
where p, is the shot-start pressure
F,C Al
or Z10+ 2 2720 = 7.0, Po (5)
From (4a) and (46) we get,
afi _# F_ B Bz
- = where =5 B =
df: B A Dy D'
Also from (3a) and (3b) we get,
le _dh _B _
ifs B T (eay)
. le = Tng .
Integrating this equation and applying the initial conditions we get,
Zl = TZ2 .
Equation (5) becomes,
Al
Zio+ 7 Zlo—-Fo Po
where R= ?ig:
Al R
or QZ“’—F—I—O—I%’ Q=1+
Al
or Zip =
10 QFICI Po

This shows that Z;, represents the shot-start pressure.
We can algo transform Z4 in terms of Zyo by the relation

Zyo=TZy
Now we will express muzzle velocity, maximum pressure and other quantities in
terms of Zq or Zgg
3. Case I. WHEN BOTH THE CHARGES BURN OUT SIMULTANEOUSLY, LB., 7' =1

Dividing equation {2) by (4a) and integrating we get,

=g =) @
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A
or v=—[Z—-Z
B wl[ 1 10]
At the position of all burnt Z, =1
) A
. ’Ub='§%;[l——zlo] .. . .o ‘e (801)

This expresses all burnt velocity as an explicit function of Z,;, the shot-start
pressure.
Venkatesan has given the relation between shot-travel and velocity as,

1

=5 G T L e

v—1
where F = 5
2 |FiG | FaCofB”
(@ b)')’—ll 2T A
and ) ab = 2 FiCiZyo+4 FoColZy
v—1 uq

At all burnt, equation (9) becomes
1

a \2/ b \b7Hati}
§b=[(a—_‘_7b) (g;;b)] N e )

Substituting the value of », from (8) we get an explicit expression between
shot-travel at all burnt and shot-start pressure.

_ wrk(a—v) (b+v)

Also 7 —

This beconies at all burnt,
_ g’lk(a_”b) (b+v,)

pb - A.l gb (11)

Substituting the value of v, and £, we get pressure at all burnt as an explicit
function of shot-start pressure.

4. MUZZLE-VELOCITY IN TERMS OF SHOT-START PRESSURE

We have expressed z,, p,, v, earlier as explicit functions of shot-start pressure

Zo. After all burnt, the motion of the shot is governed by the propellant gases
behind it. Let z, v, b be the shot-travel, velocity and pressure at any instant after
all burnt. Since we are neglecting heat losses the expansion of the gas will be
adiabatic.

“ B, (A5) = p(48)"

Y
_BE5 g
é:V

or
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The dynamical equation of the shot is,

o Al
g~ w?
Alp £ 4d
or ydy= p”f”——f, from (12)
wn £Y

which gives on integration,

24l p, ¢
o g2 T T (1Y p1-V
v =g s B £ )
At the muzzle

f:fs =1+£CT3 &Ild‘U=’U3.

We have,

241 p, &7
2 % pb 43 (61—7’_6;—7) (14)

Bt T, e
Substituting the value of v,, £,, p, which have been expressed as explicit

functions of shot-start pressure, we get muzzle velocity v as an explicit function
of short-start pressure.

5. Case II. WHEN THE TWO CHARGES BURN OUT AT DIFFERENT TIMES

In this case let us suppose that charge € burns out first and let us represent
with suffix (2, 1) the position at which O, is just burnt out.
The velocity at the point where 0 is just burnt out is given by (8), as

A
V2,1 =;§,w—1f10

4
Bw;

This equation (15) gives v,, ; as explicit function of shot-start pressure. The
shot-travel £;, | is given by equation (9) as,

(1—=Z) R ¢ 1)

1

o\ b \4]Farh
b 1= [(“—”2, 1) (b+v2, 1) ] h o - 18)

This equation gives £»,; as an explicit function of shot-start pressure. The
pressure pg, 1 is given by equation (11) as,

. _ka—vy,) O+ve,)
1 AZ EZ;I

This equation gives ps, ; as an explicit funetion of shot-start pressure.
So we have expressed vs, 1, £5,; and pg,; as explicit functions of shot-start
pressure.

When (7 is burnt out and only (', is burning we have from (2) and (45),

a7)

A
v=gfo=f) - (18)
5B
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Let us denote the position when C; is also burnt out by suffix (2) and dashes.
The velocity at all burnt is given by,

, A
’U2=‘an1f20
A
== [1—2Z
,Bwl[ 20]
.4 @]
= "wl[l_T 4 1

This represents v, explicitly in terms of shot-start pressure Zyy. During the
time when only charge (s is burning, Venkatesan has shown,

1

s (22 ()] e
where k= Z—;—l
ity = 0T f«;czlogzzo

At all burnt position,
1

o ay—vg, 1\ [by+0g, 1\ Ter(a3+b1)
52—62,1[( v ) (bl+vf2) ] ce o e. (200)

2

Equation (20a) represents 5'2 in terms of &, 1, vg, 1 which are all explicitly ex-

pressed in terms of shot-start pressure. Hence fé can be represented explicitly as a
function of short-start pressure.
Also,
_ W ky(a1—v) (b1 +v)
P=a 3
At all burnt,

,wk(m—) (Gt
b= a1 ¢

(21)

This represents p2' explicitly as functions of shot-start pressure.

After all burnt we have to proceed exactly as in section 4, and we get,
velocity, pressure and shot-travel after all burnt explicitly as functions of
shot-start pressure, and

Y
o 24lp.¢
2 2 252 _ —
b=l gy (B7-67) e e

Since on the right hand side v;, p; and f; are explicit functions of shot-start

pressure, this expresses muzzle velocity as an explicit function of shot-start
pressure.
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6. MaAXmMUM PRESSURE

The following cases may arise when maximum pressure oceurs.

{a) Both the charges are burning.
(b) Oy is burnt out and (s is burning.
{¢) At the position of  all burnt,’.

Case (a)
Venkatesan has given that,

 wy ba—v;) b oy)
P1 ""AZ 51

and ¢, is the value of ¢ obtained by putting v = #; in equation (9).
Now ]

k(a—b)

where v = m-l—

kla—0b)
“17 93
y—1
=3 (a—b)
1 [Flolﬁ' +F202B”]
Tyl 4 A
_ o [1+F202 _Fi”]
Ay 1B
_ QF,C:f
= (a constant).

& is an explicit function of shot-start pressure. Here p; is expressed as an
explicit function of shot-start pressure.
Case (b)
p1 = Wy k(ay—v,) (b1+v1)
1Al &
a function of shot-start pressure. £ is obtained by putting » = », in equation (20).
Hence p, is expressed as an explicit function of shot-start pressure.
Case (c)

In this case the maximum pressure can oceur (i) when both the propellants
are burning or (ii) at the point of all burnt.

ky(a1~by)

, where v; = ok 41
2k,

which is a constant but £, is

Case (1) has already been dealt in case (a).
Case (11) The condition for this case are,

f11=0: f21=O

which ruduce to fip = /?_%’%%_3)
fop = B"w, E(a—b)
207 T4 k41

and the maximum pressure in this case can be expressed easily in terms of shot-
start pressure,.
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7. SUMMARY

In this paper, the author has derived explicit relations, between muzzle velocity and
shot-start pressure; and, maximum pressure and shot-start pressure. The shot-velocity,
pressure and shot-travel at the point where one charge is burnt out, when two charges burn
out at different times, at all burnt and also for any position of the shot after all burnt have
been expressed as explicit functions of shot-start pressure. These relations have been obtained
for tubular propellant for a linear law of burning with the usual assumption of neglecting
covolume correction.
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