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Background

Diagram of automatics
system of 12.7 mm gun

~

In the Institute of Armament Technology of the Military University of

~

Fitting procedure

The first step: minimization of the measure

Technology new designs of small arms are developed. Mathematical
models of the action of the automatics systems of the arms (like 1llu-
strated 1n the Figure) are used 1n the design process. An interior balli-
stics lumped parameters model form a part of these models. The model
takes 1nto account pecularities of combustion of fine grained propel-
lants 1n the way explained in the paper.
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Experimental form function

The experimental form function is defined as an average of form func-
tions of individual propellant grains:

b (2) =2 (z)/m,

grains, as well as prolonged 1gnition process.

z 18 the relative burned mass of the propellant charge, z; 1s the relative

burnt mass of a propellant grain, ¢; (z;) 1s the form function of a pro-
pellant grain, n, 1s the number of grains. The experimental form func-
tion takes into account the scatter of forms and sizes of propellant

F(Wo-b1s P> f2) = pma’; e

Pmaxe €Xperimental (catalogue) maximum pressure value

Pmax calculated maximum pressure value

hw — O, Zp, C3 from CVT

The second step: A, = hymax
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Values of the muzzle velocity calculated Values of the muzzle velocity calculated

in the first step for various values of #,,

(data for 5.56 mm assault rifle)

The third step: 8

wopt

= h

v (O) -V,

o Vm (O) _vm (hwmax)

in the first step for 4,, = 0 and

various values of ¢;

Deviations from
theoretical form

function are cau-
sed by:
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Scatter of shapes and sizes of grains
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Plots of experimental form functions determined in closed vessel tests for
N530 (left) and NC1214 (right) propellants: experimental — solid and dashed

lines, theoretical — black dotted line, approximation — red dotted line
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More energy is necessary to
ignite fine-grained propellants /
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w(z)=1

Experimental form function

(

¢d(z)=<

Fitted parameters:

kl—exp[—bl (z—bz)] z€|z,,1

dz \'
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Parameters 1dentified in closed vessel tests:

. (2)=

W, ZE[O,ZO]
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Additional fitted parameters: p,.,, fr, /.,

2 3
CotCz+cz" + e,z

, p,=0.1MPa

n,o
The experimental form function 1s 1dentified by the reverse method.

4.(2)=v(2)4: (2)¢(2)

zZ >z

m

resistance pressure

Pr(X)=p,(x)+ fzD,
heat losses
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h - hW (D/Db )0’2 (pavvav) |

in the lumped parameters model
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B b, =z, +log(1-v,)/b,

. D=378/(T+105)(T/273)"
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Results

5.56 mm gun
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Plots of calculated breech pressure (dotted line) and experimental pressure rec-
ords at rifle’s beginning (solid lines);
stars — start of the projectile and end of the 1gnition
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