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Fire Power Analysis for Concept Exploration of Combat Vehicle
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Abstract

At the stage conceptual design, combat vehicle is classified into three general categories of fire power, mobility and physical
properties of system. The present research is restricted to fire power and its optimization. At the stage of conceptual designing of
system, it is appropriate to consider major variables affecting fire power - including the weight of bullet, which exerts a direct
influence on destroying effect, maximum range which takes long range firing in consideration. To estimate the maximum firing
range, a simple interior ballistic and an exterior ballistic model were built by using the lumped parameter method, Le Duc method
and point mass trajectory model. Design of experiment and regression analysis was used to derive simulations of fire power.
Finally, response surface models were built and design variables were analyzed.
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Atmosphere
Gun (Tube) (ICAO standard)
= Ammunition
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Fig. 1 Fire power model of a combat vehicle
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Fig. 2 Interior ballistic component of gun tube
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Required Capability
« Range increase
« Increase of rate of fire

Data Input
« Initial design variable for gun
tube, projectile, propellant
« Atmosphere condition(ICAO)

INBAL.FOR
(Interior ballistics model)
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3 Vo Por P> 11

MCTRAJ.FOR
(Exterior ballistics model)
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Response Surface Methodology
« Approximate model
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Trade-off Analysis
« Optimizer

v
< End )

Fig. 3 Flow chart of ballistic computation

Table 1 Initial values for items

Ttems Symbol Value
Caliber(m) D 0.04
Tube length(m) L 0.52
Mass of projectile(kg) m, 0.24
Mass of propellant(kg) m, 0.05
Muzzle velocity(m/s) v, 241.0
Maximum pressure(MPa) P, 81.81
Maximum range(m) R 2,193
Coefficient of drag <, Fig. 4
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Fig. 4 Drag coefficient of 40mm and 155mm
projectiles
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Table 2 Regression analysis of muzzle velocity

Ttem Multiple regression |Polynomial regression

241-1012m,, + 4840m,
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(v,)

=5177m,m,
R’ 99.2% 100.0%
Residual sum. 31 05
squre error
Residual mean 17 0.0

square error

280
270
260
Muzzle 250
velocity 240
(m/s) 559
220
210
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Mass of
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(kg)

Fig. b Surface plot of muzzle velocity versus me
and mp
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Fig. 7 Range and muzzle velocity of 155mm
projectiles

Table 3 Regression analysis of range

Ttem Multiple regression |Polynomial regression
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+26.2vpmp
R? 99.6% 100.0%
Residual sum.
square error 1446 10
Residual mean 60 0

square error
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Table 4 Trade analysis results of fire power

Initial . . .
mtia Weight Optimum Solution
values
m, | m, | R| I | m, m, ObJ_' Range |Impulse
function

0.3]0.7]0.216|0.045| 0.34329 |2074.6| 57.4

0.216]0.045/0.5{0.5|0.216 [0.045|-0.02545 |2074.6| 57.4

0.7]0.3]0.216|0.055|-0.40885|2228.5| 64.7
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