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ABSTRACT

There are many factors that contribute to hit probability of the gun shot of ground combat vehi-
cles. Aiming accuracy is mainly affected by the dynamic state of the vehicle. The stabilization
error of the turret under system vibration is one of the major factors that affect the aiming accu-
racy. The vibration of the vehicle is affected by both the state of the road and the speed of the
vehicle. This paper analyzes the aiming accuracy of the gun equipped on the GCV when the
vehicle drives on the different roads and at different speed. The vertical displacement and the
pitch angle of the gun are calculated and the impact points of the target are calculated. Distribu-
tion of the impact points on the target is greatly influenced by the pitch rotation rather than ver-
tical displacement. And this aiming errors result in the errors of point of impacts on the target
after the bullet flies through the air under trajectory equations. The GCV is modeled using a
half-car model with 6 D.O.F. and the specifications of the M2 machine gun are used in trajec-
tory calculation simulation and the target is located in 1000 m away from the gun.
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Table 1 Data of parameters for Matlab/Simulink Model

Symbol Parameter Value
m. |Mass of gun and turret 30 kg
m, | Mass of body 575 kg
m, |Mass of rear tire 72.5 kg
ky | Turret and body spring stiffness | 1000 N/m
ky | Turret and body spring stiffness | 200 N/m
ks | Suspension spring stiffness 20000 N/m
ky | Suspension spring stiffhess 20000 N/m
ks | Tire spring stiffness 200000 N/m
ks | Tire spring stiffness 200000 N/m
I Height from the body to the 06 m
turret

h, | Height in the tire to the body 0.8 m

h; | Height in road to the tire 0.2 m

I Moment of inertia of gun and 80 ke’
turret

I, | Moment of inertia of body 600 kgm?

m, |Mass of front tire 72.5 kg
T -

o urret 'and body damping 1600 Ns/m
coefficient

o Turret .and body damping 200 Ns/m
coefficient

¢; | Suspension damping coefficient | 2000 Ns/m

¢y | Suspension damping coefficient | 2000 Ns/m
Hori -

a orizontal length to the rear tire 09 m
and the body
Horizontal length to the front tire

b I m
and the body
Hori

. orizontal length to the turret 02 m
and the fixed turret

d Horizontal length to the turret 02 m
and the free turret
Horizontal I h to the t t

. orizontal length to the turres 04 m

and the body
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Fig. 3 The vertical displacement (y.) and the pitch angle
(0.) of the gun when the vehicle passes over
rectangular bump with 0.1 m and 0.2 m in height
respectively at the speed of 20 km/h
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Fig. 4 The vertical displacement (y.) and the pitch angle
(6.) of the gun when the vehicle passes over
rectangular bump with 0.2 m in height at the
speed of 20 km/h and 30 km/h
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Fig. 5 The vertical displacement (y.) and the pitch angle
(0.) of the gun when the vehicle passes over
sinusoidal ground with amplitude of 0.1 m and
0.2m respectively at the speed of 20 km/h
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Fig. 6 The vertical displacement (y..) and the pitch angle
(0.) of the gun when the vehicle passes over
sinusoidal ground with amplitude of 0.2 m at the
speed of 20 km/h and 30 km/h
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Table2 Data of parameters for bullet’s trajectory

calculation
Symbol Parameter Value
v Muzzle velocity 930 m/s
0 Fire angle 0.5°
m Mass of bullet 0.112 kg
d Diameter of bullet 0.0127 m
p Air density 1.125x10° kg/m®
C, Drag coefficient 0.15
30;
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Fig. 8 The trajectory of a bullet from external ballistics
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Fig. 9 The point of impact on the target when the
vehicle runs over a rectangular obstacle at the
speed of 20 km/h (Amplitude is 0.1 m and 0.2m
respectively)
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Fig. 12 The point of impact on the target when the
vehicle runs over a sinusoidal road whose
amplitude is 0.2 m at the speed of 20 km/h and
30 km/h

Table 3 Stable time of each situation

3 4
Time (s)

Fig. 10 The point of impact on the target when the
vehicle runs over a rectangular obstacle whose
height is 0.2 m at the speed of 20 km/h and
30 km/h
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Fig. 11 The point of impact on the target when the
vehicle runs over a sinusoidal road whose
amplitude is 0.1 m and 0.2 m respectively at the
speed of 20 km/h

Height of an obstacle 0.1 m 02 m
VEocity) 26 kv | 20 kvh | 30 km/h
Road type
Rectangular 4.26 sec | 426 sec | 3.56 sec
Sine 4.25 sec | 430 sec | 3.64 sec
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