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ABSTRACT

Vulnerability assessment is a process to calculate the damage degree of a combat vehicle when
the combat vehicle is attacked by an enemy. When the vehicle is hit, it is necessary to analyze
the shot line to calculate which components are damaged and judge whether the armor of the
vehicle is penetrated by enemy’s warhead. To analyze the shot line efficiently, this paper pres-
ents the target modeling and the shot line analysis system to assess vulnerability of the ground
combat vehicle. This system is easily able to do several functions: 1) the program reads STL
files converted from CAD model which is designed by commercial CAD software. 2) It calcu-
lates the intersection between triangle of STL mesh and the shot line, and check if the compo-
nents of the model are penetrated. 3) This program can visualize the results using OpenGL. The
vulnerability assessment using the shot line analysis can be used to model the armor of the
combat vehicle and arrange the inner components effectively in the early stage of development
of the combat vehicle.

Key Words: Ground combat vehicles, Shot line analysis, Target geometry modeling, Vulnerability
assessment
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Fig. 1 Procedure of vulnerability assessment
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Fig. 3 Importing a SolidWorks model using STL files

b) The bounding box of the model

a) The model before the bounding
box transformation

Fig. 4 Coordinate transformation using a bounding box
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Fig. § Calculation of the intersection between a triangle
and a shot line
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Table 1 The numbers and name of parts imported to

SLAP
SLAP | SolidWorks | SLAP | SolidWorks model
Part No | model name | Part No name
0 Actuator(L)-1 15 Actuator(R)-3
1 Damper(L)-1 16 Damper(R)-3
2 Tire(L)-1 17 Tire(R)-3
3 Actuator(L)-2 18 Electric Generator
4 Damper(L)-2 19 Injection tube
5 Tire(L)-2 20 | Under Body
6 Actuator(L)-3 21 Upper Body-1
7 Damper(L)-3 22 | Upper Body-2
8 Tire(L)-3 23 Electric Generator
Support
9 Actuator(R)-1 24 Engine support
10 | Damper(R)-1 25 Engine
11 Tire(R)-1 26 Fuel Support
12 | Actuator(R)-2 27 Fuel
13 Damper(R)-2 28 Cannon

14 | Tire(R)-2
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Table 2 Result of shot line analysis
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a) Shot line in the arbitrary direction

b) Penetrated parts

Fig. 10 Result of SLAP in the arbitrary direction

Table 3 Result of the shot line analysis

SLAP Penetrated Points | Penetrated | Incidence
Part Thickness | angle
No. X Y z (mm) (Degree)

5 0.0 | 0.0 | 1230.0 90
350 @ ———

5 0.0 | 00 880.0 -90

20 0.0 | 00 750.0 90
100 F——

20 0.0 | 00 650.0 -90

20 0.0 | 0.0 | -650.0 90
100 F——

20 0.0 | 0.0 | -750.0 -90

14 0.0 | 0.0 | -920.0 90
350 @ ——

14 0.0 | 0.0 |-1270.0 -90
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Part Thickness ene T ©
No. X Y Z (mm) angie
21 375.5| 375.5| 375.5 71.8

1288 —m
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Table 4 Result of penetration test of 3 plates according to

different 7,
d; = 128.8 mm d, = 1732 mm
Viop Vi Pene- Va Viy Pene-
(m/s) | (m/s) | tration | (m/s) | (m/s) | tration
500 | 968.23 X 0 0 X
1000 | 968.23 (¢} 305.92 | 1066.6 X
1500 | 968.23 o 1246.2 | 1066.6 o
2000 | 968.23 o 1783.5 | 1066.6 o
d; = 1732 mm
Vg (M/s) Vi3 (m/s) Penetration
0 0 X
0 0 X
769.45 1066.6 X
1212.1 1066.6 o
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