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Model-Driven Design Framework for Future Combat Vehicle
Development based on Firepower and Mobility:
(2) Integrated Design Optimization
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ABSTRACT

In the design of a combat vehicle, various performances such as firepower, mobility and surviv-
ability, etc., should be considered. Furthermore, since these performances relate to each other,
design framework which can treat an integrated system should be employed to design the com-
bat vehicle. In this paper, we use empirical interior ballistic and 3D combat vehicle analyses for
predicting firepower and mobility performances which are developed in previous study (1) inte-
grated performance modeling. In firepower performance, pitch and roll angle by sequential fir-
ing are considered. In mobility performance, vertical acceleration after passing through a bump
is regarded. However, since there are many design variables such as mass of vehicle, mass of
suspension, spring and damping coefficient of suspension and tire, geometric variables of vehi-
cle, etc., for firepower and mobility performance, we utilize analysis of variance and quality
function deployment to reduce the number of design variables. Finally, integrated design optimi-
zation is carried out for integrated performance such as firepower and mobility.

Key Words: Analysis of variance, Combat vehicle, Firepower, Integrated design optimization,
Mobility, Modeling and simulation (M&S)
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Table 1 Description of design variables for combat

vehicle
DV Description Symbol| Value | Unit
x; |Suspended mass m 1,134 | kg
x, |Front unsuspended mass my 725 | kg
x; |Rear unsuspended mass m, 725 | kg
x, |Front spring coefficients K, 128,030| N/m
xs |Front damping coefficienty C; | 3,000 |Ns/m
xs |Rear spring coefficients K, (28,030 N/m
x; |Rear damping coefficients| C, | 3,000 |Ns/m
xg |Tire spring coefficients Ky 400,000 N/m
Xy |Tire damping coefficients Cr 162 |[Ns/m
x1o |Front vehicle length L, 0.9 m
x;; |Rear vehicle length L, 1 m
x> |Vehicle width w 1 m
Ly

Fig. 1 Illustration of design variables for combat vehicle
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Table 2 Description of parameters for combat vehicle

Description Value Unit
Vehicle speed 10 m/s
Moment of inertia (pitch) 600 kgm’
Moment of inertia (roll) 300 kg-m’
Bump radius 0.1 m
Firing angle 15 deg.
Mass of projectile 0.24 kg
Mass of propellant 0.05 kg
Height from CG to turret 0.2 m
Firing frequency 0.33 Hz
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Table 3 Orthogonal array L,5(2'%) for analysis of

variance
No. X X, X3 Xy e Xin
1 LB LB LB LB . UB
2 LB LB LB LB - LB
3 LB LB LB LB . UB
4 LB LB LB LB . LB
128 | UB | UB | UB | UB .. UB

I 38.7%  Lb

I 17.8% La
I 10.1% Cr
I 9.0% Kr
I 7.9% La*Lb
I 6.2% Kt
M 3.1% Cr*La
W 29% Cf
2.3% 1 Kr*Cr
W 2.0% Cr*Lb

Fig. 2 Contribution rate for pitch angle

I 51.1% W

. 8.2% Kf
I 8.2% Kr
Hl 5.9% Kf*W
Il 5.8% Kr*wW
Hl 5.1% Cr
Hl 51% Cf
W 41% Kf*Kr
-3.5% 1l Cf*Kt
M 2.9% Kt

Fig. 3 Contribution rate for roll angle

M 379, I 29.6%
Kt |
Cr -8.7% N
Mr . 7.7%
cf -7.2%
Mf Il 6.6%
M*Kt -4.8% 1R
Mf*Cf -4.4% 1R
Mr*Cf Il 38%
Cf*Cr -3.5% 1

Fig. 4 Contribution rate for vertical acceleration
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Fig. 5 QFD for combat vehicle design
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Table 4 Design variables of current and optimum design
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Fig. 7 Vertical acceleration of current and optimum
design with respect to time
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