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Abstract 
 
A new manufacturing technology is being employed to build a new type of armored vehicle. While thick panels are 

welded together in the old manufacturing technology, relatively thin panels are welded to a frame structure in the new 
manufacturing technology. The structural integrity of the new type of armor vehicles can be maintained mainly by the 
frame structures while the panel thickness is reduced significantly to reduce the total vehicle weight. Since the dynamic 
characteristics of a frame-panel hybrid structure are different from those of the old type of structure which consists of 
only thick panels, they should be identified to achieve a good performance of the vehicle. For this purpose, a proper FE 
model of the hybrid type of structure needs to be developed. In the present study, FE models are proposed to represent 
the frame-panel hybrid type structure efficiently. The impact energy propagation, the transient response and the modal 
characteristics are investigated with the FE models. 
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1. Introduction 

The impact analysis of an armor panel is a long 
standing problem. In the past a few decades, a great 
amount of progress has been achieved both experi-
mentally and analytically (see, for instance [1-3]). 
The experimental approach can provide good results, 
but it is too expensive and produces only limited 
amount of information. On the other hand, the nu-
merical simulation approach, such as the one employ-
ing the finite element method, has proved to be an 
effective alternative especially when it is combined 
with modeling methods developed for the structural 
problems undergoing high velocity impact. Commer- 

cial codes have been evolving to the level in which 
complex deformation phenomena during high veloc-
ity impact can be analyzed accurately. 3-D nonlinear 
finite element (FE) codes with advanced contact algo-
rithms and material models have been successfully 
employed to simulate several types of armors sub-
jected to the impact of projectiles moving with vari-
ous velocities (see, for instance [4-9]).  

Fig. 1 shows an armored vehicle with the frame-
panel structure. Such structures are lighter than the 
existing panel welded structures. The weight and 
performance control of the frame-panel structure is 
easier than that of the existing structure. With an ap-
propriate FE model, the characteristics of the vehicle 
undergoing high velocity impact (with all ranges of 
striking velocities) should be analyzed with the tran-
sient responses of the armoured vehicles.  

The purpose of the present study is to construct an 
FE model by which the impact energy propagation  

†This paper was presented at the 4th Asian Conference on Multibody 
Dynamics(ACMD2008), Jeju, Korea, August 20-23, 2008. 

*Corresponding author. Tel.: +82 2 2220 0446, Fax.: +82 2 2293 5070 
E-mail address: hhyoo@hanyang.ac.kr 
© KSME & Springer 2009 



 M. H. Koo et al. / Journal of Mechanical Science and Technology 23 (2009) 964~967 965 
 

 
 
Fig. 1. Armored vehicle with frame-panel structure. 
 

 
 
Fig. 2. Frame arrangement of the armor vehicle obtained from 
the topology optimization. 
 
phenomena, the transient responses and the modal 
characteristics of the frame-panel structure can be 
obtained efficiently as well as accurately. Using LS-
DYNA FE code, the transient responses and the mo-
dal characteristics of the vehicle model undergoing 
high velocity impact will be investigated and dis-
cussed. 
 
2. Finite element modeling 
2.1 Frame arrangement shape 

The frame arrangement shape which has a struc-
tural stiffness sufficient enough to undergo specific 
loading conditions is obtained by using a topology 
optimization method. The topology optimization is 
executed by using a commercial FE code ANSYS. 
The given loading conditions consist of driving load-
ing, dropping loading, inertial loading and twisting 
loading. 

Fig. 2 shows the frame arrangement shape obtained 
from the topology optimization method. To verify the 
proper performance of the frame arrangement shape, 
structural analyses were carried out with the given 
loading conditions. The maximum displacement and 
stress are obtained and compared to the allowable 

Table 1. Properties of the projectile. 
 

Material Diameter
[mm] 

Length
[mm]

Mass 
[kg] 

E 
[GPa] 

SY 

[MPa]
AL1100 20 50 0.067 69 40 

 
Table 2. Properties of the armored vehicle. 
 

 Material Thickness
[mm] 

Density 
[kg/m3] 

E 
[GPa] 

SY 
[MPa] 

Panel 
Welding
Structure

AL7039 38.1 2850 71.7 330 

Frame 
-panel 

Structure
AL7039 25.4 2850 71.7 330 

 
displacement and stress. It was found that the ob-
tained displacement and stress are less than the allow-
able displacement and stress. 

The section shape of each frame is assumed to have 
a hollow rectangular section. The dimension of each 
section is obtained by executing the section optimiza-
tion method. Total frame weight obtained through the 
procedure is 334.24 [kg]. 

 
2.2 Modeling for the impact analysis 

For the analysis of an armored vehicle undergoing 
high velocity impact, an FE modeling of the projectile 
and the armor vehicle is carried out. The projectile is 
modeled with solid elements, the panel is modeled 
with shell elements and the frame is modeled with 
beam elements. The properties of the projectile are 
given in Table 1. Properties of the armor vehicle are 
in Table 2 and Fig. 3 and Fig. 4 show the FE model of 
the armored vehicle. The external form of the FE 
model does not show the detailed composition of the 
structure which consists of two types of structures. 
The existing panel structures are made by welding the 
edges of the panels directly. On the other hand, the 
frame-panel structures are made by constructing the 
frame first and the panels are attached to the frame 
later. So such a structure is composed of beam ele-
ments along with shell elements. The difference of 
the two models mentioned above is that the panel 
thickness of the frame-panel structure is thinner than 
that of the welded panel structure. The total mass of 
the welded panel structure is 2208.1[kg] while that of 
the frame-panel structure is 1806.3[kg]. Therefore, 
the total mass of the frame-panel structure is  
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(a) 

 
(b) 

 
Fig. 3. Internal energy density of the welded panel structure 
versus time after the impact. (a) t=0.001[s] (b) t=0.05[s]. 

 

 
(a) 

 
(b) 

 
Fig. 4. Internal energy density of the frame-panel structure ver-
sus time after the impact. (a) t=0.001[s] (b) t=0.05[s]. 
 
decreased about 18% compared to the welded panel 
structure. For the boundary conditions of the armored 
vehicle, four corner points of the bottom of the vehi-
cle are fixed in space. 
 

3. Numerical results 

The analysis of the developed 3-D FE model is car-
ried out by using the plastic-kinematic material model. 
In the FE analysis, the surface-to-surface contact 
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Fig. 5. Acceleration versus time after the impact for the two 
vehicle structures at panel center. 
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Fig. 6. Acceleration versus time after the impact for the two 
vehicle structures at panel corner. 
 
algorithm is employed to simulate the contact behavior 
between the surfaces during the impact.  

Fig. 3 shows the variation of internal energy den-
sity of the welded panel structure versus time after the 
impact and Fig. 4 shows the variation of internal en-
ergy density of the frame-panel structure after the 
impact. The impact velocity of the projectile is 
400m/s and the projectile collides with the center of 
the side panel of the vehicle in normal direction. The 
energy propagation shapes obtained with the two 
structures remain similar until the vibration wave 
reaches the edge of the pane where the panel is ad-
joined to the frame for the frame-panel structure. As 
can be observed in Fig. 3 and Fig. 4, the energy is 
more concentrated around the frames for the frame-
panel structure while it is almost uniformly spread out 
for the welded panel structure.  

Fig. 5 shows the acceleration (at the projectile im-
pact point) versus time for the two vehicle structures. 
As can be observed from the figure, the maximum 
value of the acceleration of the frame-panel structure 
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is much smaller than that of the welded panel struc-
ture. However, the acceleration of the frame-panel 
structure remains relatively large compared to that of 
the welded panel structure after the impact occurs. Fig. 
6 shows the displacement at the corner of the panel 
versus time for the two vehicle structures. As can be 
observed from the figure, the displacement remains 
relatively large in the frame-panel structure compared 
to the welded panel structure. Therefore one can say 
that the frame-panel structure has a disadvantage in 
vibration characteristics while it has an advantage in 
maximum acceleration characteristics. 
 

4. Conclusions 

Two FE models for the dynamic analysis of the 
frame-panel vehicle structure and the welded panel 
structure undergoing high velocity impact have been 
developed. For the frame-panel vehicle structure, 
especially, a topology optimization method was em-
ployed to obtain the frame configuration. Using the 
FE models structural dynamic analyses were per-
formed with a commercial code (LS-DYNA). The 
numerical results show that the transient and modal 
characteristics of the two models are significantly 
different. The maximum acceleration of the frame-
panel structure is much smaller than that of the 
welded panel structure. However, the magnitude of 
the vibration acceleration (or displacement) remains 
large in the frame-panel structure after the impact 
while it disappears relatively fast in the welded panel 
structure. Therefore, for the frame-panel vehicle 
structure, the residual vibration after the impact 
should be absorbed effectively by using damping 
materials and designing joint dampers in the frame 
structure. 
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