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Abstract. In this paper, a numerical model of tracked vehicle with a simplified 
suspension and a winch forcing movement at a constant speed of 2 m / s is presented. 
The simplified vehicle body was created in the CAD environment, the suspension 
model, dry and wet obstacle, as well as the winch system and material models, were 
created in the LS PREPOST. The body of the vehicle was treated as a rigid, mounted by 
springs and dampers on tracks, the solid element was replaced by a shell element with 
assigned moments of inertia and mass in the node located in the centre of gravity of the 
vehicle. The characteristics of the resultant contact force of vehicle travel on the rigid 
ground for a dry and water obstacle are presented. 

1 Introduction  
In the case of tracked vehicles, especially military ones, there is a need to cross terrain 

obstacles, for example, ditches, river beds, both dry and filled with water. In the case of a 
water obstacle, there is a risk of losing the vehicle's contact with the ground, which may 
cause a loss of control over the vehicle by the flow of the river. To be able to carry out the 
analysis of passing the tracked vehicle, a vehicle model with a modelled suspension, a 
definition of contact between the tracks and the ground, and modelling of motion are 
needed. For this purpose, the article presents a model with a simplified suspension and a 
winch forcing movement at a constant speed of 2 m / s. The LS DYNA software is an 
environment that enables the modelling of a vehicle suspension, with a forced movement of 
a rigid body as well as the modelling of the fluid-structure interaction. The simplified 
vehicle body was created in the CAD environment, the suspension model, dry and wet 
obstacle, as well as the winch system and material models, were created in the LS 
PREPOST. Because the body of the vehicle can be treated as a rigid, mounted by springs 
and silencers on tracks, the question was whether the solid element could be replaced by a 
shell element with assigned moments of inertia and mass in the node located in the centre 
of gravity of the vehicle. The characteristics of the resultant contact force of vehicle travel 
on the rigid ground for a dry and water obstacle will be presented. 
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2 Comparison of the shell and solid model in the numerical 
buoyancy analysis 

To compare the solid model with the shell model were created three cuboids with the 
same moments of inertia and mass. The models are presented in table 1. For calculation the 
following input data was adopted: length =5m along X-axis, width=4m along the Z axis and 
height=3m along Y axis. Assuming that density of water is ρw = 1000 kg/m3, analysed 
object is heavier than water and with an averaged density of the solid ρb = 1000 kg/m3, the 
total mass of solid will be m = ρb·V kg = 72000 kg. Moments of inertia in centre of gravity 
of a cuboid are as follow: 

Il=1/12·m(w2+h2)  Iw=1/12·m(l2+h2)  Ih=1/12·m(l2+w2)    (1) 

For the coordinate system applied in model moment are as follow: 
     Ix = 150000 kg·m2  Iy = 246000 kg·m2  Iz = 204000 kg·m2 
Is assumed that centre of gravity is in the centroid of the cuboid (material is homogeneous) 
Xc=3.5m, Yc=2m, Zc=1.8m. 

Table 1. Models description. 

Model_1 
Cuboid as solid body 
(l)5mx(h)3mx(w) 4m 

 

Model_2 
Cuboid as solid body with 

Part_Inertia 

 

Model_3 
Cuboid as a surface body with 

part inertia 

 
 

126102 nodes, 60000 solids as 
rigid elements 

 

126103 nodes, 6000 solids as 
rigid elements,  
1 constrained 

extra_nodes_node 

70684 nodes, 9400 shells as 
rigid elements 
1 constrained 

extra_nodes_node 
 
From the dynamic equation of translational motion 

 F = m·a (2) 

 Where mass is 48000 kg, and force F is the vector sum of the weight of the object and the 
buoyancy of the water. 

  F = Fc+Fw (3) 

          Fc  = m·g (4) 

 Fw = ρwater·g·V (5) 

Forces in applied model are as follow: 

Fc = 709920 N  Fw = 588360 N  F = 121560 N 

Based on the difference in the density of water and solid, can be determined the acceleration 
of the falling of the body in the water: 

 a = g·(1- ρwater / ρb) (6) 

Assuming the initial velocity V0 = 0 m/s ,the path s0 = 0 from the uniform motion equation 
 s = at2/2 and the acceleration of the body in the water 1.634 m/s2, is determined the 
maximum falling time of the cuboid t = 2.47 s. There are many publications describing 
drop tests of bodies of various shapes into the water [6-12], and in derived theoretical 
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models the resistance force resulting from the shape and the type of surface of the object is 
added to the buoyancy force. Based on those forces the resistance factors are calculated. In 
the presented drop tests were compared kinematic quantities to determine whether the 
model simplification by adopting only the outer layer of the coating with the assigned 
moments and the mass in the centre of gravity by part inertia command in LS Dyna will be 
sufficient. The characteristics of the drop test in the water for all three variants are 
presented. In the system is taken into account gravitational acceleration g = 9.806 m/s2 
parallel to the y-axis. Contact between the bottom plate located above the water border and 
the rectangular prism was established. Prepared model and hydrostatic pressure distribution 
were shown on Fig. 1. 

 

 
Fig. 1.  Hydrostatic pressure distribution in the water and Y axis rigid body acceleration A)rigid solid 
body B)rigid solid body with mass and inertia assigned in the node located in gravity centre C)rigid 
shell body with mass and inertia assigned in the node located in gravity centre. 

As can be noticed there is no difference in rigid body acceleration for all three cuboids, 
the difference between analytical calculation and numerical results of max. Acceleration is 
because the centre of the rigid body initially was in the air and initial acceleration was 
9.806 m/s2 what resulted in the slightly larger time of drop test. Due to the size of the 
analysed system, the volume of water and air was discretized using the finite element 
method with regular cubic elements with a size of 0.1 m. The ALE grid is the same in the 
whole system, consisting of 1409860 nodes, 137200 solid deformable elements. An 
atmospheric pressure of 101,300 Pa has been set for the air, which can be seen in the form 
of pressure on the water surface. Along with depth, the value of hydrostatic pressure is 
increasing. The pictures below (Fig. 2) show the steps of immersing the object in water in 
chronological order. 
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0 s 

 
0,6 s 

 
1,0 s 

  
1,5 s 

 
2.2 s 

Fig. 2.  Numerical results from Cuboid drop test in a function of time. 

During the experimental drop test of cuboid into the water (Fig. 3), a higher amount of 
air bubbles trapped in the water was observed. 

 
Fig. 3. Sample images from the real drop test of cuboid 

Analysing the characteristics presented in Fig.1  can be noticed the compatibility 
between models. Due to the significant reduction in the number of finite elements in the 
model no. 3 and a significant reduction in simulation time, this method will be applied to 
the vehicle model with suspension. 

3 The numerical model of the tracked vehicle 
To analyse the dynamics of the tracked vehicle crossing through the water obstacle, the 

LS DYNA computing environment was selected. It is a software package for the analysis of 
fast-changing phenomena using the explicit finite element method to calculate engineering 
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problems. The calculation system consists of a vehicle model with assigned mass moments 
of inertia, springs, dampers and tracks that simulate caterpillar tracks. As the first, analysis 
of dropping the rectangular prism from the height just above the water level to the bottom 
of the 5m deep reservoir was carried out. It was necessary to investigate whether there is a 
difference between a rigid solid model and a rigid shell model with assigned moments of 
inertia and mass in the node. The number of finite elements was significantly reduced due 
to the use of the rigid method and the shell model. The second test was the simulation of 
passing through a dry obstacle and the results presented in Chapter 4 This is due to the 
necessity of checking whether the object moves with a constant maximum linear speed of 
2m / s to avoid a greater dynamic pressure distribution during fluctuating acceleration and 
deceleration in water. The next stage was the creation of a water environment using 
elements of ALE (Euler Lagrange Equations) used in modelling strongly non-linear 
phenomena, such as, for example, explosions in air and water. Due to the large size of the 
facility, along with the obstacle, there were restrictions on the minimum finite element 
sizes, for which the computing power of the computer will be sufficient. Simulations were 
carried out in the LS DYNA 9.0 environment. The CAD model from the Autodesk Inventor 
environment in *.step format was imported into the LS Prepost software, moved along the x 
and y-axes to obtain the coordinate system's compatibility with the one shown in Fig. 2 and 
Fig. 4 (in the next stage of calculations). The position of the model on the Z-axis was not 
changed because the system was symmetrical. The units in which the model is created in 
Autodesk Inventor are kg and mm, hence the need for conversion to the SI system. The 
vehicle has been simplified to form one solid. 

The vehicle model was discretized using the finite element method in the LS Prepost / 
LS Dyna environment. Two types of models were prepared, a solid model and a shell 
model to further compare the results. The solid model consists of tetrahedral elements 
(tetra), in the shell model triangular elements 2d were used. Because in the buoyancy 
problem there were not interesting stress values in the model, only interaction with the 
fluid/structure, the vehicle was modelled as a rigid body. 

In the case of modelling solids as a rigid body with overwritten mass and moments of 
inertia, density, Young's modulus and Poisson's number play a secondary role. The 
*MAT_NULL model of the material was assumed for air and water. In table 2 materials 
properties are presented (in SI units).  

Table 2. Air and water material parameters in SI units. 

*MAT_NULL 
Air 

MID RO PC MU 
3 1.252 -10 1.846E-05 

water 
MID RO PC MU 

1 1000 -1.000E+04 8.684E-04 
 
For ALE elements with *mat_null are necessary equations of state (EOS), the simplest is 
linear polynomial. Equations of state for air and water are presented in table 3. 

Table 3. Air and water Equation of state parameters. 

*EOS_LINEAR_POLYNOMIAL 
EOSID C4 C5 E0 V0 

air          2 0.4 0.4 2.533E+05 1.0 
EOSID C0 C1 E0 V0 

water     4 1.013E+05 2.250E+09 0.0 0.0 
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The model created in LS Prepost /LS Dyna consists of 147928 shell elements, 74060 nodes 
and 29 discrete elements - 15 springs and 14 dampers. These elements are described using 
the Lagrange method used in classical computer stereomechanical and dynamic mechanical 
analyses. Stiffness of springs was taken from the literature [2]. 3400000 solid elements 
forming air and water are described by the ALE method, which allows the transfer of 
pressures between elements of fluid mechanics and solid state mechanics. Interaction 
between Lagrange and ALE elements was implemented by 
*Constrained_lagrange_in_solid, friction between water and cuboid was set to 0. The 
volume of the vehicle was modelled as a surface rigid body (the distance between any 
points does not change) for which properties of mass and mass moments of inertia were 
determined by * PART_INERTIA. Fig. 4 presents the discrete model of the vehicle with 
given moments of inertia. 
 

 
Fig. 4. The model of the vehicle along with the assigned centre of mass and moments of inertia 

In node no. 1000 located in the middle of the vehicle mass, the body of the rigid moment of 
inertia in units of kg·m2 and mass 56550kg, was assigned. Below is a view of Spring-
specific discrete elements with a defined stiffness and dampers with a given damping 
coefficient. Thanks to this the vehicle could freely cross the obstacle on numerical 
simulations. A rigid body with given displacements along axes X, Y and Z connected to the 
vehicle through a discrete element spring with higher stiffness simulates a winch with a 
velocity equal to 2 m / s in accordance with design requirements. 
 

    
Fig. 5. The view of shell elements being simplified track drive of the vehicle, by the letter a are 
marked rotational joints, by the letter b are marked translational joints. 

4 Tracked vehicle crossing dry obstacle 

In crossing dry obstacle there is no need to have ALE elements, and the simulations were 
very fast. Below (Fig. 6) is presented model with dry obstacle and resultant contact force 
between track and ground. 
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Fig. 6.  Resultant total contact force distribution in a function of time, dry obstacle. 

It is noticeable that the value of the contact force will stabilize before 5 s., after which the 
small fluctuation takes place when the object starts to move, and the total contact force is 
again stabilized up to  10.5 second. After this time, the vehicle descends from a plane 
inclined at an angle of 30 degrees to the level and goes to the straight. At this moment, the 
resultant value of the contact force for a short while increases and after this is decreasing to 
the lowest value. This takes place despite the lack of influence of hydrostatic pressure on 
the water. After 15.1 s the vehicle goes uphill on an inclined plane inclined at an angle of 
30 degrees to the level, which gives value fluctuations and stabilization after 19 s. 

5 Tracked vehicle crossing water obstacle 

It is noticeable that the value of the contact force will stabilize before 5 seconds, after 
which the object starts to move, and the small fluctuation of the value is visible. In 10 s. is 
noticeable stabilization. The value of the resultant force is smaller because the buoyancy 
force appears. After this time, the vehicle descends from a plane inclined at an angle of 30 
degrees to the level and goes to the straight. At this point, the resultant value of the contact 
force decreases to the minimum value. The influence of water buoyancy is visible. Before 
15 seconds, the vehicle enters a plane inclined at an angle of 30 degrees to the level, which 
gives value fluctuations and stabilization after 19 seconds. The value of the contact force 
distribution depending on time was shown in Fig. 7. 

        

 
Fig. 7. Resultant total contact force distribution in a function of time, water obstacle. 
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6 Conclusion 

LS DYNA solver was chosen for analysis of the water influence on the tracked vehicle 
during passing through water obstacle. The body of the vehicle was treated as a rigid body 
mounted by springs and dampers on tracks, and the Vehicle model was created with by 
shell elements with assigned moments of inertia and mass in the node, located in the centre 
of gravity of the vehicle. The characteristics of the resultant contact force of vehicle travel 
on the rigid ground for a dry obstacle and an obstacle water filled was presented and the 
influence of buoyancy was noticed. 
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