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Abstract 

This article deals with an undercarriage design of robot vehicle that will be able to work in broken terrain. It is a frequently solved 
problem in mechatronics. High requirements for its application in area of rescue assistance, fire fighting, in nuclear and space industry as 
well are taken into consideration. Within the frame of designing commercially available software, e.g., MATLAB/Simulink and 
SolidWorks have been used to analyze a one degree mathematical model and a six-wheeled spatial model. A series of computation have 
been performed to determine the appropriate stiffness and damping parameters.  
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Nomenclature 

b damping constant (Ns/m) 
f coefficient of friction 
Fs  resistance force (N) 
G weight (N) 
h obstacle height (m) 
k spring constant (N/m) 
K amplification 
lsf location of center of gravity coordinate (m) 
m the mass of 1/6-th robot body (kg) 
Mp overshoot (%) 
Ts settling time (s) 
u distance between robot body frontal surface and contact of wheel with obstacle edge (m) 
Greek symbols 

 angle of contact of wheel with obstacle edge (°) 
 coefficient of adhesion 

 relative damping parameter 
0 natural angular frequency (rad/s) 
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1. Introduction 

The designing of robot vehicle undercarriage is an actual problem in mechatronics. Mobile robots can be applied in area 
of rescue assistance, fire fighting, in nuclear and space industry and therefore they must meet some requirements because of 
assure high precision. The most important requirement is a relative low mass of vehicle, the next one is a large load 
capacity. There are other requirements like small dimensions, good maneuverability in operational space, ability of passing 
an obstacles and moving in broken terrain, simple steering and so on [1-6].  

The inspiration of a vehicle undercarriage design was given after study of a current state of robots, that are able to 
operate in an unknown and broken terrain. The project was encouraged by BombTec-defender for deactivate bombs 
installed by terrorists, a six-wheeled Mars rover called Sojourner, Crusher that are usis for investigation and military 
purposes [2]. 

In this paper a mathematical model of the vehicle is analyzed and numerically solved in Sections 2 and 3. Then the 
motion of the robot vehicle is simulated by SolidWorks and the results are shown in Section 4.    

2. 3D model in SolidWorks 

The spatial model created in SolidWorks 2009 was designed as a six-wheeled vehicle, whereby the clearance height of 
the robot body is adapted to those obstacles which heights are a little bit lower than heights of wheels. The drives are set 
into wheels. Therefore the output shafts of the drives are clamped in guide ways between springs and dampers for make a 
robot body oscillation lower at passing an obstacle. This construction helps to protect the drives against damage, allows to 
increase a clearance height of the robot body and there is no need to employ gears. This variant provides us many 
advantages and it is depicted on Fig. 1 [3-7].           

   

Fig. 1. 3D model of the robot vehicle in SolidWorks 2009  

3. Mathematical analysis in MATLAB-Simulink 

   

Fig. 2. 1/6-th mass-spring.damper model of robot vehicle. 1 – spring, 2 – damper, 3 – wheel-ground contact, 4 – obstacle, 5 – 1/6-th mass of the robot, 6 – a 
force from the obstacle  
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The first task of the mathematical analysis is to create a 1/6-th mass-spring.damper model of robot vehicle. One wheel 
rolling on broken terrain is fixed to the robot body by spring and damper. This model is shown on Fig. 2. 

Using Newton´s second law of motion a second-order linear diferential equation have been obtained: 
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Then the Laplace transformation have been applied to create an image transmission of diferential equation: 
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Dividing equation (1) by mass m the second standard form of differential equation is obtained  
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The coefficients of (3) are parameterized by relative damping parameter   and natural angular frequency 0. 
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where K is a amplification.  
It is necessary to calculate an overshoot denoted as Mp. In this case overshoot equals to 10% of stair height, which should 

be the 1/3-rd of clearance height of the robot body. The construction is designed with clearance height 84 mm. 
The equation (5) 
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have been used to calculate a relative damping parameter :  
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Let the settling time of robot body oscillation after passing an obstacle equals to 2 seconds meanwhile the amplitude is 
decreased to ±2% of the initial value. The time constant Ts is given by the following formula [4]: 
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From (7) the natural angular frequency 0 have been obtained: 
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The mass of 1/6-th robot body m is 1,1 kg, substituting this numerical value with a relative damping parameter  and a 
natural angular frequency 0 the damping parameter b is calculated as:  
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The same progress have been applied to calculate the spring coefficient k: 
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The last step is a calculation of resistance force Fs, which appears during passing an obstacle [5-8]:  
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On the base of differential equation (3) a simulation program has been written for MATLAB/Simulink program system. 
The block diagram of the code is shown on Fig. 3. 

   

Fig. 3. The block diagram in MATLAB/Simulink 

   

Fig. 4. A graph of the robot oscillation after passing a one stair-step obstacle 
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The code can simulate the vertical displacement of the vehicle during obstacle passing process. The displacement versus 
time is shown on Fig. 4. Due to the initial value of displacement and the self-weight and the payload capacity vertical 
displacements are experienced at the beginning of the simulation until study state motion without obstacle. The obstacle 
passing starts at time 8 seconds and finished at 14 seconds.        

4. Simulation of passing an obstacle 

The simulation is carried out in SolidWorks assuming self-weight and payload capacity of 50N. In order to make a 
simulation easier, only a one stair-step obstacle problem have been investigated. The phases of simulation process are 
shown on Fig. 5. One can see that there are phases when not all of the wheels are in contact with the ground or the surface 
with the stair-step. For example at time interval from 0.5  to 2.0 seconds the middle wheels are not in contact.   

   

Fig. 5. Simulation of passing one stair-step 
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A series of computation have been performed for different spring k and damper b coefficients. Usually the robot is 
passing through the obstacle without large oscillation when k is greater than 6.91 N/m and b is greater than 5.05 Ns/m.     

5. Conclusion 

In this paper a robot vehicle have been investigated. The simplified differential equation of the model was analyzed by 
MATLAB/Simuling program. The six-wheeled spatial model were created with SolidWorks 2009. A one stair-step obstacle 
problem was analyzed to determine the appropriate stiffness and damping parameter of the suspension.  
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