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Abstract

One of the applications of Unmanned Ground Vehicles (UGV) consists in conducting  tasks connected to 

removing and disposing of Improvised Explosive Devices (IED). The tasks are often performed in hard to reach 

places, on off-road terrain, with weights and dimensions of  explosives which require the use of work attachments of 

considerable lifting capacities. Due to this, it is necessary to equip the robot with suspension designed for performing 

such tasks. Because of variable character of the charges which are subjected to the chassis of robots, it is necessary to 

build a suspension with variable characteristics and examine efficiency of its action.  One of the research methods 

that can be used for that purpose are the simulations based on the method of Multibody Systems. The paper presents 

a hydro-pneumatic suspension system of an EOD robot, which has been developed at the Military University of 

Technology, describes its model, simulation findings and the initial verification thereof based on a real object. Apart 

from that, special consideration is given to the quality and effectiveness of UGV suspension systems. The development 

of a basic platform enables the use of the platform for various purposes as a carrier of a multi-sensor system for 

detecting dangerous materials or for carrying other attachments. 
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1. Introduction 

              
                

              
               
        

            
              

          
              

            
             

       
               

                  
 

                
                   

              
               


               

            



M. J. opatka, T. Muszy ski, A. Rubiec 

              
   





Fig. 1. EOD robot: a) general view, b) ability to negotiate ground obstacles


              
              

            
               

                
    


2. Suspension system of EOD robot 


           

          




Fig. 2. Schematic diagram of EOD robot's multifunction suspension system 

(patent application No. P.392820) 

              
            

             
             

                    
             



Multifunction Suspension of EOD Robot 

              
              

                  
             

           
              

       




Fig. 3. Designed suspension structures of EOD robot : a,b) off-road driving , c,d) work with attachments 
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Fig. 4. Suspension design of EOD robot: a) front wheel suspension system in static balance position; b) exclusive 

load on one axle 

              
              

      

3. Simulation testing of hydro-pneumatic suspension 
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Fig. 5. Flowchart of robot suspension model 
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Fig. 6. Suspension model of robot’s suspension arm: a) mechanical module diagram, b) hydraulic module diagram 



          
                 

 


const=Vp=Vp=Vp g2g2gsgsg1g1    


pg1, Vg1              
   pgs Vgs            



Multifunction Suspension of EOD Robot 

    pg2  Vg2          
            

               
               

              
                

           kd   
  FZ                

     

Z

Zi
d

F

F
k       



Fzi             Fz  
       

     kd             
                  

          Fz       
                   

                
               

              
  V0           

               
                
               

 V0             
kd        



gs

g

d
p

p
k       



                 
              

Tab. 1. Front suspension simulation findings 
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Tab. 2. Middle and rear axle suspension simulation findings 

V0 

  

pgs    

pg2    

kd   


             

    V0   p0        
   V0  p0  



M. J. opatka, T. Muszy ski, A. Rubiec 

4. Exploratory research on robot suspension 

             
             

             
             

              
            
               

 




Fig. 6. Main elements of hydropneumatic suspension covered with the demonstrator of the EOD robot technology :  

1-suspension actuator, 2-front suspension arm (to be pushed), 3-hydraulic accumulator, 4-throttle valve 

                
            

             
                 

                   
    

         
           





Fig. 7. EOD robot attempting to drive across dyke of hexagonal paving slabs 


               
                



Multifunction Suspension of EOD Robot 



Fig. 8. Attempt at driving across transverse ditch: a) side view of the obstacle; b) robot in the course of passing 

through
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Fig. 9. Timing of pressure variations in the suspension system of the front suspension arm during: a) robot’s drive 

across hexagonal paving slabs, b) drive across transverse ditch 
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5. Summary
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