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Abstract 
 This research aims to study the climbing motion of a wheel 

snake robot on slope. The wheel snake robot uses sinusoidal 

gaits to create the friction force to oppose the gravitational force. 

The amplitude and phase of the sinusoidal gaits affects the 

climbing performance of a wheel snake robot. In this work, three 

climbing gaits were compared: the active wheel with straight 

body, the sinusoidal gait with passive wheel and the combination 

of sinusoidal gait and active wheel. The experimental results 

showed that the robot can move at the highest speed on flat 

ground with the combination gait. The basis angle in the 

combination gait directly relates to the climbing ability on slope. 

However, the combination gait cannot keep all wheels to stay 

contact with the ground, thus the robot was starting to slip when 

the slope is greater than 20 degrees. 
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  cosnf mg β=                                   (2)                      

  sintf mg β=                                                  (3)                      
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nt ff μ≤  ��#�<�=����� β  *��
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  t nf fμ=                                                         (4)                      

	����� 

  cossin mgmg μ ββ =                                        (5)                      

  1tanβ μ−=                                                      (6)   
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  tanμ β=                                                      (8)                      
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  1 1 1sin costf m g m gβ μ β= −    

          2 2 2sin costf m g m gβ μ β= −       

  3 3 3sin costf m g m gβ μ β= −        

                                                            

 j���#�  	������%��$��&
�*��;�����
�$��!�"�

����=;���� 

  1 2 3t t tF f f f≥ + +                       
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  1 1 1 1sin cos costf m g m gβ θ μ β= −

  2 2 2 2sin cos costf m g m gβ θ μ β= −

  3 3 3 3sin cos costf m g m gβ θ μ β= −
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motion basis angle 

α (deg) 

shift time 

(ms) 

speed 

wheel 

Case 1 0 0 400 

Case 2 9 10 400 

Case 3 18 15 400 

Case 4 27 20 400 

Case 5 36 20 400 

Case 6 45 30 400 

Case 7 54 30 400 
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