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Passive bipeds have become an interesting field of research for investigators. Probably all of the passive 
bipeds that have been modeled previously, are considered as rigid model with point-mass. In this paper, 
2D planner compass-gait biped with elastic link is modeled and simulated and its period-one gait is 
investigated. The stance leg of the passive biped is modeled as an Euler-Bernoulli beam and its 
vibrations are modeled by using Assumed Modes Method and the equations of motion for the swing 
phase are developed. Then, behavior of the elastic biped is simulated by using numerical methods and 
the changes in leg angles and angular velocities of the biped are discussed. Computer simulations 
showed that when the vibrations of the stance leg are large, angular velocities become oscillating. 
Vibrations of the stance leg and the effects of Young's Modulus and damping coefficient on the motion 
of the elastic biped are discussed. Then model is simulated for the small vibrations of the stance leg and 
the results show that when the vibrations are small the elastic biped behaves like a rigid biped, which 
verifies our simulations. When the vibrations are small, period-one gait can be found for the elastic 
biped for the ramp slopes of  0 < 0.0328 rad. The split in the eigenvalues of the period-one gait 
happens at the ramp slope of  = 0.029 rad.  
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Fig. 1 Elastic biped's model and coordinates which are used in 
modeling. Swing leg is shown by bold line  
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7 Poincare map 
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1  
Table 1 Physical parameters for elastic biped 

     
  A 5kg/m 
  L 1m 

  I 5 × 10 m4 

   M 10kg 
  G 1m/s2 

  Cq 0.01/s 
  E 100GPa 
   0.009rad 

  J 0.25 kgm  
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Fig. 2 A typical step of elastic biped at the slope of = 0.009 rad.  

2 = 0.009 rad .  

 
Fig. 3 Legs angular velocities during a typical step of elastic robot. 
Angular velocities become oscillating when the vibrations are high. 
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Fig. 4 Vibration of the swing leg through a step 
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Fig  5 Period-one gait for the elastic biped robot at the slope of =
0.009 rad . Biped's angles are not affected by the vibrations of the 
stance leg. 

5    = 0.009 rad .
    

 
Fig. 6 Time evolution of angular velocities of the elastic biped at the 
slope of = 0.009 rad through period-one gait. Despite oscillations of 
the stance leg, he biped walks smoothly. 
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Fig. 7 Phase plane diagram of the elastic biped at period-one gait for 
the slope of = 0.009 rad 
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Table 2 Physical parameters of the elastic biped at period-one gait. 

   .  
"8"  

   
  .

1000 
   

  
" 9"     

    
    .   

   

    
   

 
Fig. 8 Period-one gait for the elastic biped at the slope of =
0.015 rad. 
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Fig. 9 Changes of the biped angular velocities through period-one gait 
at the slope of = 0.015 rad 
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Fig. 10 Limit cycle of the elastic biped at the period-one gait for the 
slope of = 0.015 rad for the swing and stance leg are plotted. Biped 
walked 1000 cycles without falling over. 
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Fig. 11 Eigenvalues of the period-one gait per the ramp slope for the 
elastic biped. Eigenvalues are complex conjugate which split after the 
ramps slope increases. Stable period-one gait could be found until the 
slope of = 0.0328 rad for the elastic biped. 
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