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Convergence Property Analysis for Underactuated Bipedal Walking with Knees
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One of the authors have developed the method independent of numerical integration for analyzing
the stability of limit cycle walking with constraint on impact posture. In this paper, we extend
the method to a kneed biped model and analyze the stability and gait properties. First, a planar
three-linked biped model is introduced and its mathematical model is developed. The underactuated
bipedal gait is generated by applying an output following control to the desired-time trajectories of

the hip and knee joint angles.

] > joil Second, the transition function of the state error is analytically derived
based on linearization of motion and quadratic approximation of mechanical energy. Fmallly, we
discuss how the gait properties change according to the system parameters. The symbolic calculat

ion

task in the three-linked model is heavy, so we partially apply numerical calculation.
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Fig.1 Planar underactuated kneed biped model
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Table 1 Physical parameters of kneed biped model

mi 5.0 kg

a 0.565 m
ma 3.5 kg !
as 0.20 m
ms 1.5 kg
as 0.25 m
mg 10.0 kg b 0435
. m
I 0212625 kg:m? !
bo 0.30 m
l1 1.0 m
! 05 bs 025 m
2 . m
R 040 m
l3 0.5 m
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Table 2 Theoretical values of Transition Functions where
A,, = —0.30 [rad] and o« = 0.25 [rad]

Tiet [s] Q QR
0.70 0.435287 0.407378
0.80 0.311037 0.291094
0.90 0.172305 0.161257
1.00 0.0170768  0.0159819
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