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Influence of Joint Springs on the Locomotion
of a Bipedal Model

Tomokazu MATAKE, Tadashi MITARAI Yasufumi IMAI

(Mechanical Engineering)

Abstract

Influence of the joint springs and the initial conditions on the locomotion of the bipedal model

has been investigated. The bipedal model, as proposed before, has eight rigid links representing

upper and lower legs, feet, the waist, and the upper body, which are jointed each other by pins

together with torsional springs. As reported previously, in the monopedal period, a limitted range

of spring constants are available for the model to move continuously alike human walking.

However, it has been found that these same values of spring constants are not appropriate for the

bipedal period. Continuous movement from monopedal to bipedal period is only possible by

employing the different spring constants for different period. Successful combination of spring

constants and initial angular velocities of all links for a complete one-step movement is obtained

after the trial and error method. Under this condition, the step force of the model varies showing two

peaks as in the case of human walking although the second peak, which may be related to the

accelaration to the next step, remains quite low.
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Fig. 1 General view of the bipedal model.
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Fig. 2 Postures of locomotion.
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Table 1 Two results of angular velocities in bipedal period
and initial angular velocities of Case 5 (rad/sec)

8 4 U
ex. 1| Initial angular velocities -5.0 | 1.0 {-6.0
At the end of Case 3 —1.82|—2.541-6.30
At the end of Case 4 0.19|—4.28| —4.87
ex. 2 | Initial angular velocities =55 1.0 |—6.5
At the end of Case 3 —1.95(—2.90|-6.67
At the end of Case 4 —0.57(—4.06|—5.50
e e B

Spring constants of joints (Nem/rad)
kf: 50, k,, = 100, ks - 1100, kxs = ku =200
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Table 2 Combination of initial angular veloci-
ties and spring constants of joints
(angular velocity : rad ~sec, spring con-
stant : Nem/rad)

M| B | v | m| k| k| k| ko| ke
1(1-3.5{05[-4.0]| 35 85 | 350 | 100 30
2 |1-3.5] 0.5 [—4.0| 35 85 350 | 700 30
3 (—3.5{ 0.5 [—-4.0] 35 85 | 350 | 800 30
4 |-3.5{ 05 [~4.0| 35 85 | 350 | 100 70
51-3.510.26 [—3.0( 20 40 | 350 .| 100 | 150
6 |—3.5{0.26 [—3.0| 20 40 350 | 100 | 200
71-3510.8 |-25| 20 55 350 | 150 | 170
8 |—3.6} 0.5 |-3.0] 20 40 | 350 | 100 | 300
9 |-3.6) 05 [—-3.0 20 40 350 150' 300
10 {—3.6} 0.5 | —3.01 20 40 | 350 | 200 | 300

kt=35 {N-m/rad)
k=85 { ¢ )
k9e350( ¢ )
kio=100( + )
Kis=70 ( ¢ )
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Fig. 3 A basograph of locomotion of the
bipedal model.
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Fig. 4 Diagrams of angular velocities in loco-
motion.
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Fig. 5 Diagrams of angular velocities in loco-
motion. (No.8 in Table 2)
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Fig. 6 Step force diagram.
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