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Dynamical Effects of Arc Foot for Leg Motion of Passive Walking

Yoshito Tkemata*, Akihito Sano*, Kiyoshi Yasuhara* and Hideo Fujimoto*

The passive walker with knees can naturally execute the leg motion, which is essential to take a step forward, by

the dynamics of legs under the gravity only. On the other hand, an inadequate dynamics causes an undesirable leg

motion, such that the stance leg bends at the knee joint, the swing leg unsuitably strikes its foot on the slope and

the walker falls backward by the negative gravitational moment. Though an arc foot is very important for the leg

motion, its dynamical effects and mechanism have never been clarified, and a useful design framework of its shape

has never been established. In this study, for the sake of simplicity and clarity, the linearized simplest walking model

is used. In this paper, the dynamical effects of the arc foot, which can keep the knee joint of stance leg straight only

by the stopper and can enhance the flexion of knee joint of swing leg, are discussed. Also, its geometrical negative

effect is examined. Furthermore, the forward-falling condition of the walker is derived based on the energy analysis.

Finally, the desired arc foot is designed and the actual effects are confirmed by a walking experiment.
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Fig.1 4-link model of passive walker with knees and arc feet

Fig.2 Geometric model of one stride
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Fig.3 Knee torque of stance leg just after leg-exchange
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Fig.5 Knee angle of the contacting arc foot on slope
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Fig.7 Passive walker with improved arc feet
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Fig.8 Design map of arc foot considering leg motion
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dwz¢@mwf+ﬂ—pwﬁf (A.2)
%47¢@$n® + (I —b—pcosd)? (A.3)
ds \/ p81n5 + (2 — ba — pcos 6) (A4)
sin §
e i (A5)
lo — pc055
sin §
n = tan—t [ 20 (A.6)
l— pcos<5
psin d (A7)
Gy = tan™" I—b—pcosé '
7 . psind
Gs = tan (lz — ba — pcos 6) (A-8)
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QT ()0x = Q ()¢ (B.9)
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Q" (a) =
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{b1 + p(ls + b2)Hpcos(a/2 + ) + deos(a+ ¢a)}
ba{pcos(a/2+ Cn) + dcos(a+ (n)}
0 0
—bF —pli(l +b2)  —pba(ly + b2)
—baly —b3

Z R OB E R K
Q (o) =
p* + d2 cos a + 2pdj, cos /2 0
(14 p)b{pcos (/2 + Gu) + dy cos Gy} + Ifma 0
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