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A Dynamic Modeling and Analysis for High-speed Walking of
a Quadrupedal Robot
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Abstract

In order to control a dynamic gait of quadrupedal walking robot, the equations of motion of the
whole mechanism are required. In this research, the equations of motion are formulated analyti-
cally using Kane’s dynamic approach. As a dynamic gait model, a trot gait has been adopted. The
degree of freedom of whole mechanism could be reduced to 7 by idealizing the kinematic feature
of the trot gait. Using the equations of motion formulated, the results of the redundant-joint
torque analysis and the simulation of dynamic walking motion are presented.
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Projection

Fig. 3 2-dimensional projection of standing phase linkage
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Table 1 Initial/final condition of body motion

(Start) X Y @ | <End X Y q
Position{m) 0.291 0.341 0 Position (m) 0.141 0.341 0
Vel.(m/s) 0 0 0 Vel.(m/s) 0 0 0
Acc.(m/s?) -1 0 0 Acc. (m/s?) 1 0 0
Table 2 Initial/final condition of a swing foot motion

(Start) Xo Y, <End) Xo Y,
Position (m) 0.15 0 Position (m) —0.15 0
Vel.(m/s) 1.6 0.66 Vel.(m/s) 1.6 —0.66
Acc.(m/s?) 68.6 7.04 Acc. (m/s?) 68.6 7.04
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Fig. 15 Graphic simulation of trot gait motion

% of Alx| 2] 7holl 2 2p7p bad@}et,
Fig. 15= slel A&l
2 B:i-d‘o}\Oi‘ 7"—9—/(]-]4 42%‘\ Eoﬂ_g_ 53_04_:11?_1:]_.

FFhetr) 5l FU (KIS ol A 2 d%el Fu
ER . C CIOE CEREE T RCRRSES PRt

gl% zr 2y ey Centaur(Fig. 16) 9 247248
A TEs7] 3 Boe mele Wdsldce), A
Al ol Al aw)akel B EgH 2xA
+AE Aol EE A Aol e s ek
545 slebsla, 7345 54442 Kanes o
@ o] EE ol&dle] Yo frEocr) v
AEAHE 2 47t B A4S ®asgdoy

1 2 18 23}

T
L
ox
O}
ok
rir
Acs
Ao
rﬂ
>
Ha
X
R
e
2
ol
—

2N
3
c
o
=
)
EL
'u[o
o=
O
,.‘
fo
}m
E3
°
A
22
}_m
lu
o
EX
s
o
%

Ep—

A8 54 wael o ey 765

Fig. 16 Quadrupedal walking robot (Centaur) devel-
oped in KIST

= ATold frEg SEWAHAL Azpgey
o FHATMAAE HF B Ao
(computed torque control method)2] A w )z

olEslel, g FHALA] dHAL w7

HUEE i

FHAAE ol ot SHAAE Y B
Ao upa] Fof 4,
Zelelo g 4 Abélod oFmiol b= B 9k
= ¢ A of (feedforward torque contorl) w} 4] 04 o]
A5hg ol B3t Amalol ] 4
A7)e o A o),

:1.!;0:1-51- /Uo)]/(-{ 7:1;{454‘—

}'ﬂ J}E )
A ol g
-
o,>; o}ﬂ

Ik
e

=)

(1) Kimura, H., Shimoyama, I. and Miura, H.,
1990, “Dynamics in the Dynamic Walk of a
Quadruped Robot,” Advanced Robotics, Vol. 4,
No. 3, pp.283~301.

(2) Nakamura, T., Koyachi, N. and Adachi, H.,
1991, “Simulation Techology for Evlauatin of
Walking Robots,” Proc.
sium of Advanced Robot Technology, pp. 417
~424.

(3) Villard, C., Gorce, P. and Fontaine, J. G., 1993,
“Study of Dynamic behavior of PALPHY,”
Proc. International Conf. on Intelligent Robots
and Systems, pp. 1765~1770.

(4) Shih, L., Frank, A. A. and Ravani, B, 1987,
“Dynamic Simulation of Legged Machines Using

International Sympo-

Comliant Joint Model,” The International Jour-
nal of Robotics Research, Vol. 6, No. 4, pp. 33
~46.



7}
14E 9id &2

>
o
g
o
)
o
2
o

(5) Ao, $84k 1995, “Ab7 2 REX A
- 14 2
» gEriA e s =4, 4164, AllE, pp
2721~2735.

(6) Haug, E. J., Wu, S. C. and Yang, S. M., 1986,
“Dynamics of Mechanical Systems with Cou-
lomb Friction, Stiction, Impact and Constrint
Addition-Deletion- 1,” Mechanism and Machine
theory, Vol. 21, No. 5, pp. 401~ 406.

(7) Kane, T. R. and Levinson, D, A., 1980, “For-
mulation of Equation of Motion for Complex
Spacraft,” Journal of Guidance and Control,
Vol. 3, No. 3, No. 2, pp. 99~112.

(8) TellA, ol&7, %, 199, “¢lFE =
olale] RES Sig 2EE cuel AAlst
&, " T EA &8, pp. 875878,

(9) Sakakibara, Y., Hosoda, Y., Kan, K., Hattori,
M., Fujie, M. and Sugiyama, S, 1991, “Qua-
drupedal Walking Mechanism and Its Intelligent

g

it

‘].71

AOL . °].\—17_°

St
=

=]

Control,” Proc. International Symposium of
Advanced Robot Techanology, pp. 389~396.

(10) Kane, T. R. and Levinson, D. A, 1985,
Dynamics, McGraw-Hill, pp. 45~50.

(11) Levinson, D., A., 1994, AutoLev 3.0 manual,
OnLine Dynamics, Inc.

(12) o1%4, HE4 T4 9 o4, 1995, “F
gl 28 AlaE A il a4, " gt
=4,

(13) Bryson, Jr. A. E, and Ho, Yu-Chi, 1975,
Applied optimal contor!, pp. 2~18.

(14) Liegeois, A., Fournier, A. and Aldon, M,
1980, “Model-reference Control of High Velocity
Industrial Robots,” Proc. The Joint Automatic
Control Conference, San Francisco, pp. 584~590.

(=)
2 =

L AlZtEg7] ol 7|78, S8 oteto|E

Table 3 Kinematic and dynamic parameters of quadrupedal robot

Mass (kg) Length (m) Mass moment of inertia (kg*m?)
Body 10.36 0.8 1.5126
Upper link of leg 1.77 0.170 0.0110
Lower link of leg 0.859 0.170 0.0096
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