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Realization of Robot Arm Equipped with Bi-articular Driving Mechanism
Kengo Yoshida®, Toshiyuki Uchida, Yoichi Hori (The University of Tokyo)

Abstract

In this paper we describes our robot arm inspired by animal musculoskeltal system. Animal arm can be simplified

to the two joint link model which has six muscles. This model keeps three important elements of animal arm :

muscular viscoelasticity, antagonistic muscular pair and bi-articular muscles. The robot replaces each antagonistic

muscular pair by DC motor and imitates muscular viscoelasticity. Bi-articular muscles is mimiced by bi-articular

muscular driving mechanism. Then we analyze these elements of animal arm in our implementation. Especially

we focus on equilibrium position and path tracking control derived from muscular viscoelasticity and antagonistic

driving. In early work, we proposed feedforward path tracking algorithm using above properties. We also verify its

efficiency.
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Fig.1. Two joint link model with both mono-articular

muscles and bi-articualr muscles
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Fig.2. Viscoelastic model of a muscle
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Fig.3. A photo of actual robot arm
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Fig.4. Block diagram to realize muscular viscoelasticity
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Fig.5. Whole control system of proposed robot arm
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Table 1. Parameters of simulation model

I 0.6[m] || I2 0.6[m)]
lg1 0.3[m] || g2 0.3[m]
my 2.5kg] || ma 1.0[kg]
r1 0.1[m] || r1 0.1[m]
k | 3.3[N/m] || b |5.0[NOs/m]

In.(.on,m) - 7"-D'n,,’rn - krzen,msn,m - br29n.,msn,m(3)

00006,,.0mOOOO0m+1000000000D0DO
ooooe,,,00mO000000000O00O0O00 4)0
gooos,gobooboooobooooobo ooogo

4kI,
Sm = g (4)

oooooooe,, 0000000 Dy, O0O0O00O0

Din = K1 SO g1 - eeeeeeeeeeeeee (5)

0000o00ooo0oooUooUobo (p)Dooooooono
al0O00000OO0OO0OOOOOOOOOOODO0O0 a=1
gboboooooboooobooobobooooboo

0000000000000000000000000
0000000000000000000000000 1
000000000000 (25232 4 (1262 -1000
000000040000000000000000000
00006000000000000000000000
000000000000000000000000 (A)
00000000000000000000000000
0000000000000000000 (B)000O0O0O
00000000000000000000000 ml,m2
000110000 (C)00 (D)000000000000
000000000200100000000000000
000000000000000000000000000
00000000000000000000000000
00000000000000000000000000
0000000000000000

04120 0000000000000000 000
00000000000000000000000000
00000000000000 point to point 00000
000000000 (0 7000000000 (4),(5),(6)
00000000000000000000000000
00000000000000000000000000
000000000000e00000000000000
0000000000000000000000000S,
00000000000000000000000000
»S, 000000000000000000000000
00000000000000000000000000
00000000000000000000000000

3/6



end ploint
expect path -------

0.5

y axis(m)
(
|
|

-0.5

-0.5 0 0.5 1
x axis(m)

(A)

T T
m1=2.75kg, m2=1.1kg ——
expect path -——---—-

m1=5.0kg, m2=2.0kg --------
m1=25.0kg, m2=10.0kg

0.5

y axis(m)
{
J
{
1

-0.5

-0.5 0 05 1
X axis(m)

(©)

end ploint
expect path -------

y axis(m)

-0.5

-0.5 0 0.5 1
x axis(m)

(B)

end p'oim
expect path --—---—-

05 S

y axis(m)
i
|

-0.5

-05 0 0.5 1
X axis(m)

D)

06 OO0OOO FFOOOODOOOOO FFOOODOOOO

Fig.6. A Comparison between feedfoward contractile force algorithm and feedforward torque algorithm

(A) and (C) use proposed algorithm which feedforward cotnractile force. In (B) and (D), recorded torque is

feedforwarded. In (A) and (B), actual mass equals to nominal mass. In (C) and (D), actual mass is changed.
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