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Consideration on Properties of Robot Arm Using Bi-articular Muscles

Kengo Yoshida, Yoichi Hori

In this paper, we considered properties of robot arm using bi-articular muscles. Conventional robot arm has only
actuators similar to mono-articular muscles. Existense of bi-articular muscles can give robots animal like movement. It
can be drived by the characteristic going back to home position. And home position can be determined by the contractile
forces of Muscle. We attempted simulations of driving robot arm by the contractile forces of Muscle.

Key words: robot arm, mono-articular muscle, bi-articular muscle, feedforward

1. 00

00000000000000000000000000
0000D00000000000000000000000
0000D00000000000000000000000
000000000000000000000000000
0000000000000000

()0000000000000000000000000
00000000000@O000000000000000
000000000000000000000@)00000
0000000000000000000000000000
0000D00000000000000000000000
0000000000000

000000000000000000000000000
000000000000000000000000000
0000000000000000000000000000
000000000000000000000000000
000000000000000000000000000
0000D00000000000000000000000
000000000000000000
11 0OoO0O0O0O0O0O0O0O0O0O0O0

000000000000000D00000000000
0000D00000000000000000000000
0000D00000000000000000000000
0000D00000000000000000000000
0000000000000000000000000000
0000000 (O000)000000000000000
000000000000000000000000000
0000 (QO000)000000 (Fig. 1)

00000000000000000000000000
0000000000000000000000000000
0000D00000000000000000000000
000000000000000000000000000
000000000000000000000000000
oooooo

*00oo 0001700600 30
0000000 ooOooOoo0 (ooooooo 7-3-1)
*pooo 0ooooooooooooooo 4-6-10

mono-articular muscle

joint torque actuator bi-articular muscle

conventional robot arm animal’s arm model
Fig. 1 Conventional robot arm model and animal’s arm model
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Fig. 2 Arm model of animals
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Fig. 3 Model of a muscle
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Fig. 4 Changes of output forces at end point in various position
Table 1 Specification of link model

I 0.6[m] l> 0.6[m]

lg: 0.3[m] || g2 0.3[m]

m1 2.5[kg] || m2 1.0[kg]

I, | 0.3[kgOm?] || I» | 0.12[kg0 m?]

r1 0.1[m] r1 0.1[m]

Fig. 5\ Simulation model
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Fig. 6 Drive of robot arm using “equilibrium”
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Fig. 7 Drive of robot arm using “equilibrium” changing outputs of mus-
cles
Graphs left side are described the distance between target position and
end point of arm by time. Graphs right side are described the trajectory
of arm.
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(A)with bi-articular muscles, S1 = Ss = S3 = 10
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(B)without bi-articular muscles, S1 = S» = 15
Fig. 8 Drive of robot arm using “equilibrium” comparing with robot arm
without bi-articular muscles
Graphs left side are described the distance between target position and
end point of arm by time. Graphs right side are described the trajectory
of arm.
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Fig. 9 Drive of robot arm using “equilibrium” changing contractile
forces of muscle
Graphs left side are described the trajectory of end point and
equilibrium point. Graphs right side are described the changes of
contractile forces of muscle.
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