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Design and Manufacturing of The Robot Arm Equipped with Bi-articular Driving Mechanisms

Kengo Yoshida, Toshiyuki Uchida, Yoichi Hori

Recently there are many trials to introduce animal characteristics into robots. Conventional robot arm has only

actuators similar to mono-articular muscles. Though animal’s arm has not only mono-articular muscles but also bi-articular

muscles. Existence of bi-articular muscles can give robots remarkable ability to realize various motions without feedback

control, which may provide skillfulness and safety like animals.

In this paper, we described our attempt to make a robot arm based on the principle of bi-articular muscles. Our robot

arm has three electrical motors as antagonistic muscular pairs and muscular viscoelasticity are actualized virtually. Pur-

poses of making robot arm are (1)verification of static properties, (2)actual experiment of driving and (3)investigation of

antagonistic structure. This robot arm is just a prototype for complete implementation.

Key words: robot arm, mono-articular muscle, bi-articular muscle
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Fig. 1 Conventional robot arm model and animal arm model
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Fig. 2 Model of a muscle
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Fig. 3 Antagonistic pair of muscles and object
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Fig. 4 Arm model of animals )
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Fig. 5 Block diagram to realize viscoelasticity of antagonistic muscular
pair
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Fig. 6 Bi-articular drivibng mechanism which is connected to each joint
directly

fixed pulley movable pulley

Fig. 7 Bi-articular drivibng mechanism using pulleys
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Fig. 8 Robot arm which has a antagonistic pair of bi-articular driving
mechanism and two antagonistic pairs of mono-articular driving mecha-
nism
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Fig. 9 Outline view of robot arm

Table 1 Comparison of each arms
A is animal‘s arm. B1(Fig. 8) and B2(Fig. 9) are robot arms using
bi-articular driving mechanism. B2 is what we attempt to make now. C
is conventional robot arm.
o :existing, O : virtually existing, X : no existing.

- A | Bl |B2]| C
(1)driving mono-articular o o o o
(2)driving bi-articular o o O X
(3)antagonistic pair o o O X
(4)muscular viscoelasticity | o a O x
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Table 2 Major parameters of robot arm

Total hight about 250[mm)]
Total length about 500[mm)]
Link1(upper,bottom) | 200 x 50 x 10[mm] 270[g]
Link2 200 x 50 x 10[mm] 270[g]

Motor TAMIYA(540K75)
Encoder OMRON(E6H-CWZ6C)
Current sensor U_RD(HCS-20-SC-A-2.5)
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Fig. 10 A pto of robot arm which we are working on

Table 3 Parts of Controller

CPU board Advantech(PCM-9371F-J0A1)

Counter board TAC(T104-C160)
AD-DA board TAC(T104-ADA)
Current Controller and PWM Microchip(16F877)
H-bridge Toshiba(2SK2312)

Gate driver Nihon Pulse(FDM2B)
Toshiba(2SK1484)
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1) Minayori Kumamoto, Toru Oshima and Tomohisa Yamamoto:
“Control properties induced by the existence of anatagonistic pairs
of bi-articular muscles - Mechanical engineering model analyses”,
Human Movement Science, 13, 5, pp. 611-634, 1994
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Fig. 11 Control diagram
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