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Realization of Robot Arm with Bi-articular Driving Mechanism and its Control Using Muscular Viscoelasticity
Kengo Yoshida®, Toshiyuki Uchida, Yoichi Hori (The University of Tokyo)

Abstract

Conventional robot arm has one actuator in each joint and it drives only one joint. Though animal’s arm has both

mono-articular muscles and bi-articular muscles. Mono-articular muscle works only one joint. Bi-articular muscle

works on both two joints. This bi-articular muscle plays an important roll in skillful control ability of animals. In

this paper we describe our trial to make a robot arm based on the principle of bi-articular muscles. It has bi-articular

driving mechanism and viscoelasticity similar to muscle. Furthermore we propose a control method using muscular

viscoelasticity. This method is a kind of feedfoward control and ensure robustness with muscular viscoelasticity. We

show its effectiveness by simulation.
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Fig.0. Conventional robot arm model and animal 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.3. Bi-articular drivibng mechanism which is con-

nected to each joint directly
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Fig.4. Bi-articular drivibng mechanism using movable

pulleys
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Fig.5. Block diagram to realize viscoelasticity of muscle
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Fig.6. Robot arm which has a antagonistic pair of bi-
articular driving mechanism and two antagonistic pairs

of mono-articular driving mechanism
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Fig.7. Outline view of our robot arm
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Table 1. Comparison of each arms

A is animal‘s arm. B1(Fig. 7) and B2(Fig. 8) 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|B1[B2]C
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(2000000000 |o |o | O |x
(3000000 oo |O|x
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Fig.8. A photo of robot arm which we are working on
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Table 1. Major parameters of robot arm
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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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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(25K1484)

i3 = 0 K: O Fy | - (5)

i3 0 0 K; Fy

gooooooooooooobooooobooooo
gooooooooo pCcO0ooboobobOOOOOd PWM
000000000 PIC(1eF877) D0 0D0OOO0OOODOO
goooogd

ooooooOooobooOooooooboooooooooo
gooooOobOoOoOoOoOoobOoooOopooooooboobo
gooooO0o0o0opDOoooooooooooooooo
goooobooooooboooooboooooobbooooon
goboobbooooooboboboboooooboooobooboooo
0000000000 contractile force generator O O 0 O
gooooDOOoO00oDO0OOoDbOOoOoOoOooobobooOooo
gooooooooooooooooooooooog

4, DOOOODOOOODOO

5. 0O ad

good

4/5



Contrac-
tile

For ces
Cener at or

Current
sl Crl &
2 PWY

Mot or s
and
Robot

9,

010 ODoooooooooo
Fig.10. Control diagram
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