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Experimental Study on Static and Dynamic Properties of Robot Arm Equipped with Bi-articular

Driving Mechanism

Kengo Yoshida, Toshiyuki Uchida, Sehoon Oh, Yoichi Hori (The University of Tokyo)

This paper describes verification on static and dynamic properties of robot arm equipped with bi-articular
driving mechanism. Conventional robot arm only has actuators which drive one joint independently. Bi-
articular driving mechanism drives both two joint simultaneously. It mimics animal bi-articular muscles.

For verification of the static property, output force at end point of the robot arm is measured in the exper-
iments. Experimental results agree with the simulation results. Existence of bi-articular driving mechanism
improves total range of output force. Moreover as verification of dynamic property, the experiment proves
that the proposed robot arm can drive two joints with any two motors out of three motors. These experiments
verified that the proposed bi-articular driving mechanism can work in static and dynamic situations. The
robot arm equipped with bi-articular driving mechanism is proved to have some adovantages which animals

have.
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Fig.1. Conventional robot arm model and ani-
mal‘s arm model
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Fig.2. Arm model equipped with three antagonis-
tic muscular pairs
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T = (Ffl - Fel)rl + (ng — Feg)rl
1T = (Ff2 - Fe2)7‘2 + (ng - Fe3)7‘2 ....... (1)
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Fig.3. Outline view of robot arm design
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Fig.4. A photo of robot arm
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Table 1. Motors and Sensors
Motors TAMIYA (380K75)
OMRON(E6H-CWZ6C)
Force Sensor NITTA(IFS-67TM25A25-140-ANA)
Current Sensor | MAXON ADS 50/5

Encoders
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Table 2. Components of control system

Motor driver MAXON ADS 50/5

(O] ART-Linux
CPU Intel Pentium4 1.5MHz
AD-DA board Interface PCI-3523A

Counter board Interface PCI-6201E
Receiver of force sensor | Nitta IFS-PCI-2184D
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Table 3. Properties of robot arm

Total height 270mm
Total length 500mm
Total mass of link 1 0.72kg
Total Length of link 1 165mm
between joint 1 and 2

Total mass of link 2 0.27kg
Total length of link 2 185mm
between joint 2 and center of force sensor

Moment of inertia of joint 1 0.034kg-m?
Moment of inertia of joint 2 0.0058kg-m?
Torque coefficient 0.20Nm/A
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Fig.5. Experimental Setup
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Fig.6. Coordinate and Postures of Robot Arm
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Fig.7. Torque Commands based on muscular out-
put pattern (with bi-articular driving mechanism)
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Fig.8. Torque Commands based on muscu-
lar output pattern (without bi-articular driving
mechanism)
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Larm1 = diag(0.3,0.3,0)
Larmz = diag(0.2,0.2,0.2)
Larms = diag(0.15,0.15,0.3) ««cvevvereer (4)
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Fig.10. Range of output force (61 = 1.013, 602 = 1.115)
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Fig.11. Range of output force (61 = 0.460, 62 = 2.213)
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Fig.9. Experimental Result of Output Force of Robot Arm Equipped with Bi-articular Driving
Mechanism
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Fig.12. Control diagram of this experiment
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Table 4. Control parameters of robot arm 0000000 R2000000000000000000
Kp1 | 153 Kai | 245 000oo0O00oo0o0oo0o0ooo0oo0obooOo00o0o
Kp2 | 229 | Rao | 0367 00000000000000000200000000
Jn1 0.02kg-m JIno 0.003kg-m
ktn | 0.20 Nm/A 000000000000 o000o0oo0o0o0ooo0ooo
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Fig.13. Experiment without motor 3
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Fig.14. Experiment without motor 2
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