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r Abstract }

In recent years, as the robot technology is developed the researches on the artificial muscle actuator that enable robot
to move dextrously like biological organ become active. The widely used materials for artificial muscle are the shape memory
alloy and the electroactive polymer. These actuators have the higher energy density than the electromechanical actuator
such as motor. However, there are some drawbacks for actuator. SMA has the hysterical dynamic characteristics.

In this paper the segmented binary control for reducing the hysteresis of SMA is proposed and the simulation of anthropomorphic
robotic hand is performed using ADAMS.
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Fig. 1 Segmented Binary Control
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Fig. 2 SMA Wire Stack with Peltier Module
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Fig. 3 Segmented Digital Control
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Fig. 4 Block Diagram of Segmented Binary Control
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Fig. 5 SMA Digital Step motor
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Fig. 6 Modeling of Robot Hand

Table 1 Conditions of ADAMS Modeling

Operation Time 1 sec
Input Displacement Translation
Finger Ling + Revolute Joint

SMA Displacement  |Link + Translational Joint
Pulley : Rotational
. . 1:1
Coupli Joint Ratio
OUPINE MTSMA : |Translation :|0.087266462
Pulley Rotation : 1
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Fig. 7 Fist Grip

Table 2 Input and Qutput of First Grip

Output of the | Output of the | Output of the
1st joint 2nd joint 3 joint
Fist grip | _(degisec) | (degisec) | (degser)
Input of the 1st| Input of the | Input of the
joint (mm) |2nd joint (mm)i3rd joint (mm)
60.0 300 70.0
Thumb 5236 2618 6.1087
fore 110.0 100.0 80.0
8er ™9 5003 8.7266 6.9813
Middle 110.0 100.0 80.0
finger 9.5993 8.7266 6.9813
Rine finee 1100 100.0 80.0
"8 TIBErT ™9 5903 8.7266 6.9813
] 110.0 100.0 80.0
Little fingerl— <053 8.7266 6.9813
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Fig. 8 Angular Displacement of Fore finger
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Fig. 9 Translational Input of Fore Finger
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Fig. 10 Ball grip 1

Table 3 Input and Output of Ball Grip

Output of the| Output of the | Output of the
1t joint 2nd joint 3rd joint
Ball grip 1 (deg/sec) (deg/sec) (deg/sec)
Input of the | Input of the | Input of the
1st joint (mm)|2nd joint (mm)|3rd joint (mm)
60.0 30.0 50.0
Thumb 5236 2618 43633
Fore 35.0 80.0 9.0
1nger 3.0543 6.9813 0.7854
35.0 80.0 9.0
Middle finger [ 13 6.9813 0.7854
] 35.0 80.0 9.0
Ring finger | 0c13 6.9813 0.7854
) 350 80.0 9.0
Litde finger [—"c13 6.9813 0.7854
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Fig. 11 Pinch 1
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Table 4 Input and Output of Pinch 1

Output of the| Output of the | Output of the
1st joint 2nd joint 3rd joint
Pinch 1 (deg/sec) (deg/sec) (deg/sec)
Input of the | Input of the | Input of the
1st joint (mm)|2nd joint (mm)|3rd joint (mm)
30.0 450 45.0
Thumb 2618 3.927 3.927
Fore finger 70.0 50.0 300
& 6.1087 43633 2618
10.0 250 200
Middle finger |~ 0027 2.1817 1.7453
10 15.0 10.0
ing fi
Ring finger I 3873 1309 0.8727
) 1.0 10.0 10.0
Little finger |03 0.8727 0.8727

Fig. 12

Pinch 3

Table 5 Input and Output of Pinch 3

Output of the | Output of the | Output of the
1st joint 2nd joint 3rd joint
Pich3 | (degsec) | ‘(degisec) | (degiser)
Input of the | Input of the | Input of the
1st joint (mm){2nd joint (mm)}3rd joint (mm)
200 30.0 50.0
Thumb 1.7453 2618 43633
rore fimmer 50.0 50.0 10.0
B 43633 43633 0.8727
50.0 550 10.0
Middle finger |7 3 4.7997 0.8727
- 100.0 1100 60.0
 Ring finger |~ &6 9.5993 5236
} 100.0 110.0 60.0
Little finger |- <6 9.5993 5236




Table 6 Input and Output of Point

Output of the | Output of the | Output of the
1st joint 2nd joint 3rd joint
Point (deg/sec) | (degise) [ (degsec)
Input of the | Input of the | Input of the
1st joint (mm)|2nd joint (mm){3rd joint (mm)
Thamb 100 10.0 50.0
" 0.8727 0.8727 43633
0 0 10.0
Fore finger 0 0 0.8727
Vidde finaer |—1220 100.0 60.0
€ e I g 7266 8.7266 5236
i 6 100.0 1100 60.0
ng finger 8.7266 95993 5236
i 100.0 110.0 60.0
Litde finger |66 0.5693 5236
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