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A Study on Driving Mechanism of Robot Hand Driven by SMA based
on Segmented Binary Control

-

Sang Hwa Jeong*, Gwang Ho Kim', Jun Ho Park™, Kyoung Rae Cha''", Shin Ho Ryu

L Abstract Jl

In recent year, as the robot technology is developed, the researches on the artificial muscle actuator that enables
robot to move dexterously like biological organ become active. Actuators are key technologies underpinning robotics.
Breakthroughs in actuator technology, particular in terms of power-to-weight ratio, or energy-density, will have
significant impacts upon the design and control of robotic system. In this paper, a new approach to design and control
of shape memory alloy(SMA) actuator is presented to drive the robot hand. SMA wire is divided into many segments

- and their thermal states of the SMA are controlled individually in a binary manner. This control manner will reduce

the hysteresis that the SMA material has and it becomes the fundamental technology to develop the anthropomorphic
robot hand. In this paper, the mechanism in the digital step motor of the shape memory alloy that is driven by the
segmented binary control, which is a new control technique, is studied. This SMA digital step actuator applies for
the robot hand and the driving mechanism of the robot hand is investigated.
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Fig. 1 Segmented Binary Control Scheme



Fig. 2 Mechanism of SMA Digital Step Motor
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Table 1 Conditions of Robot Hand Modeling

Operation Time Isec

Input Displacement Translation

Finger Link + Revolute Joint
SMA Displacement Link + Translational Joint
. Pulley : Joint 1:1
Coupling
SMA : Pulley 0.087 : 1

1st joint

2nd joint

3rd joint

Ist joint 2nd joint 3rd joint

[ [ eom =

Fore finger - (] = 1 o= =
Middte finger NN (1 ema [F wm L]
Ringﬁnger_:"_ 1 == 1 == ==
Linleﬁnger- 3 b a '- -
Taput of the Tnput of the Input of the

1st joint 2nd joint 3rd joint

Fig. 3 ADAMS Modeling of Robot Hand

Fig. 4 Grip

HE H 9 e FME 2@6}@'&} Flg 4= &]tﬂ &H
£ a8k Gripd] & 2¢E Ul Aol ojgfof &7}
g 7 o e A4 Y HeE AEHoldE Bt
of A& 4= U &7k 7 Bl et o fjgt
U W= Table 20 Lehfigict. o] Qo= &5 H& &
E}21 Ball Grip, AFe& 7+2]7| ALt AlA 8k FE2l Point, &
7rel ejof et 24& A& FeQl Pinch § 2HIS9
oheFEt & BE AEH oAt 74 HAEY Y Wit
79 diofHE 48 4 YT



BI2BAY|H &8 =27 Vol.15 No.5 2006. 10.

Table 2 Input and Output of Grip

Output of the 1st{Output of the 2nd|Output of the 3rd
G Joint(deg/sec) Joint(deg/sec) Joint(deg/sec)
ti
P Input of the Input of the Input of the
Ist Jointmm) | 2nd Joint(mm) | 3rd Joint(mm)
60.0 30.0 70.0
Thumb
5.236 2618 6.1087
Fore 110.0 100.0 80.0
Finger 9.5993 8.7266 6.9813
Middle 110.0 100.0 80.0
Finger 9.5993 8.7266 6.9813
Ring 110.0 100.0 80.0
Finger 9.5993 8.7266 6.9813
Little 110.0 100.0 80.0
Finger 9.5993 8.7266 6.9813
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(a) Picture of SMA Wire Divided by TEM
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(b) Schematic Diagram
Fig. 5 Schematic Diagram of Experimental Apparatus
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Fig. 6 Force Characteristics of Segmented SMA wire
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Fig. 9 Hysteresis Characteristics of Normal Control
and Segmented Binary Control
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Fig. 10 Experimental Apparatus

(a) 5-Segment
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(c) 15-Segment

Fig. 11 Shape of 2nd Joint for the Number of Input
Signal
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