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ARTICLE INFORMATION ABSTRACT

Original Research Paper Shape Memory Alloy (SMA) wires are currently employed in robotics as actuators of prosthetic limbs
Received 22 January 2016 and medical equipment due to advantages such as reducing the size in the application, high power-to-
Accepted 28 May 2016 weight ratio and elimination of complex transmission systems. In this paper, a fuzzy control system has

Available Online 14 August 2016 been designed and implemented for an artificial finger using the SMA actuators. This robotic finger has

been designed and modeled with three revolute joints and three SMA wires as the tendon in order for

Keywords: . . : . . .

Sthe memory alloy adduction of each phalange of the finger and torsional springs were used to restore them to their original
artificial finger positions. The dynamic model of the finger has been simulated in MATLAB/Simulation. Based on the
simulation simulation results, optimal choices of parameters and system features have been obtained and a

fuzzy controller

prototyped sample prototype of finger has been built and tested. Gains of the controllers are set so that the current applied

to SMA wires has minimum overshoot and the output of the system has minimal time to achieve
stability. The comparison between the simulation results and the actual measured data show that the
simulated model is accurate.
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Table 2 Physical properties of the robot links

(mm) gsb (Kg) e= (N/m) ;i3 s (m) Js, eles S
448 0.011 2 0.0075 1
26.2 0.006 15 0.0037 2
17.7 0.004 2 0.0027 3

! phase transformation contribution
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Table 1 The Denavit-Hartenberg parameters

g_i....l a; a; 6 i di
1 a 0 0, 0
2 a 0 0, 0
3 as 0 0, 0
N —Pully |* i

/—Spring

SMA Wire

Fig. 2 Schematic of the robot mechanism with its corresponding
Denavit-Hartenberg parameters
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Table 3 The SMA wire and heat transfer model parameters

o o5 Jas sla g o 3 g

adgl 5

Cp(/kgC)  hy  hy T (C) R

Twi (m) lwi (m) My (kg) i
0.187¢° 0.385 0.1539 ¢ 0 322 70 0.001 23 3.08 1
0.187¢* 0.42 0.1678 ¢* 0 322 70 0.001 23 3.36 2
0.187¢* 0.441 0.1762 € 0 322 70 0.001 23 3.52 3

Table 4 SMA wire constitutive and phase transformation parameters
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Fig. 4 The driver board
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Fig. 5 The fuzzy controller
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