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Fuzzy control of an artificial finger robot using shape memory alloy actuators
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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: . " : . R

Shﬁpe 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
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448 0.011 2 0.0075 1
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17.7 0.004 2 0.0027 3

! phase transformation contribution
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Table 1 The Denavit-Hartenberg parameters
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Fig. 2 Schematic of the robot mechanism with its corresponding
Denavit-Hartenberg parameters

SloolSiws g oyl )b ol yop a5 g3l3T a0 s &l o5l SSlots 2 S
Srle m gl g, b s e Slatie

Lo S5k o5 adgl Condge 4 S b ad salys o Jolie
syl Gl Jate o 5y, Slathe slojyme (95 atie
55 gyl 1 Jgaz ollas |, 5 5 ls Cusbo
b,y bl wlamse (1) akl, gllae JESH e ile 5l eslanwl b
C123 —S123 0 a3¢3+az0; a0
T3 = |S123  C123 0 azsiz+azsi; +ass;
0 0 0 1 0
0 0 o0 1 (€
SLEY gy 3l eslatwl b b, bS] 5l SO o oS o SYoles

ol Gle BB (2) alal) & g0

n n n
Tij = Tsi = Z Dy;(q) G; + Z Z ¢ (@) qi G + hi(q)
= =1j=1
+b(q) , =123 )

hi G55y 551 Sl 035 Chj ooz o lo Dyj Y alaly o oS

ol 3l (SBhasl gpiby g (LS Jeily 551 4 bge o

Tsi oeized gdoo Jaidro Jolie 0 09290 SBlaol 5l (g5leue

S e dagi ool ol (glitS Tyj g domm 58 lawgd 0ol ol j5lsS
ol sl L5 (4) 5 (3) Latls, 51 a5 col salibls g

Tsi = Kigi y i= l, 2,3 (3)
Tij :G'irpiAi, i :TETMZ/i , l:1,2,3 (4)

e 088 gl i gl Jade ooy 28 o K YL Ly, o

o s oo A opll S 4y Lo ams oS 5 O ool e

e G5 E5 el pll S 4 e e glad Ty 5 pll S
ol dsslomo BB (7) alasl 51 (&) plil S 4 Jaia jloalidl>

Tpi;

§=— , i=123

lwi . (5)
i s adgl Jobo Ly g ol Sd g0 ey Badaly ) jo aS
B2 o L |y by (SO Slasein 2 Jgaz ol
Jsl doles loalabls o (Solinoge i (L3, g3l Jae slp
5 oo 5> S ol s 4 oad g sl ke Jols )
Sl b JB (6) alayl ) O g0 Slbl laoe b oo Jols &l jlade
[19]
ar; _ V¢
Mui € gp = 7~ (ho + Ry T?)Au(T; — To)
i=123 (6)

8 olads 16 053 1395 (LT o Silke uwdio



VLoD 9 olga (5 pud (s d0xo

Jlaalasla ST sla ySkos jl o Slaiawl b vl S egdhioe cubaSil (L J piis’

Table 3 The SMA wire and heat transfer model parameters

e ol e slo il o 3 Jpor

T, (M) Ly (M) m,,; (kg) adgl 15,8 Cp (I/kgC) ho h, To(°C) R(Q) pow
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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