55-44 . yo e 4 o lasd 5 093 1397 Jidwl g cypou Wrsl 3493 9 il Hw Iigeo dlxo

A9 31 ol doliols 93

Sl adgi g ol :
S AL S X (SWego /

www.smeir.org

b yloalibls olajlT S & oludl cliasSl gol3T gas ;0 95 piilko coln g o,b
Y gols bawgi gy b J S calils

*2 . . 1 . 2 .7 Toeq. L.
S il ¢ ontd gy (Gl (owge ¢ S5 el
S8 8 ol Sl gsiige el sl 5 -

Ol g oKzl (1 (sl eaSisls SolSle garigs saSatils (Lol =¥

baghani@ut.ac.ir 4563 -11155 . sgaio «)lus ™

oS Alis oledlb
il Ay oyian Cosd LIS s gy oSy ol Lie Jo (godiiS 1S Sy oybalitls claen SaSa Buw cnl S5 g, allae
Joie a4 oS foalidls slapen prilKe (uyp 5 5o JE o o Sbinl oy p alenjl o5lo o cilise (slaais ol 1397 oo, 3 izdl
sl 008 o0lizl 0 Mol gty p Joe 51 10aliblo (slaperms (53l e (5l ool 485 15 anlllnn 5,50 wilos oolicd Shos 1397, 05 23 1205
Sle el 435 Sgo o 9y SNl (B gnlpln s jlealil ST LS e st & 00 geinp ol Joe 1397 50 a2 4]
bl 0aiiS S Sy s ool 4 69955 oz U5 o el 5 kil ST las 4 Jlael iy NS S S lganls
535 ey ooyl s 55 il gg e S end Wl goaisS J S Lol e el sad b Jsaliils clajlll o Joakils (slagl i
Sy 5l s gl poe oSl sl 5 atlge ekl lasliT giladie bt o cail e il plos] L oo J 5

dgd oo Jlos!l Bt iz 3l glacdle (g, p Ll lugl e Sl sad oolaiwl atny o pias SO 0 6”'6]'& Sl e (Fyman LS

w9 odd &) Joe gl o5 0b B dgsds g Sl K slp mbs b alie Gla)lS L Lol dlie ol o5 o JAS
G (Gl 00 e olgzds JuKw gl oals ploxil J.».; 6&&&)1 sl o polie led o Juss 1, e ui‘..)_Ln)']
b e %5 Sga 3 oads plonil (g jlwans lawg JuSew 0,5 JLss sl g wib o %18 oyedlo gl 3

Design and implementation of a 2DOF human finger using shape memory alloys
with computer-based online force control
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Article Information Abstract
Original Research Paper In this paper, using shape memory alloy (SMA) wires, a model-based controller for force tracking of
Received 25 July 2018 fingertips of an artificial hand finger is developed. Different aspects of modeling including static analysis, heat

Accepted 14 September 2018

Available Online January 2019 transfer analysis and also investigation of SMA wires, which are used as actuators, are studied. In order to

parametrize the SMA wires a modified Brinson’s model is used. Brinson’s original model was not capable of

accurately predicting all loading conditions thus some modifications are utilized. In order to control the

gﬁgx:ﬁ:{nmy alloys applied potential difference of memory wires and consequently to control the electrical current to these wires

Model-based control and based on the model of shape memory wires a controller is designed. The main goal of presented controller

Artificial finger is force controlling of a two DOF hand finger in order to grasp objects. This model contains SMA model and

Force control for compensation of system uncertainties, a proportional integrator derivative (PID) controller has been
included in the closed-loop system. The effect of compensator will act only on the derivative type states and
this is a new approach compared to similar literature. Simulation results of tracking a reference signal is
reported which confirm that the model is in good agreement with experimental tests. The analysis of the
relative tracking error for an arbitrary reference signal is 18% for the maximum normalized overshoot in
experimental tests and 5% in the simulation.
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Table 2 Material parameters for SMA wire for Brinson model [33]
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