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Force Tracking Control of a Small-Sized SMA Gripper via H,, Synthesis
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ABSTRACT
This paper presents a robust force tracking control of a small-sized SMA gripper with two fingers using shape memory

alloy(SMA) actuators.

The mathematical governing equation of the proposed system is derived by Hamilton’s principle

and Lagrangian equation and then, the control system model is integrated with the first-order actuator dynamics.
Uncertain system parameters such as time constant of the actuators are also included in the control model. A robust two
degree of freedom(TDF) controller using H, contro! theory, which has inherent robustness to model uncertainties and
external disturbances, is adopted to achieve end-point force tracking control of the two-finger gripper. Force tracking
control performances for desired trajectories represented by sinusoidal and step functions are evaluated by undertaking both

simulation and experimental works.
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Fig. 1 The Small-sized SMA gripper with two finger
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Table 1 Dimensional and mechanical properties

of fingers and SMA actuators
Finger SMA spring
Material Glass epoxy Material Nitinol
Young’s modulus { 6.3 GPa Coil spacing [0.66 mm
Length 80 mm Coil turns 15
Thickness 0.6 mm || Wire diameter | 0.33 mm
Width 6 mm coil diameter |3.81 mm
. 3 Transition o
Density 1865 kg/m temperature 43°C

A FEFH L& 22 QY AAE T8l FAHs
Heny, o AIst MFu4 HE|(low-pass filter)E
T3t Az EHZIFFDA AZEYG. E® o A
3E AD ZAHHE AX Ad712 BUAH, A9
el e o Asd g8 HodE dHE 257
o HA 4 HFY 27 g HAAsH o] 43 E DA
ZAYHEZRE AWARF H8VE AdRe Z7]
o #Fste Agel FFEH A7} ol FRr}

5. dlEga 2

TDF H, 718 A &8 428 SMA 21¥99 §
FAA e AIHYE Rolnx AT ¢gHEH#
AHQIs Ao i AlEdolAn APE +Y&A
t}. Fig. 3% 02Hz ALYl g =3 45 &
Yerdch 001N 9 &7 UFHel oiEl A EHA

-394~

7 A4g BF $4% AHE 2933 Ju. BE
719l =@ 9g&x2 Qs & overshoot 7} LAY
287 ez o8 Hz: J53 mE BesE

L

EE MARER 1A FFREE HAINA:, od
gain margin & 27.7dB °1vt. wekA, o] A}
A e b} Zo] AL overshoot 2 Ao E
47t 35 AL ¢ F U

= *** desired
- aclual

Time (sec)
(a) Simulation resuit

** " desired
— actual

0.0925
0.0100
0.0075
0.0050
0.0025

Contact force (N)

g

-0.0025
15

10
0.5
0.0
-0.5
-1.0
-15

Control input (A)

10
Time (sec)
(b) Experiment result

Fig. 4 Force tracking performance for the step trajectory
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Fig. 5 Tracking performance for the sinusoidal trajectory
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