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Preisach Model of Shape Memory Alloy Actuators Using
Proportional Relationship of The Major Loop of Hysteresis
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(Byung-Jun Choi, Yun-Jung Lee and Bong-Yeol Choi)

Abstract : There has been a great demand for smart actuators in the field of micro-machines. However, the control accuracy of smart
actuators, €.g., a shape memory alloy(SMA) and a piezoceramic actuator, is limited due to the inherent hysteresis nonlinearity. The
Preisach hysteresis model has emerged as an appropriate model for the behavior of those smart actuators. Yet it is still not easy to
construct a practical model of hysteresis using the classical Preisach model. Accordingly, in this paper, we propose a new simple
method for modeling of the hysteresis nonlinearity of SMA. Using only the proportional relation of the major loop of hysteresis, the
proposed method makes the computation of the Preisach model easy. We prove the efficacy of the proposed model through the com-

parative the experimentation with the classical Preisach model.

Keywords : shape memory alloy, hysteresis, modeling, preisach distridbution function
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Fig. 13. Comparison of FOD curves: experimental result and
computer simulation result using the conventional
modeling method.
(a) experimental result, (b) simulation result.
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Fig. 15. Proposed modeling method using Preisach model.
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(a) Preisach plane, (b) hysteresis plane.
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computer simulation result using the proposed
modeling ethod.

(2) experimental result, (b) simulation result.
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Fig. 19. Position control using a proportional controller.

(a) experimental result, (b) simulation result.

Zol7} 1.6molA 1.8mE o5&
158w oo FEAte] AlolE BYS & F 3
2o AgoMx w3t & AYE HYg & 5 vk

s

£

VII. 22

AR AgsE R 2vlE dFofo]ElQl SMA (Sha
pe memory alloy)s 272 WZE|7} &5 3|Z=H A~
EAS 7Eg 488 mdygo] olyx, 1= &) Ao
719 A7 E£F oz F-ROE Foltk B =FdXe
SMAZ] &8 EAL 25 Ay 5A4E Jshlle gx¢
2w szl 548 UeRHE Preisach 3]282]A)
2 mdz Bsle, Z47hg A9E St RdHshke W
He AT 53] 3zEErag BdEE] AsiA A
WA o 2 wo) ALEE= Preisach 29-& -3-83}%3, Preisa
ch Fol|lA d|zelgr 2] F Fxo vl AAE o] &3}
EE ZAHQ FODFAES vz 44 Fale Wi
Akl Aok HE o]-§3te] g SMAS] FOD=
2 Ago®r Fg FODFHETL 79 ?4_7‘]?}& E 5
A1, FODZAE2] AL =5 22 A & 5 AN
53], W2 AL Az 3|aHE AL 9 BdS o

B3k Alojdl| fH-&3itk

mlm N

EI

X0 px e 8

.Xi

[1] M. Hashimoto, T. Tabata, and T. Yuki, "Development of
electrically heated SMA active forceps for laparoscopic
surgery," Proceedings of IEEE International Conference
on Robotics & Automation, pp. 2372-2377, May, 1999.

[2] T. Hasegawa and S. Majima, "A control system to com-
pensate the hysteresis by Preisach model on SMA actua-
or," International Symposium on Micromechatronics And
Human Science, pp. 171-176, 1998.



[5] L

[3] K. Tkuta, M. Tsukamoto, and S. Hirose, "Mathematical

model and experimental verification of shape memory
alloy for designing micro actuator," Proceedings of IEEE
Micro Electro Mechanical
103-108, 1991.

Systems  Conference, pp.

[4] D. R. Madill and D. Wang, "Modeling and L2-stability

of a shape memory alloy position control system,” /EEE
Transactions on Control Systems Technology, Vol. 6, pp.
473-481, July, 1998.

D. Mayergoyz, Mathematical Models of Hysteresis.
Springer-Verlag, New York, 1991.

[6] R. B. Gorbet, D. W. L. Wang, and K. A. Morris, "Preisach

model identification of a two-wire SMA actuator,”
Ay E
19700 19 79 A 19979 ALy

AAAS TG 2. 19999 HE-
o AzpFetat QAL 20000 ~ i)
Suietd grlad. B RO ol
28 2RYXA XFA0].

HOH - Tsst - AlAESs =8X

(7

(9]

ol

M8 Hg=s 2029

Proceedings of IEEE International Conference on
Robotics & Automation, pp. 2161-2167, May, 1998.

P. Ge and M. Jouaneh, "Tracking control of a piezo-
ceramic actuator," IEEE Transactions on Control
Systems Technology, Vol. 4, pp. 209-216, May, 1996.
C. Natale and F. Velardi, "Modelling and compensation
of hysteresis for magnetostrictive actuators," Proceedings
of IEEE/ASME International Conference on Advanced
Intelligent Mechatronics, pp. 744-749, July, 2001.

S. Majima, K. Kodama, and T. Hasegawa, "Modeling
of shape memory alloy actuator and tracking control
system with the model," IEEE Transactions on Control
Systems Technology, Vol. 9, pp. 54-59, January, 2001.

ol &

Ao - AES - A2 TG =EA ASY, A3E, BE

=|

Ao} - A5} - AR B

H o

o =

=522 A8A, A3, FH

PN



