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1  I nt r o d u cti o n 
S h a p e M e m or y All o ys ( S M A' s) ar e f a m o us m at eri al s 

w hi c h ar e a bl e t o r et ur n t o a pr e d et er mi n e d s h a p e w h e n 
h e at e d. T h e S M A, w hi c h i s c o ol e d b el o w it s tr a n sf or m ati o n 
t e m p er at ur e, h a s l o w yi el d str e n gt h a n d it c a n b e e a s y 
d ef or m e d i nt o a n y w h at e v er n e w s h a p e. Aft er h e at-i n g 
a b o v e t h e tr a n sf or m ati o n t e m p er at ur e, it c h a n g es 
cr yst all o gr a p hi c str u ct ur e a n d it r et ur n s t o t h e ori gi n al 
s h a p e. T h e S M A cr yst all o gr a p hi c str u ct ur e c h a n g es 
b et w e e n t w o p h a s es, t h e l o w t e m p er at ur e ( m art e n-sit e) a n d 
hi g h t e m p er at ur e ( a ust e nit e) p h a s es ( Fi g ur e 1). It i s a bl e t o 
pr o- d u c e e xtr e m el y f or c es fr o m t h e vi e w p oi nt of v ol u m e 
t o f or c e r ati o. S M A c o ul d b e us e d al s o a s f or c e s e n s or s a n d 
aft er t h at a g ai n a s a ct u a-t or. C o n s e q u e ntl y, t h e S M A 
b el o n gs i nt o gr o u p of s m art m at eri al s. T h e m ost f a m o us 
S M A m at eri al i s Niti n ol, w hi c h i s a n all o y of ni c k el a n d 
tit a ni u m. It h a s b e e n di s c o v er e d i n N a v al Or d a n c e 
L a b or at or y i n si xt y y e ar s of t w e nti et h c e nt ur y. 
P h e n o m e n o n of S M A i s o c c ur s i n m or e t h e n 2 0 all o y t y p es. 
T h e S M A a ct u at or s ar e m a d e i n wir e, s pri n g or ri b b o n s 
s h a p e. 

T h e s h a p e m e m or y eff e ct - S M E d es cri b e d a b o v e, 
w h er e b y o nl y t h e p ar e nt a ust e niti c p h a s e i s r e m e m b er e d b y 
t h e all o y, i s k n o w n a s t h e o n e- w a y S M E. It i s al s o p ossi bl e 
t o m a k e a n all o y r e m e m b er b ot h t h e p ar e nt a ust e nit e p h a s e 
a n d t h e m art e n sit e s h a p e si m ult a n e o usl y. T hi s i s k n o w n a s 
t h e t w o- w a y S M E. I n t hi s c a s e, t h e all o y h a s t w o st a bl e 
p h a s es: a hi g h t e m p er at ur e a ust e nit e p h a s e, a p p ar e nt o n 
h e ati n g a n d a l o w-t e m p er at ur e m art e n sit e p h a s e, a p p ar e nt 
o n c o oli n g. Alt h o u g h S M A of t w o- w a y S M E pr o vi d es 
c o ntr a cti v e a n d t e n sil e f or c es, it s t e n-sil e f or c e i s m u c h 
s m all er t h a n c o ntr a cti o n f or c e a n d r e c o v er a bl e str ai n 
n or m all y l ess t h a n h alf t h at of o n e- w a y S M E t y p e. T h us 
S M A a ct u at or s of o n e w a y S M E ar e m or e attr a cti v e i n 
m e c h atr o ni c a p pli c a-ti o n s a n d us u all y pr ef err e d. T h e 
o n e w a y S M A n e e ds a r e v er s e- bi a s f or c e t o r et ur n t h e wir e 
t o it s ori gi n al l e n gt h. Bi a s f or c es c a n b e cr e at- e d b y m a n y 
m et h o ds: gr a vit ati o n al p ull, s pri n g, m a g n eti c f or c e, o p p os-
i n g S M A wir e [ 1- 3]. 

T h er m al a cti v ati o n of t h e S M A c a n b e e a sil y dri v e n b y 
el e ctri c al c ur-r e nt vi a J o ul e h e ati n g. C o oli n g of t h e S M A 
c a n b e r e ali z e d vi a h e ati n g r a di ati o n i nt o s urr o u n di n gs at 

t h e r o o m t e m p er at ur e. Ot h er m et h o ds of i m pr o v e d c o oli n g 
ar e t o us e: f or c e d air, h e at si n ks, p elti er el e m e nt s, i n cr e a s e d 
str ess (t hi s r ai s es t h e tr a n siti o n t e m p er at ur e a n d eff e cti v el y 
m a k es t h e all o y i nt o a hi g h er tr a n siti o n t e m p er at ur e wir e), 
a n d li q ui d c o ol a nt s. C o m bi n ati o n s of t h es e m et h o ds ar e 
al s o eff e cti v e. 

H yst er esi s a n d n o nli n e ariti es c a us e t h e c o ntr ol tr o u bl es. 
H e at l oss es d uri n g t h e p h a s e tr a n sf or m ati o n p h a s es ( o wi n g 
t o i nt er n al fri cti o n or str u ct ur al d ef e ct s) c a us e h yst er eti c 
b e h a vi o ur of S M A a s s h o w n i n fi g ur e 2. 

I n t h e [ 5] h a s b e e n pr es e nt e d m at h e m ati c m o d el of t h e 
S M A b e h a v-i o ur s a s e q u ati o n: 

d TdKd
R

d R
R Te ×α+ε×+σ×π= ε ( 1) 

w h er e, R i s r esi sti vit y, eπ - pi e z o el e ctri c c o effi ci e nt,

σ - str ess, zK  - c o effi ci e nt of s h a p e s e n siti vit y, ε   - str ai n

( d efor m ati o n), R Tα - c o effi ci e nt of t h er m al e x p a n si o n, T

- t e m p er at ur e.

Fi g ur e 1 T h e S M A h yst er esis a n d n o nli n e ariti es [ 1, 2] 

A s h a p e- m e m or y all o y ( S M A, s m art m et al, m e m or y m et al, 
m e m or y all o y, m us cl e wir e, s m art all o y) i s a n all o y t h at 
"r e m e m b er s " it s ori gi n al s h a p e a n d t h at w h e n d ef or m e d 
r et ur n s t o it s pr e- d ef or m e d s h a p e w h e n h e at e d. T hi s 
m at eri al i s a li g ht w ei g ht, s oli d-st at e alt er n ati v e t o 
c o n v e nti o n al a ct u at or s s u c h a s h y dr a uli c, p n e u m ati c, a n d 
m ot or- b a s e d s yst e m s. S h a p e- m e m or y all o ys h a v e 
a p pli c ati o n s i n r o b oti cs a n d a ut o m oti v e, a er os p a c e a n d 
bi o m e di c al i n d ustri es. 
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SMAs also display superelasticity, which is 
characterized by recovery of unusually large strains. 
Instead of transforming between the martensite and 
austenite phases in response to temperature, this phase 
transformation can be induced in response to mechanical 
stress. When SMAs are loaded in the austenite phase, the 
material will transform to the martensite phase above a 
critical stress, proportional to the transformation 
temperatures. Upon continued loading, the twinned 
martensite will begin to detwin, allowing the material to 
undergo large deformations. Once the stress is released, the 
martensite transforms back to austenite, and the material 
recovers its original shape. 

 
SMA actuators are typically actuated electrically, 

where an electric current results in Joule heating. 
Deactivation typically occurs by free convective heat 
transfer to the ambient environment. Consequently, SMA 
actuation is typically asymmetric, with a relatively fast 
actuation time and a slow deactuation time. A number of 
methods have been proposed to reduce SMA deactivation 
time, including forced convection, and lagging the SMA 
with a conductive material in order to manipulate the heat 
transfer rate [1-3]. 

 
2 SMA wire actuator activity  

Heating and cooling of the SMA wire actuator causes 
change of the wire free end position. Fig. 2 shows this 
dependence of free end SMA wire position on value of 
electric current, which shows highly nonlinearity and 
hysteresis behavior. The characteristic shown on fig. 2 has 
been measured with bias weight 1 kg, which corresponds 
to maximum pull stress. 

  

  
Figure 2 Dependence of the free end Flexinol position on the 

value of electric current 
 
The pull stress overload of the SMA wire actuator has 

been also tested. SMA actuator works correctly and 
without damaging. Results of this testing (Figure 3) shows 
decreasing of the relative deformation with increased value 
of additional bias weight. Activation value of electric 
current has been 1000 mA for this testing. 

 
Figure 3 Dependence of the free end SMA wire actuator 

position on the value of electric current 
 
Dynamic characteristic has been tested through the step 

response testing. Excitation electric current is shown on 
fig. 4 and it has been controlled via microcontroller. Step 
response has been measured via measuring adapter with 
personal computer. Mathematic model obtained from 
calibration process has been used for obtaining of the step 
response as time dependence of the free end SMA wire 
actuator position. 

 
Figure 4 Activation electric current for step response testing 

 

 
Figure 5 SMA wire actuator Step response for various bias 

weight 
 
It is possible to determine activation and deactivation 

time for SMA wire actuator which are corresponds with 
heating and cooling time. Figure 5 shows that cooling is 
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slower then heating. Step response is tested for overloaded 
mode and it is possible to say that overloading causes a 
decreasing of the heating and cooling time. 

 
3 Conclusion 

Shape memory alloy has a lot of advantages as clean, 
silent and spark free operation, high biocompatibility and 
excellent corrosion resistance. They are also free of parts 
such as reduction gears and do not produce dust particles. 
Actuators based on this principle are very often used in 
robotic and mechatronic application [4-30]. 
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