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 Continuum and flexible manipulators have a special role in medical applications. One application is 
robotic manipulators used for surgery or endoscopic tool used for inspection of body parts like 
esophagus or colon. In addition to small size, better maneuverability increases the tool performance in 
real applications. One of the useful actuators in miniaturizing mechatronic systems is shape memory 
alloys. This material, typically used as a linear actuator, produces high forces in comparison to weight. 
In this paper, by embedding three shape memory springs inside the structure of a flexible module, a 
two-DOF mechanism is provided. The module has rigorous usage in modular robotic systems, 
especially flexible manipulators. The developed module produces large deflection in addition to 
covering a large workspace. Modeling of the module is discussed in this paper for extracting module 
parameters in design and implementing the simulation. Through the complex behavior of SMA and 
uncertainty in model, control of SMA is a challenge. In this paper using a novel algorithm, a desired 
shape for the module is provided. Using the new non model based control approach, the final shape or 
position is realized. The adequacy of introduced controller is verified through experiments. Large 
workspace and controllability of module make it feasible for real applications. 
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Fig. 1 Developed module design 

1   

 
Fig. 2 Angles for defining module position 
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Fig. 3 Deformed module in workspace 
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Fig. 4 Geometrical parameters in deformed module 
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Fig. 5 Relation of  and  angles with inclination of end plate 

5     

3 -2- )   
 

   .
   .

 
 .

   . 
 

3 ] 12 :[  

)3( = 4 (
1

+
1

) 

3N   
 D E 

G I J 
  3 

M=FD/2  
3 4   

)4( =
2

( + )
 

5   
)5 -  =  

)5 -  =
2

( + )
 

 
6 ] 14:[  

)6( = +  

F Y  
1   .k1 k2 

7    

1- De-twinned 

k2   
 . 2 

 ( )
 .  

)8( = 0, = 0, = 0 

      
)9( = 0, = , = 1 

 k1 k2 
  

)10( = ( ) + ( ) 

7 10 8 9  k1 
k2   

)11( 0 = + k =  

4 -    
  

  .
 

    
  .  

6  
  3  .

 1  .
]  14 [

 
 

 . 
 4 

 .
 7  .

1 5/4   
 .71 

   
7   

 
 .   

 . 
  .

  
  .   

  

2- Twinned 
3- Matlab 
4- Dynalloy 

)7 -  = 8  

)7 -  =
8 3

 

 
d c 

a 
b 

o 
 

 

X 

Y 

Z 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

2.
30

.5
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
9-

21
 ]

 

                             5 / 11

https://dorl.net/dor/20.1001.1.10275940.1395.16.2.30.5
https://mme.modares.ac.ir/article-15-9597-en.html


    

                   

  

258  1395162  

 
Fig. 6 Block diagram of module numerical simulation 
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Fig. 7 Module deformation after activating SMA1 by 4.5 V in 
simulation 
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Fig. 8 Position of module end plate through activating SMA1 and SMA2 
with different regime 
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Fig. 9 Algorithm of  module position control 
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Fig. 10 Hardware of module drive and control 
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Fig. 12 Module positioning for d=100º and d=30º with 4 V activation 
voltage (a)  , (b)   
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Fig. 13 Module positioning for d=200º and d=60º with 4 V activation 
voltage (a)  , (b)   
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Fig. 14 Module positioning for d=200º and d=30º with 5 V activation 
voltage (a)  , (b)   
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Fig. 15 Module positioning for d=200º and d=60º with 5 V activation 
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Fig. 16 Module positioning for d=180º and d=70º with 5 V activation 
voltage (a)  , (b)   
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