
2- Department of Electrical Engineering, Saveh Branch, Islamic Azad University, Saveh, Iran. 
1- Plasma and Nuclear Fusion School, Nuclear Science and Technology Research Institute , Tehran, Iran. 

3- Department of Power Market, Iran Grid Management Company, Tehran, Iran. 

Majlesi Journal of Electrical Engineering                                                                               Vol. 8, No. 2, June 2014 
 

25 

 
New Worm Robot Structure Using the Shape-Memory Alloy 

 
Abdolreza Esmaeli , Moeid Dehghanpour Farashah  , Seyed Meisam Ezzati

                           E-mail: aesmaeli@aeoi.org.ir 
Received: November 2013  Revised: January 2014  Accepted: March 2014 

 
 

ABSTRACT 
This paper presents new designing for robot that moves like worm and the structure of this robot is made by the 
Shape-Memory Alloy (SMA). The smart alloys and the alloys in special kinds of artificial muscles apply motor action 
to the heat or coldness in the construction of artificial muscles. This robot is controlled by the operator and computer. 
Imaging, position of detection, smart guidance and environmental factors’ estimation such as height and impact are 
other abilities for this robot.  
 
KEYWORDS: Shape-Memory Alloy (SMA), Worm Robot Simulator, Artificial Muscles. 
 
Nomenclature 
v  Robot speed (m/sec)
m  Mass (kg) 
g  Earth gravitation (N/kg)

sf  Spring elastic force (N) 

sμ  Constant factor (0.1) 
N  Robot force (N) 
R  Resistance (Ω) 
W  Electric power (W) 
I  Current (mA) 
V  Voltage (V) 

23,1 RandR  Series resistance 
 
1. INTRODUCTION 
Mechanics engineering, electrical engineering and life 
sciences require a transplant to increase the connection 
between these two classes of science. Especially, to 
make a muscle which is a basic internal body part in 
animals, materials are needed which do their 
obligations like a muscle and furthermore its physical 
shape and method operations are close to the actual 
muscle [1]-[5]. In recent decades, more researches have 
been done toward robots that simulate animal’s motion 
[6]-[11]. For this purpose, complex mechanical 
structures on the basis of rotator motion engines were 
formed. Due to the apply of the motor, the system in 
terms of weight, volume and even magnetic and 
electronic suitability has lots of depauperations, 
additionally complex mechanical computation 
incapacitate exact execution possibility and economical 
efficiency. But within the improvement of technology 
during these days, different ways in this field were 
discussed. After the invention of smart alloys, making 

smart fake muscles were upgraded. Alloys of the 
artificial muscle can be applied in the thermal reactions 
against heat or coldness [12], [14]. 
This kind of alloys has an initial form which is 
determined by the user or producer factory. If they go 
out of shape, the materials go back to its primary mood 
by heating. One of the methods to heat them is to pass 
electric current through them. By using these two 
important points, we can design Shape-Memory Alloy 
(SMA), which are controlled by the electrical signal in 
order to be more look like real muscle[12]-[14].  
In this paper, the artificial muscles construction for the 
action of worm robots simulation has been presented. 
This robot with simulation of the worm motion 
performs other responsibilities like Positioning module 
with Global Positioning System (GPS), intelligent 
navigation using ultrasonic sensors, infrared, PIR, 
photo transistors and so that, with the aim of Micro-
switch sensors, it measures environmental factors by 
using hygrometer sensors, thermometers, oxygen 
meters, pressure gauges, etc. Hall efficiency, uses 
sensors to determine the height of G, and impact 
assessment 
This paper has been organized as follows: mechanical 
structure and motion of the robot are presented in part 
II, the third part will discuss control and imaging, the 
part IV shows the SMA and Finally, Part V shows 
applications and proposals. 

 
2. MECHANICAL AND ROBOT MOVEMENT 
2.1. OVERALL VIEW 
The comprehensive view is presented in Fig. 1. This 
robot contains three main parts, first part is composed 
of the following elements: 
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different structures are favored and when the structure 
is cooled through the transition temperature, the 
martensitic structure forms from the austenitic phase. 
SMA can show three-phase crystal: Austenite, 
Martensite and R. Phase [12]-[14]. 
Within the memory effect, sample is formed in a 
specific amount Martnzy, with heating it and then 
backing to Austin, The sample backed to the first 
condition. Research on the solid-state metallurgical 
sample shows the arrangement of atoms without any 
changing in the composition of the phases and this 
change has led to the formation of new phase and stable 
crystalline structure. Progress without the need for 
change and movement of the separate atoms can be 
considered independent of time and so the temperature 
dependence is considered as only factor that shows the 
progress of this change. 
Transformation from Austenite to Martensite can be 
investigated in three stages: 
• Determine network form 
• Heterogeneous cutting  
• Network rotation 
Memory alloys have many mechanical characteristics 
in each temperature. Martensite changing is seen with 
few percent strain and relatively low pressure stress. 
While the austenite in high temperature needs relatively 
large stress for deformation. 

 
5. SUGGESTION FOR THIS ROBOT 
● Users can apply GPS on this robot for smart 
navigation.  
● Users can install sensors: dampness meter, 
thermometers, oxygen meters, pressure meter, hall 
effect and etc.  
●  Automatic navigation by ultrasonic sensors, infrared, 
PIR, photo transistors are the other applications of this 
robot. 
 
6. CONCLUSION 
New structure like worm robot using the Shape-
Memory Alloy (SMA) has been shown in this paper. 
SMA wire with No. 125 has been selected. This worm 
robot has lots of applications specially it is used for 
imaging. Users Three main mechanical parts have been 
presented. Users control this robot by wireless system 
and MATLAB.  
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