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New Worm Robot Structure Using the Shape-Memory Alloy
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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.
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Nomenclature

v Robot speed (m/sec)

m Mass (kg)

g Earth gravitation (N/kg)
fq Spring elastic force (N)
s Constant factor (0.1)

N Robot force (N)

R Resistance ()

w Electric power (W)

| Current (mA)

\Y, Voltage (V)

Rz and R, 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
I1, 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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*Two washers
* Two-piece (arm) aluminum
* Torsion spring
* M5 screw and nut
* SMA wire bent to shape
The second part is composed of the following
elements:
* Spring
* SMA wires to the teeth of a saw
The third part is composed of these elements:
* two washers
* Two-piece (arm) aluminum
* Torsion spring
* M5 screw and nut
* SMA wire bent to shape
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Fig. 4. Changes in the second part of the flow in the
first stage

* The second step of motion:
This step is happened from 0.5 to 1 second (Fig. 5), at
this step, the second part has been changed (Fig. 6).

{

Fig. 1. The compehensive view of robot

2.2. The Motion of the Robot

This robot’s motion is divided into four cycles:

* The first step of motion:

This step is happened from 0 to 0.5 seconds (Fig. 2). At
this step, the first and second parts have been become
different. Fig. 3 and Fig. 4 show the modifications. The
changes in first part occur due to flow and changing the
mood of SMA (curved). Two arms of the aluminum
distance from body of the tube separated from it. The
changes in second part are occurred due to flow and
changing the mood of SMA (toothy), but because time
is 0.5 seconds, only half of the SMA returns to its
primary form and it compacts the wire only lem (Fig.
4)
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Fig. 6. The second part of the flow in the second step

* The third step of motion:

This step is happened from 1 to 1.5 seconds (Fig. 7). At
this step, the first and third parts have been changed
(Fig. 8-9). After the flow is disturbed, potential energy
that was stored in the spring between the two arms of
aluminum will force to SMA and will change the
primary form of SMA, and then will change it into
drawn-straight wire. Finally it causes two aluminum
arms returning to the initial form.

Fig. 2. The first step of motion
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Fig. 8. The variation of the flow is stopped in the third
step

43,30mm i

Fig. 9. The third part of the flow in the third step

The changes are occurred due to flow and changing the
mood of SMA (curved). In this step, second part saves
its state at the previous form.

* The fourth step of motion:

This step is happened from 1.5 to 2 seconds (Fig. 10).
At this step, the second and third parts have been made
different (Fig. 11-12). First, second and then third part
with cut off flow return to the first condition

Fig. 10. The fourth step of motion
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Fig. 11. The second part of the flow is stopped in the
fourth step

When the current through the SMA in the second part
is disconnected, potential energy that was stored in the
spring that was generated for the state, changing of
SMA to toothy form has been caused to SMA was
changed from primary mood and it becomes the wire
length of 5 cm (Fig. 12).

After the flow is disturbed, potential energy that was
stored in the spring between the two arms of aluminum
will force to SMA and change the primary form of
SMA, and then change it into drawn-straight wire.
Finally, it causes two aluminum arms return to the
initial form.

43.30mm

Fig. 12. Changes in the third part in fourth stage

According to these details, this robot moves 2 cm in 2
seconds then robot speed is equal to (1), so that
weightening the various elements are shown in Table I:

vzzc_mzlﬂ:()_()lm 6))
2s S S

The physical power of robot is like (2):
mg=2f,=>1.15=2f; = f, =0.575

fo =4, N=0575=0.1N=N=5.75 @
At third part of robot (Front of the robot) exists, two
batteries with the camera and at first part of robot (back
of the robot) a battery is applied with other electrical
elements. Covering is important for the protection of
elements and material in the circuit and body. It must
cover materials of the robot in their position, perfectly
and it must prepare appropriate protection against the
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penetration of the fluids and sediments in the robot and
make proper insulation for balance the internal
temperature of the robot. SMAs are sensitive to heat in
the robot, they must isolate from thermal. In addition to
all these instances, that are for the protection of the
robot, this cover should work without any limitation of
motion and flexibility for robot. Hence, according to
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the research on materials, Silicon is considered as the
most suitable choice. This material has a lower weight
density and it is excellent insulation against the
influence of fluid and sediment. If appropriate format
be done, it can maintain flexibility of the robot very
good. In Fig. 13 an example of proper format is shown,
finally, full view of the robot with a silicon coating is
shown in Fig. 14.

Table.1. Weight the various elements

Element batte camera electronic washer / sm:nv(&lflre pieces of the part part part
name Yy components  bolt/ nut . aluminum robot I II I
spring
W(eglr%ht 20 8 20 7 10 2.16 113.64 4982 6 57.82

Fig. 14. Full view of the robot with a silicon coating

3. CONTROL AND IMAGING

In this part control of robot using wireless operators,
imaging and picture transfer by robot will be described.
In controlling, operators transfer motor instruction to
the robot by computer and MATLAB software without
wires and subsequently robot with the proper pulse and
the supply of electrical power essential of SMA,
depending on control commands controls type of
movement. In imaging and transfer image of the robot
to computer, it is trying to clear and precise picture and
yet imaging instruments contain low weight and
become small.
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3.1. Robot Control

The block diagram of robot control is presented in Fig.
15. First part is sending commands’ movement in
MATLAB. In second part, USB protocol via IC FT232
change to serial protocol. In third and forth parts,
wireless communication is established between the user
and the robot by transmitter - receiver serial. The fifth
part that is main operating of robot composes
microcontrollers with the following tasks:

* Receive and analyze the code

* Production control pulses for motion control and
optimal motion

Sixth part shows electrical calculations needed to SMA
launch.

rdl ™ 'a N - ™
PC MATLAB HN-TR USART

sotware USART Uignl\?e?t:!a‘ — transition module-
conection RS232 model
N J . L J
e I N o ~
HM-TR USART AT mega 16
transition module- —# controlling pulse —» SMA
TTL model generation unit

i s _/ 3 & 4

Fig. 15. The block diagram of robot control

3.2. Imaging Part

In this part, the small transmitter camera with 2.4 GHz
and the weight of 8 grams are used. The camera is 1000
x 1000 pixels, contains the AV output and interface
with laptop within using capture card. This card
changes AV signal to the USB protocol. After
transferring the images to the computer, the images will
be displayed in MATLAB. It is necessary to mention
that, for better visible imaging, light LED and infrared
light are used in the camera, Fig. 16 shows a block
diagram of this section and Fig.17 shows the camera
position on the robot.
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Fig. 16. Block diagram of the robot imaging

Fig. 17. Camera position on the robot

3.3. Computing Elements

According to the study on different types and the
advantages and disadvantages of each type, the SMA
wire cord with No. 125 as the base for the robot is
chosen, the electrical and physical data are as follows:

R(E) _702

m m
w[ﬂj _4a 3)
m m

The maximum closing force=7.36 N

The maximum opening force=0.43 N

In accordance with data for SMA wire 125, electrical
identifications of three pieces of SMA wire that are
used in the robot are following as:

SMA 1,3 (Hook):

R=70x0.03=2.1Q

I =250 mA @)
W =44x0.03=0.1w

V =2.1x250 mA=0.525v

SMA 2 (Body):
R=70x0.05=3.5Q
| =250 mA ®)
W =4.4x0.05=0.88 w
V =3.5x250 mMA=0.875v

Since the power supply is 9v so that 0.525v is needed
for the hook SMA and 0.875v is needed for body
SMA, so we should use series’ resistance with SMA to
achieve an appropriate voltage level-Resistances are
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calculated as follows:

R0V x—20 2 055V =R ,=3390Q
: 21Q+R, :
(6)
350
R,:9Vx—"""_=0875V =R, =3250Q
35Q+R,

4. SHAPE MEMORY ALLOY (SMA)

The initial transcript steps towards finding of the shape-
memory effect were taken in the 1930s. According to
Otsuka and Wayman, A. Olander discovered the
pseudo elastic performance of the Au-Cd alloy in 1932.
Greninger and Mooradian (1938) observed the
formation and disappearance of a martensitic phase by
decreasing and increasing the temperature of a Cu-Zn
alloy. The primary phenomenon of the memory effect
was supervised by the thermoplastic behavior of the
martensite phase and it was widely reported a decade
later by Kurdjumov and Khandros (1949) and also by
Chang and Read (1951) [15].

The nickel-titanium alloy was improved in 1962-1963
by the United States Naval Ordnance Laboratory and
has been commercialized under the trade name Nitinol
(an acronym for Nickel Titanium Naval Ordnance
Laboratories). Their extraordinary characteristics were
discovered by chance. One of the associate technical
directors, Dr. David S. Muzzey at a laboratory
management meeting, wanted to know what would
occur if the sample was subjected to heat and held his
pipe lighter underneath it. To everyone's amazement
the sample stretched back to its original shape [16],
[17].

There is another type of SMA, called a Ferromagnetic
Shape-Memory Alloy (FSMA), which changed shape
by powerful magnetic fields. These materials contain
particular interest while the magnetic response tends to
be faster and more efficient than temperature-induced
responses [18]-[21].

Metal alloys are not the only thermally-responsive
materials; shape-memory polymers have also been
developed, and become commercially available in the
late 1990s.

Many metals have various crystal structures at the same
composition, but most metals do not show this shape-
memory effect. The exceptional property that allows
shape-memory alloys to return to their primary shape
after heating is that their crystal transformation is fully
reversible. In most crystal transformations, the atoms in
the structure will move through the metal by
distribution, changing the composition locally, even
though, the metal as a whole is made of the same
atoms. A reversible transformation does not include
this diffusion of atoms, instead the entire atoms shift at
the same time to form a new structure, much in the way
a parallelogram can be made out of a square by pushing
on two opposing sides. At different temperatures,
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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

e Users can apply GPS on this robot for smart
navigation.

e Users can install sensors: dampness meter,
thermometers, oxygen meters, pressure meter, hall
effect and etc.

e 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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