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Abstract- Due to the shape memory effect, some materials are capable to recover previous shape or size when subjected to a 
heating procedure. In this way, the shape memory alloys transform thermal energy into mechanical work, functioning as 
actuators. Often, the change in temperature is internally generated by resistance heating.Our students in Mechatronics and in 
Precision Engineering programs are required to attend project activities, with various topics in the field of Drives and 
Actuators. One topic of their team-work projects is referring to original and suggestive demonstrators highlighting the 
actuation potential of shape memory alloys. This paper presents few projects and prototypes of student demonstrators which 
covers linear, rotary or bending actuators. The experimental research carried out based on such a demonstrator is presented. 
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I. INTRODUCTION 
 
In order to meet the growing needs of engineer 
profession, the universities must provide high-quality 
educational programs and flexible learning and 
teaching methods. In addition to the lectures and 
tutorials, which deliver large quantities of 
information, the engineering learning and teaching 
process is presently based on more adaptable 
methods, including laboratory and project work. 
According to [1], the students’ opportunity to direct 
their own learning in projects that mimic the real-
world context is one theme supporting authentic 
learning, with a long-term impact on knowledge and 
skills acquisition. Promising results of project-based 
learning approaches are reported in [2-4], in terms of 
increased ability to apply the acquired knowledge and 
skills in design a system which meets desired needs. 
 
Shape memory-alloys (SMA) belong to a special 
class of materials, so-called “smart materials”, due to 
their special ability to recover to a particular, 
arbitrary trained shape after extreme deformation, 
upon changing its temperature (usually by heating 
above a certain point, which varies with the chemical 
composition). This kind of materials were extensively 
researched, their history going back as far as the 
1930s [5]; nowadays, they are used in various 
applications due to their remarkable properties, and 
constitutes a research interest in many industries, 
such as: aircraft [6], spacecraft [7], automotive [8], 
robotics [9], medical field [9], etc. 
 
The smart materials represent a useful and attractive 
challenge to design high performance, simple design 
and small sized actuators for mechatronic 
applications. Alongside piezoelectric and 
magnetostrictive materials, electrorheological and 
magnetorheological fluids and other functional 
materials, SMA offer various opportunities to 
develop original linear, rotary and bending actuators. 

Their operation is based on induced limited strain of 
the active elements made of materials characterized 
by the shape memory effect. 
 
This paper aims to present our approach in teaching 
the fundamentals of SMA actuators (SMAA) usage; 
we use a problem-based learning paradigm, in which 
the students are encouraged to solve a certain real-
world, open-ended technical challenge, usually in 
groups of two or more students, depending on the 
difficulty level of the task at hand. More than a 
solution pathway are possible, and an adequate 
balance between self-paced research and guided 
learning has to be maintained by the instructor. 
 
The paper has two main sections: the first presents 
projects done by our students as part of the 
requirements necessary for course completion; 
several notable projects will be briefly presented. The 
second section deals in great details with the 
experimental research done by the first author and 
main contributor of this paper, who is a student and 
who won a grant dedicated to young researchers 
(more details in the paragraph labeled 
“Acknowledgments”). 
 
II. STUDENT PROJECT ACTIVITIES IN THE 
FIELD OF ACTUATORS 
 
Students projects activity rarely takes the form of a 
fully maturated product; relative to the widely used 
scale of technology readiness level (TLR), they 
seldom pass the TLR 4 mark; nevertheless, the 
process familiarizes them with the challenges of the 
research and development aspects of product 
development, and help them gain valuable knowledge 
about the matter at hand. 

 
2.1. Rolling miniplatform 
The main challenge is to design a ministructure 
capable of locomotion, using SMAA. The linear 
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motion of SMA wires has to be converted into rotary 
motion of sufficient amplitude as to provide 
noticeable advancement. The wheel 1 is set into 
motion by the pawl 2 which is actuated through the 
SMA wire 4. An identical arrangement is devised for 
the left-hand wheel. Alternating the power to the 
SMA wire through the ports 4, a driver circuit (not 
pictured) mounted on the platform 5 controls both the 
forward motion and the direction. The rollers 6 serve 
the purpose of providing additional length to the 
SMA wires, by guiding them to the rearward of the 
platform.The overall dimensions of the entire 
assembly are 49×57×30 mm (the height is dependent 
on the miniaturization capabilities of the electronic 
circuit). 
 

 
Fig. 1. Rolling miniplatform 

 
2.2. Steerable miniplatform 
An interesting approach is to craft a steerable 
miniplatform using only SMA wires for actuation. In 
the figure bellow, the SMA wires 2, attached to the 
base 1move a 3 degree of freedom (DOF) platform 
(5). A helicoidally spring 3 brings the platform back 
to original position. To avoid a short-circuit between 
the SMA-wires, insulated sheets 4 are placed at 
appropriate locations. The driver 6 controls the 
orientation of the platform. 
 

 
Fig. 2. Steerable miniplatform 

 
2.3. Oscillatory SMAA 
An easier task is to build system that converts the 
linear motion of the SMA wires into a partial rotation. 
A simple device that manages to do exactly that is 
presented in the figure bellow, where the SMA wire 2 
pull the lever 4 which pivots around the pin 5; the 

spring returns the lever in the original position after 
the power is interrupted. By varying the lever length 
and SMA connection point (relative to the center of 
rotation), a whole family of actuators might be built 
around this principle. 
 

 
Fig. 3. Oscillatory SMAA 

 
2.4. Linear SMAA 
One of the disadvantages of SMA wires are their 
fairly low stroke, usually 3…5% of total active 
length; in order to build practical application, this has 
to be extended using various strategies. The most 
obvious one is to place the wire 1 (the actual SMA 
wire is missing from the figure bellow) into a 
winding fashion around pivots points 2 and binding it 
to a slider 3, where the motion can be harnessed. 
 

 
Fig. 4. Linear SMAA 

 
2.5. SMAA Braille-display 
The challenge to build a Braille display relies on the 
very tight spacing of the pins. A student proposed the 
solution that is presented in the figure bellow, where 
the SMA wires (1) act upon the pins 2, which are 
returned in the resting position by compressive 
springs (3). 

 
Fig. 5. SMAA Braille display 
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2.6. Robot arm actuated by SMA 
A more complex project was the design of a 4 DOF 
robotic arm attached to mobile platform 1. Each 
segment (4, 6, 8) is actuated by SMA wires (3), the 
resting position being provided by tension springs (2, 
5, 7). A rotary SMAA (10) rotates the griper (9). 
 

 
Fig. 6. Robot arm actuated by SMA 

 
III. EXPERIMENTAL RESEARCH 
 
In a previous work we made a systematization on 
some of the active bending SMAA, [11]. There we 
analyzed the various motions they can develop 
depending on the interaction between the mechanical 
structure, the antagonist element and the SMA active 
element. Here we present the work on a tube shaped 
SMA active bending actuator considered in the 
systematization. 
 

 
Fig. 7. Example of an active bending tube structure.                     

1- active element; 2 - compliant mechanical structure; 

The experimental research proposes to develop an 
actuator that consists of a flexible tube that uses 
nitinol SMA alloy wires which can be automatized to 
have remote control. During the research an intuitive 
approach is considered, in order to understand the 
capabilities of the mechanism step by step.For the 
development of the active bending compliant tube 
with SMA wires previous work in the field of soft 
robotics and SMA actuators was studied, such as [14] 
– [18]. 
 

 
Fig. 8. Bent tube with a discontinuous region. 

 
The proposed actuator consists of a flexible tube (2) 
of length L with a fixed end (where the point O is 
situated) and the other free, with which it will 
produce the desired mechanical work. Through the 
interior of the tube a SMA wire (1) is passed, always 
being in contact with the tube, which is knotted by 
the free end of the tube. For the activation of the wire 
we used the Joule effect by applying a controlled 
current, [12]. The wire shortens and bends the tube by 
an angle θ. After stopping the current, the wire cools 
down and tube gets back in the initial position at the 
action of the antagonist forces (elastic forces created 
by the tube or/and a spring). During the study we 
used forces that bend the tube without creating 
discontinuous spots.  
 

 
Fig. 9. Measuring the maximum force with hard wires. 

 
On a series of silicone compliant tubes with different 
diameterswe made several tests using simple hard 
wires (fishing wires),in order to choose the proper 
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diameter and understand the constraints of the tubes 
such as bending and forces limits.The silicone tubes 
have a good flexibility, resist to high temperature 
(nitinol wires can heat up to 100°C at final activation 
temperature) and can be easily modified to introduce 
the wires. 
 

 
Fig. 10. Diameters of the silicone tubes. 

 
From the tests we measured the maximum force 
necessary to bend the tubes and made a simple 
mathematical model of the bending that gives a 
correlation between the bending angle θ and the 
shortening of the wire Δl: 

휃 =
∆푙
푟 ; 

 

 
Fig. 11. Geometrical bending analysis 

 
The wires used during the research have diameters 
between 125-375 μm and upon heating they shorten 
by approx. 4%. The low temperature nitinol wires 
enter the shortening phase at 68°C and finish the 
shortening memory effect at around 78°C, also the 
biomechatronic laboratory has wires that activate at 
higher temperatures. More characteristics about the 
used SMA wires properties are described in [13]. 
 
In the case of the 12x6 mm tube the maximum 
necessary force to bend the tube with an angle of 90° 
is around Fmax= 20,6 N and the necessary shortening 
of the wire is Δl= 20 mm. To provide this force, we 
used the thickest wire, of 375 μm, that contracts in 1 
second and after stopping the current it relaxes in 
approximately 10 seconds. In order to maintain an 

efficient environment, we built a stand that fixes the 
tube on the top and under it the SMA wires are 
passed on a series of pulleys. Even though currently 
we work only with one wire of 50 cm length, the 
stand can sustain three wires, each one placed at 120° 
from the others. 
 

 
Fig. 12. Compliant tube stand 

 
Every actuator has to pass through a specific analysis 
that offers a mathematical model, with certain 
prediction capabilities and errors, of the real motion. 
Besides giving a perspective of the limitations of the 
actuator, the models often give knowledge of the 
applications the actuators can have. Through a 
classical approach, to develop a mathematical model 
of the proposed SMA actuator a connection between 
the values of the current, the air temperature and the 
shortening of the wire should be determined. 
Moreover, correlated with the deformations of the 
compliant tube a complete model would be obtained, 
that would predict to a certain extent the motion of 
the actuator.  
 

 
Fig. 13. Current control circuit 
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However, because we proposed an experimental 
approach, we intend to control thecompliant tube by 
using a sensor that gives continuous data about the 
active bending. While working with the data, we 
would control the intensity of the current to bend the 
tube to a desired position. After observing the 
behavior of the motion, an algorithm will be 
developed. Based on the previous experiences we 
would develop the control system. Furthermore, after 
obtaining results with this approach we plan to 
compare it to a classical one. 
 
In order to develop the remote control, we need a 
circuit that allows to change the passing currents from 
the computer and a sensor that gives us the 
information of the orientation of the actuator. To 
control the current, we made a circuit that facilitates 
the variation of the SMA wire current through a 
digital PWM signal from and Arduino Uno board 
connected to the computer. The circuit consists of 
three identical parts that influence the current through 
each wire independently. 
In the following image are presented overlapped 
images of the bent tube according to the different 
PWM inputs. 
 

 
Fig. 14. Tube bending in various stages 

 
Initially, in order to acquired data about the 
orientation of the tube we used a flex sensor with a 
resistive tape. The flex sensor was attached to the 
tube and during bending its resistance changes. 
However, because this type of sensor can give 
relevant information just in one plane of bending we 
changed the sensor to a gyroscope (ITG-3200). The 
sensor has 3 DOF and gives data about the angle 
accelerations, with a range of usage up to 2000°/s. 
The sensor is attached to the free end of the tube and 
connected to a computer through an Arduino board. 
By double integrating over short periods of time we 
managed to obtain the bending angles, but because of 
the integration the errors greatly increase. Without a 
way of correlating the obtained data from the 

gyroscope the sensor gives relevant information for 
just a few seconds, after that the reading does not 
reflect the reality anymore. In order to obtain relevant 
data, constantly calibrated, the gyroscope must be 
paired using a complex algorithm to an accelerometer 
and a magnetometer. After some searchers we 
acquired another sensor (BNO 055) that encapsulates 
these three types of sensors, also has integrated the 
algorithm to directly give the data about the 
orientation in space (tilt, yaw, pitch). At the current 
stage, we attached the sensor to the free end of the 
tube and we made a few tests on the BNO 055 sensor 
to observe the accuracy of the orientation data read 
on the computer. Future work will consist by 
finalizing the control system and integrating it in the 
automatic SMA actuator and continuing the study. 
 

 
Fig. 15. BNO 055 sensor connected to the silicone tube 

 

 
Fig. 16. The system used for testing and control 

implementation 
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The SMA actuators have a wide spectrum of 
applications. By narrowing them to those 
characterized by soft, compliant materials with active 
bending wires, as the actuator presented, they can be 
used in minimal invasive surgery (microcatheters, 
endoscopes), soft robotics (fingers, grippers, small 
robots), bio-inspired robotics, injury rehabilitation 
and prosthetics.  
 
CONCLUSIONS 
 
Soft actuators represent a great research opportunity; 
studying the interaction between various compliant 
materials and conventional or less conventional motor 
units provide a great insight into the possible 
applications that can follow this research. The use of 
Ni-Ti alloy based SMA wires are especially of 
interest, due to their intrinsic properties: high power-
to-weight ratio, silent operation, high reliability, 
corrosion resistant, compactness, low cost, no internal 
moving parts, etc. 
 
The experimental research presented studies the 
working principles and the capabilities of an active 
bending SMAA. Future work will consist in 
optimizing the actuator, miniaturization and 
implementation in one or more applications. 
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