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Abstract

The standard of living and welfare of the people is closely related to the development and performance
improvement of new engineering materials and devices. These new engineering materials have impacted the
emergence of new smart engineering devices and systems, such as mechatronics systems also with high
performance that is used in various industrial fields in order to reduce the cost of living and to extend the quality
of everyday services in all aspects. In recent years, smart materials have received a wide range of applications
due to their special properties during interactions with the external stimuli in the controlled condition. Using
these special properties of smart materials with functional integration and interaction methodology has impacted
on the emergence of mechatronics technology as a new technology that combines mechanical, electrical,
computer and information technologies. Mechatronics technology requires these smart materiasl with certain
properties, to change or adapt their behavior according to the externally controlled condition, including stress,
strain, temperature, light, pressure, electric field, magnetic field, etc.

This article aims to describe the applications of smart materials in mechatronics technology, using the available
literature data of this technology. The use of smart materials in mechatronics technology improves the efficiency
and effectiveness of this technology which has a strong influence on manufacturing and engineering technology.
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1. Introduction

In recent years, smart or intelligent materials have received a wide range of applications due
to their special properties during interactions with the external stimuli in the controlled
condition. Using these special properties of smart materials with functional integration and
interaction methodology has impacted on the emergence of mechatronics technology as a
new technology that combines mechanical, electrical, computer and information
technologies. Mechatronics technology requires this smart or intelligent material with certain
properties, to change or adapt their behavior according to the externally controlled condition,
including stress, strain, temperature, light, pressure, electric field, magnetic field, different
types of radiation, etc.

This article aims to describe the applications of smart materials in mechatronics technology,
as e new technology that combines mechanical, electrical, computer and information
technologies, by focusing on the literature review and basic properties/behavior of smart
materials. The objective of this article is focused on the application of mechatronics
technology in manufacturing engineering and technology.
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1.1.Definition of smart materials

In the literature, there are different definitions for the term smart or intelligent materials or
sometimes adaptive materials. In the beginning, smart or intelligent materials were defined as
the materials with response to their environments on time, however, the definition of smart
materials has been expanded to the materials that receive, transmit, or process a stimulus and
respond by producing a useful effect that may include a signal that the materials are acting
upon it [1]. According to [2] smart or intelligent materials may be defined as materials that
respond to environmental changes at the most optimum conditions and manifest their
functions according to the changes. According to [3] smart or intelligent materials may be
defined as the material which reacts to its environment on its own, the reaction may exhibit
itself as a change in volume, color, viscosity, odor and this may occur in response to a change
in temperature, stress, electric current, pH value or magnetic field. According to [4] smart or
intelligent materials are materials that have the intrinsic and extrinsic capabilities, first, to
respond to stimuli and environmental changes and, second, to activate their functions
according to these changes. In the literature, there are also other definitions for intelligent
materials such as: smart or intelligent materials are materials that "remember" configurations
and can conform to them when given a specific stimulus [5], smart or intelligent materials
are materials that can significantly change their thermal, optical, mechanical and
electromagnetic properties in a controllable and predictable manner in response to their
environment [6], smart materials are materials, which possess the ability to change their
physical properties in a specific manner in response to specific stimulus input [7], smart
engineering materials are any innovative material which undergoes a macroscopic change in
one of its physical-mechanical properties due to a non-mechanical external stimulus and that
is capable of being controlled [12]. Consequently, the term smart materialsl is not very well
defined and frequently used to describe different systems and systems behaviors [5].

1.2.Classification of smart materials

It is worth to be noted that according to their different bahavior, different types of smart or
intelligent materials are available in the literature. There are many types of smart or
intelligent materials, but still, a lot of research and work will be done in the field of these
materials, but in this paper will be considering only a few types of intelligent materials that
are mostly used in mechatronics technology.

According to [8, 9, 10] smart or intelligent material can be active or passive, figure 1. Active
smart materials possess the capacity to modify their geometric or material properties under
the application of electric, thermal or magnetic fields, thereby acquiring an inherent capacity
to transduce energy. Piezoelectric materials, SMAs, ER fluids and magneto-strictive
materials are considered to be the active smart materials and therefore, they can be used as
force transducers and actuators [1]. On the other hand, the materials which are not active are
called passive smart materials [1] or passive smart materials are the materials which are
inactive to response [8]. Piezoelectric materials shape memory alloys (SMAs), ER fluids and
magnetostrictive materials are considered to be the active smart or intelligent materials and
therefore, they can be used as force transducers and actuators [1]. Fiber optic material is a
good example of a passive smart or intelligent material. Such materials can act as sensors but
not as actuators or transducers [1]. This classification of smart/intelligent material is no
standard classification, therefore the different classification of smart/intelligent materials is
used in the academic, scientific or industrial community [5]. From the reviwed literature can
be seen that piezoelectric smart materials, shape memory alloys (SMAs), magnetostrictive
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smart materials used mostly in mechatronics systems included in manufacturing engineering
and technology. It is worth mentioning that in other fields used other mechatronic systems,
but in this case, they are produced from other smart materials, which as mentioned above are
in a wide spectrum. In recent years, smart materials have proven to represent an effective
means for developing a novel generation of miniaturized electromechanical transducers.
Thanks to their many features such as high energy density and efficiency, low power
requirement, low cost, scalability, and high compactness, smart material can help to improve
the performance of several mechatronics systems, ranging from industrial to non-industrial
applications [15]. These smart or intelligent materials have the ability to react to an external
stimulus (electrical, magnetic, thermal) and thanks to these features, such materials are often
referred to as active materials [15].
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Figure 1. Types of smart/intelligent materials
1.3.Applications of smart materials

Smart or intelligent materials form a group of new and state-of-the-art materials now
being developed that will have a significant and a wide range of applications due to their
varied response to external stimuli [7]. Smart materials are usually used for sensors and
actuators and these components in combination with the control mechanism form the
mechatronics system, or smart/intelligent system, figure 2, which integral function is
important and attractive in a number of practical applications. It is worth mentioning here that
integration of these components, technically and technologically is more advanced and
requires multidisciplinary and interdisciplinary knowledge.
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Figure 2. A typical mechatronics system

Mechatronics system or smart/intelligent system integrates the properties of sensors,
actuators and control/processing mechanisms in order to respond to a given stimulus in a
functionally useful manner. Mechatronics technology using beneficial effects of mechatronics
systems is still in its initial stages of development and the scientific community in this field
continues to explore its beneficial potential in our daily lives. Recently one distinctive feature
of mechatronics system is that sensors, actuators, and control/processing mechanisms can be
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embedded at discrete locations inside the system or co-fabricated in silicon wafer.
Mechatronics system or smart/intelligent system is a system containing a sensor,
control/processing mechanisms, an actuator that can perform sensing, control/processing, and
actuation of action, hence it is a primitive analog of a biological body system, figure 3. Smart
or intelligent materials are inspired by nature and try to mimic the adaptive characteristics of
natural systems. In brief, it is possible to say that smart materials have special properties that
couple mechanical and non-mechanical fields, conferring adaptive characteristics [14].
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Figure 3. Mechatronics system/intelligent system versus biological body system

Mechatronics system or intelligent system incorporated with other engineering systems
lead to growing the flexibility and performance of these integrated systems operating in
various existing or new applications in the field of science, engineering, and technology.
Smart materials are the future materials in science, engineering, and technology, with a wide
range of applications in mechatronics systems, figure 4.
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Figure 4. Smart/intelligent materials for mechatronics/smart system

Applications of smart materials in mechatronics systems and integration of these systems
with other engineering systems create more functional and smart devices that are used in
everyday life in various applications such as automobiles, rail transport, medicine, aerospace,
marine, etc. It is worth mentioning that smart materials incorporated in the mechatronics
system encompass all fields of science and engineering.

The key to 21st-century competitive advantage will be the development of products with
increasing levels of functionality. Smart or intelligent materials will play a critical role in this
development [11, 13].
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2. Conclusions

By reviewing the available literature data, can be drawn the following conclusions:

Smart or intelligent materials in conjunction with mechatronics system or intelligent system
grow the flexibility and performance of these integrated systems operating in various existing
or new applications in the field of science, engineering and technology in general and
especially in manufacturing and engineering technology.

Most of the comforts to the society are the outcome of smart materials and in the future,
smart or intelligent materials going to play dominant role in the mechatronics technology and
we can expect new multifunctional smart or intelligent materials in this field, which will
further enhance the quality of our life through development of new and attractive products
using manufacturing and engineering technology.

References

[1]. Susmita Kamilla, Introduction. Classification and Applications of Smart Materials: An Overview,
American Journal of Applied Sciences 10 (8): 876-880, 2013. ISSN: 1546-9239.

[2]. Toshinori Takagi. A Concept of Intelligent Materials, Journal of Intelligent Materials Systems and
Structures, Vol.1, April 1990.

[3]. Juhi Mishra. Smart Materials-Types and Their Application: 4 Review, International Journal of
Mechanical and Production Engineering, ISSN(p): 2320-2092, ISSN(e): 2321-2071 Volume- 5, Issue-
12, Dec.-2017.

[4]. Shailendra Kumar Bohidar, Dinesh Kumar, Prabhat Ranjan Mishr, Ritesh Sharma. Smart Materials for
Future, International Journal of Advance Research in Science and Engineering http://www.ijarse.com
IJARSE, Vol. No.4, Special Issue (02), February 2015, ISSN: 2319-8354.

[5]. Shivaji S. Aherl, Akshay Desarda, Jyoti A. Shelke, Mayur Chaudhari. A Review on Smart Materials:
Future Potentials in Engineering, International Journal of Science, Technology and Management,
No.4. Issue 10, October 2015.

[6]. Ankit Kumawat, D. Lakshmi Vennela, Shreesha Kotegar, Sinchana R Nayak, Pradeepa.S, Anitha.J.
Review of Recent Advances of Smart Materials, International Journal of Innovative Research in
Science, Engineering and Technology, Vol. 6, Special Issue 15, December 2017. ISSN (Online):2319-
8753, ISSN (Print):2347-6710.

[7]. Sagar P. Hubballi, Mahadev N. Harkude, Praveen D. Jadav. A Review on Introduction, Classification
and Applications of Smart Materials, International Journal of Management, Technology and
Engineering, Volume 8, Issue IX, SEPTEMBER/2018.

[8]. Arvind Kaushal, Ajay Vardhan RSS. Rawat. Modern Material for Modern Age: A Review, IOSR
Journal of Mechanical and Civil Engineering (IOSR-JMCE) e-ISSN: 2278-1684, p-ISSN: 2320-334X,
Volume 13, Issue 3 Ver. VI (May- Jun. 2016), PP 10-15.

[9]. Jaishree Damodharan, Abhishek Sreedharan, Thirumalaikumar Ramalingam. A Review on Smart
Materials, Types and Applications, International Journal of Engineering Technology Science and
Research, Volume 5, Issue 3, March 2018, ISSN: 2394 — 3386.

[10]. Matthew N. O. Sadiku, Mahamadou Tembely, and Sarhan M. Musa. Smart Materials: A Review,
International Journal of Advanced Research in Computer Science and Sofiware Engineering, Vol.7,
Issue 3, March 2017. ISSN: 2277-128X.

[11]. Graham Davies et al. Smart Materials for the 21 st Century, The Institute of Materials, Minerals and
Mining, Report no. FMP/03/04/I0M3, 1 Carlton House Terrace, London SW1Y 5DB.

[12]. A. Spaggiari, D. Castagnetti, N. Golinelli, E. Dragoni, G. Scir¢ Mammano. Smart Material: Properties
and mechatronic applications, Proc.I Mech E Part L: Jmaterials: Design and Applications. I Mech E
2016 In press. DOI: 10.1177/1464420716673671.

[13]. Tomislav Filetin. Pametni Materijali. Izbor Materijala, Zagreb, 2017.

[14]. Marcelo A. Savi, Valder Steffen Jr. Special Issue on Smart materials and Structures, J. of the Braz.
Soc. of Mech. Sci. & Eng. Special Issue 2012, Vol. XXXIV.

[15]. Gianluca Rizzello, Leonardo Riccardi, David Naso, Biagio Turchiano, Stefan Seelecke. An Overview
on Innovative Mechatronic Actuators Based on Smart Materials, [EEE AFRICON 2017, Germany,
Conference paper.

13



