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Abstract 
 
With the increasing call to improve the functionality and life cycle of structures and systems, the science of NDE is 

expanding in many directions and its importance is growing rapidly. The selection of a particular NDE method, 

approach or technique depends not only on the components to be checked and evaluated, but also on the importance 

of the characteristics to be monitored.   

Until recently, whether for quality inspection and verification, or property depiction and characterization, the 

conventional NDE techniques, methods and approaches were used. The venue of new emerging/nano/smart 

materials combined with the introduction of structural health monitoring increased the potential use of NDE for 

more applications. For example, smart and nano materials will make possible much improved monitoring of the 

health of a smart system and therefore better control of its passive, active or adaptive functions. Smart and nano 

materials open up new and fascinating frontiers for NDE research in science and engineering and broaden its 

applications. 

 
Keywords: smart materials, nano materials, advantages, technological advances and applications. 

 

1. Introduction  
 

In the industrial word, the rush for adopting creative and innovative solutions is accelerating. 

Considered the main engine of economic growth, innovation is the major component to achieve 

prosperity. Smart and nano materials, structures and systems are at the forefront of this 

innovation process; and the NDE field will certainly be one of the winners of this race.   

After defining the features of a smart system and its advantages, the emerging smart and nano 

materials are introduced as well as their benefits and applications. Finally, the perspective of 

their use is exposed.   

 

2. Definition of smart systems 
 

Smart entities trace their origin to a field of research that envisioned materials, devices and 

systems that mimic human muscular and nervous systems. The idea is to produce non-biological 

structures that will achieve the optimum functionality observed in biological systems through 

emulation of their adaptive capabilities and integrated design.  

By definition, the smart concept consists of combining sensors and actuators as well as a 

command and control unit to be incorporated as an integral part of a structure or system. This 

system will react in a predicted manner and in a pattern that emulates a biological function: first 

by sensing any internal and/or external stimuli and then by responding to those stimuli in some 

appropriate way in real or near real time.  
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The basic components of any smart system have been summarised as follows in Figure 1 [1-3]: 

(their equivalents in the human body appear in parentheses)  

 

 
Fig. 1 Components of a smart system 

 

1. Data acquisition (tactile sensing): collect the required raw data needed for an appropriate 

control and monitoring of the structure.  

2. Data transmission (sensing nerves): forward the raw data to the local and central control 

units.  

3. Command and control center (brain): analyse the data, reach the appropriate conclusion 

and determine the specific actions.  

4. Data instructions (motion nerves): transmit the decisions and the associated instructions 

back to the members, and  

5. Controlling devices (muscles): take action by triggering the controlling devices/units.  

 

Since its beginning, materials science has undergone a distinctive evolution: from inert materials 

to functional materials to nano materials. These new materials are used for active, adaptive 

and/or smart system with more acute recognition, discrimination and reaction capabilities.  

 

3. Emerging smart materials 
 

With particular intrinsic and/or extrinsic capacities, the emerging smart materials have special 

functions allowing them to adequately respond to any interior and/or external stimuli in their 

environments. Here are a few major smart materials:  

Piezoelectric: Undergo mechanical change when subjected to electric charge/voltage and vice 

versa (direct and converse effects).  

Electrostrictive: Same as piezoelectric but proportional to the square of the field.  

Magnetostrictive: Undergo mechanical strain when subjected to a magnetic field and vice versa 

(direct and converse effects) i.e. Terfenol-D.  

Magnetorheological fluid: Change from fluid to viscous solid when subjected to a magnetic 

field.  

Electrorheological fluid: Change from fluid to viscous solid when subjected to an electrical 

field.  
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Shape Memory Alloys (SMA): Undergo shape changes due to phase transformations when 

subjected to a thermal field. It deforms to its martensitic condition, and regains its original shape 

to its austenite condition when heated i.e. Nitinol.  

Shape Memory Polymers (SMP): Same as SMA but with polymers instead of Alloys (Fig 2).  

 

 

 
Fig. 2 Shape memory polymer (SMP)  

 

Combining two or more materials in an attempt to utilise synergistically the best properties of their 

individual constituents is the ultimate objective of any smart composite material. Their advantages 

and adaptability to the above design requirements have led to a profusion of new products.  

 

4. Nano materials and NDE 
 

Nanotechnology as well as smart materials can and will improve NDE for better health 

monitoring of the following applications:   

 

1. Welding Verification  

Instead of using the conventional well-known NDE techniques such as radiography, CT 

scanning, ultrasonic, liquid penetrant, acoustic emission or Eddy current, emerging materials 

particularly nano materials, could be used advantageously to find, define and locate cracks 

in welding.    

2. Structural Mechanics 

Instead of using hammer, impulse or vibration, smart nano materials will provide 

continuously the desired characteristics such as displacements, accelerations, movements, 

etc. at different points of the structure. This continuous and planned monitoring could 

enhance the performance of the system or increase its capabilities or both.      

3. Medical or other applications 

A wide array of possible improvement and application of NDE can be envisioned using new 

emerging smart and nano materials. 

 

The very small size and continuously diminishing cost of nano materials will allow building and 

implementing hundreds if not thousands of sensors which will be attached or incorporated in any 
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system to be monitored. The continuous gathering of data for NDE purposes will become an 

integral part of any system. The analysis in real-time of all the collected data and the possibility 

to act, with or without human interaction, will certainly replace any conventional NDE whether 

for quality inspection, verification or property depiction and characterization.  
 

5. Advantages of smart and nano materials 
 

Using smart and nano materials in systems could have the following advantages:  

1. Optimizing the response of complex systems. This is done by establishing early warning 

systems, enhancing the range of survivability conditions and/or providing adaptive response 

to cope with unforeseen conditions and situations.  

2. Enhancements otherwise not possible; such as minimizing the distortion of the responses, 

increasing the precision as well as providing better control of the system. This could lead to 

improving the design and performance of new geometries for special applications.  

3. Improving the functionality of the system by a proper preventive maintenance and 

performance optimization.  

4. Significant impact on manufacturing and processing techniques.  

5. Improving the health monitoring of the system and better control of its active, adaptive or 

smart functions. 
 

All these added values open the door to use more nano and smart materials for monitoring and NDE 

all types of applications. 
 

6. Applications of smart and nano materials in systems 
 

 Made-up smart nano composite: since the objective is to increase the capabilities or/and 

improve the basic functions or characteristics of the final product such as its strength, 

stiffness, flexibility, these materials are formed at their nano scale level. Figure 3 presents a 

schematic picture by Peter Allen of smart bio-nanotubes for targeted delivery of molecules 

and/or drugs with controlled chemical and drug encapsulation and release [4, 5].  

 

 
 

Fig. 3 Controlled chemical and drug encapsulation and release 

 Structural health monitoring (SHM) and assessment of structural components [6]: 

Composites are used more and more in the aerospace industries due to their light weight, 
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better stiffness and corrosion properties. Boeing and Airbus are trying very hard to increase 

the ratio of composites in their fleet. On the other hand, the response of composites to 

solicitations and vibrations require better checkup and inspection techniques. Smart nano 

composites can handle favourably this problem by incorporating sensors and actuators in the 

layers of composites with a minimum incidence to the integrity of the structural components.  

Monitoring composite materials can also be done with layered composition and printed 

circuit board techniques. This makes it possible to embedded low-cost sensors into composite 

structures, with minimal impact on the overall integrity of the structure. Ihn and Chang [7] 

invented an example of this monitoring technique in the form of the SMART Layers [8], 

shown in figure 4. This method uses a combination of actuators and sensors to detect 

modifications in the composite material. The actuators excite the composite material and 

generate waves that are sensed. When a crack appears, or an existing crack grows, it modifies 

the pattern of propagation of the waves that is detected by the sensors. This approach has 

been demonstrated in experiments in 2006 and showed that embedded piezoelectric sensors 

could detect cracks as small as 0.1mm [9]. 

 

 
 

Fig 4: Embedding of smart nano materials in composite structure  

using printed circuit technology 

  

 Reduction of structural vibration: Reducing or eliminating the noise and vibration of 

helicopters is a complicated task and smart and nano composites could be the answer. The 

Smart Material Actuated Rotor Technology (SMART) of Boeing aims to reduce the 

vibrations by up to 80% and by the same token improve the flight performance [10-13]. 

Eurocopter is developing similar systems [14, 15]  

 Control surface morphing for aerospace structures: These smart structures deal with the 

optimizing control or lifting of surfaces with the use of smart structures. Projects are looking 

at concept to use smart and nano materials, such as shape memory alloys (SMA) to change 

the shape of wings for flapping in manners similar to those of birds or bats. This area is not 

likely to see applications in commercial aircraft in the short term, but research projects are 

underway, particularly focusing on applications with high potential such as UAVs. [16, 17]  

 Multiple thin sheets: for moulded shapes Terfenol-D/PZT/polymer composites to produce 

products with greatly improved mechanical properties [18]  
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 Electroactive polymers: for many electromechanical actuator, transducer and active vibration 

damping applications [19] 

 SHM for civil engineering applications [20] Fig 5 shows a schematic representation of a 

smart bridge. SHM is the first step of achieving a smart structure [1, 2]. 

 

 
 

Fig. 5 Schematic representation of a smart bridge 
 

7. Conclusion 
 

There is no doubt that smart and nano materials and systems open up new and fascinating 

frontiers for research in science and engineering. In 20 to 30 years, we are likely to have devices, 

structures and systems that will tell us their health status, what loads are being experienced, and 

what measures are currently being implemented to alleviate these. In many applications, this 

would also include damage assessment and corrective action, with capacity for mission delivery.  

With the continuance of more and more demonstrations on the capabilities of smart and nano 

systems for all types of applications, industry and government organizations will see benefits that 

will induce an ever-growing demand for smart structures. In order to achieve these, more 

research on smart and nano materials and systems needs to be done. In parallel, recognition of 

smart structure technology must be made in current standards to include the specific 

characteristics of smart components.  
 

8. RMC Centre for Smart Materials and Structures (CSMS) 

Recent scientific advances in new emerging and nano materials and information technologies 

have led to the development of smart technologies which include smart and nano materials, 

structures and systems. These technologies possess the capability to respond in a controlled 

manner to various ambient stimuli by sensing and actuation. This is a very fast-evolving field of 

research.  
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Since its inception, CSMS has been working with national & international R & D teams on a 

variety of smart and nano materials, structures and systems. CSMS is very active in the design 

and production of sensors and actuators as well as active, adaptive and smart structures using 

emerging and nano materials in order to produce systems for practical applications. The primary 

goal is delivering innovative research in smart materials, smart structures and smart systems 

which have real impact and provide value to our partners.  
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