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ABSTRACT
The world has recently undergone two materials ages, the plastics age and the

composite age. In the midst of these two ages a new era has developed. This is

the smart materials era. According to early definitions, smart materials are materials

those respond to their environments in a timely manner. Materials that formally have the label of being smart include piezoelectric materials, electrostrictive materials , thermo responsive materials, pH-sensitive materials, ultraviolet-(UV) sensitive materials, smart polymers, smart gels (hydro gels), smart catalysts, and shape memory alloys.

Key words: 

Piezoelectric = Electric polarization produced by mechanical stress

Polymer = molecular structure formed by bonding many identical small molecules or other units. 

Hydro gels = the gel where liquid component is water.

Alloy = metal that give more resistance to corrosion.

SMART MATERIALS
WHAT IS SMART MATERIALS & HOW DO THEY WORK..?
‘Smart’ materials and systems sense and respond to their environment. The definition of smart materials has been expanded to 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. Some of the stimuli that may act upon these materials are strain, stress, temperature, chemicals (including pH stimuli), electric field, magnetic field, hydrostatic pressure, different types of radiation, and other forms of stimuli. The effect can be caused by absorption of a proton, of a chemical reaction, of an integration of a series of events, of a translation or rotation of segments within the molecular structure, of a creation and motion of crystallographic defects or other localized conformations, of an alteration of localized stress and strain fields, and of others. The effects produced can be a color change, a change in index of refraction, a change in the distribution of stresses and strains, or a volume change.

Another important element of a smart material is that the action of receiving stimuli and responding to the stimuli to produce a useful effect is that it must be reversible. . This is primarily critical for the piezoelectric materials. 

Some of the advantages for smart technologies include higher durability and system reliability and increased accuracy and sensitivity in health monitoring and sensing capabilities.
The most significant aspect to which I wish to draw you attention is, the characteristics and types of smart material……. 
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CHARACTERISTICS OF SMART MATERIALS
Smart materials show both sensor and actuator effects. All these materials are capable of reversibly changing their mechanical properties (viscosity, stiffness, shape) due to the influence of temperature change or an electrical or magnetical field. By some of these materials the reverse effect can be used for sensor tasks meaning that a mechanical load generates an electrical or magnetical field.Well-known are piezoelectric ceramics, magnetostrictive materials, and shape memory alloys.

TYPES OF SMART MATERIAL
Smart materials sense changes in the environment around them and respond in a predictable manner. Some types of smart materials include:

Piezoelectric - Applying a mechanical stress to these materials generates an electric current. Piezoelectric microphones transform changes in pressure caused by sound waves into an electrical signal.

Shape memory - After deformation these materials can remember their original shape and return to it when heated. Applications include shape memory stents - tubes threaded into arteries that expand on heating to body temperature to

allow increased blood flow.

Thermochromic - These materials change colour in response to changes in temperature. They have been used in bath plugs that change colour when the water is too hot.

Photochromic - These materials change colour in response to changes in light conditions. Uses include security inks and dolls that ‘tan’ in the sun.

Magnetorheological - These fluids become solid when placed in a magnetic field. They can be used to construct dampers that suppress vibrations. These can be fitted to buildings and bridges to suppress the damaging effects of, for example, high winds or earthquakes.
An understanding of ‘The Shape Memory Alloys, its types and its working is essential for comprehending the rest of my presentation-----.
INTRODUCTION TO SHAPE MEMORY ALLOYS

Shape Memory Alloys (SMA's) are novel materials which have the ability to return to a

predetermined shape when heated. When an SMA is cold, or below its transformation

temperature, it has a very low yield strength and can be deformed quite easily into any

new shape--which it will retain. However, when the material is heated above its

transformation temperature it undergoes a change in crystal structure which causes it to

return to its original shape. If the SMA encounters any resistance during this

transformation, it can generate extremely large forces. This phenomenon provides a

unique mechanism for remote actuation.
TYPES OF SHAPE MEMORY ALLOYS

Shape-memory alloys have different shape-memory effects. Two common effects are one-way and two-way shape memory. A schematic of the effects is shown below.



 HYPERLINK "http://en.wikipedia.org/wiki/File:SMAtwoway.jpg" \o "Two-way intrinsic shape memory" 
[image: image2.jpg]




The procedures are very similar: starting from martensite (a), adding a reversible deformation for the one-way effect or severe deformation with an irreversible amount for the two-way (b), heating the sample (c) and cooling it again (d).
How 
does Shape Memory Alloys Work…?
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The two unique properties described above are made possible through a solid state phase change that is a molecular rearrangement, which occurs in the shape memory alloy. Typically when one thinks of a phase change a solid to liquid or liquid to gas change is the first idea that comes to mind. A solid state phase change is similar in that a molecular rearrangement is occurring, but the molecules remain closely packed so that the substance remains a solid. In most shape memory alloys, a temperature change of only about 10 degree centigrade is necessary to initiate this phase change. The two phases, which occur in shape memory alloys, are Martensite, and Austenite. 

Martensite, is the relatively soft and easily deformed phase of shape memory alloys, which exists at lower temperatures. The molecular structure in this phase is twinned which the configuration is shown in the middle of Figure 2. Upon deformation this phase takes on the second form shown in Figure 2, on the right. Austenite, the stronger phase of shape memory alloys, occurs at higher temperatures. The shape of 
Figure 1: The Martensite and Austenite phases     the Austenite structure is cubic, the structure shown on the left side of Figure 2. The un-deformed    Martensite phase is the same size and shape as the cubic Austenite phase on a macroscopic scale, so that no change in size or shape is visible in shape memory alloys until the Martensite is deformed
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Figure 2: Microscopic and Macroscopic Views of the

 Two Phases of Shape Memory Alloys
SHAPE MEMORY EFFECT
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The shape memory effect is observed when the temperature of a piece of shape memory alloy is cooled to below the critical temperature. At this stage the alloy is completely composed of Martensite which can be easily deformed. After distorting the SMA the original shape can be recovered simply by heating the wire above the critical temperature. The heat transferred to the wire is the power driving the molecular rearrangement of the alloy, similar to heat

 melting ice into water, but the alloy remains
Figure 3: Microscopic Diagram of the Shape Memory Effect   solid. The deformed Martensite is now transformed to the cubic Austenite phase, which is configured in the original shape of the wire. 

After discussing the shape memory effect, we shall discuss on the merits and demerits of smart materials…
ADVANTAGES AND LIMITATIONS OF SMART MATERIALS:
Each smart material has its own features with respect to different purposes, and even where smart materials have unique properties these may be suited to several different applications. 

For example, SMA could be used as vibration absorber, shape controller or as self repairing .Piezoelectric materials can be sensors as well as actuators. Looking at future applications of smart material, there are limitations with implementing piezoelectric materials because their small range of mechanical movement may not suit large scale structures. SMAs with their slow response, low efficiency, unpredictable movement and continuous heat source make them suitable only for small-scale applications.

MARINE APPLICATIONS: SELF HEALING AND REPAIRING
Self healing structures react to damage producing some action to restore it to its undamaged condition followed by air curing of the released chemicals in the cracks, leading to restoring the mechanical properties of undamaged composite. Once the glass fibres break, the chemical agent is released into the cracks of the polymer matrix and the composite can be healed. Significant crack arrest and life extension resulted when the in-situ healing rate is faster than the crack growth rate. Self healing can make the material safer, more reliable, and longer lasting and require less maintenance cost especially in ship structures subjected to unexpected loading conditions such as hydraulic slamming or underwater explosions. It is also useful to make up the healing agent in quantities for small crack sizes initially
MARINE APPLICATIONS
By increasing awareness about smart materials and their potential benefits the aim of this review is to encourage their wider application in the marine industry covering a broad range of potential applications including large commercial ships, offshore structures and recreational craft. The following types of smart materials with some examples of existing uses and suggested applications are covered within this review; see Appendix B for a fuller explanation and literature review. 

Smart materials considered here can be summarized as: 

· Piezoelectric 

· Piezoceramic 

· Shape memory alloys 

· Controllable fluids - Eletrorhelogical and Magnetorheoloical 

· Controllable elastomers – similar to controllable fluids in responding to electrical 
            and magnetic responses 

The range of applications so far identified includes: 

Noise, vibration and damping control using variable rate materials in engine and machinery mountings. 

Sensors for systems monitoring and service information, including fibre optic cabling. 

These can be used for structural health monitoring using optical Fibre Bragg Grating (FBG) sensors in composite structures such as hulls, rudders, masts and booms in lifeboats and racing yachts, both for data collection during trials and in-service monitoring. 

Self healing and repairing materials and structures, particularly composites, allow barely visible damage in structures to self heal and prevent further propagation of faults through the structure that could lead to more serious defects and possible catastrophic failure. As structures are optimized and become lighter there may be less redundant structure to rely on when damaged, and early warning and repair is required when damage occurs, but regular inspections are not feasible on submerged structures in regular use, such as large yacht hulls. 

Self healing coatings (e.g. surface coatings and paints) to protect metal from corrosion such as in offshore structures are already in use in aircraft where corrosion of aluminum structures, especially around riveted joints is a major safety and maintenance cost item. 

Shape control of structures using self morphing and shape memory alloys are another opportunity. Naval architects have always strived to reduce the resistance of ships and boats as they are propelled through water, both to increase speed and reduce the power and fuel needed. The ability to vary and optimize shapes when underway according to speed and conditions by morphing is attractive and could be applied to rudders, keels, propellers, hull trim wedges, and other hydrodynamic parts that are critical to performance. 
Where a change in surface shape is required at different speeds this could be achieved by self morphing automatically in response to inputs such as speed and pressure of water flow over the surface that then responds by changing shape. Propeller pitch can be varied by moving blades relative to the hub, but the blade shape remains fixed and efficiency can be compromised. As a possible alternative for controllable or variable pitch propellers, self morphing could alter blade shape as well. 

Actuators that are Smart could also be function to vary hydrodynamic characteristics, eg by mechanically moving the propeller blades relative to the hub to alter pitch in response to pressure on the blade surface. 

3.3 Applications from other sectors 
Smart “self healing” surface coatings are already used on aircraft to reduce corrosion of aluminium structures, and on other structures where the application of surface coatings is costly due to scale and accessibility of the structure. Self healing could extend the effective life of the coating, and of the structure, potentially reducing its whole life cost. 

Piezoelectric coatings have been tried on aircraft wings as a de-icing solution, so that when energised by electrical current to create a vibration any ice is loosened and can fall off from the treated area. Similar techniques might be investigated as an antifouling solution for marine craft and structures, in a similar way to ultrasound that has been tried as a solution without the need for toxic or other environmentally unfriendly coating solutions.
[image: image7.emf]FUTURE APPLICATIONS
There are many possible applications for SMAs. Future applications are envisioned to include engines in cars and airplanes and electrical generators utilizing the mechanical energy resulting from the shape transformations. Nitinol with its shape memory property is also envisioned for use as car frames. Other possible automotive applications using SMA springs include engine cooling, carburetor and engine lubrication controls, and the control of a radiator blind.
SMART SYSTEMS

Smart systems are defined as miniaturized devices that incorporate functions of sensing, actuation and control. They are capable of describing and analyzing a situation, and taking decisions based on the available data in a predictive or adaptive manner, thereby performing smart actions. In most cases the “smartness” of the system can be attributed to autonomous operation based on closed loop control, energy efficiency and networking capabilities.
Smart Ship Technologies have been developed to reduce the ownership costs of ships. These enabling technologies are used to reduce labor, workload, maintenance, and operations costs and to reduce cumbersome shipboard work practices. Examples of smart ship technologies include the Integrated Condition Assessment System (ICAS), Machinery Control System (MCS), Damage Control System (DCS), Integrated Bridge System (IBS), fiber optic Local Area Network (LAN), Wireless Internal Communication System (WICS), embedded On-Board Trainer (OBT), Digital Video Surveillance System (DVSS), Fuel Control System (FCS), and distance support. The MCS provides control of propulsion, electrical, auxiliary, ballast, and fuel activities. The OBT allows for the training of individuals or watch teams without impacting the ship's ability to control and monitor the engineering plant.
Smart systems typically consist of diverse components, such as:
1. sensors for signal acquisition

2. elements transmitting the information to the command and control unit

3. command and control units that take decisions and give instructions based on the available information

4. components transmitting decisions and instructions

5. actuators that perform or trigger the required action
The key to the smart ship system is the ship monitoring and controlling system called SAN (Ship Area Network) which integrates ACONIS-DS (advanced control and integration system), VDR (voyage data recorder), and BMS (bridge maneuvering system). With SAN, operators can remotely control engines, controllers, and manage other important on-board systems. SAN also enables shipping companies to get real-time feedback on the status of their ships via satellite link. 
The first ship to be equipped with the smart ship system is a 4,500 TEU containership ship. The ship will be delivered to AP Moller-Maersk, the world’s largest shipping line, on March 29. The data collected, analyzed, and processed via SAN can be used for enhancing operational efficiency and reducing management costs for shipping lines.
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Marine Applications:
Structural health monitoring:
Light weight ships such as yachts, fishing boats and even naval vessels are increasingly using composite materials to take advantages of their excellent specific strength, stiffness and low electromagnetic signature. However, they have the risk that damage can lead to catastrophic structural failure. Composite structures tend to fail by internal damage of a distributive or interactive nature, which have a number of failure modes that differ from steel structures. Agarwal & Broutman (1990) showed that the internal material failure can appear in many forms, i.e. 
• Breaking of the fibres 

• Micro-cracking of the matrix 

• Separation of fibres from each other in a laminated composite (Debonding) 

• Separation of laminates from each other in a laminated composite (Delamination) 

Structural Health Monitoring (SHM) systems have the ability to detect material failure and interpret adverse ‘changes’ in a structure able to improve reliability and reduce life-cycle costs .The expected benefits of the SHM system in an FRP structure is the reduction of inspection cost required for large marine structures and improving their structural reliability.

After having said about the smart materials & systems, I must emphasize on the smart ship workload reduction enabling technologies , its significance, failure and the future of smart materials and systems….
SMARTSHIP WORKLOAD REDUCTION ENABLING TECHNOLOGIES:

. Reduced crew workload

   -operators

   -maintainers

.Return on investment

.Total ownership cost reductions

TECHNOLOGY ATTRIBUTES

. Tech refresh strategy

. Crew quality of service

. Crew safety

. On board training (OBT) capability

SIGNIFICANCE OF SMART MATERIALS AND SYSTEMS

Smart materials and systems open up new possibilities, such as clothes that can interact with a mobile phone or structures that can repair themselves. They also allow existing technology to be improved. Using a smart material instead of conventional mechanisms to sense and respond, can simplify devices, reducing weight and the chance of failure.

Structures such as buildings, bridges, pipelines, ships and aircraft must be robustly designed and regularly inspected to prevent ‘wear and tear’ damage from causing catastrophic failures. Inspection is expensive and time consuming. With some modern materials, damage can be internally serious but leave very little surface evidence. Researchers at institutes are working on systems that can diagnose and repair this type of damage automatically in both defense and civil applications.
FAILURE OF SMART SYSTEMS
In dealing with smart materials and systems, there is still a lot of confusion as to the name of these materials and what makes a material or system smart. There are numerous products with Smart in the name that do not meet the definition of being smart that is, responding to its environment in a reversible manner. 

E.g.: A crew member mistakenly entered a zero into the data field of an application, the computer system proceeded to divide another quantity by that zero. The operation caused a buffer overflow, in which data leaked from a temporary storage space in memory, and the error eventually brought down the ship's propulsion system. The result: the Yorktown (U.S NAVY SHIP) was dead in the water for more than two hours
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FUTURE

The future of smart materials and systems is wide open. The use of smart materials in a product and the type of smart structures that one can design and also use of smart system is only limited to one’s talents, capabilities, and ability to ‘‘think out of the box.’’
CONCLUSION

With the whole discussion we reach on the fact smart materials are the future big things of the world. It would not only bring a huge change in shipping world but also in our day today life. 
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