Engineering L2
– Smart Materials
1 of 16 – Welcome
Welcome to this session on smart materials.
By the end of this session, you will be able to:
· Know the definition of a smart material
· Identify the properties of a range of smart materials
· Give examples of potential uses for some smart materials
2 of 16 – Smart materials
Smart materials are materials that exhibit a physical change in response to some external stimulus; they change when you do something to them, and then when that stimulus is removed, they return to their original form. 
Smart materials are an increasingly important type of material in manufacturing. As consumers demand ever more responsive products, smart materials are frequently the best solution for tackling new types of challenges in product design and build. 
3 of 16 –  Shape-memory alloys (SMA)
A shape-memory alloy (SMA) is an alloy that "remembers" its original shape and, if deformed, returns to its pre-deformed shape when heated. 
This material is a lightweight, solid-state alternative to conventional actuators such as hydraulic, pneumatic and motor-based systems. Shape-memory alloys have applications in industries including:
· Automotive
· Aerospace
· Biomedical
· Robotics
4 of 16 – Applications of shape-memory alloys
SMAs have many practical uses in products big and small. 
Glasses
SMAs are used to make spectacle frames that bounce back into shape after being squashed.
Braces
A type of SMA called nickel titanium or nitinol is used to make braces. This SMA contracts when heated, unlike most metals. This means that when the nitinol heats up in your mouth, the braces contract and pull the teeth together. 
Aeroplanes
Shape-memory alloys are used in planes to help make them more aerodynamic. Watch this video to see an example of this, where NASA have been testing a new SMA to enable the wings of the plane to bend downwards during flight. 
Click here to watch a video on shape-memory alloys.
5 of 16 – Shape-memory polymers (SMP)
Shape-memory polymers (SMPs) are polymeric smart materials that have the ability to return from a deformed shape to their original shape by an external trigger, such as temperature change.
SMPs include a wide range of products from stable to biodegradable, from soft to hard and elastic to rigid, depending on the structural units. 
SMPs include thermoplastic and thermoset polymeric material and are known to store up to three different shapes.
Shape-memory polymers are relatively light and resistant to corrosion. They have a variety of applications, including in sportswear and in medical applications such as surgical sutures. 
6 of 16 – Piezoelectric actuators
Piezoelectric actuators are devices that use a phenomenon known as the piezoelectric effect to create movement in certain types of materials when a voltage is applied to them. 
It was discovered that pressure generates electrical charges in a number of crystals such as quartz and tourmaline; they called this phenomenon the "piezoelectric effect". Later they noticed that electrical fields could deform piezoelectric materials. This effect is called the "inverse piezoelectric effect".
The piezoelectric effect is nowadays used in many everyday products such as lighters, loudspeakers and signal transducers.
A piezoelectric actuator drive (PAD) is a drive technology transforming the linear motion of high-performance piezoelectric actuators into a powerful and precisely controllable rotation. Piezoelectric sensors are frequently used as pressure sensors in a range of applications. Click here to watch this video to learn more about piezoelectric sensors in the automotive industry.







7 of 16 – Thermochromic and photochromic pigments
Smart pigments are materials that change colour when they are exposed to particular types of external stimuli. There are two main types:
· Thermochromic pigments – that change colour when the temperature changes
· Photochromic pigments – that change colour when exposed to UV light
Thermochromic pigments are often mixed with paint or polymers to create heat-reactive coatings. These can be used in objects such as mugs that change colour when you pour hot water into them, or bath toys that change colour when you place them into a hot bath. You may also see them in room or forehead thermometers. 
Photochromic pigments are commonly used in coatings for glass, particularly spectacles, so that a person can have clear lenses when inside a building but darkened lenses like sunglasses when they go outside into the sunshine. 
8 of 16 – Quantum-tunnelling composite (QTC)
A quantum-tunneling composite (QTC) is made of rubber and contains tiny particles of metal. When the QTC is compressed these metal particles come together and allow electrical current to flow, but when it is not compressed, they remain apart and current cannot flow. This means a QTC is an insulator when at rest but a conductor when under pressure. 
QTCs can be shaped easily, are highly durable, and can even withstand high temperatures. 
This material can be used in applications where other small switches might get easily damaged, such as in smart wearables and other devices with touch-sensitive pads. 
9 of 16 – Self-healing materials
Fractures and other defects are a key area of concern for any product. Self-healing materials have been invented to try and fix these problems when they occur, rather than requiring a new product. In many cases, these materials can self-heal without outside influence. 
There are lots of types of self-healing materials. Some examples include:
· Polymers that can heal lacerations in themselves
· Metals that resist corrosion
· Concrete that can mend itself when broken
Some self-healing materials have microscopic capsules within them that contain a type of glue. When the material is damaged the capsules break, the glue is released and bonds the break back together. 



10 of 16 – Ferrofluids
A ferrofluid is a liquid that contains ferrous particles, that is particles that contain iron. Iron has several interesting properties, most notably that it is magnetic. This means that a ferrofluid moves in reaction to a magnetic field. 
By manipulating a magnetic field, a ferrofluid can be moved by small or large amounts, in a variety of directions. Turning off the magnetic field allows the ferrofluid to return to rest. 
Ferrofluids can be used to reduce friction as they can work with a magnetic field to allow magnetic objects to simply glide over a surface. They are also used in hydraulic suspension pistons to create variable suspension and even inside computers to remove dust particles from high-speed computer disk drives. 
11 of 16 – Polymorph
Polymorph is a type of polymer than can be shaped and reshaped many times by applying heat to it. When cool it hardens and holds its shape as a tough, clear plastic that can be drilled and cut. 
Polymorph becomes malleable at around 62oC. This means it is unlikely to accidentally become warm enough to lose its shape, as it requires positive intention to do so. It is non-toxic and biodegradable.
Polymorph can be used to model prototypes as the material is easy to rework and reuse. It is also used for making ergonomic items that can be repurposed to suit different people, such as handles, orthopaedic splints and components for shoes and sports equipment. 
12 of 16 – Question 1
Complete the following sentence.
Smart materials are…? 
a) Materials that require less than three components to create
b) Materials that exhibit a physical change in response to an external stimulus
c) Materials that are used in technological applications
d) Materials that have artificial intelligence
Answer:
Smart materials are materials that exhibit a physical change in response to an external stimulus.







13 of 16 – Question 2
What does SMP stand for?
a) Shape-memory polymers
b) Suitable magnetic polymers
c) Shape-magnet polymers
d) Secure-memory polymers
Answer:
SMP stands for shape-memory polymers.
14 of 16 – Question 3
A key feature of a quantum-tunneling composite is that it…?
a) Heals itself when cut with a knife
b) Becomes conductive to electric current when pressed
c) Becomes an electrical insulation when pressed
d) Returns to its original shape when heated 
Answer:
A key feature of a quantum-tunneling composite is that it becomes conductive to electric current when pressed.
15 of 16 – Question 4
Around what temperature does polymorph become malleable?
a) 42OC
b) 52OC
c) 62OC
d) 72OC
Answer:
Polymorph becomes malleable around 62OC.
16 of 16 – End
Well done. You have completed this session on smart materials.
You should now:
· Know the definition of a smart material
· Be able to identify the properties of a range of smart materials
· Be able to give examples of potential uses for some smart materials
[bookmark: _GoBack]If you have any questions about anything covered in this session, speak to your tutor for more help.
