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Get the most from this book

Everyone has to decide his or her own revision strategy, but it is essential to review your work, learn it and test your understanding. These Revision Notes will help you to do that in a planned way, topic by topic. Use this book as the cornerstone of your revision and don’t hesitate to write in it: personalise your notes and check your progress by ticking off each section as you revise.
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Track your progress

Use the revision planner on pages 4 to 10 to plan your revision, topic by topic. Make a note when you have:


•  revised and understood a topic

•  tested yourself

•  practised the exam questions and checked your answers.



You can also keep track of your revision by noting each topic heading in the book. You may find it helpful to add your own notes as you work through each topic.
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Features to help you succeed
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Exam tips

Expert tips are given throughout the book to help you polish your exam technique in order to maximise your chances in the exam.
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Typical mistakes

The author identifies some typical mistakes candidates make and explains how you can avoid them.
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Now test yourself

These short, knowledge-based questions provide the first step in testing your learning. Answers are at the back of the book.
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Key terms

Clear, concise definitions of essential key words and terms are provided where they first appear in the text.
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Exam practice

Practice exam questions are provided on page 116. Use them to consolidate your revision and practice your exam skills.
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My revision planner

1 Materials

1.1   Woods

Hardwoods

Softwoods

1.2   Metals

Ferrous metals

Non-ferrous metals

Alloys (ferrous and non-ferrous)

1.3   Polymers

Thermoplastics

Thermosetting plastics

Elastomers

1.4   Composites

Carbon fibre (CFRP)

Glass fibre (GRP)

Medium Density Fibre Board (MDF)

Hardboard

Chipboard

Plywood

1.5   Papers and boards

Drawing papers

Commercial printing papers

Boards

1.6   Textiles

Natural fibres

Manmade fibres

Textile treatments

1.7   Smart and modern materials

Thermo-ceramics

Shape memory alloys (SMA)

Reactive glass

Liquid crystal displays (LCD)

Photo-chromic materials

Thermo-chromic materials

Quantum tunnelling composites

2 Performance characteristics of materials

Properties of materials

Woods

Metals

Polymers

Smart and modern materials

Papers and boards

Textiles

Composites

3 Processes, techniques and specialist tools

3.1   Processes, techniques and specialist tools

Heat treatments

Alloying

Printing

Casting

Machining

Moulding

Lamination

Marking out techniques

3.2   Application of specialist measuring tools and equipment

Marking, cutting and mortise gauges

Odd leg, internal and external callipers

Squares

Micrometer and vernier callipers

Densitometer

Dividers

Jigs and fixtures

Go/no-go gauges

3.3   Use of media to convey design decisions, to record to recognised standards, explain and communicate information and ideas

Pictorial drawing methods for representing 3D forms

Working drawings for communicating 2D technical information

Nets (developments) for communicating information about 3D forms in a 2D format

Translation between working drawings, pictorial drawings and nets (developments)

Report writing

3.4   Permanent and semi-permanent joining techniques

Adhesives

Mechanical

Heat

Jointing

3.5   Finishing techniques and methods of preservation

Paper and board finishing process

4 Digital technologies

Computer-aided design (CAD)

Computer-aided manufacture (CAM) and rapid prototyping

5 Factors influencing the development of products

5.1   User centred design

User needs, wants and values

5.2   Anthropometrics and ergonomics

Sources and applications of anthropometric data

Ergonomic factors for a designer to consider

5.3   The influence of aesthetics, ergonomics and anthropometrics on the design, development and manufacture of products

Form over function

Form follows function

5.4   Design theory through the influences and methods of the key historical movements and figures

Key historical movements and figures

6 Effects of technological developments

6.1   Current and historical technological developments that have had an effect on the work of designers and technologists and their social, moral and ethical impacts

Mass production

The ‘new’ industrial age of high-technology production

The global marketplace

7 Safe working practices, potential hazards and risk assessment

Understanding safe working practices for yourself and others when designing and making

Understanding the need for risk assessments

8 Features of manufacturing industries

8.1   Methods of production

One-off production

Batch production

High-volume production

8.2   Quality monitoring systems

Quality control (QC)

Quality assurance (QA)

Total Quality Management (TQM)

Quality standards

8.3   Modern manufacturing methods and systems when designing for manufacture for small, medium and large-scale production

Production scheduling and production logistics

Robotics in production

Materials handling systems

Flexible manufacturing systems (FMS), modular/cell production systems

Lean manufacturing using just-in-time (JiT) systems

Standardised parts, bought-in components

Quick response manufacturing (QRM)

Data integration

Concurrent manufacturing

9 Designing for maintenance and the cleaner environment

9.1   ‘Cleaner’ design and technology – a product’s life cycle and sustainable development issues

Material selection

Manufacture

Distribution

Use

Repair and maintenance

End of life

9.2   The wider issues of using cleaner technologies

Cost implications to the consumer and manufacturer

Sustainability

10 Current legislation

10.1 Consumer rights legislation

Consumer Rights Act (2015)

Sale of Goods Act (1979)

10.2 Health and safety laws and regulations

Health and safety regulations

Health and Safety at Work Act (1974)

Control of Substances Hazardous to Health (COSHH) regulations

11 Information handling, modelling and forward planning

11.1 Collection, collation and analysis of information

Marketing

Innovation management

Feasibility studies

11.2 Modelling the costing of projects

Budgets

Planning for production

Selection of appropriate tools, machines and manufacturing processes

11.3 Protecting the intellectual property rights of designers, inventors and companies

Patents

Copyrights

Design rights

Trademarks

11.4 Standards when developing designs and manufacturing products

British Standards (BSI and Kitemark)

European (CEN and CE)

International Standards (ISO)

Other standards labels

12 Further processes and techniques

12.1 Strategies, techniques and approaches to explore, create and evaluate design ideas

User-centred design (UCD)

Circular economy

Systems thinking

12.2 Project management strategies

Critical path analysis (CPA)

Scrum

Six Sigma

12.3 The stages of a product’s life cycle

Stages of the PLC

Additional issues related to PLC

Success in the exam

Tips on preparing for the exam

Command words

Command words

Sample exam questions

Calculations questions

Short-open questions

Open-response questions

Extended-writing questions

Exam practice questions

Now test yourself answers

Exam practice answers

Glossary

Quick quizzes online at

www.hoddereducation.co.uk/myrevisionnotesdownloads


Countdown to my exams
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6–8 weeks to go


•  Start by looking at the specification — make sure you know exactly what material you need to revise and the style of the examination. Use the revision planner on pages 4 to 10 to familiarise yourself with the topics.

•  Organise your notes, making sure you have covered everything on the specification. The revision planner will help you to group your notes into topics.

•  Work out a realistic revision plan that will allow you time for relaxation. Set aside days and times for all the subjects that you need to study, and stick to your timetable.

•  Set yourself sensible targets. Break your revision down into focused sessions of around 40 minutes, divided by breaks. These Revision Notes organise the basic facts into short, memorable sections to make revising easier.
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2–6 weeks to go


•  Read through the relevant sections of this book and refer to the exam tips, exam summaries, typical mistakes and key terms. Tick off the topics as you feel confident about them. Highlight those topics you find difficult and look at them again in detail.

•  Test your understanding of each topic by working through the ‘Now test yourself’ questions in the book. Look up the answers at the back of the book.

•  Make a note of any problem areas as you revise, and ask your teacher to go over these in class.

•  Look at past papers. They are one of the best ways to revise and practise your exam skills. Write or prepare planned answers to the exam practice questions provided in this book. Check your answers at the back of the book, and try out the extra quick quizzes at www.hoddereducation.co.uk/myrevisionnotesdownloads

•  Use the revision activities to try out different revision methods. For example, you can make notes using mind maps, spider diagrams or flash cards.

•  Track your progress using the revision planner and give yourself a reward when you have achieved your target.



[image: ]




[image: ]

One week to go


•  Try to fit in at least one more timed practice of an entire past paper and seek feedback from your teacher, comparing your work closely with the mark scheme.

•  Check the revision planner to make sure you haven’t missed out any topics. Brush up on any areas of difficulty by talking them over with a friend or getting help from your teacher.

•  Attend any revision classes put on by your teacher. Remember, he or she is an expert at preparing people for examinations.



[image: ]




[image: ]

The day before the examination


•  Flick through these Revision Notes for useful reminders, for example, the exam tips, exam summaries, typical mistakes and key terms.

•  Check the time and place of your examination.

•  Make sure you have everything you need — extra pens and pencils, tissues, a watch, bottled water, sweets.

•  Allow some time to relax and have an early night to ensure you are fresh and alert for the examinations.
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My exams

A Level Design and Technology (Product Design)

Date: …………

Time: …………

Location: …………
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1 Materials

1.1 Woods

Hardwoods


•  Wood from a broad leaf deciduous tree.

•  Usually slow growing and generally more expensive than softwoods.





	Table 1.1 Properties of hardwoods




	Hardwoods
	Properties/characteristics
	Uses



	Oak
	Hard, tough, attractive grain, good weather resistance. Contains tannic acid which will corrode steel screws or fixings.
	Furniture, flooring, boat building, cladding, interior and exterior joinery.



	Mahogany
	Can contain interlocking grain making it more difficult to work. Rich dark red colour.
	Indoor furniture, shop fittings and cabinets, veneers commonly used on manufactured boards.



	Beech
	Tough, close grained, hard, available in steamed (white colour) and un-steamed (pink tinge).
	Chairs, chopping boards, tools (mallets), steam bent laminated furniture, turned bowls.



	Jelutong
	Fine texture, straight grain, easy to cut, sand and carve, can be brittle. White or straw coloured.
	Pattern and mould making, wood carvings.



	Balsa
	Off white to pinkish colour, straight grain, low density, lightweight.
	Model making, surfboard cores, model aircraft, model structures.




Softwoods


•  Wood from coniferous trees.

•  Generally, faster growing and less expensive than hardwoods.





	Table 1.2 Properties of softwoods




	Softwoods
	Properties/characteristics
	Uses



	Pine/Redwood
	Straight grain, knotty, can contain resinous knots.
	Construction work, roofing beams and timber frame construction, interior joinery.



	Cedar
	Straight grain, can corrode ferrous metals due to acidic nature, low density, good sound damping.
	Exterior building cladding, sheds, greenhouses, beehives, interior panelling.



	Larch
	Hard, tough, attractive grain pattern which fades to silver upon exposure outside.
	Garden furniture, building cladding, decking, fencing.
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Exam tip

Use specific names of woods, such as cedar or mahogany, rather than referring to ‘wood’ in your answer.
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Typical mistake

Suggesting the incorrect wood for a product. Know the common hardwoods and softwoods and what products they are used for and why.
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Now test yourself


1  Define the meaning of the term ‘hardwood’.

2  Define the meaning of the term ‘softwood’.

3  Name three common hardwoods.

4  Which softwood is often used in building and construction for items such as roof trusses?

5  Give a common use for oak and suggest why it is suitable for the suggested use.



Answers on p 118.
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1.2 Metals

Ferrous metals

Ferrous metals are metals that contain iron.



	Table 1.3 Properties of ferrous metals




	Ferrous metals
	Properties/characteristics
	Uses



	Mild steel (also known as low carbon steel)
	Ductile, high tensile strength, tough, malleable, poor resistance to corrosion.
0.15–0.30 per cent carbon content.

Melting temperature 1427˚C.

	Nuts, bolts, washers, screws, car bodies, outer panels for white goods.



	Medium carbon steel
	Harder than low carbon steel but less ductile, malleable and tough.
0.30–0.70 per cent carbon content.

	Springs, gardening tools, (trowels, forks).



	Cast iron
	Hard outer skin but brittle core, good under compression.
3.5 per cent carbon.

Melting temperature 1149˚C.

	Disc brakes, machine parts, engine blocks.




Non-ferrous metals

Non-ferrous metals are metals that do not contain iron.



	Table 1.4 Properties of non-ferrous metals




	Non-ferrous metals
	Properties/characteristics
	Uses



	Aluminium
	Lightweight, ductile, malleable, corrosion resistant, electrical and thermal conductor, can be metal inert gas (MIG) and tungsten inert gas (TIG) heat welded.
Melting temperature 660˚C.

	Drinks cans, aircraft bodies, bike frames, window frames, saucepans, cooking utensils, packaging, baking foil.



	Zinc
	Low melting point, good corrosion resistance.
Melting temperature 420˚C.

	Galvanising steel as a protective coating for dustbins, buckets, farm gates. Intricate die castings.



	Tin
	Ductile, malleable, low melting point, corrosion resistant.
Melting temperature 232˚C.

	Soft solder, coatings for food cans, rarely used in pure form.



	Copper
	Ductile, malleable, tough, corrosion resistant, good electrical and thermal conductor, can be soldered and brazed.
Melting temperature 1083˚C.

	Electrical wire, printed electrical circuits, water pipes, hot water tanks, central heating pipes.




Alloys (ferrous and non-ferrous)

Metals made of two or more metals, or combining two or more elements, one of which must be a metal.



	Table 1.5 Properties of alloys




	Alloys
	Properties/characteristics
	Uses



	Stainless steel
	Tough, hard, corrosion resistant.
18 per cent chrome, 8 per cent nickel.

Melting temperature 1510˚C.

	Sinks, kitchenware, cutlery.



	Duralumin
	4 per cent copper, 1 per cent magnesium and manganese.
Equivalent strength properties to mild steel but more lightweight, ductile, becomes harder as it is worked.

	Aircraft parts, vehicle parts.



	Brass
	Corrosion resistant, good electrical and thermal conductor, low melting point 930˚C, casts well.
65 per cent copper, 35 per cent zinc.

	Boats fittings, door furniture, cast valves and taps, ornaments.
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Exam tip

Use specific names of metals, such as mild steel, aluminium or low carbon steel, rather than referring to ‘metal’ in your answer.
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Typical mistake

Suggesting the incorrect metal for a product. Know the list of ferrous metals, non-ferrous metals and alloys, what products they are used for and why.
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Now test yourself


1  Define the meaning of the term ‘ferrous metal’.

2  Suggest an aircraft part that could be made from duralumin.

3  What classification of metal is aluminium?

4  Name the metals and percentage content within the alloy brass.

5  Suggest two reasons why copper is suitable for water pipes.



Answers on p 118.
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1.3 Polymers

Thermoplastics

A material which can be repeatedly reheated and reshaped.



	Table 1.6 Properties of thermoplastics




	Thermoplastic
	Properties/characteristics
	Uses



	Acrylic (polymethylmethacrylate – PMMA)
	Tough, hard, good chemical resistance, available in translucent and transparent.
	Car light casings, CNC laser cut items, lighting units, lighting covers and baths.



	Low density polyethylene (LDPE)
	Very tough, good chemical resistance, weatherproof, available in translucent and transparent, low level of rigidity.
	Squeezy detergent bottles, toys, carrier bags, bin liners, general packaging, food wrap film, food trays.



	High density polyethylene (HDPE)
	Available in translucent and transparent, weatherproof, tough, good chemical resistance.
	Chemical drums, toys, household and kitchenware, long life carrier bags, buckets, bowls.



	Polyethylene terephthalate (PET)
	Available in transparent form, hard, tough, good chemical resistance.
	Single use drinks bottles, food packaging, detergent bottles, shampoo bottles, food trays.



	Flexible polyvinyl chloride (PVC)
	Available in translucent and transparent, tough, flexible, good weathering resistance, good chemical resistance.
	Hose pipes, cable insulation, medical grade tubing, inflatable products, imitation leather, seat coverings.



	Rigid polyvinyl chloride (uPVC)
	Rigid, opaque, tough, hard, good weathering resistance, good chemical resistance.
	Window frames, external doors, guttering and downpipes for buildings, water service pipes, bank cards.



	Polypropylene (PP)
	Available in translucent and transparent, good chemical resistance, tough, good fatigue resistance (hinge property).
	Rope, folders, folio cases, food containers, medical equipment.



	Acrylonitrile butadiene Styrene (ABS)
	Tough, hard, available in opaque.
	Telephone handsets, rigid luggage, domestic appliance housings (food mixers), handles, computer housings, remote control casings, calculator casings.
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Thermosetting plastics


•  A material which when heated undergoes a chemical change whereby the molecules form rigid cross links.

•  Thermosetting polymers cannot be reheated and reshaped, even at very high temperatures.





	Table 1.7 Properties of thermosetting plastics




	Thermosetting plastics
	Properties/characteristics
	Uses



	Epoxy resin (ER)
	Rigid, clear, hard, tough, chemical resistant.
	Adhesives, surface coatings, encapsulation of electrical components, cardiac pacemakers, aerospace applications.



	Urea formaldehyde (UF)
	Hard, heat resistant, good electrical insulator, brittle.
	Electrical fittings, adhesives.



	Polyester resin (PR)
	Rigid, heat resistant, chemical resistant, brittle.
	Castings, used in layup process for GRP for boat hulls, car parts, chair seats.




Elastomers

Materials which at room temperature can be



	



	Elastomer
	Properties/characteristics
	Uses



	Natural rubber (polyisoprene)
	High tensile strength, low elongation, good hardness, tough, electrical insulator, good cold resistance.
	Automotive industry such as tyres, tubes, hoses, gaskets, belts, balloons, toys, footwear.



	Neoprene (polychloroprene rubber)
	Good thermal resistance, toughness, good oil and chemical resistance, excellent weather resistance, good abrasion resistance, electrical insulator.
	Wet suits, laptop cases, industrial wire insulation, automotive applications such as shock absorber seals, hose covers, transmission belts, gaskets and door seals.
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1  Suggest a suitable material for making a wetsuit.

2  Name a material property that makes urea formaldehyde suitable for electrical fittings.

3  Define the term ‘thermoplastic’.

4  List two material properties that make rigid polyvinyl chloride (uPVC) suitable for window frames.

5  Define the term ‘elastomer’.
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1.4 Composites


•  A composite is a material comprised of two or more different materials, resulting in a material with enhanced properties.

•  A man-made wood based composite material is also called a manufactured board.





	



	Name and composition
	Properties
	Uses



	Carbon fibre reinforced plastic (CFRP)

	Lightweight, corrosion resistant, tough, hard, good compressive strength, low thermal expansion.
	Sports equipment such as bicycle frames, tennis racquets, fishing rods, racing car bodies and parts, helmets, prosthetics.



	Glass reinforced plastic (GRP)

	Lightweight, corrosion resistant, tough, hard, low thermal expansion, good compressive strength.
	Boat hulls, pond liners, kayak shells, sports car bodies and parts, locomotive train cabs.



	Medium density fibreboard (MDF)

	MDF has two smooth faces, available in either standard grade or veneered with a layer of timber. Good strength in all directions, easy to cut and shape.
	Model or mould making, furniture items such as bookcases, cabinets and desks and ‘flat pack’ furniture.



	Hardboard

	One hard shiny smooth surface, does not split easily, tough.
	Furniture inserts such as wardrobe backings, drawer bases, peg boards, clipboards.



	Chipboard

	Good strength in all directions, easy to cut but can chip on a cut edge, not generally attractive in basic form.
	Often veneered or covered with polymer laminate, kitchen worktops and units, shelving and ‘flat pack’ furniture.



	Plywood

	Good strength in all directions, no grain weakness, always has an odd number of layers, tough.
	Structural work, desktops, indoor furniture, floorboards.
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1  What is the full name of the composite GRP?

2  Define the meaning of the term ‘composite’.

3  Name a composite material, the constituent parts and a product made from the named composite.

4  Suggest two reasons why MDF is often used for flat pack furniture products.

5  List the constituent parts of CFRP and name a product made from CFRP.




[image: ]



1.5 Papers and boards

Drawing papers



	



	Name
	Properties/Performance characteristics
	Uses



	Layout paper
	Thin translucent paper with a smooth surface.
	Sketching and quick ink or marker rendering. Sketch pads.



	Tracing paper
	Translucent paper slightly thicker than layout paper.
	For copying images when sketching.



	Copier
	Inexpensive general purpose, white or other colours. Smooth surface, mostly matt or sometimes glossy.
	Printing photographs and images. General office printing such as documents, emails, assignments, booklets.



	Cartridge paper
	Off white paper usually with a slightly textured surface.
	Sketching, rendering in pencil, ink and pastel. Can be used for printing.




Commercial printing papers



	



	Name
	Properties/Performance characteristics
	Uses



	Bond
	High quality paper, bright colour holding, durable surface.
	Letterheads, flyers, writing paper, typing paper



	Coated
	Restricts the amount of ink absorbed into the paper and/or how the ink bleeds into the paper. Good for sharp, complex images.

	Spirit based marker rendering, photographic printing, high quality graphics. Duplex card for juice or milk cartons, disposable cups.




Boards



	



	Name
	Properties/Performance characteristics
	Uses



	Mounting board
	Made from compressed fine cotton fibres to produce a rigid board.
	Presenting artwork, picture mounting, modelling.



	Corrugated board
	Usually with carton board outer layers and a corrugated middle layer, giving the material the ability to provide protection against impact.
	Protective packaging, model making, prototyping ideas, food packaging such as takeaway boxes.



	Foam board
	Two outer layers of card with a foam middle core, available in a range of thicknesses.
	Mood board backing, presentation boards and modelling.



	Folding box board
	Multiple layers of pulp with the top layer usually bleached or pigmented. Good thickness for a good printing surface. Can be creased and embossed. Lightweight, high stiffness.
	Packaging products, supermarket food packaging, pharmaceutical packaging.



	Foil-lined board
	Board with foil applied to either one side or both sides to provide a water resistant and/or heat insulating layer. The foil can be removed before recycling the paper pulp.
	Drinks packaging, milk cartons, take away box lids.
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1  Suggest a product that may use the coated paper, Duplex card.

2  In a design folio where would a designer make use of layout paper?

3  What board could be used to make a takeaway box lid to help keep food warm?

4  What board is best suited to making an architectural model?

5  What properties make corrugated card a suitable material for a takeaway pizza box?
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1.6 Textiles

Natural fibres


•  Natural fibres are either plant based such as cotton and linen, or animal fibre such as wool.

•  Natural fibres can be recycled, will biodegrade and naturally reoccur.






	



	Natural fibres
	Properties/Performance characteristics
	Uses



	Cotton
	Good absorption, breathable, low elasticity, non-allergenic, tendency to crease, no static cling, holds up to 27 times its own weight in water.
	Coloured and non-coloured clothing, breathable property makes it good for clothing worn next to skin, denim jeans, bedding, socks, towels, natural nappies.



	Linen
	Good absorbency, can hold up to 20 times its own weight, breathable, high durability, lightweight.
	Bedding, clothing such as suits, dresses, shorts and shirts, bags, homewares such as cushion covers and tableware.



	Wool
	Good thermal insulator, high breathability, good resistance to creasing, good absorption, some elasticity, good flame resistance, low durability.
	Homewares such as rugs, curtains, upholstery, carpets, clothing, sport and active wear.




Manmade fibres


•  Manmade fibres do not occur naturally; they are synthetic and have been developed in a laboratory situation.

•  Many manmade fibres are made from polymers.





	



	Manmade fibres
	Properties/Performance characteristics
	Uses



	Nylon
	Does not absorb water, very durable, good elasticity, good tear resistance, does not crease, not very breathable, can create static electricity.
	Clothing, carpets, sails, parachute canopies.



	Polypropylene
	Does not absorb moisture, high durability, very lightweight, not very breathable.
	Sporting and active wear, fleece style garments, ropes, carpet and carpet backing.



	Polyester
	Good elasticity, good crease resistance and shape retention, very durable, poor moisture absorption, quick drying, can produce static, often blended with other fibres such as cotton to enhance properties.
	Outerwear such as jackets, trousers, shirts, children’s clothing, bedding (often when blended with cotton), upholstery, curtains.




Textile treatments
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Flame resistance


•  Textiles can be treated by coating with a fire retardant which stiffens the textile. This method is often used in upholstery products such as sofas and chairs.

•  Textiles can also be dipped in chemicals: the fibres absorb the chemical solution, creating a barrier between the fibre and the flame.

•  The fire-retardant chemicals used for coating and dipping are activated by heat which triggers a chemical reaction to automatically extinguish the flame before fire damage can occur.
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Stain resistance


•  Textiles can also be treated with polytetrafluoroethylene (PTFE) to make them more resistant to liquid spills, soiling and grass stains.

•  When textiles are coated with PTFE, a very thin barrier is created which prevents liquids and dirt from penetrating the textile fibres, thus creating products which are easier to wipe clean, keeping their fresh look for longer.
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1  What is a natural fibre?

2  Name two specific natural fibres.

3  Define the meaning of the term ‘manmade fibre’.

4  Give two reasons why nylon is suitable for boat sails.

5  Give an example of a textile treatment and a product the treatment is used on.
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1.7 Smart and modern materials


•  Smart materials are materials whose physical properties change in response to an input or change in the environment, such as electricity, pressure, temperature or light.

•  Modern materials are developed through the invention of new or improved processes, as a result of man-made materials or human intervention. Modern materials are not ‘smart materials’ as they do not react to external change.





	



	Smart/Modern material
	Features
	Uses



	Thermo-ceramics
	Metal powder is placed in a mould or die under high pressure. The high pressure forces the particles to bond.

	Turbine blades in jet engines, turbo charges in racing cars, tips on cutting tools such as drill bits, high end skateboard bearings, metal cutting tooling.



	Shape memory alloys (SMA)
	Changes shape in response to a change in temperature or electrical input.

	Dental braces, self-closing windows, aeroplane wing flaps, bioengineering such as stents, bone plates and screws.



	Reactive glass
	Glass reacts to a change in temperature by changing the tint.

	Apartment or office block windows, conservatories, glass roofing, windows.



	Liquid crystal displays (LCD)
	Liquid crystals change colour when an electric voltage is applied. The cell turns from light to dark.
	Digital clocks and watches, computer/laptop screens, car audio displays, calculator displays.



	Photochromic material
	Changes colour with light intensity.
	Welding goggles, reactive spectacle lenses, security markers that show under UV light, car rear view mirror.



	Thermo-chromic material
	Changes colour in response to temperature change.
	Room thermometers, medical thermometers for children, bath water thermometers, colour change mugs and kettles, food packaging to indicate food is hot to eat or cool for drinks, baby feeding spoons, battery charge indicator strips.



	Quantum tunnelling composites
	Insulating rubber containing tiny metal particles.

	Touch screen technology, smart phone buttons, pressure sensors, speed controllers in power tools.





[image: ]



[image: ]




[image: ]



[image: ]




[image: ]



1  Define the meaning of the term ‘smart material’.

2  Name the smart material that changes colour in response to temperature change.

3  What material is used in the manufacture of touch screen smart phones?

4  Give an application for photo-chromic material.

5  Describe how the Liquid Crystal Display (LCD) in a calculator works.
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