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Introduction to AQA AS/A-level Design and Technology: Product Design

This book has been written to help you fully understand the wide range of technical content and approaches to designing you need for success in AS and A-level Product Design.

The AQA AS and A levels in Product Design require you to develop skills and understanding in both making and designing.

Making products involves working with a range of materials. Only by experiencing working with materials first-hand can you start to understand their properties and the ways in which those materials can be used for a variety of purposes. You will need to know different methods of working with materials in order to understand the right method of production for your product.

When designing, you will need to understand what the user or client requires, and then go on to provide them with a functional prototype, which can be tested so you and your user or client can judge how successful it is.

The course is divided into two main parts:


	1  Technical principles


	2  Designing and making principles




Both of these parts will be assessed in the final examination. For AS students there will be one paper which will last 1 hour and 30 minutes and will make up 50 per cent of their qualification. For A-level students there will be two papers, one lasting 2 hours and 30 minutes that will cover technical principles and one lasting 1 hour and 30 minutes that will cover designing and making principles. These papers will combine to make up 50 per cent of the A-level qualification. The other 50 per cent for AS and A-level is for the non-examined assessment (NEA) project you will complete during your course.

The NEA project is covered in Section 3 of this book, and the written paper in Section 4.






How to use this book

Features to help you

A range of different features appear throughout the book to help you learn and improve your knowledge and understanding of designing and making.

Learning outcomes

Clear learning objectives for each topic explain what you need to know and understand.

A-level only

This indicates content that is only relevant for students taking the A level course.

Activity

Short activities are included to help you to understand what you have read. Your teacher may ask you to complete these.

Key terms

All important terms are defined.

Key points

Summaries of key points appear at the end of each topic to help you remember the most important aspects of a topic.

Check your knowledge and understanding

These short questions test your knowledge and understanding of each topic.

Further reading

Suggestions for books and weblinks which will help you gain a wider understanding of each topic.






Section 1
Technical principles


In this section you will learn about the following:

  1.1  Materials and their applications

  1.2  Performance characteristics of materials

  1.3  Enhancement of materials

  1.4  Forming, redistribution and addition processes

  1.5  The use of finishes

  1.6  Modern and industrial scales of practice

  1.7  Digital design and manufacture

  1.8  The requirements for product design and development

  1.9  Health and safety

1.10  Protecting designs and intellectual property

1.11  Design for manufacturing, maintenance, repair and disposal

1.12  Feasibility studies

1.13  Enterprise and marketing in the development of products

1.14  Design communication








1.1  Materials and their applications


LEARNING OUTCOMES

By the end of this section you should have developed a knowledge and understanding of:


	•  the physical and mechanical properties and working characteristics of materials


	•  the names of specific materials


	•  why specific materials are suitable for given applications based on their physical, mechanical and working properties, product function, aesthetics, cost, manufacture and disposal


	•  the classification of materials


	•  practical workshop methods for investigating and testing material properties


	•  industrial tests for mechanical material properties.






 Materials and applications

The ability to choose the best material for product manufacture is an essential skill for both designers and manufacturers. Different materials work in different ways and it is important to have a sound knowledge of material properties in order to make sure the product is a success. Selection is not always easy and often compromises have to be made but the final choice is mostly influenced by product function and the material’s properties.

As well as knowledge of material classifications and properties, designers and manufacturers must also consider factors such as aesthetics, cost, manufacturing method and disposal. Some materials are more aesthetically pleasing than others, for example stainless steel is naturally bright grey and is more aesthetically pleasing than the dull coloured low carbon steel. Stainless steel is, however, more expensive than low carbon steel; therefore the designer may select low carbon steel and apply a surface finish to enhance aesthetics. Some woods have a stunning grain pattern but the designer may choose a veneered manufactured board to save overall manufacturing costs. The stock form of the material can also influence cost. The stock form is the set of standard sizes in which materials are available; for example manufactured boards such as medium density fibreboard (MDF) are available as a standard stock size of 2,440 mm x 1,220 mm (and in predetermined thicknesses, of 25, 18, 15, 12, 9, 6 and 4 mm). This allows for standardisation if designers are designing products to be manufactured in another part of the world. 

Metals have a range of stock forms such as square tubing, square bar, round tubing, round bar and hexagonal bar. Generally, for metals, the more complex the stock form, the more expensive the material component will be.

The use of stock forms offers advantages such as uniformity of material sizes across countries, the material form can be transported more easily once converted into stock forms rather than as raw material (for example, a whole tree trunk), standard stock sizes are less expensive than specialist sizes because they are processed in large quantities, and there is less waiting time than for a specialist size as the material will be repeatedly manufactured in the same sizes.

Material costs directly influence product manufacture as well as retail price. Many polymer products are considered ‘cheap’ but traditional polymers come from crude oil, the cost of which fluctuates due to supply and demand and the impact of geopolitical or weather factors (such as political instability or the impact of a hurricane). As such, polymers are an expensive raw material, but due to fast and economic processing (such as lack of secondary finishing) the cost per product can be significantly reduced compared to a traditional material.

Material properties

There are two principal categories of material properties: mechanical and physical.


	●  Mechanical properties are associated with how a material reacts to an external force.


	●  Physical properties are associated with the actual make-up or structure of the material.




Mechanical properties of materials

Compressive strength: the ability to withstand being crushed or shortened by pushing forces (compression).

Tensile strength: the ability to resist stretching or pulling forces (tension).

Bending strength: the ability to resist forces that may bend the material.

Shear strength: the ability to resist sliding forces on a parallel plane.

Torsional strength: the ability to withstand twisting forces from applied torque or torsion.

Hardness: the ability to resist abrasive wear such as scratching, surface indentation or cutting.

Toughness: the ability to absorb impact force without fracture.

Plasticity: the ability to be permanently deformed (shaped) and retain the deformed shape.

Ductility: the ability to be drawn out under tension, reducing the cross-sectional area without cracking, for example stretching a material into a wire.

Malleability: the ability to withstand deformation by compression without cracking. Malleability increases with a rise in temperature. 

Elasticity: the ability to be deformed and then return to the original shape when the force is removed.

[image: ]
Figure 1.1.1 Tension, compression, shear, torsion, bending.


Physical properties of materials

Electrical properties


	●  Electrical conductor: allows the flow of electrical current through the material. A good conductor gives very little resistance to the flow of charge.


	●  Electrical insulator: does not allow the flow of electricity through the material.




Thermal properties


	●  Thermal conductor: allows the transfer of heat energy through the material. A material with high thermal conductivity allows the transfer of heat to occur quickly across the material.


	●  Thermal insulator: prevents the transfer of heat through the material.


	●  Thermal expansion: the increase in material volume in response to a heat input.




[image: ]
Figure 1.1.2 Galvanised low carbon steel watering can.


Optical properties


	●  Opaque: prevents light from travelling through.


	●  Translucent: allows light through but diffuses the light so that objects appear blurred. Frosted glass is an example of a translucent material.


	●  Transparent: allows light to pass through easily which means you can see clearly through the material.




[image: ]
Figure 1.1.3 High density polyethylene (HDPE) watering can.


Density: the mass of the material in a standard volume of space.

Fusibility: the ability of the material to be fused or converted from a solid to a liquid or molten state, usually by heat. Good fusibility is an essential property for a metal being cast.

Magnetism: the natural force between objects that causes the material to attract iron or steels.

Corrosion/degradation resistance: the ability of the material to withstand environmental attack and decay.

When selecting a suitable material for a watering can, the designer and manufacturer must find a balance between many factors such as material properties, product function, aesthetics and cost. The two watering cans shown both perform the same functions – to hold water, to provide the means of carrying the water and to provide a means of pouring the water onto the required garden area.


ACTIVITY

[image: ]
Figure 1.1.4 Copper wiring.

List the properties that make copper a suitable material for electrical wiring. For each property listed, give a specific reason to explain why the property is suitable.



Table 1.1.1 Comparison of watering cans.









	Factors to consider

	Galvanised low carbon steel watering can

	HDPE watering can






	Hardness

	Galvanised layer makes the metal more resistant to scratches from gravel if placed on the ground, but a deep scratch will allow water in, which may lead to the low carbon steel rusting.

	HDPE may be scratched by the gravel but this will not affect the product finish, function or degradation.




	Toughness

	Low carbon steel can withstand dropping from a carrying height, but if the galvanised layer is punctured, rust may develop.

	HDPE can withstand a drop from carrying height, and will not be damaged by the impact.




	Manufacture

	Multiple processes involved including cutting, bending, rolling, drilling, MIG (metal insert gas) welding and galvanising for a finish.

	Single process such as blow moulding or rotational moulding to produce a one-piece product with integral features such as ergonomic textured grips on the handle.




	Aesthetics

	Zinc metallic finish applied via the galvanising process.

	Pigmented a colour during manufacture. Colour of product can easily be changed by using a different pigment, e.g. green for plant use, red for a watering can used to contain herbicide.




	Costs

	Low carbon steel is the least expensive metal to use and is less expensive than using a polymer such as HDPE. The manufacture cost is higher as it is a multi-process manufacture.

	Polymer is expensive to buy but due to the speed of processing and the fact that it is a single process, the overall unit cost is much lower than that of the metal watering can.






Classification of materials

Materials for product design and engineering are generally split into groups or classifications: metals, woods, polymers, papers and boards, composites, smart materials and modern materials.

Some materials have more than one classification, for example metals can be classified as ferrous, non-ferrous or alloy. It is important for the designer and manufacturer to be familiar with each material classification so that they can select the material most suited to a specific application.

[image: ]
Figure 1.1.5 Classification of materials.



Metals

[image: ]
Figure 1.1.6 Flow chart showing different types of metals.

Aluminium is suitable for a drinks can for a number of reasons.

[image: ]
Figure 1.1.7 Aluminium drinks can.

Aluminium is:


	●  malleable which allows the can to be deep drawn into shape


	●  lightweight which makes it easier to lift and transport; aluminium adds little to the product weight


	●  a food safe material, which means the user will not be poisoned when drinking from the can


	●  non-ferrous so will not rust on contact with the liquid in the can


	●  very easy to recycle and use again for other products because it has a low melting point (about 660 ˚C), therefore saving finite resources


	●  aesthetically pleasing, with a natural silvery colour, which offers a contemporary, clean look to the product.




Woods

[image: ]
Figure 1.1.8 Flow chart showing different types of woods.



Teak is suitable for an outdoor garden bench for many reasons.

[image: ]
Figure 1.1.9 Solid wood table top showing the grain and end grain.

Teak:


	●  contains natural oils resistant to moisture, making it very weather resistant and unlikely to quickly degrade due to the effects of weathering


	●  contains natural oils which resist acids and alkalis, meaning the bench is unlikely to degrade due to bird droppings or cleaning detergents


	●  is aesthetically pleasing due to the natural dark brown/red colour and straight grain


	●  is hard, meaning it will withstand scratches from items such as buttons on people’s jeans when they sit down or move around on the bench.




Woods are often used in manufacture because of the natural aesthetics in their grain pattern.

Polymers

[image: ]
Figure 1.1.10 Flow chart showing different types of polymers.

Polyethylene terephthalate (PET) is suitable for a drinks bottle because it is:


	●  a thermoplastic which allows it to be recycled; this is important for a single use product as it means it will not contribute to landfill


	●  tough – if the user drops the bottle, the contents will not be released


	●  available in transparent form, which allows the user to see how much drink is left


	●  impermeable to carbon dioxide, making it ideal for carbonated drinks.




PET can also be pigmented to give the bottle a colour and identify the drink, for example green pigment for a carbonated water drink. (Please note, PET is not on the specification, but it is a commonly used polymer.)

[image: ]
Figure 1.1.11 PET bottle.

[image: ]
Figure 1.1.12 Kitchen worktop.

Melamine formaldehyde (MF) is suitable for a kitchen worktop because it:


	●  is a thermosetting polymer with a high melting point, so it will not be affected by hot pans placed on the surface


	●  is chemical resistant which allows the worktop to be cleaned with detergent


	●  is hard, which enables the user to clean the surface with a scouring pad without scratching the surface 


	●  can be pigmented to give the kitchen worktop a specific colour to fit with the kitchen aesthetics.




Neoprene is suitable for a wetsuit because it:


	●  is an elastomer so the wetsuit will stretch and release to fit tightly around the body


	●  has good degradation resistance so will not be damaged by salt water in the sea


	●  can be pigmented to given a particular colour choice for the consumer, or to provide a company brand colour option.




[image: ]
Figure 1.1.13 Wetsuits are made from neoprene.

Papers and boards

[image: ]
Figure 1.1.14 Flow chart showing different types of papers and boards.

Corrugated card is suitable for a take-away food container such as a pizza box because:


	●  it is compliant and easy to cut and fold to a box shape using a die cutter


	●  it is a food safe material – the pizza will not be contaminated by the corrugated card


	●  it is an insulating material due to the air pockets within the corrugations, which will help to keep the pizza warm


	●  it is a lightweight material which makes it easy to carry on a delivery bike


	●  a pizza box is a single use product, and corrugated card is easily recycled, so the box should not contribute to landfill


	●  it is biodegradable, so will not contribute to landfill issues if it is thrown away and not recycled.




Composites

[image: ]
Figure 1.1.15 Flow chart showing different types of composites.

GRP (glass fibre reinforced plastic) is suitable for a boat hull because it:


	●  can be manufactured via the lay-up method, allowing complex 3D shapes such as the hull to be created


	●  can be pigmented to produce a range of colours for improved aesthetics or corporate branding such as racing team colours


	●  has chemical resistance so will not corrode or decay when in the salty sea water 


	●  is a tough material and able to withstand minor impact from waves, etc. without damage.




Smart materials

[image: ]
Figure 1.1.16 Flow chart showing different types of smart materials.

[image: ]
Figure 1.1.17 Emergency exit sign (phosphorescent pigment).


[image: ]
Figure 1.1.18 Thermometer temperature strip (thermochromatic film).

Thermochromatic film is suitable for thermometers because:


	●  it changes colour in response to temperature change


	●  the colour change, such as to red for hot, makes it easier to read than small numbers or lines as used on traditional thermometers


	●  it is a non-toxic material, therefore much safer to use than mercury thermometers, for example for taking the temperature of a young child


	●  it can be incorporated into a film strip, making it flexible enongh to go on to a forehead when taking a temperature reading.




Modern materials

[image: ]
Figure 1.1.19 Flow chart showing different types of modern materials. For more an modern materials, see page 37.

[image: ]
Figure 1.1.20 Kevlar body armour.

Material disposal

Material disposal at the end of the product’s life is also a major consideration, and not only influences the manufacturer’s material choice but also influences consumer choice. Products made from materials that are difficult to recycle may influence the choice of the environmentally aware consumer. For example, when buying a bicycle, the consumer may choose an aluminium bike frame rather than a carbon fibre reinforced plastic (CFRP) frame because, although the CFRP may have performance advantages, it is difficult to recycle, whereas aluminium has a low melting point for a metal, which makes it one of the most commonly recycled materials.

[image: ]
Figure 1.1.21 Aluminium bike frame.

 Methods for investigating and testing materials

When selecting the most appropriate material for a specific application it is often necessary to perform specific tests on mechanical properties. These tests come in two main categories: simple workshop tests (comparative) and scientific measured tests (industrial). Whichever test is chosen the results need to be comparable (fair) and therefore we must ensure that all possible variables are removed apart from the material being tested.

The possible variables are:


	●  size of material sample being tested


	●  environmental conditions


	●  testing equipment


	●  force applied


	●  method of force application


	●  position of force application


	●  individual taking measurements.




Practical workshop tests

These tests can be easily carried out in a workshop using basic tools and equipment.

Tensile testing

Tensile strength is the ability to resist stretching or pulling forces. This can be tested in a workshop by clamping material samples of the same length and thickness into a vice and applying a load such as weights to the unclamped end. This method can be used to see how much the material deflects under the load and/or how much load each material can bear with the least deflection. The less deflection under load, the more tensile strength the material has.

[image: ]
Figure 1.1.22 Tensile strength test.

Toughness testing

This test establishes how much impact force the material can absorb. Material samples are clamped into a vice. Each sample is then hit with the same force, using a hammer. Tough materials will absorb the impact, whereas brittle materials may bend or even shatter.


[image: ]
Figure 1.1.23 Testing for toughness.


Hardness testing

There are two aspects to testing hardness: abrasive wear and resistance to surface indentation.

Abrasive wear can easily be tested by running a file over the surface of the material, using the same force for each material sample. The material with the fewest scratches is the hardest.

Resistance to surface indentation can be tested using a dot punch and a hammer. The material sample is fully supported underneath and the dot punch is placed onto the material surface. The dot punch is hit once with a hammer, using the same force for each material sample. The smaller the indent, the harder the material.

[image: ]
Figure 1.1.24 Testing for hardness.

Malleability and ductility testing

This test can be used to test both ductility and malleability using one test piece.

Secure the test piece in a vice. Try to bend the test piece to 90 degrees. Cracks or surface damage on the outside of the bend indicates a lack of ductility. Cracks or surface damage on the inside of the bend indicates a lack of malleability.

[image: ]
Figure 1.1.25 Testing for ductility.

Corrosion testing

This test can be used to determine the rate of corrosion for a material when exposed to environmental effects such as rain or sun.

All test pieces should be the same size. Materials can simply be placed outside in an area exposed to weather effects and left for a certain length of time. Materials can then be visually inspected for surface corrosion. Depending on the intended product function, further material testing such as toughness or hardness could then be carried out.

Conductivity testing

There are two types of conductivity testing: electrical conductivity and thermal conductivity.

Electrical conductivity can be tested using a multimeter. Collect material samples of the same dimensions and, on the top surface, mark a set distance between the two ends of the material sample. The distance is the spacing for each probe of the multimeter. Place the probes on the distance marks and measure the resistance on the multimeter. The higher the resistance, the lower the conductivity.

Thermal conductivity can be tested using a thermometer. Collect material samples of the same dimensions. Measure a set distance from one end of the material on which to place a thermometer. A Bunsen burner is lit under the end of the material. Record the time it takes for the temperature to reach the set point at the other end of the material sample. The shorter the time it takes to reach the set temperature, the higher the thermal conductivity of the material.

Industrial tests

These tests are usually carried out in a lab at a materials testing facility with specific testing machinery, using standardised test pieces of a material.

Tensile testing

A standard test piece is placed into a tensometer machine and held in clamps at each end. One clamp is fixed and the other moves on a worm drive gear mechanism. As the worm drive travels at a constant rate, the test piece is put under tension. As the test piece is stretched, the load and distance travelled is plotted, giving information on elastic limit, yield point, maximum load and final breaking point after ‘necking’.

[image: ]
Figure 1.1.26 Testing for tensile strength.



Toughness testing

The Izod impact test is used to test the toughness of a material. A notched test piece is held vertically in the vice of the test machine. A pendulum is released from a set position and swings to strike the test piece. The energy absorbed by the test piece is calculated from the height the pendulum swings to after it hits the test piece. The material that absorbs the most impact is the toughest. This is shown by the distance the pendulum swings after breaking the material. The further it swings, the less energy the sample absorbs and the more brittle the material.

[image: ]
Figure 1.1.27 Testing for toughness.


[image: ]
Figure 1.1.28 Brinell test.

Hardness testing

There are three common tests for hardness: Rockwell, Brinell and Vickers pyramid.

Rockwell test: a preload is applied to the material sample using a diamond indenter which breaks through just the surface of the material. The preload is the datum or zero reference position. An additional load is then applied to the test material and held for a predetermined length of time (dwell time). The load is then released and the distance between the preload and the applied load is measured, and the hardness of the material calculated. The smaller the indentation depth, the harder the material.

Brinell test: a hardened standard size steel ball is forced into the material’s surface using a pre-set load. The diameter of the indent in the surface is measured. The smaller the diameter indent, the harder the material. (See Figure 1.1.28 where D = the diameter of the steel ball and d = the diameter of the indent in the material surface.)

Vickers pyramid test: used for very hard materials, this test uses a diamond square-based pyramid to indent the surface of the material. Diamond is used because it will not deform under load. A microscope is used to measure the size of the indent. The smaller the indent, the harder the material. 

Ductility and malleability testing

A bend test is used to determine how well a material can withstand cracking during one continuous bend. A ductile material will have a lot of plastic deformation prior to failure.

The test piece is placed into a bending machine and held, supported at the ends. A mandrel or plunger loads the test piece at the centre and bends it to a predetermined angle, or until the test piece fractures. The material is then inspected for cracks or defects. Cracks on the outer bend indicate the level of ductility. Cracks on the inside of the bend indicate the level of malleability.

[image: ]
Figure 1.1.29 Vickers pyramid test.

Non-destructive testing

Non-destructive testing (NDT) is usually carried out on products such as large castings where there is a likelihood of an internal defect or imperfection which would not be detected by other methods. There are two standard NDT methods: ultrasonic and x-ray.

Ultrasonic testing: a transducer generates sound waves which are pulsed into the material. The intensity of the reflected sound waves signal is recorded on a display unit. The sound waves travel through the material and if there are any defects such as cracks in the sound waves’ path, the sound energy will be partially reflected and shown on the display unit.

Ultrasonic testing can be performed on all types of materials; it can be portable and has a high accuracy of flaw detection. It is widely used in the offshore and aerospace industries, and is commonly used to check the quality of welds in pipes for offshore oil applications.

[image: ]
Figure 1.1.30 Ultrasonic testing for internal defects.

X-ray testing: an x-ray beam passes through the material and an image is projected onto a display screen. X-rays and, in particular, micro-focus x-rays allow the observation of tiny details within the material. The magnified images enable minute flaws such as voids or hairline cracks to be reliably detected.


ACTIVITY

Using notes and diagrams, describe a workshop test for material hardness. You should describe how to set up the test, the test procedure and how to determine the results of the test.



X-ray testing can be used to inspect integrated circuits (ICs) and printed circuit boards (PCBs), and to check for micro-voids in composite materials such as Formula 1 cars or track pursuit cycles where there is a monocoque (single shell) construction. It can also be used to detect faults in turbine blades or aeroplane engine blocks.

Electrical conductivity: a four-point probe method can be used to determine the electrical conductivity of materials. Four small-diameter wires are stretched, parallel to each other across a non-conductive polymer block, held in place and connected to copper terminal blocks. Two leads are attached to the inner wires and two to the outer wires. The outer leads are connected to a precise current and the two inner leads measure the voltage drop. Ohm’s law (V=IR) can then be used to calculate the resistance of the material sample.

Thermal conductivity: using a heat flow meter, a square-shaped material test piece is placed between two temperature controlled plates. The temperature is increased at a controlled rate and the heat flow through the material is measured by heat flow sensors placed on the surface of the material. As the material is heated to a specific temperature, the sensors measure and record the rate of thermal conductivity. 


KEY TERMS

Manufactured board: a man-made, wood-based composite material.

Stock form: the set of standard sizes in which materials are available, as well as the format e.g. powders, granules, sheets etc.

Mechanical properties: associated with how a material reacts to an external force.

Physical properties: associated with the actual make-up or structure of the material.

Compressive strength: the ability to withstand being crushed or shortened by pushing forces.

Tensile strength: the ability to resist stretching or pulling forces.

Hardness: the ability to resist abrasive wear such as scratching, surface indentation or cutting.

Toughness: the ability to absorb impact force without fracture.

Composite: a material comprised of two or more different materials, resulting in a material with enhanced properties.

Smart material: a material whose physical properties change in response to an input or change in the environment, such as electricity, pressure, temperature or light.

Modern material: a material developed through the invention of new or improved processes, for example as a result of man-made materials or human intervention.

Ferrous metal: a metal containing mostly iron and carbon.

Non-ferrous metal: a metal which does not contain iron.

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

Thermoplastic: a material that can be repeatedly reheated and reshaped.

Thermosetting polymer: 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.

Elastomer: materials which at room temperature can be deformed under pressure, and then upon release of the pressure will return to their original shape.




KEY POINTS


	•  Workshop tests can be carried out easily in a workshop using basic tools and equipment.


	•  Industrial tests are usually carried out in a lab at a materials testing facility with specific testing machinery, using standardised test pieces of materials.


	•  The Izod impact test is used to test the toughness of a material.


	•  The Rockwell, Brinell and Vickers pyramid tests are used to test the hardness of a material.









Check your knowledge and understanding


	1  List the mechanical properties that would be required for a drill bit.


	2  Describe the specific properties that make beech a suitable material for a workshop mallet.


	3  Suggest a reason why industrial tests use standardised test pieces.


	4  Using notes and diagrams, describe an industrial test to measure material hardness. You should describe how to set up the test, the test procedure and how to determine the results of the test.






Further reading

The New Science of Strong Materials or Why You Don’t Fall through the Floor (2006) by J.E. Gordon (Author), Philip Ball (Introduction)

Explanations and examples of non-destructive testing: www.trainingndt.com

News, research, information and articles on materials science: www.azom.com
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Hardwood: a wood from broad-leafed (deciduous)
trees.

These trees are generally slow growing and lose their
leaves in autumn.

0ak, ash, mahogany, teak, birch, beech

‘WOO0DSs

Softwood: a wood from a coniferous (cone bearing)|
tree.

These trees are generally fast growing and
tend to be evergreen.

Pine, spruce, Douglas fir, redwood, cedar, larch

Manufactured board: a man-made wood-based
composite material.

Manufactured boards are available in much larger
sizes than solid wood.

Plywood, marine plywood, aeroply, flexible plywood,
chipboard, MDF
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METALS

Ferrous: a metal containing mostly iron and carbon.

Ferrous metals are magnetic and will ust.

Low carbon steel, medium carbon steel, cast iron

Non-ferrous: a metal that does not contain iron.

Non-ferrous metals are not magnetic and do not
rust.

Aluminium, copper, zing, silver, gold, titanium, tin

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

Alloys can also be sub classified as ferrous alloys
or non-ferrous alloys.

Ferrous alloys: stainless steel, die steel (tool steel)

Non-ferrous alloys: bronze, brass, duralumin, pewter
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POLYMERS

Thermoplastic: a material which can be repeatedly
reheated and reshaped, allowing it to be recycled
after its initial use.

Thermoplastics have long linear chain molecules
held by van der Walls forces.

Low density polyethylene (LDPE), high density

polyethylene (HDPE), polypropylene (PP), high
impact polystyrene (HIPS), acrylonitrile butadiene
styrene (ABS), polymethyl methacrylate (PMMA),
polyethylene terephthalate (PET), nylon, rigid and
flexible polyvinyl chloride (PVC)

Thermosetting polymer: 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.

Urea formaldehyde (UF), melamine formaldehyde (MF),
polyester resin, epoxy resin

Elastomer: a material which at room temperature can
be deformed under pressure and then upon release of
the pressure, willeturn to its original shape.

Elastomers have weak bonds which allow them to
stretch easily. They can be stretched repeatedly and
upon immediate release of the stretch, will return with
force to the original length.

Natural rubber, polybutadiene, neoprene, silicone.
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COMPOSITES

Composite: a material comprised of two or more
different materials, resulting in a material with
enhanced properties.

Composites can be:

« fibre based (CFRP. GRP, fibre concrete)

* particle based (tungsten carbide, concrete)

 sheet based (aluminium composite board,
engineered wood, e.g. glulam).

Carbon fibre reinforced plastic (CFRP), glass fibre
reinforced plastic (GRP), tungsten carbide, aluminium
composite board, concrete, fibre cement, engineered
wood, e.g. glulam
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PAPERS AND BOARDS

Papers and boards can be described as compliant
materials, meaning that they can be scored, folded
and cut with basic tooling to form items such as nets
for packaging.

Layout paper, cartridge paper, tracing paper, bleed
proof paper, treated paper, watercolour paper,
corrugated card, bleached card, mount board, duplex
card, foil backed and laminated card, metal effect
card, moulded paper pulp
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MODERN MATERIALS

Modern material: a material developed through the
invention of new or improved processes, e.g. as a result
of man-made materials or human intervention.

Modern materials are not ‘smart materials’ because
they do not react to external change.

Kevlar, precious metal clay (PMC), high density
modelling foam, polymorph
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SMART MATERIALS

Smart material: a material whose physical properties
change in response to an input or change in the
environment, such as electricity, pressure, temperature
orlight.

Shape memory alloys (SMA), thermochromatic pigment,
thermochromatic film, phosphorescent pigment,
photochromic pigment, electroluminescent wire,

piezo electric material
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