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Get the most from this book


Everyone has to decide their own revision strategy, but it is essential to review your work, learn key facts and test your understanding. These Revision Notes will help you to do that in a planned way, topic by topic. You can check your progress by ticking off each section as you revise.


Track your progress


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





•  revised and understood a topic



•  tested yourself



•  practised exam questions and gone online to check your answers and complete the quick quizzes.





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.


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 authors identify the typical mistakes candidates make and explain 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 words


Key words from the specification are highlighted in bold throughout the book.
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Exam practice


Practice exam questions are provided at the end of each section. Use them to consolidate your revision and practise your exam skills.
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Online


Go online to try out the extra quick quizzes at www.hoddereducation.co.uk/myrevisionnotes
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1 Engineering materials



1.1 Material properties


When you choose the best material for an application you need to match the properties needed by the application to those of the materials. For the application to be a success, you will need to understand the different properties.
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Exam tip


When selecting a material for an application, think of the properties needed and justify your choice using the correct terms.
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Strength


There are different types of strength depending upon the type of force being applied (see Figure 1.1):





•  Tensile strength: how well the material resists a pulling force:







    •  two different values for tensile strength are often given: yield strength is the amount of stress needed to permanently deform the material, and ultimate tensile strength (UTS) is the stress at which the material eventually breaks.








•  Compressive strength: how well the material resists a squeezing force.



•  Torsional strength: how well the material resists a twisting force.





Most metals have good strength against all of the different forces. Other materials may have good strength in one type but not in another.
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Ductility






•  Ductile materials are stretched by applying a tensile force (for example, thermoplastic polymers).



•  Non-ductile materials will break rather than stretch when a tensile force is applied.



•  One way to measure ductility is the ratio of the length that a piece of material extends when a load is applied relative to its original length.





Malleability


Malleability is the ability for the shape of a material to be changed without breaking. For example, wet modelling clay is malleable – it can be easily be reshaped by hand. However, when it has dried it is not malleable – attempting to reshape dried modelling clay results in it cracking and breaking.


Hardness


The harder a material, the more difficult it is to make a mark on its surface or to cut it. For example, tying to scratch a piece of hard stainless steel might leave only a tiny mark, while applying the same effort to scratch a piece of soft rubber would leave a much bigger mark.


Toughness/brittleness





•  The opposite of toughness is brittleness. A tough material can withstand an impact without breaking. A brittle material will shatter in response to an impact.



•  A tough material might bend but not crack in response to an impact. A brittle material may crack or shatter in response to an impact.





Stiffness





•  The stronger a material is and the more it resists deforming, the stiffer it is. This can be measured by calculating the Young’s Modulus of the material.



•  Stiffness is affected by the shape of the material. For example, an I-beam is stiffer than a round bar of the same volume.
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Now test yourself





1  State what is meant by the toughness of a material.



2  Which property means that a material is able to be reshaped without breaking?



3  Explain the difference between toughness and brittleness.



4  Which properties would be the most important for each of the following products:







    •  a bicycle tyre


    •  the wing of an airliner


    •  a disposal cup from a drinks machine?
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1.2 Metals and alloys


Metals are made from metal ores, which are rocks or minerals dug from the ground before being refined and processed.


Metals are usually mixed with other metals or elements to improve their properties. A mixture of two or more metals is called an alloy.


There are two main types of metals. Ferrous metals contain iron while non-ferrous metals do not contain iron.
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Exam tip


When writing about a material, use its name rather than its ‘type’. For example, use ‘low-carbon steel’ or ‘aluminium’ rather than ‘metal’.
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Factors that can change the properties of metal products


Cold working


Cold working is when the metal is not heated before work is done to it. This causes the grains in the affected areas of the metal to stretch out, making them thinner and smaller. Many metals get harder as work is done to them – this is known as work hardening.


Heat treatment


Types of heat treatments include:





•  Annealing: this makes a metal softer and easier to work by increasing the grain size in the metal. Annealing can make work-hardened non-ferrous metals easier to bend.



•  Normalising makes work-hardened steel tougher and adds some ductility.



•  Heat treatment can be used to make high-carbon steel harder and tougher. The steel is heated, then quenched by cooling it rapidly, and then tempered.



•  Low-carbon steel can be case hardened to produce a hard skin that resists wear.



•  Carburising is part of the case hardening process and involves adding carbon to the outer surface of the steel, either by:







    •  heating the steel part to red hot and then dipping it into carbon powder


    •  packing the steel part in charcoal granules and then heating it


    •  heating the steel part in a special furnace where the atmosphere contains a carbon rich gas, such as carbon monoxide.





The metal product is then normally heated to red hot and quenched by dipping it in water, brine (salt water) or oil.



Corrosion



Corrosion is where the surface of the metal reacts with its environment. For example, aluminium reacts with air to form an oxide layer that protects the metal against further corrosion. The layer is so thin that it is not normally visible to the naked eye.
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Steel corrosion can eat away the material and affect its appearance. Engineers may try to reduce corrosion by applying a coating to the steel, for example, by painting, dip-coating or plating.


Available forms


Most metals are available in a wide range of standard forms and sizes (see Figure 1.4).
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Now test yourself





1  What is a non-ferrous metal?



2  Explain why steel is an alloy.



3  Name two ferrous metals, two pure non-ferrous metals and two non-ferrous metal alloys.



4  Which metal would be a good choice for cooking pans, which are used to heat food on gas cookers? Explain your choice.
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1.3 Polymers


Polymers are made up of a large number of similar, smaller chemical units that are bonded together. Most polymers are synthetic (man-made) and are usually made from crude oil which is processed in a chemical plant.
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There are two main types of polymer: thermoplastics and thermosetting polymers.


Thermoplastics





•  Thermoplastics consist of long chains of repeating chemical parts.



•  The chains are only weakly attached to each other. They overlap and entwine with each other to hold the material together.



•  The weak links mean that thermoplastics are relatively ductile.



•  Thermoplastics become softer and flexible when heated. They are shaped when they are hot and harden into the new shape when cooled.



•  Thermoplastics can be reheated and reshaped. Companies can buy sheets of polymers in standard sizes and change them into the shape required with processes such as vacuum forming.



•  Thermoplastics are also available as granules for use with moulding processes.



•  Thermoplastics can normally be recycled by melting them down.
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Thermosetting polymers





•  Thermosetting polymers have more links formed between the individual chains of polymer.



•  These links mean that thermosetting polymers are less ductile, harder and more rigid than thermoplastics.



•  Thermosetting polymers cannot normally be reshaped once they have been moulded. They do not soften when heated and instead will start to char or burn.



•  Thermosetting polymers are normally available as either liquids or granules that will form the polymer when mixed together.



•  Thermosetting polymers cannot be recycled.
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Exam tip


Make sure you understand the difference between a thermoplastic and a thermosetting polymer and can name examples of both types.


[image: ]







[image: ]






[image: ]


Now test yourself





1  Name two thermoplastic polymers.



2  What is the difference between a thermoplastic and a thermosetting polymer?



3  A company is designing a plastic bowl that will be used to heat food in a microwave oven. What type of plastic would you recommend them to use? Explain your answer.
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1.4 Composites, ceramics and timber


Composites


Composites are made by combining different types of material to develop combinations of properties that are not possible in individual materials. Unlike a metal alloy, the materials are not joined chemically. They are attached to each other but remain physically distinct within a structure.


A typical composite contains two materials:





•  the reinforcement, which provides strength, and



•  the matrix – this holds the reinforcement, making the material rigid.





Common types of reinforcement include:





•  fibres or strands



•  layers of material, called plies or laminates



•  particles.





The size, shape, quantity and distribution of the reinforcement used within the material will have an effect on the properties of the composite. If all the reinforcement is aligned in the same direction, then the strength will be strongest in that direction and weaker in other directions.
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Exam tip


You should be able to list several types of composite and describe how their structure influences their properties.
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Most composites are made using moulding processes, where their different ‘ingredients’ are added together to form the required shape. It is very difficult to separate the different material types, which means that composites cannot normally be recycled.
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Timber





•  Within GCSE Engineering, consideration only needs to be given to structural grades of wood – for example, those used to make the frames for wooden houses.



•  Structural grades of timber are typically softwood, produced from coniferous trees which keep their leaves all year round. Examples include pine, cedar and spruce.



•  These are usually sawn into standard sizes and shapes. Rough sawn timber may need to be planed, which makes the wood smaller but gives it a smooth surface.
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Ceramics





•  Uses of ceramics in engineering range from building materials (concrete) to cutting tools (tungsten carbide) and furnace insulation (alumina).



•  Ceramic materials are typically very hard and have excellent resistance to corrosion. They are very good electrical and thermal insulators and can withstand high temperatures without softening.



•  However, although they generally have good strength in compression, they have low tensile strength, very low ductility and are brittle.



•  Ceramic products are often made by moulding processes, then are fired in furnaces at temperatures far above the melting point of most metals.



•  Ceramics are usually not recycled as the high temperatures required to melt them means that the process is not cost-effective.
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Now test yourself





1  What is meant by the term ‘composite material’?



2  Give two examples of the use of composite materials.



3  Describe the typical properties of an engineering ceramic.
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1.5 Material costs and supply





•  The cost of a product includes the costs of the material and changing its shape into that of the product.
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Figure 1.2 Testing the tensile strength of a material
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