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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.
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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.

[image: ]



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.

•  Materials are available in a wide variety of standard forms and sizes. These are manufactured in large quantities by the companies that process the raw materials, allowing them to achieve economies of scale.

•  It is normally much cheaper for companies to buy these standard materials rather than making their own, as they would need additional machines and skills.

•  Engineers may adapt their design to use standard-sized components as it is cheaper and quicker and reduces the amount of waste.



Machining, treating, shaping and recycling engineering materials

Table 1.6 is a subjective evaluation of the cost and processing characteristics for a range of materials; this will vary for different types of application.
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Examples of materials selection

1 Electrical wiring

Copper has high electrical conductivity and is ductile, so it can easily be formed into wires. Gold is better at conducting electricity but is more expensive than copper.
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2 Scaffolding for outside a building


•  Low-carbon steel scaffolding offers high strength.

•  Structural timber weighs less than steel by volume, offers a high strength-to-weight ratio, costs less and is easier to attach together.

•  However, structural timber may soften and rot when used outside. While steel will rust, this happens much more slowly, and it can be reused several times.
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3 Cutting tools for machining centres


•  Ceramics such as tungsten carbide are harder than steel, offering better resistance to wear, but are more expensive.

•  However, steel is tougher – ceramic tools can be brittle and may shatter if accidentally driven into the material being machined.
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Exam tip

You should be able to discuss the reasons for material selection for at least three different products.
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Now test yourself


1  Explain why a company may buy in a standard size of material rather than making the material in the exact size needed.

2  Explain why the availability of material forms can result in changes to a product design.

3  Describe the factors that directly contribute to the cost of a product.
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1.6 Energy production methods

The energy needed to make a product can have a significant cost, in both money and environmental impact. There are several different sources which can be selected to supply this energy.


•  Non-renewable energy sources are consumed when they are used and will eventually run out.

•  Renewable energy sources can be used over and over again without running out.



Most energy sources, both renewable and non-renewable, generate electricity by turning a generator. This may be either directly through their own movement or by heating water to make steam, which turns a generator.

Non-renewable energy sources

Fossil fuels


•  Fossil fuels include crude oil (petrol and diesel), gas and coal. These fuels have generated most of the world’s electricity supply.

•  Fossil fuels are burnt in large furnaces which create steam to power the turbines. Figure 1.11 explains how this process works.
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Nuclear energy

Nuclear power uses radioactive uranium to generate electricity. The uranium decays into other elements and releases energy. This nuclear energy generates heat, which turns water into steam to power generators.

Renewable energy sources


•  Wind power can turn the propeller blades of a wind turbine to produce electricity. A ‘wind farm’ of six or more large wind turbines can generate enough electricity for several thousand homes.

•  Tidal power uses the flow of the tide at sea to rotate turbine blades located under the water, producing electricity.

•  Biomass and biofuel are organic materials. This includes plants, vegetable oils, alcohol, or even manure from animals. Biomass can be burnt, producing electricity in the same way as fossil fuels.

•  Solar power uses sunlight to generate electricity. It does not use a generator – when light falls on the photovoltaic cells in a solar panel, they generate electricity.




[image: ]



[image: ]



[image: ]



[image: ]

Now test yourself


1  Explain how the use of fossil fuels can affect the environment.

2  Describe how electricity is generated using nuclear power.

3  Give one advantage and one disadvantage of using wind to generate electricity.
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Exam tip

You should be able to give advantages and disadvantages for the use of each type of energy source.
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1.7 Factors influencing design of solutions

In addition to the mechanical properties needed, manufacturing considerations, energy requirements and costs, the design of a product can be influenced by:


•  the engineered lifespan of the product

•  maintenance requirements

•  availability of materials and user requirements.



Engineered lifespans

Most products have a limited lifetime. This may be due to a deterioration in a product’s ability to meet its requirements or it may be deliberate planned obsolescence (where a product has been designed to last for a set period of time).
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Planned quality obsolescence could involve:


•  materials used in the product wearing out in a certain time period

•  the product being designed to go out of fashion or become out of date because new, improved products become available (Figure 1.14)

•  the use of sealed parts enclosed in compartments that cannot easily be opened – once one of these parts breaks or wears out, the whole product would need to be replaced.



Planned obsolescence means the manufacturer might be able to sell more products (as customers buy replacements), and therefore reduce the need for products to be serviced. However, additional resources are needed to make the replacement products, placing extra demands on the environment.

Maintenance of engineered products

Maintenance means carrying out actions to extend the life of a product, keeping it working efficiently and remaining safe to use. There are two types of maintenance:


•  Reactive maintenance involves repairing broken parts.

•  Proactive maintenance (also known as planned maintenance) involves carrying out actions that will prevent the product failing.



In general, proactive maintenance is preferred to reactive maintenance, as there is no unexpected stoppage in the function of the product. Proactive maintenance may include actions such as:


•  lubrication to reduce wear and friction between parts, such as gear wheels

•  applying protective coatings (such as paint or oil) to prevent corrosion

•  regular cleaning to remove materials or chemicals that may cause corrosion

•  adjusting parts to compensate for wear – in a complicated product with moving parts, it may be possible to adjust the position of some parts to allow for wear

•  replacing parts before they fail – for example, replacing the batteries in a controller when their charge falls to a certain level, so that the controller never fails.

•  statistics can be used to predict service intervals, for example by collecting data on how long tools work for before they need to be replaced.
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Availability of materials and user requirements


•  The preferred material form that an engineer wishes to use in a product may not be available. This may be because:




    •  the supplier has gone out of business

    •  demand for the material is greater than the supply

    •  there are limits on the ability to obtain a material from a foreign country, such as local conflict or trade restrictions.




•  An alternative form of material might have to be used, influencing the design and altering the cost of materials and manufacture.

•  Another factor to consider is the requirements of the end user. They may have additional needs, such as wanting materials with a specific ‘look’ to be used. They may wish to use a material like titanium or carbon fibre which offers a higher strength and lower weight. This will affect the manufacturing, particularly if a material with a specialist manufacturing process is required.
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Now test yourself


1  Explain what is meant by planned obsolescence.

2  Give three examples of design decisions that could result from planned obsolescence.

3  Give three examples of maintenance activities.
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Exam practice


  1  Which one of the following is an example of a ferrous metal?

[1 mark]




      A  High-carbon steel

      B  Aluminium

      C  Copper

      D  Zinc




  2  Select the correct answer to complete the sentence below.

[1 mark]

Aluminium alloys have a _____________ steel.




      A  higher density than

      B  lower density than

      C  similar density to




  3  Which one of the following properties allows nylon to be stretched when a tensile force is applied to it?

[1 mark]




      A  Hardness

      B  Ductility

      C  Stiffness

      D  Strength




  4  A surface finish is often applied to low carbon steel to protect is against corrosion. Name a suitable finish that could be applied to protect against corrosion.

[1 mark]

  5  Thermosetting polymers are used in a range of engineering products. For example, epoxy is often used in printed circuit boards.

Name two other thermosetting polymers.

[2 marks]

  6  Electrical wire is used in many different products. Identify a suitable material for electrical wire and explain why the chosen material might be used.

[3 marks]

  7  Complete the following sentences using the word bank provided.

[5 marks]

Composites are materials made from two or more different materials. Composites combine the _____________ of the different materials from which they are made. Glass-reinforced plastic (GRP) combines strands of _____________ fibres that are strong but _____________ with a thermosetting polymer. This creates a composite that is _____________ and not brittle. GRP is often used in _____________.
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tough    brittle    glass    properties    boat    hulls
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  8  High-carbon steel and engineering ceramics can be used to make cutting tools for machining centres. Compare these two materials and their suitability for this purpose.

[6 marks]

  9  A manufacturer is using a sheet of aluminium that is 1m2 to cut out four circles, each with a diameter of 0.25m.




      (a) Calculate the amount of aluminium used to produce the four circles. Give your answer to two decimal places

[3 marks]

The aluminium sheet costs £2.45 per m2.

      (b) Calculate the cost of material used to produce the four circles.

[2 marks]




10  Wind power is increasingly being used as a source of energy to generate electricity. Evaluate the use of wind power as a method of electricity generation.

[6 marks]
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2 Engineering manufacturing processes

2.1 Additive manufacturing

Additive manufacturing involves building up the form of a part by adding material where it is required. Additive processes include sintering and rapid prototyping.

Sintering

Sintering is a process that makes products from metal powders.


•  A mould for the product is filled with metal powder, high pressure is applied using an industrial press and the powder is heated to a temperature below the melting point of the metal.

•  The pressure and heat make the particles of metal powder fuse together – the higher the pressure and temperature, the greater the strength of the final product.

•  Sintering can be used to create solid products at temperatures below the melting points of the metals used, and to produce metal products from combinations of metals that would not normally mix together effectively if they were molten.



Rapid prototyping for polymers

Rapid prototyping involves using additive manufacturing to make a complete part or component in a single operation, or to make parts that could not be made using conventional processes.


•  Rapid prototyping of complex parts can be carried out more quickly than the several conventional machining operations needed to make the part. Fused deposition modelling and stereolithography are rapid prototyping processes used to make parts from polymers. They use computer software to break down 3D computer-aided design (CAD) drawings into layers, which are then communicated to the rapid prototyping machine.

•  Fused deposition modelling is the process used in 3D printers. It is the most common type of rapid prototyping and is used to make products from polymers such as ABS, PLA (polylactic acid), polyamides and nylon.
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Exam tip

You need to be able to give the advantages and limitations of additive manufacturing processes compared to conventional processes.
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•  In stereolithography a movable platform is placed in a tank of resin. A laser then creates the product layer by layer – drawing each layer on the movable plate and causing the resin to turn into a hard polymer, before lowering to draw the next layer.
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Now test yourself


1  Explain what is meant by additive manufacturing.

2  State two factors that influence the strength of a metal part made by sintering.

3  Describe the process of making a part using stereolithography.

4  Name two materials that can be used to make a part by fused deposition modelling.
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2.2 Material removal: cutting and drilling

Material removal is sometimes called wasting. There are many different ways to remove the material that is not needed.

Cutting

Cutting is used to reduce the length of a material or to remove a section of material.

Sawing

Saws use movement to progressively cut away material. Each saw tooth cuts a small groove into a material as it moves against it.

Different types of saw are used for different materials. Using the wrong saw can damage the saw and the material, and result in safety problems. Typically, the harder the material, the smaller the saw teeth should be.


•  Hacksaws have fine teeth and are used to cut metal and polymers.

•  Junior hacksaws also have fine teeth and are used to cut thinner sections of the same material.

•  Coping saws have a narrow blade and are used to cut curved shapes in thin pieces of polymer or timber.

•  Tenon saws and rip saws are used to make straight cuts in structural timber. These have much larger teeth than the saws used to cut metal.

•  Jigsaws use a motor to move the saw blade. A wide variety of jigsaw blades are available, allowing them to be used for most types of material and thicknesses.
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Shearing


•  Shearing involves applying a force from opposite sides of a metal sheet, causing the sheet to separate in a line between the two points where the force is applied.

•  The amount of force needed depends upon the strength and thickness of the material.

•  The equipment needed will be tin snips and shears for cutting thin sheet, or a guillotine for cutting thicker sheet.

•  Industrial guillotines may apply a force of hundreds of tons to push a blade made of tool steel through the material.
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Laser cutting


•  Laser cutting is used to cut thin sheets of polymer or metal. The material along the cut line is vaporised.

•  For health and safety, the vapour is normally sucked from the cutting machine using local exhaust ventilation.

•  This process must be controlled by a computer – it is not safe to control this equipment by hand.

•  The equipment needed for laser cutting is relatively expensive but it is very flexible. It is used to accurately make small quantities of parts.



Drilling


•  Drilling makes holes in the material using a rotating tool to progressively remove material.

•  The exception to this is centre drilling, where the drill remains stationary and the workpiece is rotated in a lathe (see Turning, in Section 2.3).

•  The speed that the drill needs to rotate for efficient cutting depends upon the material.

•  Portable or battery-powered drills use electricity to reduce the human effort required with hand drills.

•  If the part being drilled can be moved, a pillar drill can be used.
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Exam tip

You should know which materials can be cut using each tool.
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Now test yourself


1  Name two types of saw used to cut metal.

2  Describe how a laser produces a cut in a sheet of polymer.

3  Name two types of drill.
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2.3 Material removal: turning, milling and etching

Turning

Turning uses a lathe to make rounded parts. The material to be machined, known as the workpiece, is held by the lathe and rotated at high speed. The cutting tool is pressed into the workpiece to remove the material.
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Operations carried out by turning include:


•  cylindrical or parallel turning, which produces a uniform shape of the same diameter along the turned length

•  taper turning, where the diameter progressively reduces along a section

•  facing off, which is used to make a flat face at the end of a part – the face produced must be at right angles to the axis of rotation of the workpiece

•  ‘centre drilling’ – the workpiece is rotated but the cutting tool is a drill bit that is pushed into the end to make the hole

•  boring, where a single-point tool produces an internal hole in order to make small adjustments to internal diameters, produce internal tapers and steps, or cut an internal thread in a hole.
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Milling


•  Milling machines use a rotating tool to remove metal, one thin layer at a time. They can be used to face a piece of material, producing a flat surface, or to create a slot.

•  There are two types of milling machine: horizontal and vertical.
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Chemical etching

Chemical etching uses chemicals to remove
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Milling of PCBs


•  An alternative method to manufacture PCBs is by milling.

•  This uses a small computer-controlled milling machine or router. The milling tool cuts a shallow groove through the copper layer around the outside of the tracks in the PCB design.

•  Compared to chemical etching, this process does not use hazardous chemicals. However, the separation between the copper tracks is usually slightly larger than those made by chemical etching, to allow the tool access to cut away the unwanted copper. This means that the PCB produced is typically slightly larger.




[image: ]



[image: ]




[image: ]



1  Describe how the outside of a part is machined using a lathe.

2  Explain the difference between the parts machined by turning and milling.

3  Name two processes that can be used to manufacture a printed circuit board.
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2.4 Shaping and forming

Bending


•  Bending is a forming process used with ductile and malleable materials.

•  Metal strip is easier to bend when heated.

•  A former or jig may be used if an accurate bend is required, or if several parts of the same shape are needed.

•  Where large quantities of parts are needed, bending machines may use hydraulic pressure to force the metal strip around formers.

•  Thermoplastic polymers bend easily when heated, but will usually break if they are bent when at room temperature. A strip heater can be used to heat the area to be bent.

•  Once flexible, the polymer can be bent but it must be held in position until it cools and hardens in the new shape.
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Folding


•  In small quantities, metal sheet can be folded by gripping it in a bending bar and hitting it with a mallet.

•  In larger quantities, presses powered by hydraulic rams are used to apply pressure along the fold line, to push the metal sheet into a former. The former helps to ensure accuracy and consistency.



Press forming


•  Press forming is used to make 3D shapes, such as car body panels from a sheet of ductile metal.

•  This involves placing the metal sheet either between two moulds or between a ram and die. Pressure is then applied to permanently deform the metal. The excess metal around the shape may then be removed.

•  If only a few products are required, a hand-operated fly press can be used.

•  Where many products are needed, a press powered by a hydraulic ram will be used.



Press moulding
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Punching and stamping


•  Punching and stamping use pressure to push a tool through a metal sheet.

•  In punching, a hole is made and the material pushed out is scrap.

•  In stamping, the shape pushed out of the sheet is the desired part and the metal around it is scrap.



Composite lay up
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1  Give two reasons for using a jig when bending a batch of parts.

2  Suggest a suitable material to make a mould for press forming. Explain your choice.

3  Explain the difference between punching and stamping.
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2.5 Casting and moulding
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Sand casting


•  Sand casting is used to make metal parts (see Figure 2.14). It uses a mould that is made from bonded sand mixed with chemicals.

•  The sand mould is made using a reusable wooden version of the product to be cast.

•  Sand casting is used where small quantities of parts are needed. Sand moulds can only be used once, as the sand is knocked off the casting.

•  If large quantities of parts are required, it would take a lot of time to make many sand moulds and, unless every mould is lined up perfectly, there could be small variations between products.
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Pressure die casting


•  Pressure die casting is mainly used to make parts from non-ferrous metal.

•  It uses a mould called a die, normally made from high-carbon steel. The metal the die is made from is very hard so that it can resist the wear of repeated use, which means that it is expensive to machine.

•  Pressure die casting is typically used only when many parts are required, so the costs can be divided between all the products being made.

•  The use of pressure means that the castings are typically more accurate than sand casting, with more detailed features and a better surface finish.
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Injection moulding



•  Polymer granules are loaded into a feed hopper.

•  A rotating screw thread pushes the polymer along and it is melted by heaters.

•  At the end of the heating area, the liquid polymer is compressed as the diameter of the barrel reduces. This forces the polymer into the mould.

•  The mould is cooled and the component is ejected.

•  The mould is moved back into position to make the next part.
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1  Explain the benefits of using sand casting rather than conventional machining to make complex 3D products.

2  Explain what is meant by the term ‘pattern’ when making a mould for sand casting.

3  Describe in detail the process of injection moulding.
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2.6 Joining and assembly

Threaded fastenings


•  Threaded fastenings are available in a wide range of materials, including steel, brass and polymers.

•  They are attached using screwdrivers or spanners and can be used to make joints between different materials. However, they may become loose when in service.



Rivets
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Soldering


•  Soldering is used to join metal parts together. Solder is a metal alloy with a much lower melting point than the metals being joined.

•  The parts being joined are not themselves melted.

•  There are two types of soldering: ‘soft’ and ‘hard’.




    •  Soft soldering is commonly used to attach components on to a PCB. The legs of the components are placed through holes in the PCB. A soldering iron heats the area where the leg sticks out from the copper track to 180–220 °C. Solder wire is pushed into the joint, melts and flows into the space between the metal parts.

    •  Hard soldering is sometimes called ‘silver soldering’ and is often used when making jewellery. The solder melts at a higher temperature, 620–740 °C, with the heat applied directly using a flame. A flux is typically applied directly to the joint to prevent oxidation of the metals.
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Brazing


•  Brazing joins metal parts together using a filler wire.

•  The surface to be joined is first cleaned of oxides and rust, paint and grease. A flux is applied to prevent oxidation.

•  The joint is then heated to 450–1200 °C, typically using a gas flame. The filler metal melts and flows into the joint.

•  It is then allowed to cool and harden.



Welding
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•  Tungsten inert gas (TIG) welding, where a spark is created between a non-consumable electrode and the workpiece, with filler wire added separately if needed.

•  Metal inert gas (MIG), metal active gas (MAG) or manual metal arc (MMA) welding, where the spark is created between a consumable electrode and the workpiece.
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1  Name three fastening methods that could be used to join a sheet of metal to a sheet of polymer.

2  Name two tools used to attach threaded fasteners to products.

3  Describe how rivets are used to attach sheets of material together.

4  Describe how soldering is used to attach a component to a printed circuit board.

5  Explain the differences between joints produced using brazing and welding.
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2.7 Heat and chemical treatment


Annealing



•  Annealing is used for both ferrous and non-ferrous metals.

•  For steel, after annealing, the metal is typically slowly cooled by leaving it in the furnace once it has been switched off.

•  For aluminium alloys, the annealing temperature (350–400 °C) must be closely controlled, as the melting point of aluminium is 660 °C.

•  Copper is heated until it is a dull red colour, then either cooled in water or left to cool in air. Black scale may form on the surface due to corrosion – this must be cleaned off by putting the copper into a bath of dilute acid, which is known as ‘pickling’.

•  Brass is also heated to a dull red colour. However, it is brittle at this temperature and must be cooled slowly. Like copper, it needs pickling to remove black scale.



Normalising


•  Normalising is carried out on work-hardened steel. The steel is heated and then allowed to cool naturally in air.

•  Normalising provides sufficient time for the atoms to rearrange within the existing grains, and results in steel that is tough with some ductility.

•  However, unlike annealing, it does not allow the grains to grow, so the steel does not soften a great deal.



Hardening and quenching


•  High-carbon steel (0.8–1.4% carbon) can be hardened by heat treatment.

•  The steel is heated, then held at that temperature so the atoms within it can rearrange.

•  It is then cooled rapidly by immersing it in oil or brine (salt water) – this is known as quenching. This does not give the atoms time to rearrange again.

•  Low-carbon steels cannot be hardened in this way.



Tempering
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Precipitation hardening



•  First, the alloy is initially ‘soaked’ at a high temperature so that the atoms of the alloying elements are fully dissolved into the structure.

•  The material is then quenched to ‘trap’ the supersaturated alloying elements.

•  The alloy is then heated to a temperature where the supersaturated elements can move within the structure of the metal. These find any spaces in the structure where they can come out of solution, such as grain boundaries. The fine particles they form result in increased hardness and improved yield strength.
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1  Describe the process of normalising steel.

2  Name three metals or alloys that can be annealed.

3  State what is meant by ‘quenching’.
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2.8 Surface finishing


•  Surface finishing involves modifying the surface of a part, such as improving corrosion resistance, hardness or appearance.

•  This may allow a lower-cost material with a coating to be used for a part, rather than a more expensive material with better properties.

•  The part being coated must normally be cleaned first, to remove oxides, rust, dirt and grease. Failure to do this may result in areas that are uncoated.



Painting


•  Painting can increase corrosion resistance and improve the appearance of metal surfaces. It is relatively quick to carry out and low cost.

•  When only a few parts need painting, it may be applied manually using a paintbrush.

•  When larger quantities of parts are needed, paint can be sprayed, either manually or using robot arms, or applied by dipping.
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Dip coating
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Electroplating


•  Electroplating uses electricity and a chemical solution to coat a thin layer of metal on to the surface of a part.

•  The most common coatings are nickel, zinc, copper or tin.

•  The part to be coated is put into a bath containing a solution of chemical salts, and then attached to the negative side of an electricity supply.

•  The metal for the coating is attached to the positive side of the electricity supply, becoming an anode. This creates a circuit.

•  As electricity flows through the chemical solution, the anode slowly dissolves and a thin layer of the metal builds up on the part.

•  The amount of metal deposited depends upon the strength of the current and the concentration of the solution.

•  Alternatively, the metal for the coating may be extracted from the chemical solution rather than the anode. Chrome plating is produced in this way.

•  Chrome plating provides an attractive shiny finish, although the parts are normally nickel-plated first to improve corrosion resistance.
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Galvanising


Polishing
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1  State two methods used to apply paint to a product.

2  Describe the process of dip coating.

3  State four metals that can be coated onto steel by electrolysis.

4  Name three steel products that are galvanised.

5  Give two reasons for polishing a metal product.
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1  A printed circuit board is shown in Figure 2.25 below.
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    A  Composite lay up

    B  Injection moulding

    C  Chemical etching

    D  Pressure die casting




2  Which of the following statements best describes the press forming process?





    A  A process that bends a material over on itself so one part of it covers the other.

    B  A process used to cut shapes in metal sheet.

    C  A process used to form polymer sheets by heating them and press between two parts of a mould.

    D  A process used to make 3D shapes from metal sheet by placing the sheet between two moulds or a ram and die and applying pressure.




3  Which of the following statements best describes turning?





    A  The use of a lathe to make parts with a circular profile.

    B  Cutting a material by applying opposing forces on opposite sides to force the material apart.

    C  The use of a rotating tool to remove metal one layer at a time.

    D  Making holes in a material using a rotating tool to progressively remove material.




4  Complete the following statement using the word bank provided.
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5  Aluminium alloys are often annealed after working. Explain what is meant by annealing and why it is used.





6  The table below shows the process used to manufacture a glass-reinforced polymer (GRP) moulding. Some parts have already been completed and others are missing. Select the missing stages from the list below by inserting the correct letter (A–D) in the table.
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    A  Trim moulding to the final shape.

    B  Brush on the release agent.

    C  Add more layers of glass fibre and soak in resin until required thickness is achieved.

    D  Place glass fibre material into the mould.
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Figure 1.3 Case hardening of a low-carbon steel spanner
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Figure 1.2 Testing the tensile strength of a material





OEBPS/images/12-1.gif
Turbine Generator

Hot steam

Grid syster

Cooling tower

Figure 1.11 How electricity is generated in a coal-powered power station





OEBPS/images/96-1.gif
Figure 6.22 Considerations to reduce the environmental impact of
a product





OEBPS/images/tp.gif
my revision notes

ENGINEERING

Paul Anderson
David Hills-Taylor

{ HODDER
’ EDUCATION
AN HACHETTE UK COMPANY





OEBPS/images/28-1.gif
PROCESS

Permanent mould Ejector
Molten metal is forced pins
into a water-cooled metal ‘\

mould (die) through a

system of sprues and

runners. The metal

solidifies rapidly and the

casting is removed with

ts sprues and runners. Plunger  Die
cavity

SHAPE j
3D solid

Moving
Used for complex shapes block
and thin sections. Cores
must be simple and
retractable. Fixed
block Stop
MATERIALS Castng
Light alloys
High fluidity requirement
means low mefting Hot-chamber high pressure die
temperature eutectics casting. A gooseneck hot —
usually used. Hot chamber chamber is submerged in a pot
method resticted to very of molten metal. Metal is f
low melting temperature injected directly from the pot via Sprue
alloys (e.g.Mg) the gooseneck.

CYCLE TIME QUALITY FLEXIBILITY MATERIALS UTILIZATION OPERATING COST
Solidification time is Good surface texture Tooling dedicated Near net shape process High, since machine
typically<1s so cycle but turbulent mould 5o limited by machine but some scrap; in sprues, and moulds are
s controlled by time filling produces high setting up time. runners and flash which expensive.
taken to fill mould and degree of internal can be directly recycled.
remove casting. porosity.

Figure 2.15 Pressure die casting





OEBPS/images/85-1.gif
Load

Mechanical advantage = Effort

P
MA=2
F





OEBPS/images/81-1.gif
Dot punch

Sample
material

Indent produced by dot punch

® © o}

Lead Copper  Low carbon
steel

Figure 6.16 Testing for hardness





OEBPS/images/24-1.gif
A mask with the PCB
design printed on to it
is made.

Holes to insert
components are dilled
into the PCB.

The mask is placed
over light sensitive film
which is exposed to
ultraviolet light

The PCB is rinsed in
water to remove the
chemicals.

Figure 2.10 The photo etching process

The material is placed

in a bath of developer.

The image of the PCB

design appears on the
board

The material is placed
in a chemical bath.





OEBPS/images/47-1.gif
2vo—mmrrrrrr———
(
BZ1

Signal from

romess Hock ©

1k Q1

[ ———

Figure 3.13 Transistor driver circuit





OEBPS/images/20-1.gif
—l—cap

Figure 2.4 Shearing action





OEBPS/images/20-2.gif
Bench shears

Straight tin snips Curved tin snips

Figure 2.5 Shearing equipment





OEBPS/images/85-2.gif
rorce
Area
£
=A

Pressure =





OEBPS/images/19-1.gif
Tenon saw
Handle
Blade
Blade 150 mm long
Length ——| Junior hacksaw
250-350 mm
Frame

Length adjusting screw for
different blade lengths

Handle

Blade can be tured at right angles
to the frame for long cuts by rotating

Blade 250 mm long the bolts in their square holes

Blade tensioning nut
(take up slack and then Hacksaw  Blade pin
tighten 3 complete turns)

Beech or
Coping saw polypropylene
handle is
Sprung steel tightened to
frame tension the blade

Lever pins to
change position <~ Lenath |

of blade 150 mm

Figure 2.3 Types of saw





OEBPS/images/30-1.jpg
Figure 2.17 Simple riveted joint





OEBPS/images/11-3.jpg
M

Figure 1.10 Cutting tool in a
CNC machining centre





OEBPS/images/57-3.gif
i 0,
05 = yield stress _ 9

load |





OEBPS/images/8-2.gif
lable 1.5 S5ome common composite materials

Composite

Carbon-fibre
reinforced

Descri

carbon fibres in a resin
matrix

Properties

extremely high strength and
rigidity, low density

Typical uses

racing bicycles,
helmets

polymer (CRP) ® expensive to produce
Glass-reinforced | glass fibres in a resin @ high strength, low density canoes, water
plastic (GRP) matrix ® good chemical resistance tanks
® lower cost than CRP but not as strong
Plywood made from layers of wood | ® smooth even surface with good furniture, exterior
bonded at 90° to each strength grades used for
other, using adhesive ® may be covered in veneer boat building
Medium-density | manufactured from wood | ® smooth, even surface with internal panels in
fibreboard fibres and an adhesive uniform properties furniture
(MDF) matrix @ easily machined and lower cost
than plywood
® can be painted or veneered
Oriented strand | manufactured from strands | ® similar properties to plywood, but | roof decking
board (0SB) of wood compressed with more uniform and lower cost
adhesive matrix
Structural concrete reinforced with ® better tensile strength than ‘pure’ | high-rise
concrete steel bars concrete buildings
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Figure 1.15 Adding lubrication to gears
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Figure 3.1 Block diagram for an outdoor security light
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Figure 4.4 Example of a load/extension graph for low-carbon steel
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lable 6.6 Examples of surface finishes

Finish Description

Painting Coloured pigment, vehicle or solvent paint is applied by brush, spray, or by dipping.
Painting enhances the appearance of the product and provides corrosion resistance.

Dip coating A polymer coating is applied to metal parts. The metal is heated before being dipped in a
fluidised bed of polymer particles before being allowed to cool. Dip coating protects the
surface of the metal from water and air to prevent corrosion.

Electroplating | A metal part is placed in a chemical bath and a current is passed through it so that a
coating is deposited on the metal part.

Anodising An electroplating process where a protective oxide layer is formed on a metal
(aluminium or titanium) part using electrolysis. Anodising is a corrosion-resistant,
durable finish.

Galvanising A process that applies a coating to steel by dipping it in molten zinc. It provides a
corrosion-resistant finish.

Polishing This process smooths the surface of a material to give it a shiny appearance by
removing a small amount of the material. A buffer wheel or cloth can be used.
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Material type Material Ability to be:
treated shaped (or
machined (finished) formed) recycled

Vulcanised medium | very low no low no
rubber

Composites CRP very high | low low medium/low no
GRP medium | low medium medium/low no
Plywood low medium very high low no
MDF very low | high very high low no
0SB very low | medium medium low no
Structural low very low low medium/low no
concrete

Timber Redwood (pine) | medium | high very high low no

(structural

grades)

Ceramics Tungsten carbide | very high | very low very low very low no
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Colour Temp. °C Hardness Typical Uses

Light Straw 230 Hardest Lathe Tools, Scrapers

Dark Straw 25 Drills, Taps and Dies, Punches
Light Purple 270 Scissors, Knives

Dark Purple 280 Saws, Chisels, Axes

Figure 2.21 Tempering colours and temperatures





OEBPS/images/53-1.gif
Of +0O,
<+ Shuttle valve
A
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Figure 6.21 Questions often asked in performance testing
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lable 3.2 Advantages and disadvantages of using of microcontrollers

Using microcontrollers

® Flexible and adaptable - can be reprogrammed over and over again
Can replace a number of components, saving space

LCVELIET T Can be used in complex systems with different input and output devices

Can be expensive - may be cheaper to use separate components
Needs to be used with programming software and hardware which may be
Disadvantages expensive
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Figure 2.14 The sand casting process

Stage 2

The pattern is cut
through the centre
and fitted with

=

location dowels.

Ramming dolly

T
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Figure 3.7 Graph of direct current at 1.5V DC
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lable 6.4 Lathe operations and their uses

Lathe operation
Facing off

Desct

Removing metal from the end of the workpiece so it is perpendicular to its length.

Cylindrical/parallel
turning

Producing a uniform shape of the same diameter along the turned length.

Taper turning

Producing a shape with a diameter that is larger at one end and progressively
reduces to produce a tapered shape.

Drilling Fitting the drill to the tailstock of the lathe using a chuck or a drill with a morse
taper shaft.
Ahole is always started with a centre drill.
A drillis used to drill a hole in the material being rotated in the chuck.

Boring Enlarging a drilled hole using a boring bar held in the tool-post of the lathe.

Screw cutting

Cutting a thread into the diameter of a workpiece using a single-point screw-cutting
tool.

Knurling

Rolling a pattern on to a slowly revolving material using a knurling tool.
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lable 6.3 Measuring tools and their uses

Equipment

Engineer’s rule | Used for quick measurements.

Callipers Used for measuring internal and external size - a ruler is used to take the
measurement of the calliper.

Micrometer

A scaled measuring device used to check small distances with accuracy.

Vernier callipers

Used to measure internal and external faces of objects with accuracy.

Feeler gauge

Used to measure fine gaps between material faces.
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Figure 2.9 Milling machines
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Figure 6.1 A block systems diagram for a programmable security
system
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Figure 1.14 Mobile phones go out of date as improved products become
available - an example of planned obsolescence
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lable 6.5 Joining methods and their uses

Permanent

joining
methods

Temporary
joining
methods

Brazing

Welding

Soldering

Rivets

Adhesives

Nuts and bolts

Machine
screws

Clamps

Metal-
hardened
dowel pins

Parts of metal are joined together using a filler wire which is
melted at high temperatures using a flame or oven. The melted
filler wire runs between the metal parts, cools and hardens.

Edges of metal parts to be joined are melted at very high
temperatures by burning acetylene gas (oxyacetylene welding)
or creating a spark between an electrode and the workpiece
(arc welding). A filler metal is often used to help with joining.

Similar to brazing, but lower temperatures are used to melt a
filler wire (solder) using a soldering iron. The wire runs between
the parts to be joined. Soft soldering uses temperatures below
450°C. If higher temperatures are used it is referred to as hard
soldering.

A hole is drilled in overlapping sheets of metal and a rivet is
pushed through both sheets to hold them together. The rivet can
be hammered to hold the sheets in place, or a rivet gun can be
used to expand the rivet head until it snaps off.

Adhesives are used to bond parts together. Examples include
epoxy resin (used for metals, plastics and composite], PVA
(used for wood) and acrylic cement (used for acrylic and
thermopolymers).

These are threaded fastenings that screw together. They are
available in a wide range of sizes.

Screwed into pre-tapped holes.
Two clamps are positioned between an object and joined by a

threaded bar that pulls surfaced together when tightened.
Used to align parts together. They fit firmly and tightly.
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lable 1.4 5ome common thermosetting polymers

Thermosetting
polymer

Epoxy

Properties

@ high strength, stiff and brittle
@ excellent temperature, chemical and
electrical resistance

Typical uses

printed circuit boards, cast electrical
insulators

Polyester resin

@ good strength and stiffness, but brittle
@ very good temperature, chemical and
electrical resistance

lower cost than other resins

bonding or encapsulation of other
materials, suitcases/luggage

Melamine resin

stiff, hard and strong
resistant to some chemicals and stains

laminate coverings for kitchen worktops,
impact-resistant plastic plates

Polyurethane

hard with high strength
flexible and tough
low thermal conductivity

foam insulation panels, hoses, surface
coatings and sealants

Vulcanised rubber

higher tensile strength
elastic
resistant to abrasion and swelling

tyres, shoe soles, bouncing balls
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Figure 6.14 A CAM 3d 3-axis machine
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lable 1.6 Subjective comparison of the cost and material characteristics
of various materials

Material type Material Ability to be:
treated shaped (or
machined (finished) formed) recycled
Ferrous metal | Castiron medium | medium/low | medium medium yes
Low-carbon low high high medium yes
steel
High-carbon medium | low high medium/low yes
steel
Stainless steel high medium not needed | low yes
Non-ferrous Aluminium high high notneeded | medium/high | yes
metal
Copper high high not needed | medium yes
Brass high high not needed | medium/high | yes
Bronze high high not needed | medium/high | yes
Lead high high low medium yes
Zinc medium | high high medium/high | yes
Gold very high | high not needed | medium yes
Thermoplastics | ABS medium | high not needed | very high yes
Acrylic medium | high not needed | very high yes
Nylon medium | high not needed | very high yes
Polycarbonate medium | high not needed | very high yes.
Polystyrene low low not needed | very high yes.
Thermosetting | Epoxy resin low low not needed | medium/low no
polymers
Polyester resin low low not needed | medium/low no
Melamine resin | medium | low not needed | medium/low no
Polyurethane medium | low not needed | medium/low no
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lable 1.2 Common non-ferrous alloys

No

Aluminium and its
alloys

rrous metal

Properties

light, soft, ductile, malleable
good conductor of heat and electricity
corrosion-resistant

Typical uses

aircraft bodies, saucepans,
cooking utensils, foil, cans

Copper (pure metal)

malleable, ductile, tough

good conductor of heat/electricity
easily joined

corrosion-resistant

electrical wire, hot-water tanks,
printed circuits

Brass (alloy of 65%
copper, 35% zinc)

corrosion-resistant

good conductor of heat/electricity
easily joined

castswell

castings, forgings, ornaments,
boat fittings

Bronze (alloy of 90%
copper, 10% tin]

tough and hardwearing
corrosion-resistant

bearings, and castings for statues,
coins, water and steam valves

Lead (pure metal)

very soft, and malleable
heaviest common metal
corrosion-resistant

low melting point

easy to work

soft solders, roof coverings,
protection against x-ray radiation

Zinc (pure metal)

poor strength-weight ratio
low melting point

extremely corrosion-resistant
easily worked

coating (galvanising) steel
(for example on metal dustbins,
intricate die-castings)
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Figure 6.7 An example of a 3rd angle orthographic projection drawing
showing plan, front and side views
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Table 6.7 Examples of go/no-go gauges and their uses

Snap gauge

Plug gauge
Thread snap gauge
Depth gauge
Height gauge

Checking outside diameters.
Checking internal diameters.
Checking threads.

Checking depths of bores.
Checking set distances.
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lable 1.1 Common ferrous alloys

Alloying elements

lude: Properties Typical uses
Castiron Typically, 3-3.5% ® good compressive | anvils,
carbon strength engineering
@ hard, difficult to vices, engine
machine blocks
® suitable for
casting

® rusts easily

® relatively low cost
Low-carbon | Lessthan0.3% |® lower strength nails and
steel carbon than other steels, | screws, car

but still stronger | bodies
than most non-
ferrous materials
® toughand
relatively low cost

High-carbon | 0.8-1.4% carbon | @ strong and hard, saw blades,
steel but not as tough hammers,
as lower-carbon chisels
steel
o difficult to form
Stainless At least 11.5% ® strong and hard knives
steel chromium o difficult to and forks,
machine medical
® good corrosion equipment,
resistance sinks

® relatively
expensive
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Figure 6.5 Schematic drawings are used by electrical engineers for
circuit diagrams.
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Detailed response that shows a high level of understanding of the benefits and limitations
of using nuclear fuel to generate electrical power. Response makes several relevant
points and discusses them in detail. Response is balanced and equally considers both
benefits and limitations. An appropriate conclusion is given and is fully justified.

Response shows some level of understanding of the benefits and limitations of using
nuclear fuel to generate electrical power. Some relevant points are made with some
discussion/explanation. Mainly balanced response. Some attempt at a conclusion is made
4-6 marks but is not justified.

Response is mainly descriptive or limited to basic knowledge recall. A few relevant
points are made. Response focusses overly on benefits or limitations. No attempt at a
conclusion is made.
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Figure 2.12 Press moulding
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Figure 3.11 A 555 monostable timing circuit - this will cause a light-
emitting diode [LED) (D1) to light up when for set period of time the
switch is pushed
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