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Get the most from this book

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

Track your progress

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


•  revised and understood a topic

•  tested yourself

•  practised the exam questions and checked your answers.



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

Features to help you succeed
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Exam tips

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

The author identifies the typical mistakes candidates make and explains how you can avoid them.
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Key words

Clear, concise definitions of essential key terms are provided where they first appear, and in the Glossary at the back of the book.
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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.

[image: ]




[image: ]

Exam practice

Practice exam questions are provided for each topic. Use them to consolidate your revision and practise your exam skills.
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My revision planner

Section 1 Technical principles: core knowledge and understanding


1   Design and technology and our world

2   Smart materials, composites and technical textiles

3   Electronic systems and programmable components

4   Mechanical components and devices

5   Materials and their working properties

Exam practice questions



Section 2 In-depth knowledge and understanding


6   Electronic systems, programmable components and mechanical devices

7   Papers and boards

8   Natural and manufactured timber

9   Ferrous and non-ferrous metals

10 Thermosetting and thermoforming polymers

11 Natural, synthetic, blended and mixed fibres, and woven, non-woven and knitted textiles

Exam practice questions



Section 3 Core designing and making principles


12 Understanding design and technology practice

13 Understanding user needs

14 Writing a design brief and specifications

15 Investigating environmental, social and economic challenges

16 Developing ideas

17 Investigating the work of others

18 Using design strategies

19 Communicating ideas

20 Developing a prototype

21 Making decisions

Exam practice questions

Success in the examination

Sample examination questions

Glossary
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Countdown to my exams
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6–8 weeks to go


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

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

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

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


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

•  Test your understanding of each topic by working through the ‘Now test yourself’ questions in the book. Look up the answers at www.hoddereducation.co.uk/myrevisionnotes.

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

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

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

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


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

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

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


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

•  Check the time and place of your examination.

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

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

Component 1: Design and Technology in the 21st Century

Date: …………

Time: …………

Location: …………

[image: ]




1 Technical principles: core knowledge and understanding

1 Design and technology and our world

The impact of new and emerging technologies on industry and enterprise


•  Following the industrial revolution, the use of steam to provide power led to the development of new machinery and manufacturing equipment which made products more quickly and efficiently.

•  The use of electricity to power machinery led to products being mass produced on assembly lines.

•  Modern factories increasingly use automated production. Robots are used to complete repetitive and monotonous tasks instead of humans. Productivity and product quality are improved as a result of automation.
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Market pull and technology push


•  Some products are developed from market research, which uncovers a need for a new product or a demand for an improved existing product. This is referred to as market pull.

•  Technological developments in materials, components or manufacturing methods leads to the development of new or improved products. This is called technology push. For example:




    •  many touch screen devices only exist because of the development of the material graphene

    •  the technology now exists to weave conductive threads into fabric for clothing, which when worn will interact directly with the wearer.



Consumer choice


•  Designers and manufacturers respond to customer choice by developing products that specifically meet the needs of consumers.

•  Many people will only want to buy products that include the latest technology, for example, mobile phones are replaced because products with the latest technology become available.
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Product life cycle

A product’s life cycle is a marketing strategy that looks at the four main stages a product goes though.



	Table 1.1 The four main stages of a product’s life cycle





	Introduction
	Following an advertising campaign, the new product is introduced to the marketplace



	Growth
	Sales will grow as consumers become aware of the product and buy it



	Maturity
	Sales are at their peak with companies hoping to achieve maximum sales for the product



	Decline
	Sales begin to fall as most interested consumers now own the product or a new product has replaced it





•  The length of a product life cycle will depend on the product:




    •  classic fashion styles maintain good sales for many years, while fashion fad products become popular very quickly but decline just as quickly as new styles are introduced

    •  examples of recent fad products include loom bands and fidget spinners.



People, culture and society

Global production and its effects on people and culture


•  Developments in transport makes it easier for manufacturers to ship materials, components and products all over the world.

•  The global economy allows for materials and components to be sourced in one country, manufactured into products or part-products in another and then shipped all over the world.

•  Manufacturing costs can be reduced through automation.

•  Developments in mobile technology and the internet make it easier to communicate with people all over the world. This leads to greater competition among manufacturers, which in turn keeps prices low.

•  There are downsides to this global society which directly affect workers:




    •  importing cheap products from overseas and not buying locally-produced products can lead to job losses in our own society

    •  the use of mobile technology can make people feel isolated as the opportunities for face-to-face interaction are limited

    •  the use of automation in manufacturing leads to job losses. Fewer people are needed in factories

    •  workers overseas are often paid low wages in an effort to keep costs down and maximise profit for the manufacturer.




•  Designers need to be aware and sensitive to cultural differences. What is acceptable in one country may be offensive in another. The values, beliefs and customs of different cultures should be respected.

•  Global production is also a threat to traditional industries, skills and techniques in some developing countries.



Legislation and consumer rights


•  The Consumer Rights Act 2015 protects consumers when goods purchased or services provided are not as expected.

•  The Act also covers digital products and buying online, and covers contracts such as those issued with mobile phones.

•  The law states that all goods should be as described or seen when purchased and be fit for purpose.

•  The Act protects consumers against faulty or counterfeit goods, and poor service or problems with builders; this includes rogue traders.

•  Consumers can request a refund, repair or replacement when goods purchased do not meet certain standards:




    •  the product should function as intended

    •  the product should be of satisfactory quality

    •  the product should be as described at the time of purchase.




•  If a service provided fails to meet expectation and a full refund or replacement is not possible, then the provider is legally bound to offer some form of compensation.



Moral and ethical factors


•  A global market allows unrestricted trade. Many people grow their businesses, make a profit and improve the lives of their workers by offering regular employment and an income.

•  There is no obligation on companies to improve the lives of their workers. Some companies put profit above all else, with low wages for workers and poor working conditions.

•  Some companies follow a more ethical approach to trade. They focus on goods and services that are beneficial to consumers, they show that they are socially responsible by treating their workers fairly with acceptable rates of pay and good working conditions, and they support environmental causes.

•  Ethical traders are open and transparent about costs. It is important to them that trade is seen to be fair.

•  Some companies choose not to disclose their costs because this could reveal poor wages or working conditions if profits are revealed and considered high. This is particularly true in the textile industry.



Sustainability and the environment


•  Designers, manufacturers and consumers are increasingly aware of the negative impact new technologies and the development and disposal of products has on the environment.

•  Sustainability is about meeting today’s needs without compromising the needs of future generations.

•  It is important to look at ways of reducing our environmental impact.

•  Developments in renewable energy allow us to reduce our reliance on finite fossil fuels such as coal or oil.

•  Many plastics are difficult to recycle. New technology is being developed that will allow these plastics to be broken down more effectively and safely, allowing them to be recycled.



Production techniques and systems

Computer-aided design (CAD)


•  All aspects of developing design ideas through to 3D models can be done on the computer.

•  CAD packages allow for changes to be made or errors to be rectified.

•  CAD models allow designers and manufacturers to simulate how products will look and perform in different situations.

•  Emerging cloud-based technology allows for collaborative work – designers can share projects via the internet. This collaboration can be on a global scale, which cuts the need for travel.

•  Generative design is a design development that makes use of mathematical algorithms based on set parameters or design requirements.

•  Disadvantages of CAD include high initial set-up costs, including training employees, and the possibility of losing work through computer failure or virus.



Computer-aided manufacture (CAM)


•  CAM machinery can manufacture products and components directly from CAD drawings.

•  CAM machines are often used where high volumes of identical products of a consistent high quality are needed.

•  Initial set-up costs can be high, but they are considered more efficient in the long term as they can run for long periods without breaks.

•  Disadvantages of CAM include high set-up costs, impact on workforce with loss of employment, technological failure and on-going maintenance costs.





	Table 1.2 Types of CAM equipment




	CNC embroidery machine
	Designs can be embroidered directly onto a range of textile fabrics
Designs can be saved then repeated several times with the same high-quality finish




	Vinyl cutters
	A pattern based on a CAD drawing can be cut from a roll of self-adhesive vinyl
Letters used in signage are often cut on a vinyl cutter; the colour is determined by the vinyl




	CNC router
	A rotating router cutter follows a CAD drawing to cut a path or shape
Alternative cutting tools can alter the profile of the cut

The CAD drawing dictates the depth of the cut




	Laser cutter
	Laser cutters use a laser beam to cut through (or vaporise) material; material can also be engraved
Intricate patterns can be cut from a variety of materials. However, not all materials can be cut as some such as nylon and PVC can burn or melt




	3D printer
	3D printing (also known as additive manufacture) uses a thermoforming polymer roll or spool of filament which is heated, then extruded through a head to form a layer. The bed then moves down for the next layer to be printed
The strength of the product is determined by the inner design of the print and the material used
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Typical mistake

When a question asks for an advantage of CAD or CAM make sure your answer is fully explained. It is not enough to state CAD and CAM are quicker, easier or faster unless they are compared to an alternative method. For example, if a designer wishes to present ideas in different colours, CAD allows this easily, whereas a hand-drawn sketch has to be drawn several times which is time consuming.
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How the critical evaluation of new and emerging technologies informs design decisions

Sustainability and environmental issues


•  Designers must take the environment into consideration when making decisions. For example:




    •  choosing materials that are more environmentally friendly

    •  manufacturing products using efficient, low-energy processes

    •  ensuring better build quality so that products last longer

    •  using less packaging, or using recycled packaging

    •  reducing transportation by using local manufacturers with locally-sourced materials

    •  using LED lights instead of filament lamps

    •  avoiding products with a short life cycle

    •  making recycling of products easier

    •  considering Fairtrade products where everyone in the supply chain is treated fairly.




•  Environmental directives (laws), which come from the European Union or organisations such as the World Energy Council, are targets for all countries to work towards to reduce energy consumption, reduce pollution and eliminate the disposal of hazardous waste into the environment. These directives also cover climate change, air pollution and the protection of wildlife.
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Social, cultural, economic and environmental responsibilities


•  Designers and manufacturers need to consider the views of consumers; demand for more environmentally-friendly products is increasing.

•  In an effort to reduce energy consumption, domestic appliances carry an energy rating: A+++ is the most efficient while G is the least. Using efficient products will also help reduce household energy bills.



Linear and circular economy



	Table 1.3 Linear and circular economy
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	In a linear economy, products are made as cheaply as possible
Resources are taken and extracted from the earth

Products are made as cheaply as possible

Products are simply disposed of when no longer needed

Many processes have a detrimental effect on the environment, wildlife and the climate
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	Aims to use as few resources as possible with parts being reused or recycled after the product is no longer needed
Extracts the maximum from the resources used by using them for as long as possible

Ease of repair for products is an important factor

Resources stay in the cycle for as long as possible, with very limited resources being disposed of






•  Manufacturers are having to reconsider the way they source, manufacture and package products.

•  Laws are in place to tackle pollution and how waste is disposed of.

•  Cradle-to-cradle production links with the circular economy – from the source of materials to a product’s rebirth as a new product there is little or no waste.

•  Cradle-to-grave production includes consideration of how the product will ultimately be disposed of.



The six Rs of sustainability

The type of questions a designer might ask that could reduce the environmental impact of a product are outlined in Table 1.4.



	Table 1.4 The six Rs of sustainability





	Rethink
	Is there a better way of making the product that is less harmful to the environment? Can the design be simplified to make manufacturing easier?



	Recycle
	Can the product be recycled easily after it is no longer needed? Can the components and materials be separated easily? Can recycled materials be used?



	Repair
	Can this product be repaired easily if it breaks? Can the component parts be replaced easily?



	Refuse
	Consumers might not buy the product if it is not environmentally friendly. Where will it be made and what are the conditions for workers? Is the product unethical?



	Reduce
	Can the number of component parts or new materials be reduced? Can packaging be reduced? Can the manufacturing process be simplified to reduce the energy used?



	Reuse
	Can any part be reused after it is no longer needed? Could the product be reused for something else once its primary use is no longer required?




Life-cycle analysis (LCA)


•  A life-cycle analysis looks at the environmental impact of a product throughout its entire life: from the source of materials, through its useful life to final disposal and potential rebirth as a new product.

•  The following factors should be considered: source of raw materials, material processing, manufacturing, use, end of life and transportation, including energy used at various points during the product’s life cycle.
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Typical mistake

Do not confuse life-cycle analysis with a product life cycle. Life-cycle analysis looks at the environmental impact of a product over its entire lifetime whereas the product life cycle is a marketing strategy looking at sales of products.
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Fairtrade


•  Fairtrade sets up partnership schemes between producers, businesses and consumers.

•  Social, economic and environmental standards are set for all companies, producers and workers involved in the supply chain.

•  By giving workers a share of the profits or fairer wages, the lives of workers will be improved and it will help combat poverty.

•  Conditions for workers must be of a satisfactory standard, no one is exploited and workers’ rights are protected.

•  Consumers can be satisfied that buying products that carry the Fairtrade Mark supports disadvantaged workers and producers in developing countries.



Carbon footprint


•  Carbon footprint is a measure of the total amount of greenhouse gases produced as a result of human activity, which includes the manufacturing of products.

•  Greenhouse gases are usually measured in units of carbon dioxide (CO₂) and are said to be the cause of global warming.

•  When we use energy that comes from fossil fuels, we add to our carbon footprint – for example, heating our homes or workplaces with gas, oil or coal, transporting products or travel by car or aeroplane.

•  Designers can reduce the carbon footprint of a product by adopting more sustainable approaches to design, for example, sourcing locally produced materials to cut down the transportation of raw materials.



Ecological footprint


•  Ecological footprint is a measure of the impact human activity has on the environment.

•  We depend on the world’s natural resources and productive land to enable us to produce goods and services.

•  The products and clothes we use, the food we eat, the waste we generate and the way we live all contribute to our ecological footprint.

•  Biologically productive land is continually being cleared to sustain our lifestyles and an increasing global population.

•  Humanity’s ecological footprint is currently 1.7 Earths.

•  If we continue to use up the world’s natural resources quicker than nature can replace them, we will create an ecological deficit.



How energy is generated and stored

Energy is needed:


•  to manufacture products and power products and systems

•  to cause something to move, heat something and create light and sound

•  to process materials: extract, mould, bend, cut, drill, print and join materials.



Energy sources



	Table 1.5 Non-renewable energy sources





	Source
	Explanation



	Coal
	Mined from the ground and burnt in power stations to generate electricity



	Oil
	Crude oil is extracted from the earth and refined into liquid fuels such as petrol. It can also generate electricity in power stations



	Gas
	Extracted through drilling and piped through the national grid to houses and factories. It can also generate electricity in power stations



	Nuclear
	Uranium ore is mined from the earth and transformed into nuclear fuel. This is used in a nuclear generator to generate heat and then converted to electricity






	Table 1.6 Renewable energy sources




	Source
	Explanation



	Wind
	A turbine extracts energy from the wind. The blades are connected to a generator which produces electricity



	Solar
	Photovoltaic (PV) panels produce electricity when exposed to sunlight



	Geothermal
	Cold water is pumped underground and heated by the Earth’s heat. It can be used to heat homes, or in power stations and converted to electricity



	Hydroelectric
	Dams house large turbines which are built to trap water. When the water is released the pressure turns the turbines which generates electricity



	Wood/ biomass
	Wood is chipped and used as fuel instead of burning coal. This can provide heat for homes or be used to generate electricity
In some biomass schemes, plants such as soy are grown to produce materials which can be processed into biofuels




	Wave
	It is possible to harness energy from waves, although it is not widely used. In the future, tidal power offers the possibility of extracting energy from the rise and fall of the tide




Issues surrounding the use of fossil fuels


•  Waste such as carbon dioxide (CO₂) and pollutants such as sulphur dioxide are emitted into the atmosphere when fossil fuels are burnt. This can cause breathing problems and contributes to global warming.

•  Fossil fuels cannot be replaced and will eventually run out.

•  Fossil fuels have high energy density – they hold a lot of chemical energy per kilogram of fuel, making them ideal for transportation. Electric cars currently cannot compete with the ease of using petrol (see Motor vehicles below).



Advantages and disadvantages of renewable energy sources


•  Renewable sources of energy are non-polluting and considered better for the environment.

•  Although biomass fuels release CO₂ as they are burned, trees are replanted, which absorb CO₂ as they grow. The process is classed as carbon neutral.

•  Initial outlay for the equipment needed is expensive. However, following installation, it produces free energy.

•  Wind and solar power depend on weather conditions. Some people find wind farms and solar panels unsightly.

•  In order to build dams used to generate hydroelectric power, valleys in rural areas are flooded. This can damage the natural habitat.

•  Geothermal energy units are expensive and reliant on the underground rocks being hot near the surface.

•  Manufacturers are investing in renewable energy and are installing equipment to recover waste energy from various processes to heat their offices. This will reduce energy bills and demonstrates a more ethical approach to manufacturing.



Renewable energy sources for products


•  Small solar PV panels can produce a small current to recharge a battery. Flexible solar PV panels can be found on clothing and bags which can charge a mobile phone.

•  Low-powered products can be charged from a small wind generator.

•  Electronic road signs are often powered by a solar PV panel.

•  Clockwork wind-up mechanisms can provide a temporary source of power for mechanical or electronic products.
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Typical mistake

Analyse or evaluate questions require depth of knowledge and understanding with sound reasoning or judgements made within the answer. You will lose marks if answers are not sufficiently detailed, are merely descriptive or if no reasoning or judgements are offered.
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Energy generation and storage in a range of contexts

Motor vehicles


•  Electric cars use batteries which are recharged by being plugged into an electricity source.

•  Electric cars do not produce emissions, although the power to charge them comes from fossil fuels.

•  Batteries take hours to fully recharge and the car’s range is limited.

•  Electric cars are efficient; some kinetic energy is recovered when the driver uses the brakes. This energy can then be stored in the battery.

•  Electric cars are increasing in popularity as they are cheap to run and more environmentally friendly.

•  Rechargeable hybrid cars offer a greater driving range but also lower emissions.
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Mains-powered products


•  Many household appliances are charged using mains electricity.

•  Products left on stand-by are a concern as they use electricity even when they are not being used.
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Exam tip

Make sure you fully understand the meaning of key words and terminology. This will help you to understand the context of each question and enable you to write a full and detailed answer.
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Battery-powered products


•  Energy is stored in rechargeable batteries in products such as mobile phones, tablets and cordless products.

•  Solar panels absorb energy from the sun, passing the power to a battery as an electrical charge. This can power products such as garden lights.

•  Some products such as torches or television remote controls are powered by non-renewable batteries, which need to be replaced.

•  As batteries contain chemicals, they should be disposed of through recycling schemes.
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Now test yourself


1  Explain how automation used in industry is changing the way products are manufactured.

[4]

2  Describe a situation where a consumer would be entitled to compensation from a service provider.

[2]

3  Biomass fuels are said to be carbon neutral. Explain the meaning of this term.

[2]

4  Describe in detail one advantage and one disadvantage of wind power.

2 × [2]

5  Explain the benefits to the environment of the ‘circular economy’.

[3]
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2 Smart materials, composites and technical textiles

Smart materials

Smart materials react to a change in their environment such as temperature, light pressure or electrical input. Reactions include a change in colour, shape or resistance.

Electroluminescent material


•  Electroluminescent wire (EL wire) is made from a thin copper wire core coated in phosphor powder. It produces a glowing light when exposed to an alternating electric current.

•  Electroluminescent technology is also found in flexible films or thin panels. The light-emitting phosphor is sandwiched between a pair of conductive electrodes and subjected to an AC current to create light. The brightness depends on the voltage applied.

•  EL films are replacing LCD displays because they are flexible, do not generate heat and are more reliable.



Quantum tunnelling composite (QTC)


•  Quantum tunnelling composites are flexible polymers that contain conductive nickel particles that can be either a conductor of electricity or an insulator.

•  The nickel particles make contact with each other and are compressed when force is applied, leading to an increase in conductivity. When the force is removed, the material returns to its original state and becomes an electrical insulator.



Shape memory alloys (SMA)


•  SMAs return to their original shape if heated.

•  Nitinol is a common shape memory alloy made from titanium and nickel.

•  Possible uses include medical applications such as medical fastenings used in bone fractures.



Polymorph


•  Polymorph is a thermoforming polymer supplied in granular form. When heated in water to 62˚C it softens and forms a pliable volume of material that can be moulded and shaped.

•  It solidifies on cooling and can be modelled and shaped.

•  If reheated in water it becomes pliable again.

•  Polymorph is a useful material for model making and prototyping.
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Photochromic pigment


•  Photochromic pigments or dyes change colour in response to changes in light, for example, sunglasses can change colour in response to UV radiation.



Thermochromic pigment


•  Thermochromic pigments or dyes change colour in response to a change in heat and can be engineered to specific heat ranges.

•  Thermochromic dyes can be used in baby bottles to give an indication of the temperature of the milk.
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Micro-encapsulation


•  Micro-encapsulation is a process of applying microscopic capsules to fibres, fabrics, paper and card.

•  The capsules can contain vitamins, therapeutic oils, moisturisers, antiseptics and anti-bacterial chemicals which are released through friction.



Biomimetics


•  Biomimicry is when inspiration for new materials, structures and systems come from the natural world.

•  Fastskin, developed by Speedo, mimics the shark’s sandpaper-like skin by reducing drag in the water. It is used for performance-enhancing swimwear.



Composites

Composites are created when two or more materials are joined together to create a new enhanced material. One material is known as the matrix while the other is the reinforcement.

Carbon-fibre reinforced polymer (CFRP)


•  CFRP consists of woven carbon fibre strands encased in a polymer resin.

•  Carbon fibre strands have a very high tensile strength and the polymer resin is lightweight and rigid. It is often used in sports equipment such as a tennis racquet where strength to weight ratio is important.



Kevlar


•  Kevlar® is a lightweight, flexible and extremely durable aramid fibre that has excellent resistance to heat, corrosion and damage from chemicals and a high tensile strength-to-weight ratio.

•  It is often used in protective clothing such as police body armour, where the fibre is woven in a lattice that provides protection against knife attack.



Glass reinforced plastic (GRP)


•  GRP is a composite of glass fibres and a polyester resin. Glass fibres create rigidity and the resin makes GRP tough and lightweight.

•  GRP is difficult to recycle because the process of combining the glass fibres and resin cannot be reversed.

•  GRP is used in surfboards, canoes and car bodywork.



Technical textiles

Technical textiles are engineered with specific performance characteristics that suit a particular purpose or function.

Interactive textiles


•  Interactive textiles or integrated textiles are when electronic devices and circuits are integrated or embedded into textile fabric and clothing to interact and communicate with the wearer.

•  Conductive fibres and threads developed from carbon, steel and silver can be woven into textile fabrics and made into clothing or conductive threads can be sewn into a product to connect a circuit.
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Microfibres


•  Microfibres are extremely fine lightweight synthetic fibres, usually polyester or nylon, that are significantly finer than a human hair.

•  Useful properties include excellent strength-to-weight ratio, water-resistance and breathability.

•  Fabrics made from microfibres are used throughout the textiles industry from clothing to cleaning cloths.



Phase-changing materials


•  Phase-changing materials (PCMs) change from one state to another with the ability to absorb, store and release heat over a small temperature range by changing from liquid to solid and vice versa.

•  PCMs absorb energy during the heating process (returning to liquid) and release energy to the environment during cooling (returning to solid).

•  In cold weather clothing, PCMs encapsulated into the fabric allow body heat to be stored and then released when needed.



Breathable fabrics


•  Gore-Tex® consists of three or more fabrics laminated together with the breathable hydrophilic membrane in the middle.

•  Warm air and tiny droplets of moisture from perspiration can permeate out though the breathable membrane but moisture from larger rain droplets and wind cannot enter.

•  When used in high performance clothing and footwear, Gore-Tex helps to regulate body temperature by maintaining a constant temperature by allowing the flow of air in and out.
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Typical mistake

Technical fabrics such as Gore-Tex which appear ‘breathable’ should not be confused with other ‘absorbent’ fabrics such as cotton that simply soak up moisture and are technically not breathable.
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Sun-protective clothing


•  Clothes made from tightly woven or knitted fabrics are the most effective at blocking out the sun’s harmful UV rays because the gaps between the yarns are significantly reduced, which prevents the rays from getting through.

•  Elastane fibres used in fabric reduce the spaces even further, making these types of fabric even more protective.



Nomex


•  Nomex® is an aramid synthetic fibre primarily used where resistance to heat and flames is essential, typically in firefighters’ uniforms and racing car drivers’ clothing

•  It is extremely strong and can withstand the most extreme conditions.



Geotextiles


•  Geotextiles are woven or bonded, synthetic or natural, permeable fabrics made originally for use with soil with the ability to filter, separate, protect and drain.

•  Geotextiles are used in civil engineering, road and building construction and maintenance, for example, control of coastal erosion and drainage and control of embankments on the sides of roads.
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Exam tip

Be able to fully explain how smart, composite and technical textiles are used in the design and manufacture of products. Know their specific properties and what makes each suitable for a particular purpose in a product.
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Rhovyl


•  Rhovyl® is a non-flammable, synthetic fibre which is crease resistant, has good thermal and acoustic properties, is anti-bacterial and comfortable to wear.

•  The construction of the fibre gives the fabric the ability to wick away moisture such as perspiration though the fabric. It also dries quickly and does not retain odours, making it ideal for socks.
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Now test yourself


1  Describe two advantages of using electroluminescent material in a product such as a lamp.

[2]

2  Explain why carbon fibre reinforced polymer (CFRP) is a suitable material for a racing bike.

[3]

3  Explain how micro-encapsulation is beneficial to a patient, when used in medical dressings.

[2]

4  Discuss the use of polymorph as a modelling medium for product designers.

[4]

5  Describe two reasons why the aramid fibre Nomex is used in protective clothing.

2 × [2]
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3 Electronic systems and programmable components


•  Electronic systems are used to provide functionality to products and processes.

•  Electronic systems can be broken down into subsystems, which can be classified as inputs, processes or outputs.

•  A system (or block) diagram shows how the subsystems are connected and the signals flow between them.

•  Signals can be digital or analogue.
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Electronic control systems

Process subsystems


•  The process subsystem receives signals from the inputs and responds in a specific way to control the outputs, depending on the needs of the product.

•  Process subsystems can be made from semiconductor devices such as a microcontroller, microprocessor or computer.

•  A microcontroller is a miniaturised computer which is programmed to perform a specific task.

•  A microcontroller is an example of an integrated circuit (IC). An IC is a miniaturised, highly complex circuit in a single component.





	Table 3.1 Process devices




	Process devices can perform functions such as:
	Example application



	Counting
	Sports scoreboard, digital clock, pedometer



	Switching
	Night light, electric kettle, automatic door



	Timing
	Security light, burglar alarm, cooking timer




Inputs


•  Inputs consist of sensors, which can monitor and measure a range of physical quantities.

•  A sensor produces an electrical signal which can be digital or analogue.

•  A digital sensor detects a yes/no situation, such as ‘is the button pressed?’

•  A switch is a digital sensor. Many types of switches are available.

•  An analogue sensor can measure how big a quantity is, such as ‘how bright is the light?’ or ‘what is the temperature?’



Light-dependent resistor (LDR)


•  An LDR is an analogue sensor used to sense light.

•  Its resistance falls as light level increases.

•  LDRs are used in streetlamps, night lights, digital clocks (to control display brightness) and CCTV cameras (to switch to night vision mode).
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Typical mistake

Confusing digital and analogue sensors and signals is a common error. Make sure you know which sensor belongs to which category.
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Thermistor


•  A thermistor is an analogue sensor used to sense temperature.

•  There are two types of thermistor:




    •  negative temperature coefficient (NTC) type: resistance falls as temperature increases

    •  positive temperature coefficient (PTC) type: resistance rises as temperature increases.




•  Examples where thermistors are used include ovens, room thermostats, electric heaters and car engines.
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Outputs


•  An output subsystem converts an electrical signal into a desired function.

•  A buzzer produces a sound output. Buzzers are useful for providing feedback that a user has pressed a button. They are found in many products including burglar alarms, microwave ovens, dishwashers and kitchen timers.

•  A light-emitting diode (LED) produces a light output. They are available in a range of colours, sizes and shapes and can be used as an indicator, for example, as a ‘power on’ light in a product, or as a source of illumination, for example, in a torch.

•  A resistor must be used with an LED to limit the current flowing, or the LED will burn out.
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Typical mistake

Incorrectly describing how the resistance of LDRs and thermistors (NTC and PTC types) changes with light and temperature.
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Feedback in control systems


•  Feedback in a system is when a signal from the output is taken and fed back into the input of the process subsystem.

•  Feedback allows a microcontroller to monitor the effect of the changes it makes to its output devices in order to achieve precise control over a system.

•  An example of feedback is in an electric oven control system.
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Exam tip

Questions may ask you to identify suitable input/output devices for a particular application, or to classify devices into digital and analogue types. You may be asked to complete a system diagram for a given application, so practise drawing system diagrams for several familiar products, including systems with feedback.
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Typical mistake

Forgetting to use a resistor with an LED.
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Programmable systems

Microcontrollers


•  A programmed microcontroller is embedded into a product to provide functionality and to enhance performance.

•  Microcontrollers can be reprogrammed, which is useful during product development or for product upgrades.

•  Microcontrollers are found in products including toasters, TVs, microwave ovens, hi-fi systems and cars.

•  Microcontrollers can be interfaced with a wide range of digital and analogue input and output devices.

•  Some output devices require a driver to boost the output signal from the microcontroller.

•  A programmable interface controller (PIC) is a popular type of microcontroller. PICs are used in many GCSE projects.



Flowchart programs


•  A microcontroller program is a set of instructions which tells the microcontroller what to do.

•  When a program is run, the microcontroller executes the instructions at extremely high speed.

•  A flowchart is a graphical way of showing a program.

•  Standard symbols are used in flowchart programs.



Examples of flowchart commands include:


•  input/output commands: ‘Read the temperature sensor’, ‘Turn on LED’, ‘Turn off buzzer’

•  process commands: ‘Wait 2 seconds’, ‘Add 1 to the value of variable A’

•  decision commands: ‘Has temperature dropped below 5°C?’, ‘Is the button pressed?’, ‘Is A>45?’.
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Exam tip

Questions on programmable devices may require you to draw (or to complete) a flowchart program, so learn the flowchart symbols and practise drawing flowcharts for the control of familiar
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Subroutines


•  Subroutines (also called ‘macros’) can be used to help simplify the structure of a complex program.

•  A subroutine is a set of program instructions that performs a specific task, for example, ‘flash an LED five times’, or ‘measure how long a user holds a button pressed’.

•  Subroutines are called from the main program using a Call command.

•  A Return command at the end of the subroutine returns the flow back to the main program.
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1  Name and draw the circuit symbols for two input sensing components.


2  Describe the difference between a digital and an analogue input signal.


3  Explain what is meant by ‘embedding a microcontroller in a product’.


4  Draw a system diagram for a bicycle theft alarm, using a microcontroller as the process subsystem. Explain how the sensor(s) you have chosen work in this application.


5  Draw a flowchart program, using standard symbols, for a security light which turns on for 30 seconds if movement is detected.
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4 Mechanical components and devices

Types of motion



•  rotary motion – for example, wheels and electric motors

•  linear motion – for example, cars and conveyor belts

•  oscillating motion – for example, an electric toothbrush head or a pendulum

•  reciprocating motion – example, a needle on a sewing machine or a jigsaw blade.
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•  Rotational speed is often measured in ‘revolutions per minute (rpm)’ or, sometimes, ‘revolutions per second’. To convert revolutions per second into rpm, multiply by 60.

•  Speed is measured in various units, and you should to look carefully at the units given in an exam question. Typical units are metres per second (ms–1), kilometres per hour (km h–1) or millimetres per second (mm s–1).

•  To convert mm s–1 into ms–1, divide by 1000.
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Mechanical systems


•  Mechanical systems can produce different types of movement.

•  Mechanical systems can change the magnitude (size) and direction of forces and movement.

•  A mechanical system will take an input force (or motion) and process it to produce an output force (or motion).

•  A force is a push, a pull or a twist.

•  A simple mechanism trades-off forces against distances moved. If one increases, the other must decrease.
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Mechanical components

Levers


•  A lever is a rigid bar that pivots on a fulcrum. The input force is called the effort, and the output force is called the load.

•  The lever arm length is the distance between the force and the fulcrum.

•  If the input arm length is larger than the output arm length, the lever will increase the force applied, but reduce the distance moved by the force. In other words, the load will be larger than the effort.

•  The lever arm length is in inverse proportion to the force. If the output arm is half as long as the input arm, the output force will be twice as big as the input force.
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Linkages


•  A linkage is used to direct forces and movement to where they are needed.

•  A simple pulley changes the direction of motion of a cord.

•  A reverse motion linkage will reverse the direction of input motion.

•  A bell crank will transfer motion around a corner.

•  A peg and slot converts rotary motion into oscillating motion.

•  A crank and slider converts rotary motion into reciprocating motion.
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Cams


•  A cam and follower converts rotary motion into reciprocating motion.

•  A snail cam causes the follower to steadily rise, followed by a sudden drop.

•  A pear-shaped cam creates a sudden rise and fall followed by a long period where the follower does not move.

•  The eccentric cam creates an even rise and fall motion throughout its rotation.

•  Cams are used in toys, machinery and engines.
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Gears


•  Gear systems transfer rotary motion.

•  A simple gear train consists of two spur gears, which are wheels which interlock with teeth around their edge.

•  The input gear is called the driver gear. The output gear is called the driven gear.

•  If the driver is the smaller gear, it is sometimes called a pinion.

•  The two gears will rotate in opposite directions.

•  The smaller gear will rotate faster than the larger gear.

•  The number of teeth on the gear is in inverse proportion to the speed it rotates. A gear with twice as many teeth will rotate at half the speed.


•  Gear systems are used in cordless drills, clocks, winches and cars.
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Belt drives


•  A pulley and belt drive transfers rotary motion, like a gear system.

•  The input and output pulleys can be separated by a large distance by using a long belt.

•  The smaller pulley will rotate faster than the larger pulley.

•  The input and output pulleys rotate in the same direction.

•  Belt drives are used in washing machines, workshop bench drills and car engines.
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Rack and pinion


•  A rack and pinion converts rotary motion into linear motion.

•  Examples of uses of rack and pinion mechanisms are stairlifts and sliding doors.
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1  Identify the four types of motion, giving an example for each type.


2  A wheel rotates at 300 rpm. Calculate the number of revolutions it will make in 10 s.


3  A robot travels forwards at a speed of 0.8 ms-1. Calculate the time taken for it to travel 5 m.


4  Draw a diagram of a lever which will double the size of an applied effort force. Label the effort, load and fulcrum.


5  Draw labelled sketches of the following mechanisms and identify the conversion of motion that takes place in each one:




    (a)  crank and slider

    (b)  rack and pinion

    (c)  bell crank.





6  Give two functional similarities and two functional differences between a simple gear train and a belt and pulley drive system.
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5 Materials and their working properties

Papers and boards

Categorising paper and boards


•  Paper and board is available in standard sized sheets (see Figure 5.1).

•  Each sheet size is twice the size of the one before, for example, A3 is twice the size of A4.

•  If we fold a sheet of paper in half it then becomes the next size below. For example, an A1 sheet folded in half becomes A2 size.

•  The thickness of paper is known as its ‘weight’.

•  Weight is measured in grams per square metre (g/m2 or gsm).

•  A weight greater than 170 gsm is classified as a board rather than a paper.

•  Boards are usually classified by thickness as well as by weight.

•  The thickness of board is measured in microns (one-thousandth of a millimetre).



Paper


[image: ]




	Table 5.1 Common paper types



	Paper type
	Properties
	Uses



	Layout paper
	Smooth surface



	Sketching and developing design ideas



	Tracing paper
	Thin and very transparent



	Making copies of drawings and fine details



	Copier paper
	Smooth surface

	Printing, photocopying and general office purposes



	Cartridge paper
	Available in different weights between 80–140 gsm



	Sketching, drawing and painting




Virgin fibre paper


•  Paper and card are made from wood fibres called cellulose.

•  Paper made from ‘new’ wood fibres is called virgin fibre paper.

•  Chemicals are used to break down or ‘pulp’ the fibres.

•  Further chemicals can be added to bleach or colour the paper and give it a special texture.



Recycled paper


•  Recycled paper is made by soaking waste paper to separate the fibres back into pulp.

•  The pulp is refined to remove unwanted contaminants such as staples and plastic.

•  Each time paper is recycled the fibres get shorter and weaker.

•  Most recycled paper is a mixture of virgin pulp and pulp from recycled paper.

•  The higher the proportion of recycled pulp, the lower the quality of paper produced.





	Table 5.2 Composition and uses of recycled paper



	Virgin pulp
	Pulp from recycled fibres
	Products and uses



	85% to 100% (approx.)
	0% to 15% (approx.)
	High-quality printing and graphic paper, publication paper



	70% to 85% (approx.)
	15% to 30% (approx.)
	Household and sanitary applications (e.g. toilet paper, kitchen roll)



	50% to 70% (approx.)
	30% to 50% (approx.)
	Newspaper



	20% to 50% (approx.)
	50% to 80% (approx.)
	Paper and cardboard packaging




Card and carboard



	Table 5.3 Card and cardboard



	Board type
	Properties
	Uses



	Card
	Around 180 to 300 gsm in weight


	Greetings cards, paperback book covers and simple models



	Cardboard
	Around 300 microns upwards in thickness

	Packaging, e.g. cereal boxes, tissue boxes, sandwich packets




	Folding boxboard
	Similar in thickness to cardboard but more rigid and lightweight


	Packaging for products such as frozen foods, medicines and beauty products



	Corrugated cardboard
	A strong but lightweight type of card


	Used for packaging fragile or delicate items that need protection during transportation




	Board sheets
	Mounting board is a rigid type of card around 1.4 mm thickness (1400 microns)

	Picture framing mounts and architectural modelling




Laminating



•  Coating surfaces during the paper-making process to reduce absorbency, give clearer printing and increase strength.

•  Applying a thin film of clear plastic to one or both sides of paper or thin card. Examples include menus, posters, signs, identity badges. It improves strength and resistance, waterproofs the document, improves the appearance and increases the lifespan of the printed document.




Natural and manufactured timber


•  Timber is recyclable, reusable and renewable.

•  Timbers are readily available as planks, boards, strips, dowels, mouldings and square sections.
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Natural timber

Hardwoods


•  Hardwoods come from deciduous trees. Most deciduous trees lose their leaves in autumn. Deciduous trees take a long time to mature.

•  Hardwoods generally have a close grain structure. This usually makes them harder and stronger than softwoods.

•  They can be sanded to a finer, smoother finish.

•  Hardwoods are generally more expensive than softwoods.



Softwoods


•  Softwoods come from coniferous trees, also known as evergreens.

•  Coniferous trees are quick growing and take around ten years to reach maturity.

•  Most softwoods have an open grain and are generally less dense and not as strong as hardwoods.





	Table 5.4 Examples of common hard and softwoods



	Type
	Properties
	Uses



	Hardwoods

	Hardwearing, heavy, attractive grain and smooth finish
	Furniture, children’s toys and outdoor applications



	Softwoods

	Inexpensive, easy to cut, shape and smooth
	Floorboards and roof trusses




Manufactured boards


•  Manufactured boards fall into two categories: laminated boards and compressed boards.

•  Laminated boards are produced by gluing large sheets or veneers together.

•  Compressed boards are manufactured by gluing particles, chips or flakes together under pressure. They are often covered with thin polymer laminate.

•  Manufactured boards are available in large sheets. They are less expensive than natural timbers.





	Table 5.5 Examples of manufactured boards



	 
	Properties
	Uses



	Laminated boards

	Strong and look like ‘real’ wood
	Shelving, workbenches and worktops



	Compressed boards

	Smooth surface, can be coated with plastic laminate, easy to cut and shape and no grain
	Kitchen worktops, cupboards and bedroom furniture




Finishes


•  Finishes help protect timber from damage and enhance its appearance.

•  Wood stains change the colour of the timber but don’t add protection.

•  Paint helps protect wood from the weather.

•  Varnish is a clear coating that gives protection against weather and enhances the appearance.

•  Oils such as Danish oil and teak oil give timber an improved appearance and add a low level of protection.

•  Wood preservatives used on outdoor products protect from weather and help prevent decay.

•  Manufactured boards can be varnished, stained and painted but a coating must first be applied to seal the porous surface of the board.



Ferrous and non-ferrous metals


•  Metal is a naturally occurring material mined from the ground in the form of ore.

•  The raw metal is extracted from the ore by crushing, smelting or heating.

•  Metals are available in a variety of stock forms such as sheet, rod, bar, tube and angle.
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Ferrous metals


•  Ferrous metals are those that contain iron.

•  Steel is the most widely used form of ferrous metal. It is easy to recycle.

•  Most ferrous metals are magnetic due to the iron content.

•  They are prone to corrosion when exposed to moisture and oxygen.

•  The properties of ferrous metals, such as hardness and malleability, are directly related to their carbon content – the more carbon, the harder and less malleable the steel becomes.





	Table 5.6 Examples of ferrous metals



	 
	Properties
	Uses



	Mild steel
	Good tensile strength

	Rolled steel joists (RSJs), car body panels and office furniture



	Medium-carbon steel
	High strength, but less malleable
	Gardening tools such as spades and trowels



	High-carbon steel
	Very high strength but even less malleable
	Cutting tools such as saw blades and drill bits



	Cast iron
	Hard but brittle
	Metalwork vices and cookware




Non-ferrous metals


•  Non-ferrous metals do not contain iron and do not corrode.

•  Most are not magnetic which makes them ideal for use in electronic devices and wiring.

•  After steel, aluminium is the most widely used and recycled metal.

•  Aluminium takes a huge amount of energy to extract and manufacture. It takes around 95 per cent less energy to recycle aluminium than to produce the raw material.





	Table 5.7 Examples of non-ferrous metals



	 
	Properties
	Uses



	Aluminium
	Extremely lightweight, soft and malleable
	Drinks cans, foils, kitchen utensils and aeroplane parts



	Copper
	Good electrical conductivity, good thermal conductivity and corrosion resistance
	Plumbing pipes, electrical wire and roofing



	Lead
	Heavy, soft, highly malleable and ductile
	Fishing and diving weights, roofing and batteries




Alloys


•  Alloys are metals combined with other metals or elements to improve the properties.

•  Alloys can be ferrous or non-ferrous depending on the main pure metal that they contain.
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Finishes


•  Ferrous metals require a finish to be applied to prevent them rusting.

•  Ferrous metals can be painted, plated, galvanised, powder coated or polymer coated.

•  Non-ferrous metals do not rust but will discolour due to oxidisation.

•  Chrome plating, anodising and coating with clear lacquer can be used to finish non-ferrous metals.



Thermoforming and thermosetting polymers


•  Polymers can be coloured, shaped and formed to produce products.

•  They are often used to improve the performance of products and replace more traditional materials.

•  Polymers can be identified by their weight, hardness, elasticity, conductivity/insulation, toughness, strength and mouldability.

•  Most polymers are synthetic polymers and are made from crude oil which is an unsustainable resource. Chemical engineers are looking for reliable alternatives.

•  Natural polymers (known as biopolymers) come from renewable sources such as corn starch.

•  Natural polymers are relatively new and there are far fewer types.

•  Polylactate acid (PLA) is the most common biopolymer; it is used in 3D printers.

•  Polymers are readily available in a number of different stock forms including sheet, film, bar, rod, granules, powder and tube.
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Thermoforming polymers


•  Thermoforming polymers can be softened by heating and moulded into almost any shape.

•  Once softened, or plasticised, they can be shaped and formed using a wide variety of processes such as bending, vacuum forming, moulding and extrusion.

•  Once the desired shape has been achieved the polymer cools and maintains its new shape.

•  Thermoforming polymers can be re-heated, re-shaped and cooled many times with minimal damage to the properties of the polymer.

•  Thermoforming polymers can be recycled.



Thermosetting polymers


•  Thermosetting polymers cannot be reheated or reformed once they have been formed and cooled.

•  Thermosetting polymers make excellent insulators.

•  Thermosetting polymers cannot be recycled.
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Natural, synthetic, blended and mixed fibres, and woven, non-woven and knitted textiles


•  Fibres are very fine hair-like structures that are spun (or twisted) together to make yarns.

•  Yarns are then woven or knitted together to create textile fabrics.

•  Fibres (also known as polymers) have different properties and characteristics that affects what they can be used for.



Natural polymers


•  Natural polymers come from natural sources – plants (cellulosic) and animals (protein).

•  They are sustainable and biodegradable.

•  The sources of natural fibres are:




•  plant polymers – extracted from the stem or seeds of plants, and cellulose-based fibres extracted from, for example, wood pulp

•  insect polymers – extracted from insects

•  animal polymers – fibre from the hair or fleece of animals such as sheep, goats (mohair, cashmere), rabbit (angora), alpaca and camel.
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Manufactured polymers


•  Manufactured or synthetic polymers are artificial fibres derived from oil, coal, minerals or petrochemicals.

•  The fibres (known as monomers) are joined together by polymerisation then spun into yarns before being woven or knitted into fabrics.

•  An advantage of synthetic fibres and yarn is that they can be engineered for specific purposes.

•  Most synthetic polymers are non-biodegradable and from unsustainable sources.





	Table 5.11 Properties and common uses of synthetic polymers



	Fibre
	Properties
	Uses



	Polyester
	Strong when wet and dry, flame resistant, thermoplastic, hard wearing, poor absorbency
	A very versatile fabric used throughout textiles



	Nylon (polyamide)
	Strong and hard wearing, melts as it burns, thermoplastic, good elasticity, poor absorbency
	Clothing, carpets and rugs, seat belts and ropes, tents



	Polypropylene
	Thermoplastic with a low melting point, strong, crease resistant, non-absorbent, resistant to chemicals, hard wearing and durable
	Engineered for specific uses to include carpet backing, sacks, webbing, twine, fishing nets, ropes, some medical and hygiene products, awnings, geotextiles



	Acrylic
	Strong except when wet, thermoplastic, burns slowly then melts, poor absorbency
	Knitwear and some knitted fabrics, fake fur products including toys, upholstery



	Elastane, Lycra®
	Very elastic and stretchy, lightweight, strong and hardwearing
	Clothing, particularly swimwear and sportswear where stretch, comfort and fit is critical



	Aramid fibres
	Engineered for strength and heat resistance, no melting point, five times stronger than nylon, resistant to abrasion, low shrinkage, ease of care
	Flame resistant clothing, protective clothing, accessories, armour, geotextiles, aeronautical industry, ropes and cables, high risk sports equipment




Microfibres


•  Microfibres can be natural or manufactured.

•  They are 60-100 times finer than a human hair.

•  Microfibres can be engineered to create fabrics with specific qualities and functions. For example, lightweight, strong, crease resistant and soft.

•  Products made from microfibres include sportswear, underwear and high-performance garments.
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Blending and mixing fibres



•  to improve the quality to make it stronger or easier to care for

•  to improve the appearance

•  to improve functionality, for example, to improve the handle of the fabric so that it drapes better

•  to improve the cost of the yarn or fabric, for example, by blending an inexpensive yarn with an expensive yarn.



Mixed fibres


•  Fibres are mixed by adding yarns of different fibres together during the production of the fabric.

•  One yarn is used for the warp yarns that run along the length of the fabric and a different one for the weft yarns that are combined with the warp yarns across the fabric.
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Blended fibres


•  Blended fibres are two or more different fibres spun together to make a single yarn.

•  The most common blend is polyester cotton.

•  Cotton is absorbent, soft and strong.

•  Polyester is hardwearing, quick drying and elastic.

•  The combined properties create a versatile fabric which is comfortable and cool to wear like cotton, but with the added features of being quick drying and crease resistant.



Woven, non-woven and knitted textiles

Woven fabrics


•  Woven fabrics consist of warp and weft yarns in an under/over configuration.

•  Different weaves create fabrics with different textures, patterns and strength.

•  Plain weave is the most basic weave but is stable, strong and gives an even surface on both sides of the fabric.

•  Twill weave (used for denim jeans) gives a diagonal pattern and adds strength to the cotton fabric.
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Non-woven


•  Non-woven textiles are constructed from a web of fibres, held together by adhesive or stitching.

•  Most non-woven fabrics are not considered strong enough to be made into garments but are often used to reinforce woven and knitted fabrics.

•  Non-woven fabrics are used to make disposable products, such as surgical gowns and masks, cleaning wipes and protective suits for crime scene investigators.



Knitted fabrics


•  Knitted fabrics are made by creating a series of loops in the yarns that interlock together.

•  Knitted fabric is easy to stretch and warmer to wear as the loops trap body heat.
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•  Think about what material was used for the parts of the product.

•  What properties does the material have?
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1  Describe three reasons for laminating paper and card products.


2  Explain why hardwood is considered by some to be an unsustainable material.


3  Give one advantage of thermoforming polymers compared to thermosetting polymers.


4  Give one example of how a metal can be tested to find out if it is ferrous or non-ferrous.


5  What is a microfibre?
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1  (a)  New products are designed and developed as a result of market pull and technology push. Explain how market pull and technology push has impacted on the design and development of fitness trackers.





    (b)  Describe how studying a product’s life cycle benefits a manufacturer.





2  Sustainability and environmental issues are important considerations when developing new products.




    (a)  Define the term ‘sustainable design’.


    (b)  Explain how the circular economy benefits the environment.





3  Smart materials can change their properties or appearance in response to external stimuli.




    (a)  State what makes shape memory alloys (SMAs) different to other metals.


    (b)  Complete the following sentence: Nitinol is a one of the most common shape memory alloys made up of …………… and ……………


    (c)  Describe an example where thermochromic pigment used in a named product could benefit the user.





4  Electronic devices and circuits can be embedded into textile fabrics for clothing.




    (a)  Heart rate monitors can be embedded into fabric. Describe how this would benefit a user with a heart condition.


    (b)  Micro-encapsulation is often used in medical textiles. Give two examples of its use in medicine and explain the benefit to the patient.


    (c)  Explain why Rhovyl® is used in sportswear.





5  A coffee machine uses a negative temperature coefficient (NTC) thermistor to sense the temperature of the hot water and a microcontroller to control the function of the machine.




    (a)  Complete this sentence: As the temperature of a NTC thermistor rises, its resistance …………………


    (b)  Sensors can be classified into analogue or digital types. Explain why a thermistor is an analogue sensor.


    (c)  Describe two advantages to a designer of using a microcontroller in a product.


    (d)  The temperature control system for the coffee machine uses feedback.




          (i)   Explain what is meant by feedback in a control system.


          (ii)  Give one advantage of using feedback in a control system.





6  A toy car is propelled by an electric motor. The motor produces rotary motion at high speed.




    (a)  Apart from rotary motion, identify two other types of motion.


    (b)  Draw a labelled diagram to show a mechanical system which would reduce the rotary speed produced by the motor.


    (c)  Describe two functional reasons for using levers in mechanical systems.





7  Describe what happens to the fibres in paper each time it is recycled and how this affects the recycled paper’s properties and uses.


8  Explain the process of laminating and why this is done to certain paper and card products.
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lable 5.7 Examples of thermoforming and thermosetting polymers

Polypropylene
(PP)

Type of polymer
Thermoforming

Properties

Semi-rigid, good chemical
resistance, tough, good fatigue
resistance, integral hinge

property, good heat resistance

Uses

Buckets, bowls, crates, toys,
bottle caps, car bumpers and jug
kettles

Polythene [PE)

Thermoforming

Tough, flexible, easily moulded

Carrier bags, bin liners, washing
up bottles

Polystyrene
(PS)

Thermoforming

Lightweight, food safe, good
impact strength

Disposable plastic cutlery, CD
cases, smoke detector housings
and plastic model assembly kits

Polyvinyl Thermoforming | Rigid, dense, good tensile Water pipes, window frames,
chloride (PVC) strength raincoats and flooring
Melamine Thermosetting | Tasteless, odourless, shrink Household crockery iters [glasses,

formaldehyde
(MF)

resistant, chemical resistant,
heat resistant, hard, scratch and
impact resistant

cups, bowls and plates), toilet seats
and pan knobs and handles

Urea
formaldehyde
(UF)

Thermosetting

Hardwearing, durable, non-
conductor of electricity, lower
water absorption, excellent heat
resistance

Electrical fittings, resin used in
wood adhesives

Polyester resin
(PR)

Thermosetting

Rigid, brittle, good electrical
insulator, good chemical
resistance

Moulds for casting, boat hulls and
car body shells and panels

Epoxy resin

(ER)

Rigid, brittle, thermosetting,
good electrical insulator, good
chemical resistance

Moulds for casting, adhesives and
circuit boards
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use included - a detailed response worthy of the two available marks.

Candidate response

(a] As the sweetheart neckline is shaped the interfacing will stabilise
the fabric and prevent the fabric edge from distorting out of shape.

(b) Most fabrics are flexible and have good draping qualities, however4”
this often means it is difficult to achieve a good shape and structure
in some textile products. Piping is a corded component that can be
inserted into the seams of textile products. This adds strength to
seams and helps stabilise the seam. The cord used in the piping
reinforces the shape of the seam. <——

Boning is inserted into a casing which has been stitched onto fabric
wherever support is needed in the intended product. Boning is rigid and
will therefore maintain its shape during use. Corsetry, where a rigid
supportive shape is needed, is a typical example of where boning is used.

Piping stabilises and strengthens seams whereas boning creates a
more rigid structure, however, both improve the structural integrity of
textile products.

Boning is more clearly explained and includes reference to its practical use in
products. The candidate could have included a similar example for piping, for
example, to give more rigidity to the sides of a tote bag.

(b) In responses to evaluate
questions evidence of appraisal
or making a judgement needs to
be clear. There is some evidence
of this within this response. This
answer would gain full marks
within band 2.

The candidate demonstrates good
knowledge of both piping and boning
when used to improve the structural
integrity of textile products and
clearly states a reason why these
methods would be needed.

Reference to pipingis recall of facts
and does not explain how piping
strengthens and reinforces a seam.
Further explanation is needed.

For example, the extra fabric used
in piping and additional stitching
increases the seam's strength. The
cordin the piping is often quite thick
andwould prevent an edge seam
from folding over - helps maintain
ashape.
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lable 9.2 Common non-ferrous metals

Non-ferrous

metal Composition | Properties Common uses

Aluminium | Pure metal | Lightweight, soft, ductile and malleable, a good | Aircraft bodies, high-
conductor of heat and electricity, corrosion end car chassis, cans,
resistant, 640°C melting point cooking pans, bike

frames

Copper Pure metal | Extremely ductile and malleable, an excellent | Plumbing fittings, hot
conductor of heat and electricity, easily water tanks, electrical
soldered and corrosion resistant, 1084°C wire
melting point

Silver Pure metal | Asoft, precious metal that is extremely Often used as jewellery

resistant to corrosion, an excellent conductor
of heat and electricity, 961°C melting point,
expensive
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Ferrous metal | Composition Properties Common uses
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to corrosion, 1200°C melting point, good blocks, manhole
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Mild steel Iron and 0.15%- | Good tensile strength, tough, malleable, poor | Car bodies, nuts,
0.35% carbon resistance to corrosion, 1500°C melting point, | bolts, and screws,
good electrical and thermal conductivity, RSJs and girders
cheap
Medium- Iron and 0.35%- | Good tensile strength, tougher and harder | Gardening tools and
carbon steel | 0.7% carbon than mild steel, poor resistance to corrosion, | springs
1500°C melting point, good electrical and
thermal conductivity
High-carbon | Ironand 0.70- | Hard but also brittle, less tough, malleable | Screwdrivers,
steel 1.4% carbon or ductile than medium-carbon steel, poor | chisels, taps and

resistance to corrosion, 1500°C melting point,
good electrical and thermal conductivity

dies
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lable 5.12 Examples of microfibres

Microfibre Source Properties Uses

Tactel® Manufactured | Hardwearing, quick | Often blended with cotton or linen, used
. drying, crease mainly for underwear and active wear

Polyamide (nylon) resistant

fibre

Tencel® (iyocell Natural Biodegradeable, Shirts, suits, skirts, leggings

Regenerated
cellulose wood fibre

strong, soft,
absorbent, resists
creasing
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lable 7.2 Physical and working properties of paper

Common name

W

characteristics

Uses

inexpensive, rough surface

Layout paper 50 Bright white, smooth, light weight | Sketching and developing design
[thin) so slightly transparentand | ideas. Tracing parts of designs
inexpensive

Copier paper 80 Bright white, smooth, medium Printing and photocopying
weight, widely available

Cartridge paper | 80-140 | Textured surface with creamy Drawing with pencil, crayons,
colour pastels, watercolour paints, inks

and gouache

Bleed proof paper | 80-140 | Bright white, smooth surface, stops | Drawing with marker pens
marker ‘bleed’

Sugar paper 100 Available in wide range of colours, | Mounting and display work
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The candidate has produced a coherent answer demonstrating relevant
knowledge and understanding of how designers can lessen the impact on the
environment when designing and making natural timber-based products such
as the spice rack. |

Candidate response l

Designers should make the design as compact as possible, therefore
using the least amount of material. They should make sure that the
chosen timber is readily available and that it comes from a managet
and sustainable source.

Designers shoutd think about how the spice rack is to be manufactured

and aim to reducé waste. They should aim to use renewable energy
sources during production.

Designers should consider making the spice rack as a ‘flat pack’
product. This will reduce the negative environmental impact of
packaging and transportation.

Designers should consider the type of finish to be applied to the spice
rack. It should be durable to ensure the spice rack lasts as long as
possible and also be water based so it does not harm the environment
when cleaning brushes/spray guns.

The spice rack should be clearly labelled with recycling information to
encourage its environmentally safe disposal at the end of its life.

The candidate has commented on
the method of manufacture and the
need to use power from a renewable
source. They have suggested the use
of the ‘flat pack’ method of assembly
to minimise packaging and to assist
in transportation.

They have included details
regarding the reduction in the
amount of material used and
details of how to source materials
from sustainable sources.

The candidate has discussed the
use of environmentally-friendly

["finishes and the need to encourage

recycling.
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using an op-amp IC
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lable 5.10 Properties and common uses of natural polymers

Fibre |Source |Properties Uses

Cotton | Plant | Absorbent, strong, cool to Clothing, sewing and knitting threads, soft
wear, hard wearing, creases furnishings
easily, smooth, easy to care for,
flammable, can shrink

Linen | Plant | Strong, cool to wear, absorbent, Lightweight summer clothing, soft
hard wearing, creases very easily, | furnishings, table linen
has a natural appearance, handles
well, flammable

Hemp | Plant | Absorbent, non-static, anti- Clothing, carpets and rugs, ropes, mattress
bacterial, naturally lustrous, strong | filling

Jute | Plant | Veryabsorbent, high tensile Bags, sacking, carpets, geo textiles, yarn and
strength, anti-static twine, upholstery, clothing but to a lesser

extent

Silk | Insect | Absorbent, comfortable towear, can | Luxury clothing and lingerie, knitwear, soft
be cool or warm to wear, strong when | furnishings
dry, has a natural sheen, creases

Wool | Animal | Warm, absorbent, low flammability, | Warm outerwear including coats, jackets and
good elasticity, crease resistant | suits, knitwear, soft furnishings including

carpets and blankets
Viscose |Plant/ | Blends wellwith other fibres, Linings, shirts, shorts, coats, jackets and
chemical | breathable, drapes well, other outerwear

excellent colour retention, highly
absorbent, relatively light

Rayon | Plant/ | Comfortable, softto the skin, moderate | Blouses, jackets, sportswear and dresses

chemical | strength and abrasion resistance
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Sigure 3.2 An LDR connected to an analogue input of a microcontroller
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Figure 6.5 A voltage comparator system
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2 microcontroller






OEBPS/images/11-1.gif
1 Granules of 2 Add hot 3 Lift out of
polymorph  water  water when soft

© 9

4 Mould to shape
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Figure 10.2 Life cycle of a polymer product
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Figure 7.2 The chemical pulping process
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Figure 10.12 The blow-moulding process
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Candidate response

To harden the centre punch, you would first clean the metal using
emery cloth and then lay it on the firebricks in the brazing hearth. «— |

Youwould then use the brazing torch to heat up the metal until it was
cherry red.

Then you should quench the metal into cold water while it is still red.
This would harden the punch.

To temper the centre punch, you would again clean it with emery cloth
and lay it onto the fire bricks in the brazing hearth.

Youwould then heat the centre punch until it changes to a dark straw
colour and leave it to cool.

The candidate has produced a full
answer demonstrating relevant
|_knowledge and understanding of
the processes of hardening and
tempering. The answer is logically
sequenced and contains all the
correct technical terminology.
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lable 5.8 Examples of alloys

Elements Properties Uses
Stainless steel | Iron Extremely hard Surgical equipment
(ferrous alloy) | Carbon Corrosion resistant Cutlery

Manganese Bright shiny finish

Chromium
Brass Copper Easy to cast Locks, gears, bearings
(non-ferrous  Zinc Lustrous appearance Ammunition casings
alloy) Lead Low coefficient of friction Musical instruments
Bronze Copper Good resistance to corrosion | Coins
(non-ferrous Tin and fatigue Ship propellers

alloy)

Good electrical conductivity
High elasticity

Submerged bearings
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Figure 3.7 A flowchart program using two subroutines.
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Figure 8.18 The process of steam bending
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Figure 8.3 Life cycle of a wooden product
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Figure 8.17 The process of laminating
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Figure 8.15 Common screw heads
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Figure 9.15 Centre lathe
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Candidate response

Statemen Toy Aor Toy B
The material used in this toy is chemical free. | Toy B

The material used in this toy comes froma | Toy A
finite source.

(b) The wood used to make toy B is biodegradable, unlike the plastic
in toy A. This means less of an environmental impact if it ends
up in landfill as it will eventually decompose. Wood is also more
{ong-asting than plasticw._

Each environmental advantage of wood needs to be fully discussed, including a
comparison to plastic.

The first advantage is fully discussed and explained. The second advantage

is correct but the fact has not been elaborated on. To gain the extra mark the
candidate could have referred to plastic splitting more easily so the toy will

not Last as long and is likely to be thrown away into landfill much sooner than a
wooden toy. Recycling the plastic could be an issue. Alternatively, wooden toys last
longer and can be passed on through generations, nlike plastic toys, meaning
less demand on new materials. Better in the long-term for the environment.

One mark for each correct
response, in this case both
answers are correct.
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Candidate response

Ayoghurt pot mould is placed on the table of the vacuum-forming
machine.

The platen is then lowered into the machine and a sheet of
thermoforming polymer is clamped over the mould. The
thermoforming polymer is then heated until it becomes soft.

The platen is then raised and the vacuum switched on.

The thermoforming polymer is then sucked around the mould, the
heat is switched off and the sheet is allowed to cool.

-

-~

The candidate has produced a good
answer worthy of five marks. It
demonstrates relevant knowledge

— and a sound understanding of the
processes of vacuum forming.

The answer is logically sequenced
and contains most of the correct
technical terminology.

The candidate could have
improved the answer by adding

L details of removing the mould
from the vacuum-forming
machine and by giving details
of how it would be trimmed and
finiehad
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lable 7.3 Common alloys

Alloy

Stainless steel -
ferrous alloy

Composition

Alloy of steel also
including chromium
18%), nickel (8%) and
magnesium (8%)

Properties

Hard and tough, excellent
resistance to corrosion, 1510°C
melting point, good electrical
and thermal conductivity

Com|

uses

Sinks, cutlery, surgical
equipment, homewares

High-speed steel -
ferrous alloy

A medium-carbon
alloy that also contains
tungsten, chromium
and vanadium

Very hard, resistant to friction,
can only be sharpened by
grinding, 1540°C melting point,
good electrical and thermal
conductivity

Lathe cutting tools,
drills, milling cutters

High-tensile steel -
ferrous alloy

Alow-carbon steel that
also contains chromium
and molybdenum

Asteelwith a very high yield
strength, 1540°C melting point

Used to reinforce
concrete

Brass - non-
ferrous alloy

Alloy of copper (65%)
and zinc (35%)

Strong and ductile, casts well,
corrosion resistant, 930°C
melting point, conductor of heat
and electricity

Castings, forgings,
taps, wood screws

Bronze - non-
ferrous alloy

Copper 80-90%, tin,
aluminium, phosphorous
and/or nickelin varying
amounts

Reddish-yellow in colour,
harder than brass, corrosion
resistant, 1200°C-1600°C
melting point

Castings, bearings and
gears

Pewter - non-
ferrous alloy

Tin 85-90%, antinomy,
copper

Malleable with a low melting
point [170°C-230°C], easy to
work

Castings, beaten
metalwork

Duralumin - non-
ferrous alloy

Alloy of aluminium
190%), copper (4%,
magnesium [1%),
manganese (0.5-1%)

Strong, soft and malleable,
excellent corrosion resistance,
lightweight, 660°C melting point,
conductor of heat and electricity

Aircraft structure and
fixings, suspension
applications, fuel tanks
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Figure 5.3 Metal stock forms
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Figure 6.10 A compound gear train
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