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Introduction to AQA GCSE Design and Technology



This book has been written to help you fully understand the wide range of technical content and approaches to designing that you need for GCSE Design and Technology.


The AQA GCSE requires you to develop skills and understanding in both designing and making.


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


Making involves working with a range of materials, some of which may be new to you, but others you will have already used before starting the course. Only by gaining experience working with materials first-hand can you start to understand their properties, and the ways in which those materials can be used for a variety of purposes.


The course is divided into three main parts:





1  Core technical principles



2  Specialist technical principles



3  Designing and making principles.





All of these parts will be assessed in the final examination, which is a two-hour written paper. This is worth 50 per cent of your final marks.


The other 50 per cent is for the non-examined assessment (NEA) project you will complete in the final year of your course.


The written paper is covered in Section 4 of this book and the NEA project in Section 5.





How to use this book



Section 1 Core technical principles


This section covers all the basic information you need across a wide range of materials and technologies. You need to understand all of this content, even if you are working in a single material area in the specialist technical principles section which follows. However, you will not be expected to have an in-depth knowledge of particular materials as this is the purpose of Section 2.


The content in this section provides a sound preparation for dealing with technical issues and understanding which materials should be selected when designing products or systems.


There are a number of exercises and activities throughout this section; these will help ensure that you fully understand what you have read.


Section 2 Specialist technical principles


In this section greater depth in your technical understanding is expected. However, you are not expected to know everything about everything. Instead you will gain your understanding by learning about a restricted range of materials selected from a choice of timber, metals, polymers, textiles and paper/board. You may learn about some aspects of the technical content using a range of materials, but with other aspects only use a single material. If you are working with mechanical and electronic systems you will still need to study at least one other material area as systems components are constructed from other materials.


Section 3 Designing and making principles


You will have two opportunities to demonstrate your understanding of this section: in the examination paper, and through your non-examined assessment (NEA) project. The NEA project, which is carried out in the last year of the course, will be based on a selected theme set by the examination board. You will be expected to produce a prototype and a design portfolio. Section 3 is intended to provide you with the design ability to select tools and equipment for manufacture, which you will need to produce a successful outcome for your project. You will also need to be able to discuss issues that have environmental, social or economic implications, or describe the work of established designers or companies with a reputation for good design.


Sections 4 and 5: preparing for assessment


These sections of the textbook deal with the NEA project and the written examination in more detail. They provide a useful guide and helpful advice on how to set about preparing and completing your project, and revising and answering the written paper in an organised and efficient manner.


Finally, the book includes a glossary of words or phrases and abbreviations that you are not familiar with. When you find a term with which you are unfamiliar, use the glossary to help you learn and improve your understanding.



Features to help you



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


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


Where this icon appears, the content applies science skills and knowledge to design and technology.
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Key words


All important terms are defined.
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Practice questions


These questions appear at the end of each section and are designed to help you prepare for the written exam.
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Key points


Summaries of key points appear at the end of each topic to help you remember the most important aspects of a topic, and to help you with revision.
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Stretch and challenge


Stretch and challenge activities will help you to develop your understanding further. They may ask you to complete further research on a topic, or to consider more complex or challenging topics.
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Activity


Short activities are included to help you to understand what you have read. Your teacher may ask you to complete these.
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Check your knowledge and understanding


These short questions test your knowledge and understanding of each topic.
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1 Core technical principles
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This section of the book will help you understand that designers need to use up-to-date information and be aware of developments that are happening around the world.


New materials and technologies are being developed all the time, and sometimes designers find new uses for materials that were originally intended for something else. Designers often need to deal with complex technical systems, and using systems thinking can help us to simplify our approach. This section also looks at mechanical devices that have moving parts and a range of materials, some of which you will use when designing and making.


This section includes the following topics:


1.1 New and emerging technologies


1.2 Energy generation and storage


1.3 Developments in new materials


1.4 Systems approach to designing


1.5 Mechanical devices


1.6 Materials and their working properties


At the end of this section you will find practice questions relating to core technical principles.
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1.1 New and emerging technologies
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What will I learn?


In this topic you will learn about:





•  the impact of new and emerging technologies on the design and organisation of the workplace, buildings and the place of work, tools and equipment



•  enterprise based on the development of an effective business innovation



•  the impact of resource consumption on the planet



•  how technology push/market pull affects choice



•  changing job roles due to the emergence of new ways of working driven by technological change



•  changes in fashion and trends in relation to new and emergent technologies



•  respecting people of different faiths and beliefs



•  how products are designed and made to avoid having a negative impact on others



•  the positive and negative impacts new products can have on the environment



•  the contemporary and potential future use of production techniques and systems



•  how the critical evaluation of new and emerging technologies informs design decisions.





[image: ]





Technology is transforming the way we live in many ways, from the way we communicate with one another, to the way we manufacture and use the objects we produce. As new technologies continue to emerge we need to consider how this will affect our world.


Technologies such as self-driving cars, robots that schedule our meetings, solar panel phone screens and 3D printers that can produce all sorts of parts are all being developed, and will impact upon people’s lives in a variety of ways.


Industry


Industry and the way we manufacture is constantly changing and evolving. The Industrial Revolution in the late 1700s was due to the development of the emerging technology of the time: steam power. It brought significant changes to the way things were made and saw momentous and influential changes and innovation in manufacturing equipment. Prior to the Industrial Revolution, products were generally made in small workshops or at home, but emerging technology enabled products to be made faster and more economically in factories.


A factory usually consists of buildings housing machinery where workers make goods or operate machines turning materials into products. The first factories only contained a small number of machines and workers. Modern factories tend to be located with access to transportation; they are located close to good road, rail or seaport links in order to get the raw materials in and then transport the goods produced out. The buildings are usually large warehouses, containing manufacturing machinery used for assembly-line production. In some industries the factories are split into areas known as ‘shops’. In car manufacturing, for example, the ‘shops’ generally include:





•  a pressing shop



•  an axle shop



•  a body shop



•  a paint shop



•  a plastics shop



•  a casting shop.
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Figure 1.1.1 The Nissan car plant factory at Washington near Sunderland, UK





The tools and equipment needed in the workplace varies depending upon what is being manufactured. Manufacturers that mass produce items such as drinks cans will use dedicated automated machinery that produces only those items. Certain industries that make products in batches require greater flexibility. To enable them to vary batches they will use more adaptable equipment. Press formers are adaptable because the die that does the cutting can be changed to press different products, such as wristwatch cases, stainless steel pans for cooking, knives and spoons, door handles and coins. Machines that can be controlled by computers, computer numerically controlled (CNC) machines, among others can offer this capability. CNC machines include lathes, milling machines, plasma cutters and water jet cutters. Robot arms can also be programmed to carry out different tasks.


Automation


Repetitive tasks in mechanised assembly lines are now frequently carried out by robots, relieving human operators of these monotonous and often tedious tasks. This has been enabled by the development of computers and processors to control the robots and mechanised areas of factories.
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Figure 1.1.2 An automated production line producing newspapers





Automated systems produce products of a consistent high quality at a low product cost because of the numbers of products they can produce quickly. However, they are very expensive to set up, they require a specialist workforce and if the system breaks down it can be extremely costly. The modern automated manufacturing workplace is designed and organised to make sure that people get the products they want, in the correct numbers and when they want them.


The use of robotics


Robot arms are now extensively used in many industries. They can do many jobs on the production line by being provided with different tools. The tasks that they can perform include welding, spray painting, assembly tasks, pick-and-place tasks, packaging and labelling, as well as product inspection. They perform these tasks with high speed and precision that make the initial costs worthwhile for many industries.
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Figure 1.1.3 Industrial robots putting together car bodies on an assembly line
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ACTIVITY [image: ]


Make a list of the advantages and disadvantages of robots carrying out repetitive tasks in factories.
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STRETCH AND CHALLENGE [image: ]


Explain the benefits and drawbacks of automated systems in factories.
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Enterprise



Enterprise is a skill where individuals or organisations are prepared to show initiative and take risks in order to make things happen. Businesses and entrepreneurs look for business opportunities and gaps in markets in order to undertake new ventures. Innovation involves bringing these new ideas to the market, inventing and developing ideas into products. Entrepreneurs look to come up with new ideas and approaches by thinking creatively. New ideas often result in new products or processes, or improving existing products. Innovation is often made possible by new and emerging technologies that allow products or processes to be developed in a completely new or improved way.




[image: ]


ACTIVITY [image: ]


Make a list of products you think were innovative when they were first sold.
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Crowdfunding is a method of funding a project by raising money from large numbers of people. Instead of getting institutions or a few very wealthy individuals to contribute large amounts of money, it turns this around by using the internet to get lots of people to contribute small amounts of money. The project that requires finance is described on a website that is run by a crowdfunding organisation which uses different communication methods including social media to raise the money required. There are different types of crowdfunding: donations – where people give money because they believe in the cause, equity – where money buys shares in the business, and debt – where the money is loaned and then paid back with interest added. This method of funding is made possible by the development of the internet and social media.


Looking to the future, virtual marketing and retailing are areas where enterprising businesses are showing interest. Virtual marketing uses marketing techniques in which social networks and websites are used to increase brand awareness. It does this by getting websites or users to pass on marketing messages to other websites and users; this hugely increases the messages’ visibility and effect. The retail sector is facing the challenge of adapting to trends such as showrooming, where shoppers visit shops to examine a product before buying it online at a lower price, which means consumers go elsewhere to make a purchase. Retailers are therefore looking to give shoppers a whole retail world to explore in virtual reality by using developing technologies. Recently, Tesco used the walls of a subway station in Seoul in Korea to display more than 500 of its most popular products with barcodes which customers could scan using an app on their smartphone; the products were then delivered directly to customers’ homes.


A co-operative is a business owned and self-managed by its workers. Worker-owners work in the business, govern it and manage it; they set production schedules and determine working conditions. Generally, worker co-operatives have higher productivity than conventional companies although the difference is usually quite small. In most worker co-operatives, all shares are held by the workforce with no outside or consumer owners. Tech co-operatives have grown out of new technologies. These worker-owned co-operatives provide technical support and consulting to other companies with communications and computer technology goods and services.
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Figure 1.1.4 Workers at a Fair trade banana plantation wash and package banana bunches.





Fair trade is a movement that was created to help producers in developing countries (relatively poor countries with low levels of industrial production). Its aim is to achieve fair and better trading conditions and opportunities that promote sustainability. It supports the payment of higher prices to exporters in developing countries to improve social and environmental standards. It focuses primarily on products which are typically exported from developing countries to developed countries. The use of social media and its accessibility has enabled organisations to connect with people directly, and has encouraged like-minded people to support the Fair trade movement.
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KEY WORDS [image: ]


Co-operative a business owned, governed and self-managed by its workers.


Fair trade a movement that aims to achieve fair and better trading conditions and opportunities that promote sustainability for developing countries.
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STRETCH AND CHALLENGE [image: ]


Explain the benefits and drawbacks of worker co-operatives.
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Sustainability



We are using the Earth’s resources all the time when we manufacture products. We are manufacturing more and more products using resources such as oil, metal ores and timber at an increasingly high rate. Collecting and processing raw materials, converting them into products and then using them consumes huge amounts of energy. Using these resources has an impact on the planet, which we need to minimise for future generations. Sustainability is about meeting our own present-day needs without compromising the needs of future generations. New technologies can be used to help us manufacture products more sustainably.
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Figure 1.1.5 An open cast coal mine. Coal that has been formed over millions of years is a finite resource on a human timescale.





A finite resource is a resource that does not renew itself quickly enough to meet the needs of future generations. Examples are coal, oil and natural gas. Plants and organic materials, with the aid of heat and pressure over millions of years, become coal, oil or natural gas. Minerals and metal ores, for example cassiterite (tin) and chromite (chromium), are also considered finite resources, as once they are completely exhausted there is no natural way to renew them. Hydraulic fracturing, or fracking, is a new technology designed to extract gas and oil from shale rock, but is proving to be a controversial method of extraction because of concerns regarding environmental impact.


Non-finite resources are resources that can replenish quickly enough to meet our needs. Examples include water and plant life, such as trees. There are also common renewable energy resources that we are now using, such as solar, geothermal and wind power. Technological advancements have allowed us to use these renewable resources more effectively and to generate more energy from them, reducing our reliance on finite resources.
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Figure 1.1.6 Solar panels fitted to the tiled roof of a UK home are an example of a non-finite energy source.





Designers need to think about the life cycle of a product. They need to consider the environmental impact of the product from the raw materials required, how long the product will last before it wears out, and its inevitable disposal at the end of its life. There are different ways designers can do this, including:





•  using low-impact materials



•  conserving resources by using recycled materials



•  reducing material usage



•  designing products that use less or no energy when the product is in use



•  ensuring a prolonged lifetime



•  making sure materials and components can be easily recycled and recovered at the end of their lifetime.





These factors all contribute to reducing the ecological footprint of the product.


The effect that a company or organisation has on people and communities is often referred to as its social footprint. Companies have a responsibility to consider human rights and the working conditions of their workforce. Companies with a good social footprint take care of their workers, in terms of health and safety, workforce equality, child labour, and wider social issues that affect communities in their supply chains.
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KEY WORDS [image: ]


Sustainability meeting present-day needs without compromising the needs of future generations.


Ecological footprint the impact of a person or community on the environment; the amount of land needed to supply the natural resources they use.


Social footprint the impact a company or organisation has on people and communities.
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Disposal of waste


At the end of a product’s useful life its disposal has to be taken into consideration. There are a number of ways waste can be dealt with.


Landfill has been the most common method of organised waste disposal, and continues to be so in many places across the world. It simply involves putting waste into the ground and burying it. This poses many problems as it can cause pollution of the local environment, such as contamination of groundwater or soil. Decaying organic waste also generates methane gas – a greenhouse gas which is flammable and can be explosive. Many other problems occur, including the smell coming from sites, effects on local wildlife and noise pollution, which can lead to reduced property prices.


Alternatives to landfill are being developed across the globe.
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Figure 1.1.7 Landfill site in Bogotá, Colombia, South America





Resource recovery is a process that recovers certain disposed materials for specific use. Some materials can be recycled, some composted and some can even be used in energy generation. Waste recycling reduces the use of newly created materials, while composting and energy generation reduces landfill and gives further use to materials. Energy generation is often referred to as energy recovery.


Incineration is a waste treatment process that involves the burning of waste materials. It can reduce the mass of waste by up to 85 per cent, so significantly reducing the volume of landfill. However, there are concerns about pollutants in the gas emissions from incinerators, including large amounts of CO2 (carbon dioxide – the main greenhouse gas) being discharged into the atmosphere.
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ACTIVITY [image: ]


Make a list of finite and non-finite resources.
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STRETCH AND CHALLENGE [image: ]


Write an article for a design magazine that explains why designers should consider what happens to the products they design at the end of the product’s useful life.
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People


Designers create new products because of customer need or because of developments in technology. When designing these new products, consideration must be taken into how they work, as well as any social, moral, cultural, environmental and market factors.


Technology push is where new technology or materials are developed and designers take this a an opportunity to design new products. The iPad developed by Apple is an example of a product developed through technology push. The iPad was the first tablet computer to reach the market. What is often noticeable about products developed as a result of technology push is that consumers didn’t know they wanted a product until after it has been launched.


Market pull is where users want a product to be improved or redeveloped to meet their needs. Market research is carried out and analysed in detail to identify what needs exist and how existing products can be improved or reinvented to meet those needs. The car industry has seen the redevelopment and relaunch of some iconic models from the 1950s and 1960s, such as the Volkswagen Beetle, the BMC’s Mini (redeveloped by BMW) and the Fiat 500. All these models have been developed to meet the desires of the modern car user.
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Figure 1.1.8 New Volkswagen Beetle at the 2011 International Motor Show in Frankfurt, Germany
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KEY WORDS [image: ]


Technology push where new technology or materials are developed and designers take the opportunity presented by this to design new products.


Market pull where users want a product to be improved or redeveloped to meet their needs.
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Changing job roles



As technology develops, it impacts on the workplace and the jobs within it. In certain industries the jobs remain the same but new technologies are used to perform the tasks. Designers now use CAD software to perform tasks that would have required pencil and paper before; office workers use computers rather than typewriters; more bank clerks use telephones and computers with telephone and internet banking rather than sitting behind a counter in a bank.


Information technology and the use of computers in the workplace has caused some jobs to disappear and some to change. Robots controlled by computers are now common on production lines replacing factory workers; but these robots need to be designed, manufactured, programmed, and maintained, which creates new jobs. Large warehouses now only need a handful of staff to control stock due to computers, but as a result of online ordering of goods, we have seen a growth in logistics – the selection, postage and delivery of items to customers. As some jobs are lost, new ones are created, such as programmers, system analysts and computer technicians.
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STRETCH AND CHALLENGE [image: ]


Write an article for a design magazine explaining why you believe the development of smartphones has been the result of technology push.
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ACTIVITY [image: ]


Choose a product you bought or looked at recently and explain whether you think it has been developed as a result of technology push or market pull.
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Culture


Culture is the values, beliefs, customs and behaviours used by groups and societies to interact with each other and the world. We are born into or raised in some of these groups (such as ethnic groups) while others we may choose to join (such as political and religious groups). Some people adjust their beliefs as they grow and learn. It is important to learn and respect the views and beliefs of your own culture as well as that of others. Accepting and learning about the views, beliefs, experiences, arts and crafts of different cultures can enrich our lives and can be of great benefit to designers.
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Figure 1.1.9 People buying food at a Chinese street food stall: an example of multicultural Britain.





Fashions, trends and the challenge to keep up with the latest technology have a say in the changing nature of many products. The airbag for cyclists is an example of new technology and fashion combining. It is a neck-worn system that incorporates an air bag that fully inflates to absorb the shock of any impact. Fashion drives styles, colour and materials. Fashion styles can be dependent on particular groups of people. This is often seen when musicians or celebrities in popular culture wear a specific style of clothing. As celebrities change their tastes or new celebrities become popular, the style and fashion changes with them.
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Figure 1.1.10 Fashion for winter 1969–70 from Paris





Fashion can also change with world events. During the Second World War people were only allowed a certain amount of fabric to make clothes. As a result, fashion had to change in order to fit the limited resources of the time. Fashion is also affected by different cultures and subcultures. Punk is a subculture that includes music and fashion worn by bands such as the Sex Pistols in the late 1970s; it grew out of a rebellious attitude towards society which was reflected in the clothing.
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Figure 1.1.11 A punk
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ACTIVITY [image: ]


List as many subcultures as you can that have created fashion trends.
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STRETCH AND CHALLENGE [image: ]


Write an essay that describes how a multicultural Britain has had an impact on the design and development of products.
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Society


Designers have a responsibility to design products that meet the needs of everyone in society. Different groups within society also have different needs, which designers must take into account. Think about how you might open a jar with only one hand or with only partial use of your hands; or how you might get into the bath or step into a shower without full movement of your knee joint. It is extremely important that designers take into account the needs of all groups of people, including those with a disability. For example, motor neurone disease is a degenerative disease that leads to muscle weakness and wasting. Eye movement is more resistant to degenerative disease, and technology has been developed that enables people with motor neurone disease to control computers with just their eyes.
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Figure 1.1.12 Older people find tablets easier to use than smartphones.
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ACTIVITY [image: ]


List what settings could be changed on a tablet to help the elderly.
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As we get older we all go through some fundamental changes. Ageing makes many things more difficult. As we age our vision and hearing deteriorate and our motor skills decline. Young people use their smartphones frequently, but watch a 75 year old use a mobile phone and you will notice that changes in vision and motor control can make small screens difficult for them. Older people aren’t afraid to try new technology if they can see its usefulness; in fact, older people are one of the largest groups to use tablets. This is because the main difference between a tablet and a phone is screen size, and therefore the elderly find it easier to use.
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Figure 1.1.14 Islamic traditions do not approve of images of people: geometric patterns are favoured.





It is also important that designers understand different cultures so that the products they design do not cause offence. For instance, colour can have different meanings in different cultures – in China red symbolises good fortune while in South Africa it is the colour of mourning. In many Islamic traditions the use of images of people is not approved of and geometric patterns are favoured.
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STRETCH AND CHALLENGE [image: ]


Use notes and sketches to show how you think this device works.
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Figure 1.1.13 An elderly person using a device to help open a jar





[image: ]





Environment


Designers need to understand the impact the products they design have on the environment. As the Earth’s resources are consumed (such as oil, metal ores and timber), the process of converting these raw materials into products uses huge amount of energy, which creates pollution and carbon dioxide, affecting the environment.


The continuous improvement of a product by designers leads to the product becoming more efficient and having a better level of performance. If the product is electrically powered, this increased efficiency and performance level will lead to a reduced environmental impact caused by the product when it is in use, because of the reduced amount of energy required in operation.


Improved efficiency and performance in the workplace are also beneficial to the environment and can be brought about by staff training, and creation and investment in new technology. An example of how continuous improvement in the workplace can be encouraged is by getting production line workers to suggest improvements to the product and the way it is made.
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ACTIVITY [image: ]


Make a list of the Earth’s resources used by designers and manufacturers that cannot be replaced.
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Manufacturing products uses energy, of which a huge proportion is produced by burning fossil fuels. Burning fossil fuels is a major cause of pollution (with pollutants such as smoke, sulphur dioxide, carbon monoxide, and carbon dioxide). Smoke causes soot deposits and can cause breathing difficulties. Carbon monoxide is a poisonous gas and carbon dioxide is a greenhouse gas that contributes to global warming.


Global warming is the gradual increase in the average temperature of the Earth’s atmosphere and oceans that is affecting the Earth’s climate. The Earth’s atmosphere behaves like a greenhouse – the Sun’s rays pass through it and warm the Earth. The heat produced radiates out towards space but some of it does not pass back out through the atmosphere and is reflected back down trapping some of the heat. When greenhouse gases such as carbon dioxide and methane accumulate high in the atmosphere, more heat gets trapped and the planet warms up further. The burning of fossil fuels gives off carbon dioxide, which accumulates and this increases the greenhouse effect and the planet warms up more. Technology is being developed that uses alternative energy sources instead of fossil fuels. Ways of generating energy from the sea, the wind, the sun, rivers, and the heat stored underneath the earth’s surface all continue to be developed.
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STRETCH AND CHALLENGE [image: ]


Explain how global warming is caused and the effects it is having on the planet.
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Production techniques and systems



The development of computers and processors has led to the automation of a lot of the areas within manufacturing factories. Computer-aided design (CAD) allows designers to draw, design and model on screen, and if linked to a compatible machine allows computer-aided manufacturing (CAM). In other words, it allows CAD drawings to be made by machine. CAD even allows products to be designed in one location and made at a factory or location in another part of the country, or even another part of the world. CAM can create a faster production process and generally only uses the necessary amount of raw materials.
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Figure 1.1.15 Engineer watching CNC lathe progress on screen





Opportunities to make parts for all sorts of equipment have been created by the advent of 3D printing. Small-scale car production is now being developed where all the exterior body parts are 3D printed and assembled.


A flexible manufacturing system (FMS) is a system where production is organised into cells of machines performing different tasks. A range of computer numerically controlled (CNC) machines are put in each cell, such as a CNC miller and a CNC lathe. The parts that are manufactured in the cell are generally handled by a material handling system that could be a robot arm. Advantages of flexible manufacturing systems are their high flexibility; they can produce different products simultaneously, and they can be set up to produce new products quickly and easily, saving time and effort.
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Figure 1.1.16 The Nissan factory in Sunderland operates a JIT production method.





Just in time (JIT) production is a method of organising a factory so that materials and components are ordered to arrive at the product assembly plant just in time for production. Many companies operate JIT systems, such as Nissan, Toyota and Dell. It helps to create lean manufacturing, which means it focuses on giving customers value for money by reducing waste. The advantages of JIT production and lean manufacturing are:





•  a reduced need to keep large stockpiles of components and materials



•  less space needed to keep stocks of components and materials



•  smaller numbers of finished products to be stored and put into stock



•  less waste.
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ACTIVITY [image: ]


Explain the advantages of using CAD and CAM over traditional manufacturing methods
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STRETCH AND CHALLENGE [image: ]


Write an article that discusses the benefits and disadvantages of automation in the manufacturing industry.
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KEY WORDS [image: ]


Computer-aided design (CAD) using computer software to draw, design and model on screen.


Computer-aided manufacturing (CAM) manufacturing products designed by CAD.


Flexible manufacturing system (FMS) a system in which production is organised into cells of machines performing different tasks.


Computer numerically controlled (CNC) machine tools that are controlled by a computer.


Just in time (JIT) a production method that means materials and components are ordered to arrive and the product assembly point just in time for production.


Lean manufacturing focusing on reduction of waste when manufacturing.
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How the critical evaluation of new and emerging technologies informs design decisions



Products do not last forever; they wear out in time and are either recycled, reused or thrown away. It is important that designers think about how they can make a product last as long as possible and what can be done with the product at the end of its useful life. It is better for the environment if, rather than replacing a product at relatively short intervals, a product has a longer lifespan. This uses fewer materials. However, a longer lifespan also means that manufacturers sell fewer products.


Planned obsolescence


Some manufacturing companies plan or design products to have a short useful life. They do this so they will become obsolete; this means that they will become unfashionable, or they will no longer function after a certain period of time. The companies then produce new and improved products at short intervals. They do this for a variety of reasons; it could be because of technology improving or just to keep their sales at a steady level. This is of course very wasteful. It impacts on the environment and creates disposal issues. Apple is an example of a business that uses planned obsolescence. With each new model of their iPhone, they change the connections, meaning that people have to buy new leads, chargers and headphones alongside their new phone.
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KEY WORD [image: ]


Planned obsolescence planning or designing a product to have a short life span.
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Design for maintenance


Maintenance means performing functions on a product that will help to keep it functioning correctly throughout its life. Designing for maintenance can mean a variety of things, from the facility to change batteries to allowing access into the product to repair or replace worn out components. Some products, such as personal computers (PCs), are made up of different modules, which allows a module to be repaired or replaced in the event of a fault rather than the entire product. This system of using modules also means that some modules can be replaced in order to upgrade as technology improves.


Ethics


People like the things they buy to be of a good quality and low cost. To keep prices low, manufacturing companies can cut costs in a variety of ways, but in doing so there are other costs. For example, automating factories can cut workforce costs by employing fewer people, but this means some people lose their jobs. Other methods of reducing costs include manufacturing in a country where labour costs are lower than the UK. In these cases, workers are paid less and work in poor conditions, and often the pollution created in manufacturing may be much higher. Also, environmental costs may come from transporting the products between countries.


The environment


Manufacturing products requires the use of energy and materials which impacts on the environment. Designers need to consider how they can reduce the impact on the environment. The main considerations should centre on the life of the product and the material used, and what will happen to the product at the end of its useful life.



End of life disposal



How we dispose of products can have a significant impact on the environment. It is better if the materials can be recycled than if they are buried in underground rubbish dumps as landfill. Recycling means reprocessing a material so that it can be used again. It reduces the need for new materials and therefore causes less environmental impact. For example, plastics can be sorted according to their reuse. Every plastic bottle or container has a recycling symbol and number that helps in the sorting process and can lead to it being reshaped into new products. Aluminium drinks cans are recycled by going through a re-melt process; they are turned into ingots that are then used to make new cans. Glass is often reused – for example, milk in some areas is still delivered to houses in milk bottles. The bottles are returned to the dairy, sterilised and reused for further milk deliveries. Jars can become containers for other items, but at the end of their useful life they are crushed, melted and moulded into new bottles and jars or other glass items. Glass does not degrade so it can be recycled again and again.
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Figure 1.1.17 Old computers for disposal





If a product eventually has to go into a landfill then ideally it should be made of biodegradable materials. Biodegradable means that the materials naturally break down quickly when in landfill to naturally occurring substances. Non-biodegradable materials (such as many plastics) can take hundreds of years to break down. Supermarkets started charging for plastic bags to encourage their reuse as, like most packaging materials, they quickly end up in landfill or polluting land and sea. This is now a legal requirement.
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ACTIVITY [image: ]


List as many products as you can think of where maintenance can prolong their lifespan.
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STRETCH AND CHALLENGE [image: ]


Write an article that discourages manufacturers from producing products that have planned obsolescence.
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KEY POINTS [image: ]





•  Automation is the use of computers to control machinery in factories with minimal human involvement.



•  Enterprise is a skill where people take risks to bring new products to the market.



•  Sustainability is about meeting our own present-day needs without compromising the needs of future generations.



•  Culture is the values, beliefs, customs and behaviours displayed by different groups of people.



•  Just in time (JIT) production is a method of organising a factory so that materials and components are ordered to arrive at the workplace just in time for production.



•  Planned obsolescence is when a product is deliberately designed to have a short life span or to go out of fashion.
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Check your knowledge and understanding [image: ]





1  Explain what is meant by a finite resource.



2  Give an example of a non-finite resource.



3  Explain why robots are used so extensively in many modern industries.



4  Give an example of a product developed as a result of technology push.



5  Discuss the advantages and disadvantages of just in time and lean manufacturing systems.
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1.2 Energy generation and storage
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What will I learn?


In this topic you will learn about:





•  using fossil fuels for energy generation



•  alternative energy sources: their increasing use and different types



•  how energy is stored



•  batteries and their advantages and disadvantages.
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Without energy most of the things we do would be impossible. Over the last one hundred years we have become increasingly dependent on electricity and the energy sources that we rely on to provide it. Electricity can be produced in a number of ways. The majority of electricity in the United Kingdom is produced by burning fossil fuels, although an increasing amount is produced by using alternative technologies, which rely on the use of renewable sources of energy. Non-renewable sources, such as fossil fuels, are consumed and will eventually run out, whereas renewable sources are naturally replenished.
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Fossil fuels
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Figure 1.2.1 Energy conversion





Traditionally, Britain has relied on fossil fuels such as coal, gas and oil to provide its energy. Fossil fuels were formed over millions of years from dead organisms – coal from trees, and oil and gas from marine organisms.


All fuels have to be burnt to produce heat.





•  In electricity generation the heat is used to convert water into steam at very high pressure and temperature, which is used to drive turbines connected to generators which produce electricity.





Burning any fossil fuel produces carbon dioxide, which adds to the greenhouse effect and possible global warming.
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KEY WORDS [image: ]


Fossil fuels a natural fuel such as coal, oil or gas, formed from the remains of living organisms.


Global warming an increase in the temperature of the Earth’s atmosphere caused by the greenhouse effect and increased levels of greenhouse gases.
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Fossil fuel power stations can be built almost anywhere provided you can get the fuel to them, however, a water supply is needed for cooling so they are normally found near rivers or the sea.



Coal



Although most deep coalmining in the UK has stopped, and the use of open pit mining has reduced, we still obtain 23 per cent of our electricity from coal-fired power plants. This means we have to import coal from abroad.


Mining and burning coal produces waste and atmospheric pollution, which poses environmental problems. Waste tips, stockpiles and open pits look unsightly and hazardous, and sulphur dioxide fumes from coal power stations add to atmospheric pollution and cause acid rain, which damages trees and lakes.


An advantage of coal is that it doesn’t require any processing before burning, although it is usually crushed. There are still sufficient reserves of coal to last hundreds of years.
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Figure 1.2.2 A coal-fired power station





Natural gas


Natural gas is currently the main source of power for electricity production in the UK. Natural gas is used for heating and cooking as well as for industrial uses. It can be burnt directly and does not require crushing like coal. It is easy to transport through pipelines. Mainly consisting of methane, gas is found deep underground with coal and oil deposits. It has to be processed before it can be used to remove water and other impurities.


As gas-fired power stations can be brought into service quickly, they will remain important as a replacement for less reliable sources, such as wind power on days when there is insufficient wind available for the wind turbines.


Gas from the seas around Britain accounts for some of the gas we use, but the majority comes from pipelines connected to Europe and in liquefied form (LNG) shipped from around the world in tankers. There are deposits of shale gas under Britain, but there is considerable discussion about using these, as there might be pollution of water supplies and a risk of small earthquakes called seismic tremors.


Oil


Oil is hardly used for electricity production (in the UK). Oil is used for some heating systems (typically in rural areas away from a main gas supply) and is the main fuel used in road and sea transportation. It does need to be processed by refining from crude oil before it can be used. Stocks of oil will run out before coal. Although there is no immediate shortage, the amount of oil in the North Sea has reduced, which reflects a worldwide trend.



Nuclear power



Twenty-two per cent of the United Kingdom’s electricity comes from nuclear reactors, in which uranium atoms are split to produce heat. This process is known as fission. A vast amount of energy can be produced by this process from a relatively small amount of uranium. The energy produced as heat is used to convert water to superheated steam, which in the same way as other power stations, drives turbines connected to generators to generate electricity.
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Fission the process in which uranium atoms are split and produce heat.
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The current set of nuclear power stations are expected to close by 2025 because they are getting old and reaching the end of their serviceable life. Several replacement nuclear power stations are planned. The cost of safely disposing of unused nuclear power stations is high, and there have been several well-publicised incidents at nuclear plants in Japan, Ukraine and the United States which have resulted in nuclear material leaking. Nuclear waste is highly hazardous and can have long-lasting effects on the health of humans and animals for thousands of years if not dealt with carefully.
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Figure 1.2.3 Nuclear reactors use uranium to produce heat, which creates steam to drive turbines connected to generators that produce electricity.





Renewable energy


Recently, due to concerns over pollution and the possibility that some sources of fuel might eventually run out or become uneconomic to obtain, there has been much greater support for renewable sources of power, such as wind or solar energy.


Renewable energy sources provide 25 per cent of the electricity we use. Unlike fossil fuels they tend not produce any waste or significantly add to global warming by producing gases.








	Source

	% electricity production in UK






	Coal

	23%






	Oil

	<1%






	Natural gas

	30%






	Nuclear

	22%






	Renewable

	25%







Table 1.2.1 UK electricity production, 2015





Wind


Wind energy has been used for thousands of years, and before the advent of steam power, windmills were a very common sight scattered across the countryside. Today we use tall towers with propeller-like blades driving a generator. Although sometimes found as single towers, more often they are grouped together to form a ‘wind farm’. You may also see much smaller versions attached to caravans or boats to charge their batteries.


The best places to put wind turbines are on the coast, offshore, on a hilltop, or between hills or mountains, so that the wind supply is reliable.


As the blades are so long the tower needs to be very high, but the land underneath can still be used.
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Figure 1.2.4 The UK government has set a target to generate 15 per cent of all energy from renewable sources by 2020. Building new wind turbines will help towards meeting this target.





Solar


Solar technologies are either passive (for example, positioning a building to gain heat from the sun, by placing most windows to the south side of the building) or active (photovoltaic cells), depending on how they catch solar energy and convert it into power.


The amount of solar energy that reaches the Earth is vast, easily outstripping all of the combined fossil fuel and uranium deposits in a single year. The largest difficulty in gaining solar energy is position on Earth: being closest to the equator is the most efficient, and near a polar cap is the least. The difference between day and night is also an issue. The placement of photovoltaic panels is another issue as they take up valuable land. This has been solved to a degree by placing cells on roofs and the sides of tall buildings thereby lessening their environmental impact.
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Figure 1.2.5 Solar panels are often placed on roofs and the sides of tall buildings.






Tidal (marine)



Tidal energy relies on the gravitational pull of the Moon, which causes the change in water levels that we call tides. It has been estimated that Britain could provide around 20 per cent of its energy needs from tidal power.


The most common form of tidal power is the tidal barrage. A tidal barrage is a long dam that is built across the mouth of a river where it meets the sea. These are known as ‘estuary barrages’. They can be constructed so that the incoming tide passes through turbines generating electricity. The water can then be held in the high tide state upstream of the barrier, until it is needed. It is then released at low tide, flows out through the turbines, again turning them and generating electricity.
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Figure 1.2.6 Tidal energy





Disadvantages are that the river would never completely empty, flooding mudflats, which provide a habitat for thousands of birds. There may also be problems of waste disposal as many towns discharge sewage into rivers.


Water or hydroelectricity


Like wind power we have been harnessing the power of moving water for many years. Hydroelectrical schemes use a dam to block a river. Once sufficient water has built up behind the dam, it is stored in a reservoir and it can be channelled through turbines that are used to turn generators for producing electricity. The main cost is the building of the dam, but it has the advantage that as the water is held, electricity can be produced very quickly by opening valves that control the flow to the turbines. The environmental effects are from the flooding of a valley and reducing the water flow below the dam that can affect the growing of crops and river ecosystems.
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Figure 1.2.7 Hydroelectricity channels water through turbines to turn generators producing electricity.






Wave



Although the power contained in wave movements is very obvious, it has proved difficult to harness. Most ideas seem to rely on the up and down movement of the waves either being converted into mechanical energy and moving rams or pistons, or to compress air so that it is forced through a turbine. Like wind power the waves can vary a lot in size and power, so positioning is critical.
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Figure 1.2.8 Pelamis offshore wave generator





Biomass


Biomass involves growing plants so that they can be burnt, or using decaying plant or animal materials to produce heat.


To reduce the amount of fossil fuel being used, some vegetable oils are treated after being used for cooking. After processing, they are suitable for diesel engines used to power large trucks used for deliveries and for small-scale electricity generation.


Plants such as oilseed rape or willow are grown as biomass crops, and are harvested so they can be burnt in furnaces. This burning to produce heat causes some atmospheric pollution so measures need to be taken to reduce this, although it is not as severe as burning fossil fuels. The big advantage for biomass is that replacement crops can be grown very quickly to ensure a constant supply. However, the disadvantage is this land could have been used for growing crops for food.
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Renewable energy energy from a source that is not depleted when used, such as wind or solar power.


Hydroelectricity the process which uses a dam to block a river in a valley and channels water through turbines that are used to turn generators for producing electricity


Biomass growing plants so that they can be burnt, or using decaying plant or animal materials to produce heat.
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Energy storage systems, including batteries



Sometimes we do not want to use the energy we generate immediately, but instead want to capture it for use at a later date. Pumped storage systems, flywheels, clockwork, capacitors and rechargeable batteries are examples of devices used to store energy for use at a later time.


Kinetic pumped storage systems


A similar system to hydroelectric power generation is used in pumped storage systems. Here a hydroelectric dam system is used with two reservoirs one at a low level, and one up a mountain.


They are a good way of dealing with sudden high demand for electricity. The classic example of this is a commercial break in the middle of a popular TV programme when everybody pops into the kitchen to put the kettle on for a hot drink. At moments like that the electrical power supply system might not be able to cope with demand, so an additional fast-acting top-up is needed. Nuclear and coal-fired stations are slow to respond so something else is needed. Gas-fired stations are often working at full capacity in winter months.




[image: ]

Figure 1.2.9 Kinetic energy conversion





The pumped storage system instantly releases electricity into the system by opening valves to allow water to flow from the high reservoir to the lower one through turbines. This cannot be sustained for long, but it is usually long enough for the other power stations to catch up with demand and avoid the need for power cuts. During the night, demand is usually low, but the nuclear and coal-fired stations cannot reduce their output significantly, so the excess electricity is available at low cost. This cheap excess electricity is used to pump the water back up to the top reservoir, ready for sudden peaks in demand the next day.
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Figure 1.2.10 A pumped energy storage system






Mechanical energy storage



Energy can be stored in other forms. An example of this is the use of a flywheel. We have used flywheels in machines for centuries; they are a heavy spinning mass that continues to spin when the driving force stops.


A recent development used in some buses in Belgium and Switzerland is a flywheel which is accelerated to a very high speed. When spinning at speed it stores the energy (rotational energy) and slows as it is released. Electricity is used to accelerate and slow the flywheel, so an energy conversion takes place. High-efficiency bearings are an important part of this technology and frequently magnetic bearings are used to reduce friction, which in turn increases the efficiency of the system. In this system, energy is also stored when the buses are braking.
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Figure 1.2.11 A traditional flywheel





Clockwork is still used for storing energy in toys and mechanical devices. Normally a key is used to wind up a spiral spring by forcing it into a smaller space, where it is stored as potential energy with a system of gears being used to release the energy slowly.
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Figure 1.2.12 Clockwork is used for storing energy in toys and mechanical devices.






Electrical energy storage



Capacitors


Capacitors are the most popular non-chemical method of storing electricity and their invention predates the battery. They consist of two plates of opposite polarity; when the capacitor is charged, the positive charges migrate to one plate and the negative to the other.


Supercapacitors are used in electric vehicles because they can be recharged many more times than batteries – millions as opposed to thousands of times – which makes them suitable for use in regenerative braking systems where the energy used to slow the vehicle is stored and used to drive the motor.
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Figure 1.2.13 Capacitors





Batteries


Although there are many types of devices consisting of one or more electrochemical cells, we tend to refer to them all as batteries.
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Figure 1.2.14 Battery circuit symbol





There are two main types of battery: primary or ‘single-use’, which we use and discard; and secondary or ‘rechargeable’. Both are extremely useful when we need electrical power in locations where mains electricity would be difficult or even impossible to access, such as moving cars.


Examples of primary types include alkaline batteries, such as those used in clocks, and zinc-carbon, which although cheaper than alkaline batteries do not last as long or store as much electrical energy in the same space. Typically, they produce about 1.5 volts per cell.


Rechargeable batteries are more expensive to purchase than alkaline batteries, but are cheaper to use as they can be recharged many times. There is, however, a limit to how many times they can be recharged. Nickel cadmium rechargeable batteries last longer if they are completely discharged before recharging. Lithium ion ones are more adaptable.


Rechargeable batteries typically have a cell voltage of 1.2 volts, so in a 12-volt device you would need ten rechargeable batteries but only eight single-use batteries.
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ACTIVITY [image: ]


Most modern toys now use batteries rather than clockwork. Find out when batteries became the most popular energy storage method for toys. Explain the advantages of this development. What sort of problems did the change cause?
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Batteries come in a variety of shapes and sizes, with large lead–acid batteries for cars, trucks and even submarines at one end of the scale; and miniature batteries such as those used in hearing aids at the other. For all batteries there are issues related to safe disposal, as they contain harmful chemicals and metals that must not be allowed to contaminate groundwater supplies.
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Figure 1.2.15 Batteries are useful when we need electrical power where mains is unavailable.
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STRETCH AND CHALLENGE [image: ]


Produce a short discussion document arguing whether Britain would be better off investing in a new nuclear energy power station or a tidal barrage across either the rivers Severn or Dee.
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KEY POINTS [image: ]





•  We rely on energy to power most aspects of our lives, such as light, heat, transport and communication.



•  All fuels and biofuels cause pollution when burnt.



•  Coal, gas and oil are all fossil fuels, and are finite resources.



•  Most renewable sources reduce the risk of pollution.



•  Many renewables cannot provide a constant supply, unlike fossil fuel or nuclear-powered power stations.



•  Storage systems cannot generate power, but are useful for when extra supply is needed quickly, or if it is not possible to connect to a supply.
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Check your knowledge and understanding [image: ]





1  What is the best time of day to store energy in a pumped storage system?



2  What advantages do fossil fuel have that make them so popular?



3  Briefly explain why growing crops for biofuels might not solve the world’s energy problems.



4  How can a flywheel store energy?



5  Give two disadvantages of secondary batteries.
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1.3 Developments in new materials
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What will I learn?


In this topic you will learn about:





•  modern materials



•  smart materials



•  composite materials



•  technical textiles.
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Modern materials


Modern materials are new materials developed to have properties that are useful when designing and making products. They are produced through the invention of new or improved processes.
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Modern material a material that has recently been developed for specific applications.
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Graphene


Graphene is a very thin two-dimensional material layer of carbon that was discovered and extracted from graphite in 2004. It is a very strong and very light material. It is harder than diamond, about 300 times stronger than steel and is currently the lightest known material. Graphene is transparent and conducts electricity and heat even better than copper. It is extremely flexible, which is unusual for such a tough, strong material. Due to this strength, graphene is being developed for use in protective clothing, vehicles and even buildings.


Graphene is in the early days of development, but you can already buy some products that contain it. Conductive ink is made by mixing tiny graphene flakes with ink, enabling you to print onto paper and use this print to conduct electricity. This was previously possible using semi-conductive ink, but the use of graphene has greatly improved how well electricity is conducted.


Graphene is also used in solar cells. These cells need conductive materials that allow light to get through them. Graphene is a suitable material due to its high conductivity and transparency. Unfortunately, it is not very good at collecting the electrical current produced inside the solar cell, so further developments need to be made. Researchers are looking at modifications, such as the use of graphene oxide – this material is less conductive but more transparent and a better collector of charge. Graphene has also been used in paint to act as a barrier between materials and the corroding effects of oxygen and water. In the future, vehicles could be made corrosion resistant with such paint.


Electronics companies are investigating the use of graphene in touchscreens as it is able to transfer electrons at much faster speeds than silicon. This, paired with its flexibility, could lead to foldable televisions or computers, and due to its transparency, could lead to virtual curtains or intelligent windows.
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Figure 1.3.1 Sheet graphene






Metal foam



Metals such as aluminium (and sometimes steel or titanium) can be made into a foam by injecting gas into the metal when it is a liquid state. This creates a foam that is very lightweight and has high compressive strength – a porous material that can absorb energy well.


Metal foam can be used as soundproofing or for crash protection in vehicles as it is light enough to be carried in cars without reducing their speed. It is also being developed in the use of body armour, again because it is lightweight and strong. Metal foams are also used in filtration due to their porosity, and are currently being developed for use in prosthetics (artificial body parts) for animals. The hope is to create prosthetics that are lighter and more comfortable for the user.
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Figure 1.3.2 Aluminium foam





Titanium


Titanium is a fairly new metal in comparison to others (such as steel, copper and aluminium), and it is the fourth most abundant metal, making up about 0.62 per cent of the Earth’s crust. It is particularly useful due to its high corrosion resistance, even to salt water and chlorine. It also has a high strength-to-density ratio, making it suitable for use in applications such as knee replacements.




[image: ]

Figure 1.3.3 Concorde





The supersonic Concorde planes were coated in a heat-proof titanium skin that could stretch as much as 250 millimetres during flight. Its strength and low density made it a good choice of material for aircrafts, and when exposed to the elements it doesn’t go rusty (it can resist the effects of the rain and moisture in the air by reacting with oxygen to produce titanium oxide, which keeps out water and air).


Titanium can be alloyed with other metals such as aluminium and vanadium. It is also frequently used as titanium oxide. In this form, it is used as a white pigment in plastic and paint and as a sunscreen in cosmetic products.


Coated metals


Coated metals include anodised aluminium, nickel-plated steels and polymer-coated aluminium.


Anodised aluminium is aluminium with a thick oxide layer created by passing a current through an electrolytic solution. This process increases resistance to corrosion and wear, and makes it easier to paint and glue.




[image: ]

Figure 1.3.4 Dip coated tool





Nickel-plated steel uses the process of electrolysis to add the metal nickel to a steel object. This allows us to use a strong and relatively cheap material such as steel and coat it in a thin layer of more expensive nickel, which is corrosion resistant and can add an attractive finish to a product.


Polymer-coated aluminium can be created by dip coating or powder coating the aluminium. Polythene is often used in powder form for dip coating, whereby the metal is dipped into a liquid polymer. This process is used for products such as dishwasher racks and tool handles. Powder coating is similar but the powder is sprayed on to the metal and then cured in an oven. These products tend to be more expensive than standard ones as they are particularly hardwearing. Both processes create a layer of plastic around the metal which reduces the impact of exposure to air and moisture, and provides an attractive and potentially colourful finish to the product.


Liquid crystal display


A liquid crystal display (LCD) is a laminated material of two layers of glass with a liquid crystal core. It is a thin flat panel that lets light go through when a voltage is applied, or blocks the light when the voltage switched off.


LCDs are often used in items such as digital watches and flat-screen televisions. Many LCDs work well by themselves when there is other light around but others need a back light (such as for smartphones, computer monitors, and televisions).


Nanomaterials


Nanomaterials have tiny parts less than 100 nanometres in size. A nanometre is one billionth of a metre. Nanomaterials are used as surface coatings or thin films, such as on computer chips. They are also used in sports equipment, such as tennis rackets and golf shoes, where nanoparticles are added to materials to make them stronger while not substantially increasing the weight. Nanoparticles are also used in clothing such as socks due to their antibacterial properties, to reduce the absorption of sweat.


Teflon


Teflon is the trade name for a polymer called polytetrafluoroethene or PTFE. It is best known for being used on the surface of pans to ensure that food being cooked does not stick. Teflon, like many things, was invented by accident, but is now used in a variety of different products. It is a very slippery material, so is used in clothing to make it difficult for dirt to stick to the fabric. PTFE is unreactive, so it is also used to make pipes and containers for chemicals.
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