



[image: image]









[image: ]






 


Picture credits


p.8 © Tomhanisch/stock.adobe.com; p.12 © Information care of the Fairtrade Foundation; p.15 © Plus69/stock.adobe.com; p.16 top © RichLegg/E+/Getty Images, bottom © Alexandr Bognat/stock.adobe.com; p.17 top © YOR/stock.adobe.com, bottom © Prakasitlalao/stock.adobe.com; p.23 top © Awe Inspiring Images – Fotolia, bottom © Dmitrij Skorobogatov/Shutterstock.com; p.28 © Sherjaca/stock.adobe.com; p.36 © YOR/stock.adobe.com; p.42 top © Juan Pablo Turén/stock.adobe.com, bottom © Thign/stock.adobe.com; p.44 © Aziz Karimov/Pacific Press Via Zuma Wire/Shutterstock; pp.46–7 Ripley St Thomas CE Academy, Lancaster; p.52 © Polydeuces/Shutterstock.com; p.53 © RTimages/stock.adobe.com; p.58 © Donatas1205/stock.adobe.com; p.59 top © Damian/stock.adobe.com, middle © 3desc/stock.adobe.com, bottom © Frog/stock.adobe.com; p.60 © Lunamarina/stock.adobe.com; p.61 © Виталий Сова/stock.adobe.com; p.64 © AVD/stock.adobe.com; p.65 Ian Fawcett; p.91 © Олег/stock.adobe.com; p.93 © Drobot Dean/stock.adobe.com; p.97 © C R Clarke & Co (UK) Limited; p.105 top © Jirawat Jerdjamrat / Alamy Stock Photo, middle © David J. Green - electrical / Alamy Stock Photo, bottom © jayfish / Alamy Stock Photo; p.106 © David J. Green - electrical / Alamy Stock Photo; p.108 © MCE-128/stock.adobe.com; p.113 © Gavran333/stock.adobe.com; p.115 © Владимир Солдатов/stock.adobe.com; p.117 © Lily/stock.adobe.com; p.120 © Joan Wakelin/Art Directors & TRIP / Alamy Stock Photo; p.122 © Alexshyripa/stock.adobe.com; p.123 © Daseaford/stock.adobe.com; p.124 © Pincasso/stock.adobe.com; p.125 © Cherryandbees/stock.adobe.com; p.127 © Agatha1988/stock.adobe.com; p.128 top © tapui/stock.adobe.com, bottom © Artem/stock.adobe.com; p.129 Jacqui Howells; p.130 © vvoe/stock.adobe.com; p.131 © Claudette/Stockimo/Alamy Stock Photo; p.138 © StockImageFactory/stock.adobe.com; p.141 © ftfoxfoto/stock.adobe.com; p.142 far left © Petrovich12/stock.adobe.com, middle left © Piotr Pawinski/stock.adobe.com, middle right © Aleksey Bukreev/stock.adobe.com, far right © Ekaterina_devis/stock.adobe.com; p.148 Ian Fawcett; p.151 left © Coprid/stock.adobe.com, right © Dusan Kostic/stock.adobe.com; pp.155–6 top © Pixelrobot/stock.adobe.com, top middle © Missisya/stock.adobe.com, bottom middle © EJRodriquez/stock.adobe.com, bottom © Alexandre/stock.adobe.com; p.157 © Mak/stock.adobe.com; p.158 © P.S/stock.adobe.com; p.159 top © Kravtzov/stock.adobe.com, bottom © Synto/stock.adobe.com; p.160 © Milos Tasic/stock.adobe.com


Every effort has been made to trace all copyright holders, but if any have been inadvertently overlooked, the Publishers will be pleased to make the necessary arrangements at the first opportunity.


Although every effort has been made to ensure that website addresses are correct at time of going to press, Hodder Education cannot be held responsible for the content of any website mentioned in this book. It is sometimes possible to find a relocated web page by typing in the address of the home page for a website in the URL window of your browser.


Hachette UK’s policy is to use papers that are natural, renewable and recyclable products and made from wood grown in well-managed forests and other controlled sources. The logging and manufacturing processes are expected to conform to the environmental regulations of the country of origin.


Orders: please contact Bookpoint Ltd, 130 Park Drive, Milton Park, Abingdon, Oxon OX14 4SE. Telephone: +44 (0)1235 827827. Fax: +44 (0)1235 400401. Email education@bookpoint.co.uk Lines are open from 9 a.m. to 5 p.m., Monday to Saturday, with a 24-hour message answering service. You can also order through our website: www.hoddereducation.co.uk


ISBN: 9781510480506
eISBN: 9781510480261


© Ian Fawcett, Andy Knight, Jacqui Howells and David Hills-Taylor 2020


First published in 2020 by


Hodder Education,


An Hachette UK Company


Carmelite House


50 Victoria Embankment


London EC4Y 0DZ


www.hoddereducation.co.uk


Impression number   10   9   8   7   6   5   4   3   2   1


Year   2024   2023   2022   2021  2020


All rights reserved. Apart from any use permitted under UK copyright law, no part of this publication may be reproduced or transmitted in any form or by any means, electronic or mechanical, including photocopying and recording, or held within any information storage and retrieval system, without permission in writing from the publisher or under licence from the Copyright Licensing Agency Limited. Further details of such licences (for reprographic reproduction) may be obtained from the Copyright Licensing Agency Limited, www.cla.co.uk


Cover photo © Phonlamai Photo/Shutterstock.com


Illustrations by Integra Software Services Ltd.


Typeset in India by Integra Software Services Ltd.


Printed in Spain.


A catalogue record for this title is available from the British Library.




[image: ]







Get the most from this book


Everyone has to decide their 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 pages 4–6 to plan your revision, topic by topic. Make a note when you have:





•  revised and understood a topic



•  tested yourself



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





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


Features to help you succeed
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Exam tips


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


The authors identify the common mistakes candidates make and explain how you can avoid them.
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Now test yourself


These short, knowledge-based questions provide the first step in testing your learning. Answers are given online at www.hoddereducation.co.uk/myrevisionnotes
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Definitions and key words


Clear, concise definitions of essential key terms are provided.
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Exam practice


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


Go online to check your answers, download the glossary and try out the extra quick quizzes at www.hoddereducation.co.uk/myrevisionnotes
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1 Core content



1.1 The impact of new and emerging technologies


1.1.1 Industry





•  Modern factories increasingly use automated production. Robots are often used to complete some repetitive and monotonous tasks previously carried out by humans, which can lead to unemployment.



•  Computer-aided manufacture (CAM) machines are used where high volumes of identical products of a consistent high quality are needed.



•  People often move to different countries to find suitable employment or where there is a shortage in a particular workforce. This is referred to as demographic movement.



•  Science and technology parks are areas where like-minded businesses come together to form centres of excellence.





1.1.2 Enterprise





•  A privately-owned business is owned by the company founders, or their families, or by a small group of investors whose shares in the company are not publicly traded.



•  Crowd funding is an internet-based scheme allowing people to raise money to get a business idea started, such as the manufacture of a new product. Investors lend money to projects that they believe are viable.



•  The UK government offers some loans and grants to new start-up businesses. Investors can get tax relief on their investments. While not all new businesses are successful, the potential to boost the economy and the provision of future employment is worth taking a risk.



•  Not-for-profit organisations reinvest all profits back into the business for the benefit of all involved.
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Figure 1.1 The Forest Stewardship Council® (FSC®) is an example of a not-for-profit organisation





1.1.3 Sustainability





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



•  Demand on the world’s natural resources currently exceeds supply. Materials used in product design fall into two categories:







    •  finite: resources with a limited supply that will eventually run out


    •  non-finite: resources that can be replenished and are unlikely to run out.








•  One way to reduce our environmental impact is to consider the six Rs.









	
Table 1.1 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 a product if it is not environmentally friendly or if it is made by people working in poor conditions.






	Reduce

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






	Reuse

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







Transportation





•  Each product has a carbon footprint from its manufacture and the distance it travels until it is purchased and used.



•  Transportation costs/carbon footprint can be reduced by:







    •  sourcing materials closer to manufacturing centres and potential markets


    •  using energy-efficient means of transporting goods, for example electric or hybrid vehicles.





Pollution


The manufacture and use of any product leads to an increase in pollution levels. There are ways to reduce the level of pollution.





•  Manufacturers could use cleaner energy sources, such as solar or wind.



•  Goods could be transported using electric vehicles that do not emit greenhouse gases.



•  Products could be built to last and easy to repair, causing less waste.



•  Products need to be disposed of carefully if they cannot be recycled, avoiding landfill where possible.
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Figure 1.2 Hybrid technology reduces carbon emission from vehicles





Demand on natural resources





•  Natural resources and productive land enable us to produce the goods and services that sustain and support modern lifestyles.



•  The ecological footprint is a measure of the impact that human activity has on the environment.



•  Humanity’s ecological footprint is currently 1.7 Earths – the Earth takes about 18 months to replace what we use in 12 months. If this continues, we will create an ecological deficit.






Waste generated






•  Many products are designed with built-in or planned obsolescence, meaning that they are not designed to be long lasting.



•  Companies such as Apple introduce new products that consumers are eager to own, even though their current products still work perfectly well. This puts further strain on the world’s resources, as many products are not recycled or are difficult to recycle.



•  Some polymers are difficult to recycle. New technology is being developed that will allow them to be broken down more effectively and safely.





1.1.4 People





•  Developments in mobile technology and the internet make it easier for us to communicate with people all over the world. This leads to greater competition among manufacturers.



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







    •  Importing cheap products from overseas rather than buying locally produced products can lead to job losses in our own society.


    •  The use of automation leads to job losses (see Section 1.1.1 Industry).


    •  Workers overseas are often paid low wages to reduce costs and maximise profit.








•  The workforce of the future needs to be more adaptable, offering different skills, such as problem solving, which lead into more highly skilled jobs like engineering or computer science.



•  Technological developments in computer-aided design (CAD) packages have changed the way designers work. All aspects of developing design ideas can be done using computers.



•  Apprenticeships are work-based training programmes that allow trainees to learn on-the-job from a skilled employer. Apprenticeships are often in vocational areas, for example tailoring, engineering or carpentry.



•  Society needs to be inclusive. New and emerging technologies have allowed designers to create products that meet the needs of many people, including those with disabilities and the elderly. This could be from simple hand tools to computer programs.



•  Children are increasingly exposed to technology. While this can be positive, many believe it is at the expense of social interaction.





1.1.5 Culture





•  People have always travelled to find better work opportunities and improve their lives. A permanent move is called migration. The European Union allows EU nationals to travel freely across the member states.



•  Social segregation can occur when ethnic minorities cluster together to form their own society but do not fully integrate into the wider community.





1.1.6 Society





•  Many factories now operate 24/7 with people working in shifts in rotation, including night shifts. Productivity is increased, but at the expense of a work–life balance for many workers.



•  People are increasingly reliant on technology. Many devices can be connected to the internet and be controlled remotely, for example controlling the lighting or heating in your home from a smart phone. This is referred to as the Internet of Things (IoT).



•  Advances in communication technology allows the use of video conferencing to conduct meetings with people in different locations, enabling remote working and reducing the need to travel.





1.1.7 Environment





•  Burning fossil fuels to provide energy releases greenhouse gases into the environment – a major contributor to global warming.



•  Developments in renewable energy allow us to make better use of alternative sources of energy, reduces our reliance on finite fossil fuels and lowers pollution levels.



•  Many companies sell recyclable waste materials to recoup some costs. Recycling schemes allow consumers to dispose of waste safely and thoughtfully, for example collection points for old batteries in many retail outlets.



•  Complex products are often difficult to recycle if the materials cannot be separated easily, for example foil-lined cardboard tube packaging from crisps, which have a metal base, metal tear off lid and polymer cap.



•  Many consumers believe packaging of goods is unnecessary, particularly if the packaging used is not recycled. Eliminating the need for packaging, reducing the amount used or only using recyclable or biodegradable materials is better for the environment.





1.1.8 Production techniques and systems


Products are manufactured under different scales of production depending on the:





•  type of product being made



•  quantity required



•  timescale for manufacture.



•  Many components, parts and materials are made in standardised measurements and sizes, and are readily available for manufacturers to use when needed.



•  Just-in-time (JIT) manufacturing is a stock control system where components, parts or materials are ordered when needed. This is an efficient, cost-effective system but is highly reliant on suppliers delivering goods on time.



•  Lean manufacturing focuses on minimising waste in all areas of design through to manufacture, while maximising productivity at the same time.








Table 1.2 Different scales of production
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Exam tip


Reasons for choosing one scale of production over another vary: a uniform style and size of paper clip, for example, would be mass produced as millions are potentially needed and the style is unlikely to change. Know why different scales are used and be able to give reasons to support your answer.
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Typical mistake


When a question asks you to ‘explain’ something, the answer requires a fact and a further elaboration of that fact. You will not gain full marks for simply listing features that do not include reasoning.
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Now test yourself





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


(4)



2  List two ways an entrepreneur could gain funding for a new business venture.


(2)



3  Give a reason why seasonal products are often batch produced. Include an example of a batch-produced product in your answer.


(2)



4  List two factors that contribute to a product’s carbon footprint.


(2)



5  Describe in detail how the Internet of Things (IoT) is impacting our daily lives.


(3)
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1.2 Critical evaluation of new and emerging technologies


1.2.1 How to critically evaluate new and emerging technologies






	Table 1.3 Questions a designer might ask when evaluating design proposals







	Budget constraints

	What is the budget for the development of the product? How much is available for materials and components? This could mean using cheaper component parts, which could impact on quality.






	Timescale

	What is the timescale for the development of the product? What is needed to ensure it is fit for purpose and tested before launch? Failure to meet a set timescale could impact on future sales or product success.






	Who the product is for

	Who is the target customer? Have user needs and wants been considered? Meeting the needs and wants of users is critical for a successful outcome.






	Materials used

	What materials support the function of the product best? How can emerging technologies improve the product? Emerging technologies can lead to competitive advantages.






	Manufacturing capabilities

	What are the most efficient methods of manufacture? Can emerging technology support manufacture? 3D printing (additive manufacture) is an emerging technology that offers additional possibilities.







1.2.2 How critical evaluations can be used to inform design decisions






	Table 1.4 Applying critical thinking to contemporary problems and potential future scenarios







	Natural disasters

	CAD programs allow for 3D simulations of real-life disasters and help visualise how a structure might respond.






	Medical advances

	Emerging technology has had a major impact on the medical profession, for example the 3D printing of synthetic cartilage fits the knee joint perfectly, and the use of Nitinol (an alloy of nickel and titanium) in medical implants such as stents.






	Travel

	Electric cars are seen by many as the way forward. Battery technology continues to evolve and driving range will increase. Electric cars do not produce emissions, are efficient and environmentally friendly.






	Global warming

	The main cause of global warming is the release of greenhouse gases such as carbon dioxide into the atmosphere. Solar and wind farms are examples of technology that can help reduce these emissions.






	Communication

	Emerging technology in fibre optics and wireless (Bluetooth) have led to a vast range of digital devices that allow easy communication on a global scale.







1.2.3 Ethical perspectives
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Figure 1.3 Ethical questions





Fairtrade


Fairtrade develops fair trading relationships between producers, businesses and consumers.


Social, economic and environmental Fairtrade Standards are set for all organisations involved in the supply chain.


Workers receive fair wages and also a Fairtrade Premium to invest in their business and community projects like health care and education.




[image: ]

Figure 1.4 The FAIRTRADE Marks





Conditions must be of a satisfactory standard to guard against exploitation so that workers’ rights are protected.


When consumers choose products that carry the FAIRTRADE Marks, they are supporting disadvantaged workers and producers in developing countries.


1.2.4 Environmental perspectives


It is important that designers:





•  choose materials that are environmentally friendly



•  use materials from sustainable sources



•  consider using less packaging or recycled packaging



•  consider what happens once products are no longer needed, making recycling easier by ensuring that materials can be separated easily and reused.





Life-cycle analysis (LCA) looks at the environmental impact of a product throughout its entire life. In LCA, the following factors should be considered: source of raw materials, material processing, manufacturing, use, end of life and transportation, as well as the energy used at various points during its life cycle.
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Typical mistake


A life-cycle analysis is often confused with a product life cycle, which refers to the sales it achieves.
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Energy used and consumption during manufacture and transportation





•  Transportation of products uses energy from fossil fuels, increasing a product’s carbon footprint (see Section 1.1.3 Sustainability). Reducing transportation by using local manufacturers with locally sourced materials can reduce the carbon footprint.



•  Environmental directives (laws) from the EU or organisations such as World Energy Council are targets for governments to work towards to reduce energy consumption and pollution, and to 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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Exam tip


Questions beginning with ‘evaluate’ or ‘analyse’ require an extended answer where detail is needed to gain full marks. ‘Analyse’ requires reasoning in the answer, while ‘evaluate’ needs evidence of appraisal.
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Now test yourself





1  Explain why a limited budget could impact on the design of a new product.


(3)



2  Describe one example where emerging technology is supporting the medical profession.


(1)



3  List four factors a designer would look at when carrying out a life-cycle analysis (LCA).


(4)



4  Explain what is meant by ‘additive manufacture’.


(2)
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1.3 How energy is generated and stored



1.3.1 Sources, generation and storage of energy






	Table 1.5 Non-renewable energy sources







	Oil

	Crude oil is extracted from the Earth and refined into liquid fuels such as petrol. It can also be used to generate electricity in power stations.






	Gas

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






	Coal

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







Issues surrounding the use of fossil fuels:





•  Fossil fuels have high energy density – they hold a lot of chemical energy per kilogram of fuel – making them ideal for transportation.



•  Gases such as carbon dioxide and pollutants such as sulphur dioxide are emitted 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.









	Table 1.6 Renewable energy sources







	Wind

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






	Solar

	Photovoltaic (PV) panels produce electricity when exposed to the sunlight.






	Hydroelectric

	Dams house large turbines that trap water. When the water is released, the pressure turns the turbines and generate electricity.






	Biofuels – biodiesel and biomass

	Wood not used in the timber industry is chipped and used as fuel (biodiesel) instead of burning coal. In some biomass schemes plants such as soy are grown to produce materials that can be processed into biofuels.






	Tidal

	Energy is extracted from the rise and fall of the tide. Large turbines can be placed in areas where there is high tidal movement.











	Table 1.7 Advantages and disadvantages of renewable energy sources







	Advantages

	Disadvantages






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

	Initial outlay for the equipment needed for renewable energy is expensive (it produces free energy following installation, however).






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

	Wind and solar power depend on weather conditions and therefore cannot be relied on.






	Manufacturers are installing equipment to recover waste energy to heat their offices. This will reduce energy bills, but is also a more ethical approach to construction.

	In order to build dams to generate hydroelectric power, valleys in rural areas must be flooded. This can damage the natural habitat for wildlife.







1.3.2 Powering systems





•  Mains electricity is delivered to homes and businesses via the National Grid using underground or overhead cables via pylons.



•  Energy from solar and wind farms also contributes to the National Grid.



•  Batteries store electrical power. Battery capacity varies depending on the number of cells and the voltage within each cell.



•  Battery technology continues to evolve – the size of batteries has significantly been reduced but the capacity to power a device has increased.





1.3.3 Choosing appropriate energy sources


Using renewable energy instead of burning fossil fuels is seen by many as the cleaner and greener way forward. However, there is still an environmental cost:





•  Many people consider wind farms and solar panels unsightly and noisy.



•  There are concerns that birds could be harmed by wind turbine blades.





Compact renewable energy sources have been developed to be used on portable devices:





•  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.



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



•  Technology allows for electrical devices to be far more efficient in terms of energy used. For example, using light-emitting diode (LED) lights instead of filament lamps reduces energy consumption.



•  Domestic appliances carry an energy rating label. A+++ is the most efficient; while G is the least.



•  Standard connections allow products to be sold worldwide, for example USB slots on computers.



•  Rechargeable products are often seen as an advantage by consumers.
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Figure 1.5 Electronic road sign powered by solar energy
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Now test yourself





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


(2)



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


(2)



3  Discuss the disadvantages of using fossil fuels to provide energy.


(4)



4  State the correct name for the cells found on solar panels.


(1)



5  Explain how technology has impacted the development of batteries.


(2)
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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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Typical mistake


Read exam questions carefully and make sure you fully understand what the question is asking before attempting an answer. The main point of the question can often be missed if an answer is rushed.
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1.4 Modern and smart materials, composite materials and technical textiles



1.4.1 Modern and smart materials


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


Shape-memory alloys





•  Shape-memory alloys (SMAs) appear to have a memory that allows them to return to an original shape if heated.



•  Nitinol, an alloy of nickel and titanium, is a commonly used SMA. Possible uses include medical applications such as medical fastenings used in bone fractures.





Nanomaterials





•  Nanomaterials are defined as having particles on nanoscale dimensions, approximately equivalent to one billionth of a metre.



•  In textiles, nanoparticles can alter the properties of a fabric, for example adding a stain-resistant finish.



•  New materials have been developed as a result of miniaturisation of component parts, which has led to the development of conductive fibres, commonly referred to as e-textiles.



•  Conductive fibres and threads developed from carbon, steel and silver can be woven into textile fabrics and made into clothing, or the conductive threads can be sewn into a product to connect a circuit. This allows interaction between the fabric and the user.





Reactive glass





•  Reactive glass reacts almost immediately to bright sunlight. It is controlled by a light-dependent resistor (LDR).



•  Smart glass reacts in a similar way but has to be activated by a switch. It is opaque when switched off. It is used in homes to give privacy instead of using curtains or blinds.
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Figure 1.6 Flexible solar panels can now be integrated into textiles fabrics





Piezoelectric materials





•  Piezoelectric materials create an electrical charge when exposed to compression or pressure. Possible uses include sound or sonar detection and lighters for grills and barbeques.





Temperature-responsive polymers





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



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







[image: ]

Figure 1.7 Thermochromic mugs change colour when boiling water is poured in






Conductive inks



Conductive inks contain conductive particles that allow designers to hand-draw or digitally print circuits that are fully functional.


1.4.2 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.


Concrete





•  Concrete is made up of various aggregates (gravel, rock or sand), cement and water. The cement binds the materials together when water is added. Concrete has a high compressive strength but is much weaker under tension.



•  Uses include the construction of buildings and roads, as well as smaller projects such as kerbs and drainage.





Plywood





•  Plywood is made up of several layers of wood glued on top of each other. Each layer is laid at a 90-degree angle to the previous layer, giving plywood a consistent strength. The outside layers might be a more expensive wood such as birch.



•  Uses include roofing, flooring and furniture.







[image: ]

Figure 1.8 Plywood





Fibre/carbon/glass and reinforced polymers





•  Carbon fibre reinforced polymer (CFRP) is a composite consisting of woven carbon fibre strands encased in a polymer resin.



•  Carbon fibre strands have a high tensile strength and the polymer resin is lightweight and rigid; when combined, this creates a high-performance engineered material. Possible uses include high-performance sports equipment.



•  Glass reinforced plastic (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.







[image: ]

Figure 1.9 CFRP matting





Robotic materials





•  Scientists are developing materials that will appear to ‘think’ for themselves. It is anticipated that these materials will sense something, process it, then react to that sensation, although this is some way off from being a reality.



•  Possible uses could include camouflage or load balancing.





1.4.3 Technical textiles





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



•  Technical textiles can be woven or bonded, synthetic or natural.









	
Table 1.8 Technical textiles and their uses








	Textile

	Where used

	Uses






	Agro-textiles

	Agricultural industry

	Mainly used in crop protection to suppress weeds or for moisture control






	Construction textiles

	Construction industry

	Netting used on scaffolding to protect passers-by from falling debris; linings for swimming pools and ponds






	Geotextiles

	Civil engineering, road construction and building

	Permeable fabrics used with soil that have the ability to filter, separate, protect and drain; control of embankments on the sides of roads and protection to prevent coastal erosion







Domestic textiles





•  Domestic textiles have various applications in the home, from padding inside soft furnishing to cleaning cloths.



•  Microfibres are engineered fibres that are about 100 times smaller than a human hair. When used in cleaning clothes they are highly effective in attracting dust.





Environmentally friendly textiles





•  Environmentally friendly textiles come from sustainable sources such as plants and animals.



•  However, to be considered truly eco-friendly they have to be grown organically, without the use of pesticides and fertilisers to boost crops.





Protective textiles





•  Gore-Tex is the most well-known breathable fabric and consists of three or more fabrics laminated together with a breathable hydrophilic membrane in the middle:







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


    •  It is used in high performance clothing and footwear, and it helps to regulate body temperature.








•  Aramid fibres are engineered fibres with very high tensile strength and resistance to heat.
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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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Typical mistake


Don’t confuse technical textiles such as Gore-Tex with fabrics such as cotton that absorb moisture making them appear breathable.
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Figure 1.10 Gore-Tex is an example of a laminated fabric









	
Table 1.9 Aramid fibres








	Fibre

	Properties

	Uses






	Kevlar®

	Lightweight, flexible and extremely durable aramid; excellent resistance to heat, corrosion and damage from chemicals and high tensile strength-to-weight ratio

	Used in protective clothing such as police body armour, where the fibre is woven in a lattice that provides protection against knife attack






	Nomex®

	Extremely strong synthetic fabric that can withstand exposure to the most extreme conditions
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