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Get the most from this book

Everyone has to decide their own revision strategy, but it is essential to review your work, learn 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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Glossary


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.


[image: ]

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.
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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.
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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
	Primarily used where resistance to heat and flames is essential, for example firefighters’ uniforms




Sports textiles


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

•  The capsules can contain vitamins, therapeutic oils, moisturisers, antiseptics and antibacterial chemicals that are released through friction.

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

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


1  Describe what gives plywood its strength.

(2)

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

(3)

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

(2)

4  State what is meant by ‘smart glass’.

(1)

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

(2)
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1.5 Mechanical devices

1.5.1 Types of movement

The four main types of movement are:


•  linear: movement in a straight line

•  reciprocation: movement that goes back and forth in a straight line

•  rotary: movement that turns in a circle

•  oscillation: a swinging movement from side to side.



1.5.2 Classification of levers


•  Levers consist of a rod pivoted on a fulcrum.

•  In a class 1 lever, the effort and the load are on opposite sides of the fulcrum. An example is a see-saw.

•  In a class 2 lever, the load and the effort are on the same side of the fulcrum, with the load nearest the fulcrum. The effort required is less than the load. An example is a wheelbarrow.

•  In a class 3 lever, the load and effort are on the same side of the fulcrum, but this time the effort is nearest to it. The effort required is greater than the load, but the load can be moved faster. An example is a pair of tweezers.
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Exam tip

Make sure that you show all of your working when performing calculations related to mechanical systems, including writing down the formula.
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Figure 1.11 A class 2 lever
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1.5.3 Linkages


•  Linkages are used to change the size of a force, the direction of motion and/or the type of motion.

•  In a reverse motion linkage, the bottom link moves to the left as the top link moves to the right. If the distance between the fixed pivot and the moving pivots is equal, then the output force is the same as the input force. The output force can be increased or decreased by changing the position of the fixed pivot.

•  In a bell crank the output movement is at 90 degrees to the input movement. The output force is greater than the input force when the fixed pivot is closer to the output lever.
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Figure 1.12 A reverse motion linkage



1.5.4 Cams


•  Cams and followers turn rotary motion into reciprocating motion. The follower moves up and down as the cam rotates.

•  With a pear-shaped cam, the follower remains stationary (dwells) for half of the cycle. It is then pushed up as the point of the cam approaches. Finally, as the point passes, the follower falls and then dwells again.

•  Eccentric cams are circular but have an off-centre rotating shaft. The rise and fall produced is symmetrical.

•  With a snail/drop cam the follower dwells for the first 120 degrees or so of the cycle. It then rises slowly before dropping suddenly when it reaches the peak of the snail shape.
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Figure 1.13 An eccentric cam mechanism



1.5.5 Followers


•  Knife followers have a sharp point that makes contact with the cam. They often wear quickly, leading to the mechanism not working correctly.

•  Roller followers replace the sliding motion between the cam and follower with a rolling motion. This reduces wear.

•  Flat followers are used where space is limited.



1.5.6 Pulleys and belts


•  V-belt pulley systems transmit rotary motion and torque. A larger pulley driving a smaller pulley results in increased speed but decreased torque. A smaller pulley driving a larger pulley achieves the opposite.

•  The speed of a pulley is measured in revolutions per minute (rpm).
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Typical mistake

It is easy to mix up the driven pulley and the driver pulley when calculating velocity ratios. Ensure you know which one is which.
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Figure 1.14 An electric motor driving a simple pulley system
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1.5.7 Cranks and sliders


•  Crank and slider mechanisms convert rotary motion to reciprocating motion, and vice versa. To create reciprocating motion, the crank rotates and the connecting rod pushes the slider backwards and forwards.

•  Piston engines in cars are an example of the reverse.
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Figure 1.15 A crank and slider mechanism



1.5.8 Gear types


•  In a simple two gear train, a larger gear driving a smaller gear results in increased speed but decreased torque. A smaller gear driving a larger gear achieves the opposite.

[image: ]

•  Compound gear trains are created when one or more of the shafts holds two gears. They are used when large increases in speed or torque are needed and when space is limited.

•  An idler gear is placed between two gears to ensure that they have the same direction of motion.

•  Bevel gears are used to change the direction of a shaft’s rotation, usually through 90 degrees.

•  Rack and pinions change rotary motion to linear motion. The teeth on the circular pinion gear mesh with those on the rack. As the pinion gear turns, the rack moves in a straight line.
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Figure 1.16 A simple gear train
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Now test yourself


1  State what is meant by the term ‘rotary movement’.

(1)

2  Give an example of a class 2 lever.

(1)

3  Name three types of follower in a cam and follower mechanism.

(3)

4  Describe the function of a crank and slider mechanism.

(2)

5  Describe the purpose of an idler gear.

(2)
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1.6 Electronic systems

1.6.1 Sensors


•  Sensors are input devices. They take signals from the environment around them, such as light and temperature levels, and turn them into electronic signals, such as current, voltage or resistance.

•  LDRs change the light level that is detected into a resistance. The resistance decreases as the brightness increases. LDRs are often used in outdoor street lamps and night lighting.

•  Thermistors change the temperature level that is detected into a resistance. Thermistors are often used where it is important to know the temperature, such as inside a greenhouse or a refrigerator.
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Figure 1.17 A light-dependent resistor (LDR)



1.6.2 Control devices and components


•  Switches are used to either ‘make’ (allow current to flow through) or ‘break’ (not allow current to flow through) a circuit. An example is a light switch that turns a lamp ‘on’.

•  Switches are described by either the number of poles and throws that they have, or by their function. For example, a push to make switch ‘makes’ a circuit when it is pressed.

•  Other examples of switches include rocker switches, toggle switches, tilt switches, reed (magnetic) switches and micro switches.

•  Transistors are used as either an electronic switch or a current amplifier. A transistor has three leads called the base, collector and emitter. When the voltage at the base reaches approximately 0.6 V, current is allowed to flow between the collector and the emitter.

•  Resistors are used to reduce the flow of current in a circuit. The higher the value of a resistor, the more resistance it has. The amount of resistance is measured in ohms, or Ω.
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Figure 1.18 A push to make switch



1.6.3 Outputs


•  Outputs take electronic signals and turn them back into ‘real world’ signals, such as light or sound.

•  Buzzers use an internal oscillator to produce sounds at different frequencies when current flows through them. They are often used in alarms, warning systems and electronic children’s toys.

•  LEDs produce light when current flows from the anode to the cathode. They can be damaged by too much electrical current, so they usually require a protective resistor connecting in series with them.

•  LEDs use far less current and thus save energy. They also last much longer as they do not ‘burn out’.
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Typical mistake

Misunderstanding the difference between input, control and output components and their main functions in a system.
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Now test yourself


1  A designer is developing an idea for an outdoor security light. The light must come on automatically when it is dark. Name a suitable input sensor and output device for this system.

(2)

2  Describe how a transistor operates when being used as an electronic switch.

(3)

3  State the main function of a resistor in a circuit.

(1)

4  Give two applications of buzzers in electronic systems.

(2)
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Exam tip

Make sure you understand the working characteristics, applications, advantages and disadvantages of the main input, control and output components.
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1.7 The use of programmable components

1.7.1 How to make use of flowcharts


•  Programmable components are used to replace analogue integrated circuits. They can be programmed to perform tasks such as responding to sensors, producing time delays and counting.

•  An example is a microcontroller, which has several pins for the connection of different input and output devices.

•  Flowchart software is commonly used to program microcontrollers. Standard symbols are joined together using arrows to create a set of instructions for how the system will operate. This is then downloaded on to the chip. Each symbol represents a type of command that can be edited for a specific purpose within the program.

•  This type of programming is highly visual, so it is easier to make changes or spot errors. Complex programming knowledge is not necessary. Programs can be simulated on-screen to check that they will work.
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Typical mistake

Not using the correct flowchart symbols for each programming command – make sure you know when each of these should be used in a program.
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Figure 1.19 Common flowchart symbols



1.7.2 How to switch outputs on/off


•  In most flowchart software, an output is turned on by inserting the word ‘high’, followed by the pin number that the output is connected to, into the input/output command symbol.

•  For example, ‘High 2’ would turn on the output connected to pin 2. To turn the output off, the word ‘low’ is used instead.

•  Decision commands are used to check the state of a digital input device, such as a switch. This is achieved by inserting a question into the decision command symbol, for example ‘is pin 3 on?’. If the answer is yes, the program follows the ‘yes’ (Y) arrow; if it is no, it follows the ‘no’ (N) arrow.
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Figure 1.20 A command that would turn an output device connected to pin 2 ‘on’
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Figure 1.21 A decision command checking whether a digital input device connected to pin 3 is ‘on’



1.7.3 How to process and respond to analogue inputs

Many sensors, such as LDRs and thermistors, produce analogue signals. A special type of decision command, called compare, can be used to check whether an analogue signal is greater or less than a particular value, known as the threshold.
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Figure 1.22 A compare command checking whether an analogue input signal is greater than 30



1.7.4 How to use simple routines to control outputs with delays, loops and counts


•  One of the main reasons for using programmable components is that complex process commands can be created with less circuitry, as programming replaces the hardware.

•  To create time delays the wait command can be used. For example, the program in Figure 1.23 will turn on an output connected to pin 2 when pin 3 detects that a switch has been pressed. The output will remain on for one second and then turn off. The program will then wait another second before looping back to repeat, creating a continuous pulsing sequence.

•  Most flowchart programming software has a type of process command that can count the number of times an input pin goes from low to high within a certain time period, for example how many times a switch is pressed.
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Exam tip

Make sure you can create flowchart programs that can read inputs, switch outputs on/off and produce more complex process functions, such as time delays and counting.
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Figure 1.23 A program that uses time
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1  What does the following flowchart symbol represent?



2  Draw the flowchart symbol for a process command.


3  Explain how a microcontroller could be programmed to read an analogue value from a sensor.


4  Write a microcontroller flowchart program that would turn an output connected to pin 4 ‘on’ for two seconds when a switch connected to pin 3 is pressed, and then ‘off’ again.
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1.8 Ferrous and non-ferrous metals

1.8.1 Ferrous metals


•  Ferrous metals contain iron so they corrode quickly.

•  They are magnetic and corrode quickly if not treated with a suitable surface finish.



Mild steel


•  Mild steel is also known as low-carbon steel because it has the lowest carbon content of the different steel types.

•  Mild steel contains around 99 per cent iron and a maximum of 0.25 per cent carbon.

•  Other elements such as manganese, silicon and sulphur make up the remaining fraction.

•  Mild steel is relatively affordable compared to other types of steel.

•  It is easy to machine and weld.

•  Common uses are structural steel in buildings, signs, car and vehicle bodies and panels, and wire.
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Stainless steel


•  Stainless steel contains iron and between 15 and 30 per cent of other metals (chromium and nickel).

•  It has a high resistance to corrosion compared to other types of steel.

•  It is tough and ductile with high strength and temperature resistance.

•  Common uses are medical instruments, kitchen utensils and appliances, vehicle exhaust systems, hardware and structural/architectural items.



Cast iron


•  Cast iron is a mixture of iron and two per cent or more of carbon.

•  It is heavy and has good compressive strength but is quite brittle and can crack or shatter under impact.

•  It has a low melting point and is more resistant to wear and corrosion than mild steel.

•  Common uses are pipework, engines, cooking utensils, and garden ornaments and furniture.



1.8.2 Non-ferrous metals


•  Non-ferrous metals do not contain iron.

•  They are much more corrosion resistant than ferrous metals.

•  They are generally more expensive than ferrous metals.



Aluminium


•  Aluminium has a high strength-to-weight ratio as it is lightweight.

•  It has a shiny, attractive appearance that requires no additional finish.

•  It is easy to cut, shape and weld.

•  Common uses are drinks cans, foils, window frames and aeroplane parts.



Copper


•  Copper is an excellent electrical and thermal conductor that does not tarnish or corrode easily.

•  It is tough but ductile, so it can be easily shaped or drawn into a wire.

•  Copper can be joined easily by soldering or brazing.

•  It can be polished to an attractive appearance and golden colour.

•  Common uses are water pipes, electrical cables, jewellery, statues and outdoor decorative features.



Brass


•  Brass is an alloy of copper and zinc.

•  Alloys are metals made by combining two or more metals and other elements together to improve their properties.

•  Brass has good resistance to wear and corrosion, and has an attractive appearance.

•  Common uses for brass are nuts, bolts and screws, door furniture and bathroom fittings.
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1.8.3 Properties



•  high melting point: resistant to very high temperatures

•  finish: can be polished to an attractive shine

•  conductive: allows electricity and heat to pass through easily

•  malleable: can be hammered and bent into shape without breaking

•  ductile: can be stretched into a thin wire without becoming weaker or brittle in the process

•  hardness: resistant to impact and abrasion.
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1  Name the two differences between ferrous and non-ferrous metals.


2  What is an alloy?


3  All metals are good conductors. What does this mean?
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1.9 Papers and boards

1.9.1 Paper


•  Papers and boards come in a wide range of different thicknesses, sizes and types.

•  The thickness of paper is known as its ‘weight’ and is measured in grams per square metre (gsm).



Copier paper


•  Copier paper is used extensively for printing, photocopying and general office purposes.

•  It is approximately 80 gsm.

•  It has a smooth surface making it ideal for most printers and photocopiers.
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Cartridge paper


•  Cartridge paper is available in different weights between 80 and 140 gsm.

•  It is thicker and more expensive than layout and copier paper.

•  It has a slightly textured surface and is slightly creamier in colour.

•  Cartridge paper is used by artists for sketching, drawing and painting as it has an ideal surface for pencil, crayons, pastels, watercolour paints, inks and gouache.



Tracing paper


•  Tracing paper is used for making copies of drawings and fine details.

•  It is thin and very transparent.

•  It is also hardwearing and strong despite its lack of thickness.

•  Mistakes made in pen can be scratched off using a sharp blade.



1.9.2 Board


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

•  The thickness of board is measured in microns; a micron is one-thousandth of a millimetre.



Folding boxboard


•  Folding boxboard is made up of three layers of card.

•  The card layers have different qualities and properties: the two outer layers are high quality with a very smooth surface; the middle layer is lower quality but has high bulk and stiffness.

•  A chemical coating on the top outer layer makes it ideal for high-quality printing and foiling.

•  Folding boxboard is used for health and beauty products, frozen and chilled foods, pharmaceutical products and confectionaries.



Corrugated cardboard


•  Corrugated cardboard is a strong but lightweight type of card.

•  It is made from two layers of card with a fluted sheet in between.

•  The fluted construction makes it stiff and difficult to bend or fold, especially across the flutes.

•  Corrugated card can absorb knocks and bumps, and has good heat-insulating properties.

•  Common uses are packaging fragile or delicate items, and takeaway foods, for example pizza boxes.



Solid white board


•  Solid white board (also known as mounting board) is a rigid type of card with a thickness of around 1.4 mm (1400 microns) and a smooth surface.

•  It is available in different colours but white and black are the most commonly available.

•  Mounting board is often used for picture framing mounts and architectural modelling.



1.9.3 Properties


•  Flexibility is the paper’s ability to withstand multiple folds before it breaks. This is important in printed products that may be folded and unfolded numerous times during use, such as books, maps and cartons.

•  Paper made with virgin pulp, which has longer fibres, has a higher flexibility than recycled paper.

•  Printability is how easy the paper can be printed on.

•  The smoother and flatter the paper’s finish, the easier it is to print on and the higher quality the print finish will be.

•  Biodegradability means that the paper or board can break down and decompose without harming the environment.

•  Normal paper and board will biodegrade quickly. Coatings on products such as coffee cups to make them waterproof significantly affect the length of time it takes the paper and board to decompose.
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1  Name one use for tracing paper.


2  Explain two reasons why corrugated cardboard is ideal for takeaway food packaging.


3  Describe one use for mounting board.
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1.10 Thermoforming and thermosetting polymers

1.10.1 Thermoforming polymers


•  Thermoforming polymers soften when heated and can be moulded into shape.

•  When the polymer cools it hardens and retains the shape.

•  If the polymer is reheated it will try to return to its original shape.

•  Thermoforming polymers can be reheated and reshaped numerous times.



Acrylic


•  Acrylic is a rigid, hard polymer usually in the form of a sheet.

•  It is available in clear or a wide range of solid and translucent colours.

•  Acrylic is easy to cut, bend, shape and polish.

•  It has good impact resistance but is easily scratched.

•  Common uses include as a substitute for glass, illuminated signs, aircraft canopies and car light clusters.
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High-impact polystyrene


•  High-impact polystyrene (HIPS) is a thin, flexible and lightweight sheet polymer available in a wide range of colours.

•  It is inexpensive and easy to cut, shape, bend and mould.

•  HIPS is a popular choice for vacuum forming.

•  Common uses for HIPS include disposable plates and cups, model kits, food containers and trays.



Biodegradable polymers


•  Biodegradable polymers, or biopolymers, are produced from renewable raw materials such as corn starch, plant sugars and vegetable oil.

•  They are environmentally friendly as they are compostable and biodegradable.

•  Biopol® is a type of biopolymer. It is lightweight, hard and non-toxic.

•  Common uses for biodegradable polymers include medical products such as dissolving thread for stitching wounds, bin bags, bottles and cups, and food packaging.



1.10.2 Thermosetting polymers


•  Thermosetting polymers soften when heated and can be moulded into shape.

•  During heating, a chemical change takes place.

•  Once the thermosetting polymer has cooled, it hardens and sets in shape.

•  Once set, the thermosetting polymer cannot be reheated and reshaped.

•  If reheated, the thermosetting polymer will melt and burn.

•  Thermosetting polymers cannot be recycled.
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Polyester resin


•  On its own, polyester resin is hard but very brittle and easy to snap.

•  When combined and reinforced with fibreglass, it becomes GRP (glass reinforced plastic).

•  GRP is very tough and has high impact resistance. It is also lightweight, waterproof and relatively easy to repair if damaged.

•  Common uses for GRP include car body panels, sailing boats, canoes, corrugated roofing sheet, and electrical enclosures.



Urea formaldehyde


•  Urea formaldehyde is a rigid, hard but brittle polymer.

•  It is available in a wide range of colours.

•  It has excellent heat resistance and is a good electrical insulator.

•  Common uses for urea formaldehyde include electrical fittings (light switches, plug sockets), domestic appliance parts, laminate sheeting and wood glue.



1.10.3 Properties



•  thermal insulator: does not conduct heat easily

•  electrical insulator: does not conduct electricity

•  toughness: resistant to impact and wear.
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1  Explain why thermoforming polymers are considered to be more environmentally friendly than thermosetting polymers.


2  Give two reasons why polymers are often used for housing electrical equipment.


3  Name a common use for HIPS.
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1.11 Natural, synthetic, blended and mixed fibres, and woven, non-woven and knitted textiles


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

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



1.11.1 Natural fibres


•  Natural fibres come from natural sources.

•  They are sustainable and biodegradable.
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1.11.2 Synthetic fibres


•  Synthetic, or manufactured, fibres are artificial.

•  Advantage: they can be manufactured to specific requirements.

•  Disadvantage: they are not biodegradable and come from unsustainable sources.
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1.11.3 Woven textiles


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

•  Different weave creates fabrics with different textures, patterns and strength.

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

•  Twill weave gives a diagonal pattern and adds strength to the fabric. An example is denim.
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1.11.4 Non-woven textiles

Felted


•  Felted fabrics are produced by applying moisture, heat, pressure and friction to a web of fibres, which causes the fibres to bind together. Wool and acrylic fibres are commonly used in this process.

•  Felt is used in craft projects, accessories such as hats, and on the surface of snooker tables.



Bonded


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

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

•  They are cheap to produce and are often used to make disposable products such as surgical gowns and masks, cleaning wipes and disposable protective suits.



1.11.5 Knitted textiles


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

•  There are two types of knitted fabrics: warp knitting (interlinking vertically) and weft knitting (interlinking horizontally).

•  Knitted fabric is easy to stretch and warm to wear as the loops trap body heat.
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1.11.6 Properties
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1  Name one natural fibre and one synthetic fibre.


2  Explain how the type of weave in fabric construction affects the fabric.


3  State one characteristic of knitted fabric.


4  Explain why bonded fabrics are often used in disposable products.


5  Describe two reasons why natural fibres are considered more environmentally friendly.
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1.12 Natural and manufactured timbers


•  Natural timber comes from trees that are cut down into logs and then sawn into planks.

•  Manufactured timber is made from recycled wood chips and fibres.



1.12.1 Natural timbers – hardwoods


•  Hardwoods come from deciduous trees that shed their leaves every year.

•  Hardwood trees grow slowly and can take hundreds of years to grow fully.

•  They have thick trunks with branches at the top.

•  Hardwoods have a close grain and tend to be denser and heavier than softwoods.



Oak


•  Oak is a heavy, hard and tough timber.

•  It has an open grain and an attractive appearance.

•  Oak is good for outdoor use as it is durable and can withstand the elements well compared to other woods.

•  Common uses for oak include garden furniture, doors, floors and high-end furniture.



Mahogany


•  Mahogany is a dark coloured close-grained timber.

•  It is easy to cut and shape, is available in wide planks and polishes well.

•  Common uses for mahogany include furniture, shop fittings, boat building and doors.



Beech


•  Beech is a very tough, hard timber with a close and straight grain.

•  It is hardwearing, easy to work and polishes well.

•  It has a light brown colour and can be prone to warping.

•  Common uses for beech include furniture, toys and wooden tools.



Balsa


•  Balsa is a soft and lightweight timber with a coarse and open grain.

•  It is very easy to shape, sand, glue and paint.

•  Common uses for balsa include model making, packing cases, surfboards and fishing floats.
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1.12.2 Natural timbers – softwoods


•  Softwoods come from coniferous (evergreen) trees that have needles instead of leaves.

•  Softwood trees keep their needles year-round and grow much faster than hardwood trees.

•  They grow tall and straight, and have lots of branches all the way up the trunk.

•  Softwood has more knots than hardwood.



Pine


•  Pine is the most widely available natural timber and is relatively cheap compared to other timbers.

•  It has a straight grain and is easy to cut and shape.

•  Pine has knots along the grain of the wood. They can weaken its strength but give an attractive appearance when finished.

•  Common uses for pine include interior construction work, boxes and crates, flooring and paper (pulpwood).



Cedar


•  Cedar is a lightweight, soft timber with a straight grain.

•  It is knot free and very durable.

•  Cedar is resistant to rot, weather and insect attack.

•  Common uses for cedar include outside joinery, building cladding, bathroom and kitchen furniture, and wall panels.
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1.12.3 Manufactured timbers


•  Manufactured boards can be made from hardwood and softwood.

•  They are made by gluing and compressing wood fibres or layers together.

•  They are made in large sheets that are easy to work with.

•  Manufactured boards are generally cheaper than ‘real’ or natural wood.



Plywood


•  Plywood is made by gluing together thin layers of timber with alternating direction of grain.

•  It is strong and tough due to its layered construction, with a high strength-to-weight ratio.

•  Plywood is easy to cut and shape but can splinter easily.

•  It is relatively stable under changes in temperature and moisture.

•  Common uses for plywood include structural panelling in building construction and furniture making.
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Medium-density fibreboard


•  Medium-density fibreboard (MDF) is made by gluing and compressing wood fibres together into sheets.

•  It has a smooth, even surface but chips and damages easily.

•  It is easy to cut, shape, paint, glue and stain.

•  MDF has poor moisture resistance and degrades quickly when wet.

•  Common uses include cheap flat-pack furniture, interior panelling and interior doors.



1.12.4 Properties

Hardness


•  Hardness is the resistance of the wood to denting and wear.

•  It varies depending on the direction of the wood grain.

•  Hardness of wood is tested by dropping a ball bearing onto it from a set height. This is called the Janka hardness test.



Toughness


•  Toughness is the amount that timber can be bent without breaking or splitting.

•  Toughness is affected by the timber’s internal cell structure.

•  Most hardwoods have interlocking cell structures and are generally tougher than softwoods.



Durability


•  Durability is the wood’s ability to resist decay from exposure to the elements and attack from insects.

•  Hardwoods such as teak are the most durable woods and can last for many years when exposed to the elements.

•  Some types of bamboo have a durability of only a few months.
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1  Why is plywood a much stronger manufactured board than MDF?


2  Name one advantage and one disadvantage of knots in pine.


3  Explain one major difference between hardwood and softwood trees.
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1.13 Contexts which inform design outcomes

1.13.1 Discriminating between materials, components and manufacturing processes




•  compressive strength – resistance to a pushing force

•  tensile strength – resistance to a pulling force

•  durability – resistance to wear, long lasting

•  hardness – resistance to abrasion

•  stiffness – resistance to bending and flexing

•  elasticity – ability to stretch and return to shape

•  impact resistance – resistance to knocks and impacts

•  brittleness – hard but easily broken or shattered

•  water resistance – resistance to water or moisture

•  absorbency – ability to soak up moisture.





•  machinability – ability to be easily milled and drilled

•  workability – ability to be placed and compacted

•  ductility – ability to stretch, not break under stress or impact

•  malleability – ability to be hammered, pressed or rolled without breaking.





•  acoustic – acoustic absorption

•  chemical – corrosion resistance

•  electrical – conductivity, resistance and so on

•  thermal – conductivity, flash point and so on

•  magnetic – attractive to magnets.
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Advantages and disadvantages


•  The choice of materials impacts the success of the final product.

•  The advantages of a particular material may make it an obvious choice for a product, but the designer must also consider disadvantages, for example a thermosetting polymer may have the best properties for a product but it is not recyclable. Therefore, the designer may choose a thermoforming polymer with properties as close to the thermosetting one as possible.



Justification of the choice


•  The designer must make informed choices based on these characteristics and other factors, such as:




    •  cost – is there another material available that may cost less?

    •  availability – is the material in good supply?

    •  sustainability – is the material sustainable?

    •  environmental impact – can the material be recycled?

    •  social, cultural and moral considerations – will the use of this material have a negative impact?




•  When designing an electronic system, the designer must consider the range of components available and decide on the most suitable type for the application.
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1  State four important mechanical properties of materials.


2  State two factors that can influence and affect the properties of materials.
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1.14 Environmental, social and economic challenges

1.14.1 Respect for different social, ethnic and economic groups

Positive and negative impacts of products


•  Products can have a negative impact on society that the designer may not have foreseen.

•  For example, leaflets and flyers can be used to communicate useful information to people about services in the area, however this can lead to unwanted junk mail being delivered, urging people to buy things they don’t want.

•  While it is not always easy to predict the effects of a product, designers must try to consider the possible negative implications and decide whether the product is worthwhile.



Cultural awareness


•  Cultural awareness is considering how different cultural groups may be affected by a product. Different cultures may view products in a totally different light depending on their beliefs, ideas and experience.

•  A product designed for a particular market sector should not be offensive or upsetting to another.

•  Designing new products that continue traditional processes, skills and materials can help preserve cultural identity.



Economic challenges


•  The manufacturing processes, transportation, use and disposal of a product can affect the economic needs of people.

•  The manufacture of a new product may create jobs in a factory or geographical area, boosting local people’s income and improving the overall economy of the area.

•  If the product is manufactured with modern CAM machines, it could lead to the loss of jobs and, in turn, affect the whole economy in that area.

•  Many products are made abroad because labour costs are much cheaper in developing countries.

•  Some workers in these countries are poorly paid, work in dangerous or unhealthy conditions, and work long hours without breaks or holidays.

•  In some countries there is use of child labour, with children working in unsafe conditions because they have no choice.

•  Designers have a responsibility to ensure that people are not being exploited in this way.



1.14.2 Appreciation of the environmental, social and economic issues


•  Designers should make sure their clients follow the guidelines for the fair treatment of workers set out by organisations such as the European Institute for Crime Prevention and Control, the Gangmasters and Labour Abuse Authority (GLAA) or the Alliance for Workers Against Repression Everywhere (AWARE).

•  Manufacturers of fairtrade products ensure that their workers are treated and paid fairly, and that they do not work in dangerous or unhealthy conditions (see Section 1.2.3 Ethical perspectives).

•  Carbon offsetting is when companies that use high amounts of energy or produce a lot of waste ‘offset’ this by setting up or donating funding to projects that help to reduce greenhouse gases.

•  Products that can be disassembled easily allow the components to be reused instead of throwing away perfectly useable parts and manufacturing new ones. Making it easier to separate parts for recycling means that less materials are disposed of in landfill.



1.14.3 Green design


•  Social pressure to have the latest products and the influence of fashion and trends mean that people throw away rather than repair things. This is known as the throwaway society.

•  Green design means using eco-friendly materials and construction practices that safeguard air, water and earth.

•  Eco-design means designing sustainable products that will not harm the environment by considering the effects of the technology, processes and materials used.



1.14.4 Recycling and reusing materials or products


•  Choose materials that are sustainable, recyclable and non-toxic, and which do not require as much energy to process.

•  Design products to last as long as possible, so there is less replacement of parts, and that can be fully recycled at the end of their useful life.

•  Design products that function to the best of their potential.

•  Consider the needs and wants of all the stakeholders involved.
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1.14.5 Human capability


•  Human capability is the range of functions that humans can carry out.

•  Cognitive capability is the ability to process thoughts, learn new things and solve problems.

•  Physical capability is the ability to perform physical tasks, such as walking, standing, balancing or gripping items.

•  As we mature from children into adults, our cognitive and physical capabilities develop and increase.

•  Old age, illness or other events in our life can have a huge effect on our human capability.



1.14.6 Cost of materials


•  Designers must try to keep material costs as low as possible without compromising the quality of the final product.

•  Where materials are expensive, designers must look for cheaper alternatives with similar properties.

•  Designers must consider whether a particular material is necessary or just for ‘show’.



1.14.7 Manufacturing capability


•  Manufacturing capability is what a company or manufacturing plant is able to produce.

•  Many companies have approved ways of producing a particular product.

•  Manufacturing capability relates to the:




    •  technological capability of the manufacturer – how up to date the equipment is

    •  physical size and weight of the product being manufactured

    •  production capacity of the manufacturing plant.



1.14.8 Life-cycle analysis


•  The life cycle of a product is the stages a product goes through from beginning to end.

•  A life-cycle analysis (LCA) assesses the environmental impacts of a product at the following stages:




    •  extraction of the raw materials

    •  processing of the materials into useable form

    •  manufacture of the product

    •  distribution and transportation to retailers

    •  use by the customer

    •  repair and maintenance of the product

    •  disposal or recycling of the product.
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1  State three factors that may be considered when designing recyclable products.


2  Name three sustainable materials and explain why they are sustainable.


3  Describe one factor that can influence human capability.
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1.15 The work of past and present professionals and companies

1.15.1 Analysing a product to specification criteria



	



	Criteria
	Explanation



	Form
	The shape and appearance of a product



	Function
	The purpose of a product; what it will be used for



	Client/user requirements
	The needs, wants and values that are important to the people who will use it



	Performance requirements
	Factors that will help it to do its job; how it will perform when in use



	Materials and components/systems
	What the product is made from and why; the properties the materials have that support function; how the product operates (system)



	Scale of production and cost
	The number of products to be manufactured will affect the scale of production and costs



	Sustainability
	The environmental impact from origin to disposal



	Aesthetics
	The visual appearance of the product, for example colour, texture



	Marketability
	How likely the product will sell; features that will help product sales



	Innovation
	Does it have any radically new features or include the latest technology?




1.15.2 The work of past and present designers and companies

Alessi


•  Alessi has a reputation for designing and manufacturing desirable, high-quality everyday items such as kitchenware and tools.

•  Its products are designed to be different, unusual, timeless and fun pieces.

•  Originally Alessi manufactured products in stainless steel and other metals but, over time, materials such as porcelain, glass, wood and polymers have been used.

•  Alessi has worked collaboratively with external designers such as Philippe Starck who designed the futuristic Juicy Salif fruit squeezer, and Michael Graves who designed the iconic kettle with a bird-shaped whistle.




[image: ]



Apple


•  Much of Apple’s success is attributed to the importance they place on innovation and design.

•  Apple were pioneers in graphical user interfaces (GUIs). The 1983 Apple Lisa computer was the first to have icons that represented files and folders, and a cursor controlled by a mouse.

•  British industrial designer Jonathan Ive was responsible for styling the first iPod, iMac, iPhone and iPad.

•  Apple products are easily distinguishable by their sleek design, consistent shapes, colours and materials. Aesthetics and user experience are at the forefront of Apple’s design philosophy.

•  Apple is often criticised for products being developed with planned obsolescence, for software updates that do not work on older products, and for developing their own ports for connecting other devices.
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Heatherwick Studio


•  Thomas Heatherwick founded Heatherwick Studio in 1994. His background is in designing and making, and he is known for his innovative use of materials and engineering.

•  Heatherwick Studio employs over 250 people from a wide range of design disciplines including architects, engineers, landscape architects and product designers who work collaboratively.

•  The company works on projects that will have the greatest social impact. Their ethos is to create interesting and unusual spaces that are seen to be different.

•  Each project is viewed as a separate problem. The multi-skilled workforce work together, everyone contributes ideas and a number of potential solutions will be considered.

•  The client plays a critical role in the design journey.

•  Notable projects include: Guy’s Hospital, London; 1000 Trees, Shanghai; Pacific Place, Hong Kong; UK Pavilion, Shanghai; The Vessel, New York.
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Joe Casely-Hayford


•  Joe Casely-Hayford (1956–2019) launched his first collection in 1983 under the label KIT. It was made from WWII army tents that were disassembled, made into clothing and sold to specialist fashion shops.

•  The style reflected a worn and distressed look that proved both popular and successful. This method of making clothes was labour intensive, however.

•  His next venture was to make shirts from robust cotton sourced from a mill in Manchester. These heavy-duty shirts, which opened at the front and back, were again successful.

•  His work reflected his Saville Row tailoring experience and his free spirit as a designer. He embraced different cultures and his Ghanaian heritage through his work, merging innovative techniques and aesthetic styling.

•  Many in the fashion world saw him as a talented pioneer – the first black designer to represent London on the international fashion stage.



Pixar


•  Pixar began as the Graphics Group of the Computer Division of Lucasfilm in 1979. Its aim was to develop state-of-the-art technology for the film industry.

•  It was bought by Apple co-founder Steve Jobs in 1986 and was established as an independent company called Pixar. Walt Disney bought Pixar in 2006.

•  Pixar and Disney collaborated on a computer animation production system (CAPS) that revolutionised the way animated films were made.

•  Luxo Jr., a short film based on one large and one small desk lamp, was the result of this partnership and it received an Oscar nomination for best short (animated) film.

•  Pixar is known for CGI-animated, feature-length films created with RenderMan – a photorealistic 3D rendering software that continues to be developed to meet the challenges of 3D visual effects.

•  Pixar’s first computer-animated feature film was Toy Story (1995). Other notable films include A Bug’s Life, Finding Nemo and The Incredibles.



Raymond Loewy


•  Raymond Loewy (1893–1986) was one of the most influential industrial designers and is credited with revolutionising the industry, working on products ranging from postage stamps to cars and spacecraft.

•  Much of his success was down to his philosophy of streamlining designs and applying functional styling.

•  His work reflected his own design principle: MAYA – Most Advanced Yet Acceptable. He believed that if a design change was too radical it might not be acceptable to the consumer, but that should not prevent the development of a product to its full potential.

•  His car designs are considered classics. He was an advocate for fuel efficiency long before the concerns we share today.

•  Loewy was a highly talented and successful commercial artist. One of his most noted logos is for the Shell Oil Company. He believed a logo should be easily recognised and remembered, even if viewed only momentarily.

•  Other notable works include the Coca-Cola bottle, John F. Kennedy’s Air Force One and the American Greyhound bus.



Tesla


•  Tesla, an American electric automotive and energy company, is developing affordable, mass-market electric cars and battery products.

•  Co-founder Elon Musk overseas all product development, from engineering to design.

•  Tesla’s first electric car, the Roadster, was introduced in 2008 and featured cutting-edge battery technology.

•  The Model S, launched in 2012, combined safety, performance and efficiency, with the longest range of any electric vehicle (about 300 miles).

•  SolarCity, a subsidiary of Tesla, manufactures and installs solar roofs and batteries, allowing homeowners and businesses to manage renewable energy generation and storage.



Zaha Hadid


•  Zaha Hadid (1950–2016) studied mathematics at the American University of Beirut before moving to the Architectural Association School of Architecture in London in 1972.

•  Hadid opened her own architectural firm in London in 1980. Her modern designs stood out. Much of her early work was quite radical and, although acclaimed and published in many journals, was never built.

•  In 1993 Hadid designed a small fire station for the factory of the Swiss furniture maker Vitra. The design, comprised of raw concrete and glass with sharp diagonal forms colliding at a focal point, launched her career as an architect.

•  Hadid’s style did not reflect any other architectural movements. She was referred to as the ‘Queen of the Curve’ but was also known for her use of geometric shapes. Much of her work was futuristic, combining curved edges with sharp angles in concrete and steel, using the latest materials and technological advancements.

•  Notable work includes: the Heydar Aliyev Centre, Baku, Azerbaijan; Glasgow Museum of Transport, Scotland; and the National Museum of the 21st Century Arts (MAXXI), Rome.
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1  Describe two characteristics of Alessi products.


2  Joe Casely-Hayford trained in Saville Row. Explain how this influenced his style of work.


3  State what was significant about the Tesla Roadster that was launched in 2008.


4  Describe what was significant about the development of RenderMan technology.


5  Explain why Zaha Hadid’s approach to design differed from conventional architects’ style.
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1.16 Design strategies

1.16.1 Use of different design strategies


•  Innovative design is about exploring new ways of doing things or trying to approach problems from different angles or perspectives.

•  Design fixation is when designers stick to one idea instead of trying to explore new design avenues. Designers can use different strategies to help them avoid design fixation.



Collaboration


•  A design business will usually employ a number of designers. By discussing, sharing and working with each other they can get a different perspective on a problem.

•  Collaboration allows designers to bounce ideas back and forth between each other. It can open new avenues of investigation and designs that one designer would not have thought of on their own.
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User-centred design


•  User-centred design is where the needs, wants and requirements of the user are looked at and checked at every stage.

•  Putting the user at the centre of the design process means less refinement and modifications are likely to be needed later.

•  The process has four main stages:




    1  Context of use: identify the users of the product, what they will use it for, and under what conditions it will be used.

    2  Requirements: identify any user goals that must be met.

    3  Create design solutions: this may be done in stages, building from a rough concept to a complete design.

    4  Evaluate designs: evaluation through usability testing with actual users.



Systems thinking
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1  Explain one benefit of collaborative design work.


2  Describe how user-centred design can save time when designing products.
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1.17 Developing, communicating, recording and justifying design ideas

1.17.1 Using a range of communication techniques and media

Sketching


•  Freehand sketching is a method of presenting design ideas on paper without the use of drawing aids or formal drawing conventions. It is often used to produce early ideas for products or as a tool for ideas generation. Sketching can be done in either 2D or 3D.

•  Annotations are used to give further details and information about the ideas that have been sketched. This could cover areas such as:




    •  the inspiration behind each design

    •  the good and bad points

    •  manufacturing methods that could be used to make each idea

    •  how well each design meets the requirements of the end user and/or design specification.
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Cut and paste techniques


Digital photography/media


3D models


Isometric and oblique projections


•  These are methods of drawing objects in 3D.

•  In isometric projections the sides are drawn at a 30-degree angle.

•  Oblique projections are simpler to produce than isometric, but not as realistic. The front side of the object is drawn first and lines are then drawn backwards at 45 degrees. The object is inclined either to the left or to the right.



Perspective drawing


•  Perspective drawings show how objects get smaller as they are further away, thus in ‘perspective’.

•  In one-point perspective, the objects being drawn converge towards a single vanishing point on a horizon line. In two-point perspective, there are two vanishing points on either side of the horizon line. This produces more realistic drawings.
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Orthographic and exploded views


•  Orthographic projections are working drawings that show 3D objects in 2D. This is achieved through showing the front, plan and side views of the product.

•  In first angle orthographic projections, the front view is drawn above the plan view, and the side view is drawn to its left.

•  In third angle orthographic projections, the front view is drawn below the plan view, with the side view to its right.

•  There are standard lines that must be used for different purposes when producing orthographic drawings.

•  An exploded view shows the parts of a product suspended in space and slightly separated by distance. It shows the relationship between all the various parts of the product.
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Assembly drawings


System and schematic diagrams


•  System, or block, diagrams show a system in terms of its input, processes and output subsystems. This presents a top-down overview of the system.

•  Schematic diagrams show a circuit in terms of the individual components used. These are represented using symbols; the connections between them are shown with straight lines.
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Computer-aided design



•  Accuracy of drawing and modelling is very high.

•  Changes can be made quickly and easily.

•  No materials or physical resources are needed, reducing costs.

•  Models can be simulated on screen.

•  2D drawings can be produced directly from the 3D model, saving time.

•  CAD files can be outputted directly to CAM equipment for manufacture.
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1.17.2 Recording and justifying design ideas clearly and effectively


•  Designers must be able to justify their ideas and the design decisions that they have taken, for example giving reasons why certain materials and components have been chosen. This should always be in terms of the needs and wants of the end user and how well each design would meet them.

•  This can be achieved through detailed annotations of design ideas, or listing how each one meets the different requirements of the design specification. Consideration should be given to the wider design context and how each idea fits within this.
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1  Describe the differences between freehand sketching and formal drawing.


2  Name two types of perspective drawings.


3  Explain the differences between first and third angle orthographic projections.


4  Describe the purpose of a systems diagram.


5  Give two reasons why CAD is used to produce drawings of products.
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  1  Sustainability and environmental issues are important considerations when developing new products.




      a  Define the term ‘sustainable design’.


      b  Explain how the circular economy benefits the environment.


      c  Describe how studying a product’s life cycle benefits a manufacturer.





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




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


      b  Complete the following sentence: Nitinol is one of the most common shape memory alloys; it is made from …………… and ……………


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





  3  Electronic devices can be embedded into textile fabrics for clothing.




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


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


      c  Explain why Rhovyl® is used in sportswear.





  4  Fibres are the raw materials of textiles.




      a  State one source of natural textile fibres and one source of synthetic textile fibres.


      b  Cotton is widely used in the manufacture of textile products. Discuss the reasons why it is used in clothing.





  5  An outdoor street lamp must light up automatically when it gets dark. Name a suitable sensor and output device for this system. For each component named, explain how it functions to achieve the required outcome.


  6  A V-belt system has a driver pulley with a diameter of 300 mm and a driven pulley with a diameter of 100 mm. Calculate the velocity ratio of the system.


  7  Explain the purpose of a systems diagram.


  8  Explain why mild steel can be considered to be an alloy as well as a ferrous metal.


  9  What material is used to reinforce the polyester resin in glass reinforced plastic (GRP) and how does it improve the property of the resin?


10  What is the difference between ‘toughness’ and ‘hardness’ when referring to timbers?
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has a light brown colour with distinctive workshop tool handles and
flecks of brown and contains very few bench tops
knots; prone to warping and splitting; can
be difficult to work; needs to be protected
from weathering
Balsa Central and A very lightweight, soft and easily worked | Model making, floats and
South American | timber that contains very few knots; pale | rafts
forests in colour but weak and not very durable;
very poor natural resistance to weathering
Jelutong Asian forests A close-grained timber with a pale colour | Pattern making
that contains very few knots; medium
hardness and toughness; easily worked;
very poor natural resistance to weathering
Birch European forests | Even, straight-grained timber that has Veneers, plywood, internal
a medium strength, is easy to work but doors and furniture
contains some knots; attractive ‘clean’,
light-coloured grain; poor resistance to
weathering
Ash European forests | Strong, tough, durable and flexible with Handles for tools, sporting

a few knots; has an open, attractive,
light-coloured grain; finishes well; some
natural resistance to weathering

equipment, furniture,
ladders
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Geographical

Physical and working

source properties Composition Common uses
Aluminium | USA, France, Lightweight, soft, Pure metal 660°C Drinks cans,
Australia ductile, malleable, good cooking pans
conductor of heat and
electricity, corrosion
resistant, excellent
strength-to-weight
ratio
Copper USA, Chile, Extremely ductile and Pure metal 1084°C Plumbing
Zambia, Russia | malleable, excellent fittings, hot
conductor of heat water tanks,
and electricity, easily electrical wire
soldered, corrosion
resistant
Brass USA, Chile, High resistance to Copper (65%), | 900-940°C Plumbing
Zambia, Russia | corrosion, excellent zinc (35%) fittings, door
conductor of heat and fittings,
electricity, excellent musical
casting properties, instruments
harder than copper
Tin Indonesia, Soft, ductile, malleable, | Pure metal 232°C Metal
China high resistance to coatings,
corrosion, weak solder
7000 series | USA, France, Excellent strength-to- | Aluminium, 660°C Aircraft
aluminium | Australia weight ratio zinc, frames, alloy
magnesium, wheels, bike
copper frames
Titanium China, Japan, High resistance to Pure metal 1668°C Dental
Russia, USA corrosion, excellent implants,
strength, tough, low replacement

density

human joints
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Surface

treatmen Use Description Application Advantages isadvantages
Lacquering Jewellery Athin layer of | The metalis Gives an Not very durable
clear cellulose | cleaned and even, thin,
lacquer covers | then sprayed, | transparent
surface of the | brushed or coating,
metal rolled with protects the
lacquer metal from
tarnishing
Polishing Jewellery The surface A polish is Gives a high- | Not very durable,
of the metal applied to the | quality shiny needs to be
is polished metal then appearance repeated regularly
to produce a rubbed or
shiny finish buffed
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Stock form Image Description Use
Extrusion Complex cross-sectional Curtain rail
shapes formed by pressing a
billet of metal through a die
Wire Abillet of metal is drawn Electrical cable
through a die to produce very
thin, circular cross-sections
Powdered Powdered metal is heated Bearings and gears
metallurgy " and pressed into a mould
(sintering) .
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Fibre  Source Properties Uses
Wool | Animal: Warm, absorbent, low |Warm outerwear
sheep fleece | flammability, good (coats and jackets);
elasticity, crease knitwear; soft
resistant furnishings, carpets
and blankets
Cotton | Vegetable: Absorbent, strong, cool | Clothing, bedlinen,
cotton plant/ | towear, hardwearing, | towels, sewing and
seed pod creases easily, smooth, | knitting threads, soft

easy to care for,
flammable, can shrink

furnishings
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Fibre Source Properties Uses
Polyester | Fossil Strong when wet and | A versatile fibre used
fuels: coal/ |dry, flame resistant, | throughout textiles
petroleum | thermoplastic,
hardwearing, poor
absorbency
Acrylic Fossil Strong except when Knitwear and some
fuels: wet, thermoplastic, knitted fabrics, fake
petroleum | burns slowly fur products including

then melts, poor
absorbency

toys, upholstery and
carpets
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nt Image Use Advantages Disadvantages
Butt Simple frame/box The simplest of Aweak joint
constructions joints to produce
Dowel Frame/box A concealed joint Usually requires a
constructions that provides jig to assist in lining
greater strength up the holes
than a butt joint
Lap Frame/box The recess adds Limited strength

constructions

strength and
provides greater
accuracy

and requires more
time and skill to
produce
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Softwood
Pine

Alpine forests.

Properties

A straight-grained, light yellow-coloured
timber with a distinctive grain; strong and
lightweight; soft and easy to work; can be
quite knotty; needs to be protected from
weathering

Common uses

Interior joinery and
furniture, window frames,
roof trusses and flooring

Cedar

Alpine forests.

Very resistant to weathering and decay;
has a light reddish-brown colour with a
close, straight grain containing few knots;
easily worked

Fencing, fence posts and
exterior cladding

Larch

Alpine forests.

Tough, durable, good weather resistance;
has a light-coloured grain containing
some knots

Exterior cladding, fencing,
fence posts, sheds
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nt Image Use Advantages Disadvantages
Housing Toholdashelfora | The groove adds Requires time, skill
. divider strength and and a knowledge of
> accuracy several tools
Mitre Used on picture An aesthetically Can be difficult to
frames pleasing joint produce without
specialist equipment
Mortise To construct table A strong joint Requires time, skill
and tenon underframes and and a knowledge of
chairs several tools
Dovetail A traditional method | A very strong joint Requires time, a

of constructing
drawers

high level of skill
and a knowledge of
several tools
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Geographical

Physical
and working

source properties Composition Melting point  Uses

Mild steel China Good tensile Iron, carbon 1400°C Nuts, bolts,
strength, (0.1-0.3%) washers,
malleable, screws, car
tough, magnetic, bodies, rolled
easily joined, steel joists
poor corrosion (RSJs)
resistance

Stainless China Excellent tensile Iron, carbon, 1400°C Kitchen

steel strength, very chromium (18%), sinks, cutlery,
tough, very nickel (8%) surgical
durable, excellent equipment
resistance to
corrosion

Castiron USA, Russia, Hard, brittle, good | Iron, carbon (3.5%) | 1200°C Metalwork

Sweden compressive vices, brake
strength, magnetic discs, drain
and manhole
covers

High- China Very high strength, | Iron, carbon 1800°C Cutting tools,

carbon very hard, (0.8-1.5%) such as saw

steel magnetic, can be blades and drill
heat treated bits

Tungsten China Excellent Iron, tungsten 1650-3695°C | High-speed

steel strength, excellent | (1-18%) cutting tools,

resistance to
corrosion, very
tough

turbine blades
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Stock form

Image

Description

Use

Bar A metal bar with a solid General purpose
cross-section fabrication work
Usually sold in 4 m lengths

Sheet = ———— 2440 mm x 1440 mm sheet | Car bodies
effmetel Casings for ‘white
Usually available invarying | goods’ [washing
thickness up to 3 mm machines, fridges,

dishwashers)

Plate — 2440 mm x 1220 mm metal | Ships hulls
et Anchor points
Usually available in varying
thicknesses over 3 mm

Pipe and tube Metal pipe and tubing with a | Water pipes, structural
hollow cross-section framework

Casting Complex shapes formed by | Metalwork vices and

heating ingots of metal and
pouring the molten metal
into a mould

car engines
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Where was it made? ‘Who was it made by? ‘Who will benefit?

In some countries, Some countries still use If workers are well paid
working conditions are child labour despite then they and their families
not considered safe. The efforts to stop it. Are the benefit. If not, it is the
textile industry has many | | workers fully trained and | | manufacturer or the people
examples of poor supported in the jobs they || who buy cheap products

working practices. do? who benefit.
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Drill bif Use Advantages isadvantages

Twist bit General Relatively They can become
purpose inexpensive blocked and begin
drilling of to burn the timber

Available in a range

circular holes 5
of sizes from 1 mm

to 13 mm
Flat bit Drilling Available in larger Can be difficult to
larger holes | sizes use, creates a lot
Quickly removes uttargue
waste material
Forstner bit | Drilling Quick and accurate | More expensive
accurate flat- than a flat bit

bottom holes

Auger bit Drilling deep | Drills much deeper | Expensive to
holes in holes than other buy and must be
timber drills operated slowly,
usually in a hand-
powered brace

Hole saw Drilling large | Quickly drills a hole | Often leaves a
circular holes | around the perimeter | rough finish,
leaving the waste as | cannot produce
a solid plug a blind hole
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Scale of

production Advantages Disadvantages Examples
One-off A high-quality, unique product | Usually involves a specialised | Wrought iron gates
is produced process requiring a highly Form 5
skilled workforce U AngS
Expensive
Batch A limited number of identical | A high initial set-up cost Handles
products are produced involving the purchase of s
3 machinery and manufacturing 8
The cost of the product is .
- aids Locks
reduced as materials can be
bought in bulk and processing
times are reduced
Mass Large quantities of identical | A high initial set-up cost Cars
products are produced as there is intensive use of Frid
q machines rieges
The cost is further reduced as eereEs
computer-aided manufacture | Products lose their
can be utilised individuality
Continuous The unit cost of a product Initial set-up cost is very high, | Soft drinks cans

is significantly reduced as
materials can be purchased
invast quantities

A very high demand can be
satisfied

often requiring a dedicated
factory to be built; there is
likely to be extensive use of
robotics and computer-aided
manufacture

Production of steel
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Fibre
Silk

Source
Animal: insect

Properties

Absorbent, comfortable to wear, strong
when dry, creases, good handle

Uses

Luxury clothing and lingerie,
knitwear, soft furnishings

Linen

Vegetable: stem
of flax plant

Absorbent, poor insulator, strong, cool to
wear, creases easily, handles well, flammable

Lightweight summer clothing,
soft furnishings, table linen
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Manufactured
board

Plywood

Description

Made from wood
veneers glued together
with an alternating
grain

Properties

Very strong, flat, smooth surface;
resistant to twisting and warping;
outside veneer can be made from
awide range of hardwoods; most
plywoods need protection from
weathering; relatively easy to work
but prone to splintering

Uses

Construction and
furniture

Boat building

Medium-density
fibreboard (MDF)

Made from
compressed fine wood
fibres bonded together
with resin

Relatively inexpensive and has a
flat, smooth surface; has very little
protection from weathering; easy
to work but is abrasive on tools;
suitable for machining; its dust is a
health hazard

Inexpensive flat-
pack furniture, floor
coverings, wall
panelling

Chipboard

Made from wood chips
bonded together with
resin

Inexpensive construction material
with limited strength; has a flat but
textured surface; has very little
protection from weathering; easy
to work but is abrasive on tools;
suitable for machining

Kitchen work tops,
floor coverings, flat-
pack furniture
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Colour Temp. (°C) Hardness | Typical uses

Light straw 230 Hardest o | Lathe tools, scrapers

Drills, taps and dies, punches

Dark straw 245
T
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Saw
Hand saw

e

General purpose saw for
cutting larger boards and
planks

Advantages

Cuts timber quickly and can
deal with large sections/
sheets of timber

Disadvantages

Can leave a rough finish,
requires a lot of effort, not
as accurate as other saws

Tenon saw

General purpose saw for
cutting smaller sections of
timber

Can be used with greater
accuracy due to its stiffened
blade

Cannot cut deep sections of
timber

Coping saw

Used for cutting curves in
timber

Inexpensive, blade can be
replaced quickly, can cut
very tight corners

Not very accurate, can leave
arough edge, blade can
snap easily

Scroll saw

Used for cutting shapes in
thin sections of timber

Takes the effort out of
sawing; can cut fine,
intricate shapes

Expensive to buy, the blades
wear out/break easily,
cannot cut deep sections of
timber

Jig saw

Used for cutting larger
sections of timber

Takes out the effort of
sawing, can cut around
corners, blade can be
replaced quickly

Expensive to buy, blade can
wander, leaves a rough edge
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Scale of

production Advantages Examples
One-off A high-quality, unique product | It usually involves a Bespoke piece of
is produced using high-quality | specialised process requiring | furniture
materials a highly skilled workforce Bty cEre s o it
Expensive an individual house
Batch A limited number of identical Initial set-up cost involving A set of identical chairs
products are produced the purchase of machinery for a high-quality dining
The cost of the product is and manufacturing aids table
reduced as materials can be Frames for sofas
b_ought in bulk and processing Whern berfiEmes
times are reduced
Mass Large quantities of identical High initial set-up cost as. Flat-pack furniture
products are produced there is intensive use of such as TV units,
The cost is further reduced as R k!tchen cuplozrds,
h q kitchen worktops and
computer-aided manufacture | Products lose their bookcases
(CAM) can be utilised individuality
Continuous The unit cost of a product Initial set-up costs are Sheets of manufactured

is significantly reduced as
materials can be purchased in
vast quantities.

A very high demand can be
satisfied

very high, often requiring a
dedicated factory to be built

There is likely to be extensive
use of robotics and CAM

timber such as plywood
and MDF
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Horizontal and vertical milling of flat surfaces

Horizontal and vertical milling of vertical surfaces
The horizontal machine is using a side and face
cutter which cuts on its side and on its diameter.

Horizontal and vertical milling of slots
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Surface
treatmen

Advantages

isadvantages

Paint Car bodywork, | Paint provides | Paint can Easy to apply, | Notas durable
large steel a coloured, be brushed, doesn’t require | as some other
installations protective rolled or sophisticated | finishes
such chemical sprayed on equipment,
suspension coating over to metal cost effective
bridges the metal

Dip coating Tool handles Dip coating The metal is Even coating, | Specialist

gives a cleaned and covers allthe | equipment is
polymer placedintoan |surfacearea, |needed
barrier over oven at 230°C; | little waste,
the metal then dipped relatively quick

into a fluidising

bath containing

powdered

plastic

Electroplating | Jewellery Electroplating | The metalis Even coating, | Specialist

gives a chemically provides a equipment is.
decorative cleaned then decorative required, relatively
metal coating | suspended in finish expensive process
over a base an electrolytic
metal solution; a weak

electrical

charge flows

between

the base

metal and the

coating metal

Anodising Specialised A coloured The metal is Very durable, | Specialist
aluminium oxide coating chemically available in equipment is.
components, for use on cleaned then exotic metallic | required, relatively
such as parts | aluminium suspendedin | colours,very | expensive process
for a camera, an electrolytic | corrosion
mountain bike solution; a resistant,
pedals and weak electrical | hardens the
levers charge flows surface of the

between the aluminium
base metal and
an anodic dye

Galvanising Barriersona | A coating of Steelis dipped |Very corrosion | Gives a dull grey
motorway, car | zinc is applied | into molten resistant, very | finish, can only be
body panels over steel zinc durable used on steel

Powder White goods Athin polymer | The metalis Provides a Specialist

coating such as fridges, | coating is cleaned then thin protective | equipment is
freezers, applied overa | coated with coating, very required
cookers, base metal a powdered durable, very
washing polymerviaan | corrosion
machines electrostatic resistant, very

gun; then cured
in an oven

little waste
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Fibre Source Properties Uses

Polyamide | Chemicals Strong, hardwearing, melts as Clothing, carpets, rugs, seat

(nylon) it burns, thermoforming, good belts, ropes, tents, rucksacks
elasticity, poor absorbency

Elastane Petrochemicals Very elastic and stretchy, Clothing, particularly swimwear

lightweight, strong, hardwearing

and sportswear, where stretch,
comfort and fit are important
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Scale of production Advantages

dvantages

Examples

One-off A high-quality, unique Usually involves a specialised | A shop frontage sign for

product is produced process requiring a highly a specialist outlet
skilled workforce Api .
piece of art cast in
Expensive resin

Batch Alimited number of There is an initial set- Themed or seasonal
identical products are up cost involving the products such as
produced purchase of machinery and | Christmas decorations
The cost of the product M) s
is reduced as materials
can be bought in bulk
and processing times are
reduced

Mass Large quantities of High initial set-up cost as Car parts, such as
identical products are there is intensive use of indicator lenses,
produced machines dashboards and
The cost is further reduced | Products lose their STlEies
as computer-aided individuality
manufacture (CAM) can be
utilised

Continuous The unit cost of a product Initial set-up costs are Water bottles

is significantly reduced as
materials can be purchased
invast quantities

Avery high demand can be
satisfied

very high, often requiring a
dedicated factory to be built
There is likely to be

extensive use of robotics
and CAM
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Surface

Advantages

sadvantages

Paint Used A coloured liquid applied by | Available in a wide Conceals the
extensively brush, rag or spraying range of colours in a natural grain of
on indoor matt, satin or gloss the wood
and outdoor finish
furniture Easy to apply

Gives good protection

Stain Used A coloured liquid that soaks | Changes the colour Only gives a matt
extensively into the surface of the of the timber while or satin finish
on fencing timber retaining the grain
and sheds Applied by brush, rag or and natural look of the

5 wood
spraying
Outdoor versions give a
high level of protection
against the weather

Varnish Used on Gives a clear, matt, satin or Provides a hardwearing | Can be affected
indoor gloss coating to the timber finish to the timber by sunlight
e Can be coloured with a stain e offerlng goed Easily scratched
and wooden protection g Bt
boats Applied by brush or PP

spraying

Wax Used on Adds a shine to natural, Easy to apply Providesvery
indoor stained or varnished timber / q little protection
furniture Gives a smooth shiny

Usually applied with a cloth | finish and smells nice | Needs to be
reapplied
regularly

oil Used on A clear liquid that soaks into | Easy to apply Needs to be
Lnuc:(()jt;:nd the surface of the timber Danish ul gives 2 high- ::;mﬁal:—el;l
furniture épl?alle}: by brush, rag or quality shine

praying Teak oil gives a good
level of protection

Shellac Used on A natural resin that is Gives a very high- Requires a high
high-quality |applied using a highly quality finish level of skill to
indoor specialised technique known apply
furniture as French polishing

Veneering Used on Athin layer of wood is glued | Gives the appearance Requires a high
luxury car to a manufactured board of a high-quality, level of skill to
dashboards expensive timber apply

It still requires
finishing
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One-off

Continuous

A'single product
is manufactured
for a specific
client need,

for example a
bespoke suit

A set number
of identical
products is
produced
over a set
period of time,
for example
seasonal
products

Very high
volumes
produced over
an extended
period of time
to meet with
the demands of
mass marketing

High volume
of production;
manufacturing
is non-stop
through a
24-hour period
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Adhe:
Contact adhesive

Use

Gluing large
surface areas

Application

Apply a thin coat to
both surfaces

Allow time to dry

Bring both surfaces
together

Advantages

A join is created
on contact

Can be used to
glue dissimilar
materials
together

isadvantages

Can only be used
effectively on large
surface areas

Highly flammable
when in liquid form

Epoxy resin

For gluing
polymers to
polymers or any

Mix equal amounts of
adhesive and hardener

A strong joint is.
created

Expensive

Must be mixed

. Apply to one surface Can be used to carefully
other material el
q glue dissimilar
Clamp together until N
s materials
together
Tensol® cement For gluing Apply a thin coat to one | Dries clear Expensive
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