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THE TECHNOLOGY DEPARTMENT 
Year 10 GCSE Design and Technology 

Year 10 
Unit 1  

New and emerging technologies 

How do new and emerging technologies affect the workplace, the consumer and the environment? 

Source of 
knowledge 

• 5 PowerPoint presentations, each designed to cover one lesson 

• GCSE AQA Design and Technology text book 

• 5 homework worksheets 

• 1 final assessment test (GCSE style) 

Knowledge 

Students will know about and understand: 

• The impact of new and emerging technologies on tools and 
equipment. 

New technologies have been incorporated into many modern tools. 
These include digitisation, networking, new materials that offer more 
desirable properties such as flexibility, hardness, toughness or 
conductibility. These have made jobs such as stock control and 
manufacture more accurate, faster, more productive, more convenient 
and safer. NASA have a 3D printer on the space station and can print 
replacement parts. 

 

• How robotics has affected the workplace. 

Robots are generally best at repetitive jobs that require accuracy. 
However, they are not able to do anything that they have not been 
specifically programmed by someone to do. Whilst this may replace one 
job, it creates others. They also require skilled maintenance. A common 
analogy is that of the Formula One team where it is the pit crew, the 
technicians, engineers and development teams that support the driver 
(or robot in this case) in the race to be fastest. 

 

• How co-operative and fair trade organisations operate. 

Co-operative organisations are usually owned and run by their own 
employees or customers. Sharing ownership gives people a stake in the 
business and they will naturally want to work in the best interests of that 
organisation. This boosts productivity and the commitment to the 
organisation. It also encourages innovation as those most involved with 
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the organisation can often make and development improvements that 
directly improve it. This can be hugely motivating. 

The Fairtrade system, ensures realistic prices for farmer’s goods and 
Fairtrade Standards aim to protect the basic rights of workers and 
guarantee good working conditions. Currently, there are more than 1.65 
million farmers and workers involved in the Fairtrade system. 

 

 

 

• How new technologies need to be developed and produced in a  
sustainable way. 

New technologies have played their part in harnessing renewable 
energy sources. This helps to meet government targets to reduce our 
dependence on fossil fuels. 

Responsible design should consider where pollution occurs and how 
it is caused. For example, air, water, noise, light and soil pollution, or 
visual eyesores. What are the effects on health (drinking water, lungs 
etc.)? What is being done to reverse these issues? The banning of 
diesel vehicles from cities has been a recent news article. 

The effects of global warming include rising sea levels, more extreme 
weather phenomenon, more frequent extreme weather, rising air 
and sea temperatures and the melting of the polar ice caps. 

New and emerging recyclable materials include fabrics, plastics, 
rubber and insulation. Batteries are ubiquitous, frequently 
disposable and contain harmful chemicals. Many councils have 
special recycling bags for batteries. 

Efficient working also contributes to sustainability by reducing 
wasted resources and the philosophy of continuous improvement, 
which seeks to enable workers to make change for good to both the 
environmental impact but also any improvements in productivity, 
well-being or quality for example. 

 

• The impact that excessive use of certain resources has on the 
environment. 

Plastic microbeads have recently been highlighted as 
environmentally damaging to marine life. These microbeads are tiny 
non-biodegradable plastic granules frequently used in exfoliating 
scrubs and toothpastes. As we use these products and wash them 
down the drain, the microbeads can pass through treatment filters. 

Very small marine life at the bottom of the food chain have been 
found to have ingested these beads which will not break down and 
may not pass through the animals. More research needs to be done 
on the potential impact of this.  

Wet wipes are also found to contain plastic fibres which once the 
rest of the wipe has biodegraded, leave micro polymer-fibres in the 
marine system. 
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        New research into hydrogen fuel cell technology may help pollution 
since they leave only water as their emissions. Their manufacture, 
may however be harmful to the environment. Paper can be very 
easily recycled. New versions of e-paper may make older types 
obsolete. 

 

• How technology push and market pull affect consumer choice and 
employment. 

        Technology push describes those products and services that are 
made possible by research and improvements in technology. Often 
these innovations don’t change much since their introduction if the 
product is right for the market e.g. the microwave. Otherwise their 
invention is pushed onto a market that has not yet developed an 
appetite for them for example, electric carving knives, smart watches 
or robotic lawnmowers and vacuum cleaners. Technology tends to 
focus on technical issues and problems to develop innovative 
technical solutions that are not necessarily identified through market 
research. 

        Market pull include technology that is constantly being developed to 
fulfil growing consumer needs and desires. These products may once 
have been brought to the market by technology push forces (such as 
the touch screen) or they may be borne out of sheer demand for a 
solution to a known problem. Many companies are compelled to 
produce new products every year in order to maintain a market 
share and because the market expects it. Smartphone manufacturers 
are one such example as most people do not need updates beyond 
the functionality that we already have. How many people need a 
better display beyond ‘retina’ resolution, or a camera that produces 
A1 images? 

 

• How changes in fashion and trends affect designers and 
manufacturers. 

Changes are demonstrated by the sequence of developments in 
headphone design and technology. What has forced this change? 
New developments in technology include:  flexible, colourful 
polymers, miniaturisation of speaker electronics and Bluetooth 
connectivity. Demand for smaller, lighter headphones will affect size 
and choice of material. Demand for better quality and reduced 
external noise may affect design and noise cancelling technologies. 
Demand for wireless solutions given the introduction of Bluetooth 
technology will drive production of wire-free examples. However, 
reference may also be made to the re-emergence of vinyl record 
formats as a stylistic and currently trendy format. 

 

• Contemporary and potential future use of automation, Computer 
Aided Design (CAD) and Computer Aided Manufacturing (CAM). 

A CAD model can be considered a virtual prototype. This saves on 
prototyping costs and can be scaled up or down without loss of 
accuracy. Using immersive technology such as virtual reality goggles, 
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we will increasingly be able to ‘feel’ and experience our designs as 
virtual prototypes. 

Computer aided manufacture is often the next stage in production 
since CAM machines use CAD files to produce working tool paths to 
follow. CAM machines include CNC milling machines and 3D printers. 

        CNC milling machines are subtractive in that they subtract material 
from a block to form a finished product. Additive systems such as 3D 
printing build up new products using layers of new material. 

 

 

 

 

 

 

• How products can be designed to be repaired and recycled. 

Planned obsolescence, or built-in obsolescence, in industrial design 
and economics is a policy of planning or designing a product with an 
artificially limited useful life, so that it becomes obsolete (i.e., 
unfashionable, or no longer functional) after a certain period of time. 

Manufacturers – products with a shorter lifespan are usually cheaper 
and quicker to manufacture, customers will need to repeat buy more 
frequently. 

Consumers – products with a shorter lifespan are usually cheaper but 
may need to be purchased more frequently costing more in the 
longer term. Quality may suffer. 

The environment – products with a shorter lifespan are often 
designed to be more easily recycled. Increase in waste. 

Design for maintenance - Products are often impossible to repair at 
home without specialist tools and equipment. Some manufacturers 
will void their warranty if a repair is attempted by anyone other than 
an ‘approved specialist’. 

Repair cafés / projects are now starting to spring up where owners 
take broken products along to a drop-in centre and ’fixers’ try to get 
things working again. This means fewer items are being disposed of 
and replacement items do not have to be purchased. 
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Vocabulary 

Emerging technology, robotics, crowd funding, virtual marketing, retail, co-operatives, fair trade, 
finite, non-finite, technology push, market pull, pollution, global warming, automation, CAD, CAM, 
FMS, JIT, lean manufacturing, planned obsolescence. 



Assessment 
Focus  

This unit is subdivided into five topics plus an end-of-unit assessment spread across roughly six 
lessons. Each week will have a relevant homework task. It is a theoretical unit covering the latest 
AQA Design and Technology specification 8552. The first lesson looks at the impact of new and 
emerging technology on industry and enterprise before moving on to look at the effect that 
industry can have on the environment. The influence that people, culture and society have on 
product development and vice versa are covered in the third lesson. Contemporary production 
techniques are then covered before a final lesson on planned obsolescence and informing design 
decisions. Students can then sit an assessment test comprising questions similar to those found on 
the GCSE exam paper. 

 

 

Year 10 
Unit 2 

Energy, materials, systems and devices. 
Understanding energy generation and storage.  

The properties and applications of modern, smart and composite materials.  
Mechanical and electronic systems. 

Source of 
knowledge 

• 8 PowerPoint presentations 

• GCSE AQA Design and Technology text book 

• 4 homework worksheets 

• 1 final assessment test (GCSE style) 

Knowledge 

Students will know about and understand: 

• How power is generated from oil, gas, coal and nuclear sources. 

That coal, oil and gas originate from the remains of fossilised animals 
and vegetation that lived millions of years ago. We are burning fossil 
fuels much faster than they are being replaced. In context, these 
fuels may have been accumulating for 250 million years, and we may 
well have burned them all in only 250 years of industrial use unless 
demand is dramatically reduced. 

Burning fossil fuels causes airborne pollutants which can cause illness 
or fatalities if breathed in over prolonged periods. They can also mix 
with water to create acid rain. The greatest damage to the 
environment however, is that burning these carbonised fuels 
releases CO2 into the atmosphere which traps heat in the 
atmosphere, causing global warming. 

Fossil fuels can generate huge amounts of energy. Fossil fuels tend to 
be very heavily relied upon because energy can be efficiently 
generated from them, they are relatively cheap, they keep over a 
million people worldwide in jobs and we are well-practised at mining 
them. They are also infinitely easier to transport than wind, solar or 
tidal energy! Fossil fuel power stations can therefore be built 
anywhere, without being restricted to coastlines etc. 

Nuclear power provides a growing percentage of the UKs power, and 
although it does not burn fossil fuels, its classification and 
acceptance is controversial. Uranium is not a renewable resource, 
but is not really considered ‘finite’ either since there are sufficient 
quantities to last an extremely long time. Explain the well-publicised 
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nuclear disasters over the past four decades (the Chernobyl disaster 
happened in April 1986, the Fukushima disaster in 2011). The care 
needed to dispose of radioactive waste makes people particular wary 
– especially those living nearby a nuclear power station or a near a 
proposed site. Nuclear power stations are also very expensive to 
build and decommission. 

Energy generation works through the principle of burning chemical 
fuel to superheat water to generate steam which in turn drives 
turbines, creating kinetic energy, which drives a generator, which 
produces electricity. 

 

• How renewable energy is generated from a variety of sources. 

Renewable alternatives to fossil fuels are: 

Wind, solar, tidal, wave, hydroelectric and biomass. Power sources 
such as wave, tidal and wind, drive turbines directly without burning 
fuel. 

The wind energy directly turns the propellers, which turns the 
turbine to drive the generator. 

We receive about 1.74 x 1017 watts of the sun’s energy directly. In 
context, this is enough in one hour to feed the world’s annual 
demand. 

Photo Voltaic (PV) cells are silent, produce no direct emissions 
(although their manufacture uses some toxic chemicals) and their 
use can be adapted for small- or large-scale requirements. The other 
major disadvantage is that the level of power generation is entirely 
dependent on the level of direct sunlight. In the northern 
hemisphere, northerly or easterly aspects are unlikely to produce 
sufficient power. Other issues include shade and roof angle or 
structure. 

Tidal energy is very reliable and predictable since the tides will 
always rise and fall every day, by a known amount. Tidal systems are 
however, difficult to install and maintain given the location of the 
machinery. 

Hydroelectric power is easily controlled – if a surge in power is 
required, a sluice gate can be opened to create an immediate flow of 
water to turn the turbines. The impacts and consequences of this are 
the need to flood valleys to create reservoirs, requiring people to 
move away and abandon their homes. On the other side, nature 
reserves and leisure facilities are created.  

Biomass fuels are made from plants and vegetation which 
theoretically absorb as much CO2 as is created when they are 
burned. They do however, require vast amounts of water and land. 
Biomass is the term used to describe organic matter that is used to 
generate heat, drive turbines or in direct heating systems in homes 
and businesses. Biofuels include biodiesel / bioethanol which are 
used in transportation as alternative fuels. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



• How to identify mechanical and chemical power and understand 
how it is stored. 

Potential energy is stored in objects that are not in motion. Examples 
include objects under compression and tension, or with gravity 
acting as a force against them. Energy as fuel is also potential; this 
applies to food as well as petrol etc. 

Kinetic energy involves motion. Discuss examples of kinetic energy 
found when using powered tools. Electric motors use electricity to 
create movement, which in turn generates heat and sound as 
inefficiencies. Some spark, creating small amounts of light as well.  

Note that gravity provides gravitational potential energy to a static 
object, which becomes kinetic energy in the object once it is 
released.  

 

        A microwave oven provides energy through the radiation and 
absorption of radio waves by water molecules within food. Induction 
hobs are an interesting example of electromagnetic energy. An 
electromagnetic eddy current is created turning ferrous pans into 
their own heating element as the magnetic particles inside them 
absorb and dissipate the electromagnetic energy. 

Batteries and gases can store chemical energy; however chemical 
energy can also be stored as solid fuel such as coal, wood and even 
food. Containers under pressure, liquids, batteries in metal housings, 
liquids and gels are all further examples of chemical energy storage. 

A match is a potential, chemical energy store. The energy is created 
from heat from the friction of striking the match. This causes the 
chemicals in the match head to combust. The energy is transformed 
into heat and light energy as the matchwood burns. 

Pneumatics and hydraulics - A pump is a geared down system that 
can create a very high pressure. As the pump creates pressure by the 
piston compressing the gas in a pneumatic system, a one-way valve 
allows the compressed air to leave the pump cylinder and be stored 
in a tank. The pump is then able to keep repeating the process and 
the pressure continues to build until a pre-set pressure is reached. If 
no such setting is in place or a regulator is not fitted to the tank, it 
would simply explode. A regulator will make sure the pressure is 
maintained as pressure is used / released / harnessed. 

Hydroelectric Power (HEP) uses kinetic pumped storage. Water from 
a reservoir at the foot of a dam is pumped back to another reservoir 
at the top during periods of low demand using surplus energy from 
the National Grid. At peak periods, the water (stored energy) in the 
upper reservoir can be released, generating kinetic energy as it 
passes through the turbines and turns them. 

A flywheel is a heavy wheel that stores energy as it continually 
rotates until it is engaged with a drive gear or pulley, when the 
energy can be reused. A gyroscope also uses a flywheel. 

Flywheel storage facilities are on the increase, where large numbers 
of very heavy flywheels are kept in almost frictionless environments. 
They use surplus energy from the National Grid when demand is low 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



to speed up the wheels to many thousand RPM. The momentum is 
then used at peak times to generate power which is returned to the 
grid. 

Chemical energy storage, cells and batteries - Disposable battery 
cells are usually 1.5V. Rechargeable cells are 1.2V. A 9 Volt 
disposable PP3 battery would therefore have 6 cells, however a 
rechargeable PP3 tends to have 8 cells giving 9.6V. 

There are many different types of battery cell available including: 
Lead acid, Alkaline, Silver oxide (mainly seen as coin cells) and 
Lithium polymer (Li-Po). 

Rechargeable lithium-polymer batteries are generally safer and less 
damaging to the environment in manufacture. However, if used, 
stored or charged incorrectly, they can ignite. Samsung recently had 
severe problems with short circuiting of Li-Po batteries in their 
mobile phones. Other common rechargeable battery types include 
NiCad (Nickel Cadmium) and NiMh (Nickel-metal Hydride). 

 

Emerging battery technology -Flow batteries are vast units used to 
store electricity at times of low-demand and redeliver it back to the 
grid at peak time. 

Glass and sodium batteries (Still in research phase as of Summer 
2017) have the potential to recharge very quickly. Sir James Dyson 
was awarded a £16 million grant from the British government in 
2016, to research long lasting battery technology. Tesla are making 
huge developments in both these areas to support its network of 
electric cars, charging points and solar panels. 

Disposal of batteries - Batteries must be safely disposed of. There are 
often recycling bags provided by councils and special bins in 
supermarkets. New EU rules from 2010 stated that shops that sell 
more than 32kg of batteries (around 345 packets of 4xAA batteries) 
must offer a recycling point for spent batteries. 

• A range of modern, smart and composite materials. 

A modern material is a new invention or a material that has been 
relatively recently discovered. This includes materials such as 
TeflonTM which was accidentally discovered in 1938.  TeflonTM is a 
non-stick material by DuPont, made from Polytetrafluoroethylene 
(PTFE). It is very slippery and is also used in Gore-Tex® to repel water 
and dirt. 

Biodegradable polymers are made from sustainable sources and can 
degrade significantly faster than their petroleum-based equivalents 
that can take 400 years to break down. Biopolymers require 
moisture and air to degrade. Landfill sites are often too dry and air 
does not circulate. This considerably slows the decomposition of the 
biopolymer which is why it is recommended that they should be 
aerobically, rather than anaerobically composted. Other common 
disposable plastic items that are now made from biopolymers 
include supermarket bags, as well as fresh fruit and vegetable bags, 
packaging, straws and bottles. 
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Polymorph and CoolmorphTM are fantastic for moulding by hand. 
They are easy to use and can be coloured with a pigment. Both non-
toxic and biodegradable, they are perfect for modelling, especially 
when investigating ergonomics.  

Flexible MDF is an example of a new use for an older material. 
Routed or machined grooves enable the board to flex in two 
directions to create imaginative curves and shapes in domestic and 
commercial furniture and shop fittings. Skin-ply and flexi-ply are 
other flexible alternatives and are especially useful where water or 
moisture are present. However, it is also worth pointing out that it is 
still likely to break down / de-laminate. 

Fibre optic cables use a thin strand of glass to transmit data as pulses 
of light. Data speeds of up to 31 Terabits per second have been 
claimed. 31 Tbps is around 100,000 times faster than the superfast 
broadband speeds in the UK. Endoscopes use a camera and light 
source attached to one end of a fibre optic cable. The other end can 
be inserted in to the patient where the signal returned can be 
recorded or watch live on a screen. Military and police forces use 
very similar technology to assist in hostage and bomb disposal 
situations. Even drain unblocking companies will use them to find 
and examine blockages in pipes several hundred metres 
underground. 

Graphene was an accidental discovery when a scientist removed a 
film of sticky tape from a piece of graphite, taking with it a layer of 
graphite one-atom thick. The future application and potential of 
graphene is not yet fully known, but given its unique properties, it is 
likely to find innovative uses in the medical, technological and 
material development industries. Lighter and tougher materials 
would require less strength to move objects. The elderly or disabled 
commonly find heavy or large objects difficult to move and are more 
prone to dropping products. 

A nanometre is one thousand-millionth (one-billionth) of a metre, or 
0.000000001m / 10-9. A millimetre is 10-3 and is a million times (six 
zeros) bigger than a nanometre. Nanotechnology has been used in 
electronics to aid miniaturisation and data speeds. (If the connection 
distance between two components is halved, the data transfer times 
are halved.) It is also used to create protective coatings, anti-
bacterial agents and UV resistance in fabrics. Carbon nanotubes are 
use in some paints to provide very tough surfaces. Uses in the textile 
industry include: resisting wrinkles, reducing staining, adding anti-
bacterial properties and ballistic deflection. They can also be used in 
films on glasses, computer screens and cameras to make them water 
repellent, self-cleaning or to provide anti-fog coatings. 

Metal foams can have an open or closed cell structure meaning that 
they can vary in their porosity. Some can float if their cells are 
completely sealed. They are very efficient in their strength to weight 
ratios and the volume of metal required for a part compared to other 
materials or solid metal is greatly reduced. This makes them a viable 
material for high-performance engineering applications such as 
those requiring high tension and compression, for example ballistics 
protection in armoured vehicles. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Self-healing polymers and concrete - A self-healing polymer is a solid 
polymer with micro bubbles of liquid resin encapsulated within it. 
When a crack in the rigid plastic forms, the capsules break open and 
the liquid resin seeps out to fill the crack and hardens. When the air 
enters the fracture, it allows the catalyst to harden. It is worth noting 
that there are three main types of self-healing polymer of which only 
one version of the capsule method is covered here.  Self-healing 
concrete works on a similar principle, using capsules of bacteria that 
produce calcium carbonate to repair and fill cracks when water 
ingresses. This has been an effective solution against ‘concrete 
cancer’. 

Thermochromic pigments - These pigments react to a heat source. 
More useful applications include packaging and labelling for 
temperature sensitive medical and food products. This includes 
babies’ nightwear to check for fever, cutlery to indicate when food 
has potentially been over-heated. Some food and medical supplies 
can quickly become unsafe if left for too long at certain 
temperatures or if frozen food (particularly meat) becomes thawed 
and refrozen. Non-reversible versions of thermochromic pigment can 
be used to detect these changes and warn the user of any potential 
issues.  

• Photochromic particles and pigments - A photochromic reaction is 
caused by changing levels of ultraviolet light. Particles may be 
transparent to be used in glass or as a pigment used for changing the 
colouration of materials under UV light. The police use UV activated 
‘smart water’ which can be painted on to property or added to 
sprinkler systems that activate in the event of a break-in. Intruders 
and thieves are then covered in an invisible ink that shows up under 
UV light, exposing their presence at the scene. The ‘smart water’ is 
also filled with microdots containing the property postcode which 
can be viewed under a microscope. 

Shape memory alloys are commonly used for dental braces where 
they can be tightened as they try to contract back to their original 
shape. Surgical stents can use an SMA lattice tube which can be 
inserted into a blood vessel under compression inside a sleeve, then 
released to expand and open the vessel. Frames for glasses use SMA 
too so they will withstand being bent or sat on without permanent 
damage as they should return to their original shape when 
uncompressed. 

QTC and piezoelectric crystals - QTC is both a conductor and an 
insulator, and is particularly useful as a pressure sensor as it is also 
able to detect degrees of pressure and relative changes. This would 
be useful in speed controllers on power tools, keyboard and 
interface applications. Piezoelectric crystals are used in ink jet 
printers to expand with an electrical input forcing out a small drop of 
ink. They can also be used in Piezoelectric transducers to create or 
detect vibrations. They can effectively be both an input and output 
component. 

A composite material (also called a composition material or 
shortened to composite, which is the common name) is a material 
made from two or more constituent materials with significantly 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



different physical or chemical properties that, when combined, 
produce a material with characteristics different from the individual. 

Concrete contains sand (and/or other aggregate), cement and water. 
It may also contain steel rod to reinforce it. This is a composite 
material made from two or more other materials. 

Thermosetting resins are used to reinforce glass and carbon fibre to 
produce tough, lightweight materials which can be moulded to form 
custom shapes. The difference between the two mainly relates to 
strength and cost, with CRP having a higher tensile strength for its 
weight, however it is more expensive. CRP is used for high 
performance components where weight and strength is an 
important factor, such as sportswear, some medical applications, 
aviation and motorsports. Some aesthetic uses are also sought after 
as CRP has a distinctive look. 

• The unique properties of technical textiles. 

 

Technical textiles are fabrics that have been enhanced to improve 
their properties and functionality. Firefighters, for example, benefit 
from textiles that have been made more thermally insulative, 
stronger and less prone to tearing or ripping and fire resistant. 

Gore-Tex® membranes take advantage of the fact that water vapour 
molecules are smaller than water molecules. These membranes are 
used in (performance) outdoor clothing and footwear. 

Aramids -The term ‘aramid’ comes from ‘aromatic polyamide’. 
Modified polyamide (nylon) fibres are hard wearing, flameproof and 
very strong, especially in multiple layers when they can stop a bullet. 

Flame proof or flame resistant fabrics are non-combustible and will 
not melt or drip burning material onto other materials. They may 
burn, depending on the temperature and conditions, but will usually 
self-extinguish. 

Flame retardant fabrics, such as those used for sofas and bedclothes, 
are treated with chemicals designed to slow the rate at which they 
burn. (French: retard = delay.) Note that regulations apply to 
upholstered furniture, soft furnishings, toys, tents and nightwear 
products which must carry a label stating their flame retardancy. 

Conductive fabrics - Conductive thread can be woven into garments, 
for example, to provide electrical heating within gloves and 
motorcycle gear. They are increasingly being used to help operate 
digital devices such as phones and music players from sewn-on 
panels. Speakers and microphones are positioned in collars and 
hoods, which can assist emergency services by enabling a hands-free 
connection to a device. In Arctic conditions, gloves will not 
effectively operate touch-sensitive devices, so external buttons can 
be sewn onto garments to connect to devices within the pockets.  

Microfibres are commonly used in cleaning cloths and dusters, 
filters, upholstery and many clothing products. Apart from their 
ability to attract dust particles, the fibres are also small enough to 
penetrate finer cracks which claim to leave surfaces cleaner. 
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Microencapsulation allows ultra-small particles of a variety of 
materials to be trapped in a fabric. Through pressure and time, the 
particles are released. Areas where this technology is widely used 
include medicine for the slow or controlled release of drugs, usually 
through patches; antibacterial clothing for high-performance sports 
to reduce smells and infection; bug-repellent clothing where 
pesticides are impregnated and novelty products which smell, such 
as kids pens and rubbers etc. 

         

• That all systems comprise of one or more inputs, processes and 
outputs. And be able to recognise input, process and output 
components. 

Open and closed loop systems -  Closed loop systems rely on a 
decision and feedback loop to continually monitor and respond to an 
input or change sensed in the surrounding environment. The output 
can directly influence the input. An open loop system is a simple 
linear, sequential process. 

Circuit diagrams or schematics may be used to illustrate how a circuit 
may function, and the different components that are required / used 
in the circuit. 

A switch is either on or off. However, a switch in the off position will 
not be able to allow current to flow, so the IC will not know whether 
the switch is actually there, or what position it is in. This is called a 
‘floating’ position. Wiring the switch component with a resistor to 
the IC will ensure that a consistent signal is sent to the chip. This is 
essential when using analogue input devices such as Light Dependent 
Resistors (LDRs). 

 

 

Microcontrollers (PICs) enable smaller circuits to be produced as 
they can perform multiple processes. Component redundancy means 
fewer ICs and other components are needed so boards can be 
smaller, hence the casing can be smaller and often the power 
consumption is reduced. Savings in materials can be considerable 
whilst the functionality is usually improved. The drawback of using a 
PIC for a one-off task might be that it is relatively expensive when 
compared to discrete ICs and may not represent value for money. 
Acquiring software, programming and downloading may be more 
complicated than using a simple set of discrete components. 

Transducer driver components allow a greater level of power to be 
drawn from the power supply and not from the processing 
component. Many ICs will only provide about 0.5 amps which is not 
enough power to operate high-powered output components such as 
some motors, solenoids and speakers etc. High-powered household 
appliances include halogen hobs, electric kettles, bar heaters, fans 
and electric ovens. These use the most power because they need to 
create heat, which uses lots of energy. 

Buzzers are generally cheaper than speakers, therefore a low-cost 
device such as a child’s game (Operation), timer, alarm, entry system 
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or warning device would commonly use a buzzer rather than a 
speaker. It may be unnecessary for these systems to use a speaker 
which has a full frequency range. 

• The different types of mechanical movement. 

The movement acting on the balls in a Newton’s cradle is an 
oscillating motion as they move in an arc around their fixed pivot.  

Linear motion is movement in a straight line in one direction. 
Examples may include a sprinter on a 100m track or a drag racing car 
on a ¼ mile track. 

Reciprocating motion is a repetitive back and forth motion along any 
plane. A hedge cutter blade, jigsaw blade or pistons within pumps 
are common examples. 

Oscillation is similar to reciprocation, but it moves along a curved or 
sinusoidal path. A swing oscillates around a fixed axis at the cross 
bar. An oscillating wave is commonly seen in monitoring systems. 

A rotary motion is commonly seen in the workshop in circular saw 
blades, a drill chuck and bit or even hands of a clock on the wall. 

• How first, second and third order levers function. 

A first order lever has the load and effort either side of a fulcrum. As 
the fulcrum is moved closer to the load, the effort required to lift the 
load decreases. 

A second order lever has the effort and the fulcrum situated either 
side of the load, similar to the barrowman example. 

A third order lever places the load and the fulcrum either side of the 
effort. It is worth noting that class 3 levers always have a Mechanical 
Advantage (MA) of less than 1 because the load moves a greater 
distance than the effort. 

Equilibrium happens when the load and effort are of equal mass and 
are equidistant from the fulcrum. This is a 1:1 ratio. If an object twice 
the mass of another were placed on a balance, the largest object 
would need to be exactly half the distance from the fulcrum 
compared to the smaller object. 

• How linkages change the direction of movement. 

A reverse motion linkage changes the direction of the input motion. 
Examples can be found in pop-up books when a tab may be pulled to 
create an action that moves in the opposite direction. The input and 
output rods move in an oscillating motion. 

The parallel motion linkage moves one plane in parallel to another. 
This is commonly seen in cascading drawer units and some vehicle 
lifts.  

A bell crank linkage is used to change the direction of motion, often 
through 90 degrees. This is found in bicycle brakes and can be 
combined with rack and pinion steering mechanisms. 

A crank and slider mechanism changes a rotary motion into a 
reciprocating motion or vice versa. Examples include steam 
locomotives and engine pistons. In a pump, a one-way valve would 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



allow the pressure (compression) created by the piston to be 
captured and used or stored.  

A treadle linkage is converts rotary motion into oscillating motion as 
seen with a car windscreen wiper controlled by a rotary motor. A 
sewing machine treadle uses oscillating motion from the foot plate 
to rotate the sewing wheel. 

• How to recognise different types of cams and followers. 

The eccentric cam is round with the shaft positioned off centre and 
has a steady rise and fall. 

The pear cam is named after its shape and has a rapid rise and fall 
with a long dwell period (this means time at rest). 

The snail cam has a long dwell then a steady rise and a sudden drop 
and will only work in one direction. 

The heart-shaped cam is also known as a constant velocity cam and 
has a slight rise and fall with no dwell. 

Followers also use different shapes to affect their movement: 

Flat followers have high levels of friction and are not very accurate 
but are good under load. 

Knife edged followers accurately track cams and have low friction. 
Prone to wear on the tip and are not good under load. 

Roller followers track cams with some accuracy, have very low 
friction and are good under load. The use of bearings makes them 
resistant to wear and extra smooth running. 

• How the action of gear trains transmit and transform the effects of 
forces. 

        Gear ratios can be calculated by dividing the number of teeth on the 
drive gear by the number of teeth on the driven gear. In the example 
given in the slide 20 / 40 = 0.5. If the gears were reversed the 
answers would be 40 / 20 = 2, or a ratio of 2:1 with two turns of the 
drive gear equalling one turn of the driven gear. A gear train can be 
made up of several cog wheels, but only the drive and driven gears 
matter in the equation. The sizes of intermediate gears have no 
effect on the overall gearing ratio. (This is not true of compound 
gears which are not covered.) The number of gears, odd or even will 
affect the direction of the driven gear. An idler gear illustrates the 
same concept. 

• That pulleys can change the magnitude of force required to lift mass. 

Pulleys and belts - A pulley wheel is usually grooved with a rim to 
provide additional friction and prevent the belt from slipping off the 
wheel. A similar concept to gear ratio is observed with pulley 
mechanisms whereby a smaller pulley driving a larger one will gear 
down the mechanism. Other materials used as belts include rope, 
steel cable as on a chair lift, and even leather or canvas as used on 
old traction engines. Pulleys are used in lifting gear, engines and 
numerous tools in the workshops like pillar drills and wood-turning 
lathes. Technical Lego and other construction kits use pulleys. 
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A block and tackle combines several pulleys which gears down a 
system to reduce the effort required to lift larger masses. Like the 
barrowman leverage example, the payoff for reducing the effort is a 
requirement to move the load a greater distance. In this case, 
reducing the load by four times, will require four times the rope 
length to raise it. 100kg will feel like 25kg with four pulleys. Raising a 
mass by 1m with three pulleys will require 3m of rope. 

Vocabulary 

Power, coal, gas, oil, fossil fuel, nuclear, wind, solar, tidal, hydroelectric, biomass, renewable 
energy, kinetic pumped storage, batteries, graphene, metal foam, titanium, coated metals, LCD, 
nanomaterials, modern material, smart material, shape memory alloy, composite material, CRP, 
GRP, Kevlar, microfibres, microencapsulation, sensors, input, output, microcontroller, movement, 
lever, linkage, rotary system, cam, gear, pulley. 

Assessment 
Focus  

This core unit explores sections 3.1.2 – 3.1.5 of the new AQA 8552 Design and Technology GCSE. 
This unit is subdivided into four topics plus an end-of-unit assessment spread across roughly five 
lessons. Each week will have a relevant homework task. 

Energy generation from finite and non-finite sources and energy storage in the first lesson. 
Developments in modern, smart materials, composite materials and their properties are covered 
in the next lesson. Electronic systems and mechanical devices are covered in the final lessons.  

Finally, students sit an assessment test comprising questions similar to those found on the GCSE 
exam paper.    

 

Year 10 
Unit 3 

Materials and their working properties. 

How do new and emerging technologies affect the workplace, the consumer and the environment? 

Source of 
knowledge 

• 5 PowerPoint presentations, each designed to cover one lesson 

• GCSE AQA Design and Technology text book 

• 5 homework worksheets 

• 1 final assessment test (GCSE style)  



Knowledge 

 

Students will know about and understand: 

• Note: Each of the following learning outcomes apply five key 
material areas: Papers and boards, Natural and manufactured 
timbers, Metals and alloys, Polymers and Textiles 

• Know the primary sources of materials for producing a variety of 
materials in each of five key material areas. 

The origins and sources of papers and boards. Cellulose fibres mixed 
with water are used to make pulp. These fibres may include cotton 
(flax), hemp, bamboo and straw. The most commonly used is wood 
because it produces the best quality fibres. Wood is a sustainable 
resource when grown within managed forests, and softwoods such 
as pine grow quickly making it readily available and cost effective. 

Trees can be categorised as either deciduous or coniferous. Some 
trees in the larch, cypress and redwood families straddle both 
categories and are deciduous conifers. Deciduous trees have flat-
leaves and produce hardwood, and coniferous trees have needle-like 
leaves and produce softwoods. 

Metal ore is found in the earth, but not all metals are extracted from 
the ore in the same way.  Unlike others, gold is found in naturally 
occurring lumps of pure metal. Aluminium is easily found in very 
large quantities within ore, easily formed and commonly used. Gold 
is rare and holds its value for the premium use. Aluminium ore 
(called Bauxite) is extracted through a process of electrolysis. This is 
a very costly process, but given its abundance, the cost of aluminium 
remains low. Iron ore is in abundance, and the iron particles are 
extracted from the rock (ore) using a furnace. Modern post-boxes 
can be made from polymers or steel, but the original boxes were 
made of cast iron. Metals are generally considered to be non-
renewable, but sustainable since they are entirely recyclable, any 
number of times. 

 
Polymers are mostly synthetic materials made from oil. Some 
biopolymers are made from plant cellulose or vegetable starches. 
Natural polymers include latex, amber, resin and rubber. Polymers 
may also come from a variety of other sources including insects – 
shellac, and animals – horn, milk (trad). 

Fabrics are categorised into natural fabrics and synthetic fabrics. 
Natural fabrics are sourced from plants and animals eg. Cotton and 
wool. Synthetic fabrics are derived from oil.  

• Be able to characterise different types of materials in each key area 
and understand how the physical and working properties of a 
material products affect their performance and selection. 

Common papers include copy, layout, tracing, cartridge, bleed proof, 
grid and isometric. Common uses for papers are greetings cards, 
photocopying paper, newspapers and magazines. Other examples 
may include disposable nappies, wall paper and disposable catering 
garments such as paper chef’s hats.   

In business and industry common uses for papers include packaging 
and publishing. Depending upon the product, manufacture is 

Students will apply 
the knowledge by 
completing;  
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undertaken using on either mass, batch or continuous production 
methods. 

Parchment and baking paper are made in the same method as 
tracing paper. Heavyweight tracing paper is used for light diffusion in 
film, photographic and stage production, theatre screens, window 
envelopes, premium book and marketing inlays, and even album 
cover sleeves. 

Board types - Board thickness is measured in microns. 1000 microns 
equal 1mm of thickness. Common examples of each board type 
available include cardboard furniture, decorative objects or large 
lamp shades. In industry, commercial uses for boards include storage 
and the safe shipping and transportation of goods. The catering 
industry use corrugated cardboard for its insulative properties in hot 
drinks sleeves and pizza boxes for example. The working properties 
of boards make it a strong, versatile and malleable material. 

Foil lined and duplex boards - To improve their physical and working 
properties both papers and boards can be enhanced by the addition 
of finishes, layers and linings. Tetrapak® is a well-known example 
where layers of foil, resin and polyethylene are combined with the 
paper or board to create a composite material that may improve 
both function and aesthetic appeal. Through this process, the 
addition of these layers enables the paper or board product to retain 
and repel liquids, insulate their contents and keep it fresher for 
longer. Uses of foil lined boards include lids for take away dishes, 
juice cartons, soup cartons, wine boxes, chopped tomato (food) 
cartons and milk cartons. Uses of duplex board include medicine 
packaging, greetings cards, matchboxes, some book covers, paper 
plates, cups and boxes for food where food is not in direct contact. 

Foam board, solid white board and ink jet card – Foam board is a 
composite material sandwiching foam between two layers of paper. 
Environmentally friendly alternatives to foam board have been 
developed. Made of recycled paper, it is rigid enough for lightweight 
signage and warp resistant, sometimes with a gloss laminate finish. 

Solid white board is heavily bleached during the pulping process in 
order to produce the bright finish. 

Ink jet card is commonly used at home with photo quality printers. 
The paper is usually finished with a high gloss coating, but a matt 
paper is preferable for showing finer detail and can give a painterly 
finish ideal for reproductions of watercolours and sketches. 

In industry layers of wax, varnish or laminate may be applied to 
enhance the material properties or the paper or board. 

Trees can be categorised as either deciduous or coniferous. Some 
trees in the larch, cypress and redwood families straddle both 
categories and are deciduous conifers. Deciduous trees have flat-
leaves and produce hardwood, and coniferous trees have needle-like 
leaves and produce softwoods. 

Note that not all softwoods are soft, and not all hardwoods are hard. 
The terms relate to their genus rather to their density. The common 
exception to the rule is Balsa, a hardwood commonly used for 
modelling. It is very lightweight, pale, open grained. 

Industrial logging machines are very expensive. How a large-scale 
logging outfit could justify this expense is economies of scale, as it 
will allow faster, more efficient processing. 



Softwood that are grown sustainably in the UK include Pine, Spruce, 
Fir and Larch. 

Hardwoods that are grown sustainably in the UK include Ash, 
Sycamore, Beech, Sweet Chestnut, Cherry, Elm and Oak. 

We must ensure that the hardwoods we are using have not been 
imported illegally. Buy from reputable timber merchants who check 
the source of the timber look for certification that assures 
sustainable sourcing. 

Softwoods are not usually available in as wide plank widths as 
hardwoods. Softwoods grow faster and the trees tend to be taller 
and slimmer. 

Knots - Depending on the firmness of a knot, knots can affect the 
strength of the wood, increasing the likelihood of splitting. They can 
also fall out or even fly out during machining. They are usually much 
harder than the surrounding wood and can be more difficult to work 
with. 

In decorative uses, knots can add visual appeal and be enhanced 
with staining and other surface finishing such as varnish, oil or wax. 

Manufactured boards are wood based materials manufactured by 
bonding wood strips, veneers (thin layers), pulp or particles. They 
represent a very important manufacturing material particularly 
within the furniture industry.  

Common manufactured boards are; Medium Density Fibreboard 
(MDF) - made of glued and compressed particles, Plywood – 
laminated layers of veneers, Blockboard – glued strips side by side, 
Chipboard - glued wood chips and Hardboard – glued and 
compressed pulp. 

The advantages of manufactured boards include reliable surfaces 
without defects, and availability in large sheet sizes which will 
require fewer joints, can reduce assembly or manufacturing times 
and can reduce wastage when marking out. 

Ferrous metals are so-called because they contain ferrite or iron (Fe). 
For interest, non-ferrous metals such as cobalt and nickel are also 
magnetic which are two exceptions to the general rule of 
ferromagnetism. 

Common ferrous metals are; mild steel, tool steel, stainless steel and 
cast iron. 

Rust is a type of oxidisation that occurs to ferrous metals. To prevent 
rust, a surface finish or treatment may be added such as paint, oil, 
galvanising (zinc), plastic dip coating, lacquering, powder coating, 
plating or using a rust stabiliser. 

High tensile metals are used for types of cabling (suspension bridges 
for example), ties, rebar, bolts, cams and gears. Destructive testing is 
crucial, especially with such uses, so that the absolute limits of the 
strength of a part can be reliably measured in context, and safety 
limits set well within that tolerance. 

Steel has a high resistance to corrosion, staining and friction which 
makes it popular for use in a wide variety of applications. When 
alloyed with other elements, high speed steel is formed. High speed 
steel is an ideal material for cutting tools and drill bits. 



Stainless steel is a ferrous alloy made by adding a small amount of 
carbon and 10.5% – 26% chromium. It may also include nickel or 
manganese. It is commonly used where sterility is important such as 
cutlery, tankers and medical / dental equipment. 

Non-ferrous metals are metals that do not contain iron. Common 
examples are aluminium, copper, tin, lead, gold and silver. 

Non-ferrous metals tend to be softer and have less strength, but are 
in some cases lighter in weight, better conductors and more 
malleable and ductile. 

Silver is marginally more electrically and thermally conductive than 
copper. 

Steel is a poor conductor of heat so it is more appropriate than 
copper in environments where conductivity was to be avoided, such 
as saucepan handles, and more crucial application in high 
temperature environments such as aircraft engines. 

Fridge door skins are commonly brushed aluminium or polymer 
based. Why then, do magnets usually attach to the doors. Often 
there is a sheet steel panel underneath for strength and rigidity, and 
the outer panel is there for aesthetics. 

Aluminium is most commonly used for cans, especially drinks cans. 

There are two different types of plastic (polymer). Thermoplastic and 
Thermosetting plastic. Thermoplastics are made from long chain 
molecules that are entangled but not bonded together. 
Thermosetting plastics are also made from long chain molecules, but 
the chains become bonded when the plastic is first formed.  

Common thermoplastics are; Acrylic, High Impact Polystyrene (HIPS), 
Polythene, Nylon, Polyvinyl chloride, Polypropylene and acrylonitrile 
butadienestyrene (ABS). 

Common thermosetting plastics are; Urea-formaldehyde, Melamine-
formaldehyde, polyester resin and epoxy resin. 

When thermoplastics are heated they become soft so they can be 
reformed into different shapes. As they cool they become hard 
again. They can be reheated and reshaped many times which means 
mistakes can be corrected and plastic reprocessed without the 
quality of the plastic degrading. They can also be more easily 
recycled. 

Note that sheets of plastic, once formed, will not fully return to their 
original shape but will attempt to. The recycling process cannot go 
on indefinitely either as some degradation occurs, meaning that with 
each recycling lower grade plastic is produced. This is why we often 
see products with a percentage of recycled plastic in them. 

Thermosets can be heated to higher temperatures than 
thermoplastics without deformation, but will eventually burn rather 
than softening back into a malleable form. 

Plastic wrap was first created from polyvinyl chloride (PVC), which 
remains the most common material. Owing to the transfer of 
plasticisers from PVC into food, a common, cheaper alternative to 
PVC is low-density polyethylene (LDPE). It is less adhesive than PVC, 
but this can be remedied with the addition of linear low-density 
polyethylene (LLDPE), thereby also increasing the film's tensile 
strength. 



PVC products are durable, tough, waterproof and reliable meaning it 
requires minimum maintenance. It is suitable for flooring, crash 
mats, as well as equipment and protective layers. PVC can be 
recycled and is cost effective to produce. 

Polypropylene film is incredibly versatile. It is chemically resistant, 
making it ideal for food containers and packaging and containers e.g. 
biscuit and crisp packets. 

HIPS is used for point of sale displays, in-store promotional signs, 
handling trays, packaging inserts, model making, tile moulds, toys, 
yoghurt pots, refrigerator linings, vending cups, bathroom cabinets, 
toilet seats and tanks, closures, instrument control knobs and 
electrical appliance knobs for example.bt is cheap to produce, 
recyclable and withstands humidity. It comes in a wide range of 
sheet sizes, thicknesses and colour options. 

Acrylic (Poly-methyl methacrylate) - Strong and warm, acrylic fibre is 
used for tracksuits, boot linings, glove linings, sweaters, socks, fibre 
fill in winter jackets.  It is also supplied in sheet, rod, bar and 
powders for injection moulding. 

Resin identification codes - Though the resin codes are not 
specifically mentioned in the specification, they are a useful indicator 
for thermoplastic types, and help with separating materials for 
recycling. 

Thermosetting plastics - Epoxy and polyester resins are supplied with 
a hardener (catalyst) which when mixed with the resin, causes it to 
set. Resins are frequently used with CRP and GRP (Carbon Reinforced 
Plastic and Glass Reinforces Plastic). Resin is a good electrical 
insulator and commonly used in circuit boards as it protects from 
short circuits. Note PPE measures and VOC issues. 

Formaldehyde - Three formaldehyde-based thermosets are 
commonly used. Phenol formaldehyde, less so these days. Melamine 
formaldehyde is food safe and frequently used for picnic wear and 
children’s crockery. It is also used as a laminate layer on chipboard 
worktops in kitchens. It will buckle with extreme heat and would 
crack if use in the microwave. It is not tolerant of very hot pans being 
placed on a melamine worktop for example. 

Urea formaldehyde is used in a variety of different application. One 
area is electrical fittings such as plug sockets, switches and lamp 
roses. Its use as electrical fittings has become less so in recent years 
as fashions (and laws) have changed and other products have 
become equally good at electrical insulation. New plugs since 1994 
have been required to have a fully moulded plug and lead, rather 
than the older urea formaldehyde plugs that were easy to unscrew 
and replace. These are often made from PVC. 

Textiles - fabrics are categorised into natural fabrics and synthetic 
fabrics. 

Common natural fabrics are: Wool from animals including Cashmere 
and mohair from goats, Angora from rabbits, Wool from camels, 
alpacas and llamas, Merino wool from Merino sheep, Silk from silk 
worm, Cotton from a cotton plant, Linen from flax, Rubber from a 
rubber tree - Rubber is listed here although rubber is often classified 
as a polymer. The definition of a natural fabric includes fabrics 
derived from tree sap. 



Cotton is used in a variety of industries including:  Medicine: as 
bandages and swabs. Sanitary products. Clothing and linens, 
towelling, tent linings, paper, traditional book binding, furnishings 
and even bank notes. 

China and India are the main producing countries of raw silk. Silk is 
as strong as steel in tensile strength, and the strongest natural fibre 
known to man. Artificial silk includes rayon and satin. 

The quality and feel of wool is affected by breed, the health of the 
animal and processing practices.  High quality merino and alpaca 
wool provides much finer and softer fibres. There are natural crimps 
in the fibres – more crimps, softer wool.  

The flexibility of the wool fibre also makes it more durable. A wool 
fibre can be bent back on itself more than 20,000 times without 
breaking, compared to about 3,000 times for cotton and 2,000 times 
for silk. The natural elasticity of wool also makes woollen fabrics 
resistant to tearing. In addition, the outer skin of the wool fibre acts 
as a protective film, giving wool cloth improved resistance to 
abrasion. 

All synthetic fabrics come from non-renewable raw materials i.e. oil. 
Common synthetic fabrics are nylon, lycra and polyester. 

Natural and synthetic materials could be compared with the example 
of a wool jumper and an acrylic one. In terms of the aesthetic and 
largely the texture, a wool jumper and an acrylic jumper are very 
similar but their properties are very different.  

Natural fibres are generally more breathable – polymer based fabrics 
are less so. Natural fabrics such as wool and silk are prone to 
shrinking and must be washed by hand or at low temperatures. 

Synthetic fibres are easier to wash and are colourfast. They are 
generally cheaper as they are easier to produce. Synthetic fabrics 
generally dry faster as they are less absorbent. They are less 
breathable and so the wearer is more likely to sweat! 

Care labels are an easy way to identify the fabric of a given product. 
They can also be used to draw conclusions about the fabric 
properties due to, for example, the recommended washing/ironing 
temperature, whether it is suitable for tumble drying, hand wash 
only etc. Studying fabrics close-up is also a way to establish their 
construction. 

Blending fibres can enhance the original properties of the singular 
materials by increasing strength, shape retention, comfort, 
absorbency, thermal conductivity and crease resistance. 

Elastane resists perspiration and cosmetic oils, is easily washable, 
dyeable and has moderate abrasion resistance. Elastane yarns are 
often covered with another fibre. This provides more bulk and 
improves abrasion resistance. Elastane is commonly used for 
sportswear as it is smooth and lightweight, and doesn’t restrict 
movement. 

Polycotton - Combined yarns provide smoother handling and can 
make fabric ‘non-iron’. Properties and uses will vary subject to the 
cotton to polyester ratio. 50/50 is common for non-iron bed linen. 
Polyester fibres cost less than their cotton counterparts. They also 
add wrinkle resistance to otherwise vulnerable cotton yarns. The 



outcome of the combination is a cost-effective, functional, durable 
and potentially eco-friendly product. 

PET, polyester recovered from recycled soft drink bottles is currently 
the most common form of polyester incorporated into cotton 
blends. 

Woven textiles - Natural or synthetic fibres are spun into yarn which 
is then used to make woven and knitted fabrics. Woven fabric, in this 
case using plain weave, is made of interlocking threads that run from 
top to bottom (the warp) and right to left (the weft). Plain weave has 
no right or wrong side, and no lengthwise or crosswise stretch; the 
only stretch is on the bias / diagonally. 

Fabrics range in weight from sheer to heavy, depending on the yarns 
used. It has a tight weave structure that is hard-wearing and durable. 

Non-woven textiles - Bonded textiles can refer to those that involve 
fusing or stitching two or more fabric layers together. PVC backed 
cloth is a bonded fabric; here a woven fabric is bonded or fused to a 
sheet of PVC polymer to make it wipe-clean, waterproof and/or 
more durable.  

Another example is the use of bonded fibres to create a non-woven 
material that is breathable, absorbent and cheap enough to be used 
for disposable items making the average life span very short. These 
non-woven fabrics can also be made to be sterile and flame 
retardant. 

Industry uses include: Agricultural coverings and seed strips, apparel 
linings, civil engineering fabrics and geotextiles, disposable nappies, 
filters, medical products and upholstery. 

Felted fabric - Hats are commonly made from felted fabrics as they 
are easy to form into semi-rigid shapes. Felt will not fray when cut as 
it has no warp and weft. 

Knitting - Knitting does not have to be done with wool. T-shirts are 
made from jersey. Jersey is a wool or cotton based fabric which is 
knitted to give it a stretchy, elastic quality. 

Fabric selection - Discuss these properties e.g. hard-wearing, 
breathable, wipe-clean, elastic, absorbent, thermal properties. Pilling 
is particularly common with staple fibre and knitted fabrics. Pilling 
and fraying can be related to properties such as durability, hard-
wearing, easy to care for. 

Selecting the correct material for any particular task is essential for a 
manufacturing activity. Selection is not always easy and there are 
often compromises to be made. The points to consider are; the 
functional requirements of the product (what does it have to do and 
in what environment), the Manufacturing demands (how it will be 
made and in what quantity), the availability and economics (what 
size and shape of material is available and how much will it cost). 

To select correctly the properties of any material must be known. 
Properties are categorized as Physical - the properties associated 
with the actual chemical or atomic make up and structure of the 
material and Mechanical – the properties associated with how a 
material reacts to external forces. 

Physical properties are: 

Density – mass per unit volume. 



Fusibility – the ability of a material to change into a liquid when 
heated. 

Electrical conductivity – the ability of a material to conduct electrical 
current. 

Thermal conductivity – the ability of a material to conduct heat. 

Mechanical properties are: 

Strength – the ability of a material to withstand force without 
breaking or permanently bending. Tensile strength resists a pulling 
force. Compressive strength withstands a crushing force. Bending 
strength resists bending forces. Shear strength resists sliding or 
cutting/tearing forces. Torsional strength withstands twisting forces. 

Elasticity – the ability of a material to bend and flex when subjected 
to a force and return to its previous form. 

Plasticity – the ability of a material to be changed permanently in 
shape without breaking or fracture. 

Hardness – the ability to withstand abrasive wear, indentation and 
deformation. 

Toughness – the ability to withstand shocks or blows without 
fracturing. 

Brittleness – the opposite of toughness. 

Durability – the ability to withstand wear and tear and deterioration 
over time. 

Stability – the ability to resist changes in shape and size over time. 

 

Vocabulary 

Material, properties, absorbency, density, fusibility, electrical conductivity, thermal conductivity, 
physical / working properties, strength, hardness, toughness, malleability, ductility, elasticity, 
hardwood, softwood, deciduous, coniferous, evergreen, felling, veneer, ferrous, non-ferrous, 
alloy, ore, furnace, Bauxite, ferrous, carbon, additive, oxidis, galvanise, thermoforming, 
thermosetting, polymer, VOCs, yarn, warp, weft, selvedge, plain weave.  

Assessment 
Focus  

This unit focuses on Sections 3.1.6.1 and 3.1.6.2 of the AQA specification. This unit is subdivided 
into five topics plus an end-of-unit assessment spread across roughly six lessons. Each week will 
have a relevant homework task.  It covers the categories and properties of a complete range of 
core materials within each of five specialist areas. The materials are covered through practical 
applications and with reference to the key material category in which they belong. The specific 
physical and working properties that best describe each material subcategory are identified and 
defined with reference to use and knowledge that will underpin practical designing and making 
activities.  

 

 
 

Year 10 
Unit 4 

Common specialist technical principles. 

How do forces and stresses, ecological and social issues and scales of production affect products ? 



Source of 
knowledge 

• 5 PowerPoint presentations, each designed to cover one lesson 

• GCSE AQA Design and Technology text book 

• 5 homework worksheets 

• 1 final assessment test (GCSE style) 

Knowledge 

Students will know about and understand: 

• The different forces and stresses. 

The five key forces and stresses are: 

Tension is a pulling force; it can be explored with the example of the 
helicopter blades. This is an interesting example for several reasons. 
Firstly, it is important to state that, while the blades are rotating the 
force from the centre of the blades to the tips is a pulling, linear 
force and therefore, they are under tension. Secondly, the carbon 
fibre used to make helicopter blades is a good example of a material 
that can withstand high levels of tension but very little compressive 
force. A simple way to demonstrate tension is to swing a string with 
a weight on the end around a finger. For example, a lanyard with an 
ID card at the end could be used to feel the pull of the string. Other 
examples of tensile stress are the rope in a tug of war or a fishing line 
being pulled between the fish and the fishing rod. 

Compression is a squashing or crushing force, and is the opposite of 
tension. A small sample of sponge can be a practical, kinaesthetic 
way to demonstrate compression (as well as elasticity). Other 
examples of objects under compressive forces include a boat hull 
and the compressive forces exerted on it by the water. A car works 
not to resist compression but using materials and structures to 
control it to protect the occupants inside the main body of the 
vehicle. 

Torsion is a twisting force. Torsion has elements of a pulling force 
(tension) but the difference is that torsion is a rotating force whereas 
tension is a linear force. Another example of torsion (and 
compression) would be a drill bit being twisted into a workpiece. Drill 
bits are made from high speed steel which can withstand greater 
levels of torsion than mild steel with a lower carbon content. An 
acceptable level of torsional force for a screwdriver would be the 
amount of torque that could be exerted manually to give a 
mechanical advantage. 

Bending is exemplified by the pole in a pole-vault. A 30cm plastic 
ruler can help to help demonstrate a bending force. Students may 
suggest that a pulling / tensile force is being exerted on the pole – 
they are partly correct: a bending force occurs when a tensile and 
compressive force are exerted either side of a neutral axis. However, 
in the example of the pole, while the athlete is pulling on one end, 
the other end of the pole is held in the ground pulling in the opposite 
direction, creating a bending force. A pure tensile force would be like 
two people standing at either end the pole and pulling it – like a tug 
of war. 

Shear force occurs when opposing forces act on an object in a 
direction which is perpendicular to its length. Use of shears to 
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explain shear force is a useful way to remember the type of force but 
is obviously by no means the only example of shear force. Other 
ideas to share include wallpaper being scraped off a wall, a screw 
holding a picture up or rivets, which have good resistance to shear 
forces. 

 

• How materials have been stiffened or reinforced. 

Different strategies for improving the functionality of materials are: 

Folding and bending - It is worth drawing attention to the fact that, 
not only linear folds but also cones and tubes are examples of 
materials that have been bent to increase their resistance to forces.  

Strengthening and enhancing - This method combines materials to 
increase strength. For example, reinforced concrete combines 
concrete with steel to increase tensile strength in buildings. Without 
it, complex concrete structures seen in modern buildings today 
would not be possible and prone to structural failure. Other 
examples include metal mesh embedded into safety glass, 
composites such as fibreglass and alloys such as brass. Alternatively, 
the thickness of a material / product can be changed in key areas e.g. 
use of splines in injection moulded parts to add strength. Composites 
and alloys use this technique by combining two separate materials to 
create a stronger / enhanced new material.  

Webbing is a common method used for adding strength to a product. 
Common uses include belts, bag straps and ratchet straps. It is 
flexible, extremely strong for its thickness and can be made from 
various materials to further enhance its durability and strength.  

Stiffening materials can change the working properties of a material 
such as its strength, rigidity, flexibility, or its aesthetics. Some of 
these properties, such as rigidity and flexibility, seem contradictory. 
Examples can be found in laminated papers and laminated plywood 
furniture. The “Paimo" chair designed by Finnish architect/designer 
Alvar Aalto (1932) has a bent, laminated birch frame with a bent 
plywood seat. 

Fabric interfacing - Stiffening is commonly used in textiles to give 
structure and durability to garments and products. For example, the 
cuffs and collar on a shirt are reinforced in this way.  

• An ecological footprint, including how deforestation, mining, drilling 
and farming affect our ecology and that carbon dioxide is produced 
during the manufacture of products and its influence on global 
warming. 

Carbon dioxide and methane are the main two greenhouse gasses. 
The other greenhouse gasses are water vapour H2O, nitrous oxide 
N2O, ozone O3 and fluorocarbons. These are largely produced from 
burning fossil fuels for transportation and power supply, 
deforestation, agricultural activities, livestock and biomass burning: 

Cars: Transporting people and goods by cars, trucks, trains, ships, 
airplanes, and other vehicles burn petroleum-based products in 
internal combustion engines which emit carbon dioxide (CO2). Diesel 
engines are linked to producing high levels of N2O and are being 



actively discouraged from an increasing number of city centres 
through forms of tax and tariffs in the hope to improve air quality 
and reduce breathing problems for residents. 

Industrial facilities such as power stations and factories produce 
greenhouse gas emissions: 

o Power plants produce energy by burning fossil fuels to make 
electricity 

o Factories produce greenhouse gases through the consumption of 
fossil fuels for energy. Some emissions come from leaks from fuel 
systems, the use of fossil fuels in production (e.g. petroleum used to 
make plastics) 

Animals: Livestock produce greenhouse gases such as methane. The 
livestock industry contributes significantly to greenhouse gases in the 
production and distribution of meats. 

By planting trees and preserving our rainforests, humans can help 
reduce CO2 in the atmosphere.  

Interesting points: We do need carbon in our atmosphere to make 
the planet habitable – without some greenhouse gases scientists 
predict that the Earth’s average temperature would plummet from 
14˚C (57˚F) to as low as –18˚C (-0.4˚F)  

Humans produce carbon all the time through exhalation but it is 
large scale industrial activity since the Industrial Revolution (circa 
1760) that has had a significant, increasing and detrimental effect on 
our planet 

Manufacturing almost anything produces carbon emissions which 
increases the carbon footprint of an individual demanding that 
product, the community, or the company manufacturing it.  

Consumer society: which is defined as a society in which the buying 
and selling of goods is the most important social and economic 
activity. As well as increasing our carbon footprint, many 
psychologists and sociologists also suggest that living in a consumer 
society can have negative effects on well-being as we feel valued by 
the products we own above all else.  

Mining is used to reap minerals, metal ores from the surface of the 
earth. Large, controlled explosions are often used to remove 
material from the mine. Surface mining causes scars on the 
landscape and loss of habitat whereas underground mines, which are 
more dangerous to work in, can cause unstable ground leading to 
subsidence and sinkholes. Both surface mining and underground 
mining produce large amounts of CO2 in the excavation, 
transportation and processing of raw materials. Negative impacts on 
the environment also includes soil erosion, air pollution and water 
contamination. 

Drilling is used to extract oil and natural gas from deep below the 
surface of the earth. Large rigs and refineries are needed to extract 
and process the oil and gas. The raw materials also need to be 
transported through vast networks of pipes or by ship. Fracking is a 
modern method for extracting shale gas from smaller pockets or 



fissures in the surface of the earth. While this is much cheaper, the 
long-term implications of fracking are still unknown. 

Deforestation is the clearing of large swathes of forest and 
woodland. As well as harvesting timber, deforestation makes way for 
farmland which is needed to supply the ever-increasing population. 
Slash and burn agriculture is a technique used to clear large areas of 
land for farming. In this process, trees are cut down them set alight. 
Designers and manufacturers can source timber from a sustainable 
source to reduce the environmental impact of a product by sourcing 
timber from Forestry Stewardship Council (FSC) approved suppliers. 
FSC suppliers will plant at least one tree for every one that is felled to 
ensure that the net number of trees is maintained or increased. 

Farming of crops and livestock is used to produce food as well as raw 
materials for textiles, polymers and modern materials. 
Agrochemicals such as fertilisers and pesticides have a negative 
effect on the environment as toxins enter the water table and the 
food chain. Increasingly land is being used to grow crops for biofuels 
which are converted to biodiesel and bioethanol which can be used 
to power vehicles. 

Product miles refer to how far the product has travelled from factory 
to consumer. The impact of a product on the environment can be 
reduced if it is sourced locally and depending on the mode of 
transport used. For example, transporting product by sea freight 
uses less energy than transporting products by plane. Buying locally 
can help reduce the distance travelled by a given product / material. 
Buying locally can also support the local economy and smaller 
businesses. 

Oceanic pollution caused when toxins and foreign bodies enter the 
water table and/or leach into the oceans. These toxins can be in the 
form of liquid by-products from domestic, industrial and nitrogen-
rich agricultural waste such as detergents, sewage, dyes, oils and 
agrochemicals. Such toxins can cause problems such as 
eutrophication. (Unnatural and rapid propagation of surface 
vegetation, such as algae and duckweed, in waterways which sap 
oxygen from the water and blocks sunlight; damaging the ecosystem 
within.) Pollutants can make for an uninhabitable environment, 
particularly for smaller organisms such as plankton, which is the 
foundation food for many ecosystems. Pollutants can also cause a 
rise in temperature (thermal pollution) which makes the water 
uninhabitable for many organisms.  

Some of the most noticeable oceanic pollution comes in the form of 
solid plastic waste which is dumped, drained or blown into the sea. 
While wooden debris will gradually biodegrade and metal waste will 
sink to the sea bed, plastic floats and can collect in vast “garbage 
patches” such as The Great Pacific Garbage Patch. Marine life is 
easily entangled in plastic debris making it impossible for them to 
move or feed. Plastic is often mistaken for food by marine life, who 
ingest, but cannot digest, the plastic. This causes blockages in their 
digestive system and, eventually, death. Microbeads and microfibres 
are indirectly ingested by humans when fish are caught and eaten. 
Pollutants from land and ocean mining, such as copper and zinc, are 



also a major pollutant which interfere with the lifecycles of 
organisms. 

Atmospheric pollution, caused primarily by our reliance on fossil 
fuels, is the release of toxic emissions into the air. Emissions come 
from all kinds of human activity from manufacturing and transport to 
farming and energy production. Increased populations put increasing 
pressure on these industries and increase atmospheric pollution. The 
effects of atmospheric pollution include:  

• Decrease in air quality in towns and cities resulting in an increase 
in respiratory diseases (e.g. asthma) 

• Air-borne toxins cause acid-rain which damages our forests and 
our waters 

• Direct links to the global warming due to the greenhouse effect 

• Each of the six Rs. 

• Reduce – the amount of resources used. 

• Reuse – the product is used for the same purpose again and 
again. 

• Recycle – the material is able to be used again for another 
product. 

• Refuse – to use non-sustainable products 

• Repair – products designed to be repaired instead of thrown 
away. 

• Rethink – think of a better way of solving the problem – can new 
technology help? 

 

Hierarchy of sustainability - This system of ranking the six R 
strategies can help us make the most sustainable decisions. The 
inverted pyramid shows Refuse at the top. Refusing to buy, design or 
use a given product is the best way to eliminate the use of resources, 
energy and emissions associated with a product or system. Where 
this is not a practical or viable solution, rethinking the way 
something works can provide ideas to work around a given problem 
with minimal environmental impact. For example, supermarkets, 
such as Whole Foods Market, have redesigned the way some 
products are sold so the consumer brings an empty detergent bottle 
to the shop to refill it from a large tank as opposed to paying for and 
using a new bottle every time. The five pence charge applied to 
plastic bags in shops is a systemic change that reduced consumption 
of plastic bags in the UK by 85% in the first six months. 

Reducing our demand on products; by using less we reduce our 
environmental impact e.g. the Slow Fashion movement advocates 
buying less but buying better. Reusing and repairing products/parts 
diverts materials from landfill and reduces the demand for brand 
new product. Using recycled materials and making products easy to 
recycle is certainly better than using virgin materials, however, it is 
an energy intensive process and recycled materials are usually of 
lower quality. 



• A social footprint and how safe working conditions impact on others. 

Social responsibility - It is our responsibility as individuals and as 
consumers to make more sustainable lifestyle and buying choices to 
reduce our ecological and social footprint, and protect the planet for 
future generations. Moreover, as designers, we have an even greater 
responsibility to make sustainable design decisions as products are 
often manufactured in large quantities and therefore the impact is 
multiplied.  

Social footprint refers to the social impact of a company’s policies on 
all stakeholders (employees, partners, contractors, board members, 
investors etc.) as well as wider society. Company policies can affect 
social issues that include: 

• Flexible working hours 

• Childcare and parenting issues 

• Working from home 

• Holiday pay, sick pay and medical insurance 

• Fair wage 

• Working conditions and Health and Safety 

• Training schemes for employees 

• Corporate Social Responsibility – does the company contribute 
anything to the local or wider community? 

Safe working conditions are set out by the governments of most 
developed societies. Companies have an obligation to follow these 
guidelines in order to ensure the health, safety and, increasingly, the 
well-being of their employees. The Health and Safety Executive (HSE) 
enforces the Health and Safety at Work Act (1974) which outlines 
legally binding obligations for a company regarding their employees. 

Governments are responsible for legislation that affects workers’ 
rights and health and safety. They also can make international 
commitments, for example, to reduce emissions and supporting 
cleaner energy sources such as wind and solar power. The Kyoto 
Protocol and the Paris Agreement (under the United Nations 
Framework Convention on Climate Change (UNFCCC)) are two 
examples of international agreements to help reduce greenhouse 
gas emissions and environmental impact. (The United States has 
since pulled out of the agreement in 2017.) These two agreements 
focus primarily on the reduction of atmospheric pollution. 

• How products are produced in each of the four main scales of 
production. 

Prototypes and 3D printing - These concepts are linked to one-off 
production. Although 3D printers are fairly expensive (largely 
because their own production levels are relatively low), they are very 
versatile in terms of the shapes and forms that can be made as well 
as the materials they use. CAD/CAM files are easy to edit meaning 
many iterations of the same design can be manufactured quickly. 
Many 3D printers are also relatively small machines which will fit on 
a desktop or a designer’s studio. An added advantage of 3D printing 



is that one of the most common materials, PLA (polylactic acid) is a 
biodegradable starch-based polymer which is better for the 
environment than many traditional polymer materials. As such, 
many small businesses and those specialising in model-making, 
prototyping and one-off production see 3D printers as a wise, eco-
friendly investment. A clear distinction should be made between 
personalisation and one-off production. A mass or batch produced 
product can be personalised but this does not make it a one-off 
product. For example, a mug, keyring or car number plate with one’s 
name on it is not necessarily a one-off product. 

Batch production - is a method used to manufacture more than one 
product, one set or batch at a time. The term batch production 
comes from the baking industry where a batch of a dozen or so rolls 
or cakes would be baked at one time. Batch production lines are 
flexible as they use less automated manufacturing processes and the 
moulds and tooling are cheaper to set up. For example, colour 
schemes, motifs or logos, and shapes and forms can be modified 
easily and cheaply according to changing fashions and demands in 
the market. 

Lead time is the time it takes from the start to the completion of the 
manufacturing process. The set-up times for batch production are 
short and the set-up costs for making tools, jigs and patterns are less 
than that of mass or continuous production. Components are often 
bought-in e.g. injection moulded feet for a chair leg could be bought-
in. These factors make the lead times shorter. 

Jigs, patterns and templates - These tools are commonly used in 
batch production to ensure repetitive accuracy. These terms are 
fairly interchangeable although a jig usually refers to a 3D object 
where as a template, pattern or stencil usually produces a 2D 
outcome. Jigs and patterns are also used in one-off production to 
speed up awkward or repetitive processes e.g. a craftsperson may 
use a drilling jig to make holes of the correct depth and position for a 
number of joints in a one-off cabinet. It is important to stress that a 
jig / pattern is a designed object in its own right and as such, is 
constructed or bought-in according to any given task. Jigs are not 
necessary for every stage in a production process but a manufacturer 
will need to consider each stage of manufacture and weigh up the 
time and materials needed to make a jig against the efficiencies the 
jig will afford.  

CNC Machines such as laser cutters and CNC routers are often 
associated with batch production. Computer numeric control is the 
conversion of Computer Aided Design files to lines of code which 
control the movements of a machine head or cutter about an X, Y 
and Z axis. CNC machines are relatively expensive machines to buy 
but many small businesses consider them a worthy investment 
because as well as offering accuracy and efficiency, they are very 
versatile. CNC machines work with a variety of different materials in 
sheet or block forms (manufactured boards, metals, plastics, foam, 
card, fabric etc.). Myriads of router bits can be used to create 
different shapes and cuts, and the CAD files can be easily edited from 
one job to the next. 



Mass production relies on automated processes for maximum 
efficiency. Automation also allows a process to run with little human 
intervention which reduces labour costs and minimises fatigue as 
core workers can operate in shifts. Most consumer goods are mass-
produced. Henry Ford was the father of mass production. This could 
prompt the discussion of made to order vehicles versus production 
line vehicles. Paracetamol tablets, for example, could be mass 
produced, often in batches which blurs the line slightly between 
methods.  

Owing to the level of automation, mass production is less flexible 
than batch or one-off production; instead the production line is set 
up to do a specific job with high unit outputs and very little error or 
wastage.  

The high set-up costs associated with mass-production are a result of 
the highly automated processes; large, complex and expensive 
machinery and precisely engineered moulds are required. Certain 
industrial processes are synonymous with mass-production and 
continuous production.  

Injection moulding machines require highly engineered moulds; the 
machines themselves can cost tens of thousands of pounds with 
each mould representing a similar cost. Manufacturers can justify 
these costs owing to economies of scale; the more units made and 
sold, the cheaper the production cost of each unit as the set-up cost 
is shared.  

• Continuous production - This is used for products in constant 
demand that require little modification. Primary processing of 
materials is often suitable for continuous production: 

• Pulp and paper 

• Oil refinery 

• Metal smelting 

• Synthetic fibres 

• Fertilisers and chemicals 

Continuous production lines have very high-set up costs. As well as 
fulfilling demand, these production lines are run non-stop as they 
can take a long time and a great deal of energy to get going. For 
example, steel manufacture requires temperatures of 1,510°C to 
extract iron from its ores. Heating a smelter up to these 
temperatures can take days; as such it would be impractical to stop 
and start the process regularly. Continuous production lines are 
often overseen by a small number of low-skilled shift workers, 
reducing labour costs. 
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Assessment 
Focus  

This unit focuses on the specialist technical principles that are common to all material areas in 
Section 3.2 of the 8552 specification. This unit is subdivided into five topics plus an end-of-unit 
assessment spread across roughly six lessons. Each week will have a relevant homework task. The 
suite of topics begins by covering the various forces and stresses on materials and objects with 
detailed exemplification, before looking at how to enhance them to improve their functionality. 
Ecological issues including product mileage and the six Rs are covered in detail across two lessons. 
The final lesson covers the effect of scale in production and production methods. 

 


