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Material Properties/Characteristics

Key Word

Meaning

Strength

Withstanding force without breaking or bending permanently

Tensile Strength

Withstanding force when stretched

Compressive Strength

Withstanding force when being crushed

Durability

Withstanding wear and tear and weathering

Flexibility

How easily a material will bend or distort

Elasticity

The ability to regain its original shape after it has been deformed

Plasticity

Changing in shape permanently without cracking or breaking

Malleability

The ability to be easily pressed, spread and hammered into shapes

Ductility

The ability to be stretched and permanently deformed without breaking

Brittleness

How easily a material will break without bending (the opposite of ductile)

Hardness

Resistance to scratching, cutting, denting and wear

Word Hardness

When the structure of the material changes as a result of repeated hammering or strain (most common in
metal working)

Toughness

Resistance to sudden shock without breaking or deforming

Impact Resistance

Resisting denting

Shear

Strong sliding forces acting opposite to each other

Stress

Any forces acting on a material

Electrical Conductivity

How easily a material allows electricity to flow through it

Thermal Conductivity

How easily a material allows heat to flow through it

Chemical Resistance

Resists chemical attack

Strength-to-weight Ratio

Is the measure of the strength of the material compared to its weight

STRONG IS NOT A PROPERTY – YOU WILL GET ZERO MARKS IN THE EXAM!!!

Material Properties/Characteristics

Key Word

Meaning

Aesthetics

How something looks. Think about the SHAPES, COLOURS, TEXTURE and OVERAL APPEARANCE. Don’t just say
‘good’ or ‘nice’ – use an adjective for once in your life!

Function

How something works. A chairs function is to be sat on, support the weight of an adult. So what does the
product your looking at need to do?

Safety Considerations

Think about what you need to do in order for 1) YOU to be safe. And 2) the PRODUCT to be safe. It’s all in the
best interest of your target market.

Manufacture

The way something has been made. Tools, machinery, finishes and equipment. Finger joints would need; try
square, ruler, pencil, marking knife, tenon saw, coping saw, vice, chisel, glass paper and varnish. So it isn’t a
simple case of “it was cut out…” really think about how YOU would make it.

Processes

Similar to manufacture, but more to do with large machinery. Cutting a line in wood, would normally be a
bandsaw or circular saw. See what I mean?

Specification

This is the list of points that a produce needs to meet in order to be successful. It’s like a shopping list! If you go
shopping and don’t buy anything on that list, then you’ve done it wrong! So imagine if you didn’t make the
product the way you said you would?! It wouldn’t be very useful would it?

Dimensions

THE MEASUREMENTS! HOW BIG IT IS! THE SIZE! Come on…. This is easy! Don’t forget, it’s in centimetre (CM),
millimetre (MM) or metre (M). Never use inches or miles! Duh!

Quality Assurance

These are the checks that are done BEFORE the making to make sure that the product is made to the highest
standard.

Quality Control
These are the checks that are done DURING the making so enable the highest quality possible. Think back to
Page 9 and 12 for this one!

Ergonomics

How a product has been designed, shaped and weighted so that it fits the human body the best way it can.
Think about the chairs you sit on, they are all made to try and be the correct height and width for people to sit
on.

Sustainability

Does the material/product affect the environment? Think about where the materials come from. How are the
materials disposed of? Or are they recycled/reused? What fossil fuels are used in the production process?

STRONG IS NOT A PROPERTY – YOU WILL GET ZERO MARKS IN THE EXAM!!!

Rapid Prototyping is becoming more and more common
now; especially with the use of 3D Printers.

Computer Aided Design: This is where you can produce a 2D or 3D
drawing/example of your ideas before you can actually make it.

The impact of new and emerging technologies

Advantage
•
•
•
•

Saves money on materials
Can make changes to designs
Can run tests on ideas
See a visual representation
before having to make
anything

•
•
•
•

Requires high level of skill
Needs modern/up to date
machinery to run most
programs
Training can take a long time
Cost of staff/labour is
moderate to high

CAD programs can include:
•
2D Design
•
Google Sketch Up
•
Solidworks
•
Photoshop/Illustrator

Advantage

•
•
•

More accurate than a human
Can often be faster than a
human
Less cost in staff/labour
Less waste materials
Machines can work
continuously without rest

Disadvantage
•
•
•
•

•
•

•

•

Computer Aided Manufacture: This is where a machine, which is
controlled by a computer, can carry out the actual making for you –
according to the information you have put into the CAD design.

•
•

Advantage

Disadvantage

Machinery can take up a lot
of room
Set up costs are high
Staff costs tend to be high
Expensive should machinery
break down

CAM machinery can include:
• Laster Cutter
• CNC machine
• 3D Printer
• Vinyl Cutter

Allows the designer to see
and handle a product in real
life before production begins.
Decreases the product
development time.
Costly production mistakes
can be avoided as problems
can be identified early in the
design process.
Minimise changes to the
produce once manufacturing
has started.

Disadvantage
•
•
•
•

Costly specialist machinery.
Need for highly skilled staff.
High quality models can take
a long time
Large products sometimes
need to be made in parts,
which takes up time and
resources.

Automation
The automation of workplaces has led to an increase in skilled workers but a
decrease in job opportunities, as machines have taken over the jobs previously
done by humans. Automation has streamlined the manufacturing system by
increasing production and reducing errors.
Flexible manufacturing systems (FMS)
Flexible manufacturing systems (FMS) are a series of different machines producing
different parts for a product. The system is flexible because, at any time, machines in the
process can be reprogrammed to change their task and production can be changed to
produce more or fewer parts without stopping the other areas of the process.
Just in time (JIT)
Just in time (JIT) manufacturing is triggered by a customer order. The correct amounts of
materials are ordered in to cover the order, and these arrive just as they are needed by
production. This saves money on storage, reduces waste and ensures there is no money
wasted producing stock that will remain unsold. There are disadvantages to the system in
that, if any part of the product cannot be sourced, clients have to wait for their order to be
produced.
Lean manufacturing
Lean manufacturing is a Japanese concept, based on minimising costs and maximising
efficiency by cutting down on waste and the amount of materials and energy used in
production. This is done by adapting designs and making changes to the production
process. For example, to reduce waste, a packaging net could be redesigned to include a
tessellating pattern or, to improve efficiency, changeover times between production runs
could be reduced.

The impact of new and emerging technologies

ABC

The Exam board have set out the following as the
basic instruction you need to know for using the
laser cutter:
• Material placed on bed of Laser.
• Laser focused to thickness of material.
• Settings applied –
high speed/low power for engraving (black) low
speed/high power for cutting (red).
• Settings sent from PC to laser.
• Reference to extraction (extraction turned on
or can be automatic).
• Engraving operation carried out first followed
by cutting operation.
• Work removed from laser.
The exam board have set out the following as the
basic instructions you need to know for using a
CNC machine.
• Setting the data needed (i.e. the 2D design
drawing)
• Attaching material to bed so it doesn’t move
whilst cutting.
• Tool paths – the way the router bit cuts away
the materials
• Cutting depths – how deep does the router bit
need to go? Brittle materials need to down in
smaller steps (like acrylic, it needs to go down
0.5mm each step) but softer materials (like
MDF, it can go down 3mm each step).
• Cutting speeds are set to allow for a high
quality finish.

Vinyl Cutting Machine: This is like a CNC
machine, but it uses a knife instead of a
router bit. The knife is controlled by the 2D
Design outlines only – and it only see’s one
colour, black. These machine are used to
create stickers/vinyls. The same the go onto
cars and vans when advertising their
company.

3D Printer: this uses layers of plastic (around
0.5mm thick) to build up a 3D product of
whatever has been drawn out on 3D Drawing
CAD software (we use solidworks).
The best way to describe this, is if to imagine
that you are building layers up on top of each
other, like a hot glue gun.

The impact of new and emerging technologies

Product life cycle
• Introduction Stage – This stage of the cycle could be the most expensive for a company launching a new
product. The size of the market for the product is small, which means sales are low, although they will be
increasing. On the other hand, the cost of things like research and development, consumer testing, and the
marketing needed to launch the product can be very high, especially if it’s a competitive sector.
• Growth Stage – The growth stage is typically characterized by a strong growth in sales and profits, and because
the company can start to benefit from economies of scale in production, the profit margins, as well as the
overall amount of profit, will increase. This makes it possible for businesses to invest more money in the
promotional activity to maximize the potential of this growth stage.
• Maturity Stage – During the maturity stage, the product is established and the aim for the manufacturer is now
to maintain the market share they have built up. This is probably the most competitive time for most products
and businesses need to invest wisely in any marketing they undertake. They also need to consider any product
modifications or improvements to the production process which might give them a competitive advantage.
• Decline Stage – Eventually, the market for a product will start to shrink, and this is what’s known as the decline
stage. This shrinkage could be due to the market becoming saturated (i.e. all the customers who will buy the
product have already purchased it), or because the consumers are switching to a different type of product.
While this decline may be inevitable, it may still be possible for companies to make some profit by switching to
less-expensive production methods and cheaper markets
• Product Expansion – Just as the current product is declining in sales, a new, upgraded version is released to
drive new sales for the company

The impact of new and emerging technologies

Intellectual Property
This is when a designer registers elements of a design that gives them a legal right over the
creation in the country of registration. This stops people/companies stealing your intellectual
property and protects original designs.
Copyright- Free and is granted the moment of creation that hold some legal protection. The
creator achieves this protection by adding a copyright symbol, name and date of creation.
Other forms of protection
Patent- This is paid for and cover the function of the object and is an application and not
guaranteed. This can be updated and last upto 50 years.
Registration- Involves the Appearance of the object including the lines,contours,colours,shape
and materials
Trademark- This is used for company logos

The impact of new and emerging technologies

‘Kite’ Mark
British Standards Institution

Meaning

Recycle

Processing materials to make new ones! Plastic is a
HUGE material for this point.

Re-use

Using old products/parts for other uses.

Reduce

Use less energy and resources throughout the whole
product life cycle.

Repair

Instead of throwing the whole product away, repair
the part that’s broken. Think about it like a car!

Rethink

Changes to the way we think about how materials are
used and where the come from.

Refuse

Saying “no” to bad/wasteful design. Thinking of
alternatives instead. Don’t make a new product/part if
you don’t need it.

Mobius Loop

Glass Recycling

Aluminium
Recycling
Steel
Recycling

This means that product has undergone lots
of testing by the BSI and is approved to be
made to a very high standard.

FSC
Forest Stewardship Council
This shows that the wood that has been used
is from a managed source. Most likely, for
every tree cut down another (or more) is
planted in its place.

FIRA
Furniture Industry Research Association
Similar to BSI, FIRA is a testing body which
helps to test ALL types of furniture to ensure
it meets a high enough standard and supports
in ways of how to improve if there are any
issues/negative results.

The impact of new and emerging technologies

The impact of new and emerging technologies

Smart, Modern, Composite and Technical Textiles

Composite Materials are materials which
are mixture of more than one material
and/or element. It is similar to an alloy but
these are not just metals. ALLOYS ARE NOT
COMPOSITE MATERIALS!

Picture

GRP consists of strands of glass
fibres that are coated in
polyester resin.
Common Uses: sailing boat. Kit
car

Pict
ure

Kevlar is similar to carbon fibre
matting. Very strong plastic
material woven to form a mat.
Common Uses: Kevlar is used
make items as badminton and
tennis rackets, helmets and
bullet-proof vests. Body armour

Pictur
e

Carbon Fibre is reinforced plastic
– similar to GRP. Strands of
carbon that are coated in
polyester resin – used in high
performance products.
Common Uses: F1 car, track bike,
tennis rackets

Nanomaterials (not composite or smart, but worth
knowing!)
Common Uses: because they are light, stiff and
strong. A good example is on jet ski hulls. This
reduces the weight and also gives a high gloss finish
that reduces surface tension on water and increases
performance.

Smart Materials have properties that react to
changes in their environment. This means that
one of their properties can be changed by an
external condition, such as temperature, light,
pressure or electricity. This change is reversible
and can be repeated many times.
Polymorph is a thermoplastic
material that can be shaped and
reshaped any number of times. It
can be heated in hot water and
when removed it can be shaped
into almost any form and on
cooling it becomes as solid as a
material such as nylon.
Although expensive, polymorph is
suitable for 3D modelling as it can
be shaped by hand or pressed
into a shape through the use of a
mould.
Thermochromic inks are those
that change colour in response to
changes in temperature. These
inks have serious applications
such as in the food industry. They
can be used to indicate when a
packaged food has reached the
correct temperature in an oven.
They are also used in forehead
thermometers made from card,
with Thermochromic ink as a
temperature sensor.

Shape-memory alloy (SMA). A
shape-memory alloy is an alloy
that "remembers" its original
shape and that when deformed
returns to its pre-deformed shape
when heated.

Smart, Modern, Composite and Technical Textiles

The systems approach
Systems are often designed using a system block diagram that considers
the ‘input, process and output’ of a system:

Circuit diagrams use simplified universal symbols to represent the
electronic circuit and its components. A circuit diagram shows how
the components are connected. The diagrams are understood across
the world so others can follow them and make the same circuit.

Electronic Systems

•input - starts the process
•process - the thought process in
the middle
•output - the response or outcome
Flowcharts
Flowcharts are clear diagrams showing the individual steps that will
take place in the process. They can be handwritten but are
commonly used electronically within software to control a system on
a computer. The shapes of the boxes always show a specific purpose:

Open loop systems
Open loop systems are the simplest type of system. The input sends an
electronic signal to the process, and the process signals the output to
respond.

Closed loop systems
Closed loop systems have an added dimension of feedback, where a signal
from the output is sent back to the input. The feedback information
controls the input and provides an automated system.

Inputs
Input devices take a signal from the physical or ‘real world’
and turn it into an electronic signal that a process device,
such as a microcontroller, can understand and act upon.
Switches allow current to flow through them when the contacts
inside are joined together. They are usually named after how they
work. For example, a push-to-make switch allows current to flow
(or a signal to be passed on for processing) when pressed therefore ‘making’ the circuit. A push-to-break switch does the
reverse and ‘breaks’ the circuit.

Electronic Systems

Type of switch

Uses

PTM/PTB switch

Console controller
buttons, eg fire or jump

Reed (magnetic) switch

Window sensors on
alarms, eg window
opens and switch
contacts open

Toggle switch

Power switches

Rocker switch

Light switches

Tilt switch

To detect if something is
no longer level

Types of sensors
A light-dependent resistor (LDR) is a special type of resistor whose resistance changes
with the light level. As the light gets brighter, its resistance decreases. The LDR can be
used to give an input to a circuit due to the change in the resistance.

A thermistor works in a similar way except it responds to changing temperature
levels. Usually its resistance decreases as the temperature increases (NTC - negative
temperature coefficient), but some thermistors can work in the opposite way (PTC positive temperature coefficient) where resistance increases as temperature
increases. An example of a use for a thermistor is in a heating system. It can be used
to check the temperature in a room and trigger the turning on of a heater if it is too
cold.
Pressure sensors produce a signal that varies depending on the amount of pressure
placed on them. They are useful for security systems. For example, a pressure pad can
detect if somebody walks on top of it and then trigger an alarm. Some types can also
be used to measure the pressure of gases and liquids.

Electronic Systems

Process devices
Purpose of process devices
Process devices take the signal from the input stage of a
system and act on it by changing it in some way - for
example, introducing a time delay, counting the number of
times something happens or making
decisions. Programmable components, such as
microcontrollers, are often used for this purpose.
Semi-conductors
Electrical conductors, such as copper wire, allow electrical
current to flow through, whereas electrical insulators do not
allow electrical current to flow through, eg PVC plastic that
surrounds wires to make them safe.
Semi-conductors contain a material, such as silicon, that
controls whether it is going to conduct the electrical current
or prevent it - depending on how it is connected to power.
A diode is a semi-conductor as it allows the electrical current
to flow one way but not the other.
Integrated circuits (ICs)
Integrated circuits are tiny chips that
contain resistors, capacitors and transistors, which work
together to complete the process they have been designed
for, eg a timer, counter or microcontroller.
They are small and used in smaller products and to reduce
outer packaging or housing. They cost less than average-sized
components used together in a circuit.
Microprocessors
Microprocessors are the main processor inside a computer
and are designed to be programmed to perform different
functions.
They contain small transistors, resistors, diodes and
capacitors to make up the circuit inside, meaning all the
controls are in one place. They are used in a lot of products
from car keys to the car itself, and from electronic toys to
mobile phones.

Microcontrollers provide functionality and give intelligence to
products and systems. From mobile phones to washing machines,
many everyday products are controlled by these devices.
Microcontrollers
A microcontroller is an example of a single board computer
(SBC) and is manufactured as an integrated circuit (IC). It
can be programmed to perform different processing
functions.
Microcontrollers come in different sizes with varying numbers of pins for the connection
of input and output devices - for example, 8 pin, 14 pin and 18 pin. A programmable
interface controller (PIC) is an example of a microcontroller that is widely used.

Advantages

Disadvantages

•

•

•

•

The size of a circuit can be
significantly reduced. This is
because programming replaces
physical components.
They can be reprogrammed many
times. This allows changes to be
made without replacing actual
components.
They have pins for connecting
several input and output devices,
adding to flexibility.

•
•

They often cost more than
traditional integrated circuits. They
are therefore not always the best
option for simple systems.
Programming software and
hardware is required. This can be
expensive to buy.
The language of the system must
be learned and this adds to training
costs.

In order for microcontrollers to work correctly they must be programmed. This can be
achieved using a wide range of software, hardware and different programming languages.
Programming methods
Microcontrollers can be programmed using a range of different methods. These include:
•text-based programming languages, such as BASIC, C++ and Python
•block-based programming editors
•flowchart software
Each have their own advantages and disadvantages:
Downloading a program
Once written and tested, the program must be downloaded onto the microcontroller.
Many systems support ‘in-circuit’ programming. This means the microcontroller does
not have to be removed from the circuit to be programmed. For some systems, the
chip may have to be taken from the circuit and placed in a special downloader.
A serial or USB cable is commonly used to download the program.

Outputs
Output devices allow a system to present
information back into the ‘real’ world. Examples
can be seen everywhere, from car indicators to
doorbell buzzers or information displays.

Electronic Systems

Light outputs
Light can be created using lamps:
•when current flows through the filament it heats up and
light is produced
•filament lamps are increasingly being replaced with energysaving alternatives, such as light-emitting diodes (LEDs)

Sound outputs
Sound can be produced using buzzers or speakers.
Buzzers
•buzzers have an oscillator inside a plastic case
•when current flows through them they produce a buzzing
sound, often around 400 Hertz (Hz) in frequency depending
on the type of buzzer used
•examples of their use include in doorbells and alarms
Speakers
•speakers produce sound using electromagnetism
•they usually require a driver circuit to provide a signal that
they can use, such as an audio amplifier
•the correct speaker resistance value must always be used
to prevent damage to the driver circuit

Mechanical Devices

Principles of mechanical systems
Most products rely on movement to work, eg in a pair of scissors the
blades need to move together to cut. This movement is called
a motion, and the motion of a product may be hidden or visible. The
scissors are an example of a visible motion. Alternatively, although the
movement of a sewing machine needle may be seen,
the mechanism that moves it is hidden inside its casing and is an
example of hidden motion.
For products to move and give an output motion, a force or an input
motion is required. Squeezing the scissor handles provides the input
motion, which pushes the blades together, and the output motion is
the blades cutting the material. Forces don’t just push - they can twist
or pull as well. These forces are measured in units called Newtons (N).
In the example of a push bike:
•input - the force applied to the pedals by the cyclist’s feet
•process - the chain turns the gear system, converting the energy
produced to cause …
•output - the wheels turn and the bike moves

The parallel motion linkage creates an identical
output motion to the input motion.
This can be altered by adjusting the pivot points
which will effect the size of the motion and/or the
forces that are produced.

Second order levers (Class 2) place the fulcrum at one end
of the lever and the effort at the other, with the load in the
centre. The closer together the fulcrum and load are, the
easier it is to lift the load. Examples include wheelbarrows,
nutcrackers and some bottle openers.

Third order levers (Class 3) place the effort between the
fulcrum and the load. If the effort and the fulcrum are further
apart, it becomes easier to lift. A third order lever does not
have the mechanical advantage of first order levers or second
order levers so are less common. They are generally used for
moving small or delicate items. Examples include tweezers or
fishing rods.

The bell crank linkage is made up of rods and a
triangular shape. This allows the linkage to change
the direction of motion through 90 degrees.
So it changes a horizontal input motion into a vertical
output motion.

Crank and slider

Treadle

Circular
Circular cams use an offcentre pivot to cause the
follower to move up and
down. The follower will
rise and fall by a
reasonably large
amount. These can be
seen in pistons, for
example on steam
engines.

Mechanical Devices

First order levers (Class 1) place the fulcrum between the
effort and the load. An example would be a seesaw, which
places the fulcrum in the centre and allows equally
weighted children to lift each other up.

Pear
Pear cams are called
this as they have the
shape of a pear. It
remains stationary
for half a turn then
gently rises and falls.
These are used to
make carousel
horses rise and fal

The reverse motion linkage uses 2 moving pivot points and
one fixed point to reverse the input motion into an output
motion.
So a pushing motion becomes a pulling motion and vice
versa.

Cams
A cam mechanism has
two main parts:
•a cam - attached to
a crankshaft, which
rotates
•a follower - touches
the cam and follows
the shape, moving up
and down

Snail or drop
Snail or drop cams have the
appearance of a snail shell. It causes
the follower to remain stationary for
half a turn before gently rising and
suddenly falling. They can only work
by rotating in one direction. Used on
production lines to make regular
holes or cuts in an item as it rotates
and drops at regular intervals.

Linkages
Levers can be joined together to form linkages.
Simple linkages change the direction of motion and
the amount of force.

Roller
Roller followers have
a roller such as a ball
bearing attached to
the bottom of the
following. These are
accurate, low on
friction and can
withstand load, but
are more costly to
produce.

Levers use mechanical advantage to make lifting
or applying pressure easier. All levers are made of
a bar and a pivot, called a fulcrum. Levers have
three main parts:
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This section we have covered in your NEA
Designing and making principles
Develop and apply core knowledge, understanding and skills
Explore and develop their ideas, testing, critically analysing and
evaluating their work in
order to inform and refine their design decisions thus achieving
improved outcomes.
Make informed and reasoned decisions, respond to feedback
about their own prototypes
(and existing products and systems) to identify the potential for
further development and
suggest how modifications could be made.

Stage

Explanation

1

Research/Analysis/
Investigation

This is Page 1 of the coursework. You look into the problem you have
been given.

2

Brief

Writing your own design brief, just like you did in the last box on Page 1.

3

Specification

This was page 2 – setting out what you want the product to be like.

4

Initial/First/Design ideas

Page 3 and 4 – coming up with the ideas that you COULD make.

5

Development/Model Making

This is page 5 – making a card or foam model of your idea to see it in
3D.

6

Final Idea/Technical Details

This is Page 10 and 11 – how you want the final thing to look and what
the dimensions are.

7

Planning

This is page 12 – looking at how you can make the product by putting
each stage in order.

8

Making

Obvious – this is making your final object.

9

Evaluation/Improvements

Pages 13 and 14 – looking back over the product and comparing it to
what you said on Page 2 (specification). Did you meet what you said?
And then what could you improve/change about your product?
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Changes to GCSE Design and Technology (Eduqas)
exams for Summer 2022 - BBC Bitesize

Section B
Choose one question area
(Ferrous & Non-Ferrous Metals)
25 marks

Google Play store – bbc bitesize app

App store – bbc bitesize app

In-Depth Materials Knowledge

Sources and origins
Ores are naturally occurring rocks that contain metal or metal compounds in
sufficient amounts to make it worthwhile extracting them.
Iron ore is used to make iron and steel. Copper is easily extracted, but ores
rich in copper are becoming more difficult to find. Aluminium and titanium
are metals with useful properties, but they are expensive to extract. Most
everyday metals are mixtures called alloys.
Extracting metals
The Earth's crust contains metals and metal compounds such as gold, iron
oxide and coaluminium oxide, but these are often mixed with other
substances when found in the Earth. To be useful, the metals have to be
extracted from whatever they are mixed with. Metal ore is a rock containing
a metal, or a metal compound, in a high enough concentration to make it
economic to extract the metal.
Social and ecological issues
When considering the ecological and social implications of using metal,
its non-renewable nature is the main concern. Metal cannot be grown and is
a finite resource - there is only a certain amount within the Earth’s crust.
To create aluminium, the ore bauxite is mined as it contains aluminium
hydroxide minerals. The bauxite is purified so that aluminium oxide is
produced, and the aluminium is extracted from this through electrolysis.
Huge amounts of energy are used to extract aluminium and convert it into a
usable material. Recycling it requires some energy to make it usable again,
but nowhere near as much.
Steel is made in huge and exceedingly hot cauldrons. Its production uses a
lot of energy and contributes approximately 5 per cent of the
world’s greenhouse gas emissions.
The 6 Rs
The term ‘the 6 Rs’ can be applied to the design of new products or when a
product is finished with, used up or no longer wanted. Here are some
questions to prompt 6 Rs thinking:
•Reduce - Can the amount of metal used be reduced? Can the metal be
bought locally to reduce product miles?
•Reuse - Can the metal be reused for another purpose once a product is
finished with?
•Recycle - Can the metal be disposed of correctly so that it can be recycled?
•Rethink - Can the way a product is made be redesigned so that less metal is
used?
•Refuse - Refusing to use metal could be a consideration; could a material
that is sustainable be used instead?
•Repair - When a product is broken, can it be repaired rather than
discarded?

Raw Material
Manufacturing
Distribution
Usage

Recycling
Landfil

In-Depth Materials Knowledge
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Reinforcing and stiffening
Forces act on materials all the time - even if
a material appears stationary it still has a
force acting on it. There are five terms used
to describe what type of force can act on a
material:
•tension - a pulling force
•compression - a pushing force
•bending - forces at an angle to the material
•torsion - a twisting force
•shear - forces acting across the material
Each metal type has different properties in relation
to the way they react to each of the five forces. It is
therefore important to know how to test a metal so
the correct one can be chosen for the specific task.
Tension can be tested by pulling opposite ends of
the metal. The tensile strength can be tested to see
if the chosen metal will be fit for purpose by fixing a
piece of metal to a point and then loading it with a
pulling force.
Compression can be tested by applying a force on
top of the piece of metal. If the metal compresses,
then reinforcing the metal could be an option.
Often the shape of the metal plays a big part in how
it will react to a force. A ‘rolled steel joist’ (RSJ) is
used in construction work as the shape withstands
bending and compression.
Torsion can be tested by securing the end of the
metal in a vice. The other end can then be twisted
to see if the metal can withstand the force. If there
is a twist, bracing one piece of metal to another
can prevent deformation due to both torsion and
shear forces.
Shear forces act in different directions and cut
across a material, but a huge amount of force is
needed to shear through a piece of metal. If a piece
of metal is cut using tin snips, the cut will have been
made by a shear force

In-Depth Materials Knowledge

Production
Method

Description

One-Off

In one-off production a single product is designed
and made to a client's specification. Labour and
material costs are high, and a high level of design and
manufacturing skills are needed. An example of oneoff production would be a made-to-measure wedding
dress.

Batch

Batch production occurs when a series of identical
products are made together in either small or large
amounts.
Once made, another series of products can be
produced using the same equipment as last time. For
example; a stool or loaves of bread.

Mass

Mass production involves the product going through
different stages on a production line where the
workers at a particular stage are responsible for a
certain part of the product. The product is made over
a number of days or weeks. The best example is a car
or plastic containers.

Continuous

This is where the product is made continually over a
period of hours, days or even years (24/7).
Making the product cheaper because of the large
number being made. For example; screws or
processed foods.

Just-InTime
JIT

Also known as ‘JIT’. This involves the arrival of
different parts at exactly the time they’re needed at
the factory. Using lesson storage space which saves
warehouse expenses. If there is a delay, production
can become very expensive quickly. Example:
Customised products, Toyota uses this method in
their cars or even some fast food!

Example

Equipment
& Tooling
cost

Labou
r Costs

Skill
Level

Costs

Efficienc
y

With just in time, a business holds no stock and instead relies
upon deliveries of raw materials and components to arrive
exactly when they are needed. Instead of occasional large
deliveries to a warehouse, components arrive just when they
are needed and are taken straight to the factory floor.
The benefits of reduced warehouse costs must be balanced
against the cost of more frequent deliveries and lost
purchasing economies of scale from bulk buying discounts.

In-Depth Materials Knowledge

Joining Materials – Metal

What are they?
A substance used to stick things together
Preparation: All adhesives need the material to be clean, dry and free from
oil and dust if they are to achieve their maximum grip. Some areas may need
to be covered in masking tape to prevent the glue from spreading.

Joining Materials – Adhesives

Some adhesives require the joint to be keyed. This means that the joint
should be made roughly (usually done with an abrasive paper

Name

Material

Drying
Time

Use

PVA

Wood

4-24
Hours

Gives a strong joint.
It comes in a liquid form.

Liquid
Solvent
Cement
‘Tensol’

Thermoplastic

Up to 5
Mins

It is waterproof and gives a medium
strength joint.
It comes in a liquid form. The joint
needs to be held together while the
glue dries.

Contact
Adhesive

Wood,
metal,
plastic.

20 mins
dry time
but instant
upon
contact.

It is waterproof and gives a medium
strength joint. Ideal for plastic
laminates to chipboard for kitchen
worktops. It comes in a liquid form.

Epoxy
Resin

Wood,
metal,
plastic

About
20 mins

Is waterproof and gives a strong joint.
Equal amounts of resin and hardener
are mixed together and applied with
a spreader. Must be held together
whilst glue dries.

Latex
Glue

Fabrics

½-1
hours

It is flexible and takes up the very
small spaces between the different
threads that make up the fabric.

Manufacturing Processes – Marking Out Tools

The centre punch is made form mild steel with the point hardened
and tempered so that it withstands impact with the material it is
marking. It is normally used to mark the centre of a hole to be
drilled either by hand or on the drilling machine.

ENGINEERS SQUARE – used
to draw lines that are
perpendicular to the edge of
material, typically metal.

SCRIBE – used to mark out
along the surface of material,
usually metal.

The dot punch is a lighter and thinner version of the centre punch
and is used basically for the same job. However, it is more
accurately as the dot produced is smaller.

Manufacturing Processes – Measuring Tools

STEEL RULE – used to
measure. Simple as that.

DIVIDERS – Essentially used
like a compass. Use to mark
out circles.

CALIPERS – used to find out
the measurements of
materials. Generally
pipework, but can be used
generally.

OUTSIDE CALIPERS

VERNIER GAUGE/CALIPER – a precision instrument that can be used
to measure internal and external distances extremely accurately. The
example shown is manual. Measurements are interpreted from the
scale by the user. This is more difficult than using a digital Vernier
caliper which has a digital display on which the reading appears. The
manual version has both an imperial and metric scale.

INSUDE CALIPERS

ODD LEG CALIPERS – mark
lines parallel to the datum
edge on a metal or plastics
work piece. can also be used
to find the centre of a round
bar.

MICROMETER– a precision measuring instrument, used by engineers.
Each revolution of the rachet moves the spindle face 0.5mm towards
the anvil face. The object to be measured is placed between the anvil
face and the spindle face. The rachet is turned clockwise until the
object is ‘trapped’ between these two surfaces and the rachet makes
a ‘clicking’ noise. This means that the rachet cannot be tightened any
more and the measurement can be read.

Manufacturing Processes – Cutting/Shaping Tools

COPING SAW – Used for cutting curves
and around tricky edges. Has a large D
shape frame to allow it to fit over
work. Ideal for wood and plastic.
PIERCING SAW – Almost the same as a
coping saw, but only used for metal.
Has a very thin, fine toothed blade
which can cut very tight curves/turns.

FLAT
HALF ROUND
SQUARE
THREE SQUARE
Round
FILE – diagonal teeth which are used for shaping and smoothing
plastic and metals. NOT ON WOOD (see rasp). Comes in various
shapes to perform different jobs. 3 stages of files:
Bastard (very rough),

Rough

Smooth

HACK SAW – Large framed saw, with a
straight saw blade and fairly large
teeth. Mainly used in metal work, but
can cut most materials. Very rough
finish though.
JUNIOR HACK SAW – Similar to a
regular hack saw, this works in the
same way but with a smaller blade
which has smaller teeth.

Manufacturing Processes – Cutting/Shaping Tools

TAP and DIE set:
Tapping – this is the process where
you create the internal screw thread
for a bolt to be able to pass through.
Die set – this is used to be the external
thread onto a rod for nuts to be able
to thread onto.

Manufacturing Processes – Cutting/Shaping Tools

FORGING – The process of shaping
metal by hitting very hot metal against
an anvil to create the desired shape.
Can be done by hand or by machine.
Think about the coat hook.

ANVIL – Used in the process of forging.
Has several shaped areas which lends
itself to being used to create almost
any shape. Made from Cast Iron and
often weighs over 50kg.

SAND CASTING – Normally done in aluminium. A
shape (cavity) is made in sand, in two halves, and
molten metal is poured into a sprue to fill the
cavity. Once the cavity is full, the metal spills out
through the open rider. Once cooled, the mould is
opened and the excess is cut off; which leaves the
final product ready to be cleaned up.

COLD CHISEL – used to cut metal.
Used to cut sheet metal that is quite
thick and leaves a rough edge. Can be
used on heated mild steel tool (think
of the coat hook project).

TIN SNIPS – Used for cutting sheet
metal. Very similar to scissors in the
way it works. Different styles/shapes
to allow for various different cuts.

Manufacturing Processes – Hardening & Tempering

Steel can be treated by intense heat to give it different properties of hardness and softness. This depends on the amount of carbon in the steel (only
high carbon steel can be hardened and tempered). CARBON CONTENT OF COMMON STEELS: Mild steel: 0.4% carbon, Medium carbon steel
approximately 0.8% carbon, High Carbon Steel approximately 1.2% carbon (this steel is also known as Tool Steel and includes Silver Steel and Gauge
Plate).
If steel is heated until it glows red and is quenched in clean water immediately, it becomes very hard but also brittle. This means it is likely to break
or snap if put under great pressure. On the other hand, if the red hot steel is allowed to cool slowly, the resulting steel will be easier to cut, shape
and file as it will be relatively soft. However, the industrial heat treatment of steel is a very complex and precise science.
Heat treatment of steel in a school workshop is normally a two stage process. For example, if a high carbon steel or silver steel screw driver blade
has been manufactured, at some point it will have to be ‘’hardened’ to prevent it wearing down when used. On the other hand it will have to be
‘tempered’. This second heating process reduces the hardness a little but toughens the steel. It also significantly reduces the brittleness of the steel
so that it does not break easily. The whole process is called ‘hardening and tempering’.
STAGE ONE:
The screw driver blade is heated,
slowly at first, warming up the
whole blade. Then the heat is
concentrated on the area at the end
of the blade. This gradually
becomes ‘red’ hot.
STAGE THREE:
The screw driver blade is cleaned with
emery cloth and heated again on the
brazing hearth. Heat is concentrated
at the end of the steel blade. The
steel must be watched very carefully
as it changes colour quite quickly. A
blue line of heat will appear near the
end of the blade and it travels
towards the tip as the temperature
rises along the blade. When the line
of blue reaches the tip the brazing
torch is turned off. The blue indicates
the correct temperature of
‘tempering’.

STAGE TWO:
The screw driver blade is removed quickly
from the brazing heart, with blacksmiths
tongs and plunged into clean, cold water.
Steam boils off from the water as the
steel cools rapidly. At this stage the blade
is very hard but brittle and will break
easily.

STAGE FOUR:
The screw driver blade is placed
on a steel surface, such as an
anvil face. This conducts the
heat away and allows slow
cooling of the screw driver
blade. When cold, the blade
should be tough and hard
wearing and unlikely to break or
snap. This is due to the
tempering process.

Manufacturing Processes – Case Hardening & Annealing

Case hardening is a simple method of hardening steel. It is less
complex than hardening and tempering. This techniques is used
for steels with a low carbon content. Carbon is added to the
outer surface of the steel, to a depth of approximately 0.03mm.
One advantage of this method of hardening steel is that the inner
core is left untouched and so still processes properties such as
flexibility and is still relatively soft.
STAGE ONE:
The steel is heated to red heat. It may only be necessary to harden
one part of the steel and so heat can be concentrated in this area.

STAGE TWO:
The steel is removed from the brazing hearth with blacksmiths
tongs and plunged into case hardening compound and allowed to
cool a little. The case hardening compound is high in carbon.

STAGE THREE:
The steel is heated again to a red colour, removed from the brazing
hearth and plunged into cold, clean water.

The steel rod should now have a hardened outer surface and a flexible,
soft interior. The process can be repeated to increase the depth of the
hardened surface.

Annealing is a heat process whereby a metal is heated to a
specific temperature /colour and then allowed to cool
slowly. This softens the metal which means it can be cut
and shaped more easily. Mild steel, is heated to a red heat
and allowed to cool slowly. However, metals such as
aluminium will melt if heated for too long.
Aluminium can be annealed but care must be taken whilst
heating. The flame should be held at a distance to the
aluminium so that it gives a generalised heating to the
metal.
A ‘trick of the trade’ is to rub soap on to the surface of the
aluminium and then heat it on the brazing hearth. It takes
only a short time for the soap to turn black. The brazing
torch should be turned off immediately and the aluminium
allowed to cool slowly. It is now annealed and should be
very soft and malleable.

PHYSICAL PROPERTIES: Annealed metals are relatively soft
and can be cut and shaped more easily. They bend easily
when pressure is applied. As a rule they are heated and
allowed to cool slowly.
Think back to year 10 and the metal projects that we have
done (Aluminium egg holder/Mild Steel coat hook).

Manufacturing Processes – Cutting/Shaping Machinery

SCROLL SAW – used to cut intricate
curves. Use blades similar to
coping saws. Different blades are
available for a selection of
different materials and tasks.
Sometimes called a FRET or
RECIPROCATING saw.

BAND SAW – used to cut most
woods and plastics, even metals.
Useful to cut straight lines and
comes curved pieces.

BELT SANDER – Used to rapidly
smooth the straight edges of
woods. Some which have
aluminium oxide paper can be
used for metals.

DISC SANDER – the shape allow for
accurate, smaller objects to be
smoothed.

BOBBING SANDER – used to
rapidly smooth CONCAVE curves in
woods. Various sized parts can be
used for tight or gently curves.
BUFFING MACHINE – Used to
polish the prepared surfaces and
edges of Plastics and metals.
Normally there are 2 mops, one
hard and one soft. Use the hard
one first and move onto the soft
for the best results.

Manufacturing Processes – Wood and Metal /Centre Lathe

Obviously, there are two types of lathe – one for wood
and one for metal. You aren’t expected to know too
much, the basic ways to use a lathe (which are covered
further into the booklet), the named parts and the
Risks/Precautions involved.

Wood Turning Lathe

Headstock
Metal Lathe/Centre Lathe

Risk

Precaution

Work being thrown from chuck.

Make sure that work is tightened
in chuck/between centres.

Chuck key being thrown from
chuck.

Ensure the work is securely held
in place.

Work becoming too hot.

Adjust speed/Lubricate the work
during turning.

Clothing/hair becoming caught in
moving parts.

Hair tied back/wear apron.

Guard not fitted or not lowered.

Fit guard/Ensure guard is in place.

Work being thrown from
faceplate.

Ensure work is clamped and
balanced on faceplate.

Waste material thrown from the
lathe can injure the user’s eyes.

To wear eye protection such as
safety goggles or a visor.

Chuck

Tool Post

Tailstock

Manufacturing Processes – Drilling

DRILL BIT

HOLE SAW

FLAT BIT

FORSTNER BIT

AUGER BIT

PILLAR DRILL – fixed style
of drill that may be
mounted on a stand or
bolted to the floor or
workbench.

STEP DRILL BIT

COUNTER SINK

DRILL
COUNTER SINK

These are used for drilling a
range of sizes of hole and they
are very useful especially if
machine drills are not
available. The hand drill
generally holds drill sizes from
1mm to 9mm whilst the brace
will hold larger drill bits called
‘forstner bits’ and ‘auger bits’.
These larger bits can be used
to drill ‘blind holes’ (holes that
do not go the entire way
through material).

RATCHET BRACE HAND DRILL

Manufacturing Processes – Holding Devices

G CLAMP – generally used for clamping work securely
to a surface/workbench top. They can also be used to
hold parts together whilst glue is drying.
The clamp is tightened by turning the small tommy
bar which turns the threaded rod. Some G Cramps
have a wing nut in place of the bar making it easier to
turn by hand. However, if a tommy bar is used more
pressure can be applied to the thread in order to
tighten the clamp.

HAND VICE – It has two jaws that are closed by
turning a wing nut. In the example the acrylic is held
in the vice.

MACHINE VICE – Its twisting handle
makes this tool very affective for
holding work securely whilst drilling.

MITRE CLAMP – used to hold work at
a 90 degree angle. Useful when trying
to glue/panel pin a mitre joint!

SASH CLAMP – Sash clamps are used to clamp work
together when it is glued. They vary in size and are
normally used in pairs. Mainly used for larger work,
furniture etc.

TOGGLE CLMAP – Used on to provide
a tight grip in a small piece of
material. Can be used for drilling or
whilst using contact adhesive and
epoxy resin.

ENGINEERS VICE – Used to hold metal
whilst cutting/hammering.

Joining Materials – Nails and Screws

Screws are used to fit materials such as chipboard, MDF and natural
woods together although there is a type of screw called a self-tapping
screw that can be used for joining thin metal sheet. screws can be used
to join materials together permanently although as they can be unused
with relative ease they are also good as a way of fixing materials
temporarily.
COUNTERSUNK - SLOT HEAD: This can be used for general
woodworking for example fitting hinges to doors. Because
the screw is countersunk it can be tightened 'flush' to the
surface of the material.
ROUND HEAD SCREW: These are used for fixing pieces of
material together where countersunk holes are not being
used. Round head screws can look quite decorative
especially if they are made of brass.

RAISED HEAD SCREW: Used to fit door handle
plates and decorative features that must look
good.
DOME HEAD SCREW: Can be used for fitting fixtures such as
mirrors. The 'cap', which is the dome shape is usually
chromed or made from brass and this can be a good
feature. It also makes the head of the screw safe as the
doom has no sharp edges to catch and cut hands/fingers.

CHIPBOARD SCREWS: The thread on this type of screw
extends all the way along the length. It is best used
with chipboard

SELF-TAPPING SCREWS: these are normally used to cut a
thread in metal. A hole is drilled in the metal, a fraction
smaller than the width of the screw. The self-tapping screw
is then turned into the hole cutting a thread.

Joining Materials – Nails and Screws

After being able to select the correct screw or nail for a job, you then need to be able to prepare the piece you wanted screwed together BEFORE
actually putting a screw anywhere near the materials.

Step 1: Drill a pilot hole. A pilot
hole is one that is about 0.5/1mm
smaller than what is needed. This
is a guide for the screw to follow.
The reason it is smaller than
needed, is so the ‘teeth’ of the
screw have something to ‘bite’
onto when being screwed in.

Step 2: Drill a Clearance hole. A
clearance hole is often the exact
size (or not more than 0.5mm
bigger) of the screw itself. This
type of hole is needed so that the
screw doesn’t ‘wobble’ or move
when being screwed and allows is
to neatly go through the two
piece so materials being screwed.

Drill a CLEARANCE HOLE.

Step 3: Drill a Countersink. This
depends on what type of screw
you are using, but 99.9% of the
time, you will need this stage. The
countersink allows the head of
the screw to sit flush/just below
the surface of the material. Years
ago it was called sinking below
the counter (think of it like your
kitchen counter).

Drill a COUNTERSINK

Drill a PILOT HOLE.

Look at how the final hole looks a little like an outline for the screw!

Joining Materials - Bolts

Bolts are used to join pieces together either permanently or temporarily. Many steel structures, including buildings,
are simply bolted together. For example, the Eiffel Tower in Paris was originally a temporary structure and after
twenty years it was to be dismantled. For this reason most of the steel components were bolted together. However,
the tower has lasted well over a hundred years. Much of the structure of the Empire State Building in the USA is also
bolted together. Nuts and bolts can also be used to fix together small structures such as furniture. Nuts and bolts
come in many different types and sizes and some are shown below.
COACH BOLT: has a square collar under the
domed head and this locks into the wood
when the nut is tightened. A washer is
normally placed before the nut to stop it
sinking into the wood as it is turned.

The countersunk machine screw fits level
with the surface of the
wood/metal/plastic. A screwdriver is used
to keep the bolt still whilst the wing nut is
tightened by hand.

MACHINE BOLT: Two spanners are
needed to tighten this nut and bolt. The
first spanner fits round the hexagonal
head of the bolt and a second spanner is
used to tighten the hexagonal nut.

A plain washer prevents the nut sinking into
the surface of the wood/plastic/metal

If there is a need to prevent A nut and bolt
loosening a spring washer is used.

Joining Materials – Rivets: Pop Riveting

Pop riveting is a technique that is used to join thin pieces of metal and it can also be used to join plastic sheet. The
rivet has two parts; the pin and the rivet. The pop rivet pliers are used to pull the pin through the rivet and as this
happens the rivet is deformed slightly so that it joins the metal or plastic pieces. This is explained in detail below.
This technique is used where the metal or plastic is thin and where the joint does not have to be very strong. It is
ideal for joining aluminium or even thin sheet plastic.

1. The two pieces of plastic or
aluminium are drilled to a size
slightly larger than the rivet

2. The pop rivet is passed through
both holes in the sheet plastic /
aluminium.

Pin
Rivet

3. The rivet pliers are pushed on to the pin of the rivet and
the handles are pulled together. As this happens the pin
head is pulled into the rivet and the end of the rivet is
expanded. Eventually the pin will break off leaving the rivet
permanently fixed in position holding the two pieces of
plastic / aluminium together

