Revise the information of material properties for timber and polymers
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1. Complete the table putting the timber material in the correct column depending on whether it is a hardwood or a softwood.
Pine, Balsa, Ash, Oak, Larch, Mahogany, Spruce, Beech
	Hardwoods
	Softwoods

	
	

	
	

	
	

	
	

	
	



Which material is being described?
2. A yellowish softwood with brown streaks. This wood is strong and cheap but can be difficult to work with. Answer: 
3. A hardwood which is red-brown in colour and is durable but expensive. It is often used for good quality furniture. Answer: 
4. A softwood which is red-brown in colour. It has a good strength-to-weight ratio and is used for structural purposes. Answer: 

5. Complete the table putting the polymer material in the correct column depending on whether it is thermoforming or thermosetting.
Epoxy resin, Acrylic, Polypropylene, Phenol-formaldehyde, Urea-formaldehyde, High density polyethylene
	Thermoforming plastics
	Thermosetting plastics

	
	

	
	

	
	

	
	

	
	


Which polymer material is being described?
6. A thermoforming plastic which is rigid and fairly cheap to by. It is used for vacuum forming to create products such as CD cases and smoke detectors. Answer:
7. A thermosetting plastic which is hard brittle and a good electrical insulator. It is used for products such as plug sockets. Answer:
8. A thermoforming plastic which is hard and waterproof and is often used for bathroom products and garden furniture. It is also a good electrical insulator. Answer:
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1. Circle the correct term to match the definition:

	Finite resources/non-finite resources
	Resources that can be easily replaced

	Finite resources/non-finite resources
	Resources that cannot be easily replaced once they are used up.




2. Put the type of fuel in the correct column depending on whether it is a renewable energy or a fossil fuel.
Oil, Wind power, Hydro power (water), Natural gas, Coal, Solar power, Biomass
	Renewable energy
	Fossil fuel

	
	

	
	

	
	

	
	



3. Draw an arrow to connect the ‘R’ with the correct definition.
	Rethink 
means… 
	
	can you as a designer refuse to work with certain materials or processes which are harmful to the environment?

	Repair 
means… 
	
	can a products and materials be recycled instead of being sent to landfill? This process does use up energy but far less than extracting brand new materials.

	Re-use 
means… 
	
	can a product be fixed so that it can continue to be used? Sometimes products are perfectly functional but may need parts replacing or updating so that they don’t get sent to landfill.

	Recycle 
means… 
	
	can you rethink the way that something is designed with a new approach that will reduce the impact on the environment? For example, could you make a radio wind-up rather than using batteries?

	Reduce 
means… 
	
	can the life cycle of a product be extended by passing it on to somebody else or using it for an entirely different purpose altogether?

	Refuse 
means… 
	
	can you reduce the amount of energy used to make the product, or the amount of finite resources used for materials?







· The 6 Rs are… ________________________________________________________________________________________________________________________________________________

· Repair means… ________________________________________________________________________________________________________________________________________________

· Finite resources means…
________________________________________________________________________________________________________________________________________________

· Give 3 examples of fossil fuels…
________________________________________________________________________

· An example of a non sustainable material is… because…
________________________________________________________________________________________________________________________________________________

· A more sustainable alterative is…because
________________________________________________________________________________________________________________________________________________

· Green house gases are…
________________________________________________________________________________________________________________________________________________

· Global warming is caused by…
________________________________________________________________________________________________________________________________________________

· A more sustainable source of energy is…
________________________________________________________________________________________________________________________________________________

· Designed for maintenance means…

________________________________________________________________________________________________________________________________________________

· By designing products for maintenance, a design limits their impact on the environment because… ________________________________________________________________________________________________________________________________________________



In DT and manufacturing materials are split into three categories:
Traditional materials – these are materials that have been around for hundreds of years such as timber, stone etc.
Modern materials – these are materials that have been developed in the last century using modern processes. In other words after the industrial revolution such as manufactured boards, concrete etc.
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Description automatically generated]Smart materials – these are also considered as modern materials but they specifically change form or property such as thermochromic pigment.

What is considered to be a traditional material? Give 1 example.
__________________________________________________________________________________
What is considered to be a modern material? Give 1 example.
__________________________________________________________________________________
What is considered to be a smart material? Give 1 example.
__________________________________________________________________________________
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Description automatically generated] What are the properties of titanium?
__________________________________________________________________________________
What industries or products commonly use titanium?
__________________________________________________________________________________
What properties make it suitable for this product/industry?
__________________________________________________________________________________
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What are LCDs made up of?
__________________________________________________________________________________
What are the properties of LCDs?
__________________________________________________________________________________
What industries or products commonly use LCDs?
__________________________________________________________________________________
What properties make it suitable for this product/industry?
__________________________________________________________________________________
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What is the origin of carbon fibre materials?
__________________________________________________________________________________
What are the properties of LCDs?
__________________________________________________________________________________
What industries or products commonly use LCDs?
__________________________________________________________________________________
What properties make it suitable for this product/industry?
__________________________________________________________________________________
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Manufactured boards are a timber based material. They are also classified as a composite material because they are made up of surplus timber chippings mixed with adhesive. They were only invented in the 1960s when manufactures discovered a way of using up left over timber from other products. This means that they are a very cost effective material and also good for the environment because the reduce waste. 
They because popular with mass produced furniture because of their cost. Another advantage to manufactured boards are that they are smooth and come in any size. They are versatile because they can be painted easily or covered with a range of veneers.
Another development in manufactured boards is Flexiply or Glulam which is thin layers or veneers of timber which are bonded and glued together which means that, unlike natural timber, they can bend. 
Why did manufactured boards become popular over natural timber?
__________________________________________________________________________________
Why are manufactured boards considered to be versatile?
__________________________________________________________________________________
Give one other advantage to manufactured boards over natural timber?
__________________________________________________________________________________
What is Glulam and flexiply made up of? 
__________________________________________________________________________________


1. Give 1 material in each of the following categories:
a. Traditional __________________________ 1 mark
b. Modern ____________________________ 1 mark

2. Explain what is meant by the term modern material. Give an example in your answer. 
2 marks
______________________________________________________________________________________________________________________________________________________________
3. Name a modern material and describe how it can be used in a product. 4 marks 
Material: _____________________________________
Product/description: ____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

4. Give the properties of the following modern materials. 4 marks 
a) Titanium 
_______________________________________________________________________________
b) Carbon fibre
_______________________________________________________________________________ 
c) Liquid crystal displays
_______________________________________________________________________________
d) Glulam
_______________________________________________________________________________
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1. True or false: Knock down fittings are permanent?
2. What is one advantage of using a knock down fitting?
3. Knock down fittings are most commonly used for…
4. What tool is used for knock down fittings?
5. Which of the below is the most strong?







2. What makes this component so strong?
3. What tool is used with this component?
4. Nuts and bolts are only used when…
5. Nuts and bolts are fastened using…
6. Typically what products are nuts and bolts used for?
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When a product wears out it becomes waste and has to be disposed of — this can cause pollution.
Usually it's replaced with a new one too which also causes pollution... sigh.

Because of these things, it’s important to make products using material that has been or can be recycled,
or that'll break down when sent to landfill. For example:

+ Many materials are recyclable. Products often carry symbols to tell you if they're recyclable. Paper, glass and most.metals are all
easy to recycle. Plastics can be recycled but it can be expensive and they canit be recycled over and over again (as their structure
can break down). For safety reasons, this means that some items can't be made from recycled plastics, eg. medical supplies.

+ Some materials are biodegradable — they will rot away naturally (in a compost heap, say).
Wood and paper are biodegradable and so are some.new plastics (see next page).

Products made from lots of components and several different materials are awkward

to recycle, because it's difficult to separate all the parts before you can recycle them.
However, 'Design for Disassembly’ tries to help with this problem. This is when a new
product is designed so it can be easily taken apart at the end of its lifetime — this allows the
parts.and materials to be reused or recycled to make new products.

There’s a big drive at the moment for all electronic and electrical goods to be made this way.

It's an example of new products being designed to have a reduced environmental impact —

there’s more about this on the next page.

Aren’t Designed t

Some products are designed to become obsolete (useless) quickly. E.g. a disposable razor becomes
blunt after a few uses and its blade can't be sharpened or changed. This is planned obsolescence.
Products with up-to-the-minute designs or technology become obsolete quickly because they go
out of fashion. E.g. people often replace their mobile phone when a new, fancier model comes out.
Built-in obsolescence is generally bad for the environment — because more materials and energy
are used to make replacement products.

However, products can be designed to last and have less of an impact on the environment.

This involves making the product durable, and designing it so that parts can be maintained and

repaired or replaced. This is known as design for maintenance.
* Most household appliances are designed to be maintained and repaired

— this makes sense as they’re expensive and just replacing them when
they break would be wasteful as they are made of lots of parts.

* For example, washing machines can be maintained (e.g. cleaning filters)
and they can be repaired by trained technicians when they break, e.g.
by installing a new part rather than having to replace the whole thing.
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Materials that have
been used for
many centuries

Ancient materials
such as stone,
wood, textiles,

iron, bronze etc.

Materials

Materials developed

in the last century

Titanium, polymers,
concrete, composites
(and even smart
materials)

Materials that
change physical
properties

Thermochromic

pigment, Shape
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Titanium

It may seem unusual to include Titanium in this section but it is only recently
that it has been possible to extract it economically from its ore. Titanium has
a very high strength to weight ratio which makes it suitable for the
aerospace and medical industries. It is also used in jewellery, sports

equipment and even colours for paints. It is corrosion resistant and does not
react with bodily fluids.

Acetabular
prostnesis

Fomoral prosthesis
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Liquid Crystal Displays (LCD’s)
Liquid Crystal Displays have been around for years in a variety of
applications such as calculators, mobile phones and laptop computer etc.
Liquid crystals are carbon based compounds which in their natural form
allow light to pass through. If a small voltage is applied they then block the
path which is what makes them appear on the screen. LCDs can be
reflective or backlit. Calculators are reflective while modern TV, tablets etc.
are backlit which is why they are often difficult to see in bright sunlight.
OLED (organic light emitting diodes) are a newer development of LCD’s
where each pixel is its own light source.
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This material is made up of fibres of carbon which are mixed with cloth to
make them useful. These fibres are then impregnated with resin which
bonds them together and forms a very strong material. The resin
impregnated fibres are forced into a mould for shaping and heated until
cured. The whole process, like glass fibre, can take days. Its light weight
coupled with high strength make it suitable for a variety of applications
including motorcycle helmets. Formula 1 car bodies, military applications
and sports equipment

—
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Glulam is a recently developed material. The name is short for
glued laminated timber and it essentially an advance from
Plywood. It is a type of structural engineered product made by
layering strips of timbers bonded together with a durable water
resistant adhesive. It is becoming popular for architectural
structures and interiors.
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Manufactured boards can be classed as both woods and
composites, but they are also a modern material as they were

developed in the last century. They include MDF, Chipboard and
Plywood.
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More Standard Components
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Wood comes in two sorts — expensive hardwoods and cheaper softwoods.
Timber refers to sawn chunks of solid wood that are used as building materials.

Softwoods

Softwoods grow in colder climates and are fast growing — this makes

them fairly cheap and readily accessible. The trees have leaves
like needles, are usually evergreen and have cones (e.g. pine).

1) Pine is yellow with brown streaks. It's quite strong and
cheap — but knotty, which makes it harder to work with.

It's used for telegraph poles, fences and cheap furniture.
2) Larch has an attractive yellow to reddish-brown colour.
It’s harder, tougher and more durable than most softwoods.
It’s also resistant to rot, which makes it good for decking,
cladding the outside of buildings, and fence posts.
3) Spruce is a reddish brown colour. It’s hard and has
a good strength-to-weight ratio — but it’s also knotty

and not very durable. It's used for structural purposes
both outside and in — aircraft, crates and ship masts.
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Hardwoods usually grow in warm climates and are slow growing — so they're generally
more expensive than softwoods. The trees have broad, flat leaves and are usually
deciduous (they lose their leaves in autumn). The wood tends to have a tighter grain and
be denser and harder than softwood, although there are exceptions to this, e.g. balsa.

) Qak is light brown. It's tough, durable and very strong. It also has attractive
grain.markings, especially when quarter sawn (see p.55), and finishes well,
so it’s used in a lot of interior panelling, flooring and furniture.
However, it does corrode steel screws and fittings.
2) Mahogany is a red-brown colour. It's durable and easy to work with,
but it's expensive, so it's used for good quality furniture. P
3) Beech is pinkish-brown. It’s hard enough to resist being dented, and can -
be bent using.steam. It’s used for chairs and toys.
4) Balsa is a white or tan colour. For a hardwood, it has a very low density and
is very soft. lts softness makes it easy to cut and shape — this combined with
a high strength-to-weight ratio, makes it great for modelling (see p.137).
5) Ash has a pale cream colour. It’s tough and absorbs shock well, so it’s

used for tool handles and wooden sports equipment (e.g. baseball bats).
It's also attractive so is used for furniture.
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Next up, plastics. Plastics are made of polymers (see p.56) but sometimes they just get called ‘polymers’.

There are two main sorts — thermoforming and thermosetting plastics.
orming Pla
1) Th formi lasti 't resist h Il — they” ily f d int
) ermoforming plastics don’t resist heat we ey're easily formed into “‘.

different shapes by heating, melting and remoulding.
2) This means they’re easy to recycle — they’re ground down, melted and re-used.

Thermoforming Plastic

Properties and Uses

Acrylic (PMMA)

Hard, stiff and shiny. Resists weather well. Can be used to make

motorcycle helmet visors, baths, signs, etc. Quite brittle (not tough).

=

High-density
polyethylene (HDPE)

Stiff and strong but lightweight. Used for things like washing-up
bowls, baskets, folding chairs and gas and water pipes.

Polyethylene
terephthalate (PET)

PET is a polyester that is light, strong and tough.
Used to make see-through drink bottles and fibres for clothes.

High impact polystyrene
(HIPS)

-
Rigid and fairly cheap. Used for vacuum forming and fabricating

boxes like CD cases or smoke detector casings.

Polyvinyl chloride (PVC)

.Quite brittle, cheap and durable. Used for blister packs, window

frames, vinyl records and some clothing.

Polypropylene (PP)

Quite tough and flexible. Can be made in a wide variety of bright

colours. Used for plastic chairs — its flexibility makes it comfortable.
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1) Thermosetting plastics resist heat and fire (so they’re used for electrical fittings and pan handles).

2) Thermosetting plastics (unlike thermoforming plastics) undergo a chemical change when heated
and moulded to make a product — they permanently become hard and rigid.

3) This means they’re non-recyclable — they can’t be melted and reshaped again.

Thermosetting Plastic Properties and Uses

Rigid, durable, corrosion-resistant and a good electrical
insulator. Used for circuit boards and wind turbine rotor blades.

Urea-Formaldehyde (UF) Hard, brittle and a

Used for things like plug sockets and cupboard handles.

Epoxy Resin (ER)

Melamine-Formaldehyde | Strong and scratch-resistant.

(MF) Used to laminate chipboard and for plates and bowls.
Hard and heat-resistant, it’s very easily moulded
into bottle caps, snooker balls, etc. Also mixed with
other materials to form a composite (see p.39).

Hard, stiff, cheap and a good electrical insulator. Added to glass
Polyester Resin (PR) fibres to form glass-reinforced plastic (see p.39), e.g. for kayaks.

Waterproof, so used in shower stalls and garden furniture.

Phenol-Formaldehyde
(PF)

Make sure you know the difference
between thermoforming and thermosetting
plastics, and can give examples of each.




image5.png
When you make a product there’s some sort of impact on the environment. Recently there’s
been an increasing focus on minimising the size of this impact to help protect our planet.

1) Sustainability means not causing permanent damage to the environment and not using up

finite resources (ones that'll run out eventually). How sustainable a product is depends on:

What materials are used to make it, for example:

¢ Do they come from non-finite resources (ones that can be replaced) or finite ones? For more about the
Eg. most plastics are made from crude oil which is a finite resource. Finite resources are social and ethical
slowly running out and some could be used up within 100 years if new stocks aren't found. factors related to

* Are they recyclable or biodegradable (this means they’ll break down over time) materials see p44.

— or will the used product permanently take up space in landfill?

Wood is a non-finite
resource because trees

can be reglanted

Qilis a finite resource —
it will eventually run_out

The processes used to make the product, for example:
* Does the process need lots of energy?
* Does it create lots of waste or pollution?

2) Sustainability also depends on the design itself — how long-lasting and efficient the product is.
3) Asyou'll see on the next few pages, new products can have

n

2)

a positive and negative impact on sustainability and the environment.

A carbon footprint is the amount of greenhouse gases (e.g. carbon dioxide

and methane) released into the atmosphere by making, using and eventually

reusing, recycling or disposing of something at the end of its lifetime.

When a new product is made resources and the finished product itself are transported.

This mileage causes the release of carbon dioxide because generally fossil fuels are burned to
provide the energy for this transport (which emits carbon dioxide). E.g. carbon dioxide is released

when the raw materials the product is made from are transported to the factory and when the
product is distributed (e.g. transported to shops), transported to the user and taken to its final disposal
location at the end of its lifetime. This transportation contributes to the product’s carbon footprint.

A product’s carbon footprint also includes the emissions that occur during its manufacture
and during processes involved in its eventual reuse, recycling or disposal.

The more energy that's needed for these processes, the bigger the product’s carbon footprint.
Carbon dioxide is usually released when a product is used

too — e.g. when you charge your smartphone the power
being used contributes to the product’s carbon footprint.

The manufacture, use and disposal of products can
also produce other forms of pollution — see p8

So, carbon footprints aren't only linked to new products when they're being made and distributed — they carry on as they're being used.
Mutch of a product’s carbon footprint will be generated during these early.stages though. This is why producing loads of neyy.products
is considered bad for the environment, whereas using a product for a long,time is better for the environment

The bigger a product’s carbon footprint is, the larger its contribution to global warming
(the warming of the Earth due to greenhouse gases in the atmosphere).





