Engineering L2
– Choosing Materials
1 of 17 – Welcome
Welcome to this session on choosing materials.
By the end of this session, you will be able to:
· Explain the difference between physical and working properties
· Identify key considerations when choosing materials
· Explain why some materials are better in certain situations than others
· Describe what is meant by stock form and why stock forms exist
2 of 17 – Choosing a material
There are a wide range of materials available to manufacturers. When they start to make a new product, they will need to decide which material to use for it. 
Consider a company is going to make a saucepan. What aspects about the product would they need to consider when choosing the material to make it from? Click on the saucepan to see some ideas.
· It will need to withstand high temperatures without melting
· It will need to withstand high temperatures without burning or catching fire
· It will need to be strong and durable
· It will need to conduct heat easily so the contents can cook
· It will need to be easy and cheap to make 
In order to know which materials will be suitable for the job, we will need to consider the material’s properties, as well as other factors of the material.
3 of 17 – Material properties
A material’s properties are the traits that it has, relating to the way that the material acts and reacts in certain circumstances.
There are two types of material properties. 
· Physical properties are the traits a material has in its unprocessed state, before it is used.
· Working properties are how a material behaves when it is worked or manipulated in some way.
The properties of a material are what make that material well suited or poorly suited for a particular job, application or function. For example, materials that are not very dense will float on water, so are ideal for manufacturing boats. 

4 of 17 – Physical properties
Physical properties are those which a material has in its raw, unprocessed form. 
Examples of key physical properties include:
· Density – how much matter a material has for a given volume
· Absorbency – how much water, light or heat a material can retain
· Conductivity – how well heat or electrical charge can pass through the material
· Corrosive resistance – how well the material can withstand damage from chemicals, water or weather
· Flammability – how easily the material catches fire or burns
Working or processing materials will not change their physical properties, unless the materials are in some way blended or composited with other materials. 
5 of 17 – Working properties
Working properties are those that will change when a material is manipulated or processed. This could mean changing their shape, their thickness or even the way their atomic structure is composed.
Examples of important working properties include:
· Strength – how a material behaves when force is applied to it
· Hardness – how well a material resists being cut or scratched
· Durability – how well a material continues to perform without requiring maintenance
· Stiffness – how well a material resists changing shape when a force is applied
· Elasticity – how easily a material returns to its original shape after a force is applied and removed
· Impact resistance – how well a material can withstand sudden force or shock
· Plasticity – how easily a material can be shaped or moulded
An example of how processing can change a material’s working property would be drawing a block of metal to form a wire, making it much less stiff and easier to form into a shape.
6 of 17 – Material properties in practice
Explore how different materials’ properties make them ideal for use in a variety of situations. 
· Paper towels have high absorbency, which means they can soak up liquids that have been spilt in the kitchen.
· Saucepans use wood or plastic with low heat conductivity for their handles so that a person can lift the saucepan, but metal with high heat conductivity for the main part of the pan so that the food inside gets hot and cooks.
· Swimming caps are made of silicone rubber which has high elasticity, so it can stretch easily over a person’s head.
· Drills for mining are covered in diamond fragments which are incredibly hard, meaning they can easily cut through rock of all types.
· Suspension bridges are made using steel cables, as steel has high strength which allows it to support the weight of the vehicles passing over the bridge.
7 of 17 – Ease of working
A very important consideration when choosing materials for a product is how easy it is to work with the product. This will vary depending on the methods of processing or manufacture that the product will need to undergo. 
For example, a material may need to be cut, drilled, pressed or cast and will probably react differently to each process. Choosing the right material for the job means considering the processes for that product or part and picking the material that does those things best. 
Here are some examples of how easy it is to work with some key materials in different ways.
· Aluminium: Can be melted and cast, beaten, pressed, drilled and bent, but is not easy to sew.
· Cotton fabric: Can be cut, sewn and folded easily, but cannot be melted or drilled.
· Pine wood: Can be sawn, drilled or planed, but cannot be melted or injection moulded.
8 of 17 – Aesthetics
Aesthetics are the way a material looks and feels. For some products this may not be a concern, but for many consumer products the look and feel of a product is just as important, if not more so, than how it functions.
Some key aesthetic considerations will include:
· What colour is it?
· Can it be easily painted or printed?
· How smooth or rough is the surface?
· How soft or hard is it?
· Can it be shaped easily into the right form?










9 of 17 – Environmental considerations
Designers and manufacturers are become increasingly aware of the environmental impacts that their products will have during their life cycles. Materials play an important part of an environmental assessment. 
To consider the environmental impact of a material, a manufacturer must think about:
The origin of the material
· Is it mined or obtained through a chemical reaction with negative emissions or waste?
Processing the material
· Does ore need to be smelted or is it energy-intensive to shape or form?
Using the material
· Does it give off any unwanted byproducts during use, or have health implications?
Disposing of the material
· Does it need to be chemically treated for disposal, or can it be recycled effectively?
10 of 17 – Sources and origins
Where a material comes from will have an impact on how easily it can be obtained, which in turn will affect its price. Some materials will be likely to experience price and availability fluctuations throughout seasons or years, depending on global events. For example, if oil is being sourced from a country that suffers from civil war and localised fighting, this could mean pipelines are broken and that oil is no longer available to be exported. This would in turn increase prices from other suppliers as demand now have increased in relation to availability.
Explore where some of the most common materials come from. Can you think of any local, national or global events or occurrences which could affect supply?
· Paper and board – made from trees or recycled paper materials
· Timber – softwoods come from faster-growing coniferous trees, hardwoods from slower-growing deciduous trees
· Metals – extracted from metal ores which need to be mined from underground and then processed
· Polymers – made from raw materials such as oil, natural gas and coal which need to be extracted then processed
· Fibres and fabrics – come from either natural sources such as cotton plants or wool from animals, or are made synthetically such as nylon which is made as a petroleum by-product



11 of 17 – Stock forms
Some manufacturers process raw materials into forms that other manufacturers can use to build their products. Examples include extraction plants who extract metals from metal ores and cast them into bars or ingots, or factories who cut timber planks from tree trunks. Although these factories can produce any size or shape of material, usually they will be set up to make them into common sizes and shapes. 
There are international standards for most common materials, so that people can order goods from all over the world and known what size to expect them to come in. This standarisation helps to keep costs down for everyone, as designers of new products work with these sizes in mind, so there is less waste during the manufacturing process. 
Explore the stock forms that some common materials are found in.
· Plywood thickness is measured in millimeters. Common thickness include 6.5mm, 9mm, 12mm, 15mm and 18mm.
· Metal sheet thickness is measured in gauges, ranging from 30 gauge which is thin to 7 gauge which is thick.
· Acrylic thicknesses are usually 2mm, 3mm, 6mm, 8mm and 10mm.
· Paper and board is measured in grams per square metre, with general use paper being around 80-100gsm and anything over 300gsm being classed as card or board.
· Fabric comes in bolts or rolls which are usually either 37m or 91m in length.
12 of 17 – Components
Many products contain externally made components, such as electrical fittings, hinges or screws. Like other raw materials, these will be manufactured into common sizes and shapes to meet national or international standards. 
Here are examples of components you can expect to find made to external standard sizes. 
· Clips, fasteners and binders for paper
· Hinges, brackets and screws
· Bold, rivets and hinges
· Zips, buttons and press studs
· Electrical components such as fuses, capacitors, diodes, resistors and microcontrollers
· Gears, cams, pulleys and levers






13 of 17 – Question 1
Indicate if the following statement is true or false.
Working properties are those that will change when a material is manipulated or processed.
Answer:
True
14 of 17 – Question 2
Match these properties with their descriptions.
· Density 
· Absorbency 
· Conductivity 
· Corrosive resistance 
· Flammability 
a) How well heat or electrical charge can pass through the material
b) How well the material can withstand damage from chemicals, water or weather
c) How much matter a material has for a given volume
d) How easily the material catches fire or burns
e) How much water, light or heat a material can retain
Answers:
· Density – how much matter a material has for a given volume
· Absorbency – how much water, light or heat a material can retain
· Conductivity – how well heat or electrical charge can pass through the material
· Corrosive resistance – how well the material can withstand damage from chemicals, water or weather
· Flammability – how easily the material catches fire or burns
15 of 17 – Question 3
What is a stock form?
a) A standard size, shape or weight for a material
b) A mould into which metal can be cast
c) A piece of paperwork for tracking inventory
Answer:
A stock form is a standard size, shape or weight for a material.


16 of 17 – Question 4
Indicate if the following statement is true or false.
World events are unlikely to ever affect availability or price of materials.
Answer:
[bookmark: _GoBack]False, world events can affect availability or price of materials if they have an impact on their extraction or supply chain. 
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Well done. You have completed this session on choosing materials.
You should now be able to:
· Explain the difference between physical and working properties
· Identify key considerations when choosing materials
· Explain why some materials are better in certain situations than others
· Describe what is meant by stock form and why stock forms exist
If you have any questions about anything covered in this session, speak to your tutor for more help.









