
I. Testing (6 marks) 

After making each product, you should then carry out tests 

to check their fitness-for-purpose against the set design 

requirements. Your finished product, as far as possible, should 

be tested under realistic conditions to determine its success 

and to check its performance and quality. You should describe 

in detail any testing carried out and justify this by stating what 

aspects you are testing and why you are doing so. Tests should 

be carried out objectively, and it would be beneficial to involve 

potential users so that you can receive reliable and unbiased 

third-party feedback. Well-annotated photographic evidence is 

a very good tool to use when describing the testing process. 

To be successful you will: 

Assessment criteria: I. Testing 

Level of response Mark 
range 

Describe and justify a range of tests carried out to check 4--6 
the performance or quality of the product(s). (1 mark) 
Objectively reference relevant, measurable points of the 
design brief(s)/need(s). (1 mark) 
Use third-party testing. (1 mark) 

Carry out one or more simple tests to check the 1-3 
performance or quality of the final product(s). (1 mark) 
Reference superficially some points of the design brief(s)/ 
need(s). (1 mark) 
Record test results that are subjective. (1 mark) 

Testing: third-party feedback 

Product manufacture 

Presentation of portfolio 
Your portfolio of creative skills must be organised 

into three distinct sections clearly headed: Product 

investigation, Product design and Product manufacture. It 

is important that each individual piece of work provided for 

assessment is evidenced in the appropriate section. This 

will allow your teacher to easily mark your work and provide 

the Edexcel moderator with a clear indication of your skills 

and ability. 

While there is no defined limit to the number of pages 

you should include, it is envisaged that all requirements of 

th is unit can be achieved within 25--30 A3 size pages. You 

may choose to produce your product investigation in A3 

or A4 format. You can also submit your work electronically 

for moderation provided it is saved in a format that can be 

easily opened and read on any computer system, i.e. a 

PDF document. 

Authentication 
It is extremely important that you sign the authentication 

statement in your Candidate Assessment Booklet (CAB) 

before your work is marked. If you do not authenticate your 

work Edexcel will give you zero credit for this unit. 

Joe was impressed with the way the bench looked. He 
thought ft was a different , styl ish design with a lovely finish 
that brought out the grain. The curves make it a unique style 
while it still looks traditional. 

The bench can 
accommodate four 
people 

The bench was very comfortable for Joe. He thought the 
bench would remain comfortable for a long time even though 
it doesn't look comfortable. The curve was well-researched 
with regard to the comfort of the person sitting. 

I Figure 1.17 Third-party feedback was provided by a member of the target market group (TMG) 

Joe felt safe sitting on the 
bench. The sturdy structure, 
rounded edges and sanded 
surfaces made the bench safe 
for Joe to sit on. 

• • 
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Design and Technology in Practice 

Summary of expectations 

1 What to expect 
In this unit, you will develop your knowledge and 

understanding of a wide range of materials and processes 

used in the field of design and technology. It is important for 

you, as designers, to learn about materials and processes so 

that you can develop a greater understanding of how products 

can be designed and manufactured. You will also learn about 

industrial and commercial practices, the importance of quality 

checks and the health and safety issues that have to be 

considered at all times. 

The knowledge and understanding that you develop in 

this unit can easily be applied to your Unit 1: Portfolio of 

creative skills. 

2 How will it be assessed? 
Your knowledge and understanding of topics in this unit will be 

externally assessed through a 1 hour 30 minute examination 

paper set and marked by Edexcel. The exam paper will be in 

the form of a question and answer booklet consisting of short

answer and extended-writing type questions. 

The total number of marks for the paper is 70. 

3 What will be assessed? 
This unit is divided into four main sections, with 

each section outlining the specific knowledge and 

understanding that you need to learn: 

2.1 Materials and components 
• Materials 

• Components 

• • 

2.2 Industrial and commercial practice 
• Scale of production 

• Material processing and forming techniques 

• Manufacturing techniques for mass production 

• Joining techniques 

• Material removal 

• Heat treatment 

• Conversion and seasoning 

• Faults in woods 

• Computer-aided design 

• Modelling and prototyping 

• Computer-aided manufacture 

2.3 Quality 
• Quality assurance systems and cuality control in 

production 

• Quality standards 

2.~ Health and safety 
• Health and Safety at Work Act (1974) 

4 How to be successful in this unit 
To be successful in this unit you will need to: 

• have a clear understanding of the topics covered in this unit 

• apply your knowledge and understanding to a given 

situation or context 

• use specialist technical terminology where appropriate 

• write clear and we/I-structured answers to the exam 

questions that target the amount of marks available. 

5 How much is it worth? 
This unit is worth 40 per cent of your AS qualification. 

Unit 2 Weighting 
----.""""'~~~~...,.-J 

AS level 40% 
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Materials and components 

( Materials and components 

Getting started 

As a designer, you need to know about the properties of 

a wide range of materials and components so you can 

make informed choices about their use in certain products. 

What is the best material for a bike frame, for instance 

- aluminium or carbon fibre? 

Would the sales of a product like a lawnmower increase 

if it were manufactured from a lightweight material 

such as aluminium rather than a plastic? Designers have 

to make these kinds of decisions with every product 

they design. 

In this section you will need to develop knowledge and 

understanding, where appropriate, of the aesthetic, 

functional and mechanical properties of Resistant Materials 

Technology: 

FACTFILE: 0 

Aesthetic properties 

Functional properties 

Mechanical properties 

Materials 

• ®· 

The sensory qualities of a 
material. 

The .qualities a material must 
possess in order to· be fit for 
purpose, for example the 
correct weight, size, etc. 

A material's reaction to 
physical forces, e.g. strength, 
plasticity, ductility, hardness, 
brittleness, malleability, etc. 

Very often specific terms are used to describe particular 

properties of materials. A good understanding of those 

terms is necessary for a full understanding of the materials 

involved in Resistant Materials Technology. 

Property 

Plasticity 

Ductility 

Hardness 

Brittleness 

Malleability 

The ability of a material to return to its original 
shape ence the deforming force has been 
removed. 

The ability of a material to be drawn or 
stretched. 

The ability of a material to withstand 
indentation, abrasion or scratching. 

The tendency of a material to fracture under 
stress. 

The ability of a metal to be deformed by 
compression without being torn or cracked. 

Table 2.1 Properties of materials 

Metals 

Metals can be divided up into three main categories: 

• Ferrous: Metals that contain mainly ferrite or iron, 

such as steel which is made up of iron with various 

amounts of carbon. Occasionally ferrous metals have 

small amounts of other substances added to them to 

enhance their properties. Ferrous metals will rust and 

all are magnetic. 

• Non-ferrous: Metals which contain no iron, such as 

aluminium, tin and copper. Non-ferrous metals do not 

rust, and they are not magnetic. 

• Alloys: Metals that have been formed by mixing two 

or more metals and occasionally other eleme~ts in 

order to produce metals with enhanced properties. 

An example is stainless steel which is an alloy of steel 

and chromium. Adding chromium to the steel makes 

it less prone to rusting. Duralumin is an alloy of 

aluminium, copper and manganese. This makes the 

aluminium that is already lightweight into a material 

that is both lightweight and strong. 

All metals originate from some kind of ore or mineral that is 

extracted from the earth. The production of metal requires 

some kind of heating or smelting process. 

• • 



Unit 2: Design and Technology in Practice 

Ferrous metals 

The ferrous metals that you will need to know about are 

cast iron, mild steel and carbon steel. 

Cast iron 

There are two types of cast iron, white cast iron and 

grey cast iron. White cast iron is not an easy material to 

work with as it is hard and brittle. Grey cast iron is the most 

useful. This material can be cast into intricate shapes and 

is often used for components on machines such as the tail 

stocks on lathes. It is a material that can be machined and 

when compared to steel it is relatively corrosion resistant. 

One downside of cast iron is that it is brittle and will shatter, 

or break, if dropped and it is almost impossible to weld. 

It has high thermal conductivity which makes it ideal in 

situations where heat might be an issue. Examples of its 

use are in cookware and in braking systems in cars. 

Mild steel 

Steel is an alloy of iron and carbon. The more carbon that 

is added to the iron the harder the steel becomes. Mild 

steel has a carbon content of between 0.15 and 0.30 per 

cent. It is a very versatile material with many engineering 

applications. It is easily worked; it can be cut, machined, 

heated and hammered into shape. However, apart from 

case hardening, mild steel cannot be heat treated. 

One major problem that steel does have is that it rusts. The iron 

in the steel reacts with oxygen in the air and oxidation begins to 

take place and this can be a problem. You only have to look at 

old cars to see evidence of oxidation in the form of rust In order 

to stop oxidation, a barrier needs to be put between the steel 

and the atmosphere and the easiest way to do this is to paint 

the steel. This stops the oxygen in the atmosphere getting to 

the metal. Another method of preventing oxidation in steel 

is galvanisation, where a layer of zinc is put over the steel or 

plastic coating where a thermoplastic is melted over the steel. 

Carbon steel 

There are various types of carbon steel. There are medium 

carbon steels and high carbon steels. As more carbon is 

added to the steel the properties of the steel begin to 

change and their applications vary. Unlike mild steel, carbon 

steel can be heat treated to alter its properties. Medium 

carbon steels are used for things like garden tools. High 

carbon steels are used in products that need to be much 

harder li<e hammer heads, cutting tools and drills. Carbon 

steel is used in many engineering applications and is a very 
versatile material. It can be cut, shaped and machined . 

• • 

The main disadvantage of carbon steel is that because it 

is a ferrous metal, it is prone to rusting. To prevent rusting, 

carbon steel should be painted or galvanised. 

Name Carbon Uses 
content 

White 1.7- • Brittle and very • Heavy 
cast iron 2.9% hard machinery 

• Cannot be 
machined 

Grey 2.5- • Can be • Cast iron 
cast iron 4.0% machined cookware 

• Easily cast • Disk brakes 
• Corrosion • Components 

resistant for machines 

Mild 0.15%- • Ductile, tough, • General 
steel 0.30% malleable engineering 

• Has high tensile • Nuts and bolts 
strength 

Medium 0.30- • Harder than mild • Garden tools 
carbon 0.70% steel but less • Springs 
steel ductile and less 

malleable 

High 0.70- • Properties can • Hammer heads 
carbon 1.40% be improved by • Drills 
steel heat treating • Cutting tools 

[ Table 2.2 Properties and applications :if ferrous metals 

WEBLINKS: Q • ®· 
http://42explore.com/ironsteel.h~m 

This site has some excellent links to many iron and steel 

sites including production and manufacturing. 

Non-ferrous metals 

The non-ferrous metals that you will need to know about 

are aluminium, copper and zinc. 

Aluminium 

Aluminium is a pure metal. It is soft and malleable 

and conducts heat and electricity well. However, in its 

purest form, it is useless as an engineering material 

and is always alloyed to improve its properties. It is also 

extremely lightweight. For this reascn it is a material that 

is extensively used in the aircraft industry. Aluminium 

will polish up and shine, but over a fairly short period 



of time the shine will disappear and a thin oxide layer 

will appear over the metal . This is an inert film of oxide 

and, unlike steel , where oxide in the form of rust flakes 

away and eventually destroys the material, the oxide film 

on aluminium actually protects the metal from further 

oxidation. For this reason, aluminium is often found on 

products that are used outside such as window frames. 

One disadvantage of aluminium is that it is very difficult 

to weld. This is due to the very low melting point of 

aluminium and the oxide layer. As already mentioned, the 

oxide layer protects the metal but if an attempt is made to 

weld aluminium the oxide layer prevents the molten metal 

flowing and prevents a sound joint. 

Copper 

Copper is a malleable, ductile metal that has excellent heat 

and electrical conductivity. As it is ductile, it can be easily 

drawn into wire and because of this and its good conductive 

qual ities is extensively used in the electrical and electronics 

industry. It is also corrosion resistant and for this reason is also 

to be found in household central heating and water systems. 

Copper is a malleable metal. It can be worked cold, but 

it does work harden. As the copper is beaten, shaped or 

formed it becomes stiffer and harder to work. Eventually, 

cracks appear in the metal and it can break. When copper. 

becomes work hardened it can be returned to its original 

malleable state by a process known as annealing. The 

copper is heated up and then allowed to cool. This returns 

the metal to its original state. Copper can be joined using 

both hard and soft soldering. It is a material that is often 

used for decorative items such as jugs or kettles. It can be 

easily cut and machined. 

Aluminium 

Copper 

Zinc 

Melting point 

6so·c 

11oo·c 

420°c 

Properties 

• Lightweight 
• Corrosion resistant 
• Good conductor 

• Good conductor of heat and 
electricity 

• Corrosion resistant 

] • Corrosion resistant 

11 

Table 2.3 Prope rties and applications of non-ferrous metals 

Materials and components 

• ®· 
Unit 2.2 Industrial and commercial practice: Heat 

treatment. 

Zinc 

Zinc is easily worked and, like aluminium, has an oxide 

layer that protects it from oxidation. It is corrosion resistant 

and is perhaps best known for coating steel using the 

galvanisation process to protect steel from rusting. It is 

used in products such as buckets and water tanks and car 

bodies are dipped in zinc to help prevent corrosion. It is 

also used as an element in some soft solder fluxes. It has a 

relatively low melting point and is used in die casting. 

Alloys 

The alloys that you need to know about are stainless 

steel , duralumin and brass. Metals are alloyed to enhance 

properties -you might alloy a metal to make it harder 

or more resistant to corrosion or to improve machining 

characteristics. 

Stainless steel 

The problem with steel is that if it is left uncoated and 

subjected to the air, the oxygen in the air causes the metal 

to oxidise, or rust. One way of preventing this happening 

is to alloy the steel with another metal. Stainless steel is an 

alloy of steel, chromium and some nickel. The addition of 

these extra elements changes the nature of the steel and it 

becomes corrosion resistant. 

• Can crack under stress and 
requires constant annealing 
when worked 

• Does not withstand great 
loads 

• Danger of electrolysis if 
joined to iron pipes in water 
systems 

• When worked requires 
constant annealing 

• When worked will become 
brittle 

• Aircrcift industry 
• Engine components 
• Castings 

• Electrical cables 
• Central heating 
• Printed circuits 

• Castings 
• Batteries 
• Galvanising 

• • 
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Name Compo$ltlon 

Stainless steel • Chromium 
• Nickel 
• Steel 

Duralumin • Aluminium 
• Copper 
• Manganese 

Brass • Copper 
• Zinc 

Advantages 

• Corrosion resistant 

• Lightweight 
• Strong 

• Casts well 
• Easily to machine 
• Good conductor of heat 

and electricity 

[ Table 2.4 Properties and applications of alloys 

Stainless steel has many applications including kitchen 

utensils, pipes, equipment for the chemical and nuclear 

industries and products for medical use. The disadvantage 

of stainless steel is that because it has chromium and nickel 

added to the steel, the final alloy is very hard and difficult 

to cut and may require specialist equipment. 

Dural um in 

Dural um in is an alloy of aluminium, copper and 

manganese. It is both very lightweight and at the same 

time very strong. It is a ductile and malleable material and 

has excellent machining characteristics. It is particularly 

useful in the aircraft industry where very strong, lightweight 

materials are essential. However, duralumin does age 

harden over time. 

Brass 

Brass is an alloy of copper and zinc that is corrosion 

resistant. It has excellent casting and machining 

characteristics. It is harder than copper, but can easily be 

joined using soft and hard soldering. It has good heat 

and electrical conductivity and is found in central heating 

systems and electrical plugs and sockets. 

Polymers 

The word polymer, in terms of Resistant Materials 

Technology, means plastics. There are two types of 

• • 

• Expensive 
• Hard to cut 

• Work hardens 

• Susceptible to cracking 
when cold worked 

• Needs to be constantly 
annealed 

Applications 

• Kitchen utensils, pipes 
• Medical tools 
• Chemical and nuclear 

industries 

• Aviation industry 
• Automobile industry 

• Central heating valves 
• Electrical components 
• Ships' propellers 
• Plumbing fittings 

plastics: thermoplastics and thermosetting plastics. A 

thermoplastic is a material that, orce produced, can be 

formed using heat; into a variety of shapes using different 

forming techniques such as injection moulding or blow 

moulding. Thermoplastics can be reheated, softened, 

shaped, reshaped and cooled many times over. They can 

be recovered and recycled easily. 

Thermosetting plastics on the other hand are produced by 

mixing two components, a resin and a catalyst, together. 

These are usually in the form of liquids or pastes. Whilst 

they are apart they remain a liquid -::ir paste but as soon as 

they are mixed together a chemical reaction occurs and the 

mixture becomes hard. Unlike thermoplastics, thermosetting 

plastics, once shaped cannot be heated and reshaped. 

Thermosetting plastics are therefore harder to recycle. 

Thermoplastics 

Thermoplastics are made up of long chains of molecules 

and these chains are held together by small cross links. 

The polymer chains are held together by mutual attraction 

called Van der Waals forces. When a thermoplastic is 

heated, the bonds between the chains of molecules 

weaken and become pliable. This means that the plastic 

can be shaped and formed. Once the heat is removed and 

the plastic cools down the chains reposition and the plastic 

becomes hard. This means that a thermoplastic can be 

heated and shaped many times. 



Materials and components 

Name 

Acrylic 

High density polyethylene (HDPE) 

Low density polyethylene (LDPE) 

Polyethylene terephthalate (PEl) 

Polyvinyl chloride (PVC) 

Polypropylene (PP) 

Polystyrene (PS) 

Acrylonitrile butadiene styrene 
(ABS) 

Properties 

• Stiff, hard, durable, can 
be easily scratched, good 
electrical insulator 

• Good electrical insulator 
• Chemical resistant 
• Impact resistant 
• Flexible 

• Good electrical insulator 
• Chemical resistant 
• Flexible 

• Good alcohol and oil barrier 
• Chemical resistant 
• High impact resistance 
• High tensile strength 

• Good chemical resistance 
1 • Weather resistant 

• Stiff, tough, hard, lightweight 

I • Light, hard, impact resistant 
1, • Chemical resistant 

Compressed: 
• Light, hard, stiff, brittle, low 

impact strength 

Expanded: 
• Buoyant, lightweight, good 

insulator 

• Chemical resistant 
• Hard 
• Tough 

1 Table 2.5 Properties and applications of thermoplastics 

Thermosetting plastics 

Unlike thermoplastics, thermosetting plastics once formed 

cannot be reheated and changed. The molecules in 

thermosetting plast ics link side-t o-side and end-to-end. 

.I 

I 

I 
I 

Name Properties Disadvantages 

Disadvantages 

• Brittle and can break 
• Scratches easily 
• Splinters easily 

• Colour tends to fade over 
time 

• Can break under stress 

• Colour tends to fade over 
time 

• Can break under stress 

• Can discolour 
• When used in containers 

for foodstuffs needs to be 
treated to prevent taste 
problems 

• Can become brittle over time 
• Ultraviolet light causes 

brittleness 

• Ultraviolet light causes 
degradation 

• Oxidation can be a problem 
during manufacturing 
processes 

• Weak 
• Ignites easily 

• Crumbles and breaks 
• Easily ignites 

• UV light causes degradation 

• Lighting 
• CD cases 
• Car lights 
• Baths 

• Water tanks 
• Water pipes 
• Buckets 
• Bowls 

• Washing up liquid bottles 
• Dustbin sacks 
• Cable insulation 
• Packaging film 

• Fizzy drinks bottles 

• Electrical wiring insulation 
• Pipes and guttering 
• Floor covering 

• Medical syringes 
• Carpets 
• Kitchenware 

• CD cases 
• Refrigerator linings 
• Water tanks 

• Packaging 
• Insulation 
• Displays 

• Mobile phones 
• Safety helmets 

This linking is referred to as covalent bonding and the 

result of th is bonding is a very rigid st ructure. 

Applkatlons 

Epoxy resins • Corrosion resistant • Can cause allergic reactions • Adhesives 
• Electrical resistant 
• Good bond qualities 

Urea formaldehyde • Strong, hard, brittle 
• Heat resistant 

Polyester resin • Good electrical insulator 
• Heat resistant 

• Suspected of health problems 

• Can emit toxic vapours during 
manufacturing process 

• Brittle 
• Can crack 

I Table 2 .6 Properties and applications of thermosetting plastics 

• Paints and coatings 
• Electronics 

• Electrical fittings 
• Domestic appliance components 

• Glass reinforced boats and cars 
• Garden furniture : . 

• • 
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Selecting the right material for the right job is 

very important. Different metals have many 

different characteristics. Think about a hand 

operated tin opener. What factors would a 

designer need to consider when considering 

the materials for a hand operated tin 

opener? 

Woods 

Hardwoods 

Hardwoods are not necessarily physically hard. Balsa 

wood for instance is physically very soft but it is 

technically a hardwood. Hardwoods come from broad

leaved trees whose seeds are enclosed. Common 

hardwood trees include oak, mahogany and beech. 

Hardwood trees usually grow in warmer climates and 

take on average 80 to 100 years to reach maturity. 

Because of the relatively long time they take to grow, 

hardwoods tend to be more expensive than softwoods 

Very often hardwoods come from inaccessib le places 

and this also adds to the cost. 

Added to this, there is also an environmental issue. 

If a tree takes 100 years to mature it takes a long time 

to replace. For this reason there is some concern 

about the overharvesting of hardwoods. They produce 

tough, strong timber and often have a close grain. 

Advantages 

Softwoods 

Softwood is not necessarily physically soft. A plank of pine 

can feel as physically hard as a plank of oak! Softwood is 

the wood that comes from cone-bearing conifer trees. They 

have needles rather than leaves. Examples of softwoods 
are Scots pine (red deal), Parana pine and whitewood. You 

only need to know about pine in general terms. 

Softwoods grow quicker than hardwoods. On average they 

take 30 years to mature and can be produced in plantations 

where they can be forested and replanted. As a result of careful 

planning, in particular by the Forestry Commission in the United 

Kingdom, softwood is a managed resource. As a consequence, 

softwoods tend to be cheaper to buy than hardwoods. As a 

rule, softwoods are easie r to work than hardwoods. 

Wood Disadvantages Applications 

Pine • Straight grain • Knots • Construction 
• Easy to work can make • Roof joists 

working • Floorboards 
difficult • Furniture 

Table 2.8 Softwoods 

Composites 
If two or more mate rials are combined together by some 

kind of bonding, a composite material is created. The 

resulting composite often has improved mechanical, 

functional and ae sthetic properties when compared to 

the original materials fro m wh ich it was made. Composite 

materia ls tend to have excellent strength-to-weight ratios 

and are useful for many projects. 

Applications Wood 

Oak • Strong, hard, tough • Expensive • Garden furniture 
• Works well • Heavy • Construction 
• Durable • Prone to splitting • High quality furniture 

• Can be physically hard 

Mahogany • Easy to work • Grain can be variable • Furniture 
• Durable • Prone to warping • Veneers 
• Finishes well • Physical hardness varies • Floorboards 

Beech • Physically hard • Can be prone to warping • Workshop benches 
• Tough • Not suitable for outside applications • School desks 
• Polishes well • Can be difficult to work • Furniture 

1. Table 2.7 Hardwoods 

• 



Glass reinforced plastics 

Glass reinforced plastic (GRP) is a composite material that 

is manufactured from thermosetting plastic resin that has 

been reinforced using very fine glass. This glass comes in 

the form of either matting or in strips. Resin on its own is 

relatively strong when it comes to compressive strength 

but weak in tensile strength. By adding glass matting to 

the resin, the tensile strength of the final product can be 

considerably improved. In fact, glass reinforced plastic can 

be as strong as steel. The construction of GRP depends 

on thermosetting plastics that are produced by adding a 

catalyst to the resin. The resin remains a liquid until the 

catalyst or hardener is added to it. 

There are advantages and disadvantages of GRP. It has good 

strength-to-weight ratios and is very resistant to corrosion. 

However, resin on its own is brittle and can shatter. It has 

been used as an alternative to steel in car bodies but has 

been found to be unsatisfactory if the vehicles were involved 

in accidents. It is used extensively in boat building but can 

be prone to osmosis. This is where water can seep into the 

material and cause the hull to delaminate. 

Manufacturing a product in GRP 

Stage 1 

Stage 2 

Stage 3 

Stage 4 

Stage 5 

A high-quality mould is prepared. This is the 
'negative' of the product being produced. 

A release agent is sprayed on to the mould. If this 
is not done, the final product will not be able to be 
removed from the mould. 

A gel coat is applied to the mould. This is a thin layer 
of special resin that will form the outer skin of the 
final product. This will end up being a shiny layer and 
will be coloured. The colour is produced by adding a 
pigment to the gel coat. 

At this point alternative layers of resin plus catalyst 
and glass matting are placed in the mould. It is 
important that the resin is worked well into the 
matting to ensure the best finish. Usually in an item 
like a fibreglass canoe, there should be about six 
layers of glass matting impregnated with resin. 

Once the 'laying up' process has been completed, 
the work is left to cure over night and then it can be 
gently eased out of the mould. 

Table 2.9 Manufacturing a product in GRP 

When working in resin and glass matting safety can be an 

issue. The resin and catalyst can give off toxic fumes and 

must be mixed in a well-ventilated room. Gloves must be 

worn when using glass matting. 

Materials and components 

r 
Figure 2.1 Typical Norfolk Broads cruiser, manufactured from 
glass reinforced plastic. 

Carbon fibre 

During the last few years, carbon fibre has become more 

common. This is produced commercially in a similar way 

to GRP. The carbon fibres in carbon fibre composites, 

which are able to take tensile loads, are set onto a polymer 

matrix that is able to take compressive loads. Carbon fibre 

constructions are much stronger than GRP and are ideal for 

high-performance structural applications such as aircraft, 

sports equipment and racing car manufacture. Carbon 

fibre composites have excellent properties and in some 

instances are able to replace more traditional materials. 

®· 
Carbon fibre is becoming a composite that is being 

used in many industries. Why do you think this is the 

case? Why would an aircraft manufacturer, for example, 

choose carbon fibre for their product over more 

traditional materials? 

Medium density fibreboard 

Medium density fibreboard (MDF) is one of the 

commonest and most widespread composite materials. 

It is made mainly made from wood waste. Sometimes it is 

manufactured from especially grown softwoods and this is 

• 
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an issue that is of concern to some environmentalists. MDF 

is manufactured from wood chips that are first subjected to 

heat a~d pressure. This is done to soften the fibres in the 

wood and produce a fine wood pulp. In order to produce 

a material that has a uniform structure, the wood pulp is 

then m;xed with synthetic resins that are designed to bond 

the fibres of the wood pulp together. This is then heated 

and put under pressure to produce a sheet material that 

is uniform in thickness with a fine textured finish . After 

cooling the sheet material is trimmed. 

MDF can be laminated in order to improve its strength or 

to improve its aesthetic qualities. It is a material that can 

be cut and machined like wood but has no grain so there 

is no danger of it splitting or warping. However, one issue 

that should be taken into account when working with MDF 

is that when it is cut or sanded, very fine fibres and dust are 

produced. Great care must be taken when drilling, cutting 

and especially sanding MDF. Dust extraction systems should 

be used and dust masks should be worn as the dust given 

off can cause irritation to the skin, throat and nasal passages. 

MDF is used in products such as furniture or kitchen units 

or worktops. It is usually veneered with a thin layer of 

high-quality wood or Formica® to give it a good finish. Its 

greatest disadvantage is its weight - MDF can be very heavy. 

Chipboard 

Chipboard is another common composite material. In 

chipboard (like MDF) wood particles are glued together 

under heat and pressure and the result is a rigid board that 

has a relatively smooth surface. It comes in normal, medium 

and high-density form. The most common is normal density 

which is a fairly soft material. At the opposite end, high

density chipboard is solid and hard. Chipboard is only 

really su :table for internal applications and is often used for 

things like work surfaces in kitchens where it is veneered 

to give it an attractive finish, flat pack furniture and 

internal ii re doors. If it gets wet, chipboard soon becomes 

waterlogged, starts to swell and breaks down. 

Laminates 

Sometirres using solid woods in the production of a piece of 

practical work is not economical or suitable. It may be better 

in some situations to use laminates. A laminate is a material 

that is produced by bonding together two or more layers of 

material. Laminates are materials that are usually very stable. 

They do not warp or misshape and in many instances are 

easier to work than solid woods. They come in sheet form 

that is easy to mark out and easy to cut and shape. 
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Although laminates are often much cheaper than solid 

wood, the aesthetics of the material may not be as good 

as solid wood. The surfaces of laminates are rarely good 

enough for a final finish. In many instances, they need to be 

finished either by veneering or even painting to make them 

look good. Laminates are often used in flat pack furniture. 

However, when used in such applicc:tions, because the 

material is relatively thin, the normal wood joining processes 

cannot be used. Laminate sheets cannot be joined using 

traditional wood joints such as dovetail or finger joints. In flat 

pack furniture, knockdown fittings are usually used. 

Plywood 

Plywood is manufactured from layers of veneers that are 

bonded together using glue. Veneers are thin sheets of 

wood usually about 1 mm thick that have been obtained 

from timber using the rotary cut process. This is where a log 

is centred on a lathe and turned against a broad cut knife, 

producing thin slices of wood veneer. 

Plywood is a very strong and stable sheet material because the 

layers of veneer are bonded in such a way that grain direction 

on each sheet is at 90° to the sheet of veneer above and below 

it. The number of layers is always an odd number -you will only 

find three, five, seven ply, etc. As the grain on each layer goes 

in different directions and because of the uneven number of 

layers, plywood on the whole is very stable - it does not warp or 

distort. However, if plywood becomes damp or wet, the layers 

can delaminate and the layers can come apart. Some plywood 

known as marine ply, using waterproof glues, are used in the 

manufacture of boats, but these tend to be more expensive 

than interior plywood. Plywood has many applications. It can be 

used for flooring as a constructional m::iterial and when applied 

with a decorative veneer it is used as a material in flat pack 

furniture. It is used extensively in school design and technology 

workshops as a material in projects. 

Blockboard 

Blackboard is made up of strips of softwood that are 

approximately 25mm wide and positioned edge-to-edge. 

The sheet that is produced is covered each side with 

veneer, usually beech, and then glued together under 

very high pressure. The glues that are used in blackboard 

are usually water-based and because of this it is only 

suitable for indoor use. Like plywood, because of its 

make-up, blackboard has good resistance to warping. If 

blackboard is cut, the edges can be a problem as they will 

not always match the hardwood veneer of the upper and 

lower surfaces. It may be necessary therefore to finish off 

unsightly edges with veneer strips . 



blockboard, up to 2Smm strips 7 ply 

f Figure 2.2 Blockboard and 7 ply 

, Modern materials and products 
Over the last few years, modern materials and products 

have appeared in various situations and have been 

introduced into many products. 

Thermo-ceramics 

Thermo-ceramics are very advanced ceramic materials 

that have properties that make them particularly useful 

in some special ist engineering situations. They have an 

internal structure that makes them extremely hard and 

they are very stable at very high temperatures. These 

materials are used in places where there is a need 

for stability and strength at high temperatures, for 

example they are being used for the turbine blades in 

jet engines and they have been used in the turbo 

chargers of racing cars. 

Thermo-ceramics are produced by combining ceramic and 

metallic powders by sintering. The powders are heated and 

then placed in a die and subjected to very high pressure 

until the particles bond with each other. 

There are some disadvantages to thermo-ceramics. 

They can be brittle and can break if dropped and if 

there are imperfections in the ceramic material it can 

crack or break. This can be a real issue if the thermo

ceramic component is part of a complex system such 

as an aero engine . Added to these issues, the cost of 

thermo-ceramics can be significantly higher than more 

traditional materials. 

Tinted glass and photochromic glass 

Photochromic glass is glass that automatically darkens 

when exposed to ultraviolet light and then reverts to 

clear glass when the light source is reduced or removed. 

It is most commonly seen in spectacles that change from 

Materials and components 

clear to dark in bright sunlight and then become clear 

when the sun goes in . The glass itself is impregnated 

with minute particles of silver halide. This is the same 

chemical that is in light-sensitive photographic paper. In 

photographic paper the silver halide reacts to light and 

an image appears on the paper. This is then fixed with 

chemicals. The fixing makes the process irreversible. 

In photo-chromic glass, because the silver halide is 

encapsulated and sealed within the glass, the process 

becomes reversible. 

Solar panels 

The generation of electricity using renewable resources 

is a topical subject and much effo rt is being put into 

finding alternative energy supplies. One method of 

generating electricity is to harness the light from the 

sun using photovoltaic, or solar cells. These cells have 

been long used in space exploration, but until recently 

have been regarded as too uneconomical to be used 

on a large scale on Earth. However, with the growing 

energy crisis, they are now being developed as one 

suitable alternative to the production of electricity using 

fossil fuels . 

Photovoltaic cells are constructed from thin layers of 

silicon that have had various impurities added. When 

the cells are exposed to sunlight, one layer of the 

silicon becomes electron rich whilst the other becomes 

electron deficient. As a result of this electron flow, a 

voltage is set up between the two layers. If contacts 

are attached to the layers this voltage can be tapped. 

Unfortunately, the voltage produced is very small and 

to achieve a useful amount of power, large numbers of 

cells need to be connected. 

At the present time the applications of photovoltaic power 

generation are somewhat limited. Solar cells are used in 

areas where mains power is not readily available such as 

marine buoys, on remote railway signalling or healthcare 

applications in developing countries. They are beginning to 

appear in domestic housing, but the cost of the installation 

can be fairly high. 

WEBLINKS: 0 • ®· 
http://www.science.howstuffworks.com/solar-cel11.htm 

This site offers a good insight into the construction and 

theory of the photovo ltaic cell . 

• • 
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Liquid crystal displays 

Liquid crystals are organic, carbon-based compounds that 

can exhibit both liquid and solid crystal characteristics. 

When a cell containing a liquid crystal has a voltage 

applied, and on which light falls, it appears to go 'dark'. 

This is :::aused by the molecular rearrangement within the 

liquid crystal. In the case of a digital clock or wristwatch, 

a liquid crystal display (LCD) has a pattern of conducting 

electrodes that is capable of displaying numbers via a 

seven-segment display. The numbers are made to appear 

on the LCD by applying a voltage to certain segments, 

which go dark in relation to the silvered background. As 

very small amounts of current are needed to power an LCD 

display they are ideal for portable electronic devices such 

as mobile phones, as battery life can be extended. 

With the rapid advance of LCD technology came the full 

colour LCD display commonly used in laptops. In this case, 

each pixel is divided up into three sub-pixels with red, green 

or blue filters. By controlling and varying the voltage applied, 

the intensity of each sub-pixel can range over 256 colours. 

Figure 2.3 Liquid crystal display monitor 

• • 

LCDs have now evolved considerably and are at the forefront 

of modern domestic appliance technology with ever flatter, 

high-resolution LCD televisions and computer screens. 

However, there are some disadvantages to LCDs. The images 

produced on LCD televisions are, in some instances, inferior 

to those produced on traditional cathode-ray tubes and do 

not have the same viewing angle as traditional televisions. 

Electroluminescent lighting 

Electroluminescent (EL) lighting converts electrical energy 

into light (or luminescence) by applying a voltage across 

electrodes. An organic phosphor is sandwiched between 

two conductors and, as the electric current is applied, it 

rapidly charges phosphor crystals, which emit radiation 

in the form of visible light. EL lighting has extremely low 

power consumption, which makes it ideal for use as a 

backlight for LCD displays, for example the blue glow on a 

digital wristwatch. It is used to great effect in advertising to 

produce displays and posters with high visual impact. 

Electroluminescent lighting is produced in the form of 

paper-thin wires, strips or panels, which are applied to 

designs that can then be animated by lighting up different 

areas of the poster. As they are so thin it is possible to 

utilise all the traditional methods of advertising, such as 

bus shelters, sides of buses and billboards as they are 

waterproof, highly visible and extremely reliable. The 

biggest disadvantage of EL lighting is that the organic 

phosphor materials used have a limited life span. 

New and smart materials 
Engineers are constantly developing new materials to meet 

specific requirements. Some of these new materials are 

becoming available to use in school. Smart materials are 

one of these new materials. A smart material is defined as 

a material that reacts to an outside stimulus, and then once 

that stimulus has been removed, changes back into its 

original state. The stimulus for changing a smart material is 

usually in the form of heat or electricity. Smart materials are 

now beginning to be used in a number of household and 

familiar products such as food processors, electric drills and 

in the control systems of central heating systems. 

Shape memory alloys 

A shape memory alloy is a material that can be deformed 

having been given an outside stimulJs and then once that 

stimulus has been removed will revert back to its original 



state. The stimulus that makes some smart materials react 

is heat and this is usually, although not always, provided 

by an electrical input. Some others react to light, such as 

photochromic pigments and some to pressure, such as 

quartz. The most common and most readily available smart 

material is nitinol, an alloy of nickel and titanium. Nitinol 

is programmed to maintain a particular length or shape at 

a set temperature. If the temperature is raised the nitinol 

will contract or bend and it will remain in that state until 

the heat source is removed. As soon as the heat has been 

removed the material will return to its original state. 

The remarkable thing about the material is that this cycle 

can be repeated millions of times. It has many applications 

including hot water systems, central heating systems, air 

conditioning units, fire alarms and seals for hydraulic systems. 

However, there are some disadvantages to shape memory 

alloys. They are still relatively expensive to produce and 

are more difficult to machine when compared with more 

traditional materials such as steel. They also are not as 

strong as traditional materials when placed under similar 

loading - a piece of steel of the same dimensions will be 

able to contend with twisting or bending more than a 

shape memory alloy. 

Reactive glass 

Reactive glass is a smart glass. Unlike tinted glass which 

changes when sunlight falls on the impregnated silver

halide particles, reactive glass requires an external stimulus 

to make it turn from clear to dark. One application of 

reactive glass is in masks for electric arc welding. These 

have clear glass that remains clear until an arc is struck. 

When the light from the arc is sensed, the glass turns dark 

instantly. Unlike tinted glass, these welding shields contain 

electronics and batteries to enable them to operate. 

Another application is glass panels that can replace 

curtains or blinds and give privacy at the touch of a button. 

Photochromic paint 

Photochromic paints contain pigments that change colour 

according to light conditions. In one situation they might 

be one colour, but when sunlight or even ultraviolet 

light falls onto the pigment, there is an immediate and 

sometimes dramatic change in the colour of the pigment. 

These photochromic pigments can be mixed with base 

paint and can be used in many situations such as security 

markers or ultraviolet light warning sensors. Photochromic 

paints are reversible. When the light source or ultraviolet 

light is removed, the paint reverts to its original state. 

Materials and components 

Quantum tunnelling composites 

Quantum tunnelling composite (OTC) is a new smart 

material that has many applications. It is a material that 

has some very interesting properties. When OTC is in its 

relaxed state, it is a near perfect electrical insulator but 

when it is stretched, compressed or twisted it becomes an 

electrical conductor and allows, in some instances, very 

high currents to pass through it. The greater the stress 

that is applied to the material the more it will conduct 

electricity. It is a material that has a vast number of practical 

applications. It is already being used in such products 

as power tool switches and robots. It also has potential 

applications in the textiles industry linking clothes to 

electronic devices. 

WEBLINKS: Q • @. 
www.design-technology.info/alevelsubsite/page11.htm 

A website that contains many links to interesting sites 

covering all aspects of smart materials. 

• @. 
New and smart materials are becoming more 

commonplace. Where do you think new and smart 

materials could be used? Think about some 

everyday products that you are familiar with and 

see if any of the components could be replaced 

with smart materials. 

Components 

Nuts and bolts 

Nuts and bolts are usually manufactured from low or 

medium carbon steel. The advantage of using nuts 

and bolts is that they can be easily undone, allowing 

components to be replaced or repaired. 

The diameter of a bolt is always in millimetres and is sold in 

stock or standard sizes. The most commonly used thread form 

is the ISO metric thread. The metric thread is identified by 

the fact that the root angle of the thread is 60°. (Other thread 

forms have different root angles, for example, British Standard 

Whitworth threads have a root angle of 55°.) 
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crown 
a) screwthread terminology 

b) V-thread 

c) acme thread 

d) square thread 

e) buttress thread 

( Figure 2.4 Thread forms 

outside 
diameter 

The other measurement that is often quoted when 

discussing threads is the pitch. The pitch of a thread is 

the distance that a screw or bolt will travel through one 

complete revolution. Although the most familiar thread 

form in nuts and bolts is the V form thread, there are others 

including square threads, buttress threads and acme threads. 

Specialist nuts are used in particular situations. For 

example, where nuts and bolts are used in places where 

vibration is an issue, there is a danger that the vibration 

could cause the nuts to come loose. In these cases lock 

nuts could be used. These might be nuts with split pins 

positioned through them or nuts with nylon inserts which 

lock as the nut is tightened. 

It is often necessary to cut a thread either into a hole, to 

enable a machine screw to be screwed into it, or onto a rod 

so that a nut can be screwed onto it . 

• • 

Cutting threads in holes 

The correct term for putting a thread into a hole is 

'tapping'. The first consideration when tapping a hole is 

that the hole into which the thread is to be cut must be 

the correct size. The tapping hole diameter is determined 

by subtracting the depth of the thread from the outside 

diameter of the bolt or machine screw. For example, to 

produce a thread in a hole a Smm bolt could screw into, 

a drill with a diameter of 4.2mm would be required. This 

would mean that the depth of thread would be 0.8mm. The 

tools required to cut the thread are 'taps' and a tap wrench. 

There are three types of tap, the taper tap, the intermediate 

tap and the plug or bottoming tap, and each tap is used at 

different stages of cutting the thread. Once the hole is drilled 

the first tap, the taper, is placed into the hole and using a tap 

wrench the thread is carefully cut. It is important that the thread 

is cut carefully. The wrench and tap must be slowly turned 

through half a turn clockwise and then a quarter of a turn 

anticlockwise to break off the swarf. The tap will gradually work 

through the piece of metal until it appears on the other side. 

During this process some lubrication should be applied. 

This lubrication traditionally has been tallow, but any 

grease or oil will work. This process is repeated with 

the intermediate tap and then finally with the plug or 

bottoming tap. Each tap takes out a little more material 

from the hole until the thread is completed. 

One of the most important things to remember when tapping 

a hole is that the three taps must be at a right angle to the 

metal. If this is not done, when the thread is completed, any 

screw put into the hole will go in at an angle and appear 

wobbly when it is screwed in. Taps can be fragile and snap 

very easily. If a tap breaks in a piece of work it is often very 

difficult to remove it from the hole. The most difficult holes 

to put a thread in are 'blind holes', holes that do not go right 

through the metal. If you are not careful it is easy to keep 

turning the tap wrench into the blind hole and snap the tap. 

Diameter of bolt/screw 

3mm 

4mm 3.3mm 

Smm 4.2mm 

6mm 5.0mm 

8mm 6.8mm 

10mm 8.Smm 

12mm 10.2mm 

( Table 2.10 Tapping drill sizes 



Cutting threads on a rod 

A thread can be cut on a rod either by hand or using a 

metalworking lathe. The most common method and by 

far the quickest way to put a thread on a bar is to cut it by 

hand. The tools required for cutting an external thread are 

a die and a die stock holder. Dies come in various stock or 

standard sizes and it is important that the size of the die 

matches the diameter of the bar. Therefore to cut a thread 

on a 10mm bar a 10mm die is required. 

Dies are manufactured from High Speed Steel, which is 

harder than mild steel so will cut a thread on mild steel 

quite easily. Firstly, the end of the bar that is to be threaded 

needs to be slightly chamfered with a file. This will help the 

die to go onto the bar. The die then needs to be screwed 

onto the bar. The biggest problem is making sure that 

the die goes onto the work squarely. If this is not done 

a 'drunken thread' is produced. This means that any nut 

screwed onto the bar will not be at right angles to the bar 

and will appear wobbly on the bar. 

One method of ensuring that the die is on the bar squarely 

is to use the tailstock of a centre lathe. Set the work up in 

the chuck on the lathe and place the die between the work 

and the tailstock and, by hand, turn the work until the die 

just begins to cut. 

As the axes of the lathe and the tailstock are at 90° to 

each other, the die must go on at the correct angle. Once 

the die has started to cut the diestock should be gently 

turned half a turn clockwise and then a quarter of a turn 

anticlockwise to break off the swarf. As with cutting an 

external thread, some lubrication is again necessary. 

I Figure 2.5 Thread cutting 

'drunken' thread 
the die is not square to 
the axis of the rod 
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WEBLINKS: 0 • ®· 
www.nmri.go.jp/eng/khirata/metalwork/basic/bolt/ 

index_e.html 

This site gives in-depth information regarding the 

theory of threads and details of cutting threads in 

holes and on bars. 

Spacers and washers 

Sometimes in machinery, spacers and washers are used. 

Spacers are used in situations where components need 

to be separated on a shaft, such as on bicycle gears 

where it is sometimes necessary to put a spacer to 

separate the gears. Spacers come in a variety of materials 

including high density polyethylene (HOPE), nylon and 

steel. Washers can also be used as spacers, anti-vibration 

devices and locking devices. 

Screws 

Screws are often one part of a temporary joint. There 

are different types of screws that can be used in resistant 

materials. Machine screws are used in engineering and 

woodscrews are used for wood. 

Machine screws 

Machine screws have parallel sides with standard threads 

cut into them. They are usually manufactured from carbon 

steel and are mass produced. They can come with a variety 

of heads or tops. The most common are countersunk heads 

and cheese heads. 

Countersunk screws are designed to fit into countersunk 

holes that enable the machine screw to be flush with 

the surface of the metal into which it is screwed. A 

cheese head is a head that is cylindrical in shape that 

sits above the metal into which it has been screwed. 

Added to those there are also specialist screws such 

as grub screws that might be used in particular 

engineering situations. 

Screws can be tightened in a number of ways. The most 

common is a simple slot into which a screwdriver is 

placed. Other common types of screws can be tightened 

using Phillips and pozi-drive screwdrivers. In machines 

such as milling machines, drilling machines and lathes 

machine screws can be found that can be tightened by 

hexagonal Allen keys. 

• • 
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Wood screws 

Wood screws are classified firstly by the shape of the screw 

head and secondly by the length of the screw itself. They 

come with three different types of head: countersink head, 

raised head and round head. Like machine countersunk 

screws, countersunk wood screws are designed to allow 

the screw to be flush with the surface of the wood. A raised 

head is similar to a countersunk screw except that the head 

itself is slightly domed. 

A round headed screw is designed to rest on top of the surface 

of the wood. When screwing into wood it is advisable to make 

a pilot hole into which the screw is placed and screwed. If this 

is not done there is a danger of the wood splitting. A screw 

is driven in using a screwdriver. The shape of the screwdriver 

blade used depends on the shape of the screw head. It may 

be slotted, a Phillips or a pozi-drive head. Unlike machine 

screws, woodscrews are tapered. Woodscrews are usually sold 

by gauge and length. 

Gauge Metric 

2 2.0mm 

3 2.5mm 

4 3.0mm 

6 3.5mm 

8 4.0mm 

10 5.0mm 

12 5.5mm 

14 6.5mm 

Table 2.11 Screw gauge metric thread equivalents 

Figure 2.6 Machine screws and wood screws 

Rivets 

Riveting is a method of making a permanent joint in metal. 

There are two kinds of rivets, solid rivets and pop rivets. 

Solid rivets are manufactured from soft iron because they 

need to be ductile and easy to work as they have to be 

hamrrered into shape. Pop rivets are usually manufactured 

• 

D LJ LJ 
countersunk snap rivet flat rivet pop rivet 
rivet 

Figure 2.7 Rivets 

from aluminium and, instead of b~ing hammered into 

shape, are fixed into place using a pop rivet gun. 

Section 2.2 Industrial and Commercial Practice: 

Joining techniques. 

Gears 

The theory of gears and gearboxes can be complex. 

Gear wheels are just one part of a mechanical system that 

when linked together can have a number of applications. 

Essentially, they are used to transmit rotary motion in 

various ways. Gears can be used to: 

• change direction of rotary motion 

• change spindle speeds 

• transmit motion through 90°. 

A gear is a wheel onto which a number of teeth have been 

cut. The teeth on a gear must be careful ly designed. Gear 

teeth do not have flat sides because if they did the teeth on 

two gears would not mesh properly and probably jam. The 

shape of a gear tooth is in fact a mathematical curve called 

an involute. This type of shape enables the teeth on gears to 

mesh without the danger of jamm·ng. It also enables forces 

to be transmitted between gears in the most efficient way. 

Gears are linked together in gear trains. The simplest form of 

gear train consists of just two gears whose teeth mesh together. 

In this simple type of system, the input and the output are in 

different directions. If the gears are the same size, with the 

same number of teeth, the input and output revolutions would 

also be the same. If one gear was larger than the other, the 

rotational speed would be changed between each gear. If both 

gears were required to tum in the same direction, an extra gear, 

called an idler would be placed between the input and output 

gears. An idler can be of any size. 



For more complex tasks, a compound gear train is used. This 

involves separate gear trains that mesh together. This could 

involve perhaps a number of gears positioned on the same 

shaft. Compound gear trains can significantly increase or 

decrease the number of possible rotational speeds. 

As well as involving the change of speed and rotational 

direction, gear systems can also be used to change rotary 

motion into linear motion. Rack and pinion gear systems 

are found on the steering mechanisms of cars. A rack is 

a long piece of steel onto which gear profiles have been 

cut. A gear wheel is designed to mesh with the rack and as 

the gear wheel rotates it moves the rack from side to side. 

Another type of gear system that can be particularly useful 

in project work is the worm gear. A worm gear transmits 

forces through 90°. 

2 3 4 5 6 7 8 g 101112 

a} involute curve 

b) 
driver gear schematic drawing 
44 teeth 

d} compound gear train 

( Figure 2.8 Gear trains and configurations 
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Spur gear • Simple gearboxes 
• Speeds can be increased or decreased 
• Direction of rotation can be changed 

Bevel and mitre • Can have shafts at 90° 
• Different sizes of gears can change 

speeds 
• Commonly seen on hand drills 

Worm and wheel • Transmit force and motion through 90° 
• Reduction in rotational speed possible 
• Used in food mixers 

Rack and pinion • Used to change rotary motion into linear 
motion 

• Used in pillar drills 
• Used in steering mechanisms in cars 

\ Table 2. 12 Application of common types of gear 

Bearings and bushes 

A rotating shaft needs to be supported. However, where 

a rotating shaft is being supported, friction and wear will 

take place. In order to reduce the effects and level of 

friction, some kind of bearing is usually required. Bearings 

reduce the effects of friction and allow shafts to spin more 

efficiently. 

Plain bearings 

A plain bearing in its simplest form can be a support 

that holds a rotating shaft . However, because of 

friction the material from which the support is 

manufactured would soon wear down and either cause 

the shaft to spin inefficiently or cause a catastrophic 

failure of the support. One way of solving this problem 

is to place between the support and the shaft a sleeve 

of some kind of 'bearing material' that has a low 

coefficient of friction. A sleeve of bearing material is 

called a bush. 

The most common material for bushes is bronze, which 

is an alloy made up of approximately 90 per cent 

copper and 10 per cent tin. The disadvantage of using 

a bush is that they wear out over time and have to be 

removed and replaced. Bushes can be manufactured 

from other materials. For instance, nylon is increasingly 

used as it is a 'self-lubricating' material and some 

ceramics are being used. Ceramic bearings are 

produced using a sintering process and the advantage 

of using sintered ceramics in bearings is that they are 

porous and if saturated with oil will soak up the oil and 

thus provide lubrication for 

the bearing . 

• • 



( Unit 2: Design and Technology in Practice 
,_ 

Journal bearings 

A journal bearing is in some ways similar to a plain bearing. 

Its main difference is that, instead of having a bush insert, it 

has a layer of grease, or oil, between the rotating shaft and 

the support. The theory is that the layer of grease, or oil, 

is very thick and therefore the shaft never actually comes 

in contact with the support. In order to keep this type of 

bearing working efficiently, it is important that regular 

servicing is undertaken and the grease is kept to the 

correct level. To top up the oil or grease, it is fed into the 

bearing under pressure through a small hole. 

( Figure 2. 9 Diagram of ball bearing 

Ball bearings 

Ball bearings are one of the commonest forms of bearing. 

Essentially, spherical steel balls are held in a ball race that 

allows the inner race to spin independently from the outer race. 

Cams and followers 

Cams are usually used in machines where, in some part 

of that machine, rotary motion needs to be changed into 

reciprocating linear motion. Cams come in a wide variety of 

shapes, all of which are designed for specific tasks. Above 

the cam and resting on it is the cam follower. As the cam 

rotates, the follower is pushed up and then, following the 

profile of the cam, falls back to its original position. 

The simplest form of cam is circular and is often referred 

to as an eccentric cam. It is essentially a circular disc that is 

fitted to a driving shaft off centre. This type of cam gives the 

follower a very smooth rise and fall. In some instances more 

complicated movements are required such as where cams are 

used in internal combustion engines to control the opening 

and closing of the inlet and exhaust valves. It may be that the 

valves need to be held open for a set amount of time. If this 

is the case then the cam needs to be designed to allow this 

to happen. A cam might therefore have a curve which pushes 

• 

the follower up, then have a circular section which allows the 

follower to dwell at the highest point and then have a curve 

that allows the follower to drop down to its lowest point. There 

are three types of movement that can be created by cams: 

• uniform velocity 

• simple harmonic motion 

• uniform acceleration and retardation. 

Each type of these movements requires a different cam 

profile. Depending on the situation where cams are 

required there are also a number of cam follower types that 

can be used. The most common types of follower are flat

foot, knife edge and roller. 

Type 

Flat 

Knife 

Roller 

Profile Description 

Lots of friction 
Cannot follow hollow contours 

Provides the most accurate 
conversion of movement 
Can be used to follow hollow 
contours 

Least friction 
Cannot be used to follow hollow 
contours 
Most expensive 

( Figure 2.10 Diagram of followers 

Type of cam 

Pear-shaped cam • Used to control inlet and outlet valves 
in engines 

• Symmetrically shaped so rise and fall 
times are identical 

Eccentric or circular • Simplest type of cam as based on an 
cams off-centre circular disc 

• Smooth rise and fall 
• Constant acceleration and retardation 
• Used in fuel pumps 

Heart-shaped cams • Symmetrical cams that generate 
continuous motion 

• Used in sewing machines and to wind 
relay coils and motor windings 

Snail cams • Generate output with uniform 
acceleration and retardation 

( Table 2.13 Cam characteristics 
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Industrial and commercial practice 

Getting started 

As a designer, you need to know how products are 

manufactured. It's quite simple - you need to be able to 

design products that can be made and to make products 

that you have designed. What would happen if designers 

simply scribbled something on a piece of paper and gave 

it to somebody else to make? Would the manufacturer 

understand the drawing and, more importantly, what might 

go wrong if information is not communicated effectively? 

Scale of production 
The scale of production is an important factor to be 

considered when developing any product. It has an impact 

upon all design and manufacturing decisions, including: 

• the number of products or units manufactured 

• the choice of materials and components 

• the manufacturing processes, speed of production and 

availability of machinery and labour 

• production planning, the use of just-in-time (JIT) and 

stock control, including the use of information and 

communication technology (ICT) systems 

• production costs, including the benefits of bulk buying, 

the use of standard components and eventual retail 

price. 

One-off 

One-off production is often referred to as job production 

and relates to 'tailor-made', bespoke or customised 

solutions. A key feature of one-off production is a single, 

often high-cost product that is manufactured to a client's 

specification. This kind of one-off product may be relatively 

high-cost because a premium has to be paid for any unique 

features, more expensive or exclusive materials and time

consuming handcrafted production and finishing. 

Batch 

Batch production involves the manufacture of identical 

products in specified, predetermined 'batches', which 

can vary from tens to thousands. A key feature of batch 

production is flexibility of tooling, machinery and workforce 

\ Figure 2.11 Hand-made bespoke chair 

to enable fast turnaround, so production can be quickly 

adapted to manufacture a different product, depending 

on demand. Batch production often makes use of flexible 

manufacturing systems (FMS) to enable companies to be 

competitive and efficient. 

The use of computer-integrated manufacturing (CIM) 

systems involving automated machinery enables 

production 'downtime' to be kept to a minimum . 

• • 
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Batch production results in lower unit cost than one-off 

production. Economies of scale in buying materials enable 

cost savings and identical batches of consistently high

quality products are manufactured at a competitive cost. 

Mass 

Mass production (or high-volume production) of most 

consumer products makes use of efficient automated 

manufacturing processes and a largely unskilled workforce. 

Mass-produced products are designed to follow mass 

market trends, so the product appeals to a wide nat ional 

and international target market. Production planning and 

quality control (QC) in production enables the manufacture 

of identical products. Production costs are kept as low as 

possible so the product will provide va lue for money. 

Continuous l Figure 2.12 Mass-produced products 

Continuous production is used to manufacture 

standardised mass-produced products that meet everyday 

mass-market demand. The production of a blow-moulded 

fizzy drinks bottle, for example, necessitates 24-hour 

production, 7 days a week to satisfy consumer demands for 

soft drinks. This type of production is highly automated and 

uses machines that can run continuously for long periods of 

time with breaks only for routine maintenance. 

Scale of 
production 

One-off 

Batch 

Mass 

Continuous 

• Made to exact personal specifications 
• Highly skilled craftsperson ensures high

quality product 

• Flexibility in adapting production to 
another product 

• Fast response to market trends 
• Very good economies of scale in bulk 

buying of materials 
• Lower unit costs than one-off produced 

products 

• Highly automated and efficient 
manufacturing processes 

• Rigorous quality control ensures identical 
goods 

• Excellent economies of scale in bulk 
buying of materia ls 

• Increased production means that set-up 
costs are quickly recovered 

• Low unit costs 
• Reduced labour costs 

• As mass production 
• Extremely low unit costs 
• Runs continuously 24 hours, 7 days a week 

I Table 2.14 Scale of production 

• 

• Expensive final product in comparison to 
larger scales of production 

• Generally labour intensive and can be a 
relatively time-consuming process 

• Poor production planning can result in 
large quantities of products having to be 
stored, incurring storage costs 

• Frequent changes in production can 
cause costly re-tooling, reflected in retail 
price 

• High initial set-up costs due to very 
expensive machinery and tooling needs 

• Inflexible; cannot respond quickly to 
market trends 

• As mass production 
• Very little flexibility at all as production 

set up 24/7 

Applications 

Bespoke piece of furniture for 
particular situation 

Seasonal garden furniture 

Electronic products, e.g. 
mobile phones and games 
consoles, commercial 
packaging 

Cans and bottles for the 
drinks industry 



Material processing and 
forming techniques 

It is important that you have a sound understanding of 

the material processes and forming techniques that are 

an essential part of Resistant Materials Technology. Your 

exams will contain questions about these processes and 

techniques and they may well be useful to you when you 

are working on the coursework element of the course. 

Casting 

Casting is the pouring, or forcing, of molten metal into a 

cavity and then allowing the metal to cool and solidify. The 

two principal types of casting metal are sand casting and 

die casting. 

Sand casting 

Sand casting is the process where molten metal is poured 

into a sand mould that contains a cavity of the desired 

shape of an object or component. Once the metal has 

solidified, the sand is broken open and the product or 

component is removed. 

The first step in sand casting is to make a mould in sand 

using a pattern. A pattern, usually manufactured from 

wood or medium density fibreboard (MDF), is a replica of 

the object that is to be cast. It is identical to the finished 

product apart from the fact that it is slightly oversized to 

allow for the contraction of metal as it cools down. The 

majority of patterns are made in two parts. They are cut 

down the centre line and are held together using dowels. 

Using split patterns allows two sides of a sand mould to 

be created and complex casting to be produced. Pattern 

making for casting requires great skill. The pattern must 

be designed with sloping sides so that it can be easily 

removed from the mould without damaging the walls of 

sand. It must have no undercuts or sharp edges and any 

corners must be finished off with 'fillet' radii. The final 

pattern is usually finished off in gloss paint. Some patterns 

are very complex and involve them being made in a 

number of pieces. 

Different types of sand are used in casting, the most 

common being 'green sand' and 'Petrabond®. Green 

sand uses water to enable it to bond together and can be 

reused, but Petrabond® is oil based and can only be used 

once. Before using the sand it needs to be sieved and any 

lumps removed. Green sand needs to be slightly damp 

-----., 
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before it can be used. It should keep its shape within a 

clenched fist. 

However, it should be remembered that, before pouring 

molten metal into a mould made from green sand the sand 

must be thoroughly dried out. If molten metal is poured 

into a damp or wet mould, there is a real danger that the 

mould will explode. The mould in sand casting is produced 

in two open boxes called the 'cope' and the 'drag'. 

The production of the mould can be broken down into a 

number of stages: 

Stage one 

The drag, the bottom half of the mould, is placed upside 

down and one half of the pattern is placed face down in 

the centre of the drag. Parting powder or French chalk 

is sprinkled over the pattern. This is done to stop the 

sand sticking to the pattern when the pattern is removed. 

Sieved sand, or facing sand, is then packed around the 

pattern. Facing sand needs to be sieved, so that it can 

mould easily around the pattern. This facing sand should 

cover the pattern to a depth of about 30mm. The sand 

should be rammed down to compact it. Once the facing 

sand has been put around the pattern the drag is filled 

with unsieved or backing sand. The sand should be 

rammed down and then levelled off. If the process has 

been done correctly, the drag can be lifted and moved 

without the sand falling out. 

Stage two 

The drag is then turned over and the cope placed on the 

drag. The second half of the pattern is placed on the first 

half which is embedded in the sand in the drag. More 

parting powder is sprinkled over the pattern and the 'sprue 

pins' are placed into the sand. Sprue pins will make the 

cavity in the sand where the molten metal is poured in 

and where air is released from the cavity. The cope is then 

filled with facing sand and then backing sand. Once this 

has been done, hollows are put around the tops of the 

sprue pins. These hollows in the sand will help the molten 

metal to flow freely into the mould. The sprue pins are then 

carefully removed and the cope and drag separated. 

Gates or channels are cut between the pattern and the 

holes created by the sprue pins before the pattern is 

removed. Once the gates and channels have been cut, the 

pattern is removed and the cope and drag is reassembled, 

placed on a bed of sand and made ready for casting. It is 

important to remember that, if green sand has been used 

to create the mould, then it must be left for two or three 

days to thoroughly dry out to avoid the risk of explosion. 

• • 
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Stage three 

The metal to be poured into the mould is heated in a 

crucible in a furnace. When the metal becomes molten 

it is fluxed and degassed. This process removes any 

impurities and helps release gases that may have formed 

during the process. If this is not done, impurities can 

spoil the final casting and gases can cause bubbles to be 

formed in the metal. The molten metal is then poured 

slowly and evenly into the holes that were created by the 

sprue pins. 

The hole that the metal is poured into is referred to as 

the 'r ..inner' and the hole where the air is released is 

known as the 'riser'. When the molten metal appears in 

the riser the pouring should stop. The metal is allowed 

to cool and solidify. Once cooled, the cope and d rag 

can be separated and the sand broken open and t he 

component removed. When the component has been 

removed it will need to be 'fettled' . This is where the 

runners, risers and flashings or waste material are 

removed using a hacksaw. 

Die casting 

This is a process for producing metal products, usual ly in 

non-ferrous metal, by either forcing molten metal under 

high pressure into a die, a process known as pressure die 

casting, or allowing molten metal to flow into a mould 

by gravity, which is known as gravity die casting. Dies are 

reusable moulds that are manufactured from steel. Die 

casting is a high-volume, mass-production process and is 

used when a large number of products are required. 

In pressure die casting, the metal is forced into the alloy 

steel dies under hydraulic pressure. The process is broadly 

simi ar to injection moulding in plastics. The process is 

highly automated and produces high-quality castings. 

Unlike sand casting, this process cannot be undertaken in 

the school or college workshop. 

There are a number of steps in pressure die casting: 

• Mould is sprayed with lubricant. This helps to control 

t1e temperature of the die and helps with the removal 

of the finished casting. 

• Molten metal is then shot under high pressure into 

the die. 

• When the die is filled, the pressure is maintained until 

the metal has solidified . 

• • 
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I Figure 2.13 Diagram of sand castirg 

• The die is opened and the casting is removed by 

ejector pins. 

• Finally the gates, runners and risers are removed. 

Unlike sand casting, die casting can produce multiple 

castings, producing a number of castings with a single 

cycle of operation. 

In gravity die casting, the molten metal is poured into the 

mould and, as the name suggests, gravity helps the metal 

to flow around the mould. 
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Sand casting 

Die casting 

• Inexpensive 
• Complex shapes can be produced 
• Large components can be produced 

• High production rate 
• Good surface finish 
• Economical for large production runs 
• Good control over mould temperature 

during process 
• Elements such as screw threads can be 

induded in the casting 

Milling and routing 

Milling is the process of cutting away metal, by feeding 

a piece of work past a rotating cutter. Routing is a similar 

process but usually associated with wood, composites and 

plastics. The most common operation that milling and 

routing is used for is cutting slots into material. 

There are two types of mill ing machine, vertical and 

horizontal. The vertical milling machine looks similar to the 

drilling machine, but instead of using a drill, it has a rotating 

cutter that can be raised and lowered. Work is clamped to 

the table below the cutter. The table is able to move in two 

directions and the cutter can be moved up and down. This 

allows slots to be cut either along or across a piece of metal 

to the desired depth. With the horizontal milling machine 

the work is similarly clamped onto a table that can move 

in two directions but instead of the cutter turning with its 

axis being vertical, the axis of the mill is horizontal. When 

using a horizontal milling machine it is usual practice to 

'upcut' mill. This means that the work must be moved in the 

opposite direction to the rotation of the cutter. The work 

must be securely fastened to the machine and lined up with 

the cutters to enable the slots to be milled in the correct 

position. Two important points to consider when milling are 

the rotational speed of the milling cutter and the speed at 

which the work passes the cutter. 

When routing slots in wood, the work is usually secured 

to a bench and the router is hand-held. Attached to the 

router is a "fence" . The fence helps to guide the router 

to ensure that slots are cut in the correct position parallel 

to the edge of the work. It is therefore very important that 

before routing, the edges of the wood have been carefully 

planed to ensure that they are square. As with all processes 

involving power tools and machinery, it is important that 

the correct safety measures are adhered to. 

• Sand moulds can only be used once 
• Surface finish not always good 
• Labour intensive 
• Slow production rate 

• High set-up costs 
• Long lead time 
• Limited sizes pos5ible 
• Not all alloys suitable for the process 
• Large volume production required to 

make process economical 

WEBLINKS: 0 • ®· 

• Engine blocks 
• Garden furniture 
• Caterpillar ·tracks 

• Taps 
• Model cars 

www.technologystudent.com/equip 1/hmill1 .htm 

www.technologystudent.com/equ ip 1 /vert1 .htm 

These pages have useful explanations and diagrams of 

vertical and horizontal milling machines. 

( Figure 2.14 Vertical milling machine 

• • 
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( Figure 2, 15 Ori// bits 

Drilling 

auger bit 

Drilling is the process of making holes by using a rotating 

cutting tool that is secured in either a hand operated drill or 

a drilling machine. The most common type of drill is the twist 

drill. Twist drills are usually manufactured from high speed 

steel and can be used to produce holes in most materials. 

There are two types of twist drills - paralle l shank and taper 

shank drills. Parallel shank drills are held in the drilling 

machine by a chuck and taper shank drills are placed 

directly into the machine and held through friction. Drill bits 

have fluting or grooves along them. These flutes enable 

the swarf, or waste material, to be carried away from the 

tip of the drill bit whilst cutting through the material. When 

drilling metals, lubricants or cutting fluids should be used to 

keep the tip of the drill cool and keep the drilling efficient. 

Other types of drills found in the workshop are: 

• Flat bits - used to drill deep holes in wood. 

• Forstner bits - used to drill flat-bottomed holes in 

wood. 

• Auger bits - used to drill deep holes using a carpenter's 

brace. 

• Countersink bits - conical drill bits, usually 90°, that 

when used allow a countersunk head screw to be 

inserted so that the head of the screw is flush with the 

surface of the wood or metal. 

• Hole saws - saws that are circular shaped cutting rings 

that range from 20mm to 150mm in d iameter. 

• Tank cutters - circular cutters that have an adjustable 

radius for cutting holes in sheet material. 

Because wood is generally softer than metals, drilling into 

wood tends to be easier and faster than drilling into metals . 

When drilling into wood, cutting fluids are not used. One 

issue that is often apparent when drilling wood is that 

wood can, because of the friction between the drill and the 

material, overheat and burn. It is therefore important to 

use a sharp drill set to the correct rotational speed . When 

• 

countersink 
bit 

hole 
saw 

marking out for drilling it is important to establish the 

correct position. The best way is to either use a scriber on 

metal or a sharp pencil on wood to draw lines which cross 

where the hole is to be drilled. Wnen drilling into metal it is 

also necessary to centre punch where the hole is to be so 

as to guide the drill into the correct position. 

Turning 

Turning can be undertaken using either a metalworking 

centre lathe or a woodturning lathe. The two basic 

processes that the lathe can perform are facing off, the 

smoothing of the end of a piece of material and turning 

down, reducing the diameter of a piece of material. 

Unlike most other processes, where work is securely fixed 

or bolted down, the work on a lathe rotates whilst it is 

machined. On a metalworking centre lathe, the cutting 

tools are securely fixed to the lathe whereas, with a 

woodworking lathe, the cutting tools are held in the hand 

and are rested on a toolrest. 

When turning on a metalworking centre lathe the work is 

usually securely held in a chuck. The chuck is rotated and a 

cutting tool moved along the work to reduce the diameter 

of the work. When wood turning, the work being machined 

is usually secured to a faceplate or turned between centres. 

There are two types of chuck - the three jaw self-centring 

chuck, for holding round or hexc:gonal bars, and the four 

jaw independent chuck for holding material of any cross 

section. In metal turning, the cutting tool is secured in a 

tool post. The movement of the tool post is controlled 

by hand wheels. The cutting tool can be moved along 

the work (turning down) to reduce its diameter or across 

the work (facing off) to smooth down its end. With 

woodturning, the cutting tool is positioned on top of the 

tool rest and unlike metal turning the cutting tool is hand

held throughout the turning operation. In woodturning, 

the cutting tool is placed on the tool rest and then 

carefully moved along the work. 



a) metal turning lathe 

( Figure 2.16 Turning 

Care must taken when setting up the lathe. With 

metalworking, the work must be secure in the chuck and 

aligned correctly with the cutting tool positioned at centre 

height. If the tool is too high it will cut very inefficiently and 

damage the tool, or if it is too low the work will attempt 

to ride up over the tool and snap the cutting tip. When 

turning wood, care must be taken to ensure that the timber 

is free from knots. 

Metalworking centre lathe 

The metalworking centre lathe is probably the most 

important and versatile machine in the workshop. It can 

be used for a large number of tasks, from turning down 

diameters on metal bars to drilling holes in the centre of 

round material, producing tapers or producing threads on 

bars, among others. 

Centre drilling and boring 

Centre drilling is when the lathe is used to drill a hole 

in the end of a rod or bar along its axis. Unlike using a 

drilling machine where the work is secured and the drill 

rotates, centre drilling involves the work rotating in the 

chuck with the drill held stationary in the tailstock. This 

process must be carried out with care. Before dri lling the 

required hole, a smaller hole must be produced using 

a centre drill. Once the centre drill has been used, it is 

changed for a twist drill and the hole completed. The hole 

produced by the centre drill guides the twist drill into the 

work. If a large hole is required it may be necessary to use 

a boring tool. This is similar to the cutting tool used to 

turn down the outside of a metal bar, but is used internally 

to enlarge holes. This is held in the tool post and is again 

controlled by hand wheels . 

b) wood turning lathe 
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~----tool rest 

___ dead centre 

Whilst carrying out all these operations on the 

metalworking lathe, there is a danger of heat building up 

due to the friction of the cutting tool against the metal 

or, in the case of drilling, at the tip of the twist drill. If 

the heat is allowed to build up too much the cutting 

tool, or drill, bit can become blunt and inefficient. It is 

therefore important to keep the work cool. To do this a 

coolant, in the form of soluble oil, is applied to the work. 

In commercial lathes, coolant is usually pumped onto 

the work in order to keep it cool. However, in the school 

workshop coolant is often applied using a brush. It is 

important to remember that in order to keep the end of 

a drill cool, the drill needs to be removed from the hole 

being drilled. This also helps keep the tip of the drill free 

from swarf and again makes the cutting more efficient. 

Tool 

Right-hand knife tool 

Left-hand knife tool 

Round nose tool 

Parting off tool 

Form tool 

Knurling tool 

Boring tool 

• Used to face the left-hand edge or 
cut a shoulder to the left 

• Used to face the right-hand edge or 
cut a shoulder to the right 

• Cut in any direction and produce radii 

• Moves at right angles into the work 
to sever material 

• Special profiles to cut specific shapes 

• Produce pattern or textured surface 
on the material 

• Tool to enlarge existing hole when 
large drill unavailable or to produce a 
flat-bottomed hole 

( Table 2.15 Metalworking centre lathe tools 

• • 
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When using the lathe, it is important that the correct 

'speeds' and 'feeds' are established. The speed refers to 

the speed of the spindle at which the work will turn in terms 

of revolutions per minute (RPM). The feed relates to the rate 

at which the cutting tool moves along the work as it cuts. 

Another factor that must also be taken into account is 

the 'depth of cut'. The depth of cut refers to how deep 

the cutting tool goes into the work as it moves along 

the material. The deeper the depth of cut the more 

material will be removed but the friction will be greater, 

thus making the cutting more inefficient. There are 

formulas that enable the operator to establish the correct 

speeds and feeds when setting up a lathe, but in general 

terms, the larger the piece of work to be turned, the 

slower the speed and feed and the smaller the depth 

of cut should be. 

Producing a screw thread using a 
centre lathe 

In the school workshop, the cutting of threads is usually 

undertaken by hand using taps and dies. However, external 

threads can be cut using a centre lathe. A cutting tool 

ground to the correct thread form angle is set up in the 

tool post and is used to cut along the bar to produce the 

correct thread profile on the ba r. 

There are two factors that are vital. Firstly, the cutting tool 

profile must match the thread profile required. With a 

metric thread this means that t he angle of the tool must be 

60°. With other thread forms, this angle will vary. Secondly, 

the rate of rotation of the work must be in relation to the 

longitudinal cut in order to create correct thread pitch. It 

is important that with every cut, the tool comes in contact 

with the work at exactly the same point. In order to cut a 

thread correctly, a lathe with a 'lead screw' is used. This 

ensures, by using gears, that the rotation of the chuck is 

directly related to the speed at which the tool moves along 

the work. 

Knurling 

Knurling is when the lathe is used to put a pattern onto 

the surface of the material, for example it may be that on 

the end of a particular tool a textured grip is required. 

This is often in the shape of a diamond pattern and is 

produced using a knurling tool. The knurling tool consists 

of two hardened steel rollers that have the pattern to be 

cut engraved on them. The pattern can come in two forms, 

straight or diamond shaped. As the work in the lathe 

rotates, the rollers on the knurling tool are pushed into 

• • 

the work. As the steel rollers are harder than the bar being 

knurled a pattern is imprinted on the bar. This operation is 

usua lly undertaken on a slow speed. 

Parting off 

Parting off is usually the final stas;e of working on the 

centre lathe. This is where a special tool is put into the tool 

post and is used to cut right through a piece of work, thus 

severing it. It is vital that the parting off tool is kept sharp 

with correct angles ground on it. It should be set exactly at 

centre height and fed into the work carefully at a uniform 

rate. In industry, the speed of rotation during parting off 

can be quite high, but in the school workshop it is usually 

kept fairly low. When parting off, care should be taken to 

ensure that the component being cut does not fly off 

the machine. 

Wood lathe 

The woodworking lathe is, in many ways, similar to the 

metalworking centre lathe. Work is not held in a chuck but 

is secured either onto a faceplate for turning items such 

as bowls, or where long pieces of work such as spindles or 

chair legs need to be turned, between the centres of the 

head- and tailstocks. The turning process is very similar 

to working on the metalworking lathe except that when 

woodturning, tools are held in the hand against a rest and 

not in a tool post. 

There are three basic woodturning tools: 

• 
• 
• 

gouges 

chisels 

scrapers . 

Before woodturning, it is important that the timber is 

thoroughly prepared. If turning down long pieces of 

timber, the corners should be planed down. If small 

pieces are being turned, such as bowls on a faceplate, the 

corners should be cut off. Any knots should be avoided as 

these can get caught by the turning tool and fly out. If a 

long item is being turned between centres, the centre of 

the material should be carefully established so that when 

it is secured to the lathe and rotated it is not unbalanced. 

The work is held on the lathe between a driven centre, 

which is positioned in the heads~ock and a rotating centre 

in the tailstock. Once the work has been secured onto 

the machine the tool should be checked for sharpness. 

The tool post should be positior.ed so that the top of 

the turning tool is at centre height of the work. As with 

the metal lathe, it is important to set the correct spindle 

speed for the task in hand. 



THINK ABOUT THlSl lO. ·-. • @. 
Safety is always a key issue when using any kind of 

workshop machinery. Look at one of the machines in 

your school or college workshop and complete a risk 

assessment for a particular procedure. 

WEBLINKS: Q • ®· 
www.minilathe.com 

This is an interesting site that, although dealing with a 

specific lathe, has a great deal of useful information. 

Injection moulding 

Injection moulding can be used for both thermoplastics 

and thermosetting plastics. However, because 

thermosetting plastics are created using resin and a 

catalyst, thermoplastics are the most common material 

used in injection moulding. 

The process involves molten plastic being injected 

under pressure into a mould. Plastic granules are placed 

in a hopper and then forced into a heated chamber using 

an Archimedean screw. The plastic is then injected into 

a two-part mould which is a 'negative' of the product 

required. The component is rapidly cooled (usually with 

water) and then ejected from the mould. The moulds are 

usually made from steel and are high-quality precision 

made using spark erosion. The task of designing and 

manufacturing moulds for injection moulding is highly 

skilled. As well as including all the detail of the product, 

the mould must be constructed in such a way so as to 

hopper_ 

heater ~ 

I 

l Figure 2.17 Injection moulding 
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allow the molten plastic to be injected into all the 

recesses of the mould and it should be easy to eject from 

the machine. 

Injection moulding is widely used in industry and is 

used for manufacturing a wide variety of products, from 

bottle tops to large items such as patio furniture. The 

commonest materials used in injection moulding are 

thermoplastics such as acrylonitrile butadiene styrene 

(ABS), nylon and polyethylene . 

WEBLINKS: Q • @. 
www.design-technology.org/injectionmoulding2.htm 

An animated explanation of injection moulding. 

Extrusion 

Extrusion is a manufacturing process that is used to 

create long products that have a particular cross section. 

The long component parts of unplasticised polyvinyl 

chloride (uPVC) window frames and rainwater gutters 

are examples. The process is very similar to injection 

moulding. The material is heated up in the same way 

and then, instead of being forced into a mould, is forced 

through a die of the desired cross section. Hollow 

sections can be produced by placing a pin inside the 

die. Extrusions may be continuous, which produces 

indefinitely long material such as guttering, or may be 

semi-continuous, producing many short pieces. 

Blow moulding 

Blow moulding is the process used to produce hollow 

products such as bottles from thermoplastics. The first 

part of the blow moulding process is similar to injection 

moulding and extrusion. The plastic, in the form of 

granules, is fed into a hopper. Like injection moulding, an 

Archimedean spiral feeds the granules through a heated 

chamber. 

As the plastic is heated it begins to soften and is extruded 

into a hollow tube. This hollow tube is called a parison. The 

parison is then clamped in a metal mould and air pumped 

into it. The parison inflates to the shape of the mould. 

Once the plastic has cooled the mould is opened and the 

bottle is ejected. 

• • 
• 
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l Figure 2.18 Blow moulding 
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An animated demonstration of the blow moulding 

process . 
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Vacuum forming 

The vacuum forming process inv:)lves forming 

thermoplastic sheets into desired shapes by firstly applying 

heat to the plastic to make it soft and pliable so a vacuum 

is produced and air pressure forces the sheet of plastic 

around the former. The former is a replica, made from 

wood, MDF or similar material, cf the item that is to be 

produced. Once the thermoplas~ic has been formed it 

cools and is then removed. Vacu.Jm forming has many 

applications, from packaging in the food industry to the 

acrylic bath in your bathroom. 

Stages of vacuum forming 

Stage 1 
Initially a high-quality former needs to be produced. It 

should be the exact shape of the item to be vacuum 

formed. The sides of the former should include at least a 

one-degree taper to ensure that the final vacuum formed 

product can be easily removed and it should contain no 

undercut elements. There should also be a number of very 

small holes drilled in the former so that air can be sucked 

out during the vacuum forming process. 

Stage2 
The former is placed onto the machine and a sheet of 

thermoplastic is clamped into place over the former. Heat 

is applied to the thermoplastic in order to make the plastic 

soft and pliable. 

Stage 3 
Once the plastic becomes pliable the former is raised into 

the plastic, sealed and the air sucked out. Atmospheric 

pressure then forces the plastic c:round the former, thus 

taking on its shape. 

Stage 4 
The thermoplastic cools and is removed from the machine. 

The advantage of vacuum forming is that it is more cost 

effective than other manufacturing processes. The former 

in vacuum forming is cheaper to produce than the mould 

in injection moulding, which means that this process is, 

in particular, more cost effective Jn small or medium 

production runs. 
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Blow • Intricate shapes can be formed • High initial set-up costs • HOPE • Plastic bottles 
moulding • Can produce hollow shapes with thin as mould expensive to • LOPE and containers 

walls to reduce weight and material develop and produce • PET of all sizes and 
costs • pp shapes, e.g. fizzy 

• Ideal for mass production: low unit • PS drinks bottles and 
cost for each moulding • PVC shampoo bottles 

Injection • Ideal for mass production: low unit • High initial set-up costs • ABS • Casings for 
moulding cost for each moulding for high as mould expensive to • HOPE electronic products, 

volumes develop and produce • Nylon containers for 
• Precision moulding: high-quality • pp storage and 

surface finish or texture can be • PS packaging 
added to the mould 

Vacuum • Ideal for batch production: • Mould needs to be • Acrylic • Yoghurt pots, 
forming inexpensive accurate to prevent • HIPS blister packs 

• Relatively easy to make moulds that webbing from occurring • PVC • Insides of fridges 
can be modified • Large amounts of waste etc. 

material produced 

Rotational moulding 

The rotational moulding process is a plastic forming 

process that produces hollow one-piece components. A 

measured amount of powdered polymer is loaded into 

a mould. Heat is applied to the mould and at the same 

time the mould is rotated in a tumbling action until all 

the polymer has melted and has stuck to the mould wal l. 

The mould is then cooled either by water or air and the 

component is removed . 
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• Easy to produce large products 
• End product has no seams 
• Wall of product is uniform thickness 
• Corners of product are stress free 
• Colour integrally part of product 
• Metal iriserts can be included in the moulding 
• Products are near-net-5hap.e and rarely need 

further finishing. 

WEBLINKS: Q • ®· 
www.bpf.co.uk/ 

• Lower volume production 
• Materials available are limited 
• Can be labour intensive when compared with 

injection moulding 
• The long cycle times usually limit economic 

batch sizes to between 500 and 10,000. 

Website of the British Plastics Federation with a lot of 

useful information 

• Buckets 
• Plastic footballs 
• Dustbins 
• Oil drums 
• Storage tanks 
• Traffic cones 

• • 
• 
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Manufacturing techniques for 
mass production 

Jigs 

When manufacturing a product, there are sometimes 

instances when a particular process or construction needs 

to be repeated a number of times. This might include 

producing a hole in exactly the same position on a number 

of pieces of metal. To mark out exactly the same place 

on many similar components could take a long time and 

there would be a chance that, if not undertaken carefully, 

inaccuracies would creep in. In order to overcome this, a jig 

could be used. 

A jig is a device designed to hold a component in place. 

For example, a jig could be clamped to a drilling machine 

and work slotted into it to enable holes to be drilled. 

Because the jig is clamped to the drilling machine, when 

the component is put into the jig, the drill is always lined 

up exactly above the location of the hole. This fulfils two 

roles - firstly, the hole is accurately drilled and secondly the 

production process is speeded up. 

Jigs can be used in many situations. They can be used in 

cutting processes, to ensure that components are always 

the same size and they can be used in milling and routing. 

Jigs are particularly useful when a number of components 

are required such as in a furniture factory where many 

table legs are needed with identical holes or slots in the 

same place on each component. Using jigs means that the 

drilling can be undertaken very efficiently. 

Patterns 

Patterns are replicas of products, usually made from wood 

that are produced for casting. Pattern making is a highly 

skilled job as many factors need to be considered to ensure 

that the cast item is produced to the correct size with no 

faults or blemishes. Patterns must be carefully designed 

to ensure that they can be removed from the sand 

successfully. They should allow for contraction of the metal 

and should take into consideration cores and holes that 

might be required on the finished product. (See casting 

pages 43-4 for full details of the process.) 

Formers 

Formers are used in processes such as vacuum forming and 

laminating. Formers are shapes around which material can 

be bent or formed in order to create, in some instances, 

• • 

quite complex components. An example is vacuum 

forming, where a thermoplastic is heated and atmospheric 

pressure forces the plastic around the former. When 

the plastic is cooled, it is removed from the former and, 

because it is a thermoplastic, it retains the shape of the 

former. Other examples include using formers in lamination 

to produce different shapes. 

There are advantages and disadvantages to using 

formers. They can be used to crec;te innovative work, 

for example if a designer wishes tJ create a piece 

of plywood furniture with sweepirg curves, then the 

material can be shaped using formers. A disadvantage 

of using formers for complex constructions is that they 

can be cumbersome and difficult to handle. When used 

in vacuum forming, the design of the former becomes 

critical as consideration must be taken of the extraction 

of the air and the way in which the heated thermoplastic 

shapes around the former itself. 

Moulds 

Moulds are the 'negative' in processes such as casting, 

injection moulding and blow moulding . The mould is 

where the molten metal or molten plastic is either poured 

or forced in order to make the desired shape. In casting 

the mould might be made from sand or hardened steel. 

In sand casting, the moulds are u~ed once and then the 

sand is either reconstituted or, if Fetrabond® is used, 

discarded (see pages 43-4 for details of sand casting). In 

the case of die casting or injection moulding the mould 

is used over and over again. This means that the design 

and manufacture of the mould is extremely important. If 

mistakes are made it can put back the production process 

and thus cost a company a great deal of money. The 

designing and production of moulds for die casting and 

injection moulding is complex an:J requires highly skilled 

engineers. 

• ®· 
Jigs are a useful tool when manufacturing a number of 

items that have similar characteristics such as holes or 

slots. Think about your project work and design a 

simple jig that could be used on one area of your 

project. If you are making a table, you may well require 

four identical legs with holes drilled in the same place 

on each leg. It may save time to construct a jig instead 

of marking out and drilling each hole individually. 



Joining techniques 

Nuts., bolts and washers 

Nuts and bolts are a way of fixing materials together. 

Bolts come in a variety of sizes in terms of both length 

and diameter. The majority have hexagonal heads that 

can be easily tightened and undone using spanners, 

although some do have square heads. It is important that 

the thread form of the nut and bolt are compatible. If this 

is not the case, the bolt will not screw into the nut. There 

are many types of thread form, but in general it is the 

metric thread that is most commonly used today. Once 

they are joined together, the nut and bolt produce a 

very strong mechanical joint. However, the important 

thing about nuts and bolts is that they form a temporary 

joint. They can be undone and reused an infinite number 

of times. 

Washers are thin disks, usually of metal, but can be of 

plastic or other materials, with a hole through the centre 

that are often used in conjunction with nuts and bolts. 

A washer's main function is to help distribute the load when 

tightening a nut. They can also be used as spacers, or as 

methods of sealing in situations where gases or liquids 

might be used and specialist washers can lock nuts into 

position. 

Rivets 

Rivets are used to make permanent joints in metal. The two 

main types of rivet are solid and pop. Solid rivets come in 

two forms, snap (round head) and countersunk head. Pop 

rivets come in only one form but in various sizes. 

Snap riveting 

Snap rivets have round heads and special riveting tools 

called the 'snap' and 'set' are required for the riveting 

process. The snap, which has a domed indentation that 

matches the round head of the rivet, is used to support 

the round head of the rivet during the process. The snap 

is secured in a vice and the rivet is rested in it. The set, 

which has a cylindrical hole to match the shaft of the 

rivet, is used to hammer the rivet down into its correct 

position. 

Industrial and commercial practice 

Stage 1 • Mark out the positions 
• Drill the holes through the material in desired 

positions 

Stage 2 • Clean off burrs and waste material 

Stage 3 • Place the rivet through the holes and support the 
round head of the rivet in the snap which has been 
secured in the machine vice 

Stage 4 • Check the length of the shaft of the rivet 

Stage 5 

Stage 6 

• There should be 1% times the diameter above the 
work to be joined 

• Use the ball-pein of the hammer to shape the rivet 
into a round head 

• Finish off using the snap and hammer to make the 
rivet a smooth round shape 

f Table 2.16 Stages of snap riveting 

Countersunk head rivets 

Countersunk head rivets are used where it is important 

that the head of the rivet is flush with the surface of the 

materials being joined. 

Stage 1 

Stage 2 

Stage 3 

Stage 4 

Stage 5 

Stage 6 

Stage 7 

• Drill the holes through the material in the 
desired positions on both of the outside faces of 
the join 

• Remove any burrs and waste material 

• Place the rivets into the hole and press the metal 
to be joined together 

• Place the countersunk head on flat metal surface 

• Hit the rivet with the flat face of the hammer to 
swell the rivet 

• Use the ball-pein of the hammer to force the rivet 
into the countersink 

• Finish off with the flat face of the hammer and 
then smooth off with a file 

[ Table 2.17 Stages of countersunk riveting 

When a countersunk rivet has been used the work 

should be filed flush so that it is virtually impossible to see 

the rivet. 

• • 
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countersunk snap rivet flat rivet 
rivet 

bolt 

wing nut 

standard 
hex nut 

l Figure 2.19 Nuts, bolts and rivets 

Pop rivets 

pop rivet 

lock nut 

With solid riveting, both sides of the work need to be 

accessible. There are occasions however, when working 

on both sides of the material is either impractical or 

impossible; in such cases, pop riveting is used. To pop 

rivet, z pop rivet gun is used. The pop rivet itself is hollow 

and has running through its centre a piece of wire called 

a mandrel. The rivet is placed into the holes in the pieces 

of metal to be joined and the rivet gun is used to pull the 

mandrel through the centre of the rivet. As the mandrel is 

being pulled, the end of the inner side of the rivet begins 

to expand, pulling the two sheets together. Eventually, 

when the rivet has been pulled to its limit, the mandrel 

snaps and leaves the rivet securely in position . 
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Welding 

Welding is another method of joining metal, this time using 

heat. A weld is a 'fusion' joint. This means that the two 

pieces of metal are literally melted together. At the end of 

the process the two parts that have been joined literally 

become the same component. 

There are two types of welding - oxyacetylene welding 

and arc welding. With oxyacetylene welding, the two gases 

oxygen and acetylene are mixed in a gas torch, ignited and 

used as the source of heat. A filler rod of the same material 

is often used to complete the joint. At the end of the 

process the joint should be as strong as the parent metal. 

Some metals are easier to weld than others. An example 

is aluminium which is difficult to weld as it has a very low 

melting point and when heated oxidises very quickly. The 

most commonly welded metal is steel. 

Metal Inert Gas (MIG) welding is a form of electric arc 

welding. MIG welding involves a process where, using an 

electric current, an arc is struck between the work and an 

electrode and this is used as the hec:t source. The filler is in 

the form of thin wire and as the welding progresses the wire 

gradually is fed into the joint and is used up. During the 

operation a flow of inert gas, usually argon, is made to flow 

over the area being joined. The inert gas acts as an envelope 

that keeps oxygen away from the joint. This prevents 

oxidation on the joint and therefore helps to make the weld 

sound. This process is ideal for use on materia ls that cannot 

be gas welded, for example, aluminium. 

Brazing 

Brazing is a method of joining mild steel to mild steel using 

heat and a second material called spelter. Spelter is an 

alloy of copper (65 per cent) and zinc (35 per cent) and has 

a melting point of 875°C. 

Nuts and bolts • Can be applied and removed an • Prone to vibration • Engineering situations where 
joint needs to be undone 

Snap rivets 

Pop rivets 

• -

infinite number of times 

• Good, strong joint 

• Can be applied from one side 

• Access to both sides of • Engineering situations where 
materials being joined required permanent joint is required 

• Relatively weak when compared • Joining thin sheet metal 
to snap rivets 



In brazing, the preparation of the two pieces of metal 

prior to joining them is very important. The joint area 

should be cleaned up with emery cloth . Then a flux 

should be applied to the area where the join will be. A 

flux serves two purposes. Firstly, when the steel is heated 

up, there is a reaction between the oxygen in the air and 

the metal. This causes oxidation. When oxidation occurs 

a brazed join will not work because the molten spelter 

will not flow into the join . The flux prevents oxidation 

because it forms a barrier between the work and the 

atmosphere. Secondly, a flux breaks down the surface 

tension on the molten spelter and allows it to flow 

between the two pieces to be joined. 

Brazing is usually undertaken on the brazing hearth . The 

work, with the spelter and flux applied, should be carefully 

arranged on refractory bricks and then heated up using a 

brazing torch. When the work reaches 875°C the spelter 

will melt and flow into the join. Once completed the work 

is allowed to cool down and then removed from the hearth. 

Finally, the joint will need to be cleaned up and all traces of 

the flux removed. 

Figure 2.20 Gas welding in industrial situations. 

Industrial and commercial practice 

Hard soldering 

Hard soldering is a process that is very similar to brazing. 

It can also be referred to as silver soldering. It is most 

commonly used when joining such materials as copper or in 

jewellery-making. Like brazing, hard soldering is a capillary 

joint. It too requires a flux to allow the solder to flow and 

to help prevent oxidation. The main difference between 

brazing and hard soldering is the temperature at which the 

hard solder melts. The melting temperature of hard solder 

ranges from 625°C to 800°C. The fact that different grades 

of hard solder have different melting points can prove 

useful when attempting to join a number of components 

onto a single piece of work. 

Figure 2.21 MIG welding in industrial situations. 

• • 
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Brazing • Good general purpose joint 
• Can be undertaken with little 

training 

• Can be safety issues with both 
gas welding and MIG welding 

• General engineering 
• Automotive engineering 

• Care needed when undertaking • General engineering 
braze to ensure joint is clean 
and oxides do not form 
creating weak joint 

Hard soldering • Relatively low temperatures • Weak joint does not withstand • Decorative metalworking 
required stress 

Chemical joints 

Tensol cement 

• Comes with different melting 
points to enable complex 
decorative pieces to be produced 

Tensol cement is used to join thermoplastics. In some 

ways a join using Tensol cement is very similar to welding 

a joint. In fact it could be described as a 'chemical weld'. 

Tensol is a solvent (dichloromethane) and when it is applied 

to a thermoplastic it will literally melt the material. The 

Tensol cement should be applied to both surfaces of the 

thermoplastic to be joined and then the component parts 

should be pushed together. The join then needs to be 

held carefully together. Ideally the join should be clamped 

together for up to 24 hours. The result is a permanent joint. 

It should be stressed that as Tensol cement is a solvent it 

gives off fumes and should therefore be used with caution. 

It is regarded as a hazardous substance. 

Polystyrene cement 

Polystyrene cement works in a similar fashion to Tensol 

cement. It too works as a chemical weld. The cement 

FACTFILE: Q • ®· 

contains a solvent that melts the surface of the plastics 

being joined. This allows the two component parts to fuse 

together. As the solvent evaporates the strength returns 

to the plastic. Like Tensol cement, any parts being joined 

need to be held together until set. 

It should be remembered that only thermoplastics can 

be joined with Tensol cement or polystyrene cement. 

Thermosetting plastics will not melt and therefore cannot 

be joined with a chemical weld. 

Adhesives 

Polyvinyl acetate 

Polyvinyl acetate (PVA) is probably the most widely used 

wood glue. It comes as a thick white viscous liquid and is 

very useful for gluing together all different kinds of wood. 

It is water soluble which means that it can have advantages 

over other glues in some situations. Before applying PVA 

a number of issues do need to be addressed. The wood 

surfaces that are to be joined together must be clean and 

joining acrylic 
• It must be applied with care 

to avoid damage to surface of 
acrylic 

• 
Polystyrene cement • Gives excellent bond 

when joining two pieces of 
polystyrene 

• Gives off strong fumes 

• It must be applied with care to 
avoid melting polystyrene 

• Joining polystyrene 
• Used on Airfix* kits 



match each other with no gaps. If the surfaces are not in 

contact then the gluing up will not work. PVA needs to be 

applied sparingly. Although it is water soluble if it gets on 

pieces of work by mistake, it will stain the wood. It takes 

approximately 24 hours to harden, so once it has been 

applied to the work being glued, the work needs to be 

clamped together. 

The most common clamps used in woodworking are G 

clamps and sash clamps. As work is being glued up it is 

vital to check all the measurements and that the work is 

square where it should be. Another thing to remember 

when clamping up is to always put a piece of scrap wood 

between the clamp and the work. This prevents damage to 

the work by distributing the load as the clamp is tightened. 

Once the PVA has become hard it is impossible to undo 

the joint and re-glue it. 

Epoxy-resin 

Epoxy-resin is a thermosetting plastic resin that cures, or 

goes hard, when mixed with a catalyst or hardener. Once 

the two materials, resin and catalyst come in contact with 

each other, a chemical reaction begins and the resin begins 

to go hard. This reaction is not reversible so once it starts it 

cannot be stopped. 

Epoxy-resins are very useful because they can be used 

on almost any material in any situation and the join they 

produce is very strong. The most common type of epoxy

resin available in school is Araldite®. 

To use an epoxy-resin, equal quantities of resin and 

catalyst are squeezed out of their tubes onto a piece of 

scrap wood or metal and then mixed together. Once they 

are completely mixed, the resultant paste can be applied 

to the surfaces being joined. It is advisable to wear latex 

gloves when mixing and applying the resin as contact with 

the skin in inadvisable. The process of curing, or becoming 

hard, can take a number of hours and ideally, during this 

time, pressure needs to be applied to ensure that the 

material remains in the required position. 

Contact adhesives 

Contact adhesives are made up of natural rubber and 

polychloroprene (Neoprene). They are very useful in 

situations where materials like laminates need to be glued 

to flat surfaces. An example of this is when they are used 

to glue plastic laminates such as Formica® onto kitchen 

worktops. 

As with all gluing processes, the first thing to remember 

when using contact adhesives is to make sure that the 

Industrial and commercial practice 

surfaces being bonded are perfectly clean and free from 

dust. Contact adhesives need to be applied to both 

surfaces being joined. The adhesive must be applied thinly 

on those surfaces and then left to dry for a few minutes. 

You can tell if it is dry enough by touching the adhesive - if 

it is ready it will feel dry to the touch. 

Once the adhesive is dry the two surfaces can be pushed 

together. When the two elements come into contact with 

each other the bonding occurs almost immediately. This 

instantaneous bonding is useful as no clamping is required 

though, it does mean that once contact is made between 

the components it is impossible to adjust the join. Contact 

adhesive must be used in well-ventilated areas as it gives 

off toxic fumes. 

Hot melt glue 

Hot melt glue is the glue that is used in glue guns. The 

glue itself is a thermoplastic adhesive and, like an ordinary 

thermoplastic, melts when it is heated up. The glue itself 

is in the form of cylinders that come in various diameters 

and various lengths to enable them to fit into different glue 

guns. The glue gun contains an electrical heating element 

that, when switched on, heats up and melts the glue. The 

glue gun has a trigger arrangement that when squeezed 

forces the molten glue through the nozzle in the barrel of 

the glue gun. This type of adhesive is very useful for small 

model making tasks. Once the glue has been applied it is 

tacky but once it begins to cool down it produces a very 

sound bond. 

Like many things in Resistant Material Technology, there are 

safety issues that need to be considered when using a glue 

gun. The molten glue is very hot and if allowed to come in 

contact with the skin it will stick to the skin and can cause 

blistering. 

( Figure 2.22 Glue gun 

• 
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Polyvinyl acetate 
(PVA) 

Epoxy-resin 

Contact adhesives 

Hot melt glue 
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• Produces strong bond when 
joining wood 

• Can be used on cards and 
papers 

• Very strong 
• Waterproof 
• Heat and chemical resistant 

• Instant st icking 

• Good bond when used in model 
making 

• Relatively quick to harden and 
bond 

• Can take up to 24 hours to bond wood 
• Requires damps to hold work in position 

whilst hardening 

• Takes time to cure and harden 
• Requires two elements: resin and 

catalyst 

• Cannot be adjusted during joining 
process 

• Safety issues: glue gun can be very hot 
and can burn 

• Wood joints 

• Aircraft 
• Boats 
• Golf clubs 
• Skis 

• Applying Formica" and 
veneers 

• Model making 

Material removal 
25mm, and the most common size used for general purpose 

cutting is a blade that has 25 teeth per 25mm. When 

replacing a hacksaw blade care should be ta ken to ensure 

that the teeth face forwards. Positioned this way, the saw will 

cut on the forward stroke. A smaller version of the hacksaw 

is the 'junior' hacksaw. This is used for more intricate cutting. 

Cutting 

Saws 

As you work through your project work, you will need to make 

decisions and one of the issues that is important to think 

about is choosing the correct methods of cutting material. 

Different saws are used for various t asks. You are required to 

use saws for metalworking and saws for woodworking tasks. 

Metalworking saws 

The principal metalworking saw is the hacksaw. It is a frame 

saw and the frame holds a separate replaceable blade 

under tension. The blades come in a variety of lengths and 

the frame is adjustable to accommodate those various sizes. 

A hacksaw blade is classified by the number of teeth per 
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Woodworking saws 

In woodworking, different saws are used for various tasks. 

Woodworking saws come in a number of shapes and sizes 

and it is important that you know which saw is used for which 

job. If you wish to cut along the grain, you need a large saw 

with big teeth that can remove the waste material such as 

a rip saw. To cut across the grain, you would use a cross-cut 

saw. These have slightly smaller teeth. For smal l accurate work 

like cutting out joints, a back saw would be used. The tenon 

saw is an example of a back saw. With back saws, the blade 

has a strengthening piece of steel or brass along the top of 

the blade to keep it rigid whilst cutting. The size of a saw is 

specified in teeth per 25mm. The gereral ru le is that saws 

with smaller teeth are used for hardwoods and saws with large 

Hacksaw 25 • General purpose metal saw • Hacksaw blade is held in frame 

Junior hacksaw 32 

• .. 
• Small general purpose saw can 

be used on most metals 

• Blade must be kept in tension 
• Teeth must always point away from the handle 
• Can be adjusted through 90° 

• Used for straight cuts on small pieces of work 
• Blade is held in tension by sprung steel frame 



teeth are used to cut softwoods. It is important that wood 

saws are maintained properly and their teeth are kept sharp so 

that they cut efficiently. The first stage in maintaining saws is 

to ensure that the teeth are sharp. They are sharpened using a 

'saw file'. These files are triangular in shape. Sharpening a saw 

requires considerable skill and can take some time. 

The teeth on a saw are always arranged so that they are 

bent slightly, alternately to the left and to the right. This is 

done to enable a slightly larger groove than the width of the 

saw to be cut. This gives the saw blade clearance as it cuts 

and prevents it getting stuck or creating too much friction. 

The angle on the teeth is referred to as the 'set'. Once the 

teeth have been sharpened, the set is checked and adjusted 

using a tool called a 'saw set'. For intricate work or sawing 

a curved line, a coping saw is used. Coping saws are frame 

saws. The blade is kept in tension with a sprung steel frame. 
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Rip saw 5 • Sawing along the 
grain of large 
pieces of wood 

Cross- 7 600mm • Sawing across 
cut saw the grain of large 

pieces of timber 

Tenon 14 Various sizes • Producing joints 
saw from 250mm and work on small 

to 350mm pieces of wood 

Shearing 

Sawing is not the only way of cutting materials. When 

cutting sheet metal for example, it is not always possible to 

use a hacksaw because the frame gets in the way. In these 

circumstances, it is sometimes more appropriate to use bench 

shears or tin-snips. Bench shears are mounted on the work 

bench and can be used to cut very large sheets of material 

such as aluminium, tinplate or even steel. Tin-snips are hand

held and used for smaller cutting tasks. The action of bench 

shears and tin-snips is one of pressing or shearing the material. 

Bench shears and tin-snips do not have sharpened blades. 

Abrading 

Abrading is the wearing down or rubbing away of material. 

In terms of Resistant Materials Technology this means filing, 

grinding and sanding. 

~ 
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Filing 

Filing is a method of removing metal. Various files are used 

for different tasks. They come in a wide variety of shapes 

and sizes with different lengths and different cross sections. 

The most common file is the hand file. This has a rectangular 

cross section and has parallel sides. Only two sides and one 

edge have teeth. The second edge is referred to as a safe 

edge and can be very useful if you are filing up to an edge 

on a piece of work. Other files include round, half-round, 

square and triangular cross sections. There are also other 

specialist files; warding files are very small and thin and 

designed for filing narrow slots and needle files are very 

small files that come in a variety of shapes for specialist work 

and dreadnought files which are used on soft metals such 

as aluminium. The teeth on files can vary in size; the larger 

the teeth the more metal can be removed. It is usual when 

working on a project that you start with a file with large 

teeth and finish off with a much smoother file. 

Most files are used on metal. However, one type of file, 

the rasp, is for using on wood. Unlike metalworking files, a 

rasp has fairly large individual teeth. These large teeth are 

designed so that waste wood does not clog up the tool as 

it is being used. Files sometimes get clogged up and need 

to be cleaned or pinned. To do this a file card is used to 

brush out any pieces of material that have become stuck 

in the teeth. One safety point to remember when using a 

file is that it should never be used without a handle. The 

handle is fixed onto the file by a sharpened point called a 

tang, which if removed is a potential hazard. 

Grinding 

Grinding is a highly specialised operation and should 

only be undertaken by trained technicians. Under no 
circumstances should students attempt to undertake 

grinding. There are three types of grinding: offhand, disk 

and surface. 

Offhand grinding is where a machine which is either 

mounted on a bench or on the floor powers a grinding 

wheel. These are often found in school workshops and are 

used for sharpening tools such as chisels. Different types 

of grinding wheel are used for different purposes and the 

users of such machines need to be familiar with the types 

of wheel and what material they can be used on. They 

must also be trained in the correct procedure for mounting 

grinding wheels. 

A disk grinder is held in the hand and is used as a portable 

unit and these are usually used as a finishing off tool, 

perhaps for grinding down a weld. 

• • 
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A surface grinder is a machine that is able to precision 

grind component parts to very fine tolerances. 

Setting up and operating surface grinders requires highly 

skilled technicians. Grinding can be extremely dangerous. 

When grinding, hot metal particles fly off the work and there is 

also a risk that, if not correctly undertaken, the grinding wheel 

itself could burst. Anyone grinding should have received the 

correct training and must wear appropriate protective clothing. 

Sanding 

Sandpaper is a general term that is used to describe 

paper that has abrasive grit glued onto a backing sheet. 

The correct term to use is actually 'glasspaper'. The grit 

on these papers can be glass, aluminium oxide, silicon 

carbide or garnet and each of these grits has a different 

characteristic and can be used for a different task. Glass

paper is classified by number and ranges from 40 the 

coarsest (roughest) to 400 (smoothest) which is incredibly 

fine. Glasspapers are also graded from coarse to very fine. 

The grit size and the grade of the glasspaper are usually 

printed on the reverse side. 

FACTFILE: Q • ®· 

Grit size Grade 

40-60 Coarse 

80-100 Medium coarse 

120-150 Medium 

180-220 Fine 

240 and greater Very fine 

It is important to remember that when glasspapering the 

glasspaper should be totally flat on the wood. The best 

way to achieve this is to wrap the glasspaper around a cork 

block and use the block to keep the sanding flat. When 

rubbing down work it is best to use various grades of paper, 

starting with a coarse grade and then gradually working 

down through the grades until finishing off with a fine paper. 

Emery cloth 

The equivalent abrasive in metalworking is emery cloth. 

Like glasspaper, emery cloth comes in various grades and 

when using emery the most abrasive should be used first, 

going down to the finest to finish off. 

• • 
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Cutting and glasspapering are a very important part 

of the preparation of a joint before gluing up. Write 

down the stages of producing a dovetail joint in wood, 

naming all the processes and all the tools that are 

required. 

' Heat treatment 

Work hardening 

Work hardening occurs when a non-ferrous metal is cold 

worked. This means it is bent, hit or shaped over a period 

of time. As the material is shaped t becomes so hard 

and brittle that it can eventually fracture. Sometimes this 

process can be useful such as when making a decorative 

copper dish, as it will be necessary to soften the metal to 

enable it to be manipulated into the correct shape. Once 

the desired shape has been achieved, in order to keep 

it in that shape, it needs to be hardened. In order to do 

that, the work would be plannished - that is hit gently 

with a hammer to work harden the copper to stop the 

dish bending. 

Alternatively in something like an aircraft, work hardening 

is not a good thing because if the aluminium alloy of an 

aircraft becomes work hardened th2 metal will split and the 

consequences can be catastrophic. Work hardening can 

also occur during processing where metal is cold rolled or 

cold drawn. 

Annealing 

When a piece of metal is work hardened and the material 

becomes very difficult to bend and shape, it becomes 

necessary to relieve the stresses that have been built up 

inside the metal. The process used to relieve the internal 

stresses within non-ferrous metals and make them workable 

again is called annealing. Different metals are annealed 

in different ways but all methods of annealing involve the 

application of heat. 

Annealing aluminium 

When annealing aluminium, the biggest problem is that 

it has a very low melting point and does not change 

colour. This means that when it is heated up there is a 

danger of the metal melting. 



• Apply soap to aluminium as a temperature indicator. 

• Gently heat the aluminium until the soap turns black. 

• Using tongs remove the aluminium from the heat source. 

• Cool under running cold water. 

Annealing copper 

• Heat copper until it turns a 'dull red' colour. 

• Using tongs remove copper from the heat source. 

• Allow copper to cool down in air or quench. 

• Place copper in an acid bath to remove oxides. 

• Remove acid from work by placing under running cold 

water. 

When copper is heated oxides form on the surface of the 

metal which, if allowed to remain, can damage and pit the 

surface of the metal. It is important therefore to remove the 

oxide layer. In order to remove the oxides from the copper, 

the material needs to be immersed in a bath containing a 

solution of sulphuric acid and water (1 part acid to 10 parts 

water). This process is called pickling. After pickling, the 

copper is removed from the acid and then carefully washed 

under running water. 

Great care should be taken when annealing and the 

correct protective clothes, such as aprons, gloves and 

goggles should be worn. Once metal has been annealed 

it can once again be worked and manipulated. However, if 

the metal again becomes work hardened it may well need 

to be re-annealed. In fact the process may well need to be 

carried out a number of times during the manufacture of a 

single item. 

Normalising 

Normalising is a process that is undertaken on ferrous 

metals that have become hardened, in order to return 

them to their original unhardened state. When medium or 

high carbon steel is heated to its critical temperature, then 

plunged into water, it will harden. If an attempt is made to 

cut or drill the material when it is in this state, the hacksaw 

or drill will soon become blunt. In order to remove the 

hardness, the steel must be normalised. The steel is heated 

until it is cherry red, 900°C hot and then allowed to cool 

down in air. Once the steel has cooled it will have lost some 

of its hardness and can, once again, be cut or drilled. 

One factor that should be remembered during the 

normalising process is that once the heat source has been 

removed the metal will lose it 'redness' very quickly. It will 

return to its original colour. However, the material will still 

be extremely hot and care must be taken to label the work 

as it is cooling to avoid injury. 

----..., 
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Hardening and tempering 

If carbon steel is heated to red heat, 900°C, and then 

quenched in water, it becomes very hard. At the same time as 

becoming hard, its brittleness increases. The consequence of 

this is that the steel is likely to break if it is put under pressure. 

One example is a screwdriver needs to be hard. It needs 

to be slotted into a screw and withstand the turning forces 

that are put on it during tightening a screw. However, if the 

screwdriver is hard but brittle, as the screw is turned the end 

of the screwdriver is likely to snap because of its brittleness. 

In order to remove the brittleness from carbon steel in a 

product such as a screwdriver, the piece of work will need to 

be first hardened to allow it to take the pressure of the work, 

but then tempered to remove the brittleness in the material. 

To harden steel, the work is heated gradually until it is red hot. 

When the steel is red hot the work is removed from the heat 

source and then plunged into cold water. This action causes the 

steel to cool rapidly and as a consequence, the steel becomes 

very hard and brittle. In order to remove the brittleness, the 

steel is cleaned up using emery cloth until it is shiny. The steel 

will then need to be tempered. It is then reheated, this time 

very slowly and carefully. As it is being heated a thin line of 

oxide will appear on the steel. This line of oxide will change 

in colour as it gets hotter. It will start as a pale yellow colour, 

go though dark yellow, brown, purple and then blue. For a 

screwdriver, the colour of the oxide needs to be blue. When 

Oxide colour ApprOJdrMt9 Component 
temp9rature 

Pale yellow 230° (hardest) 
IT 

• Lathe tools 
• Scribers 
• Dividers 

Dark yellow 2so0 • Drills 
• Taps and dies 
• Hammer heads 

Brown 260° • Shears 
• Plane blades 
• Lathe centre bits 

Purple 270° • Knives 
• Axes 
• Woodworking tools 

Dark purple 2ao0 • Saws 
• Table knives 
• Cold chisels 

Blue 300° (toughest) • Screwdrivers 
• Springs 

.__... • Spanners 

Table 2.18 Tempering oxide colours 

• ~ 

___,•' 
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the desired oxide colour is reached the work is removed from 

the heat and quenched. As the metal is quenched the iron 

carbide content is frozen at a particular level. Any residual 

heat would continue to course normalisation if quenching 

was not carried out. In the case of the screwdriver, when it has 

been tempered, it will be hard but not brittle so it will be able 

to be used without danger of snapping. Tempering removes 

some of the brittleness and replaces it with toughness. Other 

components are heated to different temperatures. 

Conversion and seasoning 
~---

As soon as possible after a tree has been felled, it needs 

to be converted. Conversion is the term used to describe 

the process of changing the wood in the tree into usable 

planks of timber. There are two common methods of 

converting timber, the through and through (slab) method 

and the quarter sawn method. 

Through and through (slab) sawn 
conversion 

The through and through (slab) method is the simplest 

method of conversion and involves cutting the timber along 

the complete length of the log. The result is long planks of 

parallel cut wood. The advantage of this method is that it 

is seen as a relatively cheap way of converting timber and 

there is little waste. However, there is a downside. The final 

planks, because of the arrangement of the annual rings, 

may be prone to warping and cupping. This method is more 

often used in the conversion of softwoods. 

Quarter sawn conversion 

Quarter sawn conversion is a more expensive method of 

conversion than the through and through method. Th is is 

due to the fact that there is far more wastage. The timber 

is cut in such a way so as to make t he annual rings as short 

as possible. This reduces the risk of the wood twisting or 

cupping (see page 63). As a consequence of this quarter 

sawn converted timber is usually regarded as higher quality 

than through and through converted timber. 

a) slab sawn b) radial 'quarter' sawn 

l Figure 2.23 Slab and radial sawn logs 
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Seasoning 

Seasoning is the removal of excess moisture from timber 

after the timber has been felled and converted into usable 

planks. There are two different types of seasoning: natural 

seasoning and kiln seasoning. 

Natural seasoning 

Natural seasoning is where the timber is allowed to dry out 

at its own pace in air. In natural seasoning the timber, once 

cut into planks, is stacked. Sticks are placed between the 

layers of planks to separate them and to allow air to circulate 

around the wood. The stack is raised off the ground and has 

a roof put over it to protect it from the worst of the weather. 

The ends of the planks are painted to prevent the ends 

drying out faster than the rest of the timber. 

The stack is then left to allow the timber to dry out slowly. 

This is the cheapest method of seasoning, but it does have 

some disadvantages. As the process is undertaken in totally 

uncontrolled conditions, there is no way of establishing 

the water content of the timber and there could be some 

inconsistency with the final product. Another disadvantage 

is that it can take up to 5 years for the wood to season and 

dry out ready for use. As a general rule, wood is seasoned 

for one year for every 25mm of thic'<ness of timber. 

Kiln seasoning 

Kiln seasoning is where timber is dried out 'artificially' in a 

kiln. The planks of wood are stacked on a trolley with small 

pieces of wood to separate the layers. The trolley is then 

rolled into the kiln and the kiln is then sealed. Once the 

wood is in the kiln, steam is pumped into the chamber. This 

has two effects. Firstly, it kills off any bugs and insects that 

may be in the timber. Secondly, it has the effect of forcing 

moisture from the cells in the wood, which ensures that the 

moisture content is the same throughout the timber. 

Once this has been done, the steam level is reduced and 

the temperature gradually increased. This dries out the 

wood. At the end of the process a !low of almost dry air 

is pumped into the kiln. This proce3s ensures that the 

timber is seasoned in a completely controlled way. When 

the timber is withdrawn from the kiln the moisture content 

is usually below 12 per cent, which makes it suitable for 

most applications. The advantage of kiln seasoning is 

that it is far quicker than drying out wood naturally and 

because the moisture content can be controlled, the 

resulting timber is very stable. The disadvantage of kiln 

seasoning is economic. It is far more expensive than 

natural seasoning . 



Faults in wood 
As wood is a natural material it can be prone to problems. 

Problems can result from a number of factors . It might 

be issues with seasoning where uneven drying can cause 

faults, or it might be as a result of biological or fungal 

attack. It is always a good idea to check timber thoroughly 

before using it. Poor-quality timber can affect the final 

outcome of what otherwise would have been a high

quality product. 

The principal faults in wood are: 

• Cupping 

A piece of timber is said to be cupped when it is bent 

across the grain. When a plank of wood is viewed from 

the end the annual rings can be clearly seen. Some 

rings are longer than others. The longest rings are 

those that are furthest away from the centre of the tree. 

The varying length of annual rings causes the wood to 

dry out at varying speeds. This varying rate of drying 

causes different parts of the wood to shrink at different 

rates. The result of this difference in drying rates causes 

the wood to cup. 

• Twisting 

If timber is used that comes from the centre of the tree 

there is sometimes a danger that the wood has a spiral 

grain . This spiral grain can cause the timber to twist as 

it dries out. A piece of wood that is twisted resembles a 

propeller and is usually unusable. 

• Splitting 

Splitting is when the grain of the timber separates. This 

usually occurs at either end of a plank of wood. The 

only thing to do when this happens is to cut off the 

affected ends of the plank. 

• Knots 

The knots in timber are where branches were attached 

to the tree. The tree has continued to grow and wood 

has covered the point where the branch was. Knots can 

cause a problem. Sometimes they become loose and 

drop out. This can be extremely dangerous if the wood 

is being machined. It is therefore advisable to check 

for knots when selecting material and avoid timber that 

has them. 

Industrial and commercial practice 

Cupping 

Twisting 

( Figure 2.24 Faults in wood 

Computer-aided design 

20 design to create and modify 
designs 

There is a growing trend to move away from more 

traditional forms of designing, using pencil and paper, 

to computer-aided design (CAD). There are a number of 

advantages of using CAD systems. The first advantage 

is that by using the computer, any modifications to a 2D 

design can be quickly made and results can be instantly 

seen on screen . Various components can be designed and 

drawn and then those components can be 'joined together' 

on screen to enable in-depth design and development to 

be undertaken. 

Once designs have been produced, elements such as 

dimensioning, or viewing objects in various ways such as 

in orthographic projection or isomeric projection, can be 

easily undertaken. Designs and drawings can be easily 

stored electronically and transmitted electronically to 

anywhere in the world. There are some disadvantages. 

The software for highly complex CAD systems can be 

expensive and, in many situations, operators of such 

systems require extensive training before they can 

understand and operate the system. However, CAD 

systems are fast becoming the favoured way that design is 

undertaken in the majority of companies. 

-"' 
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30 modelling for creating 'virtual~ 
products 

A 30 image can give a more realistic impression than a 

20 image. Therefore, many designers will construct new 

products on screen that, with skill, can easily be modified 

and manipulated. Product design teams can significantly 

decrease the time taken to design and develop a new 

product with 30 modelling, saving development costs and 

reducing time to market. These virtual products can be 

tested and evaluated without actually being manufactured 

and design data can be directly output to a computer

aided manufacture (CAM) system for modelling prototypes. 

Modelling and prototyping 

Block modelling 

Block modelling is a very useful tool for helping to 

determine the shape, dimension and surface details by 

constructing an accurate representation of a final product . 

Block models have no working or moving parts and are 

thus concept models of the product that is being, or has 

been, designed. They are manufactured from a variety 

of materials, for instance ABS, acrylic and Styrofoam® 

and have a high finish which makes them look like the 

real thing. They are often used in advertising and in 

photographs in brochures. 

Block models are produced using cells and sub-cells. By 

using smaller and smaller cells, more detail can be created 

and a good representation of a product produced. By using 

this cell approach, block models can be produced with 

a very high level of detail. One advantage of using such 

systems is that, because they are computer generated, 

as well as the solid block model, elements such as cross 

sections or plans and elevations can be viewed on the 

monitor whilst looking at the solid model. 

The models can be extremely useful in determining the 

ergonomic factors of many products. By constructing a 

number of block models of various shapes and sizes it 

is possible for designers to literally 'get a feel' for the 

product. It will soon become apparent in 30 form the 

designs that are aesthetically pleasing or 'user friendly' 

and that are worth developing - something that 20 images 

struggle to achieve. 

As with many computer-aided design and manufacturing 

systems, the main disadvantage is the set-up cost. 

• • 

Name 

20 designing 
and modification 

30 virtual 
modelling 

Advantages 

• Highly accurate 
drawings 

• Easy to edit 
drawings 

• Easy to store 
drawings 

• Can clearly see 
around an object 
360° 

Disadvantages 

• High cost of set-up 
• Files can be lost 

in system if not 
backed up 

• High-quality 
training required 

• High set-up costs 

( Table 2.19 Advantages and disadvantages of 2D and 3D modelling 

Rapid prototyping using CAM/CAD 

The need for manufacturing industries to cut down on the 

time and costs involved in developing a new product has 

led to the development of rapid prototyping (RPD. This 

involves the creation of 30 objects using laser technology 

to solidify liquid plastic polymers, or resins, in a process 

called stereolithography. Using specialist software 

applications on a stereolithography machine, 20 CAD 

drawings are converted to 30 models. 

The process is based on the computer slicing the 30 image 

into hundreds of very thin layers (typically 0.125-0.75mm 

thick) and transferring the data from each layer to the 

laser. The laser draws the first layer of the shape on to the 

surface of the resin, which causes it to solidify. The layer 

is supported on a platform that moves down, enabling 

the next layer to be drawn. This process of drawing, 

solidifying and moving down quickly builds up one layer on 

top of another until the final 30 object is achieved. Most 

companies do not have this technology. Instead, they use 

RPT services from specialist companies. Stereolithography 

prototypes can typically be delivered within 3-5 days of the 

client's design data being received, therefore saving both 

time and development costs. 

Advantages 

• Saves time and 
money 

• Client able to 
see the product 
throughout the 
design process 

• Changes can 
be quickly 
incorporated 

Oisadvantages 

• Because a rapid 
prototype is not 
the real product 
there is a danger 
that elements of 
the design can 
be missed 

Table 2.20 Rapid prototyping 

Applications 

• Concept 
modelling 

• Solid 30 models 
• Architectural 

models 



Computer-aided manufacture 
Computer-aided manufacture (CAM) is a process that 

converts drawings that have been produced using a CAD 

system into actual products. CAM can involve a range of 

machines, but the most common are lathes, routers, milling 

machines and laser cutters. These machines are controlled 

by a computer that guides the machine through an entire 

manufacturing process - computer numerical control (CNC). 

There are many advantages to CAM. The cost of setting 

up CAM systems can be high, but once the initial costs 

are made and the system is programmed the advantages 

are considerable. The machines are able to work 24 hours 

a day with little human intervention. They ensure that the 

products they produce are consistently accurate. They 

are reliable and, because they can be reprogrammed, are 

very flexible. 

CNC Materials 
machine cut 

Lathes • Metals 

Routers • Wood 
• Foam 

Milling • Metals 
machines 

Laser cutters • Plastic 
•Wood 
• Card 

Industrial and commercial practice 

Applications 

• Produce accurate and complex 
shapes that would be difficult 
to produce on hand operated 
lathes 

• Similar to milling machine but 
using softer materials 

• Used for block modelling 
• Can cut 20 and 30 shapes 

• Produce flat and complex curved 
shapes 

• In industry work to fine 
tolerances 

• Cuts with intense beam of light 
• Material does not require 

clamping 
• Can cut both simple and 

complex shapes 

Table 2.21 Computer-aided machining 

• • 
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Quality 

Getting started 

What actually is quality? A friend might think that a 

certain product has quality but you might disagree, 

so, is it subjective? We can all name a product that we 

consider to be of a high quality, but what qualities does 

it have? When designing products, quality refers to a 

product's ability to satisfy a need and, more importantly, 

its fitness-for-purpose. In manufacturing terms it is 

producing a product that is the best it can be. That is, 

fully functional and free from defects. 

Quality assurance systems 
and quality control in 
production 

Quality assurance 

Quality assurance (OA) systems are the planned activities used 

by the manufacturer to monitor the quality of a product from 

its design and development stage, through its manufacture 

and to its end use, including the degree of customer 

satisfaction. In other words, OA is an entire process designed 

to ensure that the product fulfils all of its requirements. 

In the first instance, OA ensures a product is fit-for-purpose 

using thorough testing throughout the design and 

development stage. It includes regulation of the quality of 

raw materials and components that the manufacturer buys 

in order to start production. OA systems are used to monitor 

Product est1n9 
throughout de~ign and 

development 

the quality of components, products and assemblies during 

production using a series of quality control (QC) checks, tests 

and inspections. Finally, OA supplies fact-based evidence for 

quality management systems to inspire external confidence 

to customers and other stakeholders that a product meets 

all of their needs and expectations. 

We have all probably bought a product and found that 

it was not of a good quality. What do you suppose was 

the problem with it - design, materials, manufacture, 

assembly or finish? Was there a guarantee with it? 

Using your product analysis skills developed in Unit 1 

(see pages 3-9), outline the quality issues relating to a 

product that you are familiar wi:h. 

Quality control 

Quality control (QC) is that part of quality assurance that 

involves inspection and testing of a product, during or 

immediately after production. 

Inspection 

Inspection is used to check that manufactured products have 

been produced within a specified tolerance. Tolerance is 

defined as the acceptable amount by which a product's size 

can differ from that stated in the specification. For example, 

the diameter of a drinks bottle must be such that it fits in the 

bottle-filling machinery at the bottling plant and also is able 

Quality con ro1 1n produalon 
Guarantees/ 

customer satisfaction 
and support 

Regula ion of raw 
materials and 
componen 5 

M anufactu nng 
processes 

( Figure 2.25 A quality assurance system 
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Assembly 
processes 

Flnishlng 
processes 
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l Figure 2.26 A quality control chart using tolerance 

to contain the required volume of liquid. A 54mm diameter 

bottle is likely to have a tolerance of+/ - 0.8mm. If, when 

inspected and tested, a bottle measures between 53.2mm 

and 54.Smm, it will be within the agreed tolerance. Any bottle 

that falls outside this tolerance is scrapped. 

There are three main levels of inspection. 

• 100 per cent inspection : where all the units in the lot, or 

batch, are inspected. 

• Normal inspection: using a sampling plan. 

• Reduced inspection: using a sampling plan requiring 

smaller sample sizes than those used in normal 

inspection. Reduced inspection is used in some 

inspection systems as an economy measure when the 

level of submitted quality is 'sufficiently good'. 

Computer-aided inspection is possible by using a coordinate

measuring machine (CMM) for dimensional measuring. A 

CMM is a mechanical system designed to move a measuring 

probe to determine the coordinates of points on the surface 

of a workpiece. These machines are used to quickly, and 

accurately, measure the sizes and positions of features on 

mechanical parts, with tolerances as small as 0.0025 mm. 

Laser scanning systems are often used that can determine the 

coordinates of many thousands of points. This data can then 

be taken and used to not only check size and position, but 

also to create a 3D model of the part using a CAD system. 

Testing 

Testing is concerned with the product's performance. Tests 

are carried out under laboratory conditions using strict control 

procedures to ensure that the results obtained are accurate. 

There are two main types of tests. 

• Non-destructive testing (or failure testing): where the 

product is tested until it shows signs of failing, for 

Figure 2.27 Testing paper tissue for tensile strength 

example cracking, to determine how much force is 

needed to deform it. 

• Destructive testing: where the product is destroyed 

under controlled conditions and monitored to gather 

valuable research data, for example Euro New Car 

Assessment Programme (NCAP) for car safety testing. 

Figure 2.28 Compressive test of a polymer used in packaging 

Quality 
1 -

• • 
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Quality control in the production of flat 
pack furniture 

Flat pack furniture is manufactured from a sheet material 

such as chipboard which can be adversely affected by damp 

or humid conditions. If the chipboard is damaged in any 

way, the final product will be below the standards expected 

by the company. Prior to manufacture, the chipboard must 

be checked, and whilst in storage must be kept in a stable 

environment. During the manufacturing process, regular QC 

checks will need to be made to ensure the final quality of the 

product meets the expected standard. 

• • ®· 
What might the consequences be of manufacturing 

flat pack furniture without applying QC procedures? 

Total quality management 

Total quality management (TOM), often referred to as 

total quality control (TQC), is the strategic integrated 

system for achieving customer satisfaction by applying OA 
procedures at every stage of the production process. TOM 

is based on all members of an organisation participating 

in the continual improvement of processes, products, 

services and the overall culture in which they work. Each 

department in a company is treated as a client, therefore 

ensuring high standards of service and attention to detail 

when dealing between departments. For example a 

production team must produce a high-quality component 

that the assembly team know is quality assured and will 

therefore fit perfectly. 

Problem Description 

The British Standards Institute (BSI) operates a quality 

management system to which any organisation can be 

accredited. This system, known as the ISO 9000 series of 

standards, recognises companies who can demonstrate high 

standards of consistency in all of their procedures. The ISO 

9000 series is the world's most established quality framework, 

and is used by over 250,000 organisations in 161 countries. If 

an organisation is accredited with 

this standard, the customer is 

assured of the quality of the 

product and service. 

Figure 2.29 851 logo 

Sector 

Customers and 
users 

People in the 
organisation 

Owners and 
investors 

Society 

Benefits 

• Receive products that conform to the 
requirements 

• Are dependable and reliable 
• Are available when needed 
• Easily maintained 

• Better working conditions 
• Increased job satisfaction 
• Improved health and safety 
• Improved morale 

• Increased return on investment 
• Improved operational results 
• Increased market share 
• Increased profits 

• Fulfilment of legal and regulatory 
requirements 

• Improved health and safety 
• Reduced environmental impact 
• Increased security 

( Table 2.23 Benefits of the 85 EN ISO 9000 series of standards 

CluaHty control 

Veneer bubbles When veneer is put onto sheet material such as 
chipboard, there is a danger that the veneer will not 
stick and this causes bubbles to occur between the 
chipboard and the veneer. 

Check and make sure that glue covers the whole 
surface of the sheet material and that when placed in 
a vacuum pack the vacuum is complete. 

Cut edges not straight It is vital that for the furniture to fit together all edges 
need to be straight. If this is not done, edges will not 
butt up to each other and the result will be a poor 
finish. 

Holes not positioned If holes are not positioned correctly on flat pack 
furniture then nothing will fit together properly. 

Periodically check that all guides and fences on 
machines are set to the correct sizes and distances. 

Regular checking of any jigs is vital for the accurate 
assembly of the product. 

( Table 2.22 Possible quality control checks used during the manufacture of flat pack furniture 

• • 



Quality standards 
As a mark of quality, manufacturers often seek validation 

of their products by applying for formal 'quality standards'. 

There are three main types: 

• National Standards, for example British Standards 

(suffix BS), are produced by a country's national 

standards body (NSB). In the UK, British Standards 

(BS) are developed together with the UK Government, 

businesses and society. Some are enforced by 

regulation, but most standards are voluntary. 

• European Standards (suffix EN) are produced by 

the European Committee for Standardisation (CEN), 

whose members are the NSBs of the European Union 

countries. In the UK, they are adopted as British 

Standards. 

• International Standards (suffix ISO) are produced 

by the International Organisation for Standardisation 

(ISO), whose members are the NSBs of countries 

all over the world. BSI British Standards is a leading 

member of the ISO and represents the UK's interest in 

the development of international standards. BSI also 

decides which international standards to adopt as 

British Standards (BS ISO). 

Kitemark and CE marking 

The Kitemark® scheme has been in place since 1902 

and over the years has become an important symbol 

of quality and covers a wide variety of products from 

electrical components to double glazing. Having a 

Kitemark® associated with a product or service certifies 

that it complies with particular standards. It means that 

any product or service that displays a Kitemark® has been 

( Figure 2.30 European CE marking for quality 

through a number of rigorous quality processes and that 

consumers can buy products or services knowing that they 

have reached required standards. 

The letters 'CE' on a product are the manufacturer's claim 

that the product meets the requirements of all relevant 

European Directives. Many products are covered by 

these directives and for some, such as toys, it is a legal 

requirement to have a CE mark. This shows that the product 

achieves a minimum level of quality, and ensures it can be 

moved freely throughout the European Single Market. 

WEBLINKS: Q • ®· 
www.bsieducation.org 

www.bsi-global.com 

• 

Quality -



Unit 2: Design and Technology in Practice 

Health and safety 

Getting started 

Health and safety is a very important subject. Employers 

are legally required to minimise the risks to their employees 

and in turn employees need to take reasonable care when 

carrying out their jobs. The school design and technology 

department is no different. What would happen if there 

were no signs on machinery or you were simply allowed 

to 'do what you want' in a workshop? Acting in an 

irresponsible way that might cause an injury or illness to 

yourself or someone else is a criminal offence that might 

lead to prosecution. 

Health and Safety at Work 
Act (1974) 

Under this Act of Parliament, employers are legally required 

to do all that is reasonably practicable to ensure the health, 

safety and welfare at work of employees, and the health 

and safety of non-employees such as students and visitors 

to a school. The following regulations are procedures to 

safeguard the risk of injury to people. 

Risk 

Personal and protective equipment 
(PPE) 

Personal Protective Equipment at Work regulations (1992) 

state that employers have basic duties concerning the 

provision and use of personal protective equipment (PPE) 

at work. PPE is defined in the regulations as 'all equipment 

(including clothing providing protection against the 

weather) which is intended to be worn or held by a person 

at work and which protects him against one or more risks 

to his health or safety'. These can include safety helmets, 

gloves, eye protection, high-visibility clothing, safety 

footwear and face masks or respirators. 

The main requirement of the regulations is that PPE is to 

be supplied and used at work wherever there are risks to 

health and safety that cannot be adequately controlled in 

other ways. The regulations also require that PPE is: 

• properly assessed before use to ensure it is suitable 

• maintained and stored properly 

• provided with instructions on how to use it safely 

• used correctly by employees. 

Personal protective equipment (PPE) 

Eyes Chemical or metal splash, dust, projectiles, gas and vapour, 
radiation 

Safety spectacles, goggles, face shields, visors 

Head 

Breathing 

Protecting 
the body 

Hands and 
arms 

Feet and legs 

Impact from falling or flying objects, risk of head bumping, 
hair entanglement 

Dust, vapour, gas, oxygen-deficient atmospheres 

Temperature extremes, adverse weather, chemical or metal 
splash, spray from pressure leaks or spray guns, impact 
or penetration, contaminated dust, excessive wear or 
entanglement of own clothing 

Abrasion, temperature extremes, cuts and punctures, 
impact, chemicals, electric shock, skin infection, disease or 
contamination 

Wet, electrostatic build-up, slipping, cuts and punctures, 
falling objects, metal and chemical splash, abrasion 

( Table 2.24 Hazards and types of personal protective equipment (PPE) 

• • 

A range of helmets and bump caps 

Disposable filtering face-piece or respirator, half- or full
face respirators, air-fed helmets, breathing apparatus 

Conventional or disposable overalls, boiler suits, specialist 
protective clothing, e.g. chain-mail aprons, high-visibility 
clothing 

Gloves, gauntlets, mitts, wrist-cuffs, armlets 

Safety boots and shoes with protective toe caps and 
penetration-resistant mid-sole, gaiters, leggings, spats 



Health and safety J 

Signage 

The Safety Signs (Signs and Signals) regulations (1996) 

require employers to display an appropriate safety sign 

and instruction wherever a significant risk or harm cannot 

be avoided or reduced by other means. These regulations 

bring into force a European Directive whose purpose is to 

encourage the standardisation of safety signs throughout 

Europe so that safety signs, wherever they are seen, have 

the same meaning. 

The regulations cover various means of communicating health 

and safety information. These include the use of illuminated 

signs, acoustic signals such as fire alarms, and traditional 

signboards such as prohibition, warning and fire safety signs, 

for example signs for fire exits and fire-fighting equipment. 

II 
I. 
I 

... 

Keep out 

Construction 
site 

.1.'--1 

Prohibition signs are used to prohibit 
actions to prevent personal injury and the 
risk of fire. 

Mandatory signs convey action that must 
be taken, e.g. procedures in case of fire. 

Warning signs are to warn personnel of 
possible dangers in the workplace. 

Safe condition signs show directions to 
areas of safety and medical assistance 
and indicate where a safe area, safety 
equipment or first aid equipment is located. 

Fire equipment signs show the location of 
fire equipment and compliance with Fire 
Precautions . 

I Table 2.25 Standard health and safety signage 

Example 

• • 



\... Unit 2: Design and Technology in Practice 

Warning symbols 

Warning symbols are placed on products to provide health 

and safety information for the consumer. An example is 

British Standards (BS) EN 71 which is concerned with the 

safety of toys, of which Part 6: Graphical Symbol fo r Age 

Warning Labelling, covers age warning symbol labelling 

and specifies the requirements of the symbols used on toys 

not suitable for children under the age of three. 

Many warning symbols appear on the packaging of 

adhesives and domestic cleaning products along with 

additional safety instructions that outline any potentia l risks 

to users. 

Not suitable for children 
under 3 years (36 months) 

IRRITANT 

Irritant to eyes and skin 

Figure 2.31 Warning symbols on packaging 

WEBLINKS: Q • 
®· 

www.bsieducation.org - British Standards Institute (BSI) 

www.btha.co.uk - British Toy and Hobby Association 

. : THINK ABO.UT THI~! - Q j .. • ®· 
Why is it important for the packaging of toys to 

carry an age warning symbol? What are the risks 

to a young child's health and safety by not paying 

attention to such warnings? 

Health and Safety Executive risk 
assessments 

The Health and Safety Executive (HSE) lays down 

government guidelines for health and safety issues within 

the workplace, including schools. The HSE states that all 

places of work must carry out risk assessments of their 

facilities to identify any potential hazards to employees or 

students, and to put in place control measures to reduce 

the risk of injury. 

The HSE outlines its Five Steps to Risk Assessment: 

1. Identify the hazard. 

2. Identify the people at risk. 

3. Evaluate the risks. 

4. Decide upon suitable control measures. 

5. Record risk assessment . 

WEBLINKS: Q • ®· 
www.hse.gov.uk 

The Health and Safety Commission is responsible for 

health and safety regulation in the UK . 

Using computers 

Computers are often used as a design tool. This can involve 

large amounts of time sitting at a computer workstation, 

looking at a monitor or screen, typing and using a mouse. 

These are all potential hazards. The HSE, together with 

the European Union's 'VDU Directive', has regulations and 

guidance on working at a computer workstation . 

Repetitive strain injury 

Repetitive strain injury (RSI) is a medical condition affecting 

muscles, tendons and nerves in the arms and upper back. 

It occurs when muscles in these areas are kept tense for 

very long periods of time, due to poor posture and/or 

repetitive motions. 

- -

Hazard 

Potential (of risk) from a 
substance, machine or operation. 

Risk 

Reality (of harm from 
the hazard). 

l Figure 2.32 What is the difference between a hazard and a risk? 

• • 
Action taken to minimise 

the risks to people. 



Health and safety 

The environment must provide 
adequate lighting and the heat 
produced by equipment must not 
cause discomfort to the user 

The workstation must provide sufficient space for the 
user to change position and vary movements 

----"'.._=----The screen 

The chair must be 
stable and allow for 
freedom of 
movement. The 
height of the chair 

and the backrest [ 
must be fully 

adjustable &l l ""'E o 
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Figure 2.33 Guidance for working safely at a computer 

There are a number of ergonomic products available 

to reduce the risks occurring from prolonged use of 

computers, including ergonomic keyboards and mice. The 

computer mouse, for example, is an important cause of 

RSI as the normal shape forces the hand into an unnatural 

position. Since a mouse is essential to computer work it is 

very important to use an ergonomic one. 

SOO mm 

Figure 2.34 Repetitive 
strain injury (RSI) can 
be reduced by using 
ergonomic products such 
as this vertically held 
mouse, which reduces 
strain on the wrist 

Risk People at risk Control measure 

must swivel and 
tilt easily. Glare 
from the screen 
should be easily 
adjusted using 
brightness and 
contrast controls. 
An anti-glare 
screen could be 
fitted 

Using a 
computer 

Repetitive strain injury 
(RSI) 

User • Keyboard should tilt to provide a comfortable typing position 
• Use an ergonomic keyboard with wrist support 

• Use an ergonomic mouse 
• Take regular breaks to rest hands 

Eye strain User • Adjust glare from monitor using brightness and contrast controls 
• Use of an anti-glare screen fitted to r:Ronitor to reduce screen flicker 
• Tiit or swivel monitor to reduce reflections 

• Take regular breaks to rest eyes L;;_-_._ll ___ 1 I 

Table 2.26 Part of a risk assessment for using a computer 

• • 



Unit 2: Design and Technology in Practice 

Hazard Ri• 

Using a pillar drill Damage to eyes 
from flying debris 

Cuts from metal 
shavings 

Peopla at risk 

User/people in 
immediate area 

User 

Table 2.27 Part of a risk assessment for using a pillar drill 

Workshop practices 

Control measure 

• Use appropriate PPE, for example safety spectacles or goggles 
• User fully briefed on use of machine (general machine safety), i.e. guards 

in position 
• Appropriate supervision by teacher or technician 
• Other students should wait behind marked yellow lines or barriers when 

not using machine 

• Work clamped securely in vice (never held in hand) to prevent work from 
catching and spinning 

• Use of appropriate PPE, for example gloves 
• Use a small 'stick' to remove large spiral shavings 
• Place shavings in appropriate disposal container 

When undertaking practical work in the workshop it is likely 

that you will be given the opportunity to work on a range of 

tools and machines. Obviously, there will be a wide range 

of potential hazards when using machinery, power tools 

Control of Substances Hazardous to 
Health regulations 

The Control of Substances Hazardous to Health (COSHH) 

regulations place a duty on employers to make an 

assessment of risks for work involving exposure to 

substances hazardous to health. Steps must be taken to 

prevent or control adequately the exposure of employees 

and others to these substances. Hazardous substances 

include: 

and equipment. The school, or college, will have carried 

out a detailed risk assessment for each piece of equipment, 

which should be clearly displayed for your information. 

• ®· 
In small groups, carry out a series of risk assessments 

for different workshop machinery, equipment 

and processes. Collate your work to build up a 

comprehensive set of risk assessments that you can 

use in your coursework projects. 

• substances used directly in work activities such as 

adhesives, paints and cleaning agents 

• substances generated during work activities such as 

fumes from soldering and welding 

• naturally occurring substances such as dust 

• biological agents such as bacteria and other micro

organisms. 

Step Action 

2 

3 

4 

Assess the risks 

Decide what precautions are 
needed 

Prevent or adequately 
control exposure 

Ensure that control measures 
are used and maintained 

5 Monitor exposure 

Assess the risks to health from hazardous substances used in or created by workplace activities. 

Do not carry out work that could expose employees to hazardous substances without first considering 
the risks and the necessary precautions, and what else is needed to comply with COSHH. 

Prevent employees being exposed to hazardous substances. Where preventing exposure is not 
reasonably practicable, then it must be adequately controlled. 

Ensure that control measures are used and maintained properly and that safety procedures are 
followed. 

Monitor the exposure of employees to hazardous substances, if necessary. 

J Table 2.28 Health and Safety Executive (HSE) guidance on COSHH regulations 

• • 



Health and safety 

6 
Carry out appropriate health 
surveillance 

Carry out appropriate health surveillance where assessment has shown it necessary or where COSHH 
sets specific requirements. 

7 

Prepare plans and 
procedures to deal with 
accidents, incidents and 
emergencies 

Prepare plans and procedures to deal with accidents, incidents and emergencies involving hazardous 
substances, where necessary. 

Ensure employees are 
8 properly informed, trained 

and supervised 
Provide employees with suitable and sufficient information, instruction and training. 

Many adhesives are solvent-based, containing volatile 

organic compounds (VOCs) that give off vapours that WEBLINKS: 0 • ®· 
can cause dizziness and nausea. Because of this, these 

substances are extremely hazardous to use within confined 

indoor areas such as workshops or classrooms. It is 

important that thorough risk assessments are carried out 

and the appropriate action taken to minimise the risks. 

www.coshh-essentials.org.uk- COSHH Regulations 

Hazard 

Use of solvent
based adhesives 

Risk People at risk 

Bums from User 
corrosive adhesives 

Inhalation of VOC 
vapours 

User/people in 
immediate area 

Control measure 

• Use appropriate PPE, induding gloves and eye protection 
• Users fully briefed on safe use of adhesives 
• Appropriate supervision by teacher or technician 
• Wash area immediately with warm soapy water and seek medical 

attention 
• Eyes: seek medical attention immediately; use an eye bath to wash 

eyes 

• Use only in well-ventilated areas, i.e. use extraction or open external 
windows/doors 

• Appropriate supervision by teacher or technician 
• Use of face-mask or respirator 
• If dizziness and nausea occur vacate area immediately and seek medical 

attention 

Storage Technicians and 
teaching staff 

• Store in a secure metal cupboard 
• Cupboard easily identifiable (yellow) with appropriate safety signage 

clearly displayed 
• Staff to be fully briefed as to safe storage of adhesives 
• Checks by technician on a regular basis 

Table 2.29 Part of a risk assessment for storage and use of solvent-based adhesives 

• 



Revision checklist 
t> Make sure that you have answered a ll the questions at the end of this section. 

t> Make sure that your revision notes are well ordered, clear and up to date. 

t> Use the web links to read around each key topic so that you are well informed. 

t> Use SAMs and past papers to practise your exam technique. 

t> Discuss any problems with your peers or teacher - don't keep them to yourself! 

-- . --- ' ' . 
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