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COPYRIGHT NOTICE

Copyright in this work is owned by Cengage 
Learning Australia (“the work”). A condition of 
purchase of this electronic version of the work is 
that you agree to respect the copyright in the 
work, abide by the Copyright Act 1968 and 
specifically agree not to transfer, sell, assign, 
misuse, copy or transmit an electronic or other 
version of the work to any third party.

Please note: This product is accompanied by a 
licence (single user, network or adoption) 
governing the terms and conditions of its use.



This is a legal agreement between the you, 
(the “Customer”) and Cengage Learning 
Australia Pty Limited (ABN 14 058 280 149)

(the “Licensor”) which provides the terms 
and conditions of this non-exclusive licence 
and the limited warranty for the Product. 
Use of the Product indicates an 
acknowledgement that the Customer has 
read and agreed to be bound by the terms 
and conditions of this Agreement. If you do 
not agree to these terms and conditions, 
return the Product to the place of purchase 
within 15 days of the date of purchase (with 
proof of purchase) for a full refund 

1. Licence Grant

You do not receive title to the Product.
Copyright in the Product (which includes
all images, photographs, video,
animations, audio, music and text
incorporated in the Product, including all
of the accompanying printed material) is
owned by the Licensor and/or its
suppliers and is protected by Australian
copyright laws. The Licensor grants you
a non-exclusive licence to use the
Product subject to the restrictions and
terms set out in this Agreement.

2. A Licence allows you to:

Use the Product on your computer. The
Customer represents that they shall in
no way place the Product in the public
domain or in any way compromise our
copyright in the Material. You agree to
take reasonable steps to protect our
copyright.

3. You may not:

Alter, modify, translate, reverse
engineer, decompile, or adapt the
software or create derivative works
based on the Product. Make further
copies by any means technological,
electronic, digital whatsoever without
the written permission of the Licensor.
Rent or transfer all or any part of your
rights under this Agreement. Remove or
alter any copyright or other proprietary
notice or label attached to the software.

4. Termination

Any failure to comply with the terms and
conditions of this agreement will result
in the automatic termination of this
licence. Upon termination of this licence
for any reason, the Customer must
destroy or return to the Licensor all
copies of the software and
accompanying documentation.

5. Warranties

To the extent permitted by law, the
Licensor’s liability for any breach of the
warranty or any term implied by law into
this licence is limited to the lowest cost
of replacing the goods, acquiring
equivalent goods or having the goods
repaired.
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In Unit 3C, ‘Electronic systems’, we have matched 

photographs with symbols of the major electronic 

components.

 

Symbol:

Nelson Introducing Technology is intended to 

be integrated into a problem-solving approach to 

technology education, whereby students are encouraged 

to ‘learn by doing’ – �rst identifying the problem and 

then designing, making and evaluating an appropriate 

solution to that problem. Students are also asked to 

consider the relationships between the problem, their 

solution, industry, society and the environment.

But the best thing about this book is the huge 

scope it covers as a general introduction for students 

studying technology for the �rst time.

There are many user-friendly aspects of Nelson 

Introducing Technology:

Safety warnings are clear and frequent, as needed.
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INFORMATION FILE

Testing materials
You might have to carry out tests on samples of 

different materials to see if they are suitable. You  

might also have to test the safety factors of materials. 

Alternatively, you could refer to safe load tables. These 

show the safe load limits for materials  

of different sizes and shapes.

About this book
Nelson Introducing Technology, fourth edition, is 

designed to provide resources that students can use to:

• achieve technological literacy, and

• become responsible users and creators of technology.

The text features Information Files, which 

highlight unusual or important details.

 REMEMBER
• Always clearly mark hot metals.

• Use safety gear.

 RULE

•  The larger the diameter of the drill bit, 

the slower the drill speed.

•  The harder the material, the slower the 

drill speed.

Rules are highlighted so that they can be clearly 

read at a glance.

We hope you enjoy using this book!

This book is very visual, containing hundreds of 

photos and illustrations. Many of these are detailed 

technical illustrations, clearly showing the di�erences 

between similar items. 

Raised

head

Grub

screw

Hexagonal

head

Countersunk

head

Round

head

Thumb

screw

Square

head

Cheese

head

Socket

head
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People use technology to solve 

problems in the world around them.

Some solutions change over a period 

of time as people gain new knowledge 

and develop new skills and materials.

1
What is 
technology?
In this unit, you will learn:  

 what technology is 

 the role of technology throughout history 

 your responsibilities as a user and creator of technology. 

In everyday life, people use 

technology to satisfy their needs, 

such as food, shelter, health care, 

communication and entertainment.

Technology can provide simple 

solutions such as a latch to hold back 

a door, or complex solutions such as 

a satellite system for international 

communication.

Technology provides some solutions 

that alter the environment. For 

example, rivers are dammed to store 

water for many purposes.

Drinking
Farming

Industry
Hydro-
electricity

In many cases, a technological solution 

is found by using a problem-solving 

process known as design thinking.

A problem is identified

Design thinking

A satisfactory solution is found

Unit 1 weblinks
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Thus, technology is people using resources such as:

To meet their needs, early people 

developed tools made from 

stone, wood and bone. Later, they 

discovered how to make more 

ef"cient tools from metals such as 

bronze and iron.

In modern times, technology has 

provided many new solutions 

to people’s problems. Advances 

in electronics have led to the 

widespread use of computers and 

industrial robots.

In the eighteenth and nineteenth 

centuries, during the Industrial 

Revolution, people invented machines 

that greatly increased the number  

of goods they could manufacture.

However, people have sometimes 

misused technology and harmed 

other people or the environment.

By the twentieth century, mass 

production systems had been 

developed. These enabled huge 

numbers of items to be produced at a 

lower cost, so that larger numbers of 

people could afford to buy them.

When new technology is developed 

or used, all its effects – good and 

bad – must be taken into account. 

Technology should be appropriate to 

people’s needs; it should suit the way 

they wish to live within their society.

and design thinking, such as:

Identifying and

defining

Research and

planning 

Producing and

implementing

Testing and

evaluating

to produce:

Information Skills Materials
Tools and

equipment
EnergyIdeas

A satisfactory solution – product, process, environment or system – to a problem
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Not all technology is the result of a typical design 

thinking process, such as the one described above; 

there are alternatives. 

One common approach is re�nement or 

improvement to an existing technology. The 

improvement is often the result of trial-and-error  

experiences in many and varied situations. These 

experiences provide a wealth of knowledge of  

what works well in which situation. For example, 

hands-on people often make a modi�cation to a 

product to suit their need.

Innovation is another approach. Innovation is 

often the result of  lateral thinking. An example from 

the past is the winged keel of the yacht Australia II, 

which challenged and won the America’s Cup in 

1983. A recent example of lateral thinking is the 

spokeless wheel. Another innovation is virtual reality 

(VR), which allows people to digitally experience an 

environment.

The design of bicycles and motorcycles with spokeless wheels 

are a recent example of lateral thinking  

Transfer or adaptation is another alternative 

to design thinking. Here, an existing technology is 

adapted to include a new technology – for example, a 

sewing machine interfaced with a computer.

A computerised sewing machine

The winged keel of Australia II
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Post-it® notes  

An example of a vulcanised rubber product

Parts of a system

OutputProcessInput

Feedback

Technology can also be thought of as a system.  

A system, in technology, is a collection of parts or a 

group of activities used to complete a task or create 

an outcome. The basic parts of a system are input, 

process, output and feedback. The system is a loop. 

Block diagrams are used to show a system. For more 

information on systems, see Unit 3. 

The last common alternative to a typical design 

thinking process is serendipity; that is, discovery by 

accident. An example of this is the adhesive used on 

Post-it® notes. An adhesive was being produced at 

the 3M company in the USA. When the adhesive was 

applied it was noted that there was no permanent 

adhesion. Since the adhesive could not be used for 

its intended purpose, it was shelved. Some time later, 

the idea of Post-it® notes was proposed and the 

non-sticking adhesive found a use. Another example 

of serendipity is vulcanised rubber. Can you think of 

other examples of serendipity? 

De�nition
Technology (tek-NOL-e-ji), noun.

 1  the (study of) practical uses of scienti�c knowledge; The Oxford School Dictionary, 1974.

 2 the application of knowledge, tools and skills to solve practical problems and extend human 

capabilities [ability that can be used]; Jackson’s Mill Curriculum Project, 1979.

 3 the generation of knowledge and processes to develop systems that solve problems and extend human 

capabilities; International Technology Education Association (ITEA) Conference, Phoenix, Arizona, 1996.

 4 the result of human activity. It is the result of combining ingenuity and resources to meet human 

needs and wants; Technology for All Americans, 1996, p. 11. 

 5 human innovation in action. This involves the generation of knowledge and processes to develop systems 

that solve problems and extend human capabilities; Technology for All Americans, 1996, p. 16. 

 6 that branch of knowledge that deals with mechanical arts or applied sciences; Shorter Oxford English 

Dictionary, 2002.

 7 the application of scienti�c knowledge for practical purposes, especially in industry; The Australian 

Oxford Dictionary, 2004.
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 8 the application of practical sciences to industry or commerce; Collins Australian Dictionary,  

Ninth Edition, 2007.

 9 that branch of knowledge that deals with science and engineering, or its practice, as applied to 

industry; Macquarie Dictionary, Fifth Edition, 2009.

 10 scienti�c knowledge used in practical ways in industry, for example in designing new machines; 

Oxford Advanced Learner’s Dictionary, Eighth Edition, 2010.

11 the branch of knowledge that deals with science and engineering, or its practices, as applied to 

industry; applied science; Macquarie Dictionary, Seventh Edition (two volumes), 2017

Most of the de�nitions of technology above mention the term ‘knowledge’. Thus technology is based on a 

body of knowledge. Knowledge is often grouped and divided into branches. 

INFORMATION FILE

High technology and appropriate 
technology
Hi-tech, or high technology, is technology based 

on scienti�c and technical knowledge. This knowledge 

is so advanced that it is beyond the understanding of 

untrained people. An example is microelectronics. 

Today, there is much talk about ‘high tech’. Did 

you know that there is another type of technology? 

It is known as appropriate technology. This term 

�rst appeared in the mid-1970s. We do not hear much 

about appropriate technology in Western culture.  

What is its meaning?

Appropriate technology is producing a solution 

that is appropriate to the way people live. People use 

local resources, which are usually renewable, in a 

sustainable way. Being sustainable means thinking of 

the needs of people now and future generations, as well 

as taking care of the Earth.

‘Appropriate technology’ for transporting water
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A solar oven – ‘appropriate technology’ for cooking food A pedal-powered water pump – ‘appropriate technology’ 

for irrigating crops 
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2
What is 
design? 
In this unit, you will learn: 

 what design thinking is

 about the basics of design

 about design styles 

 about design processes

 how to use a design process. 

A piece of designer clothing Pieces of designer furniture

Design thinking 
Design thinking is the thought process of planning 

an outcome. This outcome might involve an object 

being made (for example, you might need a piece 

of furniture or an item of clothing). The outcome 

could also be a plan that solves a given problem – for 

example, you might want a system that lets you know 

when someone is approaching your room.

Design thinking is a problem-solving activity. 

This activity may require the e�ort of one person or 

a group of people working together, as in industry. 

Design thinking is usually the basis of all technology.

Unit 2 weblinks
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Identifying and defining

Coming up with a general idea of how to solve

the problem and considering the impact on

people and the environment

Research and planning

Creating a detailed plan of how to produce the

solution safely 

Producing and implementing

Making the solution safely using resources

such as tools, materials and skills

Testing and evaluating

Appraising the solution to see if it is satisfactory

and assessing its effects on people and the

environment

An example of a problem-solving process Did you know that the �rst of�cial portable cooler in the world 

was an Australian innovation? The �rst Esky® was sold during 

the summer of 1952. It is reported that half a million Eskys® 

were sold by 1959.

This brand is still the number one cooler brand in Australia 

and the brand name Esky® is often used as a generic 

(general) term to describe all portable coolers – that is 

successful design thinking!

The way in which something is designed may vary 

from one industry to another. However, the outcomes 

are usually achieved using a design process. This is a 

framework to ensure that the designer’s solution will 

be that person’s best solution, within certain limits. 

The solution should:

• not cost too much

• be easy to use

• look good

• be able to last for a period of time.

In general, the solution should be designed in 

such a way that people will want to use it.

Good designers will also make sure that their 

solution will not harm their fellow human beings or 

the environment.

You do not have to look far to see evidence of 

design thinking in our world. Objects and systems are 

designed daily by people in di�erent industries. For 

example, manufacturing engineers design products 

such as stoves and cars and they also design mass-

production systems (see ‘Technological systems: 

Manufacturing’ on page 34). Clothing produced by 

the fashion industry is also the work of designers.
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Examples of  

design thinking
Design thinking is not used in the same way by all 

designers. There appear to be three basic methods of 

designing. Note: Methods one and two begin with a 

design brief (see page 14). Let’s look at each of these 

methods.

Method 1
Synthesis → Analysis → Evaluation

This design process is often used by engineers. 

A general concept is f irst proposed with little 

information (synthesis). The  concept is 

then explored by using further research and 

investigation (analysis). The concept is then 

ref ined (evaluation).

Method 2
Analysis → Synthesis → Evaluation

This design process is used by industrial designers 

(and students of design and technology). It is a more 

open-ended approach, which encourages divergent 

thinking from the start. All ideas are investigated 

(analysis), and re!ned through further research 

before the best solution is accepted (synthesis). The 

!nal solution is examined and assessed, often as a 

prototype (evaluation). This method is discussed in 

more detail on pages 14–23.

Method 3
Thought + Imagination = Creativity

This design process is more common among artists. 

Thought and imagination are the key elements, as 

often seen in the creative arts. The result is ideas 

and things combine to produce something unique 

(creativity).

Design thinking
Design thinking is selecting and applying 

a method, or multiple methods, that 

results in an outcome. Aspects of all 

three methods may be required to meet 

a design challenge.

Do you think these items have visual appeal? Why or why not?

The basics of design
A designer needs to consider the elements of design 

and the principles of design. These give an item its 

visual appeal.
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The elements of design
The elements of design are points, lines, shapes, 

forms, colours, tones and textures. They are the basic 

building blocks of design.

Points
A point is a spot in space. Points (or dots) can be 

organised in many ways – for example, to suggest lines 

or to show di�erent tones.

Lines
Lines can create space, direction, rhythm, shape, tone 

and texture. They can be curved or straight, thick or 

thin, wavy, and so on.

Shapes
A shape is a flat image such as a circle or square. Lines 

are used to create shapes. Shapes can be regular (such 

as geometrical shapes) or irregular (such as many 

natural shapes).

Forms
A form is a three-dimensional (3D) object such as a 

sphere or a cube. It is presented through size, shape, 

proportion, colour, tone and texture. The form of an 

object should suit its purpose or function.

Colours
Colour is used to identify things. It can also be  

used to create a mood or feeling. (See ‘Colour’ on  

pages 12–13.)

Tones
Tone is the degree to which a colour is light or dark. 

It can be used to show the form of an object. Tone is 

commonly called ‘shading’.

Textures
Texture is the surface !nish that you can see or touch. 

Examples of types of texture are smooth, rough, !ne 

and coarse.

The elements of design

Points

Lines

Shapes

Forms

Colours

Tones

Textures
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The principles of design
The principles of design include:

• balance

• unity

• proportion

• contrast

• emphasis

• movement  

• rhythm.

They are used to organise and integrate the 

elements of design in a pleasing or e�ective way. The 

overall e�ect is sometimes called aesthetic appeal. 

Find some items that you think are well designed and 

discuss why they have aesthetic appeal.

The lamp on the left displays principles of design such as 

balance, proportion and contrast. The vases on the right display 

principles of design such as unity, movement and rhythm.

INFORMATION FILE

Design styles
Design styles (or movements) reflect different cultures 

around the world. Every culture uses the elements of 

design and the principles of design in a particular way 

to create a design style. This style can be observed, 

for example, when looking at the fashion, furniture and 

architectural features of buildings of that culture.

Over the centuries craftspeople around the world 

produced items to satisfy the daily needs of their 

society. The Industrial Revolution $rst changed the 

way things were produced in the United Kingdom and 

later in other Western cultures. Production transferred 

to factories using machines, increasing the volume 

and variety of goods. However, every machine 

invented replaced people (and animals). Machines 

also changed the role of artisans. Their income, and 

the survival of the crafts, was under threat. The Arts 

and Crafts movement in Britian was a response to 

the loss of craft skills and the demise of the cottage 

industry within society. This movement saw the 

renewal of the skilled craftsman and the beginning  

of a distinctive design style.

After the Arts and Crafts movement, different design 

styles shaped Western cultures. Design movements 

influenced a range of areas in society such as fashion, 

furniture, household products, jewellery, utensils, 

architecture, interior design and graphic design. The 

diagram on the next page shows a timeline of various 

design movements since the Arts and Crafts movement.
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Traditional Japanese and Islamic design styles are 

instantly recognisable.  
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Arts and Crafts Movement

1850–1915

Modernism 1880–1940 Art Nouveau 1880–1910

1850

1860

1870

1880

1890

1900

1910

1920

1930

1940

1950

1960

1970

1980

1990

2000

2010

2020

Art Deco 1910–1940

Surrealism 1925–1930

Organic Design 1930–1960 &

1990–Present

Contemporary 1945–1960

Space Age 1960–1969

Postmodernism 1978–Present

Deconstructivism 1988–Present

Futurism 1910–1940

Bauhaus 1920–1934

Streamlining 1930–1950

Scandinavian Modern 1935–Present

Pop Art 1958–1972

Minimalism 1967–1978

Memphis 1981–1988

A timeline of Western design movements since the Arts and Crafts movement. Research these design styles to �nd 

some that interest you.
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INFORMATION FILE

Colour
Colour is very much part of our daily life. Colours are 

used to create moods or feelings, or to attract people’s 

attention – for example, in fashionable clothing, in 

commercial packaging and in safety colour-coding.

Designers also use colour to add to the overall effect 

of the design and its aesthetic appeal. 

Children’s toys are often bright and colourful, which adds to the 

effect of the designs and their aesthetic appeal. 

• Third stage: tertiary colours; that is, 

primary colours and secondary colours 

mixed together. For example:

red and violet → purple (plum)

blue and violet → indigo (grape)

blue and green → deep green (aqua)

yellow and green → yellow-green (lime)

yellow and orange → yellow-orange (peach)

red and orange → red-orange (watermelon).

Colours can be used to create contrast or harmony.

Colours opposite each other on the colour wheel 

(for example, red and green, violet and yellow or 

blue and orange) give contrast. These are known as 

complementary colours. These colours appear to clash 

or stand out. They are used to attract people’s attention. 

They create a strong and lively feeling.

Red Green

Violet Yellow

Orange Blue

Harmony is achieved when you combine colours that are close to 

each other on the colour wheel. These are known as analogous 

colours. Examples are red and orange, blue and violet or yellow 

and green. These colours do not clash or stand out. Their calming 

effect is soft or subtle.

A colour wheel shows a range of different colours 

and their relationship to each other. It has three stages.

•  First stage: primary colours; that is, red, 

blue and yellow. These colours cannot be 

made by mixing any other colours.

• Second stage: secondary colours; that is, a 

mixture of primary colours. For example:

• red and yellow → orange

• red and blue → violet

• blue and yellow → green.

iS
to

ck
/G

et
ty

 I
m

a
g
es

 P
lu

s/
il
te

rr
io

rm



9780170439398 13What is design?

Colours can also be grouped as warm colours and cool 

colours.

Red

Violet

Orange

Blue

Yellow Green

Red Orange Yellow

Violet Blue Green

Warm colours such as red, orange and yellow have the 

effect of heat, restlessness, excitement and stimulation. 

Warm colours also tend to come forward.

Cool colours such as violet, blue and green have the effect of 

being cool and peaceful. Cool colours tend to recede.
Two examples of a colour wheel

Red-orange                        Yellow-orange                       Yellow
-g

reen                        Blue-green                         
   B

lue-vi
ole

t  
   

   
   

   
   

   
  
  
  
 R

ed
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et
  
   

Orange                                           G
reen                                 
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ol
et

R
ed

   
         Yellow

            Blue
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Tertiary

Primary

Designers usually present a number of colour combinations of the design solution to the client.
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Designing as a  

problem-solving  

process
Designing is a problem-solving process. Design 

processes are discussed on page 8. 

A three-step problem- 

solving process
Analysis → Synthesis → Evaluation

This design process is expanded into more basic 

steps, as shown in the example on the right. Study the 

diagram, noting the seven basic steps and the direction 

of $ow.

3

7 2

6

5

1

Start

The 
design 
brief

Analysing 
the 

problem

Developing 
your ideas

Choosing  
your $nal 
solution

Making  
working 

drawing(s)

Testing and 
evaluation

Manufacturing 
the item

4

The design process 

You will notice that there is a starting point and a 

suggested $ow pattern. In many cases you will begin 

the design process at stage 1, and end at stage 7.

The design process can be cyclical. This means 

that the cycle can continue until you are satis!ed that 

your solution is the best possible outcome.

Sometimes the order might not be cyclical, as 

illustrated in the diagram by the broken arrow lines. 

For example, during stage 6 it may be necessary 

to return to stage 2 to do more testing in order to 

solve a manufacturing problem with the chosen 

material. This might lead to another stage before 

the problem is solved.

Alternatively, the design process can begin at any 

stage – for example, by starting at stage 7, you would 

evaluate an existing solution prior to writing a design 

brief and commencing analysis.

The terms used to describe these actions are 

recursive and iterative.

Therefore, design thinking is the result of many 

di�erent and varied actions by an individual or a 

group. There is no right way. Remember that the 

design process is a framework for guiding you to 

produce a satisfactory solution.

Now that you are aware of design thinking, it 

is time to examine the seven steps in the above basic 

design process in greater detail. Please note: The case 

study on pages 26–30, explains the seven steps. You 

may !nd it helpful to refer to the case study as you 

read each step.

1 The design brief
A design brief is a clear statement of a general problem 

or need. The requirements that it lists are often 

referred to as the design speci!cations.

To design and make an object that will hold and store chefs’ knives safely in a busy restaurant. It must be portable, stable and easy to clean.

An example of a design brief

Broad terms should be used in the brief – for 

example, ‘container’ instead of ‘box’; ‘device’ instead 

of ‘rack’. An open brief like this allows you to 

consider many possible outcomes.

The brief can be presented as a series of sentences 

or in point form. Point form is often used to record a 

list of speci!c details – for example, style, quality and 

performance requirements – that must be part of the 

!nal solution. This is known as the ‘speci!cations’.
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INFORMATION FILE

Anthropometry and ergonomics
Anthropometry is the science dealing with human body 

measurements for different body types and different age 

groups. Anthropometric charts list all measurements for 

the various parts of the body, such as length of arms, 

length of legs, width of hips and overall height.

This information is very important, for example, 

when designing a chair for an adult or a child. Since 

the adult’s trunk and legs are longer than the child’s, 

the designer needs to consult the anthropometric chart. 

The anthropometric data gives the designer the correct 

dimensions for each age group. This way, the $nal 

solution will be a suitable size.

546–610

455–531

1145–1318

460–502

610–890 795–927

325–417

660–800

mm

Adult females

406–470

878–1137

1516–1725

1234–1420

363–437

172–248

495–582

368–424

546–642 431–492

Adult males

mm

191–267

559–658

394–460

864–991

320–386

768–916

1371–1531

437–526

659–936

1262–1430

1670–1854

1056–1163

442–508

508–597

Anthropometric data for adult males and adult females (seated and standing)

Not only does the solution have to be the correct 

size, but people must be able to use it ef$ciently when 

they are working. The study of people in relation to their 

work environment (including space, lighting and layout) 

is known as ergonomics.

Well-designed tools have to be ergonomically 

ef$cient. For example, a screwdriver used by a 

tradesperson in cabinetmaking would most likely have 

a smooth, egg-shaped handle. A motor mechanic, on 

the other hand, would select a screwdriver whose 

handle has grooves. 
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2 Analysing the problem
To analyse the problem, you gather all the information 

that you will need to consider. (You will have to carry 

out research to do this.)

As well as suitable dimensions and other basic 

details, you will require information about topics such 

as the following.

Possible environmental and social 
impacts (sustainable)
You should ask questions about the long-term and 

short-term e�ects on the environment and society, 

such as:

• How safe is your solution?

• Is it energy e/cient?

• Does it conserve natural resources as much as 

possible?    

INFORMATION FILE

Testing materials
You might have to carry out tests on samples of 

different materials to see if they are suitable. You  

might also have to test the safety factors of materials  

Materials you could use
You need to think about the materials you could use.

• Natural – for example, timber, fabric or leather

• Synthetic – for example, plastics

• Composite – for example, !breglass.

The limits of any material are subject to the set of 

properties for that material. (See Unit 4, Materials, for 

more details.)

The properties of a material – such as strength, 

toughness, comfort and durability – need to 

be considered when analysing the problem and 

developing your ideas.

For example, selecting a piece of timber with a 

number of loose knots is not a good choice if strength 

is important. (See page 103.) Likewise, since wood is 

strongest under compression, it will withstand large 

forces if used correctly.

Alternatively, you could refer to safe load tables. These 

show the safe load limits for materials  

of different sizes and shapes.

Processes you could use
To join materials, you could consider using:

• mechanical fasteners (screws, bolts and 

press studs)

• chemical adhesion (glues, adhesives, soldering)

• jointing (interlocking)

• cohesion (solvents and welding).

Tools/equipment you could use
The tools and equipment you could use include:

• hand tools

• power tools

• other equipment, such as lathes and disc sanding 

machines.

After you have gathered all the information 

you need, you will have to organise the details. One 

approach could be to use the following headings.

• Time limit: How urgent is the need? How much 

time do you have to make it?

• Materials: What is suitable? What is available? 

What is the cost? New or recycled?

• Function: Why is the item needed? Does it have 

a secondary purpose as well as a primary purpose?

• Ergonomics: How e/ciently will people be able 

to use the item? Will its size and shape meet their 

needs in the best possible way?

• Appearance/aesthetic appeal: How will the 

item look? What !nish could you give it?
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• Personal safety: Could it injure users or 

bystanders?

• Design consequences: Is there any risk that 

making the item will harm the community or the 

environment?

•  Construction: Do you have the skills, 

knowledge and equipment needed to make it?

Generally, most people need some help to solve  

their design problems. You can get ideas and 

information from:

• books and magazines in the library

• analysing or looking at similar objects or systems 

in your community

• talking with people to !nd out their views

• experts in industry, in government and in colleges 

or universities.

3 Developing your ideas
At this stage, you record all your ideas using pictures 

and/or words.

• Make initial sketches. Sketches are a quick way 

to draw an idea or show people what you mean. 

Remember to keep your sketches in proportion. 

Drawing your sketches in proportion will assist 

in assessing their visual appeal. It is a good idea to 

use grid paper for your sketches, as grid lines aid 

your line drawing skills. Grid paper is available in 

a range of sizes and formats.

Sketches could be pictorial drawings or they could 

be orthogonal drawings. 

INFORMATION FILE

Some basics of graphics  
Graphics is using lines, shapes and rendering (see page 21 to record your ideas.

Line type Application

A thick continuous line Used to show visible outlines

A thin continuous line Used to draw:

• dimension lines

• projection lines

• hatching

•  short centre lines

• general symbols

• $ctitious outlines

A thin broken line Used to show hidden details

A thin chain line Used to show centre lines

A thin broken line, thick at ends Used to show a cutting plane

A thin freehand continuous line Used to show a break in a view, 
especially when drawing large objects

Different types of lines are used in graphics for different purposes.  
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Pictorial drawings

Pictorial (picture) drawings are three-dimensional 

(3D) drawings. These drawings show the three sides of 

an item – a top, a front and a side. Two examples, an 

isometric drawing and a cabinet oblique drawing, are 

shown below. Pictorial drawings should be drawn to 

show the most detail possible. In the examples below 

both ends of the table look the same – if the left side 

view had more detail than the right-side view, then you 

would show the left side view. In this case it does not 

matter whether you show the right or left side view. 

An isometric drawing of a matchbox

Isometric drawings

Isometric drawings require a starting point (SP). The 

starting point enables you to draw three construction 

lines as shown below: a vertical line, 90°; a sloping line – 

30° to the right and another sloping line – 30° to the left.

An isometric drawing 

A cabinet oblique drawing

Step 1

• Draw the SP

Step 2

• Using a rule or compass/divider measure

   the length, height and width of the object

• Mark distances on lines 1, 2 and 3

1 3

2

Step 3

• Complete the box

Note: parallel lines

Step 4

Add detail and line in

You can provide separate sketches to show greater 

detail or alternative solutions. You will note in the 

example below that the parts, the leg and the rail, have 

been pulled apart to enable a clear view of possible 

joining methods.

OR
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Cabinet oblique drawings 

Cabinet oblique drawings also require a starting point 

(SP). The starting point enables you to draw three 

construction lines – a horizontal line, a vertical line 

90° and a sloping line – 45° to the right or the left.

Orthogonal drawings
Orthogonal drawings are two-dimensional (2D) 

drawings arranged in a particular way, as shown below. 

The example is of the table above. There are three 

($at) views of the table; that is, a top view, a front view 

and a right-side view. (Side views can be right or left.) 

You would draw both side views if they were di�erent, 

but there is no need to draw both if they are the same. 

Note: two views – that is, top and front views or front 

and side views – often provide all the required details.

Orthogonal drawing

Top view

Front view Side view

An orthogonal drawing

Orthogonal drawings are used to show details that 

cannot be seen in a pictorial drawing. Di�erent types 

of lines are used to show detail that may be hidden. 

(For more on types of lines, see, page 17.)

Once you have completed your sketches, note 

down any features you may !nd di/cult to sketch, such 

as type of material, and size and type of fasteners. Add 

render (see ‘Rendering’ on page 21).  

Today, many designers use computer-aided design 

(CAD) to develop their ideas and to prepare the 

drawings. You too can use software packages such 

as SketchUp or Autodesk Inventor to prepare your 

drawings. (See ‘Computer-aided design’ on page 44.)

If you are working with other people, you may 

wish to use brainstorming to develop your ideas. 

When you brainstorm, you put everyone’s ideas 

together. Using CAD allows ideas to be shared 

quickly through collaboration in the cloud.

Step 1

Draw the SP

Step 3

Complete the box

Step 2

Measure length, height

and width. Note width

is halved – measure 5 mm

only, NOT 10 mm

HEIGHT

LENGTH

WIDTH

Step 4

Add detail and line in

45

30

10

A cabinet oblique drawing of a matchbox 
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4 Choosing your /nal  

solution
Your !rst idea may not be the best solution. You may 

need to combine several ideas to come up with a !nal 

solution.

• Study your initial sketches and the features you 

have noted.

• Choose your !nal solution, and record all the 

requirements.

• Record your reasons for selecting these 

requirements. This record of requirements is 

called a !nal speci!cation.

At this stage you should render your !nal solution 

to make it look real. This will help you to see how the 

!nished article will look before you make it.

Consider using colours, if appropriate, on your 

!nal solution. Colour your sketch with crayons, felt-

tip pens, watercolours or other appropriate media to 

give added realism.

Experiment with different colour schemes to assess the 

aesthetic appeal of the �nal solution. (You may need to 

present a number of coloured sketches.)  K
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To help you visualise and test your !nal solution 

before manufacturing it, you can make a model.  

The model could be full-size, or it could be scaled 

down if it would be too large to make.

You can use inexpensive materials such as paper, 

cardboard, glue and staples to produce mock-ups. 

Alternatively, more realistic models can be made 

from foam, wood and metal, with an appropriate 

f inish applied. 

Model-making helps you to identify:

• weaknesses in the structure or the materials to be 

used

• design problems (such as instability caused by 

poorly balanced components)

• the steps in manufacturing the item

• improvements that could be made.

Some manufacturers may use a full-sized model  

to seek responses from the public. The model is 

displayed at a selected venue. People are asked to 

comment about the design. These comments help 

designers to review the design. If necessary, changes 

will be made to the !nal solution prior to producing 

it. Today, a technique known as rapid prototyping is 

used to produce a model.

INFORMATION FILE

Rendering
Designers use rendering to add realism to their 

drawings. Rendering involves using lines or dots to 

create tones and texture. The lines and dots can be 

spaced or angled differently to suggest a variety of 

$nishes such as shiny surfaces, textured surfaces and 

wood grains.

Lines and dots can also be used to create a three-

dimensional effect by suggesting tones and shadows.

Different weights of lines can also be used to 

emphasise particular features.

Colour can be added to make the drawing even  

more realistic. In industry, designers often make 

a number of copies with different colours so that 

managers and clients can decide on a colour range  

for the $nal product.
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INFORMATION FILE

Modelling
Modelling is a quick way to help people see and test 

a design before producing it. Search online for videos 

that show the process of car-modelling, from the stage 

of the basic shell to the full-sized model. 

The shell of the car is modi�ed so that it has 

the necessary design features. For example, this may 

There are several stages in the process of car modelling, including creating the outer shell, building up the outer shape, shaping the 

model, checking the pro�le and building up the dashboard and centre console

5 Making a working drawing
Make a detailed drawing (usually orthogonal) of the 

components, and write down your speci!cations. The 

working drawing should include your procedure, as 

well as a list of materials and the costs involved.

Your procedure can be recorded as either a list of 

steps and tools/equipment, for example:

1 Mark out (pencil, rule and square)

2 Cut out (coping saw or hacksaw)

3 

4 

or a $ow chart (using words and/or pictures).

MARK OUT CUT OUT 

Your materials list can be drawn up as a table with 

headings, such as Table 2.1 on the following page. 

Marking a working drawing

include big, chrome wheels, a shield-like front grille 

and slanted headlights.

The completed mock-up looks like a new model 

of a vehicle that has just been released for sale by the 

automobile company.
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Use a folder to keep your work together

Component Material Size Number required Cost

Legs Pine 42 × 42 mm 4 / 430 mm long $

Rails Pine 42 × 19 mm 2 / 1116 mm long $

Pine 42 × 19 mm 2 / 426 mm long $

Top Particle board, pine 1150 × 460 × 19 mm 1 off $

Screwing blocks Pine 42 × 19 mm 4 / 60 mm long $

Veneer edging Pine Comes in standard 
thickness

1 / 3300 mm long $

Particle board, wood 
screw, countersunk

Steel – zinc plated 10G × 30 mm 4 $

Adhesive PVA wood glue $

Polyurethane varnish Satin $nish $

Total cost $

Note: In industry, common headings are: Number, Description, Quantity, Length, Width, Thickness, Material, Cost and Notes (which 

could include things like manufacturing methods).

6 Manufacturing the item
Complete the item using the processes of forming, 

separating and combining (see page 213), as recorded in 

Step 5. This stage is often called realisation.

7 Testing and evaluation
You need to test whether or not your design has 

solved the problem or met the need. At this stage, 

your product is a prototype. The process of testing a 

prototype is called evaluation.

If testing shows that your prototype has not 

solved the problem, then you should repeat the design 

process either in whole or in part. This may mean that 

you have to do some more research.

It is not uncommon for designers to modify their 

solution. Unexpected problems often arise when the 

prototype is being made or tested. These problems 

must be solved before work can continue.

In industry, any modi!cations to a product 

are made at the prototype stage, before the factory 

provides tools, machinery and equipment for mass 

production.

When evaluating your solution, you could ask 

yourself questions such as:

• How did my artefact turn out?

• What problems did I have in making the item?

• How did I solve these problems?

• How could I improve the design? (Consider 

material selection, joining methods, and so on.)

You could also draw up a table such as Table 2.2 

on the following page and record your comments or 

use a Plus (+), Minus (–), Interesting (!) chart (PMI).

Finally, to keep all your work together:

• make a folder and put all your sheets in it

• sketch your solution on the front cover and add 

the title and your name.

 Your design folio is now complete.

Table 2.1 Materials list  
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Stages of the design process for picnic tables in a national park  

Table 2.2 Evaluation summary

Good points Weak points

My conclusion:
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Case study: The design folio

The situation

I have trouble finding letters received in the mail. At the moment, 
they’re somewhere in the piles of papers on my desk. I want to be able 
to find them quickly.

1 Design brief

To design and make an object that wi! store at least 10 letters in a 
neat manner, so that I can find them quickly.

2 Analysing the problem

Size of envelopes:

Time limit:

I have 4 hours to make it.

Materials:

It could be made of wood, metal or plastic (for example, 
68 × 12; pine or mahogany; or 3 mm thick acrylic).

Function:

•  It must hold at least 10 envelopes (large and 
sma!).

•  It must store the envelopes neatly so they are 
easily identifiable.

•  It must be movable (free-standing).
•  It could also be used to hold pencils and  

pens.

240145

Small
Large

1
0
0

9
0

Ergonomics:

•  The holder should be wide enough to a!ow the 
letters to be inserted and removed easily  
(at least 25 mi!imetres wide).

•  Make front and back same or di1erent  
heights?

Appearance/aesthetic appeal:

To be colourful and glossy (to match décor of my room). 
Shape(s)? Texture(s)? Colour(s)?

Personal safety:

There must be no sharp corners or edges. It must be 
stable. (Add feet?)

Design consequences:

It presents no danger to people or the environment. I wi! 
try to conserve resources by using leftover materials.

Construction:

I have access to hand tools and a belt disc sander, 
cordless power dri! and scro! saw. 
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3 Ideas

Box – timber or acrylic? Timber back and sides, plywood base?
Glue and nail back, sides and base

Dowel
dividers Screws?

(Round
head or
raised
head?)

Acrylic front –
translucent

Cut grooves to
hold dividers?

Shape on
front
piece

Plywood base
and dividers

Burn in
shape?
Hot wire
poker?

Acrylic
front

Geometrical
pattern?

Plywood or acrylic
dividers, glued and
nailed or screwed to base

Timber box –
68 x 12?
Glued and
nailed
together

Timber base

Cut groove in
timber base
for middle
divider?

Joining –
glues or joints
or mechanical fasteners
(e.g. screws, nails)?

Add plywood
or dowel
dividers?

Pine feet?

Glue on
coloured
shapes?

Attach with round-head screws

Groove and/or hole for
pens and pencils?

Pine base?

Acrylic base – strips glued together
black/red? Black/white? Red/white?

Engrave
‘Letters’

Acrylic –
opaque or
translucent

Acrylic (3 mm thick)
or copper or
aluminium or zinc
anneal
(1 mm thick)?

Timber base and back – glue and nail
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4 Choosing a solution

Body:
acrylic 3 mm thick

Acrylic base:
3 red and 2 black strips
(each 3 mm thick
glued together)

150

60

15

40

70

100

Engrave the word ‘Letters’

Body is glued to the
base with solvent

Round off all corners

5 mm radius

My reasons for making these choices:

I have selected acrylic because:
• It looks good and I like the colours.
• It is strong enough for this purpose.
• It wi! fit in with the décor of my room.
• It wi! be safe to use.
•  I have tested the size and shape of the item to ensure that it is stable and that it wi! hold at least  

10 letters.
• Cohesive bonding does not spoil the appearance of the item (unlike screws).
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5 Working drawings

6
0

Ro
un

d 
off

a	
 c

or
ne

rs
5 

m
m

 r
ad

iu
s

En
gr

av
e 

th
e

wo
rd

 ‘L
et

te
rs

’
40

 m
m

 h
ig

h

1
5
0

1
0

T
O

P
 V

IE
W

F
R
O

N
T

 V
IE

W

1
0
0

2
5

2
5

4
0

7
0 1
5

R
IG

H
T

 S
ID

E
 V

IE
W

SC
AL

E 
1:

2
B

E
R
N

A
R
D

 C
O

O
K



9780170439398Nelson Introducing Technology30

Procedure

1 Mark out pieces for base and body (pencil, ruler and square).
2 Cut out pieces for base and body (coping saw or scro! saw).
3 Glue pieces for base (G-clamp or bench vice).
4 Finish o1 edges (files, scraper, bu1ing wheel).
5 Engrave ‘Letters’ (engraver).
6 Bend body to shape (strip heater).
7 Glue body to base (G-clamp or spring clamp).

Material list

Component Material Size (mm) No. required Cost

1 Base

 

2 Body

Adhesive

Polish

Acrylic: opaque 
(black and red)

Acrylic: translucent (black)

Ethylene dichloride

Rouge

150 × 60 × 3

180 × 100 × 3

5 (2 black, 3 red)

1

Total cost $

6 Realisation

Make the letter holder, using the procedures outlined in step 5.

7 Testing and evaluation

Good points Weak points

• It looks good - for example, the ‘clean look’ of acrylic is 

visua!y appealing to me. The clash of colours - black and 

red - attracts attention. It also gives it a bold appearance.

• It is easy to use - for example, there is plenty of width 

for 10 envelopes. The length of the body makes it easy to 

insert envelopes.

• It is stable - for example, the base is heavy enough to stop 

it from fa!ing over if bumped. The 3 mm thick acrylic 

used for the body is rigid enough to take a knock without 

breaking.

• It is safe - for example, there are no sharp corners or 

edges.

• Two corners on the base are not rounded o1 we!. (I should 

have checked it better. Next time I wi! use a template to 

make sure that a! corners are the same.)

 

• The body is at a slight angle to the base. Again, I need to take 

more care when gluing it. A cardboard template could have 

been used to locate the body para!el to the edge of the base.

My conclusion

It took 4 1/2 hours to complete the task. I need to be more aware of the time limit next time.

The letter holder works we!. I’m very pleased with it. (My friends like it too.) 
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Systems thinking
Our world relies on systems. There are 

communication systems, safety systems, sound 

systems and heating systems to name a few. Can you 

think of some other systems that you use?

A system in technology is a collection of parts or 

a group of activities used to complete a task. The task 

may be a solution to a problem or a way of achieving a 

goal. The understanding of this process and its impact 

is known as systems thinking.  
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Process
The process is all the activities undertaken to solve the 

problem or to produce the desired result. A common 

process used in a design and technology system to solve 

problems is:   

Output
The output is the solution to the problem, or the 

achieved goal and its impacts. The impacts of the 

system may be benefits or costs.

Each part or activity of the technological system 

has its own speci
c contribution and e�ect. Let’s 

examine each part.

Input
An input is any resource that contributes to a system. 

The resource may be supplies or support for the 

system.

Parts of a system

Some resources of a system

Systems thinking is using the basic parts of a 

system. The basic parts of a system are input, process, 

output and feedback. The system is usually a loop, 

wherein feedback is provided to adjust the input, but 

sometimes this is not the case. Block diagrams are used 

to show a system.

People

Tools and

equipment

Energy Materials

Information

Input

Investigation

Designing the product and parts

Making the parts

Assembly

The output

Solution

Impacts

Costs Benefits

OutputProcessInput

Feedback

The process
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Feedback
The feedback is the information – positive or negative 

– about the output. This information can then be 

used to assess the performance of the system. Any 

shortcomings or concerns are seen as an additional 

resource in the loop, thus ensuring improvement 

(a system may have no feedback; for example, an open-

loop control system)

Systems are usually made up of a number of 

sub systems. Each sub system has its own input, 

process, output and feedback. Sub systems may also 

have lower sub systems that work together to produce 

the output.

Some examples of feedback

Quality

Problems

Wastage

Impact on the

environment

Now that you know what systems thinking is, 

we will look at a number of systems and their various 

outputs. Speci
cally, we will look at: 

• Technological systems: manufacturing – making 

products

• Technological systems: construction – producing 

structures

• Electronic systems – devising circuits

• Control systems – managing tasks.

Some sub systems of an electric bike 

Drive sub system Braking sub system

Display sub system

Steering  

sub system

Battery sub system
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3A Technological systems: Manufacturing
In this section, you will learn about:

 a technological system

 manufacturing

 the main stages of the manufacturing process in industry

 production plans and manufacturing aids to use when making things yourself.

Each block describes one stage of a manufacturing 

system. Each stage is a subsystem of the overall 

system. For example, in the subsystem ‘Production 

of standard stock’, raw materials are processed to 

produce standard stock (e.g. planks of wood).

A subsystem is often made up of lower subsystems 

that function on their own. They all have inputs, 

processes, outputs and feedback. Can you name some 

of these lower subsystems?

Every system is modi
ed in response to 

feedback. For example, if people are concerned about 

deforestation of tropical rainforests, they will not 

purchase a piece of furniture made of rainforest 

timbers. The demand for plantation timbers will 

then increase. This has an e�ect on the ‘Primary 

production’ subsystem. The input and process stages 

may need to be modi
ed to meet the demand.

The impact of the product on the environment 

could be another concern. Here, designers and 

engineers look at the life cycle of the product; that is, 

how long before the product wears out. They think 

about which materials and processes to use to make 

the item. Some testing of materials and processes may 

be done to determine the possible impacts.The manufacturing system 

Input

• Information

• Materials

• Tools and equipment

• Skills

Output

• Product

• Waste

Process

Feedback

• Quality

• Wastage

• Investigating what

people want

• Developing the item

• Producing the item

• Marketing and sales

The systems approach
The systems approach enables people to describe and 

devise technological systems. A technological system 

could be simple – for example, a torch – or more 

complex – for example, a manufacturing system.

A basic manufacturing system used in industry 

is shown the diagram on the right. Study it for a 

moment. What did you notice?

The manufacturing system is made up of input, 

process, output and feedback. We will discuss the parts 

of this system in greater detail later in this section. 

What you need to know at this stage is the outcome of 

the manufacturing system. The outcome is to produce 

items that meet the needs and wants of people. 

When following a process of steps or stages it is 

called a system or systems approach.

A basic manufacturing system

Stage 1: Primary production

Stage 2: Production of standard stock

Stage 3: Product manufacturing

Stage 4: Sales and distribution
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Designers and engineers also think about what 

will happen to the product when it is no longer of 

use. The solution may be to use materials that can be 

recycled or to select another material that will have 

a lesser impact on the environment. The ‘Product 

manufacturing’ subsystem may need to be modi
ed 

to meet the environmental concerns.

Each system is monitored, maintained and 

serviced by people. These procedures ensure that there 

is productivity within the system as well as response to 

societal concerns and community needs.

So far you have been introduced to manufacturing 

using the systems approach. It is a rather basic systems 

diagram. The world of manufacturing needs to be 

explored in greater detail. The charts on pages 36  

and 37 describe what manufacturing is.  

Now that you know what manufacturing is, a 

more complex process diagram can be drawn.

You will note that the previous Stage 3 (‘Product 

manufacturing’) has been expanded to re+ect what 

A more complex manufacturing system diagram

actually happens. There is more detail about the steps 

being done within the process. In other words, some 

of the lower subsystems have been included in the 

diagram.

Additional subsystems – for example, fastener 

production or specialist suppliers – can be added to 

the +ow chart to show their contribution to the whole 

process.

There may be times when you do not want to 

examine the whole system, but only part of it. This is 

possible by drawing in a boundary as shown.

This systems diagram has highlighted some of the 

processes used in manufacturing. The manufacturing 

process for an item will depend on the production 

system.

Production systems
Production can be organised in three ways:

• custom production

• job-lot production

• line production.

Custom production
In custom production, or ‘one-o�’ production, many 

di�erent versions of a particular item are made. For 

example, surfboards may be custom made to meet the 

needs of individual surfers.

Custom-made items are usually more expensive 

because they take longer to produce.

The workers employed in a custom-production 

system need to be highly skilled in a number of areas 

because every item they make is unique.

Primary production

Production of standard stock

Production of components

Production of sub-assemblies

(Boundary)

Assembling the product

Sales and distribution

(Additional subsystems)

Fastener production

Specialist supplier

A custom-made item
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1

Manufacturing is the process of making an item that 

satis�es people’s needs or wants.

The manufacturing industry produces quantities of 

such items.

2

In manufacturing, people use materials, tools and 

skills to carry out a process; for example, drilling a 

hole in timber.

Items are usually manufactured by a series of different 

processes. This is called production.

3

First, raw materials may have to be converted into 

standard stock.

Components are then produced from the stock.

4

Different components are put together to make a sub-

assembly.

Sub-assemblies are combined with other 

sub-assemblies to form a �nished product.

5

Manufacturing �rms need not carry out all of 

these processes themselves. They can use stock, 

components or sub-assemblies that have been made 

by other companies.

Specialist suppliers

Manufacturer

Finished product

6

Manufacturing involves more than just production. 

There are six main stages in the manufacturing 

process. Each stage is usually carried out by people 

working in teams or groups of different sizes.

The world of manufacturing

The world of manufacturing
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1 Researching consumer demand

Before manufacturing a new product, the company 

must carry out research to �nd out what consumers 

want and what price they would pay for it.

2 Developing the product

A team of designers and engineers make prototypes 

and evaluate them to create a product that not only 

looks good, but also works ef�ciently and can be 

produced at a pro�t.

3 Production planning

Every stage of production, from raw materials to 

packaging, is planned to avoid delays, maintain quality 

and keep production costs low.

4 Tooling up for production

Machines and other equipment are obtained and 

installed according to the production plan so that 

production can begin.

5  Production including quality control

Finished products are made and packaged. 

Their quality is maintained through a system of 

checking or testing.

6 Marketing and distribution

The packaged products are warehoused, marketed 

and transported to purchasers. The manufacturer’s 

selling price will have to be enough to allow a pro�t 

after paying for raw materials, production costs 

(wages, equipment, power, etc.), packaging, marketing 

and transportation.

The manufacturing process

The manufacturing process
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Job-lot production
In job-lot production, also known as batch 

production, workers make a 
xed quantity of a 

particular item. For example, workers might make 

500 identical co�ee tables, then change to a new 

product and make 250 dining tables.

This system is faster and therefore less expensive 

than custom production. However, the workers 

must be able to learn new tasks easily, as they have to 

produce batches of di�erent items.

Job-lot items, in this case chairs

Robots and automated machines are common in mass production.

Line production

Line production
In line production (also called mass production, 

continuous production, or +ow production) large 

quantities of a single product are manufactured. 

This is the fastest and least expensive method of 

production.

The 
nished item is produced by a number of 

workers and machines, each with a particular part to 

play in the production process.

The workers and machines are positioned at 

workstations along an assembly line. The item is 

built up from components as it is carried around 

by a system such as a conveyor belt. This system is 

well suited to the mass production of complicated 

products such as motor vehicles and electronic 

equipment.

Production-line workers do not need to have a 

wide range of skills, though they may be very highly 

skilled in particular 
elds. Each worker does one task 

continually and so becomes specialised.

Automation
Automation in manufacturing is the use of machines 

and systems, instead of people, to control and perform 

tasks. In many industries, people work side by side 

with robots and automated machines to mass-produce 

items.
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Materials and parts can be moved around the factory 

by automated guided vehicles (AGVs). One way the 

AGVs move about is to follow a wire, which has been 

placed in the +oor of the factory. The path of the AGVs 

can be changed to meet the demands of production.

Automated guided vehicles (AGVs) in a factory

The Uddevalla system was developed in Sweden.

Automation has meant that people no longer 

need to perform many of the repetitive and sometimes 

hazardous tasks in the workplace, such as materials 

handling and spray painting.

Automation today relies heavily on computers 

and their ability to monitor and control data and 

processes. 

INFORMATION FILE

The Uddevalla system
An alternative way of manufacturing items has been developed 

at the Volvo automobile assembly plant in Uddevalla, Sweden. 

The Uddevalla system is based on teamwork. The team members 

have to assemble the entire product at one location. They are also 

responsible for their own quality control. Each member of the team 

is trained to perform a number of tasks – and some members can 

perform all the tasks. A replacement worker is therefore not needed 

when a worker is absent.

Computers are used in industry in three main ways:

• computer-aided design

• computer-aided manufacture

• data processing.

Computer-aided design 

(CAD)
Engineers and designers use computers as a drafting 

tool to design an item and to draw it. The item can be 

viewed on the screen and modi
ed quickly as needs 

change prior to manufacture. The stored data can 

then be used to manufacture the item. There are many 

software systems that are used for this purpose.

Computer-aided design (CAD)
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CAM machine

A work cell in a CIM factory

INFORMATION FILE

Factories of the future
Factories of the future will rely more and more upon 

automation; computers will monitor and control all 

operations, streamlining them and thus saving time 

and money. A new manufacturing system, known as 

computer-integrated manufacturing (CIM), has been 

developed to do this. It is hoped that this integrated 

Robots, like many other machines, are interfaced 

with computers. The program in the computer 

controls the machine or robot as it performs 

specif ic tasks. These tasks can be repeated over and 

over to produce many identical components.

Data processing 
Computers are used to store, distribute and 

communicate data inside and outside the industry. 

Data is becoming an increasingly important tool in 

manufacturing and production industries. 

Computer-aided  

manufacture (CAM)
Computer-aided manufacturing processes link 

machines with computers. They are known as 

computer numerically controlled (CNC) machines. 
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system will mean greater ef�ciency and productivity, as 

well as 2exibility in meeting consumers’ demands.

The CIM factory is divided into centres such as 

fabrication and assembly centres. These are subdivided 

into work cells. Each work cell is further divided into 

workstations. Each station performs a speci�c process, 

such as welding, drilling or milling.
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Now that you know about manufacturing in 

industry, you can use some of its principles when you 

are making things yourself.

Three very helpful ideas from industry are:

• production planning

• special manufacturing aids

• CAD/CAM systems.

Production planning
Manufacturers in industry use plans and charts to 

streamline the production process. 

Production plans
Production plans improve your organisation. For 

example, production plans:

• set out every step involved in making an item to 

help you avoid leaving anything out

• allow you to work out a logical sequence of 

production steps

• ensure that all the necessary equipment and 

materials are available when they are needed

• minimise delays.

Production plan for a drink coaster 

Base (B)

B1 D1

D2

TS

B2

B3

B4

B5

B6

BD1

BD2

TS

TS

Key:

Operation

Temporary

storage
Inspection

Delay
(e.g. gluing,

finishing)

Mark out shape
and hole position

Mark out shape

Cut to size and
shape

Cut and shape
to outline

Round edges

Sand

Apply finish

Assemble: glue disc
to base

Package

Hold for distribution

Counterbore hole
for disc

Disc (D)

Illustration of the ,nished drink coaster
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Manufacturing 
sequence

Operation Tools and equipment*

Base:

B1 Mark out shape and hole position Template

B2 Cut and shape to outline Hand saw/jig saw/bandsaw

B3 Round edges Surform/�les/disc sander

B4 Counterbore hole for disc Forstner bit with bench drill

B5 Sand Belt sander/orbital sander/hand sand

B6 Apply �nish Brush/spray

Disc:

D1 Mark out shape Template

D2 Cut to size and shape Tinsnips/�les/disc sander

Assembly:

BD1 Glue disc to base Jig/clamping device

BD2 Package

* Note that you could add another column to record notes and additional information if necessary.

Table 3.1 Procedure sheet: Drink coasters 

Gantt chart
A Gantt chart lists all the tasks and the period of 

time needed for each task, in order to complete the 

project. The tasks are listed on the vertical axis, while 

the period of time to complete a task is shown as a bar 

along the horizontal axis. Note that the period of time 

can be listed in days, weeks, months or years.

Drink coasters

Week 1 Week 2 Week 3

Prepare base

Prepare disc

Assembly and package

Evaluation

Gantt chart: Drink coasters

Special  

manufacturing aids
Since labour costs are generally the most expensive 

part of industrial manufacturing, special aids have 

been developed to reduce the time that people take 

to complete particular tasks. Some of these aids also 

reduce the likelihood that mistakes will be made.

Some of these aids include:

• templates or outlines that can be used over and 

over again to mark an accurate shape on material 

or to guide a tool when cutting the shape directly 

from the material
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A template for marking

out (draw around)

A template for cutting

(cut inside)

• jigs, which are devices that guide a cutting tool 

into the right position for use. They can also hold 

the material in place

A template for marking out (draw around)

A template for cutting (cut inside)

• 
xtures, which are devices that hold the material 

in place during processes such as drilling, sawing 

and assembly. Fixtures are usually attached to a 

surface or a machine

A drill jig guides

the twist drill

and holds the

work in place

A jig

A ‘V’-block fixture

holds the round stock

to be milled

A ,xture

• gauges, which are devices used to check whether 

or not the size of an item is acceptable. Gauges 

all have an upper limit and a lower limit, and the 

size of the item must be between these limits. 

The di�erence in size that can be allowed is called 

the tolerance. It is recorded as ± 0.00 mm. For 

example, plus or minus 0.1 of a millimetre.

A plug gauge to measure

the diameter of a hole

(as in a bearing)

Lower limit
Bearing

Upper limit

A gauge

Tolerance limits depend on the function of the 

item. For example, fast-moving parts have a very small 

tolerance, such as ± 0.1 millimetres. They must 
t 

closely together so that they work properly and don’t 

wear out. On the other hand, the base of a skateboard 

could have a tolerance of ± 1 millimetre. Such a 

variation in the size of the base is not critical to the 

performance of the skateboard.

CAD/CAM systems
Computer-aided design (CAD) uses computers to 

design products. Computer-aided manufacturing 

(CAM) uses CNC machines to manufacture products. 

The design of products using CAD can happen in one 
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2D CAD images of a surfboard

Di�erent parts of an object can be assembled to 

show the completed design. The object can then be 

rotated, copied and moved around the screen. The 

object can also be rendered to create a model.

A CAD model of the wire-frame

The model can be tested on screen to simulate real-life 

scenarios. CAD simulation can also be used to identify 

any potential problems during the manufacturing process. 

Problems with the design or manufacturing can be 

corrected, thus saving time and money.

A CAD wire-frame image

location and the production of the item in another 

part of the country or world using CAM.

CAD/CAM is an important part of 

manufacturing around the world. Products can 

usually be designed and manufactured in less time 

than using traditional methods.

Computer-aided design
CAD enables designers to draw lines, curves and 

circles accurately. These marks can be used to create 

two-dimensional (2D) or three-dimensional (3D) 

designs or objects to scale. Examples of 2D software 

packages include Auto Cad and Auto Sketch; an 

example of 3D software is Pro Desktop.

Computer-aided  

manufacturing
Computer-aided manufacturing can be used to 

produce a prototype from the CAD drawings with 

CNC machines such as milling machines or lathes.  

A product can be copied many times and made to the 

same standard every time.

A surfboard blank

A CAM surfboard
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The materials commonly used are either 

thermoplastics such as acrylic or polystyrene, or 

non-ferrous metals like aluminium. Other suitable 

INFORMATION FILE

CAD/CAM systems
The accuracy of the CAD/CAM system is made possible 

by coordinates, which are used to locate all points. 

All positions are recorded as (x, y ) coordinates in 2D, 

and (x, y, z ) coordinates in 3D. Let’s look at how the 

coordinates are located on the computer screen.

2D drawings use coordinates measured along the 

x-axis and y-axis, like plotting a graph. Study the 2D 

diagram to locate coordinate (3, 2). 

It is found by locating point 3 along the x-axis, 

then point 2 along the y-axis. The intersection of these 

points is the position of coordinate (3, 2).

materials include medium-density 
breboard (MDF) 

and modelling wax.

speci�c distance along the axis when manufacturing 

the part or product.

The CNC diagram shows the location of the axes 

and the location of coordinate (3, 2, 4).

The x-axis and the y-axis are located along the 

surface of the table of the CNC machine. Note that the 

z-axis is vertical to the table in this application. The 

cutting tool is programmed to make a series of  

passes to produce the desired form.

(3, 2, 4)

(0, 0, 0)
1

1

1

2

3

4

2

2 3
x

y

z

(0, 0)

(3, 2)

1

1

2

y

x

2 3

Coordinates in 2D

3D drawings use a third coordinate, measured 

along the z-axis. The z-axis comes out of the screen 

towards the viewer. Study the 3D diagram to locate 

coordinate (3, 2, 4).

It is found by locating point 3 along the x-axis, then 

point 2 along the y-axis, as before. Point 4 is then located 

along the z-axis towards the viewer. The intersection of 

these points is the position of coordinate (3, 2, 4).

Now let’s look at how the coordinates are 

processed by CNC machines.

CNC machines use the coordinates provided 

to move the cutting tool in a speci�c direction for a 

(3, 2, 4)

(0, 0, 0)
1

1 1

2

2

3

4

2 3

x

y

z

Coordinates on a CNC machine

Coordinates in 3D
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INFORMATION FILE

V8 Supercars
DJR Team Penske (formerly Dick Johnson Racing) is a big user of CAD/CAM systems. The CAD/CAM system 

enables DJR Team Penske to produce parts for their race vehicles in-house, which saves time and money. 

The other advantage is that DJR Team Penske’s design and engineering ideas can be protected from other teams 

in the V8 Supercar Championship Series. The end result may be an advantage on the race circuit.

Technicians use CAD/CAM to design new parts or modify existing parts for their V8 Supercars and then 

produce the prototype. The prototype can be tested and modi�ed quickly because all work is done on site at DJR.

The CAD/CAM system at DJR Team Penske consists of a CAD software package which is used to design 

an item, a range of CNC machines such as a lathe, milling machine and various axis CNC machines, and CAM 

software that assists in manufacturing the item.

The photographs below show a trigger wheel for the engine, which was produced by DJR Team Penske’s 

CAD/CAM system. The trigger wheel is a component of a device that can measure the rotational speed.

A CNC machineA CAD model

The ,nal CAM product
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In this section, you will learn about:

 the construction system

 different kinds of structures

 factors involved in constructing buildings.

3B Technological systems: Construction

Input

• Discussing the needs

of the client

• Presenting plans

• Seeking approval

Process

• Preparing the

construction site

• Building the structure

• Restoring the site

Feedback

• Faults

• Problems

• Does it meet the

   client’s needs

Output

• Using the structure

A construction system

The construction system is another technological 

system that is made up of input, process, output and 

feedback. We will discuss the parts of this system in 

greater detail later in this section. What you need to 

know at this stage is the outcome of the construction 

system. The outcome is to produce structures that 

meet the needs of people.

What are structures?
A structure is something that can carry a load and 

withstand other forces acting on it.

There are natural structures in the world 

around us. For example, the human skeleton is a 

bony structure that carries the mass of the body and 

withstands forces when the body moves.

People have made many di�erent kinds of 

structures that carry loads and withstand other forces. 

Examples include structures that: 

• provide shelter, such as homes and o<ce 

buildings

• carry loads, such as bridges, towers and cranes

• control the environment, such as dams and 

retaining walls.
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The Sydney Harbour Bridge is an example of a structure.
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Loads
A structure has to support its own mass as well as any 

other loads. For example, a water tower has to carry 

the mass of steel and concrete from which it is made, 

as well as the water stored in it.

There are two kinds of load:

• static load, which is a load that is not moving. 

When a person is sitting still on a chair, the chair 

is carrying a static load

• dynamic load, which is a moving load. When a 

person is bouncing up and down on a chair, the 

chair is carrying a dynamic load. Dynamic loads 

can be very destructive.

A structure must be designed to withstand static 

and dynamic loads. If it cannot, it will collapse or 

break. This is known as structural failure caused by 

overloading.

Which manufactured structures can you identify in this scene?

Kinds of loads

A static load A dynamic load Structural failure
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Forces
Forces act on structures as a result of their own mass 

and the loads they are carrying.

There are several di�erent kinds of force, listed 

below.

• Compression force: the structure is being 

squeezed together

• Tension force: the structure is being pulled apart

• Torsion force: the structure is being twisted

• Shear force: the structure is being cut in two 

by forces acting in opposite directions and at 

di�erent places from each other

• Bending force: the structure is being forced to bend.

If a structure is not strong enough to withstand all 

these forces, it will distort or break.

Torsion Shear

Bending

Compression Tension

Some types of force

To remove the risk that a structure will fail, it 

should be designed with a Factor of Safety. This 

means that the structure will be much stronger than 

necessary. For example, if the Factor of Safety is 3, the 

structure has been designed to withstand forces three 

times greater than those expected.

Types of structure
Structures can be classi
ed as frame structures or shell 

structures.

Frame structures
A frame structure is made up of separate pieces of 

material, called members. Members are joined together to 

form basic shapes such as rectangles and triangles. These 

shapes, often called trusses, can then be combined to 

form more complex structures such as bridges and cranes.

Frame structures are strong but relatively light. 

This type of construction is therefore common when 

distances have to be spanned or great heights have to 

be reached, as is the case with bridges and skyscrapers.

Examples of frame structures

Shell structures
A shell structure has no frame; instead, the load is 

carried by an outside skin. The support comes from 

the particular shape and the type of material used. A 

structure like this has the advantages of being very 

light compared to frames, and of being able to protect 

what is inside it.

Shell structures are also called monocoques. 

Examples include some aircraft fuselages and the 

bodies of Formula 1 racing cars.

Other examples of shell structures
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Frames
Rectangular structures are not rigid. If a force is 

applied, the structure will tend to change shape.

Force

The effect of force on a rectangular frame

A triangle is a more rigid structure than a 

rectangle. If a load is applied, each of the three 

members supports the others in di�erent ways. 

The triangle resists any change in shape. 

Tension

A member in tension

is called a tie

A member in

compression is

called a strut

Force

Compression

The effect of force on a triangular frame

The guywires used to support +agpoles and masts 

are an application of this principle.

A rectangular structure can be made more rigid by 

building it out of triangular shapes. This is known as 

triangulation. For example, the gate in the illustration 

below is made rigid by the diagonal member, called a 

bracing member. Without the bracing, the gate would 

sag under its own weight.

Bracing member Hinges

In this gate, which members are struts and which are ties?

Other methods of bracing

Triangulation is often used in buildings. For 

example, house frames are made more rigid by 

bracing. Pitched roofs are commonly constructed 

using triangulation.

Roof trusses are

based on triangulation

Bracing straps

run diagonally on

building frames

Applications of triangulation in house construction

Guywires 
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Another way of making a frame structure rigid 

is to 
x a gusset plate to each of the joins. This 

strengthens the joins and prevents movement.

Gusset

plate

Gusset plates on the corners of a frame prevent movement.

Using the same idea, sheets of plywood can be 

attached to frames or house frames to make the 

structure rigid.

Plywood used to reinforce housing frames

Concrete is strong in compression (along the top 

of a beam) and weak in tension (along the bottom). 

This is why steel reinforcing rods are built into the 

lower section of the horizontal concrete beams used in 

high-rise buildings.

Step 1

Step 2

Step 3

Steel rods are tensioned (stretched)

Concrete is poured

Reinforcing

rods

Tension in rods is released.

Beam is thus compressed

Pre-tensioning a concrete beam

A concrete beam can be made even stronger by 

pre-tensioning the steel rods. Pre-tensioned concrete 

beams can span greater distances than reinforced 

beams. This places the concrete beam in compression, 

meaning a greater tensile load is required to overcome 

this force and cause failure.
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Beams
A beam spans a gap and supports a load. When it is 

loaded, the beam will tend to bend. The load produces 

forces on the beam as shown in the following diagrams.

Load

Load

Compression

Neutral axis

Tension Bottom face is

being stretched

Top face is

being squashed

Forces acting on a loaded beam A bridge constructed with pre-tensioned steel rods
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Because the neutral axis has no force acting on 

it, material can be removed from this area without 

greatly reducing the strength of the beam. The 

illustration below shows some of the di�erent shapes 

that can be made. In this way, beams can be made 

lighter and less expensive.

Rectangular Channel

Angle ‘I’ section Oval tube

Examples of different-shaped beams

This principle is seen in the pre-tensioned 

concrete box-section girders used for bridges that have 

to span great distances.

A beam that is supported at one end only is called 

a cantilever. The forces acting on a cantilever are 

shown in the diagram below.

Tension

Compression
Load

Forces acting on a loaded cantilever

Sheet materials
A thin, +at sheet of material is usually very +exible 

and has limited bending strength. It is seldom used to 

carry loads on its own. It can be made more rigid by:

• combining it with other structures

• folding it into di�erent shapes.

These processes create a kind of beam.

In door construction, thin sheet materials such 

as plywood or hardboard are combined with a 

‘honeycomb’ support and an outer frame to produce a 

strong structure. 

Door structure

Corrugated iron, corrugated cardboard and 

cor+ute are all light yet quite rigid.

Corflute

Corrugated iron Corrugated cardboard

Ways in which sheet materials can be strengthened
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A housing  

construction system
An example of a construction system used to build 

houses is illustrated in the +ow chart below.

Input

Pre-planning

Process Output

OccupancyConstruction

schedule

• Faults – design and materials

• Improvements

Feedback

A housing construction system

The input activity is often referred to as pre-

planning. The pre-planning stage, like any problem-

solving activity, requires a good deal of e�ort to ensure 

a satisfactory result. For a more detailed look at this 

stage, see the Information File ‘The pre-planning stage 

of construction’ on the next page.

The process activity could be described as the 

construction schedule. A basic construction schedule 

can be used to organise the building process e<ciently. 

The schedule arranges the tasks in the order in which 

they should be done. It also ensures that materials, 

equipment and workers are on site at the right time, to 

prevent delays.

The construction schedule is made up of three 

lower subsystems or stages, as shown below.  

Stage 1 (site preparation) must be completed before 

Stage 2 can commence. However, all the steps listed in 

Stage 2 do not need to be completed before undertaking 

some of the steps listed in Stage 3. It is a matter of 

managing the schedule to avoid delays. Each schedule has 

a timeline for completion and occupancy – the output.

The feedback activity often begins during the 

construction stage. Faults and poor workmanship 

are usually the areas of concern. Feedback may 

also include a variation of the approved plan. The 

variation could be a minor alteration (for example, 

shifting the position of a doorway) or it could be a 

major alteration (for example, changing the layout of 

part of the building). Variations to the approved plans 

should be avoided, as changes can be quite costly.

Feedback and evaluation is ongoing during all the 

stages of the process, but 
nal evaluation occurs after 

occupancy. As people begin to use the building, its design 

can be evaluated against the original design brief. Faults 

can be repaired, and improvements can be highlighted.

Start

Finish

Stage 1

Site preparation

• Clearing

• Earthmoving

• Setting out

• Excavating

Stage 2

Building

• Foundation

• Base

• Structure

• Services

• Finishing

Stage 3

Landscaping

• Paths and drives

• Paved areas

• Fences

• Lawns and gardens

A construction schedule



978017043939854 Nelson Introducing Technology

A design process is also used in the pre-planning stage 

of constructing a building. These are the steps that an 

architect would follow:

 • identifying needs

 • developing preliminary ideas

 • presenting a plan

 • seeking client approval

 • preparing �nal plans.

Identifying needs

Each structure has its own particular needs or 

problems. These must be addressed prior to 

construction. For example, some considerations when 

planning a family home include:

 • a location plan

 • the number of family members

 • the family’s lifestyle

 • the budget

 • future additions to the building.

Developing preliminary ideas

Rough plans are drawn showing a number of possible 

designs. A design is selected after discussion with the 

client. This is considered in greater detail and re�ned in 

the next step.

Presenting a plan

The best design is reviewed and processed to create 

the �nal design. A rendered 3D drawing is presented to 

the client to help them visualise the appearance of the 

structure. Sometimes a model is also prepared, especially 

if the structure is a commercial or public-works building.

The plan is also analysed by other people in the 

construction industry, such as electrical, structural 

and hydraulic engineers, to ensure that all building 

regulations and codes have been addressed and to 

identify any potential construction problems.

Seeking client approval

The �nal plans can only be prepared after the client and 

others have �nished reviewing the design. Once the 

approval is given, the �nal drawings and speci�cations 

can be prepared.

Preparing %nal plans

It is important for an engineer to do a soil test before 

working drawings are undertaken. The soil test will 

determine what type of foundation can be used. For 

example, 2oating slab or posts/piers are suitable for 

different soils. This may have a bearing on the building 

design of the home.

The working drawings of the building are drawn 

to a metric scale, which varies according to the type of 

drawing. These drawings include:

 • a site plan, including the location of the property 

and its boundaries

 • 2oor plans, which show every feature of the 

building, including walls, windows, plumbing 

and electricals

 • elevations showing side views of the building 

when viewed from the ground

 • detailed drawings

 • sectional drawings, showing every detail of 

construction in a vertical plane.

The specifications are a set of written details 

serving as a record of requirements, such as 

materials and hardware to be used and standards to 

be followed.

A construction site

INFORMATION FILE

The pre-planning stage of construction
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Constructing  

a building
Buildings such as your home, your local shopping 

centre and your school were constructed using 

many of the principles we have just examined. When 

designing buildings, architects and engineers must 

work out all the loads and forces to ensure that the 

building will not collapse. They must also keep in 

mind any special functions of the building. For 

example, a hospital needs space for beds, rooms for 

interviewing sick people, operating theatres, car 

parking and so on.

Before construction of a building begins, there 

should be a planning stage in which a number of 

factors are considered, including:

• the character of the site

• the design of the building

• building materials and services

• the need for approval to build.

The planning stage involves preparing plans with 

speci
cations, costing the project and seeking council 

approval.

The character of a site
Sites can be classi
ed as:

• +at sites (or almost +at)

• undulating sites

• gentle slopes (5-degree to 10-degree fall)

• steep slopes (more than 15-degree fall)

• irregular sites.

Each kind of site has advantages and disadvantages. 

For example, a +at site means lower building costs but 

restricted views and breezes. A steep slope can provide 

good views and breezes, but construction costs are 

generally much higher. Other problems such as erosion 

and di<culty of access must be considered when 

building on a steep slope.

Flat

Undulating

Gentle slope

Steep slope

Irregular

Site pro,les

Building design
All buildings should be designed with a speci
c site 

in mind. There is a variety of designs suitable for 

each kind of site. However, the design will also be 

in+uenced by factors such as:

• the purpose of the building

• the desired construction techniques and materials

• the construction cost

• personal choice

• the number of occupants (high density or low 

density).
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High-set home
Factory

Units/flats Office block

Colonial Queenslander Townhouses

Examples of buildings suitable for a <at site or an undulating site

Split level

Examples of split-level buildings suitable for a gentle  

slope or an irregular site

Tiered dwelling

Post and beam

Examples of buildings suitable for a steep slope or an irregular site

Materials and services
Many di�erent materials can be used in the 

construction of buildings. The homes of the early 

pioneers were built mainly from wood, whereas 

buildings today use a combination of di�erent 

materials such as wood, metal, plastic, glass and 

masonry. The major factors a�ecting choice of 

materials are cost, appearance and durability.

Likewise, there are many services that people 

can choose to have installed in a building for their 

comfort or convenience. For example, electricity 

can be used to heat water, to cook food and to 

keep the building warm or cool. All these services 

require energy to function, and people are becoming 

increasingly conscious of the need to conserve 

energy. There is growing interest in energy-e<cient 

alternatives such as solar hot-water systems and wind 

generators.

It is important to consider not only the initial 

cost of constructing a building and installing 

services, but also the running costs. Thoughtful  

pre-planning can help to reduce these costs. For 

example, selecting an appropriate building style 

for the climate, and making wise use of insulating 

materials can reduce energy use.
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Solar panels for solar hot-water systems are an energy-ef,cient addition to modern homes  

INFORMATION FILE

Self-destructing skyscrapers
Many high-rise buildings are under attack by ‘concrete 

cancer’ caused by the steel rods used to make the concrete 

stronger. The problem with steel is that it rusts when 

exposed to air and water. Concrete is not a waterproof 

material. Moisture and air can penetrate it and cause 

the steel reinforcing rods to rust. This builds up internal 

pressures that eventually cause the concrete to break up.

One method of preventing this is to seal the concrete 

with waterproof coatings. However, another technique 

avoids the costly task of sealing the concrete. An electrically 

conducting web is attached to the steel reinforcing, which is 

then covered with concrete as usual. A small electric charge 

passed through the web will halt the rusting process.

Concrete cancer
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CAD <oor plans

Manufactured housing is a cheaper and faster 

alternative to traditional methods of building a house 

on site. It enables houses to be constructed all year 

round, whatever the climate.

In this system of building, the house components 

are manufactured in a factory, using mass-

production techniques such as CAM (computer-aided 

manufacturing), which ensure that all components will 

be of high quality and �t together properly. Buyers can 

even design their own 2oor plans on a computer using 

CAD (computer-aided design).

INFORMATION FILE

Pre-fabricated housing

Approval to build
The place in which a building is constructed must 

conform to the local town plan. The town plan shows 

the areas set aside for homes, industry, recreation, 

roads and other uses. As well, it often shows where 

development is to be allowed in the future. Town 

plans are revised from time to time to meet the 

changing needs of the community.

Before construction can begin, approval to build 

must be obtained from the local council. This is to 

ensure that the proposed structure will be built in 

the correct zone. For example, no one wants to build 

a home in the middle of an area zoned for heavy 

industry, or next to a future expressway.

The council also checks the plans to make sure 

that the structure meets all its building regulations. 

These lay down basic requirements, such as safety in 

building design, lighting, ventilation and size  

of rooms. 

While the building is being constructed, a 

council inspector will check the structure to ensure 

that it matches the speci
cations stated on the 

approved plans.

Some local councils may o�er an alternative 

approval process – that is, the use of private certi
ers. 

A private certi
er is someone who can con
rm that 

the required standards have been met. These certi
ers 

check the plans to make sure that the structure 

meets all the local building regulations. Once the 

plans have been approved, the private certi
er, 

like the council inspector, will check the structure 

during its construction to ensure that it matches the 

speci
cations stated on the approved plans.
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There are three systems of pre-fabricated housing construction.

Pre-cut

In the pre-cut system, all the components of the house 

are supplied cut to length. They are coded to enable 

quick assembly on site.

Pre-cut housing components

Panelised

In this system, wall sections are made up as coded 

panels of standard sizes; for example, 2400 millimetres 

high × 1200 millimetres long (and up to 12 000 

millimetres long). The panels are then joined together 

on site using nails, staples or adhesive. Roof trusses  

are usually included in the kit.

Modular

In modular systems, sections of the house are 

manufactured (about 90 per cent complete) as large 

units 3600 millimetres or 4800 millimetres wide and 

up to 18 000 millimetres in length. The sections are 

transported to the site and joined together using a 

crane. They can be joined side by side or stacked on  

top of each other.

Completed houses

Panel walls
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Tilt-up construction is a system that uses solid concrete 

panels as walls for structures. These structures include 

industrial, commercial, community and residential 

buildings.

The panels are cast on a horizontal and level 

casting base, often the concrete 2oor of the structure. 

Edge formwork is constructed in the shape of the 

panels. Openings such as windows and doorways can 

also be included in the panels. The formwork contains 

the concrete during casting and curing. The shape of 

the panel is limited only by the formwork.

The panels are often cast on top of each other, which 

is known as stack casting. This requires minimal use 

of the site area. Furthermore, the panel surface can be 

used as a casting base for the next panel. The size of the 

panels is limited only by the lifting capacity of the crane.

An example of tilt-up construction

The cured panels are lifted, tilted and moved 

into position. Temporary braces are used to hold the 

panels upright during assembly of the structure. Steel 

reinforcement such as posts and frames is used to 

strengthen and secure the structure. A sealant is used 

to seal the gaps between the panels.

The tilt-up system of construction was used 

in the 1960s to construct industrial buildings, 

warehouses and rural structures such as piggeries, 

dairies and storage facilities. Its advantages were 

strength, low maintenance and cost savings. 

However, many people saw the concrete finish as 

unattractive and drab.

The issue of aesthetic appeal of the panels was 

addressed in the early 1980s. The surfaces of the 

panels can now be sculpted, painted or textured 

giving a range of appearances and finishes. The 

result is that tilt-up construction is now considered 

by some architects, developers and engineers as 

an alternative building system in the design of 

structures.

INFORMATION FILE

Tilt-up construction

The tilt-up construction method provided a solution for 

the ‘sails’ design of the Sydney Opera House.
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3C Electronic systems

In this section, you will learn about:

  electronic systems

  circuits and basic electronic theory

  electronic components, including integrated circuits and printed circuit boards

  input, process and output devices

  undertaking an electronics project.

Many of us are dependent on items such as these.

Electronic systems are designed to perform a speci
c task.

Before we can look at these tasks, we need to 
rst 

understand the basics of electronics.  

What is electronics?
Can you imagine a world without mobile phones, 

digital cameras and tablets? We have become so 

dependent on these items that we could not imagine 

life without them. All of them depend on electronics 

for their operation.

Each item below is an electronic system 

designed to perform specif ic tasks such as playing 

music, taking pictures and processing information 

and images.

Electronics is one of the fastest-growing areas of 

technology today. It involves connecting a number of 

components in an electrical circuit so that a current 

can +ow to produce a desired result.

Circuits
A circuit in electronics consists of a continuous 

loop that can carry an electric current. This is called 

a closed circuit. If there is a break in the circuit, it 

is an open circuit and the current will not flow. To 

have a flow of electricity in a circuit, you need:

• a power supply

• a material to conduct the electric current.

Battery

(power

supply)

Switch

Light-emitting

diode

Continuous loop

Resistor

A simple circuit
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Series circuits

In a series circuit, the 2ow of electricity can only follow 

one pathway. The current must pass through all the 

components. Its value does not change.

Current flow

A series circuit

Parallel circuits

In a parallel circuit, there are two or more pathways 

that the current can take. The current is not the same 

throughout the circuit.

Current flow

A parallel circuit

INFORMATION FILE

Series and parallel circuits

Power supply
Power can be supplied by a wide range of sources such as:

• batteries

• generators

• mains power

• solar cells.

Two types of power can be supplied. They are:

• direct current (DC), where the current +ows in 

one direction only. Batteries are a DC source

• alternating current (AC), where the +ow of 

current constantly changes direction in a cycle 

between positive and negative. The frequency 

of an alternating current is the number of cycles 

per second; the unit of frequency is hertz (Hz). 

Mains power is an AC source.

Conductors and insulators
Electricity cannot +ow through all materials. Materials 

that allow electricity to +ow are called conductors; for 

example, copper and aluminium. Materials that do 

not permit the +ow of electricity are called insulators; 

for example, wood, rubber and plastic.

Basic electronic  

theory
A power supply, such as a battery or mains power, 

exerts a force on a circuit. This force produces a +ow 

of electricity in the form of movement of electrons. It 

is known as the electromotive force (emf). The emf is 

the pressure di�erence between the terminals of the 

power supply. All DC power supplies have a positive 

and a negative terminal; AC power has an active and a 

neutral terminal.

This pressure di�erence or voltage (V) is measured 

in volts (symbol V). Voltage is also known as potential 

di�erence (pd).

The emf in a circuit is opposed or resisted by 

the electronic components. The resistance of the 

components thus controls the amount of current that 

+ows in the circuit. The resistance (R) is measured in 

ohms (symbol ῼ).



9780170439398 63What are systems?

Electrical current (I) is the amount of electricity 

+ow in a circuit. It is measured in amperes (amps – 

symbol, A).

Ohm’s law
You can calculate voltage, resistance or current in a 

circuit using a formula called Ohm’s law. To use this 

formula, you need to know the values of two of the 

quantities. Ohm’s law states that:

  RULE
High resistance → Low current

RULE
Low resistance → High current

RULE
Voltage = Current x 

(in volts)    (in amps)

Resistance

(in ohms)

That is, V = I x R

 Resistance = Voltage  

 Current

That is, R =  V 

 
      Current =

 Voltage 

 Resistance

That is, I =  V

Remembering Ohm’s law

Memory tip

Use the diagram below to help you remember. The V 

is on the Very top; R is on the Right; and I is next to 

the R.  

Learning aid

Cover the quantity you want; then

you will know which ones to divide

or multiply

An example using Ohm’s law
Problem

Find the current that would +ow in a circuit 

consisting of a 9-volt power supply and a 330-ohm 

resistor.

Resistor

330 Ω Power

supply

9 V
9 V

An example using Ohm’s law

Solution

We know the voltage (V) and the resistance (R). 

Therefore, applying Ohm’s law:

Current = Voltage/Resistance 

 = 9V/330 

 = 0.027 amps (A)

 = 27 milliamps (mA)

  Therefore, the current in this circuit is  

27 milliamps.

I

R
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INFORMATION FILE

Units of measurement in electronics
Pre�xes are used to show large multiples and small  

fractions of numbers:

 • mega (M) = one million (106)

 • kilo (k) = one thousand (103)

 • milli (m) = one thousandth (10-3)

 • micro (μ) = one millionth (10-6)

Which way does the 

current .ow?
Early scientists believed that electric current +owed 

from the positive terminal to the negative terminal 

of the DC power supply. However, scientists today  

believe that this is not correct. Instead, they believe 

that the electric current is the result of electrons 

moving from the negative to the positive terminal.

But many laws have been based on the 
rst idea of 

current +ow, known as conventional current, and for 

convenience we still think of current as +owing from 

positive (+ve) to negative (-ve).

+

–

This way, or

this way?

Which way does the current <ow?

Examples:

1 MV = 1 000 000 V

1 kV = 1000 

1 mA = 0.001 A

1 μA = 0.000 001 A

De,nition
Pre�x, noun.

A pre�x is a syllable such as ‘un’ placed in front of another word to change its meaning. For example, unhealthy.

+ –

The <ow of conventional current

Digital multimeter

INFORMATION FILE

Using a multimeter
The multimeter is an instrument for measuring 

voltages, currents and resistances in circuits. It is a 

delicate instrument and must be used with care.
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To use a multimeter, select the correct scale:

 • DC volts

 • AC volts

 • amps

 • ohms.

Always start at the higher end of the scale that you 

have selected. Then work down the range to get a more 

accurate reading. This way you will not damage your 

multimeter.

Voltage (volts) is measured in a circuit when the 

multimeter is connected in parallel with the circuit or 

component(s).

+ve lead

+

–

Measuring voltage

To measure current (amps) in a circuit, the 

multimeter is placed in series with the circuit.

+ve lead
+

–

Measuring current

To measure the resistance (ohms) of the 

component, position the probes at either end of the 

component, as shown in the diagram below. To avoid 

error, it is a good idea to disconnect one end of the 

component.

+ve lead
+

–

Measuring resistance

Electronic  

components
Each component of a circuit has a speci
c function to 

perform. Some components, such as capacitors, store 

electricity. Resistors, on the other hand, restrict the 

+ow of electricity to the components of a circuit, thus 

protecting them. By joining components in a special 

way, we can complete a circuit and make it work.

Components such as batteries, resistors and 

capacitors can be connected either in series (that is, 

one after another) or in parallel (that is, there are two 

In series In parallel

Schematic circuit diagrams
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or more paths that the current can take). This decision 

is made by the circuit designer when designing 

a circuit.

Every component of a circuit has its own symbol. 

These symbols are related to what the components 

look like or how they work. Circuit designers use these 

symbols when designing a circuit. A design using these 

symbols is called a schematic circuit diagram.

Each component has a threshold or maximum 

value; if the threshold is exceeded, the component 

will break down and the circuit will not work. For 

example, a capacitor rated at 25 V threshold should 

not be used in a circuit with voltage greater than 25 V.

Wire
Wire made of metal such as copper is a conductor 

and transmits the +ow of electricity. It is used to 

connect the individual components in a circuit. The 

connections are often made secure by soldering them.

Plain, connected and crossed wires

Plain wire

Crossed, but not connected, wires

Connected wires

Batteries
Batteries provide a continuous supply of direct 

current. They are very safe to use because of their 

relatively small voltages. Batteries are manufactured in 

a variety of standard voltages – for example, 1.5 V, 6 V 

and 9 V.

Batteries

Switches
Switches are used in circuits to make or break 

connections; that is, to turn power on or o�. There 

are many di�erent types of switches.

Push to make (springs back)

Toggle

Slide

Symbol:

Symbol:

Symbol:

Symbol:
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Resistors
Resistors impede the +ow of electricity in a circuit. 

Resistance is measured in ohms (Ω). There are two 

types of resistors:

• 
xed-value resistors

• variable-value resistors.

Resistors can cause the voltage in a circuit to vary 

from one place to another. Resistor

1st colour band

2nd colour band

3rd multiplier colour band

4th tolerance colour band

Using the resistor colour code (4-band)

To �nd the resistance 

of the example:

Brown = 1

∴ 1st number is 1

Red = 2

∴ 2nd number is 2

Add the zeros

to the end: 0

This gives 120 ohms

Fixed-value resistors
Fixed-value resistors are manufactured in a range of standard resistances. The resistance can be worked out from the 

coloured bands painted on the body of the resistor. The coloured bands are part of a code in which each colour is 

assigned a value, as shown below.

Table 3.2 Resistor colour code (4-band)

Colour 1st band 2nd band 3rd band 4th band

0 0 – Tolerance band:

Brown = 1%

Red = 2%

Gold = 5%

Silver = 10%

1 1 0

2 2 00

3 3 000

4 4 0000

5 5 00000

6 6 000000

7 7 0000000

8 8

9 9

Note: There are also 5-band and 6-band colour-coding systems used for higher tolerance resistors.

Look at this 4-band resistor. Can you work out its value?

© Cengage Learning/Corrina Tauschke

Symbol:

Table 3.3 What is the resistor’s value?
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Variable-value resistors
The resistance of variable-value resistors can be varied 

in a number of ways – for example, by hand, by heat 

or by light. Examples of these resistors include:

• potentiometers

• thermistors

• light-dependent resistors.

Potentiometers

A potentiometer enables the operator to change the 

resistance by turning a central spindle or sliding a 

knob. The volume control in a radio is an example of a 

potentiometer.

Thermistors

The resistance of a thermistor is a�ected by 

temperature. In one type of thermistor, an increase 

in temperature brings about a decrease in resistance. 

In another type, an increase in temperature brings 

about an increase in resistance.

Thermistors can be used in thermostats to 

control air-conditioners, refrigerators and 
re alarms. 

They can also be used to protect sensitive electronic 

equipment such as ampli
ers and television sets.

Thermistors are also known as temperature-

dependent resistors (TDRs).

Thermistors

Light-dependent resistors

A light-dependent resistor (LDR) is a resistor whose 

resistance changes as the light intensity changes. When 

the light is bright, the LDR has a low resistance; when 

it is dark, it has a high resistance. LDRs are commonly 

used as light meters in cameras to detect the amount 

of light present.

Images on this page © Cengage Learning/Corrina Tauschke

Symbol

The tolerance band is silver, giving a tolerance of ± 10%. This means that the resistor’s value could be  

anywhere from 108Ω (120Ω - 10%) to 132Ω (120Ω + 10%).

A rotary potentiometer

Symbol

Symbol

A pre-set potentiometer

Slot for adjustment 

by screwdriver

A smaller type is the pre-set potentiometer, which 

is adjusted with the aid of a small screwdriver and then 

left to work at that setting.

A light-dependent resistor (LDR)

Symbol
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Capacitors
Capacitors consist of two layers of conducting 

material separated by a layer of insulation. They 
ll 

with an electrical charge when connected to a power 

source. The charge is stored by the capacitor and 

released as the circuit requires. The storage capacity is 

called the capacitance. It is measured in farads (F).

Waxed paper

(insulator)

Metal foil (conductor)

Two sheets of metal

foil separated by waxed

paper and rolled into

a cylinder

A simple capacitor

Two common types of capacitor are:

• polyester capacitors

• electrolytic capacitors.

Take care when working with charged  

capacitors or you might experience  

a shock.

Polyester capacitors are used in sound-making 

circuits such as burglar alarms. Today, polycarbonate 

is often used instead of polyester because of its greater 

temperature stability. 

Electrolytic capacitors
Electrolytic capacitors have a larger charge capacity than 

polyester capacitors. The value is inscribed on the body 

of the unit. Electrolytic capacitors are usually polarised; 

they have a positive and a negative leg that must be 

connected the right way around in a circuit. They are 

often used with resistors to produce a time delay, as in the 

case of egg-timers and time switches for electric lights.

Electrolytic capacitors

Symbol

This form is 

commonly used 

with printed 

circuit boards

+ve

+ve

–ve

–ve

Semiconductors
A semiconductor (as in ‘half’, or ‘part’, conductor) 

refers to a type of material – for example, silicon – 

to which impurities have been added. This is called 

doping. The material resists the +ow of electrons. 

The material can also conduct the +ow of electrons 

if the current is su<cient to overcome the resistance 

of the material. By using a controlling current, 

semiconductors can be used to control the +ow 

of electrons in electronic circuits. Examples of 

semiconductors include diodes and transistors.

Diodes
A diode works like a one-way valve. Electricity can 

+ow through it in one direction only. All diodes have 

a positive leg (anode) and a negative leg (cathode). The 

cathode is shown by a band at one end of the diode. 

They must be connected the right way around in a 

circuit. Diodes are often used in circuits to protect 

components against accidental damage.

Polyester capacitors
Polyester capacitors have only a small charge capacity. 

They can be connected either way round; that is, 

they are non-polarised. Like resistors, some polyester 

capacitors are colour banded to enable users to work 

out their value. Others have their values printed on 

them.

Polyester capacitors

Symbol

Capacitance 

value Voltage 

rating

104K 

150



978017043939870 Nelson Introducing Technology

A diode

C
u
rr

en
t 

fl
ow A

C Cathode

(–ve)

Anode

(+ve)

Symbol

Light-emitting diodes

A light-emitting diode (LED) is a special kind of diode 


tted into a small bulb-like package that lights up 

when current +ows through it in the right direction. 

These come in a whole range of colours. An LED 

is used in a circuit to show that a current is +owing. 

LEDs often require a protective resistor so that they 

are not burnt out by too great a +ow of current.

Flat area 

is next to 

cathode leg

Cathode 

(−ve)

Anode 

(+ve)
Anode leg is usually 

longer than cathode leg

A light-emitting diode (LED)

Cathode

(–ve)

Anode

(+ve)
A

C

Symbol

Zener diodes

When a Zener diode is connected in reverse, with 

the negative leg connected to the positive terminal of 

the power supply and the positive leg to the negative 

terminal of the power supply, current begins to +ow 

at a particular voltage. Zener diodes can therefore be 

used with a limiting resistor to control voltage in a 

circuit. They are sold in predetermined voltages; for 

example, 6.2 V and 12 V.

A Zener diode

Cathode

(–ve)

Anode

(+ve)

A

C

C
u
rr

en
t 

fl
ow

Symbol

+ve

–ve

Organic light-emitting diodes (OLEDs) are at 

the cutting edge of illumination and display 

technology. Some of the new and exciting OLED 

display and illumination possibilities include such 

items as televisions, laptop computers, mobile 

phones, clocks, lighting and lamps.

OLED screens could also be used to make roll-up 

screens for laptops, wall-sized video panels of any 

shape for advertising and wearable head displays such 

as glasses. The screens are brighter, respond faster, are 

self-illuminating, consume less power and are thinner 

and lighter than other displays. The total thickness of 

the screen can be around 1 millimetre.

Cathode-ray tube (CRT) was the display technology 

of the old big-box televisions and computer monitors. 

Present-day display technologies are liquid crystal display 

(LCD) and plasma display screens. These screens usually 

need to be back lit for illumination.

The OLED is made up of a number of layers 

including an organic polymer material layer (made up 

of two or three layers) that is sandwiched between a 

cathode (–ve) and an anode (+ve). All of this structure 

is supported by a substrate. The substrate could be 

made of plastic, glass or foil. The cathode(s) and 

anode(s) are usually aligned in rows and columns to 

produce a matrix of pixels or cells.

INFORMATION FILE

Organic light-emitting diodes

Band

+ve

–ve
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The OLED process is as follows:

1 The battery or power supply of the 

device containing the OLED applies 

a voltage across the OLED.

2 Electrical current 2ows from the cathode to 

the anode through the organic layers, giving 

electrons to the emissive layer and removing 

electrons from the conductive layer.

3 Removing electrons from the conductive 

layer leaves holes that need to be �lled 

with the electrons in the emissive layer.

4 The holes jump to the emissive layer 

and recombine with the electrons. As 

the electrons drop into the holes, they 

release their extra energy as light.

The colour of the light depends on the type of 

organic molecule in the emissive layer. Manufacturers 

place several types of organic �lm on the same OLED 

to make colour displays.

The intensity or brightness of the light depends 

on the amount of electrical current applied: the more 

current, the brighter the light.

OLEDs fall into two basic categories. They are:

 • non-transparent displays 

 • transparent displays.

Non-transparent displays

The non-transparent (top-emitting) OLED display uses a 

non-transparent substrate that is re2ective or opaque. 

You cannot look through the screen. When current is 

applied, the light is emitted in one direction – that is, 

away from the substrate and viewed in one direction only.

Transparent displays

The transparent OLED display uses a transparent 

cathode, anode and substrate. When the power is 

off, the structure has 70–85 per cent transparency. 

The result is that you can look through the screen. 

However, when current is applied the light is emitted 

in both directions and can be viewed from both 

sides. Transparent OLEDs can be used for head-up 

displays.

White OLEDs

White OLEDs can be used for lighting. OLED lighting is 

a bright, white light that draws less power and is longer 

lasting than any other type of arti�cial light. OLED 

lighting is very thin and can be formed into any shape. 

OLED light panels have little weight and can be �tted to 

walls to create visual effect. For example, an OLED light 

panel can be transparent and can function as a window 

by day and a light source at night.

Cathode

Emissive layer

(organic molecules or polymers)

Conductive layer

(organic molecules or polymers)

Anode

Substrate

The structure of an OLED

White OLEDs in use as windows in a house

w
w

w
.s

ie
m

en
s.

co
m

/p
re

ss



978017043939872 Nelson Introducing Technology

Transistors
A transistor is a sensitive electronic device that is used 

to amplify an input current or act as a switch.

A commonly used transistor is the bipolar type, 

which usually has three legs – collector (C), base (B) 

and emitter (E) – that must be connected the right 

way round for it to work. There are two types of 

bipolar transistors:

• N-P-N

• P-N-P.

They are similar except for the direction in 

which the current +ows. N and P refer to the 

semiconducting materials used in the transistor.

Junction ,eld-effect transistor (JFET)

There is general agreement, often referred to as 

‘Moore’s Law’, within the electronics industry that 

the density of transistors on a chip would double over 

a set period of time. In the early days of computers 

that time period was 12 months and at one stage it was 

18 months. Today, it is approximately two years.

Did you know that more than one billion 

transistors are contained in today’s top 

microprocessors? Imagine that!

There are two basic types of transistors. They are 

known as:

• bipolar, as discussed, and 

• 
eld-e�ect or unipolar.

Two commonly used 
eld-e�ect transistors 

are junction 
eld-e�ect transistors and metal-oxide 

semiconductor 
eld-e�ect transistors.

Junction 
eld-e�ect transistors (JFETs) are used as 

a switch in electronic circuits.  JFETs have three legs: a 

gate (G), a drain (D) and a source (S).

Metal-oxide semiconductor 
eld-e�ect transistors 

(MOSFETs) are used for switching and ampli
ying 

electronic signals. MOSFETs also have three legs; a 

gate (G), a drain (D) and a source (S).

Voltage is used to activate these 
eld-e�ect devices 

to control the current +ow. Field-e�ect transistors use 

N and P semiconducting material. Search the Internet 

for more information about 
eld-e�ect transistors.  
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Larger

current

N-P-N symbol:

Emitter

Collector

Small current

Base

Plastic-cased

Metal-cased

To switch on an N-P-N transistor, an input 

voltage greater than 0.6 V would have to be applied  

to the base leg. The current in the base leg causes a 

larger current to +ow from the collector leg to the 

emitter leg. Likewise, in an AC circuit a small signal 

can be ampli
ed into a larger signal, as in a hi-
  

power ampli
er.

N-P-N transistors
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INFORMATION FILE

History of transistors
The �rst transistor, the transfer resistor, was invented 

in 1947 at Bell Laboratories, New Jersey, USA. It was 

known as a point-contact transistor. When voltage 

was applied, the point of the triangle (covered in gold) 

contacted the germanium crystal (a semiconductor) 

and the current was ampli�ed. This event was an 

important step in the development of electronics.

The transfer resistor was the ,rst transistor.

The vacuum tube, like the transistor, was able 

to regulate current and act as a switch or ampli�er. 

However, its function made it dif�cult to miniaturise  

and the heat generated was also an issue. 

 

Over time, the development of the transistor 

became the basis for the integrated circuits and 

microprocessors of modern electronics.

The photograph below shows a vacuum tube 

and how the size of the transistor has decreased over 

time. Note that the early integrated circuits (ICs) such 

as the 1967 microchip contained a small number of 

transistors and other components, while the 1997 chip 

could have contained up to 5 million transistors. The 

�rst IC was developed by Jack Kilby in 1958. Today’s 

microprocessors that power our mobile phones and 

other devices contain millions of transistors in every 

square millimetre of surface area. 

Electronic components (1941–1997)

Integrated circuits
Circuits can be constructed by using separate 

components such as transistors, resistors and 

capacitors. The resulting circuits are often large in 

size and can take up much space. However, with the 

development of integrated circuits, the size of the 

circuit, and thus the object into which it has been 

built, has been reduced greatly. For example, compare 

computers you are using now with models from the 

1960s and 1970s.

An integrated circuit (IC) is also called an 

electronic chip or a silicon chip. It consists of a minute 

circuit embedded in a base material (commonly 

silicon). A single tiny chip may contain thousands 

of components, such as transistors, resistors and 

capacitors, connected to form a circuit and housed in 

a plastic case to protect it. There are exposed pins to 

enable the IC to be connected to external circuitry.

Modern electronics relies heavily on micro-

electronic circuits such as the IC. The IC is cheap 

to manufacture, takes up little space and can 

perform many complicated processes. For these 

reasons, it has made possible the widespread use of 

powerful technology such as mobile phones, fuel 

control systems in cars and industrial robots in 

manufacturing.
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A microprocessor

ICs can be designed to carry out special 

functions in a circuit. For example, a computer 

contains a number of ICs (memory, microprocessor 

and interface ICs) that work together. Many 

electronics projects such as timers and ampli
ers 

include cheap, ready-made ICs that can be bought 

from electronics suppliers.

The manufacturing process used to place all the 

components on the same base material ensures that 

ICs are more reliable than conventional electronic 

circuitry. However, ICs can be damaged easily if 

they are overexposed to heat, such as heat from a 

soldering iron. To prevent heat damage to ICs, you 

can use an IC socket as shown in the Information 

File below. The IC socket is soldered into the circuit 

board and the IC is 
tted into it. An IC socket is 

often used to hold more expensive ICs.

INFORMATION FILE

How to 'nd Pin 1 on an IC
As with other electronic components, correct pin connection of an IC is very important. A standard system has 

been developed to help users identify the location of all pins.

8

7

6

5

1Pin 

Count

anticlockwise

2

3

4

Spot

   

How to identify pin numbers in an IC 

1 Look down at the top of your IC. The pins will be pointing away from you.

2 One end of the IC has a mark of some kind. It could be a notch, a printed symbol and/or a spot of paint.

3 Pin 1 is the pin alongside this mark. Count pins in an anticlockwise direction to identify the other pins. The last 

pin will be opposite Pin 1.
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An IC socket
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INFORMATION FILE

i7 chips (Nehalem microprocessor)

An inside view of an i7 chip, R3

Microarchitecture timeline

Nehalem is the term used to describe the architecture 

of the chip; that is, the microprocessor. This chip has 

two main sections: the core; and the surrounding 

components, called the uncore.

• The core processor(s), which ‘number crunches’ 

simple to complex mathematical operations and 

schedules tasks, stores information temporarily 

in the cache memory. The cache takes up about 

one-third of the chip’s core.

• The uncore, which contains additional memory 

outside the core, enables multiple cores to work 

from the same information at the same time.

The Nehalem chip also features a Power Control 

Unit, which can apportion power as needed to each 

section of the chip; a Turbo Mode, which uses available 

power to boost processing speed; and a QuickPath, 

which enables processors to take shortcuts when they 

ask other processors or the chip for information.

The architecture of microprocessors such as the 

Nehalem chip is such that multiple cores (such as dual, 

quad and octo) arrangements can be built on one chip. 

The result is that data can be processed faster and 

more ef�ciently, much like a team of workers working 

together instead of one individual doing all the work.

The architecture of the i7 chip has been upgraded 

over time. The latest of which is Coffee Lake. 
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Sandy Bridge 

microarchitecture 

(2nd generation)

Haswell 

microarchitecture 

(4th generation)

Broadwell 

microarchitecture 

(5th generation)

Skylake 

microarchitecture 

(6th generation)

Kaby Lake 

microarchitecture 

(7th generation)

Coffee Lake 

microarchitecture 

(8th generation)

Nehalem 

microarchitecture 

(1st generation)

Westmere 

microarchitecture 

(1st generation)

Ivy Bridge 

microarchitecture 

(3rd generation)

2008 2010 2012 2014 2016

2009 2011 2013 2015 2017

An i7 chip
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The printed circuit board 

(PCB)
Early electronic circuitry consisted of components 

and a great deal of wire. The wire provided a pathway 

along which the current +owed. Modern electronic 

circuitry does not use much wire at all, but relies on 

printed circuits – a collection of copper tracks and 

pads. The tracks provide a pathway along which the 

electricity can +ow between the components. The 

pads, usually circular in shape, are the points at which 

the components are soldered to the PCB.

The printed circuit is attached to a base material, 

and together they are called a printed circuit board 

(PCB). The PCB is a layered composite. For example, 

one type of PCB consists of a non-conducting base 

such as a 
breglass board, 1.5 millimetres thick, which 

is covered on one side by a thin layer of copper, 0.25 

millimetres thick.

Pads

Copper tracks

Fibreglass base

A printed circuit board (PCB)

In modern electronics, most components are 

mounted and connected to one another on a PCB. It 

provides a rigid support for all the components. PCBs 

can either be plain or photosensitive.

Plain PCBs
The tracks and pads on plain PCBs are created 

by using a CNC milling machine to remove the 

unwanted copper. Alternatively, you could use a 

CAD/CAM system.

Photosensitive PCBs
Photosensitive PCBs react to ultraviolet (UV) light. 

An etching process is used to remove the excess 

copper, leaving tracks and pads.

You can make many electronic projects – for 

example, a door bell, a burglar alarm or even a 

transistor radio. These projects consist of many 

components, such as ICs, resistors, LEDs and 

capacitors, mounted on a PCB to form a circuit. Like 

any other system, the circuit is designed to receive an 

input, process it and produce an output.

INFORMATION FILE

Types of assembly – PCBs
There are two basic types of assembly used for PCBs. 

They are:

 • through-hole mount: this is where the component 

pins, legs or wires are mounted and soldered 

through a hole in the PCB

 • surface mount (refer to ‘Surface mounting’ on  

page 83): this is where the component sits fully on 

top of the PCB and its pins or legs are soldered to 

the pads on the PCB. This type of mounting allows 

for more compact design and assembly.

Components, either ‘active’ or ‘passive’, are 

packaged for both types of mounting. Active components 

include transistors, diodes and ICs. Passive components 

include resistors, capacitors and inductors such as coils.

Prior to PCBs, a popular type of assembly was 

‘point-to-point’ wiring where the pins or legs of 

components and wire were connected to tags or other 

mounting points. A tag is a strip of conductive material 

with holes that enables the looping of legs and wire for 

connection and soldering.
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Now that you are aware of the basics of 

electronics, it is time to look at the input, process and 

output devices and their role in circuits.  

Input, process and 

output devices  
Circuits are electronic systems designed to perform a 

speci
c task. Each component of the circuit also has a 

speci
c function to perform in the electronic system.

All components can be grouped into one of three 

categories depending on the function they perform. 

They are:

• input devices – examples include power supplies, 

sensors, buttons and switches

• process devices – examples include resistors, 

diodes and transistors

• output devices – examples include bulbs, LEDs, 

motors and speakers.

All circuits require some kind of input, such as 

electricity, light or sound. These input devices enter 

information into the system. Their task is to activate 

the circuit.

Process devices are components in the circuit that 

receive the information from the input and process it 

into an electrical signal. The signal is used to control 

the output.

An output is the result of the processed electrical 

signal. Here information is given out or something 

happens, such as light, sound or movement.

Let’s have a look at the devices used in the circuit 

below.

The battery, potentiometer and LDR are the 

input devices. The battery powers the circuit and the 

potentiometer and LDR take light as an input and 

convert it to electric current.

The process devices are transistor and resistor. 

In this example, the transistor in the circuit acts as 

an electronic switch. Note that a resistor is placed in 

series with the base leg of the transistor to ensure that 

the transistor continues to function as a switch in all 

settings.

As light begins to fade, the resistance in the LDR 

will increase. Then the voltage across the LDR will 

rise. This will increase the current +ow to the base leg 

of the transistor. If an input voltage greater than 0.6 V 

is applied to the base leg, the transistor will switch on.

The result is that the output device – bulb – will 

light up as the current will +ow between the collector 

leg and emitter leg.

Input

• Battery

• Potentiometer

• LDR

Process

• Resistor

• Transistor

Output

• Bulb

• Light

An electronic system for an ambient 

light control switch

Input Process Output

Resistor

1k Ω

100k Ω

LDR

g V

Bulb

When it

is dark,

the bulb

lights up

Transistor

Potentiometer

Input, process and output blocks in a circuit for an 

ambient light control switch
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INFORMATION FILE

Analogue and digital signals
All the components in a circuit are receiving, sending or 

controlling electric currents. These currents are known 

as signals. There are two types of signal:

 • analogue signals

 • digital signals.

Analogue signals

An analogue signal can have any value between an 

upper and a lower limit at any time.

Vo
lt
a
g
e

Time

An analogue signal

Digital signals

With a digital signal, the voltage or current is in one 

of two states at any time: either high or low (that is, 

on or off).

Vo
lt
a
g
e

Time

High – ON

Low – OFF

A digital signal

The digital signal is used in switching circuits, 

which are often called ‘2ip-2ops’. Flip-2ops form the 

basis of a computer’s memory. They store data by 

switching on or off – ‘on’ is 1 in the computer’s binary 

code, and ‘off’ is 0. The data stored in each 2ip-2op can 

then be processed by the computer.

Digital electronic 

systems
Digital electronic systems are electronic circuits 

that use digital signals to store, process and 

communicate data such as information and 

images. The digital signal is processed by logic 

gates. Each gate performs a di�erent function in 

the system. Logic gates usually have two or more 

inputs and one output. There is a range of logic 

gate types; for example, OR, AND, NOT or a 

combination. Today, logic gates are part of most 

microprocessors and/or micro-controllers that can 

be programmed by the user. Examples include 

computers, mobile phones and televisions.

Search online for more information about 

digital electronic systems and logic gates.

Smart phones contain multiple microprocessors and 

microcontrollers that use logic gates
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INFORMATION FILE

Data storage hard-disk drives and 
solid-state drives
A hard-disk drive (HDD) is a bulk storage device 

or memory commonly used in desktop and laptop 

computers. The disk in the hard drive, called a platter, 

stores the information. The platter may be made from 

aluminium or glass and is coated with a thin layer of 

metal on each face. The face is divided into billions of 

tiny areas that can be magnetised or demagnetised. 

Information and data are stored as 1 (magnetised) or  

0 (demagnetised) on the platter. This number structure, 

made up of ones and zeros, is known as binary code.

A mechanical arm moves radially across the 

platter’s face to read, record and store information. 

A tiny electromagnet known as a ‘read-write’ head 

is attached to the tip of the arm. There are two 

mechanical arms for each platter: one arm to read and 

write for the top face and another for the bottom face.

The hard-disk drive is fairly robust, but it can fail. As 

this is an electro-mechanical device, it is susceptible  

 

 

to wear and tear, vibration and shock, which can 

damage the unit, head, platter and other parts.

A solid-state drive (SSD) is a storage device for 

data, just like the hard-disk drive, but it has faster read-

and-write times. The SSD, unlike the hard-disk drive, 

has no moving parts, is less fragile, is silent and can 

operate in a greater range of temperatures and harsher 

environments. A semiconducting material such as 

silicon is used to store data. This is usually constructed 

as an array of silicon chips on a PCB with a controller.

The capacity of storage can vary greatly. For 

example, the storage capacity a hard drive can range 

from 250 gigabytes (GB) to 4 terabytes (TB). While 

SSDs may have faster read-and-write times, their 

storage capacity is reduced.

Units of data storage

1 terabyte = 1024 gigabytes

1 gigabyte = 1024 megabytes

1 megabyte = 1024 kilobytes

1 kilobyte = 1024 bytes

Carrying out an  

electronics project
Many electronics projects for beginners come 

complete with components, a PCB, schematic circuit 

diagram(s) and a circuit layout. Detailed instructions 

are also included. As you learn more about electronics, 

you will realise that all you really need to begin with 

is the schematic circuit diagram. After some practice, 

you will be able to design your own layouts and/or 

circuits.

Today, dedicated CAD programs such as OrCad, 

NI Multisim, PCB123 or Circuit Wizard are used for 

PCB design.

You could download a free software pack such as 

ExpressPCB. Check with your teacher or electronics 

supplier.

Steps for making a PCB
Note that Steps 1 and 2 are included as additional 

information for those students wishing to design their 

own circuits using a schematic circuit diagram.

Step 1: Designing a circuit layout
1 Check the components list for your project, then 

collect or buy all the components you need.

2 Study the schematic circuit diagram for 

your project.

3 Use a CAD program (or a pencil) to sketch  

your circuit.

4 Re-examine your proposed circuit and check 

for faults. For example, components should 

not touch each other. Check for crossover 

tracks that could produce short-circuits. 

Short-circuiting is when current +ows along 

the wrong path through a circuit.
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INFORMATION FILE

Some dos and don’ts of circuit layout if using a pencil
There are some dos and don’ts of good circuit layout that you need to know. They are shown here.

 • Avoid sharp angles in tracks to 

prevent them from breaking.

DO    DON’T 

    

 • Always use the shortest possible track. This 

will minimise the resistance in the track.

DO    DON’T 

   

 • Maintain equal spacing where 

tracks pass between pads.

DO    DON’T 

      

 • Avoid using tracks that are the same 

size as the pads; otherwise solder 

may 2ow away from the pads.

DO    DON’T 

  

INFORMATION FILE

Some component symbols and suggested mounting centres

RULE
In a good circuit design, components are 

placed in rows, and similar components, 

such as resistors, are grouped together.

Note: If using a pencil or a generic CAD software 

you will need to check the suggested mounting centres 

for each component. Sizes of components may vary 

from supplier to supplier.

Refer to the Information File on the component 

symbols and suggested mounting centres below.

13 10

7.5
5

5

Resistor Diode

Capacitor (.01 μF) 555 IC

Electrolytic capacitor, PCB 
mount (10 μF and 47 μF)

Wire connection spacing for all 
external components
(Note: Check work for correct 
polarity when wiring up.)Symbol

Symbol Symbol

A

K

Symbol

Symbol Symbol

For accuracy, 
use cut-out 
8-pin IC pads 
at foot of page.

1

2
555

3

4

8

7

6

5

Symbol

Symbol

Battery Speaker Switch
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Read the Safety Data Sheet (SDS) before 

using the light-sensitive exposure 

/lm, PCB and developers. Follow the 

manufacturer’s guidelines.

The steps to transfer your artwork:

1 Place the negative, mirror image onto the copper  

side of the PCB.

2 Expose the PCB to UV light for the 

recommended time period.  

3 Use developer to produce a positive image  

of the circuit.

UV light

Exposed PB

Photo-tool

(negative,

mirror image)

Light-sensitive PCB

(copper facing upwards)

Positive image of circuit

Developer

Transferring your artwork 

Your negative, mirror image can be reused to 

make many copies of the circuit.

INFORMATION FILE

Modelling a circuit
Before you transfer your circuit to the PCB, you should 

test the circuit.

Modelling is a quick way to test a circuit. A very 

simple model can be made with a piece of wood 

or polystyrene. If using wood, wires and leads of 

components are held in position by the screws and 

cup washers. If using polystyrene, component legs are 

pushed through and connected via hook-up wire by 

twisting together.

Instead of using timber or polystyrene to model 

your circuit, you can use a ‘breadboard’. A breadboard  

 

 

has strips (rails) of conducting material encased in 

plastic that can be connected by components to allow 

the 2ow of current. Breadboarding is a quick and 

convenient way to test your circuit.

Note: Take care when bending the legs on 

components. Avoid bending the leads too close to the 

component. Also, a smooth, gentle curve is required, 

rather than a sharp bend.

You can also use a software program such as 

OrCad, PSpice Suite, NI Multisim or Circuit Wizard to 

model and test your circuit.

Step 2: Printing a circuit layout
Using a CAD program such as OrCad, NI Multisim, 

PCB123 or Circuit Wizard print a negative, mirror 

image of your circuit on a sheet of clear acetate or 

polyester 
lm. A laser printer is best. You could also 

use photo-tool 
lm.

Step 3: Transferring your artwork 
onto a PCB
There are a number of di�erent methods of 

transferring the image of your circuit onto the PCB. 

One of the most common ways to transfer the 

negative, mirror image is the light-sensitive method. It 

is also known as the photo-resist method.

The light-sensitive method

You need to use light-sensitive PCB, as well as 

developers and stripper. Note: The copper on the 

PCB is coated with a light-sensitive polymer which 

will harden when exposed to UV light.
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Step 4: Removing the  
unwanted copper
Etching is the process by which unwanted copper 

is removed from the PCB. You can use either ferric 

chloride or ammonium persulphate.

Once the PCB has been etched, remove it from 

the solution. Wash it thoroughly in water.

Step 5: Removing the photo-resist
The photo-resist needs to be removed to expose the 

copper tracks. A stripper is used.  

•  Read the Safety Data Sheet (SDS) 

before using the etchant and stripper. 

Follow the manufacturer’s guidelines.

•  Use safety equipment such as a face 

shield, PVC gloves and a vinyl apron.

•  Dispose of etchant and stripper 

responsibly. Care for the environment.

•  Work in a well-ventilated area when  

   soldering. Consider using rosin-free  

   solder, which is now available.

•  Beware of hot solders and  

 soldering irons.

How to solder

1 Plug in soldering iron. Allow it to heat up.

2 Wipe the bit of the iron on a damp sponge to  

clean it.

3 If necessary, tin the bit with solder.

Tinning the bit

4 Place the hot iron so that it touches the copper pad 

and the lead for about a second. Touch the solder 

against the lead near the iron. Allow the solder to 

2ow into the joint. Remove the solder and iron.

Bend leads slightly

to hold component

in place

PCB

Solder

Use a heat sink

to absorb heat from

the soldering iron

Soldering iron

5 Inspect the joint after it has cooled down. It should 

be shiny and feel �rm (if not, re-solder). Cut off the 

remaining lead.

INFORMATION FILE

Soldering
Rosin-core solder is used to join components to each 

other or to the copper pads. Standard electronic solder 

is known as 60/40 solder; that is, it is an alloy of 60 per 

cent tin and 40 per cent lead. Lead-free solder is now 

available due to Reduction of Hazardous Substances 

(RoHS) legislation passed by the European Commission. 

The composition of lead-free solder is an alloy of tin, 

silver and copper. In either case the solder has to be 

heated with a soldering iron, allowed to melt and then 

cooled. Cleanliness is very important when soldering; 

otherwise a poor joint is formed.

Soldering components
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Step 6: Assembling  

your circuit
1 Drill holes in the PCB from the copper side, 

making them large enough to 
t the through-hole 

mount component leads.

2 Clean the copper tracks, using steel wool or 
ne 

abrasive paper.

3 Also clean all the leads on the components.

4 Fit the components into the PCB. Double check 

the position and orientation of the component 

pins, legs or wires before soldering them in place. 

Note: Electronic components are heat sensitive.

5 Test your circuit.

6 Remove any remaining +ux with methylated 

spirits or commercial +ux remover.

7 If you wish, you may apply a sealer such 

as a commercial spray-pack sealer.

The 
nal stage of your project is to design and 

make a container to hold and protect your circuitry. 

Remember that circuits heat up and they therefore 

require ventilation.

INFORMATION FILE

Surface mounting
The design and manufacture of PCBs in industry has 

changed with the introduction of surface mounting. To 

build a PCB, it is no longer necessary to drill holes for 

through-hole, mount components and solder their legs 

to the copper track.

In surface mounting, the components are soldered 

directly on top of the copper track, making this a 

quicker method of production. The surface-mounting 

components are tiny – for example, a surface-

mounting resistor may be only 3 millimetres long x 1.5 

millimetres wide. This has also meant a reduction in 

the total size of PCBs. PCBs can be of a mixed type, 

with both through-hole and surface-mount components 

together on the one board.

Surface-mounted PCB circuitry

Fault-;nding
So your circuit doesn’t work! What do you do?

1 Make sure that all the components are in their 

correct positions on the PCB.

2 Check for missing components.

3 Check all soldering joints to make sure that the 

soldered components are not loose. A good 

solder joint is shiny, not dull-looking. A poor 

joint is referred to as a ‘dry’ joint.

4 Check the copper tracks and pads – look for 

breaks in the circuit or short-circuits caused by 

excess solder.

5 Check that all polarised components are 

connected the right way around.

6 Check for damaged components, especially 

damage caused by heat from the soldering iron.

7 Check the value of each component; make sure 

that you have used the correct-value resistors, 

capacitors and so on.

8 Check for short-circuits: make sure that no leads 

or wires are touching each other.

Still no luck? Seek advice from an expert!
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INFORMATION FILE

Vacuum tubes: the birth of the 
electronics industry
In 1904, John Fleming, a British scientist, displayed 

a device that converted alternating current into direct 

current. This was known as the Fleming Diode. The 

diode was an incandescent bulb (developed by Thomas 

Edison) that contained an extra electrode, also known 

as an anode or plate.

Fleming found that a direct current would 2ow 

through a vacuum under certain conditions. Electrons 

boiled off from the hot �lament of the bulb were drawn 

to the cold electrode. The current could only 2ow in 

this direction and not the other way. Its initial use 

was to detect weak signals produced by the wireless 

telegraph. The diode vacuum tube has been used as a 

DC power supply for electronics equipment.

A New York inventor called Lee de Forest 

improved the Fleming Diode in 1907. He added an 

extra electrode, a bent wire called a grid, between the 

�lament (cathode) and plate.

By applying a signal to the grid (and not to the 

�lament), there was a much more sensitive detection 

of the signal. The result was that the grid modulated 

the current 2owing from the �lament to the plate. This 

device was the �rst successful electronic ampli�er. It 

was known as the audion. This was the beginning of 

our present-day electronics industry.

An audion vacuum tube

From the 1920s through to the 1960s, different 

vacuum-tube families were developed. These tubes, 

also known as valves, were used in radios, ampli�ers, 

radar, televisions and computers. Many tubes have 

been replaced with semiconductors – for example, 

LEDs, transistors and diodes. However, the technical 

bene�ts of a tube have meant that its role in radio and 

audio is assured.

An example of these types of vacuum tubes is the 

audio beam tetrode. This common power tube is used 

in modern, high-end audio ampli�ers designed for the 

home and professional use.

An audio ampli,er using the tetrode KT88: the KT was originally 

developed by the Marconi company in the UK. ‘KT’ stands for 

‘Kinkless Tetrode’.

Transistor ampli�ers have captured the general 

electronics market over time. Transistor ampli�ers have 

become more common than valve ampli�ers because 

they were cheaper to produce and the ampli�ers could 

be made smaller in size as the transistor shrank and 

the IC developed. For many people, the sound quality of 

the transistor ampli�er was often an issue.

A recent trend is towards ‘hybrid’ designs, which use 

both transistor and valve ampli�ers. A common ‘hybrid’ 

has a valve preampli�er connected to a transistor-based 

power ampli�er. The result is a valve-generated warm 

sound, which is ampli�ed by the transistor power ampli�er.

A ‘hybrid’ speaker system
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In this section, you will learn about:

 control systems

 mechanisms

 motion

 how some simple mechanisms work

 energy conversion and energy sources.

3D Control systems

People have developed control systems so that tasks 

can be done in an organised way. For such a system to 

work e<ciently, there must be:

• an input – the system has to be activated or turned 

on. This can be achieved through movement, light 

or sound. An example of input is voice activation

• a process – the input is processed. An electrical 

signal is processed, a lever moves or sound is 

ampli
ed

• an output – a result is produced. For example a 

light comes on, the jaws of a machine move, or 

music blasts from the speakers.

There are two kinds of control:

• An open-loop control has no means of checking 

its output, as there is no mechanism of feedback. 

For example, when a bucket is being 
lled with 

water, the water will continue to +ow unless the 

tap is turned o�

Input Process Output

OutputProcessInput

An open-loop control system

• A closed-loop control has a means of checking its 

output. For example, water +owing into a hot-

water storage system is controlled by a valve that 

closes once the required level is reached. This is 

known as feedback.

Input Process

Feedback

Output

A closed-loop control system

Today, many control systems are monitored by a 

computer. For example, a signal from the computer 

can open and shut valves to produce a desired result 

in industrial robots, such as holding materials in place 

while a process is completed, and then releasing them 

using pneumatic systems and hydraulic systems. 

Pneumatic systems use compressed air to create 

movement. Hydraulic systems use the pressure of 

liquid, such as water or oil, to create movement. Such 

movement involves the use of mechanisms.   

An example of a hydraulic system
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What is a  

mechanism? 
A mechanism is a device that helps people to carry out 

tasks more easily. Mechanisms can range from simple 

devices, such as scissors, to complex ones, such as car 

engines. 

All mechanisms are designed to perform a speci
c 

task. However, they have some things in common:

• They make tasks easier to carry out.

• They involve some kind of movement (motion).

• They require some kind of e�ort or energy (an 

input).

• They produce a result (an output).

Simple and complex mechanisms

Some mechanisms are made up of many smaller 

mechanisms that work together. For example, a 

motor vehicle is made up of an engine, a gearbox and 

other parts. Complex mechanisms such as these are 

commonly called machines.

Types of motion
All mechanisms involve motion of some kind. The 

motion can be an input into the mechanism or an 

output from it. There are four types of motion.

1 Linear motion is movement in a straight 

line. A car travelling on a straight section 

of freeway is in linear motion. The symbol 

for linear motion is → (or ←) . 

Linear motion

2 Reciprocating motion is movement forwards 

and backwards in a straight line. A sewing 

machine needle and a piston in an engine are 

examples of reciprocating motion. A symbol for 

reciprocating motion is ↕ (or ↑ ↓ ).  

Reciprocating motion

3 Rotary motion is movement in a circle. A car 

wheel and a circular saw are examples. A symbol 

for rotary motion is .

Rotary motion

4 Oscillating motion is movement forwards and 

backwards in an arc. A clock pendulum and a 

playground swing are examples. The symbol for 

oscillating motion is .

Oscillating motion
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Levers
A lever consists of a rigid bar that pivots on a 
xed 

point called a fulcrum. It is a simple mechanism by 

which an input force or e�ort moves the lever and 

produces an output force that can move a load. There 

are three classes of lever, as shown below.

The mechanical advantage
In many levers, the input force to lift a load is less 

than the load. Here the e�ort has been ‘magni
ed’ by 

the lever. This magni
cation is called the mechanical 

advantage of the lever.

  RULE

Mechanical advantage =
  Load

 Effort

L

Load

E

Effort

Fulcrum

F

Scissors

E

F E

L
L

F Crowbar

Class-1 levers

Fulcrum

F
Effort

E

L

Load

Nutcrackers

F

L

E

F L
E

Wheelbarrow

Class-2 levers

Tweezers

Fulcrum

F

Effort

E

L

Load

L

E

F

F

E

L

Fishing rod

Class-3 levers

The less e�ort needed to move a load, the greater 

the mechanical advantage.
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Linkages
A linkage is formed by joining together a number of 

levers. Linkages are used to transmit motion and force 

in a desired way.

These diagrams show some di�erent linkages.

Input motion

Output motion

Fixed

pivot or fulcrum

(in centre of

lever)

Input motion = output motion

Two types of reverse-motion linkage

Fixed

pivots

Input motion Output motion

A push-pull linkage: the input and output motions are in the same 

direction.

Input motion

Output motion

Small movement

Pivot is not

in centre of

lever

Large movement

Output motion is greater than input motion

Fixed

pivot

Input motion

Output motion

90°

A bell crank is used to transmit input motion through 90°.

Input Output

Pivots at each corner

Two parts always
remain parallel

Parallel linkages ensure that opposite sides stay parallel to each 

other as they move.

Pulleys
Pulleys are another useful mechanism for transmitting 

force and movement. The basic form of pulley is a 

grooved wheel. Pulleys are often linked by a belt. 

Systems of pulleys and belts can be used to transmit 

rotary motion from a motor to a shaft in machines 

such as a bench drill.

One advantage of using pulleys is that they are 

fairly easy to adjust. However, under heavy loads the 

belt may slip.
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The pulley fixed to

the motor is called

the driver pulley

Motor

Machine

shaft

Belt

Pulley

The pulley fixed to the shaft

is called the driven pulley

Pulleys

The output speed can be varied by changing the 

diameter of the driver and driven (or follower) pulleys.

For a faster output speed, the driver pulley must be 

larger than the driven pulley.

Driver

pulley

Driven pulley

Faster output speed

A slower output speed is achieved if the driver 

pulley is smaller than the driven pulley.

Driver

pulley

Driven

pulley

Slower output speed

Stepped-cone pulleys are a quick, easy method 

of changing output speeds through a particular range. 

They are used in machines such as wood and metal 

lathes and bench drills.

Stepped-cone pulleys

Velocity of pulleys

Driver pulley,

40 mm diameter Driven pulley,

10 mm diameter

Revolution of pulleys 

The relative velocity at which the pulleys turn is 

determined by their size. 

RULE

Velocity ratio =

  Circumference of  

driven pulley

  Circumference of  

driver pulley

RULE

Velocity ratio =
  Diameter of driven pulley

 Diameter of driver pulley

 = 
10

 = 
1

 = 1 : 4

Since the circumference depends on the diameter, 

this becomes:

40 4
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That is, for one revolution of the driver pulley the 

driven pulley will complete four revolutions. In other 

words, the rotary motion is sped up.

If you know that the driver pulley is doing 200 

rpm (revolutions per minute), the driven pulley must 

be doing 800 rpm (200 × 4).

Gears
A gearwheel has teeth spaced evenly around its edge. 

Gears are designed to interlock smoothly or mesh  

with each other. To do this, their teeth must be the 

same size. Unlike pulleys, gears will not slip under 

heavy loads.

Teeth interlock

(mesh)

Gearwheels

Gears meshed together form a gear train. They are 

used to transmit motion from one gear to another at 

di�erent speeds or in di�erent directions.

The driven gear will always turn in the opposite 

direction to the driver gear.

A small gear known as an idler gear can be used 

to change the direction of the driven gear. It does not 

change the speed of the gears.

Driven Driver

Gear train

Idler

gear

Introducing an idler gear to change the direction of the  

driven gear

As with pulleys, the output speed can be varied  

by changing the relative sizes of the driver and  

driven gears.

Gears are also used to transmit motion in a 

number of di�erent ways.

Bevel gears have teeth with sloping faces that  

allow the gears to mesh at an angle. They are used  

to transmit motion at an angle (usually 90 degrees)  

to each other. Bevel gears are commonly used in  

hand drills.

A bevel gear

Worm gears (consisting of a worm and a worm 

wheel) are also used to transmit motion through 90 

degrees. The teeth on the worm wheel are cut at a 

slight angle to mesh with the thread on the worm. 

Worm gears are commonly used in machines where 

rotary motion has to be reduced greatly from one 

shaft to another.

Worm (driver)

Worm wheel (driven)

Worm gears consist of a worm and a worm wheel.
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Rack-and-pinion gears are used to change rotary 

motion into linear motion. They are common in car 

steering and bench drills (to lower the chuck as the 

handle turns).

Rack

Pinion

A rack-and-pinion gear

Gear trains
There are two gear trains. They are:

• simple

• compound.

Simple gear trains
Simple gear trains are made up of two or more gears, 


xed to separate shafts, that mesh together.

A simple gear train

The velocity of gears
As with pulleys, the size of the gearwheels will 

determine the velocity ratio, which is also called the 

gear ratio.

Driven gear

(45 teeth)Driver gear

(15 teeth)

What is the velocity or gear ratio of this gear train? 

The size of the wheels is governed by the number 

of teeth around their edges. Therefore we can say:

That is, for one revolution of the driven gear the 

driver gear must complete three revolutions. In other 

words, the rotary motion is slowed down.

If the driven gear is doing 100 rpm, the driver gear 

must be doing 300 rpm (100 × 3).

Compound gear trains
Compound gear trains are made up of two or more 

compound gears. A compound gear is made of two 

di�erently sized gears attached to the same shaft. 

A number of compound gears, each attached to its 

own shaft, can be used to produce a big change in 

output speed.

A compound gear train

RULE

Gear ratio =

  Number of teeth on  

driven gear

  Number of teeth on  

driver gear

 
 =

 45 
=

 3 
= 3 : 1

15 1
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Other commonly 

used mechanisms

Cams
Cams are used in many mechanisms to produce a 

result such as opening and closing the valves in car 

engines or moving a cutting tool up and down on a 

machine.

A rotary cam is a specially shaped wheel that 

is used to change rotary motion to reciprocating 

motion. As the cam turns, it causes a follower to 

move in and out or up and down in a particular way. 

Di�erently shaped cams produce di�erent patterns of 

movement in the follower.

Camshaft

Rotary camValve

Camshaft

Rotary cam

Follower

Spring

Rotary

cam

Camshaft

Rotary camRotary cams in use 

A linear cam is shaped so that when it moves 

backwards and forwards it causes the follower 

to move up and down in a particular way. It 

is commonly used to guide cutting tools on 

automatic or semi-automatic machines so that they 

produce identical results.

Egg shape Heart shape Snail shape

Common shapes of rotary cams

Linear

cam

Reciprocating

movement

Follower

Reciprocating

movement

A linear cam

Cranks
In a simple form of crank, force applied by means of a 

handle produces rotary motion of an axle. The greater 

the distance between the handle and the axle, the 

greater the turning force that is exerted on the axle (as 

shown here).

Handle
Axle

Axle

Handle

Cranks

Crank-and-slider  

mechanisms
A crank-and-slider mechanism consists of a wheel 

and a sliding part connected by a lever. It changes 

reciprocating motion into rotary motion or vice 

versa.

Wheel

Output

Connecting

lever

Piston

(slider)

Input

A crank-and-slider mechanism
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Chain-and-sprocket  

mechanisms
A chain and sprocket system is used to transmit rotary 

motion. It works just like a pulley system, but there is 

no possibility of slippage.

A bicycle chain

Ratchets
A ratchet wheel is like a gearwheel, but it will only 

rotate in one direction. The pawl (a pin or lever) 

drops into place and prevents the ratchet wheel from 

rotating backwards (as in a winch).

Pawls

Ratchet wheels

Ratchet wheels

Screws
A screw consists of a threaded shaft that usually 

engages with another thread. It changes rotary motion 

into linear motion. For example, in an adjustable 

spanner the jaw moves in or out as the screw is turned. 

Screw threads can have di�erent shapes or pro
les.

Square profileTriangular profile

Screw pro,les

What is energy?
People and machines use energy to do work and 

produce results. For example, you would use up a 

certain amount of energy if you used muscular force 

to push a wheelbarrow for 100 metres.

Energy can be stored in many di�erent forms, 

including chemical energy, electrical energy, light energy, 

heat energy, sound energy and mechanical energy (as in 

kinetic energy – that is, the energy of movement).

Energy conversion
When work is done, one form of energy is often 

converted into other forms, as this illustration shows.

Electrical Light and heat

Chemical Electrical Sound

Energy conversion

In many cases the energy is not converted very 

e<ciently: it is changed into some unwanted forms.

For example, when a car engine burns petrol, only a small 

part of the chemical energy becomes kinetic energy to 

turn the wheels. The engine wastes a great deal of energy 

in the form of the exhaust gases it produces. As well, 

much of the chemical energy is converted to sound and 
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heat, including heat produced by friction between the 

moving parts. A lubricant such as oil or grease is therefore 

often used to reduce friction.

Heat

Sound

Chemical

Kinetic

Chemical Kinetic, heat, sound

and chemical

Energy conversion in a petrol-powered vehicle 

Electricity powerhouses su�er similar problems to 

those of car engines. They use fossil fuels such as coal 

and oil, which are non-renewable resources. They also 

waste much energy in the form of heat, and they emit 

waste gases into the atmosphere.

In the past, people had hoped to solve these 

problems by using nuclear reactors to generate 

electricity. However, this solution is not ideal. With 

conventional 
ssion reactors there is the problem of 

how to dispose of radioactive waste and the possibility 

of disastrous accidents, despite strict safeguards.

Sustainable energy  

and the future
People around the world are so concerned about 

conserving resources and preventing atmospheric 

pollution, and the ‘greenhouse e�ect’, that researchers 

are striving to improve the e<ciency of our existing 

technology, in the home as well as in industry.

Climate change concerns are also driving researchers 

to develop sustainable alternative energy sources in ways 

that will avoid the problems of energy generation from 

oil and coal, or from conventional nuclear 
ssion.

Hydroelectric power

Nuclear

fusion

Wind power Solar power

Geothermal

power

Tidal power

Alternative energy sources
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All technology depends on the use of materials to 

produce a solution to a problem. People use some 

materials in their natural form – for example, wood, 

stone and clay can be used as building materials. Other 

materials have to be processed before they can be used 

– for example, bauxite ore is refined to give the metal 

aluminium. There are also synthetic materials (such as 

plastics) that industrial chemists make from chemical 

compounds. Di�erent materials can be combined to 

create composite materials that acquire properties that 

are superior to those of their components, such as 

Kevlar.

4 
Materials

 4A Timber   97

 4B Metals 125

 4C Plastics 134

 4D Textiles 144

 4E Composite materials 148

 4F Recycled materials (and upcycling) 149

 4G Other common materials 151

Can you identify these materials?

Each material has a set of properties such as colour, 

strength and texture. These a�ect the appearance 

of the material – that is, its aesthetic quality – and 

how it can be used. When selecting materials for a 

specific task, you must consider these properties. For 

example, one may be very sti� or rigid, while another 

material might bend easily. If you make a poor choice 

of materials, the item could break when it is used. In 

industry, the choice of material is very important.

Unit 4 weblinks
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Designers, engineers and manufacturers need 

materials that work properly, are safe to use, and are 

attractive to the purchaser. Often, there are several 

materials that can be used for the same purpose. 

Because manufacturers need to sell their products at 

competitive prices, they also need to consider other 

aspects such as the availability and cost of the material. 

The awareness of environmental concerns such as 

waste pollution and the sustainable use of resources 

is also being addressed by designers, engineers and 

manufacturers when choosing materials.

The use of recycled materials is also gaining 

popularity given the debate about the environment. 

Years of use often adds aesthetic appeal to the 

material. The everyday ‘knocks and bumps’ or the 

constant rubbing of skin can enhance the appearance 

of the material. This visual appeal cannot be easily 

duplicated by industry.

As a creator and user of technology, you need to 

study the properties of di�erent materials, how they 

are produced and the uses to which they can be put, 

to enable you to make a wise choice. In the following 

sections we will look at:

• timber

• metals

• plastics

• textiles

• composite materials

• recycled materials (and upcycling)

• and some other common materials.

Some properties of materials

ABSORBENCY: 

How well does 

it suck up or 

‘drink’ liquids?

ELASTICITY: How 

well does it return 

to its original shape 

and size after being 

subjected to external 

loads and forces?

FLAMMABILITY: 

How easily does it 

burn (or smoulder) 

when exposed to 

heat or !re?

HARDNESS: How well does it 

resist denting or scratching?

DURABILITY: How well does it 

resist environmental stresses 

such as the weather or insects, 

or does it tear easily or wear 

out (e.g. fabric)?

TOUGHNESS: How much 

impact can it stand 

without breaking?

CONDUCTIVITY: How well 

does it conduct (or insulate 

against) heat, electricity or 

sound?

STRENGTH: How 

easy or dif!cult is it 

to break?

DUCTILITY: How easily 

can it be deformed 

when stretched?

BRITTLENESS: How 

easily does it break when 

a force is applied?

STIFFNESS: How well does it resist being 

deformed?

BIODEGRADABILITY: 

How easily does it break 

down by organisms 

such as bacteria or by 

other biological means?

DENSITY: How heavy or 

light is it for its size?

MALLEABILITY: How 

easily can it be shaped 

without breaking?
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4A Timber

In this section, you will learn about:

  trees and forests

  the properties of timber

  timber products

  other forest products.

How trees bene�t us
Trees cover 20 per cent of the Earth’s land surface. 

They grow as natural forests and also as specially 

cultivated plantations.

Trees play a vital part in life on Earth. They 

provide people with a number of benefits. For 

example:

• they make much of the oxygen in the air we 

breathe

• their roots protect the soil from being eroded by 

wind and rain

• they help to control the climate – for example, 

they help to reduce global warming by using up 

carbon dioxide from the atmosphere. In addition, 

their leaves return water to the air and this 

moisture helps to form clouds

• they beautify our environment

• they are a source of food (such as fruit and nuts) 

for people and animals

• they provide a wide range of timber products 

that we use in our homes, o!ces and factories.

Classifying trees
Trees can be classified into two groups:

• hardwoods

• softwoods.

People usually say that timber is hardwood or 

softwood depending on the ease with which they 

can shape the timber with tools. However, a botanist 

would classify balsa wood – the softest wood in the 

world – as a hardwood. Scientifically speaking, the 

terms hardwood and softwood refer to the structure 

of the cells in the timber rather than the relative 

hardness or softness of the timber.

A natural eucalypt forest

A softwood plantation

Hardwoods have pored wood, while softwoods 

have non-pored wood, as shown in the diagrams on 

the next page.
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Pores or

vessels

Fibres

Medullary ray

Medullary

ray

Tracheids

Medullary ray

Medullary

ray

A microscopic view of a section of hardwood (pored wood) A microscopic view of a section of softwood (non-pored wood)

RULE:

•   Pored wood is usually (but not 

always) hard.

•   Non-pored wood is usually (but not always) soft.

Shelter

Transportation

Tools and  

weapons

Furniture

Fuel

Art and craft objects

Some uses of timber through the ages
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Hardwoods Softwoods

Hardwoods are broad-leafed *owering trees.

Softwoods are cone-bearing trees with thin, 

 needle-like leaves. They are often called conifers.

Examples  

Native: IRONBARK  

Exotic: MERANTI

Examples  

Native: HOOP PINE 

Exotic: WESTERN RED CEDAR

Botanical 
classi&cation

Angiosperms – ‘enclosed seed’ plants. 

The *owers produce seeds 

enclosed in fruit.

Gymnosperms – ‘naked seed’ plants.

There are no *owers; instead, 

the cones produce seeds.

Leaves Leaves are usually broad and *at. 

Many hardwoods are deciduous; that 

is, they shed their leaves in autumn.*

Leaves are needle like. Most 

softwoods are evergreens; that is, 

they do not shed their leaves.

Cell structure Pored wood, with two types of cells:

• Large, tube-like pores or vessels. 

These carry sap.

• Smaller, thick-walled !bres. These 

support the tree.

Non-pored wood, with 

only one type of cell:

Long, thin cells called tracheids. These 

carry sap and support the tree.

Geographical 
location

Best suited to more temperate 

or tropical climates.

Best suited to cooler climates.

*Most Australian hardwoods (such as eucalypts) are not deciduous.
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Every year the tree increases in height, while the 

trunk is enlarged in diameter. The increase in diameter 

of the trunk is caused by the development of growth 

rings (sometimes called annual rings). These are 

concentric rings of new wood cells produced by the 

cambium layer. In many tropical trees, growth is 

generally even through the year and growth rings may 

not be visible. Trees from areas with variations of 

climate through the year have quite distinct growth 

rings, which can often be used to tell the tree’s age.

The amount by which a tree grows is in&uenced 

by the following factors:

• Soil: The type of soil in which a tree is growing 

(for example, sand or clay) will a�ect the supply 

of water and minerals to the tree’s roots.

• Position: The position in which the tree is 

growing will determine how much sunlight its 

leaves will receive, or how much protection it gets 

from strong winds.

• Climate (temperature and rainfall through 

the year): Di�erent types of trees are suited to 

particular types of climate – for example, cold-

climate conifers do not grow well in tropical areas 

that are hot and wet all year round.

• Weather: Daily weather conditions such as 

high winds, hail and frost also a�ect how well a 

tree grows.

Tree growth
For trees to grow, they need food. They make this 

food in their leaves by a process called photosynthesis. 

The energy from sunlight is taken in by the green 

matter (chlorophyll) in the leaves. The leaves absorb 

carbon dioxide gas from the air and receive water 

from the roots of the tree. The carbon dioxide and the 

water then react to form sugars and oxygen.

The sugars are used to make food for the tree to 

grow, and the leaves release the oxygen into the air. This 

is why people say that trees are the ‘lungs’ of the world.

Oxygen

into air

Energy

from sunlight

Carbon dioxide

from air

Water

from roots

Food 

for tree growth

The process of photosynthesis

INFORMATION FILE

The world’s tallest hardwood tree
Did you know that the world’s tallest hardwood tree grows in Australia? It is 

a swamp gum of the Arve Valley in Tasmania. The tree is 100.5 metres tall. 

The tree has been named ‘Centurion’. This giant swamp gum is a recent 

discovery. Centurion has replaced the previously tallest hardwood tree, a 

mountain ash of the Styx River area, also in Tasmania. The mountain ash is 

98 metres high and it has a diameter of 5.2 metres. It is believed to be about 

350 years old.

However, the world’s tallest tree is a softwood. It is a Californian redwood 

and is 115.9 metres tall.

Centurion – the world’s 

tallest hardwood tree
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Energy from

sunlight

Pith or medulla − the central shaft

of the tree. Food is stored here in

young trees

Outer bark protects the trunk and

branches from being damaged

and from drying out

Inner bark or bast carries food from

the leaves to the branches, trunk and

roots so that the tree can grow

Cambium − new wood cells grow

from the inside of this layer and new

bark cells from the outside. As these

new cells grow, the trunk expands in

thickness

Sapwood is composed of living cells

that carry water and minerals from

the roots to the leaves

Heartwood consists of dead cells

that support the tree. This strong,

older wood provides most of the

timber that people use
Outer

bark

Section of trunk

Medullary

ray*

Growth rings

Cambium

layer

Pith/medulla

Heartwood

Sapwood Inner bark

or bast

Water and minerals

from soil

The parts of a tree

Carbon dioxide

fro
m air

Crown

• Made up of leaves and branches

• Produces plant food through photosynthesis in leaves

•  Contains special cells at tips of branches, which cause 

increase in height of tree

Trunk or stem

• Supports the crown

•  Transports water and plant food between the roots and 

the crown

Tree roots

• Anchor the tree in the ground

• Gather water and minerals from the soil

*  Medullary rays carry plant food to the inner living parts of 

the tree and also store food.

Carbon dioxide  +  Water  +  Energy from sunlight  →  Sugars  +  Oxygen
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The properties  

of timber
There are many di�erent species of hardwood and 

softwood trees. Each type of timber has unique 

properties such as colour, grain and texture. These 

characteristics, as well as the defects that occur 

naturally in wood, must be considered when selecting 

timber for a particular use.

Colour
The natural colours of timber range from the white of 

some pines, through yellows, reds and browns, to the 

black of ebony. The heartwood is usually darker than 

the sapwood because of the chemicals stored there.

The colour of a particular timber is very 

important if you are:

• trying to match existing furniture or décor

• applying a clear finish to enhance the natural 

properties of the timber.

The natural colour is less important if you are 

going to paint or stain the timber.

Grain
The direction of cell growth along the trunk of the 

tree determines the grain of the timber. Examples 

of grain types are straight grain, wavy grain and 

interlocking grain.

The type of grain a�ects the strength of the 

timber and its ability to be worked or shaped easily – 

for example, hoop pine has a straight grain that is easy 

to work, whereas ironbark, with its interlocking grain, 

is hard to work.

Texture
The size and arrangement of the cells in timber 

determine its texture. Texture is often described as 

coarse or fine, and uneven or uniform.

Figure
Figure is the overall e�ect produced by the grain, 

texture and colour. A piece of timber can show 

di�erent figures if it is cut at di�erent angles.

Axis of trunk

Straight grain

The wood fibres grow in the

same direction as the axis of

the trunk

Wavy grain

The fibres run in a wave-like

pattern

Spiral grain

The fibres grow in a spiral

pattern

Interlocking grain

The fibres grow in different

spiral patterns that interlock

The (akey *gure in silky oak

The *ddleback *gure in blackwood

Examples of grain types
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Hardness
Timber is hardest when it has small, closely packed cells 

with thick walls that contain plenty of plant chemicals.

Strength
Wood with long, thick-walled cells and straight grain, 

free from defects, is usually strongest.

Toughness
When timber is able to resist sudden shocks (or a high 

degree of bending or twisting) without fracturing, it 

is said to be tough.

Durability
Durability of timber is the natural ability of the 

timber to resist:

• attack by insects (such as termites and borers)

• attack by fungi (such as those causing wet rot and 

dry rot)

• weathering by the sun’s rays and moisture in the air.

Chemicals in the cell walls are mainly responsible 

for the durability of timber.

Natural defects 

in timber
Natural defects are irregularities that develop in the 

timber as the tree grows. They may lessen the quality 

of timber by a�ecting its strength, appearance or 

durability. Defects are often removed during the 

milling process. Some common defects are knots, 

gum veins and pockets, and shakes.

Knots
Knots are formed by branches joining the trunk. In most 

cases they weaken the timber and spoil its appearance.

Knots are formed where branches join the trunk.

Gum veins and pockets
Gum veins and pockets are cavities formed in the 

timber by the separation of fibres. These cavities 

become filled with a dark-coloured deposit of gum. 

They tend to lessen the strength and attractiveness of 

the timber, although they can also be a design feature.

Gum vein

Pockets

Gum veins and pockets are cavities in timber.

Shakes
Shakes are caused by the separation of wood fibres. 

This may occur naturally as a result of growth stress or 

wind stress while the tree is growing.

Heart shakes and star shakes are fibre separations 

along the medullary rays.

Heart shake Star shake

Heart shakes and star shakes

Cup shakes and ring shakes are fibre separations 

along the growth rings. A ring shake is a cup shake 

that extends all the way around a growth ring.

Cup shake Ring shake

Cup shakes and ring shakes
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Felling shakes

Felling shakes

Felling shakes are artificial defects caused during 

felling or transportation if a tree falls on an uneven 

surface. The fibres separate across the grain.

The forestry industry
The forestry industry harvests trees from natural 

forests and cultivated plantations to meet people’s 

needs for timber and other forest products.

In Australia today, the forests that produce our 

timber are managed so that new trees grow to replace 

those that are cut down. The forestry industry aims 

at achieving a sustainable yield of timber. In many 

parts of the world, however, people are cutting down 

forests much faster than the trees can be replaced. 

As we saw at the start of this section, trees are very 

important in maintaining life on Earth; therefore 

it is vital that forestry industries around the world 

are run on a sound scientific basis that will protect 

the environment. The forestry industry is made 

up of people from government departments and 

commercial timber companies. They try to ensure a 

continued supply of timber by managing forests, as 

shown in the chart below.

Regrowth/replanting

Natural forests may regenerate from seeds or 

suckers. Plantations are replanted with seedlings 

from nurseries after the site has been prepared.

Growth

Growing trees are pruned if 

necessary, and protected against !re.

Thinning

Young trees are removed selectively 

to allow other trees to grow bigger.

Felling

Mature trees are cut down. Natural 

forests are usually harvested selectively. 

Plantations are generally clear-felled 

(that is, all the trees are removed).

Extraction and hauling 

Logs are removed from the forest and 

transported to the conversion mills.

Sorting

The raw materials are sorted according to the 

uses to which they are suited.

Saw logs Ply logs Forest thinnings Round timbers Pulp logs

2

3

4

1

5

6

The forestry management process
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Timber conversion 

processes
At timber conversion mills, the raw materials that 

have been harvested from the forests are processed 

into timber products. The waste materials are 

reused – for example, the bark is used by landscapers, 

while the sawdust can be burnt as a fuel for electricity 

generation in the mill.

The five main groups of timber products are:

• sawn timbers

• veneers and plywood

• particle board and fibreboard

• round timbers

• wood pulp.

A veneer being reeled off after it has been peeled from a log

Saw logs Ply logs Forest thinnings Round timbers Pulp logs

Raw materials

Products

Processing

Conversion mills

Sawn timbers

• Hardwoods

• Softwoods

Veneers and 

plywoods

Particle board 

and #breboard

Round timbers

• Piles

• Fencing poles

Wood pulp

• Particle board

 and !breboard

• Papermaking

Timber products
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Sawn timbers: from logs to distribution

Saw logs from forest

5

2

3

4

6

7

1

Debarking

Log docking

Log breakdown

Re-sawing

Docking

Sorting and grading

Distribution

Offcuts  

and  

sawdust

Bark

Sawn timbers
The following process is used to convert saw logs into 

sawn timbers.

1 The bark is removed from the saw log.

2 The logs are docked:

• to suit market requirements

• to remove defects in the log

• for ease of handling.

3 Log breakdown is the first stage of cutting 

the trunk into usable timber. The logs 

are cut into large pieces called &itches, 

using twin circular saws or a bandsaw.

4 The &itches are resawn into smaller standard (‘stock’) 

sizes suitable for use in the construction industry.

5 The stock-sized timber is docked to standard 

lengths in 300-millimetre increments – for example, 

1.2 metres, 1.5 metres, 1.8 metres and 2.1 metres.

6 The timber is sorted into its various sizes and 

then graded on the basis of its strength. The 

grading is carried out by trained people or by 

machines. The strength of a piece of timber is 

determined by the number of defects found in 

it. The timber is also seasoned, if required.

7 Timber stock is warehoused and distributed 

as required by wholesalers and retailers.

Log breakdown
Logs are cut using one of these three methods:

• live sawing

• back sawing

• quarter sawing.

Live sawing
Live sawing is the simplest method of cutting a log 

into boards. A number of parallel saw cuts are made 

without turning the log. There is very little waste. 

However, live-sawn timber distorts badly because of 

warping and shrinkage. It is used mainly for fence 

palings and packing cases.

Live sawing
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Back sawing
In back sawing, the saw cuts are at a tangent to the 

growth rings. Back sawing is usually used to produce 

good-quality timber, as it allows defects to be removed 

quite easily.

Gum pocket

Heart

shake

Cup shake

Back sawing

Back sawing shows o� the grain in timbers such 

as red cedar, which have distinct growth rings. Back-

sawn timber also has good strength, and is therefore 

used for tool handles and for structural timber such 

as beams.

Quarter sawing
In quarter sawing, timber is cut at right angles to the 

growth rings. Quarter-sawn timber seasons slowly but 

wears well and retains its shape. Therefore, it is used 

in door frames, mouldings and &ooring boards. As 

well, quarter sawing shows o� the decorative figure in 

timbers such as silky oak and maple.

Quarter sawing

Types of #nishes
The way in which the sawn timber is finished is 

determined by its use in the construction industry. 

Hardwood stock is usually left rough sawn, except for 

boards that have special applications. For example, 

&ooring timbers are planed.

Some softwood stock is left rough sawn, but 

softwood that is used for mouldings, cabinet work, 

studs for framing, and so on, is dressed.

Timber terms and sizes
The names commonly given to different sizes of 

sawn timber are shown in the boxed diagrams 

below. (All measurements are in millimetres.) The 

terms refer to the cross-section – or ‘shape’ – of 

the end, which gives the width and thickness 

dimensions. The terms are:

• &itch (or baulk): width (more than 150) and 

thickness (more than 100)

• plank: width (more than 150) and thickness 

(40–100)

• scantling: width (less than 150) and thickness 

(40–100)

• board: width (more than 75) and thickness (20–40)

• batten: width (less than 75) and thickness (10–20).

more than 100

40–100

40–100

20–40

10–20

Flitch or Baulk

Plank

Scantling

Board

Batten

more than 150

more than 150

less than 150

more than 75

less than 75

Across

the grain

Thickness

Length

Width

End grain

With
 th

e g
rai

n

Aga
ins

t t
he

 gr
ain

Sawn timber sizes and terms

= face side  

(the best *at, 

straight surface on 

the timber)

= face edge  

(the best *at, 

straight edge on 

the timber)
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A common method used when ordering stock 

timber is:

42       ×       12                 2         /         300             Pine

Width  

in mm

Thickness 

in mm

Number 

required

Length 

in mm

Type of 

material

Timber is generally available commercially in 

lengths ranging from 0.9 metre to 6 metres.

All timber is graded to determine its strength and 

to comply with the building code in the construction 

industry. The grades range from F5 to F34 (the higher 

the number, the greater the strength). For example, 

radiata pine is generally graded at F5, whereas 

ironbark is graded at F34.

Seasoning timber
Green timber contains large amounts of water inside 

the cell cavities and in the cell walls. Most of this 

moisture has to be removed to prevent the timber 

from warping and shrinking too much. Timber that 

has a moisture content of about 15 per cent is known 

as seasoned or dry timber.

Seasoning is the process by which the moisture 

content of the timber is reduced to equal the moisture 

content of the environment. This is known as the 

equilibrium moisture content or EMC. It will vary 

from region to region, but is generally between  

10 per cent and 15 per cent.

Correctly seasoned timber is:

• more stable (resistant to shrinking, warping and 

cracking)

• lighter and stronger

• less likely to decay or be attacked by insects.

Timber is seasoned by:

• air seasoning

• kiln seasoning

• combined seasoning.

Air seasoning
Air seasoning is the traditional method of drying sawn 

timber. Because it depends on natural circulation of 

air, it is a very slow and inaccurate process. It can take 

up to two years to remove the moisture, depending on 

the size of the timber.

Roof to protect stack from 

weather

Stack is raised above 

the ground

Thin strips of timber keep 

the sawn timbers apart. 

This allows air to circulate 

through the stack

Air seasoning

Inlet Outlet

Fan

Heaters

Brick

wall

Humidifier

Forced

circulation

Rails for

trolley

Kiln seasoning

Kiln seasoning
Kiln seasoning is carried out in large, oven-like 

structures called kilns. Sawn timber is stacked on 

trolleys (using the air-seasoning stacking system) 

and wheeled into a kiln. There it is dried by heated, 

air, which is driven by fans. The moisture level is 

controlled by a steam humidifier.

Because the temperature, air &ow and moisture 

level can be controlled, green timber can be kiln 

seasoned in as little as one to two weeks.

The main advantage of this method is its speed. 

In addition, seasoning defects are reduced, and insects 

and fungi in the timber are destroyed.
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Combined seasoning
To reduce seasoning defects (particularly in 

hardwoods), it is common to combine  

the air-seasoning and kiln-seasoning methods.

The green timber is air seasoned for about three 

months to remove water from the cell cavities. It is 

then moved into a kiln to complete the seasoning 

process, which takes only three to seven days.

Seasoning defects
Shrinkage occurs when all the moisture inside the cell 

cavities is dried up and the cell walls start to lose their 

moisture.

Some

Lea
st

Most

Most shrinkage occurs along

the growth rings. This is known

as tangential shrinkage.

Some shrinkage occurs

along the radius of the

log. This is known as

radial shrinkage.

Very little shrinkage

occurs along the

length of the log.

This is known

as longitudinal

shrinkage.

How timber shrinks

Uneven shrinkage in sawn timber during seasoning 

can cause the timber to distort or warp badly. Warped 

timber is di!cult to use and has less commercial value.

Structural timbers

(mainly hardwood)

Interior cladding

(hardwood/softwood)

Roof trusses

(hardwood/softwood)

Framing

(hardwood/

softwood)

Flooring

(hardwood/

softwood)

Exterior cladding

(hardwood/softwood)

Uses of sawn timber

Common seasoning defects in sawn timber

End splits

Cupping

Twisting

Bowing

Springing

High structural 

strength

Durable

Will stain 

surrounding 

materials if left 

untreated

Dif!cult to work

Hardwood

Easy to work

Pleasing 

appearance

Low structural 

strength

Requires 

preservation to 

stop decay

Softwood

Strong across the grain Weak along the grain

Advantages and disadvantages of sawn timber
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7

6

5

4

3

2

1

8

Ply logs from forest

Debarking and cutting

Rotary peeling

(mostly for plywood)

Guillotining

Drying

Gluing

Layering and pressing

Trimming and sanding

Slicing

(for valuable 

face veneers and 

matching panels)

Plywood sheets

Face veneers

Veneers and plywood
The following process is used to convert ply logs into veneers 

and plywood.

1  The bark is removed from the ply log. The log is 

cut to a size that is convenient for processing.

2  With rotary peeling, the log is softened by steam and 

then rotated in a lathe-like machine against a long blade. 

This blade cuts a uniformly thin sheet of timber (the 

veneer). With slicing, a blade is used to make parallel 

cuts through the timber. This method is used to 

produce face veneers from valuable woods. The sliced 

veneer sheets (or plies) are numbered so that they can 

later be matched when they are glued onto a surface.

3  A guillotine is used to remove faults from the veneer. The 

various-sized sheets are stacked on a trolley for drying.

4  The excess moisture is removed from the veneers in a large, 

oven-like dryer.

5  The veneer sheets are first glued edge to edge to form 

larger sheets of suitable sizes. A glue is then spread over 

the surfaces of each veneer sheet. The adhesive used for 

interior plywood is not waterproof. The glue used in 

exterior plywood, such as marine ply or structural ply, is a 

waterproof glue.

6  The veneer sheets are arranged in layers so that the grain of 

each sheet is at right angles to the sheets above and below it. 

This is known as crossbanding. These glued layers of veneer 

sheets are placed in a hot press to bond and cure them. 

Plywood is manufactured in a range of thicknesses. The 

number of layers is usually odd, ranging from 3-ply to 21-ply.

7  The edges are trimmed to produce plywood sheets of 

standard sizes. The plywood sheet is passed through a 

drum or belt sander to finish its surfaces.

8  The veneers and plywood are warehoused, marketed and 

transported to purchasers.

Face veneers
Veneers are glued onto the face of sheet materials such as particle 

board to give an attractive finish. A large number of timber 

species is used, including pine, teak, walnut and silky oak.

Matching-edge veneer strips can also be purchased. (These 

are often pre-glued, to be applied with the aid of a hot iron.)

Veneers can be laminated to form curved shapes such as 

spoons, water skis and snow skis.Creating veneers and plywood

Bark
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Plywood
Plywood is manufactured in five types.

• Structural ply: waterproof glue; lowest-quality 

veneers used for face and back of sheet

• Exterior ply: waterproof glue; good-quality 

veneers used for face of sheet

• Interior ply: non-waterproof glue; good-quality 

veneers used for face of sheet

• Marine ply: waterproof glue; good-quality 

veneers used (only particular species of timber)

• Bending ply: waterproof glue; veneer quality 

varies depending on the final finish

Sheet material, whether a metal, plastic or timber 

product (for example, plywood), is ordered in this way:

Type of
material

Number
required

Interior plywood − Pine33 1 off

Width
in mm

900

Thickness
in mm

3

Length
in mm

1800

Hull sheeting

(marine)

Wall panelling

(interior)

Cupboard backs

and drawer bottoms

(interior)

Shelving

(interior)
Fascias

(external)

Exterior

cladding

(external)
Flooring

(structural)
Formwork

for concreting

(structural)

Bracing

(structural)

Frames

(marine)
Bulkheads

(marine)

Deck

(marine)

Uses of plywood

Plywood sheets with veneers glued at right angles 

iS
to

ck
/G

et
ty

 I
m

a
g
es

 P
lu

s/

b
u
m

i1
0
0

Advantages and disadvantages of plywood

Almost as strong 

across the width as along it, 

because of crossbanding

Does not split easily if screwed  

or nailed near the edge

Manufactured in a range of large sizes

(e.g. 1800 × 900 and 2400 × 1200 mm)

Note: a pilot hole or clearance 

hole prevents splitting

Edges often need to be 

!nished [e.g. with a  

cover strip]

Crossbanding of plies makes

plywood more dif!cult to

work than solid timber

Very stable: little shrinkage 

or warping
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• moisture-resistant (MR) particle board. This 

is for high-humidity conditions and possible 

occasional wetting, but not continuous 

wetting

• particle-board &ooring. This is available in a 

range of treatments – for example, fungicide 

(F), termiticide (H2) and fire retardant (FR).

Manufacturing process for particle board

5

3

4

Offcuts

1

Flaking and milling

2

Drying

Forming the mattress

Pressing

Trimming and sanding

Distribution

Urban waste
Chips

Shavings

6

Softwood 

offcuts from 

sawmills

Particle board
Particle board is manufactured only from softwoods. 

The particle board industry is often referred to as 

a scavenger industry. The term ‘scavenger’ is used 

because particle board is manufactured using waste 

materials from timber mills.

The waste materials include o�cuts, shavings and 

chipped-up slab o�cuts of logs. Urban waste – for 

example, recycled demolition softwoods – is also used.

1 The waste materials are fed into a &aker, where  

revolving blades shave o� &akes. The &akes are  

then milled to a uniform size. The size of the &akes 

can be varied to suit the desired end product.

2 The &akes are dried in a kiln so that their 

moisture content is 2 to 5 per cent. They are 

stored in large bins ready for the bonding process.

3 The &akes are sprayed with an adhesive. They are  

then spread on a mat to form a ‘mattress’. The 

mattress can be made up of similar-sized &akes  

or a core of coarse &akes sandwiched between  

finer &akes.

4 Several mattresses are loaded into a hot press,  

which bonds the glue-coated &akes to form  

particle board.

5 After cooling and curing, the sheets of particle 

board are trimmed to size and sanded. Finally, 

they are inspected and graded prior to  

distribution.

6 Particle board is warehoused, marketed and  

transported to consumers. It is manufactured  

in two grades:

• general-purpose-grade particle board. This 

is bonded with non-waterproof glue and is 

often finished with a variety of decorative 

surfaces such as veneers, plastic laminates 

and vinyls

• structural-grade particle board. Since it will 

be exposed to moisture or the weather, this 

material is bonded with a water-resistant 

adhesive. General-purpose-grade particle 

board is available as:

• standard particle board. This is for interior 

use and dry conditions only
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Advantages and disadvantages of particle board

Uniform strength

Edges often need to be !nished 

(e.g. with a cover strip or with 

matching edge-veneer strips)

Very stable: little 

shrinkage or warping

Cheaper than 

plywood

No grain, so it can be joined in any direction. This 

means there is less wastage

Easy to work with hand tools  

or machine tools

Synthetic adhesive tends  

to dull the cutting edge of  

tools more quickly

Has a more absorbent surface 

than solid timber

Is manufactured in large sizes  

(e.g. 2400 × 1200 and 3600 × 900 mm)

Is manufactured in a wide range of thicknesses 

(from 4 to 33 mm)

Screws and nails do not hold 

well in the edge

If nailed or screwed too close to the edge, 

the edge may break away

Shelving (standard)

Wall panelling

(standard)

Furniture 

(standard)

Flooring

(structural)

Form work for 

concreting (structural)

Exterior 

cladding

(structural)

Uses of particle board
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Fibreboard
Fibreboard is manufactured in three densities:

• high-density fibreboard (hardboard) – this is 

made from hardwoods

• medium-density fibreboard (MDF) – this is made 

from softwoods

• low-density fibreboard (softboard) – this is made 

from softwoods.

Medium-density &breboard (MDF) is not 

allowed to be cut, drilled or sanded in 

schools, due to the risk of &ne particles 

entering the lungs.

Initial processing consists of:

I Bark is removed from the logs.

II The logs and waste from timber mills are fed into a 

chipper. Inside the chipper, revolving blades cut the 

logs into bark chips approximately 25 × 25 × 5  

millimetres in size.

There are two processes for manufacturing 

fibreboard. They are:

• wet-processed fibreboard

• dry-processed fibreboard.

Wet-processed #breboard
Wet-processed fibreboard includes high-density and 

low-density fibreboards. The following process is used 

to manufacture wet-processed fibreboard.

1 The chips are ground so that the wood fibres  

separate and a pulp is formed.

2 The pulp is filtered and then deposited onto  

a wire mesh belt.

a With hardwood, the layer of pulp is passed  

through rollers to form a ‘mattress’. 

The hardwood pulp mattresses are then 

loaded into a hot press, which bonds the 

interlocking fibres to form hardboard.

b With softwood, the layer of pulp is 

passed through a series of rollers to 

remove the excess water. This produces 

a damp sheet of roll-pressed softboard.Manufacturing process for particle board

4

2

3

ii

i

1

5

Pulp logs and forest thinnings

Debarking

Chipping

Forming and pressing

Heat treatment (curing)

Trimming and !nishing

Distribution

Grinding
a Hardboard

b Softboard

Bark

Waste and

offcuts from

timber mills
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Door facing

Exterior 

cladding

Curved formwork 

for concreting

Packaging Underlay for *oor coverings

Base for drawers

Backing for furniture

Interior cladding for 

walls and ceilings

Flat-head 

nails are 

recommended

A supporting frame is needed 

for hardboard to be used in 

construction work

No grain, so it can be joined 

in any direction, which 

means there is less wastage

Unstable: will swell 

and shrink as the 

weather changes

Can be 

curved

Has a lower 

impact 

strength 

than 

plywood

Standard 

hardboard 

has a more 

absorbent 

surface than 

solid timber

Does not break 

away easily if 

screwed or nailed 

near edge

Is manufactured 

in large sizes 

and a wide 

range of 

thicknesses

Can be worked 

with tools in any 

direction

Is available in a range of 

!nishes, including textured, 

pre-primed and perforated

Advantages and disadvantages of hardboard

Uses of hardboard

3 

 a  The hardboard is heated in a humidifying  

oven to cure it.

 b  The damp softboard sheets are fed  

into a dryer to further reduce their  

moisture content.

4 The edges are trimmed to produce hardboard 

and softboard sheets of standard sizes. (Some 

boards are painted to meet market needs.)

5 Hardboard and softboard sheets are 

warehoused, marketed and distributed to 

consumers under trade names such as Masonite 

(hardboard) and Cane-ite (softboard).

High-density #breboard (hardboard)
There are two types of high-density fibreboard or 

hardboard:

• standard hardboard

• tempered hardboard, which has been soaked 

in oil and then rebaked. The end product is 

stronger, smoother, harder and more water 

resistant than standard hardboard. It is used 

mainly for exterior work in the construction 

industry.
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Low-density #breboard (softboard)
Low-density fibreboard, or softboard, is a soft material 

that is suitable only for interior use.

The tiny air pockets among its interlocking fibres 

make softboard an excellent insulator against noise  

and heat.

A supporting frame is needed, especially 

if used for ceilings

Easily damaged: requires care 

during handling

Nails tend to pull through, 

so it has to be skew nailed. 

Large *at-head nails are 

recommended

Easy to saw

Is manufactured in large sizes and a 

wide range of thicknesses

Is available in a range of !nishes, including plain,  

pre-primed, pre-painted and perforated

Unstable: will swell and shrink 

as the weather changes

Good insulator of heat 

and sound

Can be curved with care

Very absorbent surface

Advantages and disadvantages of softboard

Ceilings (especially 

for sound and heat 

insulation)

Interior wall 

cladding

Noticeboards

Sound and heat 

insulation

Uses of softboard
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Manufacturing process for dry-processed *breboard

Forming and bonding

3

Trimming and sanding

4

Distribution

5

Dry-processed #breboard
The following process is used to manufacture 

medium-density fibreboard.

1 The chips are cooked and then ground to fibre.

2 The fibre is sprayed with adhesive. It is then 

dried to a 10 per cent moisture content.

3 The dry fibres are used to form a mattress. 

The mattress is fed continuously through 

a heated roller press for bonding.

4 The cured mattress is trimmed and cut to 

give master panels. These master panels are 

sanded before being cut to standard sizes.

5 Medium-density fibreboard is warehoused, 

marketed and transported to consumers.

Medium-density #breboard (MDF)
There are two types of medium-density fibreboard or 

MDF:

• standard medium-density fibreboard. This is for 

interior use and dry conditions only

• moisture-resistant (MR) medium-density 

fibreboard. This is for high humidity conditions 

and possible occasional wetting, but not 

continuous wetting.

Cooking
Grinding

1

Adding adhesive

2

Drying

Standard medium-density *breboard
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Advantages and disadvantages of medium-density *breboard

No grain, so it can be joined  

in any direction. This means  

there is less wastage

Higher holding capacity for  

screws than particle board Synthetic adhesive tends to dull the 

cutting edge of tools more quickly

Not suitable for 

exterior use

Available in a range of !nishes  

(e.g. laminates or two-pack paints, 

which give a high-gloss !nish)

Fine dust is produced during machining 

and sanding. Wear PPE

Very stable: little shrinkage 

or warping

Easy to work with hand 

tools or machine tools

No edge treatment is 

required
Can be machined

Available in a range of  

thicknesses (from 2.5 to 32 mm)

Uses of medium-density *breboard

Interior 

cladding 

(standard)

Built-in wardrobes (standard)

Cupboard 

(moisture 

resistant)

Furniture: tables, chairs, 

entertainment units (standard)
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Manufacturing process for round timber

5

2

3

4

6

7

1

Round timbers from forest 

(hardwood and softwood)

Debarking

Docking

Drying

Shaping

Preservation

Drying

Distribution

Round timbers
The following process is used to convert logs into 

round timbers.

1 The bark is removed from the logs.

2 The logs are docked to length to suit market  

requirements.

3 The logs are air seasoned to remove the excess  

moisture.

4 The logs are shaped to suit market 

requirements – for example, grooves and 

notches are cut so that other round timbers 

can be f itted in position to build structures 

such as outdoor play equipment.

5 The logs are treated with preservative to protect 

the timber from attack by insects and fungi. 

Hardwood logs require very little treatment: their  

heartwood is naturally durable because of the  

chemicals it contains. However, the sapwood has 

to be protected. One method of protection is 

with a preserving oil such as creosote. Most  

types of softwood are not naturally durable. 

They require treatment with a chemical 

preservative to protect the timber.

6 The treated logs are air dried once more.

7 Round timbers are stored, marketed and  

distributed to consumers.

Electricity and

telephone poles Post-and-beam

house construction
Adventure

playground

equipment

Landscaping

Fences

Uses of round timber

Bark
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Preservation
Round timbers are usually used for exterior 

construction work, so they need to be durable. Except 

for their sapwood, hardwoods such as ironbark and  

jarrah are naturally durable and require little 

preservation. Today, the sapwood is often removed 

during the milling process.

Most softwoods are not naturally durable. They 

require some form of preservation to prevent damage 

caused by insects and fungi.

Timber can be preserved using:

• preserving oils such as creosote

• water-borne preservatives such as copper-

chromium-arsenic (CCA) compounds.

The preservative can be applied by brushing, 

spraying or dipping. However, the most e�ective 

treatment is pressure-impregnation. During this 

process, timber is placed into steel cylinders and filled 

with preservative. 

The steel cylinder is pressurised to force the 

preservative into the cells of the timber. This method 

is now commonly used in the timber industry.

All wood preservatives are toxic and 

many can irritate or burn the skin. When 

applying preservatives, always wear 

protective clothing.

Protect the Earth

•  Do not empty preservatives into the 

sewer or stormwater drains. Dispose of 

them properly at a toxic waste dump.

•  Do not burn CCA-treated timber; 

it gives off toxic fumes. Dispose 

of it thoughtfully – check 

with your local council.

Other forest products
Forests give us many other products besides timber. 

These products fall into two groups:

• natural products, such as fruits and sawdust

• chemical products, such as creosote and turpentine.

Natural products
There are three groups of natural products.

Edible fruits and nuts
Examples include stone fruits, tropical fruits, walnuts, 

almonds, pecans, coconuts and pine nuts.

Sawdust
Sawdust is used as a fuel in industry or in the home. 

(Household sawdust is compacted into ‘logs’, pellets 

or briquettes.) It can also be used as mulch or compost 

for gardening. Brick manufacturers use sawdust as a 

filler in bricks.

Sawdust

Leaves, :owers and bark
Leaves, &owers and bark can be used for decorative 

purposes such as &oral arrangements and bark 

paintings. Landscapers make extensive use of bark as 

a ground cover. The bark of the cork tree is used for 

insulation.

Leaves, (owers and bark

Chemical products
Trees provide many chemical compounds that can  

be used directly or processed into other substances.  

Some important products and their uses are shown in  

Table 4.1 on the following page.



9780170439398 121Materials

Common timbers
Timbers are classed according to their use.

• Construction timbers are used mainly in the 

construction industry to build structures such  

as homes.

• Cabinet timbers are used mainly for high-quality 

furniture and decorative veneers.

The use to which a species of timber will be put 

is determined by its properties, its availability and its 

cost. For example, spotted gum (a hardwood) is very 

strong and tough, and is readily available. It is used 

mainly for general construction. On the other hand, 

teak (a strong, water-resistant hardwood) is now used 

mainly as a cabinet timber because it has become very 

scarce. See Table 4.2 below. 

Chemical product Uses

Tannins • leather manufacturing

• adhesives

• dyeing fabrics

Wood turpentine • thinners for paints and varnishes

• medicines

• insecticides

Creosote (from 

wood tar)

• timber preservatives

• disinfectants

Charcoal • fuel

• explosives manufacturing

• medicines

Table 4.1 Products and their uses

Table 4.2 Trees and their characteristics

Name, classi&cation, habitat and colour Characteristics, uses and availability

Ash, Mountain – Hardwood

Grows in mountain regions of 

Tasmania and eastern Victoria.

Colour: Heartwood is pale pink or straw coloured.

Sapwood is not always clearly distinguishable.

• Grain is straight.

• Texture is coarse.

• It has distinct growth rings.

• Gum veins are common.

• Used for furniture, *ooring, panelling and general 

construction.

• It is a major timber species in Victoria and 

Tasmania.
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Name, classi&cation, habitat and colour Characteristics, uses and availability

Bean, Black – Hardwood

Grows in rainforests from northern 

NSW to north Queensland.

Colour: Heartwood is dark brown to almost 

black. Sapwood is pale yellow.

• Grain is usually straight.

• Texture is moderately coarse.

• It is greasy to touch.

• Heart shakes are common in logs.

• Used for furniture, woodcarving and decorative  

veneers.

• It is scarce.

Blackbutt – Hardwood

Grows in coastal forests between Bega, 

NSW, and Maryborough, Queensland.

Colour: Heartwood is pale brown. 

Sapwood is distinctly paler.

• Grain is usually straight.

• Texture is medium and even.

• Gum veins are common.

• Used for home construction (*ooring and frame-

work), poles and sleepers.

• It is readily available.

Cedar, Red – Hardwood

Grows in coastal rainforests of eastern Australia, 

Papua New Guinea and South-East Asia.

Colour: Heartwood is pale to dark red. 

Sapwood is very pale pink or yellow.

• Grain is straight or slightly interlocking.

• Texture is rather coarse and uneven.

• It has a distinctive odour.

• Used for furniture, woodcarving and decorative 

veneers.

• It is scarce in Australia. Small quantities are being 

imported.

Cedar, Western Red – Softwood

Grows along the west coast of North America, from  

British Columbia to Oregon.

Colour: Heartwood is pale to dark brown. Sapwood is  

yellowish-white.

• Grain is straight.

• Texture is !ne but uneven.

• When damp, it is corrosive to iron nails.  

(Galvanised nails are used.)

• Used for exterior and interior cladding, furniture and 

joinery.

• It is imported in considerable quantities.
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Name, classi&cation, habitat and colour Characteristics, uses and availability

Fir, Douglas (also called Oregon Pine) – Softwood

Natural habitat is the west coast of North 

America, from Mexico to British Columbia. It 

has been planted in small areas in Australia.

Colour: Heartwood is yellow-brown to pale 

reddish-brown. Sapwood is distinctly paler.

• Grain is generally straight.

• Texture is coarse and uneven.

• It has distinctive growth rings.

• There are some knots.

• When the timber is freshly cut, the resin produces a 

distinctive odour.

• Used for structural framing, joinery, boat-building 

and vats.

• It is imported in considerable quantities. The large 

sections and long lengths are converted locally to 

meet market requirements.

Gum, Spotted – Hardwood

Grows along the east coast from the Victorian/

NSW border to Maryborough, Queensland.

Colour: Heartwood is pale to dark brown. Sapwood is  

distinctly paler.

• Grain is variable, with frequent wavy grain.

• Texture is moderately coarse.

• Gum veins are common.

• It is slightly greasy to touch.

• Used for heavy construction, *ooring, poles and 

piles.

• It is fairly common in NSW and southern 

Queensland.

Ironbark, Red (also called Mugga) – Hardwood

Grows mainly in north-central Victoria 

and on the inland slopes of NSW, with 

some trees along the east coast.

Colour: Heartwood is dark red. 

Sapwood is pale yellow.

• Grain is interlocking.

• Texture is medium and even.

• Heartwood is very durable.

• It is hard to work.

• Used for heavy construction, poles and sleepers.

• Its use is limited mainly to the areas in which it 

grows.

Jarrah – Hardwood

Grows in the south-west corner of Western Australia.

Colour: Heartwood is dark red. 

Sapwood is pale yellow.

• Grain is slightly interlocking.

• Texture is coarse but even.

• Heartwood is durable.

• Relatively easy to work.

• Used for general construction, sleepers, poles, piles, 

*ooring and panelling.

• It is a major timber species of Western Australia.
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Name, classi&cation, habitat and colour Characteristics, uses and availability

Meranti, Red – Hardwood

Grows in South-East Asia: Malaysia, the Philippines,  

Indonesia and Thailand.

Colour: Heartwood is pale to dark reddish-brown. 

Sapwood is paler – may be yellow, pink or grey.

• Grain is usually interlocking.

• Texture is coarse but even.

• When working meranti, sharp tools are necessary to 

prevent a ‘woolly’ surface !nish.

• Used for joinery, furniture, plywood and internal 

mouldings.

• It is imported in large quantities from South-East 

Asia. (There is growing concern that rainforest 

timbers such as meranti are not being harvested on 

a sustainable basis.)

Pine, Cypress – Softwood

Grows in inland areas of Australia, 

especially in NSW and Queensland.

Colour: Heartwood is brown to yellowish-

brown. Sapwood is pale yellow.

• Grain is straight.

• Texture is very !ne and even.

• Knots are very common.

• It has a strong, distinctive odour.

• Its natural resistance to termites makes it a valued 

timber.

• Used for home construction: framework and 

*ooring, posts and small poles.

• It is in plentiful supply in Queensland and NSW.

Pine, Radiata (also called Monterey Pine) – Softwood

Its natural habitat is a very limited area of the west 

coast of North America. It grows well in temperate 

climates and has been planted in South Africa, Chile, 

New Zealand and Australia for this reason. It can 

grow four to ten times faster than native eucalypts.

Colour: Heartwood is pale yellow-brown. 

Sapwood is not always clearly distinguishable.

• Grain is usually straight, except for the central core, 

which can have a spiral grain.

• Texture is !ne but uneven.

• Knots are common.

• It has distinctive growth rings.

• Used for general construction, furniture, particle 

board, plywood, !breboard and paper. If treated with 

a preservative such as CCA, it can be used  

externally for cladding, poles and fence posts.

• It is in plentiful supply because large plantations 

have been established.
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4B Metals

In this section, you will learn:

  what metals are

  about the properties of some different metals

  about the production of metals

  about the uses of metals.

Classifying metals
All metals can be classified as one of the following.

• Ferrous metals: those that mainly consist of iron, 

such as steel. Most ferrous metals are attracted to 

a magnet.

• Non-ferrous metals: those that do not contain 

iron, such as copper, aluminium and lead.  

As well, metals can be pure metals or alloys.

• A pure metal has no other chemical elements 

mixed with it. Iron is a pure metal.

• An alloy is usually a mixture of two or more 

pure metals. Alloys are often used when special 

properties are needed – for example, stainless steel 

(an alloy of iron, carbon, chromium and nickel) 

provides a high resistance to corrosion.

Some uses of metal through time

Tools and weapons

Transportation

Arts and crafts
Construction

Machinery
Daily living

What are metals?
Metals such as iron, copper, aluminium, lead, zinc, 

nickel, tin, silver and gold make up about two-thirds 

of the chemical elements. They occur naturally in the 

Earth’s crust as minerals. For example, aluminium 

occurs naturally as the mineral bauxite, a compound 

of aluminium and oxygen.

Thousands of years ago, people learnt how to 

mine rich deposits of minerals and refine this ore 

into usable metals. From the beginning of the Bronze 

Age (approximately 3000 BCE), metals played an 

important part in the daily lives of people. Metals have 

many uses, as shown in these drawings.
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Properties of metals
Some common properties of metals are hardness, 

strength, toughness, brittleness, ductility, malleability 

and conductivity (see page 96).

Metals are solids at room temperature (except for 

mercury). Most have high melting points.

Many metals have shiny surfaces when they are 

freshly cleaned. Most become dull as they oxidise.

The properties of some metals can be altered by 

using heat. Heat treating is the process of heating and 

cooling metal under controlled conditions.

• Annealing is the process of softening a metal 

by heating it in such a way that internal stresses 

are reduced. Annealed metal can be formed or 

machined more easily. The annealing process 

varies for di�erent metals. (See the Information 

File below.)

• Hardening and tempering are processes by which 

some carbon steels can be made harder and 

tougher. The steel is first hardened by heating it to 

cherry-red heat and quenching it in oil or water. 

The steel is now very hard and brittle, and has to be 

tempered to reduce its brittleness and increase its 

toughness. This is done by reheating it to a lower 

temperature. (The temperature depends on the 

required balance between hardness and toughness.)

INFORMATION FILE

Annealing techniques

Rub soap over the surface 

of the aluminium

Heat gently until the 

soap blackens
Allow to cool in air

Annealing aluminium

Annealing steel

Annealing copper

Annealing brass

Heat the steel to a bright red colour Leave in a safe place and allow to cool slowly

Wash clean 

with water

Allow to cool in air

Copper or brass tongs

Glazed 

earthenware

Pickling

Quench (cool) in water

Dilute sulphuric 

acid

Heat the copper to 

a dull red colour To remove scale:

Pickle in acid bath

Scrub with pumice soap

Allow to cool slowly Remove the scale as for copperHeat to a dull red colour

  REMEMBER

• Always clearly mark  

   hot  metals.

• Use PPE.
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Producing metals
After mining companies remove ore by open-cut 

methods or underground mining, it has to be refined 

into usable metals.

The various ferrous metals are produced by 

smelting iron ore in a blast furnace to produce pig 

iron, and then further refining the pig iron and adding 

other elements to it.

Producing iron
The blast furnace used to produce pig iron stands 

about 30 metres high. It is lined with fire bricks.  

The furnace burns for years and is only stopped when 

the lining has to be replaced.

1 The raw materials – crushed iron ore, 

coke and limestone – are raised to the 

top of the furnace by skip cars.

2 The raw materials are fed into the furnace.

3 Hot air is blasted into the base of the furnace 

through nozzles called tuyeres. This makes 

the coke burn fiercely, and the temperature 

rises to approximately 1900 degrees Celsius.

4 In the melting zone, the burning coke melts 

the iron in the ore, and the molten iron collects 

at the bottom of the furnace. The limestone 

breaks down and combines with most of 

the impurities from the ore to form a liquid 

slag. This &oats on top of the molten iron.

5 From time to time, the slag and the iron are  

tapped o�.

Iron ore

Coke

Limestone

Melting

zone

Charge

Skip

Tuyere

air blast

Slag

taphole

Slag

Iron

Iron

taphole

A blast furnace

Raw materials
Blast 

furnace

Pig iron

(3–5% carbon)

Conversion processes

Wrought iron 

(0.04% carbon)

• For forge work

•  For ornamental 

work

The production of iron and steel

Steel  

(0.05−1.5% carbon)

• Carbon steels

• Alloy steels

• Sheet steels

Cast iron  

(2−6% carbon)

•   For casting, e.g. 

engine blocks, 

vices and 

machine parts

• Iron ore

• Coke

• Limestone
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INFORMATION FILE

The strength of metals
The Eiffel Tower, 300 metres tall, was built for the 1889 Paris 

International Exposition – an industrial fair displaying new inventions.

Iron had been used to make tools and weapons for hundreds of 

years, but never before for a construction project such as a tower. 

Gustave Eiffel, the engineer who designed and built the tower, had to 

come up with a completely new building method. The material used 

for the lattice-like structure was wrought iron. It was strong enough 

to withstand the force of high winds, but quite light compared to 

stone or brick.

Until 1930, the Eiffel Tower was the tallest building in the world.

The molten iron is then cast into blocks (pig iron) 

or fed directly into steel-making furnaces. The pig iron 

contains 3 to 5 per cent carbon and small amounts of 

other impurities.

Cast iron is pig iron that has been refined in a 

smaller furnace called a cupola furnace. The molten 

iron is poured into moulds to make castings such 

as engine blocks. Cast iron is produced in di�erent 

grades such as grey cast iron and white cast iron, with 

a carbon content ranging from 2 per cent to 6 per 

cent. Cast iron is brittle, but it has good compressive 

strength and is resistant to abrasion.

Wrought iron is purified pig iron with a carbon 

content of only 0.04 per cent. Wrought iron can be 

worked easily, and it is tough and corrosion resistant. 

In the past this made it an ideal material to use for 

items such as chains and horseshoes. Today, hot-

rolled, low-carbon steels are usually used instead of 

wrought iron.

Producing steel
Steel is pig iron that has been refined to remove some 

of the carbon and the impurities it contains. Scrap 

steel is usually mixed with the pig iron at the start 

of the steel-making process. Once the iron has been 

refined, small amounts of other elements can be 

alloyed with it to produce di�erent types of steel to 

meet the needs of industry.

There are three basic ways in which steel can be 

produced.

Pig iron

Electric  

arc  

furnace

Open- 

hearth 

furnace

Basic 

oxygen 

process

Steel Steel Steel

Methods of steel production

The electric arc furnace
The electric arc furnace is used to produce high-

carbon steel or special alloy steels. It has the advantage 

of allowing the composition of the steel to be finely 

controlled.

1 Pig iron and scrap steel are loaded into the  

furnace.

2 The iron is melted by powerful electric arcs 

from the electrodes to the metal in the furnace.

3 The molten iron is sampled. Alloying 

elements are added as required.

4 The slag is removed. The molten steel is then  

tapped into a ladle.
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Swivel roof

Door

Tilting

mechanism

Carbon

electrodes

Tapping

spout

Molten

metal

An electric arc furnace

The open-hearth furnace
The open-hearth furnace is like a huge oven. It is used 

to produce high-grade steel. However, this process 

is slow and it has largely been replaced by the basic 

oxygen process.

1 Pig iron (or molten iron), scrap steel and 

limestone are loaded into the furnace and 

placed on the hearth, which is open to &ames 

that blow across it from gas burners.

2 The raw materials are then heated by the burning 

gas. Oxygen is also blown onto the melt to 

help burn out carbon and other impurities.

3 Before the furnace is tapped, the 

molten metal is sampled to determine 

its carbon content. Alloying materials 

are added to the steel after tapping.

Oxygen

lanceLoading

machine

Hearth

Burner

Taphole

Steel ladle

Slag ladle

Fuel

line

An open-hearth furnace

Scrap

metal

Molten

pig iron

Oxygen
Water-cooled

oxygen lance

Taphole Molten

steel

Slag

4

3

5

1 Scrap charging

Molten metal  

charging

Oxygen blow

Tapping steel

Slagging

2

The basic oxygen process
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The basic oxygen process
The basic oxygen process uses oxygen to refine metal. 

It is a rapid operation.

1 First the furnace is charged with scrap metal.

2 Then molten pig iron is added.

3  A jet of pure oxygen is blown down onto the 

molten metal to burn o� carbon and other 

impurities. During the blow, lime is added to 

combine with impurities and form a slag.

4  The molten metal is sampled. Elements are 

added to produce the required type of steel. 

Then the molten steel is tapped o� into a ladle.

5 Finally the slag is poured o� (see diagram on  

page 129).

Shaping steel
Molten steel can be poured into ingot moulds and 

allowed to solidify. Later the ingots are rolled into 

slabs, blooms or billets.

75−250

450−2000

Slab

Bloom

150−300

square

50−125

square

Billet

Note: All measurements are in millimetres.

Shaping steel

Alternatively, the molten steel can be cast directly 

to form slabs, blooms or billets. This method, called 

continuous casting, produces steel at a lower cost.

Steel is rolled to shape in rolling mills. It can 

be rolled while it is hot or cold, depending on the 

required finish and its intended use.

•  Hot-rolled steel has a black coating, called scale. 

An example is black mild steel, which is generally 

used to forge items such as hooks and U-bolts.

•  To produce a bright finish (as in the case of 

bright mild steel), hot-rolled steel is cooled and 

then passed through an acid bath to remove the 

scale. The cold steel is oiled and finally re-rolled 

to produce a smooth, shiny surface. This process 

enables the steel to be rolled to more accurate sizes 

than is the case with hot-rolled steel.

Commonly used steel products
Di�erent types of steel are produced to meet the needs 

of industry.

Sheet steels: Steel can be rolled into sheets. To 

protect it from moisture, it can be coated with tin 

or zinc, forming products such as tinplate,  

Galvabond and Zinc Anneal.

Carbon steels: Carbon steel is available in three 

grades:

• low-carbon (0.05–0.3 per cent carbon): 

referred to as mild steel; easily formed, 

welded and machined

• medium-carbon (0.3–0.6 per cent carbon): 

stronger and harder than low-carbon steel, 

but still easily workable; can be hardened 

(reasonably hard)

• high-carbon (0.6–1.5 per cent carbon): 

di!cult to cut and bend; can be hardened 

(very hard) and tempered.

Other alloy steels: Steel is often combined with 

other metals to produce alloys with special  

properties such as:

• stainless steel: chromium and nickel are 

added, forming a corrosion-resistant alloy

• high-speed steel (HSS): tungsten, chromium 

and molybdenum are added. High-speed 

steel is very hard and retains its hardness at 

high temperatures.

Steel is also rolled into heavier sections such as I and 

C beams, which are used in the construction industry.
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Low-carbon
steel

(0.05−0.3%)

Percentage
of carbon

Wrought iron
(0.04% carbon)

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5%

Medium-
carbon steel 
(0.3−0.6%)

High-carbon steel
(0.6−1.5%)

Cast iron
(2−6%
carbon)

The less carbon in steel,
the softer and tougher it is

The more carbon in steel,
the harder and more brittle it is

Carbon steels and their uses

Common non-ferrous metals

Aluminium
Aluminium is the most plentiful metal on Earth. It is 

refined from the ore called bauxite.

1 The bauxite is first crushed and processed 

chemically to produce alumina.

2 Aluminium is then smelted from the alumina via 

the process of electrolysis.

3 The alumina is dissolved in molten cryolite in an 

electrolytic cell. This is a carbon-lined steel pot 

with carbon electrodes.

4 A powerful electric current is passed through the 

molten mixture. This causes the aluminium to 

separate out and sink to the bottom of the cell.

5 It is drained o� and poured into ingots for 

further processing.

Carbon electrodes

Molten

alumina

+

cryolite

Carbon

lining

+ve

−ve

Steel pot

Molten

aluminium

An electrolytic cell, used for smelting aluminium

Pure aluminium is a light, greyish-white metal 

that is very soft and can be worked easily. It is 

malleable and ductile, and has good conductivity. 

It resists corrosion because of the dull film of oxide 

that forms on its surface in the atmosphere. Thus 

it requires virtually no maintenance. Aluminium is 

widely used for items such as cooking utensils, drink 

cans, window frames, wiring and machine parts.

Aluminium is often alloyed with other metals, 

such as copper and manganese, to improve its hardness 

and strength. The alloyed metal can be processed in 

rolling mills like steel, or extruded into many di�erent 

shapes. Duralumin is an alloy of aluminium, copper 

and manganese used for aircraft and automotive parts.

Aluminium foil

Copper
Copper is a soft, reddish-brown metal that is probably 

the earliest metal to have been used. Like aluminium, 

it is malleable and ductile, and has good conductivity. 

It resists corrosion, but will tarnish if not treated. It is 

mainly used for electrical wiring, water pipes, jewellery 

and alloys such as brass and bronze.
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Copper coil

Copper ore usually contains less than 5 per cent 

copper. The mined ore is crushed, concentrated by a 

&otation process and then smelted into cakes or slabs 

of ‘blister copper’.

To remove the remaining impurities, the copper 

is refined either in a furnace or (more commonly) by 

electrolysis.

Ore crushed

and ground

Concentrated

by flotation

Smelted

in furnace

Blister copper

Furnace Electrolysis

+ve

−ve

Pure copper

Re*ning copper

Lead
Lead is a soft, heavy, silver-white, poisonous metal. 

It can be worked easily and does not corrode. When 

freshly cut, lead is bright, but it tarnishes when exposed 

to air. It is used in plumbing (as in &ashing for roofing), 

for plates in car batteries, for X-ray shielding and in 

alloys (especially in combination with tin in solders).

Fishing ledgers made out of lead

Tin
Tin is a soft, white metal that is highly resistant 

to corrosion. It is seldom used on its own, but is 

commonly used as a protective coating. For example, 

sheet steel is coated with tin to form tinplate, which is 

used for food cans, pots and roofing materials. Tin is 

also part of alloys such as bronze, solder and pewter.

Coating

of tin
Sheet steel

A tinplate

Cans made out of tin are commonly used to preserve food.
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Brass
Brass is an alloy of copper and zinc. The bright yellow 

metal resists corrosion and machines well. It can also 

be cast and shaped easily. It is used for plumbing and 

boat fittings, musical instruments and decorative 

items such as hinges, catches and ornaments.

Titanium
Titanium is a silver-grey metal that is relatively inert. 

This makes it ideal for using to make the plates and 

pins that surgeons leave inside a patient’s body to 

repair damaged bones. Its high strength and heat 

resistance also make it an ideal material to use for parts 

of spacecraft and supersonic aircraft that are exposed 

to heat and vibration.

An X-ray showing titanium pins Commonly available forms of metal and how to order them (do 

not forget to identify the metal)

Round rod:

State diameter and length

Square rod:

State side and length

Hexagonal rod:

State greatest distance ‘across flats’

(A/F) and length

Octagonal rod:

State greatest distance A/F

and length

Flat bar:

State width × thickness

plus length

Sheet:

State length × width

× thickness

Round tube:

State outside diameter (O/D),

wall thickness and length

Square tube:

State side, wall thickness

and length

Angle: 

State sides, thickness and length

Channel:

State sides, thickness and length

S
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T

T

T

A/F

A/F

W

W
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4C Plastics

In this section, you will learn:

 what plastics are

  about the properties of different plastics

  about manufacturing processes for plastics

  about the uses of plastics.

What are plastics?
Plastics is the term used to describe all plastic materials 

and products made from them. It comes from the 

Greek word meaning ‘capable of being moulded or 

formed’.

Plastics are a group of synthetic materials. Some 

early plastics were made using substances from plants 

(cellulose), cow’s milk and coal. Since about 1950, 

crude oil has been the main raw material used to make 

plastics. Some plastics known as bio-based plastics 

(bioplastics) are now made from renewable natural 

materials such as corn, straw and wood chips.

The basic building blocks of plastics are single 

molecules called monomers. The monomers of most 

plastics consist of atoms of carbon combined with 

other atoms such as hydrogen, oxygen, chlorine or 

nitrogen. To make plastics, industrial chemists link 

large numbers of these monomers together to form 

long chains of molecules known as polymers.

Awareness of the negative environmental impact of our plastic 

use - particularly single-use plastics - is growing.

By combining di�erent atoms, industrial chemists 

can create plastic materials with special properties. For 

example, the cast nylon used for rollers and bearings 

has extremely high resistance to wearing, while the 

acrylic sheet often used for glazing is lighter, more 

transparent and far more break resistant than glass.

Plastics can be mixed with many other 

substances – for example, glass f ibre, wood dust, 

asbestos and metallic compounds. These substances 

are known as f illers. Fillers are added to plastics to 

change the properties of the plastic material. For 

example, plastics reinforced with glass f ibre or glass 

cloth have greater tensile strength.

Classifying plastics
All plastics can be classified into one of two groups, 

depending on how the plastic reacts to heat. They are:

• thermoplastics

• thermosetting plastics.

Thermoplastics
Thermoplastics polymers (also known as 

thermosoftening polymers) consist of long chains 

of molecules that are relatively independent of 

each other. At room temperature, these individual 

chains form a rigid plastic material.

When moderately heated, the chains can move or 

slide, enabling the plastic to be formed to any desired 

shape. Upon cooling, the long chains retain the new 

shape. This process can be repeated many times.
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Ethylene 

molecule:

Two carbon and 

four hydrogen 

atoms

Polymerisation

Polyethylene 

(polythene):

A catalyst causes the 

molecules to join together 

in a chain or polymer

The polymer, commonly called polythene, is produced from ethylene molecules by the process of polymerisation.

Every time the plastic is heated, it will soften and 

return to its original shape. This is known as ‘plastic 

memory’. Care must be taken not to overheat the 

plastic, otherwise it will blister and bubble.
A thermoplastic polymer consists of long chains of molecules 

without any links between the chains.

Table 4.3 Some common thermoplastics

Name Properties Uses

Polymethylmethacrylate 

(ACRYLIC)

• resists weather and chemicals very well

• has high optical clarity, i.e. 90% of light is 

transmitted through clear acrylic

• is light in weight, yet quite strong

• has no grain

• light is ‘piped’ (passed) along acrylic rod

• can be formed when heated at 150°C

Outdoor and indoor advertising 

signs, display cases, optical lenses, 

safety shields, aircraft canopies 

and windshields, automobile 

tail-lights, baths, fabrics, paints

Acrylonitrile butadiene 

styrene (ABS)

• is very strong and tough

• resists chemicals and staining

• has machining properties similar to brass

• is often referred to as ‘engineering plastic’

Telephones, radio and TV cabinets, 

chairs, suitcases, car consoles

Cellulose acetate • resists most household chemicals

• is tough and *exible, but easily scratched

• will dissolve if in contact with acetone or alcohol

Children’s toys, buttons, combs, 

handles, blister packaging, 

photographic !lm, ballpoint pens

Polyamide (NYLON) • has great resistance to wear and chemicals

• is very strong, durable and light in weight

• does not need to be lubricated

• can be coloured easily

Gears, bearings, ropes, bristles, 

tubing, fabrics, electrical insulation, 

electrical parts, !shing line, zippers

Polycarbonate • is very tough

• is heat resistant and *ame resistant

• has high impact resistance

• is light in weight

• resists the weather very well

• is a very versatile thermoplastic – one of  

the best

Safety equipment, face shields, 

space helmets, windows, 

street lighting covers, medical 

equipment (as an alternative 

to glass and stainless steel)

Polyethylene 

(POLYTHENE)

• is strong and water resistant

• is tough

• has excellent chemical resistance

• is a good electrical insulator

• has good impact resistance at sub-zero 

temperatures

• Low-density polythene: squeeze 

bottles, freezer bags, !lm for food 

wrapping, electrical insulation, 

underwater cable insulation, 

plastic sheeting for damp courses 

or laying beneath concrete
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Name Properties Uses

• is manufactured in two forms:

 – low-density (extremely *exible)

 –  high-density (more rigid and heat resistant)

• High-density polythene:  

bottle crates, pressure piping  

for liquids and gases

Polypropylene • is very strong

• has excellent chemical resistance

• has a high resistance to abrasion

• has good impact resistance

• is very light – will *oat on water

• can be formed if heated to 170°C

Bowls, buckets, food containers, 

picnic ware, spatulas, woven 

material (e.g. sacks, webbing and 

carpets), ropes, slings, !shing nets, 

hinged lids and containers (e.g. 

*ip-top bottles), children’s toys, 

medical equipment (e.g. disposable 

syringes and body implants)

Polystyrene Polystyrene:

• is colourless

• is hard and rather brittle

• can be toughened to have high impact 

resistance

• can be coloured

Expanded polystyrene (foam):

• is very light in weight

• has good insulating qualities for heat  

and sound

• does not absorb water

• absorbs shocks but crumbles easily

Polystyrene:

Disposable cups, dairy food 

containers, refrigerator linings, 

kitchen ware (e.g. food containers 

and measuring jugs)

Expanded polystyrene (foam):

Heat insulation, sound insulation, 

packaging for delicate equipment, 

*otation material (e.g. kickboards 

and surfboards)

Polytetra*uoroethylene 

(PTFE)

• has excellent non-stick properties (a low 

coef!cient of friction)

• has excellent chemical resistance

• is a very good electrical insulator

• resists heat

Cable insulation, gaskets, valve 

seats, plumber’s pipe-jointing tape, 

coating for non-stick utensils, 

protective fabrics, e.g. Gore-Tex®

Polyurethane • can be *exible or rigid

• is manufactured in a variety of forms, e.g. 

foam, !lm and sheets

Flexible foam: upholstery (e.g. 

seat cushions and pillows), carpet 

underlay

Rigid foam: insulation (e.g. sound 

and refrigeration)

Coatings: wood !nishes and paints

Film: blister packaging, high-altitude 

balloons

Polyvinyl chloride 

(PVC or VINYL)

• is strong

• is a good electrical insulator

• has good chemical resistance

• resists abrasion

• can be rigid or *exible

• can be coloured easily

Rigid PVC: gutters, downpipes, 

pipe !ttings for plumbing, electrical 

conduits

Flexible PVC: coating on fabric (e.g. 

suitcases), *oor and wall coverings 

(e.g. vinyl tiles and wallpaper), 

electrical insulation (e.g. wiring)
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INFORMATION FILE

The history of plastics

1970: In the 1970s and 1980s, 

composite materials such as graphite 

epoxy and plastic reinforced with Kevlar 

were introduced.

1980s:  

•  In the early 1980s a coextrusion process was developed. 

Two grades of plastic were extruded to produce items – for 

example, garden stakes. The !rst grade – the core – was  

90 per cent recycled plastics. This was then coated with  

10 per cent virgin plastic, the second grade, to give a smooth 

exterior !nish.

•  In the mid-1980s a blow agent such as bicarbonate of soda 

was added to the coextrusion process. The result was a 

honeycomb core with a smooth exterior coating (a lighter 

material). Products manufactured include sewerage pipes.

1990: In early 1990, a new recycling process was developed 

in Belgium. Different types of plastic and some other materials 

such as aluminium and ceramics could be recycled together to 

produce items such as pallets for storage purposes.

2000: Introduction of bioplastics (or bio-based plastics) made 

from renewable natural materials such as corn, straw and 

wood chips.  

2010: Metallyte™ !lm was not easy to puncture. Metallyte™ 

pouches with zips were used to store food.

1950: During the 1950s, crude oil became 

the main raw material for the production of 

plastics. Epoxy resins began to be produced 

in large quantities.

1942: Polyester resins were produced commercially.

1934: Nylon was developed in the USA as a substitute for 

natural silk and manufactured commercially in 1937.

1927: Rigid PVC was produced in Germany.

1907: Phenol formaldehyde was 

invented by the Belgian scientist Leo 

Baekeland. It was produced under the 

trade name Bakelite.

1889: Cellulose nitrate 

photographic !lm was manufactured 

by George Eastman in the USA.

1870

1880

1890

1900

1910

1920

1930

1940

1950

1960

1970

1980

1990

2000
2010

2020

1954: Polypropylene and high-density 

polyethylene were discovered.

1948: ABS was discovered.

1933: Polyethylene was discovered by the English 

chemists Gibson and Fawcett, and production 

began in 1939, but it was not made in large 

quantities until the 1950s.

1930: During the 1930s, polystyrene was 

produced commercially in Germany, and epoxy 

resins were developed there also.

1912: Cellophane was invented by the Swiss chemist 

Jacques Brandenberger, and PVC was !rst produced.

1901: Otto Rohn, a German chemist, discovered acrylic.

1868: Celluloid was developed by an American, 

John Hyatt, as a substitute for ivory to make 

billiard balls.

1960: Polycarbonate was commercially produced. 

Glass-reinforced plastic (!breglass) came into 

common use in the 1960s.
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Thermosetting plastics
A thermosetting plastic (also known as thermosetting 

polymer) is changed chemically during its formation. 

It is either heated, shaped and allowed to cool, or 

moulded and hardened using chemical agents. The 

polymer then consists of long chains of molecules that 

have formed cross-links with adjacent chains.

This cross-linking between the chains cannot 

be broken if the plastic is reheated. Thus, once a 

thermosetting plastic is formed and sets hard, it cannot 

be softened again and reshaped (unlike thermoplastics).

Table 4.4 Some common thermosetting plastics

The cross-linking between chains of molecules in a 

thermosetting polymer

Name Properties Uses

Alkyds • resist heat

• are good electrical insulators

Paints, radio and TV 

components, electrical parts

Epoxy resins • are hard and tough

• are strong

• have high impact resistance

• have high chemical resistance

• can be used with !llers such as glass !bre

• have good resistance to abrasion (wear)

• have good adhesive qualities

Surface coatings (e.g. for 

surfboards and surf skis), 

adhesives, insulating 

material, electrical laminates, 

reinforced fabrics

Melamine 

formaldehyde 

(MELAMINE)

• has excellent heat resistance

• is resistant to staining and scratching

• is non-toxic

• has good chemical resistance

Tableware, picnicware, 

electrical components, marine 

adhesive, decorative laminates 

for furniture manufacture 

(e.g. Laminex and Formica)

Phenol formaldehyde 

(PHENOLIC – better 

known as Bakelite)

• has good strength and rigidity

• is heat resistant

• is quite brittle, but can be combined with 

!llers to reduce this

• is always dark in colour, e.g. black or brown

Handles for heating appliances, 

electrical insulators, waterproof 

adhesive (for plywood, particle 

board and abrasive wheels)

Polyester resins • are light in weight

• have a high resistance to heat

• have good resistance to impact

• have good chemical resistance

• can be reinforced, e.g. with glass !bre

• can be cured at room temperature without 

additional pressure

• have excellent clarity and are ideal for casting 

and embedding

Glass-reinforced plastic (e.g. 

boats, surfboards, surf skis, 

!shing rods, skateboards, outdoor 

furniture, swimming pools, 

automotive bodies), castings, 

yarn (for clothing and sails)

Silicones • have excellent resistance to weathering

• have high elasticity

• are good electrical insulators

• can withstand extremes of temperature

• have good resistance to abrasion

Electrical insulation, gaskets 

and seals, waterproo!ng 

materials, heat-resistant paints
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Name Properties Uses

Urea formaldehyde 

(UREA)

• has some resistance to heat

• is free of odour

• has good impact resistance

• is quite hard

• can be coloured

Buttons, handles, knobs, 

electrical !ttings, adhesives 

(e.g. for timber and plywood)

Windsur*ng would not be possible without plastics. 

Note: The materials used for making windsurfer boards may 

include ASA (acrylonitrile–styrene–acrylate) for the board;  

*breglass with up to 60 per cent carbon *bre for the mast; nylon 

or PVC sheeting (reinforced with a mesh of Kevlar *bres) for the 

sail; and polycarbonate for the tail *ns and dagger board.

Plastic: the  

alternative material
The properties of plastics make them well suited to 

the mass production of everyday items. Most plastics 

can be changed into finished products via fairly simple 

manufacturing processes on automated machines. 

This means that products made from plastics 

are generally cheaper than products made from 

traditional materials such as wood and metal.

Plastics have become a popular alternative 

material to use because they:

• are easy to shape

• are light in weight and strong

• will not rot or corrode

• are waterproof

• are a very good insulator of electricity

• are easy to keep clean

• have good hygienic qualities

• are available in a wide range of colours and finishes.

However, we need to be aware that there are some 

problems with plastics.

• Most plastics are not biodegradable. They take 

hundreds of years to break down through natural 

processes.

• Plastics pollute the environment and may harm 

wildlife if they are disposed of carelessly.

• Some plastics give o� toxic fumes when they  

are burnt.

Manufacturing  

processes
Various manufacturing processes can be used 

to transform plastics into everyday items. Some 

commonly used processes are:

• extrusion

• moulding

• forming

• laminating

• calendering

• casting

• 3D printing.

Extrusion
The extrusion press is generally used to manufacture 

products such as pipes, rods or tubular films. Both 

thermoplastics and thermosetting plastics can be used. 

Extrusion is also used to coat bare wire with plastic.

Plastic pellets

or powder

Hopper
Heaters

Die

Extruded tube
Rotating screw

An extrusion press
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1 Plastic pellets or powder are fed into the hopper.

2 The raw material is forced along the cylinder  

by the rotating screw.

3 The heated raw material is changed  

into a thick liquid.

4 The thick liquid is forced through the 

die. (The shape of the die determines 

the final shape of the product.)

5 The extruded plastic is allowed to cool.

Interchangeable steel dies can be fitted to the press 

to produce many shapes.

Sheet
Die Rod

Die

Extruded sections

Moulding
Moulding is used to manufacture objects ranging 

from the simple to the complex. There are three 

commonly used moulding processes:

• injection moulding

• compression moulding

• blow moulding.

Each method requires a mould that is a hollow shape 

of the object. Molten plastic is forced into the mould. 

After the item has cooled, it is removed from the mould.

Injection moulding
Injection moulding is used to make items such 

as buckets, nylon gearwheels, drinking cups and 

children’s toys. Thermoplastics and thermosetting 

plastics can be used for this process.

1 Plastic pellets or powder are loaded into  

the hopper.

2 The raw material is heated to a molten state.

3 A plunger or rotating screw forces the molten 

material around a spreader and through the  

nozzle into the hollow mould.

4 After cooling, the mould is opened and the  

object is removed.

Injection moulding is well suited to the 

commercial production of large numbers of items 

from a single mould. Items can be produced quickly 

and inexpensively using this automated process.

Hopper

Plastic pellets

or powder

Moulded

object Spreader

Mould Heaters
Plunger or

rotating screw

Injection moulding

Compression moulding
Compression moulding is used to manufacture 

items such as lamp sockets, bottle caps, melamine 

dinnerware and distributor caps. Thermosetting 

plastics are the main raw material used for this process.

Pressure

Pre-heated plastic

pellets or powder

Heater

Flash

Compression moulding

1 A measured amount of pre-heated plastic pellets  

or moulding powder is placed in the lower half  

of the mould.

2 The upper half of the mould is compressed onto  

the lower half.

3 Under heat and pressure, the liquid raw material  

is forced into the shape of the mould. It is allowed  

to cure.

4 After cooling, the mould is opened and the  

moulded item is ejected.

5 The 	ash is removed by grinding or tumbling,  

or is simply broken o� by hand.

Compression moulding is slow compared to 

injection moulding.
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Blow moulding
Blow moulding is used to manufacture hollow items 

such as squeeze bottles. Thermoplastics are used for 

this process.

1 A length of softened plastic tube (a 

parison) is passed into an open mould.

2 The mould is closed, sealing o�  

one end of the softened plastic tube.

3 Air is blown into the open end of the  

plastic tube. This forces the tube to  

expand and touch the inner walls of  

the mould.

4 After cooling, the mould is opened 

and the item is ejected.

Free blowing
The blow-moulding process can be used to form 

dome shapes. This process is known as free blowing.

1 A former and clamping board are prepared by 

cutting the required shape from a suitable sheet 

material such as plywood or particle board.

2 A sheet of thermoplastic is heated until it is soft.

3 The heated thermoplastic is placed on top of a 

rubber-topped blowing table that has a central 

inlet for compressed air. The former/clamping 

board is then laid on top of the plastic, and 

its edges are clamped to prevent air loss.

4 Compressed air is blown in, inflating the 

heated thermoplastic to the desired height. The 

air pressure is maintained until the plastic cools 

(otherwise the heated thermoplastic will return 

to its original flat shape–‘plastic memory’).

Blow moulding

Plastic tube

(parison)

Mould

closed

Tube

pinched

Finished

item

Air 43

1 2

Clamping board/

former

Clamping board/

formerHeated sheet

of plastic

Clamp Clamp

Air holes

Rubber-topped

blowing table
Compressed

air inlet

Air blown in

Clamping board/

former

Free blowing

Forming
Forming is the process of changing the shape of a 

sheet of thermoplastic into items such as trays and 

bowls. Two forming processes are commonly used:

• vacuum forming

• pressure forming.
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Vacuum forming
Vacuum forming is used to manufacture many items  

such as advertising signs, trays and inside door liners 

for refrigerators. This process requires a male mould 

of the finished item.

1 A sheet of thermoplastic is heated 

until it sags under its own weight.

2 The heated plastic sheet is drawn over 

the mould and clamped down.

3 A vacuum is created between the mould and 

the plastic. This causes the thermoplastic 

sheet to be forced down onto the mould.

4 After cooling, the moulded item is 

removed and trimmed as required.

Heated sheet

of plastic

ClampClamp
Mould

Vacuum

box

Vacuum draws

plastic down onto mould

Vacuum

Vacuum forming

Pressure forming
Pressure forming requires a male mould and a female 

mould. A heated sheet of thermoplastic is placed 

between the male and female moulds and pressure is 

then applied until it cools. (See page 218.)

Laminating
Laminating is the process of sandwiching together 

layers of paper, cloth or metal foil that have been 

coated in thermosetting plastics. The bonded sheets 

that result are very strong. Plastic laminates are used 

for items such as table tops and printed circuit boards 

(PCBs). (See page 76.)

Printed circuit

board

Thermosetting

resin
Press

Sheet

material

Laminating

1 Sheets of paper, cloth or metal foil 

are passed between rollers and coated 

with thermosetting resin.

2 The sheets are stacked on top of one 

another and placed in a press.

3 The sheets are squeezed together and 

heated to cure and bond them.

Glass-reinforced plastic (GRP), commonly called 

fibreglass, can be laminated. (See page 219.) It forms a 

very strong material that is used to manufacture items 

such as boats, yachts and furniture. Hand-laminating is 

often used to laminate smaller items. For larger items, a 

spray lay-up gun is used to apply the resin and glass fibre. 

The mould used could be a one-piece mould (male or 

female, depending on the surface finish required), or a 

two-piece mould if a good surface finish is required on 

both sides. (See pp. 219–20.)
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Calendering
Calendering machines are used to make plastic 

films or thin sheets. Heated thermoplastic is passed 

through a series of rollers to achieve the desired 

thickness. Calendering is also used to coat materials 

such as paper and cloth with a thin layer of 

thermoplastic, to give them a protective finish and 

added strength. Examples of calendered products 

include vinyl wallpaper and plastic-coated playing 

cards.

Heated

thermoplastic

Playing

cards

Material

to be

coated

Roll of

calendered

material

Calendering

1 Plastic is heated until it has softened.

2 The heated plastic is squeezed through 

the calendering rollers. The thickness 

of the coating can be controlled by 

the gap between the rollers.

3 Paper or fabric is fed into the 

calendering rollers. The heated plastic 

is bonded to the paper or fabric.

4 The bonded material is cooled, trimmed 

to width and wound onto a roll.

Casting
Casting is used to shape thermoplastics and 

thermosetting plastics. The mould used can be a 

one-piece mould or a two-piece mould that fits 

together. Liquid plastic is poured into the mould 

and allowed to harden. This process is used to make 

a range of items, such as spectacle lenses.

Liquid

plastic

Mould
Spectacle

lenses

Casting

1 The melted resin is poured into the mould.

2 The resin is allowed to cure.

3 Upon hardening, the item is 

removed from the mould.

3D printing
3D printing is a CAD/CAM system (see pages 43–46).  

It can be used to manufacture objects ranging from 

simple to complex. The item is formed by adding a 

layer at a time of a material; for example, ABS or PLA 

plastics. Some of the industries that use items made 

by 3D printing include medical, aviation, military, 

manufacturing and automotive. 3D printers are 

becoming increasingly a�ordable and suitable for 

domestic use and could revolutionise manufacturing.

1 The filament is melted.

2 The molten material is extruded.

3 The material fuses to the existing layer.

4 Layers are added to complete the item.

This 3D printer is on the International Space Station. What could 

be the bene*ts of 3D printing in space?

N
A

SA
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Warp threads, also known as ends, run the length 

of the fabric. Warp yarns are very strong.

Weft threads, also known as picks, run the  

width of the fabric. Weft yarns are not as strong as 

warp yarns.

A piece of fabric consists of a series of picks 

passing over and under a series of ends. Fabric has 

two grains. One grain is in the direction of the length 

(warp) and the other is in the direction of the width 

(weft). There is usually very little stretch along the 

grains. The greatest stretch possible is along the bias. 

The bias is the diagonal direction across the grains. 

(See the diagram below.) 

When marking out fabrics, line up the pattern 

with the warp grain to ensure dimensional stability. 

On the other hand, if the fabric needs to be stretched, 

line up the pattern with the bias.

4D Textiles

In this section, you will learn:

 what textiles are

 about the properties of textiles

 about the uses of textiles

 about tools to use with textiles.

What are textiles?
‘Textile’ is the term used to describe any fabric or 

fabric product. Products made from fabric include 

clothing and furnishing items such as those found in 

homes, o!ces and schools.

A range of fabrics

The clothing worn in prehistoric times was made 

from natural materials such as animal skins and fur, 

leaves and woven grass. Bone and thorns were used to 

make needles, while animal sinew or lengths of grass 

were used as thread.

The invention of the spinning wheel in India 

enabled people to twist fibres into thread. The yarn 

could then be woven into fabric. Woven fabrics were 

made from natural vegetable fibres and animal fibres.

Natural plant fibres include cotton, &ax, hemp and 

jute. Animal fibres include wool from sheep, silk from 

silkworms and hair from camels, horses, rabbits, goats 

and llamas. Human hair might also have been used.

The invention of the mechanised loom enabled 

people to weave cloth faster than before. The weft thread 

could be passed quickly through the warp thread.
Warp and weft in fabrics

Selvedge

Bias

Weft

Warp
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Bias or diagonal

W
arp

 th
read

s

45°

Weft threads

S
el

ve
d
g
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The parts of a piece of fabric

The Jacquard loom (invented in 1801) used 

perforated cards that lifted the warp threads in a 

particular order to make complex patterned fabrics.

Using a loom to weave a piece of fabric Marking out pieces of fabric

Selvedge

A pattern layout of rectangular shapes

Selvedge

Make sure you position patterns to ensure 

minimal wastage

Fibre Main properties

Cotton durable; strong – wet or dry; water absorbent; creases easily; good conductor – feels cool; very 

little elasticity; burns to ash

Linen durable; very strong – wet or dry; water absorbent; creases easily; good conductor – feels cool; 

no elasticity; burns to ash

Wool moderately weak; water absorbent; does not crease easily; very poor conductor – feels warm; 

very elastic; not insect resistant; smoulders

Silk durable; very strong; water absorbent; resists creasing; very poor conductor – feels warm; 

reasonable elasticity; soft to touch; smoulders

Rayon good strength; very absorbent; creases readily; good conductor – feels cool; burns and melts

Polyamides very durable; very strong – wet or dry; does not crease easily; very poor conductor – feels warm; 

very high elasticity; easy-care; burns and melts

Polyester durable; water repellent; good strength; resists creasing; fair conductor – feels cool; easy care; 

burns and melts

Acrylic good strength; very little stretch; resists creasing; low conductor – feels warm; fairly easy  

care; melts

Table 4.5 Common textiles and their main properties
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INFORMATION FILE

The production of �bres
Fibres can be classi!ed into two groups.

They are:

• natural !bres

• manufactured !bres.

Natural !bres come from one of two sources: 

animal or plant.

Manufactured !bres are also derived from two 

sources: synthetic !bres from petrochemicals, and 

regenerated !bres from natural materials such as  

wood pulp.

The chart below shows the production of !bres.

Manufactured  

!bres

Regenerated from 

natural materials 
Viscose 

Synthetic from 

petrochemicals 

Minerals 

Metals 

Silicates 

Tinsel thread 

Plant !bres 

Animal !bres 
Mohair 

Cashmere

Vicuna 

Alpaca

Glass !bre 

Slag !bre 

Sisal and hemp

Flax

Camel hair

Goat hair

Natural !bres

Cotton and kapok

Coir

Nylon 

PVC

Polyester

Acrylic

Fibres

Sheep wool 

Classi*cations of *bres

The twentieth century saw the development of 

manufactured fibres and dyes. Rayon was invented 

in 1930 and manufactured in Britain. Other new 

materials such as Lycra, Te&on, Nomex, Gore-Tex® 

and Tencel® have been developed in recent times.

Every fibre has a variety of properties. Some basic 

properties of fibres are strength, absorbency, stretch, 

elasticity, warmth, crease recovery, chemical resistance, 

	ammability, washability and resistance to insects 

and micro-organisms. Fibres can be combined to 

create fabrics with specific properties. There are two 

ways to achieve this:

• as a mixture

• by blending.



9780170439398 147Materials

A mixture of a fabric refers to the combining of 

di�erent yarns – for example, cotton and polyester 

in the warp and weft – in the weaving of the cloth. 

The result is an easy-to-iron fabric with the aesthetic 

appeal of cotton.

Di�erent fibres can be blended during the 

production of yarn. The result is an improvement 

in performance and overall properties, enhanced 

aesthetic appeal, cheaper production and a large 

variety of yarns and fabrics.

The combination of fibres in recent times has also 

resulted in the production of protective fabrics for 

specific applications and work environments. This 

range of fabrics protects people from chemicals, heat, 

cold and infection, as well as reducing static.

Oil industry employees and construction workers 

wear clothing that reduces static and is fire resistant. 

Motorcycle racing suits are made with Kevlar and 

Lycra, which o�er protection from abrasions during a 

fall and yet are elastic and breathable.

There is another group of textiles known as 

bonded fabrics. As the name implies, fibres are 

bonded to each other. These fibres can be arranged in 

one direction, in more than one direction or randomly 

to form a web. The fibres within the web are bonded 

using one or more bonding processes – for example, 

stitch, thermal or adhesive.

Examples of bonded fabrics include nappies, 

dish cloths, gowns and masks, and geotextiles or 

geosynthetics – fabrics that are permeable and are 

used in filters and drainage in civil engineering. 

The textile industry has seen the introduction 

of enviro textiles such as hemp and organic cotton 

and hemp in response to the growing awareness of 

sustainability.

Manufacturing fabric

Natural !bres

Manufactured !bres

Cutting tools

Fabric

Carpet



9780170439398148 Nelson Introducing Technology

4E Composite materials

In this section, you will learn about:

 the categories of composite materials

 the role of composite materials

 the uses of composite materials.

Tennis racquets are made of graphite epoxy, a composite material 

that provides added strength.

There are many other materials used by technologists. 

They may be used on their own, with traditional 

materials such as wood, metal and plastics, or 

combined with other materials to form new 

composite materials.

The purpose of combining two or more 

materials (such as glass fibre and epoxy resin) is for 

the composite material to acquire properties that are 

superior to those of its components. Composites can 

be grouped into three broad categories.

• Layered composites – for example, a laminated 

windscreen (a piece of plastic sandwiched 

between sheets of glass) and laminated fabric 

such as Gore-Tex® (fabric laminated with plastic 

film and a thin layer of foam)

• Particle composites – for example, concrete

• Fibre composites – for example, fibreglass and 

bonded fabrics.

Modern composite materials have many remarkable 

properties, such as greatly improved sti�ness or tensile 

strength or resistance to corrosion. For example, 

graphite epoxy, used in tennis racquets, combines 

Titanium

body

Tuned weight

cartridge

Carbon

composite

crown

SP700 titanium

inverted cone face

The composite materials in this golf club combine stiffness and strength with low weight.

The number of composite materials continues to  

grow with ongoing research. Currently, a range of  

materials known as hybrid materials is emerging. 

sti�ness with low weight. Plastic reinforced with Kevlar 

fibres is a lightweight ‘space-age’ composite used for 

high-stress components in aircraft, spacecraft, ocean-

racing yachts and Formula 1 racing cars.
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4F Recycled materials (and upcycling)

In this section, you will learn about:

 about recycled materials

 the uses of recycled materials

 upcycling.

Recycled materials
There is a greater awareness in the world of the 

amount of waste material being dumped every day. 

People know that energy was used to process the raw 

material into its final state. The processes used to 

make materials have an impact on the environment. 

Many materials used to make items can be reused once 

the product has no further use. Today, most designers 

and engineers think about how the materials can be 

recycled once the products are no longer of use.

Some materials, such as plastics and metals, may 

be reprocessed and used again.

Other materials, such as urban waste – for 

example, demolition softwoods or metals such as steel, 

aluminium and copper – are recycled by artists and 

craftspeople to make ‘distressed’ or ‘retro’ furniture, 

sculptures, wind chimes and so on. Years of wear and 

tear on the material can produce some unique results 

on its surface. For example, brass that has been rubbed 

by skin develops a sheen, and when copper is exposed 

to air it turns green. These e�ects are referred to as the 

patina. The patina often enhances the visual appeal of 

the material and is hard to duplicate.

The patina of copper

S
h
u
tt

er
st

o
ck

.c
o
m

/d
o
n
a
ta

s1
2
0
5

Recycled out-of-fashion fabrics

Textiles are also reused and recycled. Some fibres, 

such as wool, are suitable for re-spinning while others 

can be reused as filling material – for example, for 

upholstery, insulation or bonded fabrics such as 

nappies and wiping cloths. Alternatively, out-of-

fashion fabrics can be recycled into new items such as 

bags, jackets or dresses.

Recycling materials is a good thing to do. Some 

recycling programs are working well and some are 

not. More people are realising that it costs to recycle. 

It requires e�ort, time, money and energy to break 

down and reuse materials in another way. The end 

result can be a lower quality than the original material 

such as recycled paper. An alternative to recycling is 

upcycling.
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Upcycling
Upcycling is taking waste – materials or products–and 

creating a higher-value outcome. It is finding a new 

purpose for a material or a product. Upcycling is 

better for the environment as materials and products 

are not broken down and pollution is reduced.

INFORMATION FILE

Recycled materials produce a composite
An American company is using recycled materials to 

manufacture a composite material. The composite 

material is made from wood waste and recycled 

high-density polyethylene (HDPE). (See page 135.)

An example is when hardwood (maple) *ooring 

offcuts are ground into a !ne, soft powder – a *our. 

The *our is processed into pellets. Recycled HDPE in 

the form of pellets is combined with the hardwood 

pellets and mixed with a colour. The mixture is fed 

into a hopper of an extrusion press (see ‘Extrusion’ on 

pages 139–40) and extruded. The extruded material, 

known as a wood composite, is allowed to cool. The 

extruded material is shaped like a board.

The properties of the wood composite material 

are durability, toughness, stiffness, low absorption 

and low maintenance. The wood composite material 

can also be easily worked with conventional 

woodworking tools.

The properties of the wood composite make it a good choice for use in many outdoor applications such as 

decking, patios, walkways and as wall cladding.

A pool deck made of recycled composite materials

Urban waste, such as tyres, tubes or furniture is upcycled by  

artists and craftspeople to make a range of new useful items.
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4G Other common materials

In this section, you will learn about:

To avoid injury when working with 

glass, wear gloves, long sleeves, a 

thick cotton shirt and an apron.

Rubber
Rubber is an elastic, water-resistant, non-conductive 

and shock-absorbing material. Natural rubber is 

usually heated with varying amounts of sulphur in 

the process known as vulcanisation to make it harder, 

more elastic and more heat resistant.

Rubber products can be moulded (for example, 

tyres), extruded (for example, tubing), calendered (for 

example, sheets) or dipped (for example, gloves). 

However, rubber deteriorates when exposed to 

heat, and toxic fumes are given o� when it is burnt.

Tyres

Tubing

Sheeting

Gloves

Boots

Tyres

Tubing

Cutting tools

Sheeting

Gloves

Boots

Natural rubber

Synthetic rubber

Manufacturing rubber

 some properties of other common materials

 the uses of other common materials

 tools to use with other common materials.

Glass tubing

Glass fibre

Glassware

Plate glass

Glass tubing

Glass fibre

Glassware

Plate glass

Cutting tool

Sand

Soda ash

Limestone

Manufacturing glass

Glass
Standard glass is made by heating sand, soda ash 

and limestone in a furnace. The molten glass is then 

shaped by blowing, pressing, casting or drawing.

Many di�erent kinds of glass are manufactured 

to meet particular requirements; examples include 

tempered glass for sliding doors, glass fibre for 

fibreglass reinforcement, Pyrex for cooking utensils 

and crystal for decorative glassware.

Standard glass is brittle, and special care should be 

taken when handling it.
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Avoid cement dust if possible. Do not 

handle cement dust with bare hands.

Cork
Cork is the thick outer bark of the cork oak tree. It is 

a light, spongy substance that is used for sound and 

heat insulation (for example, tiles) and to make seals 

(for example, gaskets). Cork can be compressed a great 

deal, but it springs back to its original shape.

Ceramics
A ceramic is a hard, brittle material formed by baking 

wet clay in a kiln. Ceramics are mostly thermosetting 

materials – once set, they cannot be re-formed. They 

are not only hard and brittle, but also very sti�.  

Their ability to conduct heat and electricity is very 

poor, making them an ideal material to be used as  

an insulator.

For centuries, people have used clay bricks and 

tiles to construct buildings and pottery vessels for 

practical and ornamental purposes. The clay is often 

coated with a glaze before it is fired in the kiln. This 

forms a glassy covering that can be used to decorate 

the surface as well as sealing it and making it smooth.

Today, technologists are developing new forms of 

this ancient but versatile material. For example, special 

ceramics have been used for cutting tools, for engine 

linings and for the heat shields of spacecraft such as 

American space shuttles.

Cement and concrete
Cement is made by heating limestone, clay and sand 

in a kiln and grinding the product to a fine powder. 

When water is added to it, cement becomes a bonding 

agent. Its main uses are to make:

• mortar (cement, sand, slaked lime and water): 

used for bonding bricks

• concrete (cement, sand, stone aggregate and 

water): used for building components such as 

beams, blocks, slabs and pavers.

Cement products are durable and water resistant, 

but they are quite brittle when not reinforced. (See 

also page 51.)

Manufacturing cork

Bark

Cork oak tree

Stoppers

Tiles

Gaskets

Cutting tool
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INFORMATION FILE

Smart materials
Smart materials are materials that react to external changes in their surroundings, such as light, temperature, 

electricity or pressure, and alter their state and return to their original state. The process can be repeated 

many times.

Smart materials have a set of properties that present an exciting future for industry. Some examples are:

• smart textiles – react to body temperature

• smart grease – a gel that can control motion

• conductive polymers – enable the *ow of electricity  

• shape memory alloys – deformed alloys that return to their original shape once heated.

Manufacturing cement

Cement

Mortar

Concrete

products

Limestone

Clay

Sand

Cutting toolsCutting tools

Manufacturing ceramics

Clay

Water Pavers

Tiles

Bricks

Pottery and

chinaware

Insulators

Cutting tools



9780170439398 9780170439398 154 Nelson Introducing Technology

5
Safety
In this unit, you will learn about:

 safety

 unsafe practices and unsafe conditions

 workplace health and safety

 personal safety

 personal protective equipment (PPE)

 risk management and hazard identi$cation

 developing safe working practices

 safety data sheets.

Technology has given us many things, such as tools 

and leisure items, to use and enjoy at work and at play. 

The responsibility for using these items safely rests 

with everyone. If you fail to use them in a safe manner, 

you could injure yourself and other people.

Federal and State governments spend much time 

and money promoting safety, mainly through lectures, 

posters, websites, social media and �lms. Their aim is 

to educate people to ‘think safety’ and ‘work safely’ 

at all times. People who miss work because of injury 

are unproductive, and the cost of making them well 

again can be very high.

To protect people even more, governments have 

passed safety laws; for example, the Work Health and 

Safety Act and Regulations 2011. To ensure that 

people obey these laws, safety o�cers are employed to 

inspect workplaces and to check that the safety rules 

are not being broken. People who break the safety 

laws can be �ned and sent to gaol.

SAFETY STARTS WITH YOU!

SAFETY = SUCCESS

JUST DO IT … SAFELY

BE CAREFUL

SAFETY NOW MEANS NO 

ACCIDENTS LATER

Safety banners promote safety.

Unit 5 weblinks
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What is safety?
Safety is accident prevention. Accidents can happen 

anywhere, but they are common in the home, on the 

sports �eld and at work.

To protect people from injury, safety rules have 

been established for most places in the community, 

including schools. Your responsibility is to:

• read the safety rules

• understand the safety rules

• obey the safety rules.

Accidents are usually caused by careless or  

ill-informed people. People are injured as a result of 

committing unsafe practices or as a result of unsafe 

conditions.

Unsafe practices
An unsafe practice is behaviour that is inappropriate 

for a particular situation. Examples of unsafe practices 

include:

• not using personal protective equipment (PPE) 

such as goggles, helmets, ear mu�s or gloves when 

there is risk that you could get injured (see ‘Personal 

protective equipment (PPE)’ on page 159)

• fooling around and thereby endangering yourself 

and other people

Read and follow safety rules.

Three causes of accidents 

• using faulty tools and equipment

• using incorrect tools and equipment

• not concentrating on what you are doing

• distracting other people from what they are doing

• using incorrect lifting techniques

• ignoring the safety rules that have been laid down 

for the particular situation

• using tools and equipment before you 

understand how to use them correctly.
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Be aware of unsafe practices. It is your 

responsibility to do the right thing and to help others 

to act in a safe manner. By encouraging other people 

to do the right thing, you could prevent an accident.

Unsafe conditions
An unsafe condition is a situation in which an 

accident is likely to happen. Examples of unsafe 

conditions include:

• an untidy work area

• poor lighting

• slippery �oors

• poorly stacked materials

• defective tools and equipment

• blocked pathways and exits

Caption to come

• lack of adequate ventilation

• collections of combustible materials.

Be on the lookout for unsafe conditions. It is 

your responsibility to eliminate any danger. You 

should always report unsafe conditions to someone 

in authority. Check things out at home – what unsafe 

conditions can you �nd there?

Safety banners

Identify the unsafe practices in illustrations A to H.

HEALTH & SAFETY IS EVERYONE’S

RESPONSIBILITY!

KEEP YOUR WORKPLACE TIDY!

C

F

A

D
E

B

G

H
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Personal safety
You might not be able to ‘think safety’ and ‘act safely’ 

for others, but you can look after yourself.

A racing-car driver would never think of racing 

without personal protective equipment such as a 

helmet, gloves and a �re-resistant suit. If an accident 

happens, then the personal protective equipment will 

protect the driver.

Here are some personal safety habits that you 

should develop.

• Wear the correct clothing and footwear for the 

activity.

• Obey the safety rules for the activity.

• Wear eye protection when there is a risk of injury 

to the eyes.

Identify the unsafe conditions in illustrations A to G.

• Do not wear rings or watches when using power 

tools and machinery.

• Wear head protection in areas where objects 

could fall and injure you.

• Wear ear protection in areas of loud noise.

• Wear gloves when handling materials such as glass 

and sheet metal.

• Wear a respirator if exposed to toxic substances.

• Work in a ventilated area to expel fumes when 

performing activities such as gluing plastic or 

painting.

• Use tools and equipment correctly.

• Avoid back injuries by using the correct lifting 

and carrying techniques when handling heavy 

objects (see page 170).

A B C

D E

F G
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INFORMATION FILE

Gardening, a hazard for eyes
More Australians need to wear safety glasses when gardening. Mowing the lawn and trimming the edges causes 

loose debris and other objects to be �ung without warning. 

A recent survey by the Royal Australian and New Zealand College of Ophthalmologists Eye Foundation 

published these results:

• slightly more than 50 per cent of those mowing the lawn wore safety glasses

• a mere 20 per cent of those using a line trimmer or edger wore eye protection

• only 19 per cent wore eye protection when using power tools

• and 18 per cent wore eye protection when demolishing structures.

Data shows that eye protection can prevent 90 per cent of eye injuries. Take care of your eyes!

No matter what sport or activity you choose, wear the correct protective gear at all times.
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INFORMATION FILE

Personal protective equipment (PPE)
Personal protective equipment (PPE) is the term used to describe  

the range of personal safety equipment. The use of PPE is the lowest 

level of risk management. (See ‘The risk management process’ on  

page 162.) Personal safety has two parts. It relies on:

• safe practices and safe conditions

• using the appropriate safety gear to protect yourself from injury.

Body

Protective clothing, including body suits, aprons and coats, is a good 

start. Other parts of the body require additional protection.

Eyes

Goggles or face masks protect the eyes from dust, chemical splashes 

and other �ying objects.

Ears

Ear muffs or ear plugs prevent hearing loss. People who are exposed 

to sound levels above 85 dB every day need to take special care. 

(For more information, refer to the section headed ‘Noise’ on page 160.)

Feet

Safety footwear, whether boots, shoes or joggers, with built-in steel toe caps gives good protection (for example, 

from falling objects) against foot injuries.

Hands

Gloves (including mittens, leather gloves and rubber gloves) must be worn to protect hands. Cuts, abrasions 

and splinters can be avoided when handling materials such as steel, rough timber or glass. Chemical burns are 

prevented when handling hazardous chemicals.

The type of glove you choose should be relevant to the risk exposure. For example, wear rubber gloves for 

acids as latex gloves may increase the risk of exposure. In some cases, wearing gloves is not the safest option, 

such as when using a pedestal grinder.

Lungs

A disposable mask or a respirator must be worn to protect the respiratory system. Fine dust, airborne fragments 

and toxic fumes should not be inhaled.

The type of respirator you choose should be relevant to the risk exposure. For example, wear a dust mask for 

dust exposure and a cartridge ?lter mask for acid vapour.

Head

A safety helmet (or hard hat, as it is commonly known in industry) 

should be worn if there is any danger of injury to the head.

These "re-"ghters are wearing the correct PPE.

USE PPE FOR YOUR

PROTECTION!
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Noise
Noise is a part of everyday life in industrial societies. 

The level of sound is measured in decibels (dB). You 

can permanently damage your hearing if you are 

exposed for too long to sound levels above 85 dB. 

However, you can protect your hearing by wearing 

ear plugs and/or ear mu�s where there is a high level 

of sound.

No matter how simple the task is, always 

use the proper personal protective 

equipment and never take short cuts.

Government workplace regulations for ear protection 

1

6

11

12 13
14 15

16

7 8 9

10

2 3 4 5

Research and identify the safety equipment shown here. In your notebook, list the use of each piece of equipment.
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The level of sound for various activities is listed 

below.

• Whisper: 20 dB

• Rainfall: 50 dB

• Ordinary speaking: 60 dB

• Lawn mower: 90 dB

• Rock concert: 110 dB

To help protect your hearing, governments 

have prepared a graph such as the one below, which 

shows exposure times for various sound levels. It is 

important that you become aware of the allowable 

exposure times for a range of sound levels.

Use the graph to work out the allowable exposure 

time for each of the activities listed above.

Allowable exposure times for a range of sound levels

Turn up the volume?
A study in the USA looked at the risk of hearing 

loss. The study found that teens using earphones 

could su�er hearing loss if music is too loud, or if it 

is listened to for a long time, depending on the ear 

sensitivity of the listener.

How loud do you listen to music on your phone?

The sensitivity of your ears is to some extent a risk 

factor. For example, teens born with ‘tender ears’ are 

at greater risk of hearing damage than teens born with 

‘tougher ears’.

Here are some facts about mobile phones �tted 

with stock earphones and volume levels.

• At 70 per cent volume, you could safely listen for 

4.6 hours.

• At 80 per cent volume, you could safely listen for 

90 minutes.

• At full volume, you could safely listen for 5 

minutes.

See the graph, ‘Allowable exposure times for a 

range of sound levels’ (left), and have a go at answering 

the following question: What is the dB rating for each 

volume level?

Having di�culty? Then ask your teacher how to 

read the graph.
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INFORMATION FILE

Workplace Health and Safety 

Workplace Health and Safety Act

Federal and State governments have passed a 

Workplace Health and Safety Act. Some of the basic 

objectives of the Act are to:

• protect people – workers and the public – in the 

workplace against the improper actions of others

• set workplace health and safety standards

• provide practical advice on how to 

reduce risks in the workplace

• appoint safety of?cers within workplaces, 

and inspectors to enforce the law

• establish workplace health and safety committees

• create awareness about workplace health 

and safety within the community.

The Act has two types of regulations, which cover:

• administrative matters (for example, for 

preparing work plans and for record keeping)

• standards for risk management (for example, 

exposure to hazardous substances).

Should people fail to follow these regulations, 

there are penalties such as a ?ne or being sent to gaol.

The risk-management process

Safety laws in Australia are based on the risk-

management process.

The risk-management process is made up of four 

steps. They are:

1 Identify hazards.

2 Assess the risk.

3 Decide on an action to control the risk. 

The best action is to remove the risk.

 – Level 1

  •  Remove the risk.

  Should this not be possible:

 – Level 2 

  •  Replace it with a lesser risk, or

  •  Isolate the risk, or

  •  Reduce the risk by engineering means.

 – Level 3

  •  Set up rules to supervise the risk.

  •  Make sure people use PPE.

4 Check the intended result of the control action 

and look back on how well the risk was handled.

These steps must be followed to manage exposure 

to risks.

A common control action for managing exposure 

to risks is to set up standard operating procedures. 

There is a standard operating procedure for each type 

of operation (for example, using a drill press or chain 

saw). The document lists the PPE requirements and 

the steps that must be followed in order to minimise 

exposure to risk while performing that operation.

Another term may be used to describe this 

document within the school environment. It is often 

known as a safe operating procedure (SOP).

As circumstances vary (for example, changes to 

a piece of equipment or the operation) the SOP needs 

to be reviewed and modi?ed to re�ect the changed 

circumstances.

Note that the risk-management process also 

needs to consider the variables (for example, the 

expertise of the individual, the age of the individual and 

the type of equipment). The variables will in�uence the 

kind of action to be undertaken to control the exposure 

to the risk. Thus the action to control the risk may differ 

for each person.

Workplace Health and Safety Committees

The purpose of a Workplace Health and Safety 

Committee is to provide a forum for people to air health 

and safety issues. Regular meetings must be held. The 

task of the committee is to promote an interest in and 

address any health and safety issues. The outcome 

may require an action or additional training of people. 

This is the responsibility of the Workplace Health and 

Safety Of?cer (WHSO). The WHSO is appointed by 

management as required under the Act.
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The duties of the WHSO also include:

• inspecting the workplace to identify 

unsafe practices and conditions

• making sure that people observe the 

health and safety standards

• investigating and reporting all 

accidents and injuries

• advising the employer or principal 

contractor on health and safety.

Developing safe 

working practices
There are many safe working practices you should 

be aware of when using tools and equipment. Today, 

there is much interest in do-it-yourself (DIY) projects 

that require the use of tools and equipment. You may 

not use the tools and equipment yourself, but your 

knowledge of safe working practices could prevent an 

injury or save a life.

Let’s have a look at some of these now.

Tools
Any tool can be dangerous. Cutting tools such as 

chisels, saws and tinsnips need to be sharp. To avoid 

cutting yourself, you must use them correctly.

You must also use the right tool for the task at 

hand (for example, a spanner is not a hammer, so it 

should not be used to strike objects). A screwdriver 

is for securing and releasing screws and should not 

be used as a lever to open paint tins. If you use a tool 

for the wrong purpose, you could injure yourself or 

damage the tool.

Check all tools and equipment before you 

use them. If they are faulty, do not use 

them! 

The responsibility of the Workplace Health and 

Safety Committee and WHSO is to develop the right 

attitude among people.

Some ways that you can help are by:

• developing safe practices

• reporting any unsafe conditions and risks

• encouraging others to maintain safe practices

• encouraging others to report any 

unsafe conditions and risks

• becoming an active participant in health 

and safety in the community.

Why shouldn’t you use tools incorrectly like this?

Machines and portable 

power tools
Machines and portable power tools have moving 

parts that can cause injuries if you fail to take care. 

Before you switch on a machine or power tool make 

sure that you know how to use it safely. Read the 

manual for the machine or portable power tool 

and ask someone who knows how to use it safely to 

demonstrate it to you.
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All electrical machines and power 

tools must have a tag attached to the 

electrical cord as shown above. The tag 

indicates that the item has been tested 

for electrical safety. Do not use it if there 

is no tag or the tag is out of date. The law 

requires periodic testing and tagging.

Current legislation in your State or 

Territory may prevent you from using 

certain machines and portable power 

tools. These age restrictions are for your 

safety. Always check with your teacher.

Tags show electrical equipment has been tested and is safe to use.

Here are some other points to remember.

• Make sure that all guards are in place before you 

switch on the machine or power tool.

• Make sure that the dust extraction is connected 

and working.

• Make sure that the work is held securely – for 

example, use a vice.

• Make sure that you hold the power tool securely 

before it is turned on.

• Never adjust machinery or a power tool while it 

is running; always switch it o� before making the 

adjustment.

• Keep all your body parts, especially �ngers, away 

from moving and cutting parts and blades.

• Never walk away from machinery or a power 

tool that is running; always switch it o� before 

leaving.

• Attach a warning sign to identify a faulty 

machine or power tool.

• Only the operator should be inside the safety 

zone when the machinery is in use.

• Only the operator should be controlling the 

power tool when it is in use.

• Keep your mind on the task.

Identify the unsafe practices in illustrations A to D.

A B C D
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Electrical safety
Electricity can kill! Special care must be taken when 

using electrical equipment. 

Beware of power lines at all times – look up.

You can protect yourself by using an earth leakage 

device (commonly called a safety switch). It is also 

known as a residual current device (RCD). The earth 

leakage device will switch o� the power if a fault 

develops inside the electrical device. This could save 

your life! 

Note that earth leakage devices are designed to 

minimise the risk of electric shock to people. A circuit 

breaker, on the other hand, is a device that protects 

electrical equipment.

A portable earth leakage device

An emergency stop button

For your safety and the safety of others, 

become aware of the locations of 

emergency stop buttons. Pressing the 

emergency stop button will turn off the 

power immediately. Hit the emergency 

stop button if you see someone in danger.

Beware of damp conditions when using 

electricity. If you must work in places that are damp, 

wear rubber gloves and rubber-soled shoes. The 

following drawings show some other precautions 

that should be taken to avoid electrical shocks.

Protect electrical leads, cables and hoses from being damaged.
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Use a hauling line to lift portable electrical tools. Do not lift  

them by their cord as this could stretch or loosen the wiring.

Electrical accidents – what 

to do
Should an electrical accident occur, you need to know 

how to help someone. Follow these steps.

Step 1: Switch o� the power supply.

Switch off the power supply.

If you cannot switch o� the power supply, use a 

dry, non-conducting material such as plastic, rubber 

or wood to release the victim, as shown below.

Option: Use a non-conducting material.

Alternatively, use a gloved hand, as shown below.

Option: Use a gloved hand.

Step 2: Seek �rst aid for the victim.
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Compressed-air  

(pneumatic) tools
Compressed air can be very dangerous. If you use it 

incorrectly, you could injure yourself or other people. 

Here are some points to remember.

• Wear goggles and gloves.

• Hold the end of the hose when turning on the air 

supply. Then the hose will not �y around.

• Screen o� the work area if you are using 

compressed air to clean dismantled 

machine parts; otherwise �ying rubbish may 

injure other people.

• Do not use compressed air to clean down your 

clothes, your body or the bench.

• Obey the safety rules for each kind of 

compressed-air tool.

Erect a

screen Wear eye

goggles and

gloves

Cleaning with compressed air

Welding
Welding enables you to join materials quickly. 

However, it is a dangerous operation for an untrained 

person. You must:

• never attempt to weld unless you have been 

trained in welding

• wear the correct PPE, including gloves, mask and 

protective clothing

• be aware of �ames, hot metal and �ying sparks

• never look at the arc with the naked eye: it can 

damage your sight.

Gas bottles

secured

Hoses coiled

Oxyacetylene welding equipment must be stored properly. Keep 

it away from combustible substances such as oil and grease. 

Screen off the work area when arc welding. Beware of  

combustible materials.

Using ladders
Many people use ladders incorrectly. They often use 

the wrong-sized ladder for a particular purpose.

People also fail to follow the ‘three points of contact’ 

rule on ladders. That is, the human body must have 

three points of contact with the ladder at all times.

RULE:
2 feet + 1 hand = 3 points of contact

Step ladders
Step ladders should only be used if there is no support 

next to the work area (for example, when �tting a light 

bulb in the middle of a room). The drawing below 

shows how to use a step ladder safely.

Do not over-reach − 

if necessary, move 

the step ladder to a 

new position

Do not climb past the 

third step from the 

top of the ladder

Make sure that the 

ladder is fully spread

All four legs must be 

securely positioned 

on a �at surface
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Ladders and extension ladders
Ladders are used when there is support (such as a 

wall or a platform) next to the work area. You should 

tie the ladder to the support. This will prevent any 

slip. These diagrams show the safest way to position 

ladders on their supports.

Length

of ladder

Length of

ladder to

top support
L

75°

Distance from wall =
length of ladder

4

approx.
L

4

Positioning ladders

1 metre

Tie ladder

here

X

Extension

above

platform

1 m

Distance

to top

support

X

75°

Distance from wall =
X

4

approx.
X

4

Positioning extension ladders

As with step ladders, never climb past the third 

rung from the top of the ladder. Make sure also that 

the legs are resting on a �at surface.

When using ladders, people are often careless 

about the way they handle their tools and equipment. 

All tools need to be secure. For example:

• small tools should be carried securely in a pouch 

or bag

• larger tools and equipment should be hauled up 

with the aid of a hauling line. (See page 166.)

Do not use a ladder if you are working with heavy 

tools or equipment. Instead, use a mobile platform or 

sca�olding.

Don’t use a metal ladder when working 

near electricity.

Harmful substances
Many commonly used substances (such as paint stripper 

and acids used to clean materials) can be harmful to 

people. You must be aware of their dangerous properties 

and handle them safely at all times.

Store harmful substances in a lockable cupboard. 

Always replace lids.

Here are some precautions to take.

• Keep all known dangerous substances locked up.

• Read the label and the instructions before 

opening the container.

• Do not experiment with mixing di�erent 

substances.

• Use the required PPE at all times.

• Always replace lids on containers.

• Clean up all spills immediately.

• Know what to do in case of an accident.

• Keep the Safety Data Sheet nearby. (See ‘Safety 

Data Sheets’ on page 169.)
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• To protect the environment, dispose of harmful 

substances thoughtfully – if necessary, consult 

your local council.

• PPE should include a mask or a respirator if dust 

or fumes are given o�.

INFORMATION FILE

Safety Data Sheets

A Safety Data Sheet (SDS) is a fact sheet about a hazardous substance. An SDS includes information such as:

• product name

• chemical names of certain ingredients including generic names

• chemical and physical properties

• health hazard information – health effects, ?rst aid, advice to doctor and toxicity

• precautions for safe use – exposure limits, ventilation, personal protection and �ammability

• safe handling instructions – storage and transportation, spills, disposal and ?re/explosion hazards

• manufacturer’s or importer’s name, Australian address and telephone number.

The purpose of the SDS is for guidance on safe handling of the hazardous material when using and storing it. 

It also states the PPE requirements.

By following the guidelines of the SDS you will protect your health 

and that of others.

You will also help to maintain a safe workplace.

The manufacturer of the materials is required to supply the SDS 

and to update it as necessary. 

Note that a hazardous substance in a container must also be 

labelled. The label must state the product name and the presence of 

certain ingredients, and it must list the risk and safety details.

Handling materials
Now that you are aware of harmful substances, you 

also need to know how materials are to be handled 

safely. This is for your protection as well as that of 

other people. Here are some guidelines to follow.

• Transparent materials such as plastics and glass 

need to be visible at all times. Use markers to 

de�ne the surface area.

• Use gloves when handling warm materials, and 

tongs for hot materials or objects.

• Store materials safely (and securely) to prevent them 

from slipping or falling – and thus injuring someone – 

and to avoid blocking the movement of other people.

• Ensure that all materials placed on the work 

surface are not likely to fall.

• Erect a barrier to prevent injury to others if the 

material is overhanging the work area.

• Do not remove swarf with your hands during a 

machining process. Use a hook to remove swarf, 

not your bare hands.

Always read the SDS.

Use protective equipment when working with harmful substances. 

Work in a ventilated area to remove fumes
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• Remember to wear the correct gloves when 

handling each type of material to protect your 

hands from cuts, abrasions or splinters. Other 

parts of the body such as forearms and thighs 

may require additional PPE.

• Always use two people when carrying a long piece 

of stock – one person at each end, no matter how 

light it is.

• Always use two people when carrying a large 

sheet of stock – one person at each end.

• Always use the correct lifting and carrying 

techniques as shown below. These drawings show 

the correct techniques for lifting and carrying. 

To lift or carry heavier loads, you should get help 

from another person or use a mechanical aid such 

as a hoist or a trolley.

Keep your chin in

and your head erect

Keep your back straight

Use your leg muscles

(not your back muscles)

to do the lifting

Keep a firm,

secure grip

Grip with

hands diagonally

opposite

Fires
Fires are a constant risk in the home, workplace or 

environment. You need to be aware of the three 

elements needed to produce a �re. They are:

• fuel: any material that can burn

• heat: from sources such as sparks, friction and 

electricity

• oxygen: one of the gases in the air around us.

RULE:
FIRE = FUEL + HEAT + OXYGEN

OXYGEN

H
E
A
TF

U
E
L

The "re triangle

To prevent �res, you need to remove one element 

from the ‘�re triangle’. For example:

• only HEAT + OXYGEN = NO FIRE

• only FUEL + OXYGEN = NO FIRE

• only FUEL + HEAT = NO FIRE.

Good housekeeping 

(e.g. a clean work area and careful storage of fuels)

Safe work practices

(e.g. not overloading electrical tools, and being

aware of heat sources and sparks)

Will prevent most fires occurring

+

=

Basic steps to prevent a "re

Correct lifting and carrying techniques reduce 

the risk of back injuries.
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Safety colour coding
We all know that at tra�c lights red means stop, amber 

means caution and green means go.

Colour is used in other ways to convey safety 

messages, as shown in the table below. The colours 

listed can be used on their own, or with background 

colours such as black or white.

Table 5.1 Some colour codes used in industry

Colour Message Application Examples of safety signs

Red Danger, 

?re or not 

permitted

Danger signs, 

?re-?ghting 

equipment, 

emergency 

stop buttons 

and actions or 

behaviour not 

permitted

   

Yellow Caution Identifying 

hazards such as 

low beams and 

pipes, barriers, 

machinery or 

the safety zone 

around machinery

  

Green Safety Location of 

safety features 

such as ?rst-

aid equipment, 

eye wash, safe 

exits, assembly 

point and safety 

message

   

Blue Mandatory 

information

Signs that state 

that a direction 

must be carried 

out, such as 

hard hats or 

safety glasses, 

are required by 

law in the area
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Machinery is powered by a variety of energy 

sources, such as compressed air and electricity. If such 

energy is supplied by pipe, the pipes are colour-coded 

for ease of identi�cation and safety. For example:

• steam: silver-grey

• air: light blue

• electricity (pipe containing cables): orange.

Table 5.2 below shows some of the general 

colours used to mark pipes containing certain services. 

The pipe markers show the direction of �ow with 

an arrow. Can you think of a reason to show the 

direction of �ow?

Table 5.2 Colours for marking pipes

Pipeline service Background colour

Drinking water

Water

Steam

Oil: mineral, vegetable or animal oil; 

�ammable or combustible liquids

Gases: liquid or vapour

Acids and alkalis

Air

Other �uids, including from drains

Fire-?ghting materials

Electricity

Communications

Source: adapted from Seton Source Book, Feb–July 2009, p. 184.

Water-pipe markers
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INFORMATION FILE

Deaths during construction

During the construction of the Sydney Harbour Bridge (1923–32), 16 construction workers died.

The Sydney Harbour Bridge (height: 134 m)

During the construction of the Snowy Mountains Hydro-Electric Scheme (1949–74), 121 construction workers died.

The Snowy Mountains Hydro-Electric Scheme (length: 140 km)

Today safety in workplaces is the responsibility of every person and yet there are accidents and deaths.
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Safety and health posters
Safety and health posters aim to educate people to 

‘think safety’ and ‘act safely’. The purpose of these 

posters is to draw attention to their safety messages.

A number of factors are considered when 

designing a safety and health poster.

• The poster must be colourful and eye catching.

• The poster must have a short message that 

captures people’s attention. If there is too much 

information, people are unlikely to read it.

• The message may be humorous.

• The poster should have a picture or diagram to 

support the message.

• The poster should be easy to read.

What you should do in case  
of an accident

Remove the danger

(e.g. switch off power or turn off gas)

Apply first aid

(only if you know what to do)

Assist

(as directed by qualified people)

Evacuate the area 

(if necessary)

Signal for help!

1

2

3

4

5

Would this poster encourage you to wear eye protection?

Accident procedures
In spite of all the precautions that people take, 

accidents will still happen. You need to know what to 

do if an accident happens. First of all, do not panic. 

As calmly as possible, follow the steps below.
Elite sportspeople such as Laura Peel and Craig Lowndes  

must ‘think safety’ when competing.
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INFORMATION FILE

Home safety

There is much interest in home improvements today. Do-it-yourself (DIY) projects around the home are popular 

with people. A look at the television programs guide will con?rm this trend.

Did you know:

• that 25 000 Australians spent time in hospital as a result of injuries while undertaking DIY 

projects in 2010? (Source: Flinders University’s National Injury Surveillance Unit)

• that 60 per cent of people using portable power tools at home do not wear 

protective gear? (Source: National DIY Safety Report, 2012)

• that a small number of Australians using ladders are killed each year as a result 

of a fall? (Source: Australian Competition and Consumer Commission)

• that one in three people using glues, paints and varnishes reported 

health issues? (Source: National DIY Safety Report, 2012)

Home safety checklist

Now that you are aware of the injury rates, encourage everyone in your family to ‘tick’ the boxes of the check list 

below every time a project is undertaken at home.

 Use quali?ed persons to complete all your electrical work or water-related projects   

 Wear the correct PPE when using portable power tools and machinery

 Wear the correct PPE when using portable power gardening tools

 Follow the ‘three points of contact’ rule on ladders: 2 feet + 1 hand = 3 points of contact

 Remove fumes when using glues, paints and varnishes  

You may also wish to prepare a banner listing the ?ve safety actions above. Then, ?nd a place to display your 

banner to remind your class to ‘think safety’ and ‘act safely’.
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6
Tools
In this unit, you will learn about:

 hand tools

 portable power tools

 universal equipment. 

From prehistoric implements to modern cordless power tools

What are tools?
Tools are devices that enable people to perform tasks 

more easily. A knife is such a tool. Without it, people 

would have to tear food with their teeth and hands.

Early people used tools made from stone, wood or 

bone. As their knowledge of materials increased, they 

made many tools from newly discovered materials 

such as metals.

The earliest tools all worked by muscle power 

alone. Later, as new sources of energy were discovered, 

hand tools were modi�ed. For example, hand saws 

were adapted to be driven by electric motors or petrol 

engines. Today, cordless power tools have changed the 

way things are done.

Tools are designed to multiply the force applied, 

or to change the speed produced by a person. This is 

achieved using basic machines.

There are six basic machines: the lever, the pulley, 

the wheel, the screw, the wedge and the inclined plane. 

All tools are related to these basic machines.

Today’s tools belong to four main groups.

1 Hand tools: any tools that require only muscle 

power. Examples include hammers, planes and 

scissors. Note that some of the old hand tools 

such as spokeshaves, braces and bits (see pages 187 

 and 190) are generally used by craftspeople and 

hobbyists today and not the general public.

2 Portable power tools: any easily transportable 

tools that require an additional power 

supply such as electricity, compressed air or 

batteries. Examples include electric sanders, 

pneumatic drills and cordless screwdrivers.

3 Universal equipment: common lightweight 

equipment for general use in home workshops, 

school workshops and small businesses 

around the world. Examples include electric 

arc welders, lathes (metal or woodturning) 

and disc belt sanding machines.

4 Industrial equipment: powerful, heavy-

duty equipment for special uses in the heavy 

industries. Examples include hydraulic 

presses, cranes and mining machines.

Unit 6 weblinks
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Hand tools
People have developed hand tools over time to meet 

their needs and improve the standard of living. Surf 

the Internet or walk into a hardware store or tool shop 

and you will see a large range of hand tools. The range 

of hand tools continues to grow as new needs are 

identi�ed. Let’s check out some hand tools.  

All tools can be classi�ed according to the 

particular function they perform. There are �ve 

families of hand tools.

1 Marking-out/measuring tools, such 

as pencils and steel rules

2 Cutting tools, such as saws and �les

3 Clamping and holding devices, 

such as clamps and vice grips

4 Percussion (hitting) tools, such 

as hammers and mallets

5 Torsion (twisting) tools, such as 

spanners and screwdrivers.

(Families 3 to 5 are sometimes called assembling 

tools, because they are often used for assembly work.)

Marking-out/measuring 

tools
Marking-out tools are used to mark lines or points 

on a surface as a guide for the work that is to be done. 

The marks made by the tools can be:

• temporary – for example, the marks made by 

a pencil or tailor’s chalk can be removed easily 

from the surface

• semi-permanent – for example, the marks made 

by a non-permanent marker on non-porous 

surfaces can be removed with the aid of a solvent

Try-square

• permanent – for example, a centre punch  

(see page 178) cuts into the surface of the metal; 

or marks made by a permanent marker. Any 

attempt to remove the mark usually causes 

further damage to the surface.   

Special tools have been developed to mark out 

points, lines and curves.

Common marking-out tools
Try-squares or engineer’s squares are used for checking 

or marking squareness.

Engineer’s square
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Marking gauges, mortice gauges, odd-leg calipers 

and scratch gauges are used to scribe lines parallel to 

an edge.

Odd-leg calipers

Mortice gauge

Marking gauge

Scratch gauge

Sliding bevels are used to draw lines at any angle 

to an edge. (Engineer’s bevels are usually used with 

metal.)

Sliding bevel

Centre punches are hit with a hammer to make a 

centre mark (used to start a drill) in metal.

Centre punch

Spring dividers or drawing compasses are used to 

draw arcs or complete circles.

Spring dividers (left) and drawing compasses (right) 

Combination squares are a combination of a 

try-square or engineer’s square and a sliding bevel. 

This tool can be used for a number of marking-out 

operations.
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Combination square

Measuring tools are used to �nd the dimensions 

of materials. Special tools have been developed for 

particular purposes.

Common measuring tools
Rules are used for general measuring. They can also be 

used for marking out or for testing ,atness. The basic 

unit of measurement is the millimetre (mm).  

1000 millimetres = 1 metre (m).

Folding rule, usually 1 m long (folded for storage)

Steel rule, 150–1200 mm long (300 mm is common)

Tape rule, for long measurements (e.g. 5 m or 8 m)

Flexible tape, for textiles, 1 m or 1.5 m long

Micrometers or Vernier calipers are used for 

measuring when a high degree of accuracy is required. 

A Vernier caliper can measure both inside and outside 

diameters, as well as depth or height.

Micrometer (top); Vernier calipers (bottom)

Outside calipers are used mainly for measuring 

the external diameter of an object.

Outside calipers
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Inside calipers are used mainly for measuring the 

internal diameter of an object.

Inside calipers

Cutting tools
Cutting tools are used to shape and/or modify 

materials. (There are many di.erent standard sizes 

and forms of materials.) Examples include saws, �les, 

chisels and gouges, planes, knives and shearing tools.

Saws
Saws are cutting tools based on a steel blade that has 

triangular teeth along one edge. In most saws the teeth 

point forward and the saw cuts on the forward stroke. 

The number of teeth (teeth per inch (TPI) counted 

in 25-millimetre lengths) varies according to the use 

for which the saw is designed. For example: large, 

coarse teeth are required to cut through tree trunks or 

branches, while small, closely spaced teeth are required 

to produce a �ne, accurate cut for cabinet work. Note: 

The blades are usually labelled with the TPI.

Large saw teeth

Small saw teeth

The slot cut by the saw teeth is called the kerf. 

The set of a saw is the distance across its teeth. This 

is slightly wider than the thickness of the blade, to 

prevent the blade from becoming jammed in the kerf.

Kerf

Work piece Waste

Set

Saws can be used to make straight or curved cuts.

Sawing straight

Rip saws are used for cutting along the grain of large 

pieces of timber.

Profile of teeth

Rip saw

Cross-cut saws are used to cut across the grain of 

large pieces of timber. The teeth are sharpened in a 

di.erent way from those of a rip saw.

Profile of teeth

Cross-cut saw

Panel saws are like cross-cut saws, but smaller. 

They are used to cut thinner timber stock, such as 

plywood.
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Panel saw

Teeth

Toe

Blade
Handle

Heel
Length

Parts of a saw

Tenon saws, or back saws, are used to make �ne, 

accurate cuts such as joints in wood. They can also be 

used to cut plastic.

Back support

Tenon saw (back saw)

Veneer saws are used to make �ne, accurate cuts in 

delicate or thin materials such as plastic and plywood. 

The round nose also has teeth that can be used to start 

a cut in the middle of a sheet.

Veneer saw

Hacksaws are used mainly for cutting metals. The 

replaceable blade can be turned 90 degrees to allow for 

long cuts. A coarse blade is used with soft materials, 

while a �ne blade is used with hard materials and thin-

sectioned materials, as shown in the table to the right). 

Hacksaws

Junior hacksaws are used to cut thin sheet 

material and light sections such as thin-walled tubing.

Junior hacksaw

Sheet saws, like hacksaws, have replaceable blades. 

They are used to cut sheet materials such as metal and 

plastic, and corrugated materials.

Sheet saw

General-purpose saws may be used to cut timber, 

plastic and soft metals. The handle can be adjusted for 

hard-to-reach places.

General-purpose saw

Table 6.1 Hacksaw blade selection

Teeth per 25 mm Used for these materials

14 • Large, solid sections of 

metals or softer materials

18 • All general purposes

24 • Thick tube and sheet  

(3 mm–6 mm); small, 

solid sections of 

hard materials

32 • Thin tube and sheet
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Sawing curves and irregular shapes

Coping saws are used to cut curves and irregular 

shapes in wood and plastic. Their replaceable blades 

can be rotated to any angle. They can be used to cut 

slots and holes.

Coping saws

Piercing saws are used to cut curves and irregular 

shapes in very thin metal and plastic. They cut on the 

downward stroke.

Piercing saws

Abra�les are �tted into hacksaw frames. Their 

cylindrical blades have teeth running around them, 

enabling them to cut in any direction.

Abra9le

Files
Files are cutting tools with small, saw-like teeth that 

remove particles of material (�lings). The teeth point 

forward and the �le cuts on the forward stroke. Files 

are manufactured in many di.erent shapes, sizes and 

grades.

Files are used to cut shapes and pro�les, or to 

achieve a particular surface �nish. The choice of �le 

depends on the shape involved, the nature of the 

material, or the surface �nish required.

Files may be single cut or double cut.

• Single-cut �les have only one row of teeth. Light 

pressure is used with these �les to produce a �ne 

�nish. They are often used on soft materials that 

tend to choke or ‘pin’ double-cut �les.

• Double-cut �les have two rows of teeth. They 

are used mainly for fast removal of material such 

as metal or plastic. They require heavier pressure 

than single-cut �les.

Single-cut 9le (left)    A double-cut 9le (right) 

Files are manufactured in a large range of shapes 

and sizes.

Blade Tang
Steel ferrule

Handle
Safe edge

Safe edge

(no teeth)

Length

Parts of a hand 9le, including the handle
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Common shapes of files

Hand �les are used for �ling ,at and convex surfaces, 

and particularly for �ling into corners (they have one 

edge without teeth, called the safe edge, especially for 

this purpose).

The tang is driven into the handle. The taper of 

the tang prevents slip.

REMEMBER:
Never use a �le without a handle 

as the tang could injure you.

Flat �les are used for �ling convex and ,at surfaces. 

The ends of their blades are tapered for one-third of their 

length so that they can be used to enlarge small openings.

Len
gth

L1
3

Flat 9le

Square �les are used for �ling square or 

rectangular holes.

Square 9le

Triangular �les are used for �ling internal corners 

(and saw teeth).

Triangular 9le

Warding �les are used for �ling narrow slots.

Warding 9le

Half-round �les are used for �ling concave 

surfaces.

Half-round 9le

Round �les are used for �ling circular holes.

Round 9le
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Mill saw (single-cut) �les are used for soft 

materials such as acrylic.

Mill saw 9le

Rasps are used for rough shaping of wood and 

other soft materials.

Rasp

Dreadnought �les are used for soft materials such 

as copper and aluminium. The curved teeth remove 

the waste quickly.

Dreadnought 9le

Needle �les are used for very �ne work, for 

example in die-making and watch-making.

Needle 9les

INFORMATION FILE

Selecting a �le

This label has been taken from the end of a carton of 

$les. The second row presents the relevant information 

about the $le.

When selecting a $le, you need to consider three 

features:

• size – the length of the $le. For example, 

on this label the length is given as 

250 millimetres (10 inches). (Why are 

two units of measurement given?)

• type – the cross-section of the $le. This 

label shows that the $les are hand $les

• grade – indicates the coarseness of the teeth and 

the amount of material that can be removed.

There are three basic grades:

Bastard

(gives a
rough finish)

Second cut

(gives a
medium finish)

Smooth

(gives a
fine finish)
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Surform tools
Surform tools are cutting tools consisting of a 

replaceable blade that is held in a frame. The blade has 

many small teeth and holes to help clear the �lings. 

Surforms are used to cut wood, plastic and other soft 

materials to the required size and shape.

Surforms are made in a variety of sizes and shapes 

– for example, the blade can be ,at or round. They are 

also available with �le-type or plane-type handles.

Surform tools

Chisels and gouges
Chisels and gouges are cutting tools used to remove 

waste material from the parent material – for example, 

they are used to cut grooves and slots or to carve 

curved shapes.

Chisels for wood

There are four kinds of wood chisel, each designed 

for a di.erent purpose. The size of the chisel is 

measured across the width of the blade. Wood chisels 

are available in a range of sizes from 3 millimetres to 

50 millimetres wide.

Firmer chisels are used as a general-purpose 

woodcutting tool. Whenever possible, a �rmer chisel 

should be used in preference to a bevel-edged chisel, 

which has a blade that is less strong.

Firmer chisel

Bevel-edged chisels are used for light general 

woodworking, especially for cutting into corners less 

than 90 degrees.

Bevel-edged chisel

Mortice chisels are used for heavy-duty work such 

as levering out waste in a mortice joint.

Mortice chisel

Carving chisels are used to �nish shapes carved by 

a gouge.

A spoon-bit chisel

A straight chisel

Carving chisels

Gouges

Gouges di.er from wood chisels in their cross-section. 

The cross-section of the gouge blade is curved. Gouges 

are mainly used to carve curved shapes in timber. Like 

chisels, they come in a range of sizes. There are two 

types of gouge:

• out-cannel gouges – used to hollow out concave 

shapes. They are ground on the outside of the 

blade, and are also called �rmer gouges

Out-cannel gouge

• in-cannel gouges: used for channelling and other 

curved paring work. They are ground on the 

inside of the blade, and are also called scribing or 

paring gouges.

In-cannel gouge
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Chisels for metal

Cold chisels are used to cut metal without heating 

it. The cutting edge is hardened, tempered steel. The 

other end is relatively soft and chamfered to absorb 

the hammer blows. The size of the cold chisel is 

measured across the width of the blade.

There are four kinds of cold chisel:

• ,at – used for general cutting purposes, such 

as shearing metal in a vice, removing waste or 

trimming to size

Chamfered

end

Cutting and shearing thin sheet metal with a >at cold chisel

• cross-cut – used for cutting grooves or slots

Cross-cut chisel

• round-nose – used for cutting round-bottomed 

grooves

Round-nose chisel

• diamond-point – used for cleaning out corners.

Diamond-point chisel

Planes
Planes are cutting tools based on a sharp blade held in 

a frame. They are used to reduce the material to the 

required size, shape and smoothness. The material is 

reduced gradually as the plane removes thin shavings. 

Planes are mainly used on wood, but sometimes also 

on plastic such as acrylic.

Lever cap

Cap iron

Frog

Knob Mouth

Toe

Body Sole

Heel

Handle

Cutter
adjusting
wheel

Lateral
adjustment
lever

Blade (iron)

Parts of a plane
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Common planes

Try planes (also called jointer planes) are used to 

square up long edges or large surfaces.

600 mm

Try plane

Jack planes are general-purpose planes.

350 mm

Jack plane

Smoothing planes are used for cleaning up and 

�nishing.

250 mm

Smoothing plane

Router planes are used for cleaning up the bases 

of grooves.

Router plane

Spokeshaves are used to smooth curves. Flat-faced 

spokeshaves are used for convex curves and round-

faced spokeshaves are used for concave curves.

Convex

Concave

Spokeshave

Shearing tools
Shearing is a process in which material is separated by 

two cutting edges that pass each other.

Blade

Material

Material

Blade

Common shearing tools

Trimming scissors are used to cut and trim materials 

such as fabrics, rubber and vinyl in awkward places.

Traditional trimming scissors

Cutting shears are used for making long, straight 

cuts.

Cutting shears
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Industrial snips, sometimes called multi-purpose 

industrial snips, can be used to cut a wide range of 

materials.  

Industrial snips  

Tinsnips are used to cut thin sheets of sheet metal 

or soft plastic. Straight tinsnips are used for cutting 

straight lines or convex curves (that is, the waste 

material is on the outside of the curve).

Waste

Convex curve

Straight tinsnips

Curved tinsnips are used for cutting concave 

curves (that is, the waste material is on the inside of 

the curve).

Waste

Concave curve

Curved tinsnips

Heavy-duty shears or aviation snips are used for 

thicker material. Aviation snips have small teeth next 

to the cutting blades to grip the material and prevent 

slipping.

Heavy-duty shears

Aviation snips

Diagonal-cutting pliers are used to cut wire, 

including staples and small-diameter rods.

Diagonal-cutting pliers

End-cutting pliers can also be used to cut wire and 

small-diameter rods.

End-cutting pliers

Boring tools
Boring tools are used to cut holes in material by 

removing shavings (known as swarf) from the parent 

material. Most boring tools have two components:

• a cutting tool such as a twist drill or spade bit

• a cutting-tool holder such as a hand drill or 

bench drill.

Hand drill

Twist drill

Examples of boring tools
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The choice of drill bit depends on the type of 

material in which holes are to be bored. For example, 

tungsten carbide-tip drills work best for drilling 

masonry because they are tough and will not wear out 

as quickly as steel twist drills.

Thought must also be given to the speed at which a 

drill should be operated; that is, rotation and feed rate.

Table 6.2 Approximate drill speed in rpm* for high-speed steel drill bits

Materials to be drilled Drill diameter (mm)

1.5 3 6 8 10

Mild steel 5200 2600 1300 975 775

High-carbon steel 2600 1300 650 485 385

Aluminium alloys 6500 3250 1625 1200 975

Brass 6500 3250 1625 1200 975

Grey cast iron 5200 2600 1300 975 775

Acrylic 7000 3720 1800 1400 1110

* rpm = revolutions per minute

Straight-shank twist drill

Straight-shank drills are used with hand and 

power tools. Morse taper-shank drills are used with 

special drilling machines.

Straight-shank drill (top); Morse taper-shank drill (bottom)

Centre drills or combination drills are used to 

make a starting hole or a centre hole in a piece of 

material that is to be turned on a lathe (see page 210 

for information on centre lathes).

Centre (combination) drill

RULE:
The larger the diameter of the drill bit, the 

slower the drill speed.

The harder the material, the slower the 

drill speed.

Common drills

Twist drills are used for cutting a circular hole in most 

materials. Sets of twist drills are produced speci�cally 

for drilling holes in wood, metal or plastics.

Taper-shank twist drill
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Rose countersinks are used to bore tapered holes 

for screw heads to be countersunk in most materials. 

(See page 238.)

Rose countersinks

Hole saws are used for cutting large holes, mainly 

in sheet material. There are many di.erent kinds of 

hole saws. They are all used with a power tool.

Hole saw

Bits are used to drill holes in timber. There are 

many di.erent kinds of bits for drilling hardwood or 

softwood, and for drilling small holes, large holes or 

shallow holes.

Spade bits come in a range of sizes. They are used 

to drill holes in timber at high speed, using a portable 

power drill or a bench drill.

Spade bit

Forstner bits are used to drill a clean, ,at-

bottomed hole in wood – for example, a counterbore. 

The counterbore enables the head of the bolt or screw 

to be below the surface of the material, as shown here.

With a square-tapered shank
use a brace

With a round shank
use a drill press

Counterbore

Forstner bit

Bits with a square-tapered shank can be used with 

a brace.  

Square-
tapered
shank

Jennings-type auger bit

Brace
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Other commonly used cutting tools
Trimming knives can be used to cut to size many 

materials such as paper, cardboard, veneers and vinyl. 

A range of blades is available for di.erent purposes 

– for example, a straight blade can be used to trim 

paper or cardboard, while a hooked blade can be used 

to cut soft materials such as leather and corrugated 

cardboard.

Trimming knife

Snap blade knives are a popular alternative to 

trimming knives. The retractable blade can be 

snapped at set points along the blade once it has lost 

its edge.

Snap blade knife

Scoring knives (sometimes called ‘score-and-snap’ 

knives) are used to score a line in material so that it 

can then be snapped  along the line. They are used on 

materials such as plastic laminates and �bre-cement 

building products.

INFORMATION FILE

Making a small hole in wood
You should not use a drill to make small starting holes in 

wood for nails and screws; a bradawl is the appropriate 

tool to do this. The blade is placed across the grain to avoid 

splitting, and pushed down and twisted from side to side. Bradawl

Scoring knife

Scrapers are used to produce a very smooth 

surface. They are made from hardened and tempered 

tool steel. There are two kinds of scraper:

• rectangular – for ,at surfaces

• curved – for shaped surfaces.

These are used mainly on timber and plastic, but a 

scraper for metal is also available.

Rectangular scraper

Solid punches are used to punch small-diameter 

holes in metal.

Solid punch
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Hollow punches are used to cut holes in materials 

such as sheet metal, cardboard and leather.

Hollow punch

Clamping and holding  

devices
Clamping and holding devices are a means of 

providing a temporary holding or �xing force. They 

are used to:

• hold the work during processes such as cutting or 

shaping

• hold two or more components together while 

glue sets or while they are screwed together.

Common clamping and holding devices

Engineer’s vices are used to hold metal and plastic. Jaw 

covers (sometimes called soft jaws) should be used on 

an engineer’s vice to protect soft materials from being 

marked by the grooves on the vice jaws.

Engineer’s vice

Woodworker’s vices are mainly used for holding 

wood. Timber jaws are �tted to the inside of the metal 

jaws to protect the wood.

Woodworker’s vice

Machine vices are used to hold work ,at and 

square. For heavy-duty work, the vice must be bolted 

to the table.

Machine vice

Spring clamps are a quick way to hold a variety of 

materials in many di.erent situations – for example, 

holding sheet metal while welding, or when gluing 

wood. They are available in a range of sizes and 

springiness.

Spring clamps

Hand vices are used to hold small or awkward 

pieces of material, especially when drilling sheet 

material or riveting.
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Hand vice

G-clamps are used when gluing wood together 

or to hold work down onto a bench. G-clamps are 

available in a range of sizes.

G-clamp

Quick-action clamps, like G-clamps, are used to 

hold material in place. A movable jaw can be adjusted 

quickly to secure the work. They are commonly 

known as F-clamps.

Quick-action clamp

Quick-grip clamps/spreaders, or one-handed bar 

clamps/spreaders, can be used to hold material. The 

jaws can be reversed to act as a spreader. The clamping 

action can be done with one hand.

Quick-grip clamp/spreader

Toolmaker’s clamps, or hand-screw clamps, are 

perhaps the oldest form of clamp. They are used to hold 

material together when drilling, shaping and gluing. The 

jaws can be adjusted to be parallel, tapered or o.set.

Toolmaker’s clamp

Sash cramps (plain or T-bar) are used to hold 

materials while glue is setting or while frames are 

being welded. Sash cramps come in various sizes. 

The plain bar is used for light work and the T-bar for 

heavy-duty work. The �xed jaw of the T-bar has a foot 

with holes that can be used to secure the cramp (to a 

work bench, for example).

Plain

T-bar

Sash cramps

Gluing clamps, like sash cramps, are used to hold 

materials. The clamping distance is only limited by the 

length of the pipe.
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Webbing clamps are used when gluing awkwardly 

shaped objects or large frames.

Webbing clamp

Webbing stretchers (or strainers) are used to 

stretch webbing taut. There are three basic types, as 

shown below.

Gluing clamp

A slot-and-peg

webbing stretcher

A hinged bar

(or latch-type)

webbing stretcher

A steel jaw strainer is

used mainly with hide

and heavy cloth, e.g. canvas

Webbing stretchers

Mitre clamps can be used to hold framing 

materials in place while a mitre joint is cut (at an angle 

of 45 degrees). They also hold the joint in place while 

the glue sets.

Mitre clamp

Bench holdfasts are used to hold long, large or 

awkward pieces of material onto a bench while they 

are being chiselled or carved.

Bench holdfast

Bench hooks are used to hold materials while they 

are being sawed. One end of the bench hook is usually 

held in a vice to prevent movement. Bench hooks can 

be right handed or left handed.

Bench hook

Locking pliers can be adjusted to lock onto 

material and hold it securely.
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(Top to bottom) Straight-jaw pliers; long-nose  

pliers; sheet-metal pliers

There are many di.erent kinds of pliers. They are 

used mainly to grip small objects. Round-nose pliers 

can be used to bend wire, while combination pliers 

can also cut it.

Round-nose pliers (top); combination pliers 

(bottom)

Tongs are used mainly to grip short lengths of hot 

metal. There are di.erent types, such as open-mouth 

tongs for thick, ,at pieces of metal, and square or 

round hollow-bit tongs, which can hold square or 

round bars.

(Top to bottom) Open-mouth tongs; closed-mouth tongs; hollow-

bit tongs

Pincers are used to grip and remove staples, tacks 

and nails that a claw hammer cannot grip.

Pincers

Percussion (impact) tools
Percussion tools are used to strike another tool or 

object. The impact of the percussion tool produces a 

desired e.ect – for example, driving a nail into wood 

or shaping the head of a rivet. Percussion tools are 

sometimes referred to as driving tools.

Hammers are percussion (impact) tools.
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Hammers are the most commonly used 

percussion tools. Which hammer you select will 

depend on:

• the scale of the task to be performed – for 

example, it may be light work such as assembling 

a wall cabinet, or heavy work such as erecting a 

wall frame

• the size of the object to be driven – for example, it 

may be a nail, a cold chisel or a star picket.

For example, to drive a 75-millimetre nail you 

should use a claw hammer rather than a Warrington 

hammer. Each type of hammer comes in various sizes, 

graded according to the mass of the head.

Common percussion tools
Claw hammers are used for driving large nails into 

timber. Nails are removed with the claw. To protect 

the surface, use a piece of scrap wood when pulling 

out nails.

Claw hammers

Warrington hammers are used for driving small 

nails into timber – for example, when nailing plywood 

onto the base of a box.

Starting a nail

Warrington hammers

Ball-pein hammers are used mainly as a general-

purpose tool when working with metals – for 

example, when bending metal. They are also used to 

shape the heads of solid rivets.

Ball-pein hammers

INFORMATION FILE

Nail punches
Nail punches are used to drive the heads of bullet-head nails below the surface. Different sizes are available.

Nail punch
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Upholsterer’s hammer (top); cabriole hammer (bottom)

A mallet (often called a carpenter’s or joiner’s mallet) 

is used in woodwork for striking chisels or gouges.

Mallet

A range of other mallets is used when shaping 

metals or soft materials to prevent damage to the 

material. For example:

• tinman’s mallets – for shaping sheet metal

• bossing mallets – for forming hollow shapes in 

sheet metal

• rawhide mallets – for shaping soft sheet metals 

such as aluminium and brass, or for driving 

delicate tools.

(Left to right) Tinman’s mallet; bossing mallet; rawhide mallet

Cross-pein hammers are mainly used for lighter 

work with metals. They can be used in narrow spaces 

or in corners, and to start nails.

Cross-pein hammers

Upholsterer’s hammers (or tacking hammers) 

are general-purpose hammers. They are used to drive 

tacks, gimp pins and decorative nails into timber  

and have a claw for removal of temporary tacks.  

(See ‘Mechanical fastening’, starting on page 230.)

Other types of hammer used in upholstery are:

• two-headed hammers, which have a general-

purpose head and a cabriole – a small face 

and head used for �ne work on wood that 

will be seen and cannot be damaged. They are 

also used in areas where a larger head would 

cause damage

• magnetic-head hammers, which hold tacks on 

their faces – useful for awkward places.

RULE:
•   The larger the object or task, the larger 

the hammer.
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Dressers, like tinman’s mallets, are used for 

shaping sheet metal.

Dresser

Soft-faced hammers are used to provide a heavier 

blow without damaging the material. They have 

replaceable faces made from a soft material such as 

nylon, copper or rubber.

Soft-faced hammer

Torsion (twisting) tools
Torsion tools depend on the application of a twisting 

or turning force for their operation. They are used 

mainly to secure or release mechanical fasteners such as 

screws or nuts and bolts. Torsion tools are sometimes 

referred to as driving tools or assembly tools.

There are two main types:

• screwdrivers

• spanners.

Screwdrivers
Screwdrivers are used to turn screws. They are 

available in many di.erent types and sizes.

Cabinet screwdrivers are used for slotted screws, 

mainly when working with wood.

Cabinet screwdriver

Flat screwdrivers are used for slotted screws, 

mainly when working with wood.

Flat screwdriver

Engineer’s screwdrivers are used for slotted screws, 

mainly when working with mechanical components.

Engineer’s screwdriver

Ratchet screwdrivers ensure the blade stays in 

contact with the screw.

Ratchet screwdriver

Spiral ratchet screwdrivers (or Yankee 

screwdrivers) have a pump action for fast operation.

Spiral ratchet screwdriver

Stubby screwdrivers are used for small spaces.

Stubby screwdriver

Phillips screwdrivers are used for Phillips-head 

screws.

Phillips screwdriver

Pozidriv screwdrivers are used for Pozidriv screws.

Pozidriv screwdriver
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The blade size of Phillips and Pozidriv screwdrivers 

is identi�ed by a number from 1 to 5, where 1 is the 

smallest.

Screwdriver bits can be �tted to portable power 

tools for faster operation. Phillips and Pozidriv bits are 

often used for this purpose as they do not slip out of 

the screw slots as easily as straight blades.

There are also other types of screwdrivers. They 

are available with various handles – for example, pistol 

grip – and are sold with a range of interchangeable 

bits. These bits �t di.erent types of heads of screws 

and bolts. (See ‘Semi-permanent fasteners’ on page 235.)  

The bits are inserted into a hole in the end of the 

metal shaft of the screwdriver.

A number of boxed tool kits sold today include 

various interchangeable driver bits. Common driver bits 

are Phillips, Pozidriv, Torx, hexagon, square and socket.

These driver bits often come in a range of 

di.erent sizes to match the heads of screws. Using 

driver bits with portable power drills has become a 

popular way to tighten and loosen screws.

Spanners
Spanners, like screwdrivers, come in many di.erent 

shapes and sizes. They are used to tighten or loosen 

nuts and bolts.

Adjustable spanners �t various-sized nuts and 

bolts. Always position the spanner so that the �xed 

jaw (not the moveable jaw) is taking most of the 

turning force when the nut or bolt is being tightened 

or loosened.

Turning force

Adjustable spanner

Open-ended spanners are made in standard sizes. 

Each end is a di.erent size.

Open-ended spanner

Ring spanners are like open-ended spanners, but 

they have a better grip and are less likely to slip. They 

can be used more easily in con�ned spaces. A ratchet 

(see page 93) feature is also available.

Ring spanner

Combination ring and open-ended spanners are 

also available. There is a ring at one end while the 

other end is open. Both ends are the same size.

Combination spanner
Interchangeable driver bits
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Sockets are used to turn nuts and bolts that are 

recessed. They come in a range of standard sizes such 

as metric and imperial.

Sockets

Allen® keys are used to tighten or loosen set 

screws or grub screws with a hexagonal-shaped hole. 

They come in a range of sizes.

(Left to right) Allen® key; set screw; grub screw

Wrenches
Wrenches, unlike spanners, are not designed for use 

on nuts and bolts. They are used to turn pipes or rods. 

A number of common wrenches is shown below.

Stillson® wrench

Slip-joint pliers

Footprint wrench

INFORMATION FILE

Taps and dies  
Taps and dies are tools that are used to cut threads. 

Threads are a continuous groove in a material. This 

can take the form of:

• an internal thread or

• an external thread.

Some examples of the use of threads include 

nuts, bolts and machine screws.

External

thread

Machine screw

Internal

thread
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Taps and dies
Taps and dies are tools that are used to cut standard 

threads (see the Information File on page 200) for nuts, 

bolts and machine screws. Their cutting edges leave a 

continuous groove in the parent material.

Taps

Taps cut internal threads in holes. The hole to be 

tapped should be only slightly larger than the root 

diameter of the tap.

a = screw diameter

b = root diameter

c = depth of thread

a

Tap

b

c

Hole to be

tapped

The process of cutting an internal thread is called 

tapping. Three kinds of tap can be used.

• A taper (starting) tap: this tap is tapered 

over the $rst eight or nine threads to provide 

a lead in. It is used to start threads and 

to thread holes through thin material.

• An intermediate (second) tap: this tap is tapered 

over three or four threads to provide a fuller 

thread pattern than the taper tap. It is used 

to $nish threads through thicker material.

• A plug (bottoming) tap: this tap has no taper 

except for a small chamfer on the $rst thread; it 

is used to cut a full thread in a blind hole. (Note 

that it should not be used to start a thread.)

•  For further details on tapping drill sizes, see  

page 225.

Taper

Chamfer

Intermediate tap

Chamfer

Plug tap

Dies

Dies are tools that cut external threads on rods. The 

diameter of the rod to be threaded is equal to the screw 

diameter of the die. The process of cutting an external 

thread is called threading.

Die is tapered 

over two or three 

threads to aid 

starting

End of rod is 

tapered to aid 

starting

Screw diameter

Rod diameter

Rod

a

a

Die

Threading a rod

Threads can be either:

• right-hand threads, for clockwise  rotation, or

• left-hand threads, for anticlockwise  rotation.

Right-hand thread           Left-hand thread

Taper

Taper tap
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A holding device must be used when cutting a 

thread with taps and dies. A tap wrench is used with 

taps, and a die stock with dies.

Tap wrench

A solid

button die

A split

button die

Die stock

Portable power tools
Unlike hand tools, which require only muscle power, 

portable power tools require an additional energy 

source for their operation. Three energy sources are 

commonly used:

• electricity – mains or battery – as in a portable 

electric drill or a cordless drill

• compressed air or gas, as in a pneumatically 

operated or gas cartridge nailing gun

• explosive cartridges, as in a cartridge nailing gun 

used to drive special nails into masonry or steel.

Portable power tools
Some portable power tools may have an 

age restriction in your State or Territory. 

Legislation may prevent you from using 

this tool. This is for your safety! Check 

with your teacher. (Note: Any restricted 

portable power tools described below 

are presented as general information.)

Most power tools are available in a range of 

sizes and capabilities. A power tool should be chosen 

with its intended use in mind. For example, for light 

work such as cutting thin sheets of plywood, a 

150-millimetre portable circular saw may be used, 

while a 284-millimetre  portable circular saw would be 

selected to cut timber for a house frame.

Cordless power tools have become a popular 

alternative. They are quick and easy to use, and safe 

(no leads). (See the Information File ‘Cordless power 

tools’ on page 206.)

Portable jig saws (with cord or cordless) can 

be used to cut curves and irregular shapes in most 

materials if the proper blade is selected. The blade 

moves up and down. The teeth of the blade point 

forwards and cut the material on the upward stroke. 

They can also be used to cut slots, holes and straight 

lines. The table on some jig saws can be tilted to 

produce a sloping cut.

Handle
Trigger

switch

Clamping

screw

Blade
Table

Portable jig saw

Wood

Metal

Acrylic

Saw blades for different materials
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Reciprocating saw

Reciprocating saws (with cord or cordless) can 

be used to cut curves and irregular shapes in most 

materials if the proper blade is selected. The blade 

moves forwards and backwards. The teeth of the 

blade are along the bottom edge and cut on the 

backwards stroke. Reciprocating saws are also known 

as sabre saws.

Portable circular saw

Portable circular saws (with cord or cordless) can 

be used to cut most materials if the proper blade is 

selected. The base can be tilted to produce a sloping 

cut. An adjustable guide (or rip fence) can be �tted so 

that the saw can cut parallel to an edge. The depth  

of the cut can also be varied to produce a deep or 

shallow kerf.

Portable hand planers are used as general-purpose 

planes in the construction industry.

Portable hand planer

Routers (with cord or cordless) are used mainly to 

cut out various pro�les along the edges of timber and 

plastics. They can also be used to hollow out materials 

if the proper cutter is selected. The depth of the cutter 

can be varied, and an adjustable guide can be �tted so 

that the cutter can cut parallel to an edge or surface.

Router
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Biscuit joiners are used to cut curved slots in the 

edges of timber or particle board to be joined. A small, 

oval piece of thin wood called a biscuit is inserted into 

the slot when gluing the material.

Biscuit

Biscuit joiner

Portable electric drills (with cord or cordless) are 

used with many drill bits. The size of the chuck will 

determine the largest diameter twist drill that can be 

used (common maximums are 10 millimetres and  

13 millimetres). Today, many portable electric drills have 

variable speed control, a forward and reverse switch, an 

adjustable clutch mechanism, a hammer drill function 

for drilling masonry, an impact driver function for 

driving mechanical fasteners (see ‘Semi-permanent 

fasteners’ on page 235) and a keyless chuck.

Portable electric drill

Angle grinders (with cord or cordless) are used 

mainly for abrading metals. They are general-purpose 

tools used in the metal fabrication industry. Di.erent 

types of cutting wheels and discs (see ‘Abrasive wheels 

and discs’ on page 226) are available for a range of uses.

Side handle

Guard

Switch

Cooling vents

Abrasive disc

Angle grinder

Cut-o. wheels can be used to abrade or cut most 

materials, provided that a suitable blade is selected. 

The base plate can be rotated to produce cuts other 

than 90 degrees.

Cut-off wheel

Compound mitre saws are used to cut timber to 

length, a mitre and other angle cuts. The table can 

be rotated and the saw tilted. There are two types of 

compound mitre saws – either a �xed pivot model, like the 

cut-o. wheel above, or a sliding design. The �xed pivot 

model is known as a drop saw. The sliding compound 

mitre saw has a slide enabling the saw to cut wider material.  

Belt sanders are used to abrade wood, metal or 

plastic when �tted with the appropriate belt. The 

belt, a continuous abrasive sheet, is �tted over two 

rollers. The belt must be adjusted after the machine is 

switched on, but before sanding begins.

Front hand

knob

Handle

Belt

Belt tracking

adjustment

Trigger

switch

Dust bag

Portable belt sander

Chuck

Cooling vents

Cord strain reliever

Pistol-grip handle

Trigger switch
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Portable �nishing sanders (with cord or cordless) 

are used to abrade materials such as wood and 

thermosetting plastics. The  abrasive sheet (see 

‘Abrasive paper’ on page 248) is �tted to a pad that 

reciprocates or rotates. Today, many sanders use 

Velcro™ peel-o. abrasive sheets which come in a 

range of grades and shapes. The sheets have holes 

which enable the dust to be extracted once �tted to 

the pad. A recent feature is a triangular-shaped pad 

that enables sanding in tight corners.

Handle
Trigger switch

Pad

Paper 

clamp

Front hand

knob

Dustbag

Portable 9nishing sander

Other 9nishing sanders are available to achieve different 9nishes, 

including a small 9nishing sander, with a shaped pad for sanding 

in tight corners (top), and a random orbital sander (bottom), to 

achieve a 9ne 9nish. 

Compressed-air (pneumatic) tools are used for 

many di.erent purposes, such as unlocking and 

locking nuts and bolts on motors, driving nails into 

timber framing and stapling upholstery. They have 

fewer moving parts than electric tools.

Their high degree of eff iciency, their reliability 

and their relatively low cost make them a very 

popular tool in industry (particularly in industries 

that already use compressed air for other purposes). 

The compressed air that powers the tool is 

generated by the compressor and stored in the air 

tank until it is required.

Compressor

Air tank

Nail gun Stapler

Drill

Compressed-air tools
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INFORMATION FILE

Cordless power tools
Cordless power tools have become a popular 

alternative to portable power tools. They are quick and 

easy to use, and safe (no leads). The design of cordless 

power tools is based on four basic factors. They are:

• application

• size of battery

• rate of charge

• cost and quality.

There is another cordless system. Its energy source 

is gas. The gas is stored in a disposable fuel cell.

Application

The questions to ask are:

• What will its use be? Will it be used 

at home or for trade purposes?

• What about its usage? How regularly 

will the tool be used?

Size of battery

The range of voltage available is 12 V, 18 V, 24 V, 

36 V and 54 V. The 18 V lithium-ion battery range 

is a popular choice as a replacement for mains 

(240 V) power tools. Their torque is equal to that of 

corded tools. A variety of torque settings is needed 

for different applications. For example, cordless 

drill/drivers have variable clutch settings for $xing 

semi-permanent fasteners.  

The range of cordless power tools is expanding to meet new applications.
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Universal equipment
Universal equipment requires an additional energy 

source for its operation. Two energy sources are 

commonly used:

• electricity, as in a bench drill press or disc belt 

sanding machine

• muscle power, as in foot-operated guillotine or 

hand-operated bench shears.

Some universal equipment may have an 

age restriction in your State or Territory. 

Legislation may prevent you from using 

this tool. This is for your safety! Check 

with your teacher. (Note: Any restricted 

universal equipment described below is 

presented as general information.)

Scroll saws can be used to cut tight curves and 

irregular shapes in most materials if the proper blade 

is selected. The blades are thin-sectioned and there are 

di.erent types of blades for cutting most materials. The 

scroll saw blades can also be replaced with scroll sanders 

and small �les. The blade can be removed quickly and 

fed through a hole to cut slots or holes. Some scroll saws 

have a variable-speed option and a tilting table.

Bandsaws, like jig saws, can be used to cut curves 

and irregular shapes in most materials if the proper 

blade is selected. Unlike the scroll saw, the blade is a 

continuous loop which is �tted onto two wheels – 

one above and one below the table.

Bandsaw

Circular table saws, like portable circular saws, 

are used for cutting wood or plastic. The height of the 

blade can be adjusted to suit the thickness of the stock. 

In some machines, the blade can be tilted to produce 

a sloping cut such as a bevel or a mitre. Larger sawing 

machines (known as panel saws) have a sliding table 

that makes cutting large sheets safer and more eJcient.

Circular table saw

Power hacksaws are used for cutting metals, 

especially to cut thick pieces such as large-diameter 

rods and bars.  

Power hacksaw

Combination circular saws/planers are used as 

general-purpose tools. The various functions of the 

machines enable timber to be processed in many 

di.erent ways, including sawing, planing and shaping.

Note: These machines are less safe than individual 

machines as multiple blades are running at once.

Combination circular saw/planer
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Drill presses are �xed in place. The pedestal drill 

press is �xed to the ,oor, while the bench drill press, 

with its shorter column, is �xed to a bench. Drill 

presses are generally used for more accurate drilling 

than can be achieved with a portable electric drill.

Belt guard

Depth stop

Chuck

Table

Lower table/

base

Motor

Feed handle

Table locking

clamp

Column

Bench drill press

Disc �nishing sanders can be used to abrade 

wood, metal or plastic when �tted with the 

appropriate abrasive sheet. They have an adjustable 

table. Some disc sanders have an adjustable sliding 

fence to �nish sloping surfaces accurately.

Abrasive disc

Table

Stand

Switch

Motor

Disc 9nishing sander

Belt sanders are used to abrade wood, metal or 

plastic when �tted with the appropriate belt. The belt, 

a continuous abrasive sheet, is �tted over two rollers. 

Some belt sanders are �tted with a disc.

Belt sander

Bench shears are mainly used for cutting rods or 

,at bars.

Bench shears

Guillotines are used for cutting sheet material 

such as metal, paper and cardboard. They can be 

operated by hand, foot or  pneumatic and hydraulic 

systems.

Guillotine
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Workmates® are collapsible devices that can be 

used to hold a range of materials such as timber, sheet 

material and pipe. The jaws can be adjusted to hold 

irregularly shaped objects.

Workmate®

Vacuum forming machines are used to shape a 

heated sheet of plastic to the shape of a mould. (See 

‘Vacuum forming’ on page 142.)

Vacuum forming machine 

Lathes
Lathes can be used to shape a range of materials 

into parts and products. The  two types of lathes 

commonly used are: 

• woodturning lathes

• centre lathes.

Woodturning lathes 
Woodturning lathes are used for shaping wood. Shavings 

are removed by rotating the material against a scraping 

or cutting tool. (See ‘Turning wood’ on page 229.)

Is this person using the correct PPE for woodturning?

Wood can be turned between centres (as when 

turning a long cylinder to form a handle), or it can be 

held by screws on a face plate (as when turning a bowl).

Headstock Job

Tailstock

Cup

centre

Spur

centre

Turning between centres

Screws

Timber to

be turned

Face plate

Face plate

Work screwed to a face plate

Tapered shaft

Spur centre
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Spur centres �t into a tapered hole in the 

headstock and are used to rotate the work.

Tapered shaft

Cup centre

Cup centres are used to support long stock.  

They are �tted into a tapered hole in the tailstock.

Expandable chucks can be used instead of face 

plates to hold material. The four jaws, or quadrants, 

can be moved.

A shallow hole is bored into the base of the work. 

The jaws are then placed inside the bored hole and 

expanded to hold the material.

The expanded chuck, like the face plate, is 

attached to the headstock.

Centre lathe

Expandable chuck

Centre lathes
Centre lathes (commonly referred to as metal lathes) 

are mainly used for cutting metal and plastic. The 

material is usually held in a three-jaw or four-jaw 

chuck. Material is removed by rotating the work 

against one of a range of di.erent cutting tools.  

Many di.erent processes can be performed, such as 

turning a cylinder or taper, drilling a hole in the centre 

of the material and facing o. (that is, producing a ,at 

surface, usually at 90 degrees to the axis of rotation).

Three-jaw chuck

Three-jaw chucks are self-centring, and hold 

circular or hexagonal stock.

Four-jaw chucks hold square, rectangular 

or irregularly shaped stock. Each jaw can move 

independently, set more accurately than in a  

three-jaw chuck.

The jaws can usually be reversed in both chucks. 

The steps of the jaws help hold hollow material from 

the inside so it does not crush.

The chuck can be threaded onto a hollow shaft, 

which sticks out of the headstock. The hollow shaft is 

rotated by stepped-cone pulleys. (see page 89).

four-jaw chuck
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A tailstock centre must be used to hold and 

support long stock. (It �ts into a tapered hole in 

the tailstock.) A centre hole must be pre-drilled in the 

end of the material, using a centre or combination 

drill (see page 189). There are two kinds of 

tailstock centre.

• A dead centre – a hardened steel centre that does 

not rotate. It requires a lubricant such as grease to 

reduce the friction.

• A live centre – the centre is mounted in a bearing 

and rotates with the work. It is sometimes 

referred to as a revolving centre, and it does not 

require any lubricant.

Dead centre (left); live centre (right)

Chuck

Cutting tool

Dead centre

Tailstock

Turning long stock with a tailstock centre

Computer numerically 

controlled machines
Computer numerically controlled (CNC) machines 

have changed the way things are done and are an 

important part of any CAD/CAM system (see CAD/

CAM systems, pages 43–5). The machining process is 

�rst programmed into the computer by the operator. 

The computer sends the machining information 

to the CNC machine and monitors the machining 

processes to produce the item.

CNC lathe

Other CNC machines that perform a range of 

tasks are shown here. They are:

• gantry-style routers – used to cut various 

materials, such as metals, wood, plastics and 

other light materials

Gantry-style router

• oJce mills – used for rapid prototyping of small 

precision 2D or 3D parts 

Of9ce mill
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• laser cutting machines – used to cut and engrave a range of materials  

CNC laser cutting machine 

• table saws – used to cut panels from sheet material with minimum waste

CNC table saw  

• 3D printers – used to produce prototypes and objects. Note: Unlike the CNC machines above that remove 

materials (subtractive manufacturing), 3D printers add material, layer by layer (additive manufacturing), to 

form an item.
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Forming Separating Combining

7
Processes

 7A The forming process 214

 7B The separating process 221

 7C The combining process 230

 7D Finishing 247

People use tools to transform materials. There are 

three processes by which materials are transformed.

• Forming: the process of changing the shape of the 

material without removing any part of it. (This is 

sometimes referred to as deforming.)

• Separating: the process of removing part of 

the material from the parent material. (This is 

sometimes referred to as wasting or subtractive 

manufacturing.)

Shaping sheet metal

Forming sheet material

• Combining: the process of joining two or more 

similar or dissimilar materials. (This is sometimes 

referred to as fabricating, assembling or additive 

manufacturing.)

In addition, finishing techniques are used to 

protect and beautify the surfaces of materials. Adding 

a coat of finish or applying a covering to a material can 

be seen as a type of combining process.

Filing metal

Sawing a piece of timber

Punching a hole into leather

Painting a surface

Polishing a surface

Soldering

Gluing wood

Thin sheet

of plywood

Unit 7 weblinks
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7A The forming process

In this section, you will learn:

 about different forming techniques

 how to select appropriate forming techniques

 how to use forming techniques.

Bending
former

Twisting wrench

Heated areas

Forming bends and twists

A sheet metal folding machine, called a pan brake 

or press brake, clamps and holds the material during 

folding. The clamping device is a set of interchangeable 

fingers. Long, straight folds or shorter folds (to produce, 

for example, boxes of varying sizes) are possible.

Sheet metal can be bent using a folding machine.

INFORMATION FILE

Forming sheet metal by hand
Sheet metal can also be bent using various stakes as shown below. When folding sheet metal on a stake, a dresser 

or mallet is often used to produce a neat fold. Different folds are possible, as described below.

A hatchet stake − for

folding at angles greater

than 90°

A round mandrel − for

forming cylinders

A bick iron (also called

a beak or beck iron) − for

folding at 90° and for

conical shapes

A hatchet stake − for

folding at angles greater

than 90°

A square stake −

for forming long,

square edges

Stakes

The properties of a particular material determine 

how that material can be formed. Di�erent forming 

processes are generally used for metals, timber, plastics 

and other materials.

Forming metals

Bending
Small pieces of metal such as rods or !at bars can be 

bent when cold by using a jig or a vice.

Adjustable pegs

Rod pulled

around

ViceViceJig is held in vice

Peg jig

Using a jig or vice 

Large pieces of metal can be bent, folded or twisted 

by heating the material before using a tool to form it.
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Pressing
Thin sheet metal can be pressed into shape using a 

mould and die. Pressing is commonly used in industry 

for mass-production processes such as making panels 

for car bodies.

Beating
Beating is a similar process to pressing. Beaten 

metalwork is made using copper, brass, silver

or other malleable sheet metals. The metal must be 

annealed before it is beaten. It will work-harden as it 

is deformed, and therefore it must be annealed from 

time to time to prevent tearing.

The first step is to cut the piece of metal to size 

and file away any sharp edges. Then use compasses and 

a pencil to draw concentric circles at a set distance.

Concentric circles

10 mm apart

Concentric circles on the cut metal

Hollow out the desired shape by beating. Start 

from the outside and work slowly towards the centre 

in a circular path. Anneal the metal as necessary.

Male die

Female

mould

Blank

Finished

vessel

Pressing

Spinning
Spinning is a commonly used process in the mass 

production of metal containers such as steel or 

aluminium saucepans.

A disc of sheet metal is fixed between a former and 

a pad on a lathe. As the work rotates, a tool forces the 

disc over the former.

Blank
Pad

Former Tailstock

Tool

Tool Spun shape

Finished

vessel

Spinning

Alternative method

Use a blocking hammer and a hardwood

block shaped to the required size

Work

piece

Block

Blocking

hammer

The small end of the mallet is for hollowing and

the large end is for smoothing out wrinkles

Work piece

Bossing mallet

Leather bag

filled with

sand

Hollowing out (top); alternative method (bottom)
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Planishing is used to smooth o� the metal and 

work-harden it in its final shape. The metal is first 

annealed, pickled and cleaned. Then it is beaten with 

a special planishing hammer and stake, which are 

both very smooth and polished. (When planishing, 

you should start at the centre and work outwards in a 

circular path.)

Planishing marks

cover surface evenly,

with no gaps

Planishing

hammer

Work

piece
Planishing

stake

Planishing

The metal is polished and finally coated with a 

clear sealer such as lacquer.

A buf$ng wheel

Metal polish and a cloth

INFORMATION FILE

Hydroforming and explosive forming
Sheet metals can be formed into various shapes using 

hydroforming or explosive forming.

Hydroforming

Hydroforming is used in industry to form shapes using the 

pressure of a �uid; for example, water or oil.  A die is made to 

the required shape. A sheet of metal, such as brass, stainless 

steel or aluminium, is clamped and �uid under pressure forces 

the sheet metal onto the die.

Explosive forming

Explosive forming is used in industry to form shapes similar to hydroforming but on a larger scale, using 

explosives. A die is made to the required shape. The die is placed in water with the sheet metal above it. An 

explosive charge is exploded above the sheet metal, forcing it onto the die.

Hydroforming can create a variety of useful shapes.
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Forming timber
Thin pieces of timber and sheets of timber products 

such as hardboard and plywood can simply be bent 

over a solid framework and fastened with nails or 

screws.

Thin sheet

of plywood

Forming sheet material

Thicker pieces of timber can be formed by 

steaming. This process is most commonly used in boat 

building and furniture making.

Steamed timber

Veneers (thin strips of timber 1.5–3.0 millimetres 

thick) can be glued together between formers to form 

various complex shapes. When the glue has dried, 

the bonded material will retain its new shape. This is 

known as laminating.

A !exible former consists of a !exible steel strip 

that can be attached to a base board to produce 

various shapes. Glued veneer is placed between the 

fixed former and another !exible steel strip. The 

formers are then clamped together and the veneer is 

allowed to dry.

Clamps

Flexible

formers

Sash cramp

Veneers glued together

Solid wooden

former

Veneers

Laminating

Forming plastic
Plastics, also known as polymers, can be separated into 

two types – thermoplastics and thermosetting plastics. 

The forming processes available for plastic depend on 

whether it is a thermoplastic or thermosetting plastic. 

See page 134 for more information on plastics. 

Thermoplastics
Thermoplastics such as acrylic need to be heated 

moderately before they can be bent. A strip heater 

is used to heat a narrow strip across a sheet of 

thermoplastic, so that a comparatively sharp bend 

is produced.
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A strip heater

An oven is used when the sheet has to be bent 

over a larger area to produce a moulded 3D shape.

An oven

Straight bending
To produce a straight bend, a narrow strip of the 

thermoplastic is heated on a strip heater. The sheet is 

then bent along this strip and held (usually in a jig) 

until it has cooled.

When acrylic has

cooled, remove

from jig

Acrylic sheet Strip heater

Heat on strip heater until pliable

Jig

Jig

Carefully bend the

pliable acrylic and

place in jig

Straight bending

Pressure forming
To mould a sheet of thermoplastic into three-

dimensional shapes, it is first heated in an oven and 

then it is held under pressure in a mould until it has 

cooled. A similar process is used for blow moulding 

(see page 141) and vacuum forming (see below).

Location

pins

Female mould

Male

mould

Prepare male and female 

moulds, allowing for the 

thickness of the acrylic

Acrylic

Place heated acrylic 

between male and female 

moulds. Apply pressure 

and allow to cool

Heat acrylic in oven until 

pliable

Remove shaped acrylic 

from mould. Clean up 

edges. Cut out shape

Pressure forming

Vacuum forming
Vacuum forming is used to form thermoplastics. This 

process requires a male mould of the finished item.

1 A sheet of thermoplastic is heated 

until it sags under its own weight.

2 The heated plastic sheet is drawn over 

the mould and clamped down.

3 A vacuum is created between the mould and 

the plastic. This causes the thermoplastic 

sheet to be forced down onto the mould.

4 After cooling, the moulded item is 

removed and trimmed as required.
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Heated sheet

of plastic

ClampClamp
Mould

Vacuum

box

Vacuum draws

plastic down onto mould

Vacuum

Vacuum forming

Thermosetting plastics
Thermosetting plastics such as epoxy resin can also 

be formed into complex shapes by laminating. The 

epoxy resin is combined with glass fibre to form a 

strong composite material known as fibreglass or glass-

reinforced plastic (GRP).

Select a well-ventilated area before 

starting any �breglass activity.

The lamination process involves building up 

layers of GRP on a mould to the desired thickness. 

A gel coat is first applied, followed by a layer of glass 

fibre, which is soaked with resin before the next layer 

is applied. The material is allowed to cure before it is 

removed from the mould.

Always use pre-accelerated resins. An 

explosion can occur if the catalyst and  

the accelerator are mixed together into  

the resin.

Hand lay-up of GRP
1 Check that the mould is clean and 

smooth. Apply a wax polish to its surface 

and then coat it with a release agent.

Release agentWax polish

2 Apply a catalysed gel coat to the mould. It can 

be pigmented (coloured). Allow it to cure for 

about 30 minutes until it is still tacky. Clean 

up equipment with a solvent such as acetone.

Gel coat Pigment Catalyst

Acetone

3 Brush a thick coat of catalysed lay-up resin onto 

the gel coat and lay a glass fibre mat on the resin. 

Use a brush to stipple the resin into the mat. 

Repeat this process until the required number 

of layers has been built up. Use a !uted roller to 

help remove air bubbles. Clean up equipment.

Acetone

Lay-up resin Pigment Catalyst

Glass fibre mat
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4 Once the laminate has cured, carefully remove 

it from the mould. Trim and clean up the 

laminate. Alternatively, the excess glass fibre 

and resin can be cut away with a sharp knife 

while the laminate is ‘green’ and still in the 

mould. Be careful not to damage the mould.

‘Green’ laminate Trimming knife

When sanding cured �breglass, wear 

a respirator or mask, and goggles or 

safety glasses.

Forming other  

materials
Other materials can be 

formed. For example:

• clay can be formed 

by adding water to 

it and then shaping 

it by hand or in a 

mould. After it is 

baked dry in a kiln, it 

retains its new shape. 

This process is used 

industrially to make 

bricks, pavers and 

tiles, while potters 

‘throw’ art objects 

such as vases on potters’ wheels

• leather can be formed by wetting it. Upon drying,  

the leather retains its new shape. This process is  

used to shape leather or to make it easier to carve

• concrete can be cast into many di�erent shapes 

for use in construction such as pipes, posts and 

beams. It is often reinforced (for example, with 

steel rods (see page 51) to give it added strength. 

Concrete can also be used instead of clay to make 

bricks, pavers and roofing tiles

• non-woven fabrics that use fibres, and not yarns, 

can be formed. The fibres – for example, cotton, 

wool, animal or polyester – are bonded using 

heat, pressure (including water) or glue. (See  

page 147.) The mat consisting of interlocked 

fibres can be processed to produce the desired 

form – for example, a felt hat

Interlocked $bres to felt

• woven woollen fabrics can be temporary set 

into shape by a process of wetting and drying. 

Further wetting will cause the fabric to lose its 

original shape. Permanent setting, or damp-heat 

setting, is possible with steaming. However, the 

creases and pleats can be removed with additional 

steaming. The fibres of wool can be permanently 

set using chemical setting such as in Si-Ro-Set® 

process and steaming. (The Si-Ro-Set® process 

was developed by the CSIRO.)

• other fabrics can also be formed using resins. 

The resins are added to the fabric at the mill. 

There are two techniques – deferred cure and 

precured – used to set fabrics. With the deferred 

cure technique, garments are made, pressed and 

then placed in an oven to produce the desired 

permanent-press finish. With the precured 

technique, a chemical is first sprayed onto the 

area to be formed. A hot press is then used to set 

the shape of the fabric.

‘Throwing’ a pot on a potter’s 

wheel
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7B The separating process

In this section, you will learn:

 different processes for separating materials

 how to choose an appropriate separating process

 how to perform a range of separating processes.

1 Rip (cut) along the grain:

   first a – that is, 

make a cut along 

the width

   then b – that is, 

make a cut across 

the thickness.

2 Cross-cut.

Keep the material low in the 

vice to minimise movement 

or vibration.

Sawing metals and plastics
Whenever possible, cut the material close to the edge 

of the vice jaws to prevent vibration.

Edge of

vice jaws

Holding material in a vice

Use a ‘V’-board when cutting thin or small pieces 

of material.

‘V’-board

1a

1b

2

The separating process has many hazards since many 

of the tools used are cutting tools.

During all separating processes, hold the 

material securely to reduce the risk of 

injury from movement of the material or 

the cutting tool. Also, keep your hands 

(especially your �ngers) away from the 

cutting edge.

Cutting
Cutting can be used to remove material, shorten 

material or cut out a shape. Cutting tools such as 

knives, scissors or industrial snips can be used on a 

range of sheet materials, leather and fabrics.  

(See pages 187–8 and 191.)

Sawing
Sawing is generally used to remove unwanted material 

– for example, to shorten a piece of stock or to cut out 

a shape. The correct choice of saw will depend on the 

type of material and the type of cut (that is, whether it 

is to be straight or curved).

When sawing, always cut on the waste side of the 

line to ensure a good fit. When working with wood, 

the saw should cut right next to the line. However, 

when cutting metal and polymers/plastics, the practice 

is to cut slightly away from the line, leaving a small 

amount of waste that is filed to the line to finish it.

Sawing timber
There are two stages to sawing timber – the rip and 

the cross-cut.
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Planing
Planing is mainly used to remove shavings from wood. 

It can also be used with some thermoplastic polymers, 

such as PVC and acrylic. To achieve a smooth and !at 

finish, a firm, steady planing action is required.

To begin planing, adjust the plane blade:

• to be parallel to the base of the plane

• to determine the depth of the cut.

Depth

of cut

Plane along the grain
Bench

top

When planing a side, keep the material on a 1at surface.

Position fingers and thumb as

shown to steady the plane

When planing an edge, clamp the material in a vice.

Waste

piece

OR Plane in from

both edges

When planing end grain in timber, always support the end of 

the material to avoid breaking or splitting it. Alternatively, plane 

towards the centre from both edges.

Filing
Filing is generally used to finish shaping materials such 

as metals, plastics and wood after they have been cut. 

Force is applied to the file on the forward stroke and it 

is lifted slightly above the work on the backward stroke. 

There are two techniques: cross-filing and draw-filing.

1 Cross-filing is generally used for quick 

removal of waste material and shaping 

the material. The file is pushed forwards 

and across the work at the same time.

Preventing waste
Reduce the amount of material used and 

prevent waste:

1   Place your shape(s) as close as possible to 

the edge(s) of your material.

2 Use the edge(s) where possible.

3  Leave the smallest gap possible between 

the shape(s).
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Light cross-filing

Heavy cross-filing

Cross-$ling

2 Draw-filing is used to give the material 

a fine finish. The file is usually pushed 

sideways along the surface.

Draw-$ling

Waste material caught between the file teeth is 

called pinning. It may scratch the material and must 

be removed either with a file card or the end grain 

of timber.

Chiselling
Chiselling is used to remove unwanted material in 

wood and metals. There are two techniques used 

when working with wood: chopping and paring.

1 Chopping: the chisel is struck with a 

mallet to remove large pieces of waste.

 When chopping a housing, use of the chisel 

with the bevelled surface facing upwards will 

cause the chisel to dig into the timber. However, 

keeping the bevelled surface of the chisel against 

the material will tend to push the chisel away.

Chisel digs in (left); chisel moves up (right)

Chopping

2 Paring: the chisel is pushed with one hand while 

the fingers and thumb of the other hand are 

squeezed to guide and control the cutting edge 

to remove fine shavings. When paring, keep 

the !at side of the chisel against the material.

Horizontal paring

Vertical paring
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Metals can be chiselled by using one of two basic 

techniques: shearing or vertical chiselling.

1 Shearing: the material is held in a vice and 

the cold chisel is struck with a hammer. 

The cutting edge of the cold chisel 

moves along the top of the jaws.

Cold chisel

Shearing

2 Vertical chiselling: the material is placed 

on a solid surface such as soft steel and the 

cold chisel is struck with a hammer.

Cold chisel

Saw cuts

Vertical chiselling

Drilling
Drilling is used to produce holes of various diameters 

in materials such as metal, plastic, timber and 

masonry. Before drilling, you need to select the 

correct drill for the material – for example, a tungsten 

carbide-tipped drill for masonry. When drilling, use 

the correct spindle speed (see page 189) and feed rate. 

Also remember to pull the drill out from the work 

occasionally to clear the waste material and prevent 

clogging and overheating.

Place a !at piece of scrap material underneath the 

work to avoid damaging the bottom surface as the drill 

passes through the material. Remember: move the 

scrap material each time that you drill a hole to ensure 

a !at surface underneath.

Hand

vice
Work

Waste

piece

Drilling

When drilling a large hole, use the series drilling 

technique: first drill a small pilot hole (say 2–3 millimetres 

in diameter), then use a series of progressively larger 

drill bits. This gives a round, accurate hole.

Series drilling

Cutting threads
Threads (see page 201) can be cut by using a tap or a die.

Tapping is cutting an internal thread using a tap. 

A tapping hole is drilled to insert the tap.

Keep the tap at

90° to the work

Tap

wrench

Tap

Select correct tap and

fit to tap wrench

You can use a table such as the following one 

to work out the diameter of a tapping hole for a 

particular thread size.
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Table 7.1 Tapping drill sizes

Thread size Tapping drill size

M2*

M2.5

M3

M4

M5

M6

M8

M10

M12

1.6 mm

2.1 mm

2.5 mm

3.3 mm

4.2 mm

5.0 mm

6.8 mm

8.5 mm

10.2 mm

*M = metric

Threading is cutting an external thread using a die.

Die stock

Keep the die stock

square to the work

Small chamfer cut

on end of rod to

help start the die

Die Thread

Vice

Threading

When cutting threads, lubricate with cutting 

paste where appropriate.

Use this action when cutting the thread: one 

half-turn clockwise, followed by a three-quarter turn 

anticlockwise to release the swarf.

Abrading
Abrading can be used to shape and finish various 

materials, once the material has been cut, if the 

appropriate abrasive is selected. (See ‘Abrasives’ on 

pages 247–8.)

Disc sanders are mainly used for wood (and 

sometimes for plastic). They can be used to produce 

!at and convex shapes.

Belt sanders can abrade a range of materials. They 

can be used to produce !at, convex and (with some 

machines) even concave shapes. Belt sanders, unlike 

disc sanders, can be used to evenly abrade the surfaces 

of long pieces of material.

Take care of your �ngers when abrading 

thin materials or small items.

Move material along

the table as shown

Keep work in

the shaded area
Rotation

Abrasion using a disc sander

Slight pressure

downwardsMove material across

the belt

Rotation

Hold work against

the fence

Abrasion using a belt sander
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INFORMATION FILE

Abrasive wheels and discs
Particles of grit are either bonded to one another in 

the form of a wheel, or coated to a backing material 

– paper or cloth – in the form of a sanding disc, belt, 

sheet or roll. A range of grit is used for abrading various 

materials – for example: silicon carbide; non-ferrous 

metals and masonry; zirconium; non-ferrous and 

ferrous metals; aluminium oxide; ferrous metals and 

ceramics; hard-to-grind metals.

Abrasive wheels have three basic actions. They 

are to grind, cut and polish.

Grinding discs and grinding wheels are available for 

portable power tools and for 7xed power tools such as 

bench grinders. Grinding discs and wheels are generally 

much thicker than cut-off wheels. The grinding disc 

and wheel need to resist greater forces – whether on 

the edge or its face – when abrading. The thickness of 

the disc/wheel is usually between 4.5 millimetres and 

10 millimetres (for portable power tools); and 13 millimetres 

and 75 millimetres (for 7xed power tools). The diameter 

of the disc/wheel also varies – for example, from 

50 millimetres to 230 millimetres (for portable power 

tools); and from 100 millimetres to 450 millimetres (for 

7xed power tools).

Grinding discs are available in a �exible or rigid 

form. The �exible disc (including sanding discs) must 

be used with a back-up pad. The purpose of the 

back-up pad is to support the disc while abrading.

Cut-off wheels are quite thin – 0.8 millimetres 

to 6.4 millimetres. The wheels are strong in a radial 

direction. Great care is required to avoid any sideways 

movement or pressure when cutting materials; 

otherwise the wheel could shatter. Cut-off wheels are 

also available in a range of diameters (for example,  

51 millimetres and 600 millimetres).

Polishing discs are used to clean, deburr and 

produce a desired 7nish. The 7nish could range from 

satin (smooth) to mirror.

Abrasive wheels are available in a number of 

shapes – for example, �at or depressed centre (also 

known as raised hub).

RULE:
• It is a wheel if the edge is used to abrade. • It is a disc if the face is used to abrade.

Wheel or disc?
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Particles 'ying off the wheel/disc could 

injure you and other people nearby.

• Erect a barrier or screen.

•  Be aware of sparks, which 

could cause a �re.

• Hold the work securely in a clamp.

• Use the correct PPE.

Polishing
Polishing is used to remove very small irregularities 

from the surface of materials such as plastics and 

metals, and to provide a shiny finish.

A bu4ng wheel is often used to polish plastics 

and metal. Various grades of bu4ng mop are 

available for abrading or polishing. A bu4ng 

compound (such as Polastic for plastic or Tripoli 

Lustre for metal) is applied to the bu4ng mop 

to assist in the process. Cutting and polishing 

compounds such as Brasso can also be used when 

polishing by hand.

Polishing by hand

Buf$ng mops

Keep work in the

shaded areas

Use a stitched mop for

more cut when polishing

Use a loose-leaf mop

(less cut) for final polishing

Turning
Turning is the process of shaping materials such as 

metals, plastics and wood on a lathe by:

• holding one end of the material in a chuck or on 

a face plate

• turning between centres – the material is 

supported at either end by centres such as spur 

and cup centres on the woodturning lathe and 

live and dead centres on the metal lathe.  

(See pages 209–11.)

Lathe speed depends on the diameter of the work.

RULE:
The larger the diameter of the work, the 

slower the lathe speed should be.
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Turning metals and plastics
A centre lathe (metal lathe) is used to perform the 

following three operations. (See ‘CAD/CAM systems’ 

on pages 43–5.)

1 Facing o�: to produce a !at surface. 

The cross-slide handwheel is rotated to 

move the cutting tool in or out.

Cutting toolCross-slide

Cross-slide

handwheel

Facing off

2 Parallel turning: to produce a cylindrical 

form. The carriage (or longitudinal) 

handwheel is rotated to move the cutting 

tool parallel to the axis of rotation.

Carriage

handwheel

Cutting tool

Apron

Parallel turning

3 Taper turning: to produce a conical shape. 

The compound slide is set to the required 

angle and then the compound-slide handwheel 

is rotated to move the cutting tool.

Compound-

slide

handwheel

Cutting tool
Compound

slide

Taper turning

Centre lathe tools (usually made of high-speed 

steel) have di�erent shapes for di�erent functions, as 

shown  below.

A right-hand 

(general- 

purpose) tool

A round- 

nosed tool

A parting  

tool

Some centre lathe cutting tools

The cutting tool must be set up with its point 

exactly at centre height. If the tool is set up above 

centre, it will rub against the work instead of cutting. 

A tool set up below centre will dig into the work.

Point of tool set

on centre line

Rotation

Set-up of a cutting tool
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Turning wood
A woodturning lathe, like the metal lathe, is used for:

• turning between centres

• face-plate turning: to turn items such as bowls 

and moulds.

There are a number of lathe tools with specific 

functions.

They fall into two categories:

• cutting tools, such as gouges and skew chisels

• scraping tools, such as square-nosed and  

diamond-point chisels.

To achieve the correct cutting and scraping 

actions, the tools must be set up as shown here.

Tool rests above centre

A cutting tool

Tool rests below centre

A scraping tool

B Diamond-point chisel

A Gouge chisel

A Skew chisel

A Parting chisel

B Round-nosed chisel

B Square-nosed chisel

A = cutting tool B = scraping tool

When turning between centres and shaping the 

material, start from the tailstock end. Then work 

towards the headstock to lessen the possibility of 

shearing the wood if the lathe tool digs in.

Woodturning tools have di�erent shapes for 

di�erent functions, as shown below.

Diamond-point

chisel

Headstock end

Tailstock end

Gouge

chisel

Round-nosed

chisel

Skew

chisel

Parting

chisel

Square-nosed

chisel

Shape material in this direction

Woodturning tools
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7C The combining process

In this section, you will learn about:

 techniques used to combine materials

 different types of fasteners and their uses

 adhesives and their uses

 when to use particular joining techniques.

Pan

head

Round

head

Truss

head

Countersunk

head

Flat

head

Rivets for general metalworking

ShankShank

Head

Length

Diameter Diameter

The parts of a rivet

Bifurcated rivets are used to join soft materials 

such as leather. A washer is sometimes used for added 

support.

Legs are

folded apart

Bifurcated

rivet

Washer Washer

Using bifurcated rivets 

Materials are combined or joined using four methods. 

They are:

• mechanical fastening – using screws, bolts, nails 

and other types of fasteners

• chemical adhesion – using glues and adhesives or 

solder

• jointing – through interlocking of the components

• cohesion – by means of solvents or welding.

Mechanical  

fastening
A fastening device is one that holds two or more parts 

firmly together. Fasteners can be grouped into two 

categories: permanent fasteners and semi-permanent 

fasteners.

Permanent fasteners
When a permanent fastener is used, the parts that it 

joins cannot be separated without causing damage or 

destruction.

Solid rivets
Rivets can be used to join metals and soft materials such 

as leather. They are named according to their head shape, 

and are available in various sizes and in di�erent materials 

such as steel, copper and aluminium.
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Mandrel

Mandrel

Rivet

diameter
Rivet

length

Setting tool

Mandrel

snaps

here

Jaws

pull back

Mandrel

Riveting

pliers
Head of

mandrel

spreads

rivet and

breaks

off

Setting a pop rivet

Blind rivets
Blind (pop) rivets are used for speed and convenience. They are also used when the work cannot be supported 

on one side, or when it is accessible from one side only. Special pliers are used to draw the mandrel through the 

rivet. Pop rivets are available in various types (such as open, sealed or hollow), in various sizes, and in various 

materials, such as steel, aluminium and stainless steel.

To calculate how long a rivet should be when it is used to combine two materials, you should use the rule 

below: Note that the diameter of the rivet determines its strength.

D D D

1.5D 1.5D 1.5D C (= 1.5D)

A − Thickness of material

B − Thickness of material
= GRIP

Calculating rivet length

RULE:
A + B + C = Total length of rivet OR GRIP + 1.5D = Total length of rivet

When buying rivets, you need to state:

  200 12 × 3 Round head Aluminium Solid rivets

Quantity 

(number)

Length 

(mm)
Shank diameter  

(mm)

Type of 

material

Type of 

head

Type of 

rivet

Considerations when selecting rivets 
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If you need to use more than one rivet, follow 

these steps.

1 Drill or punch hole 1 and fit rivet.

2 Drill or punch hole 2 and fit rivet. 

Now the material cannot move.

3 Drill holes and fit any rivets required 

between holes 1 and 2.

1

2

Using multiple rivets

If you try to drill all the holes at once, it is most 

unlikely that they will line up exactly.

Nails
Nailing is a quick and easy joining method. Nails are 

mainly used to join timber. They can also be used to 

join other materials (such as metal or upholstery) to 

timber. There are many di�erent types of nail available 

for many di�erent uses.

Table 7.2 Nail types and their applications

Nail types Applications

Bullet head or helical threaded nails

Galvanised if corrosion 

resistance is required

Hardwood and hardwood framing

Edging and 7nishing work

Flat-head or threaded 

�at-head nails

Galvanised if corrosion 

resistance is required

Softwood and softwood framing

Underlay nails

Annular threaded

Hardboard underlay sheets

Wallboard nails

Zinc plated

Plywood sheets/panelling and 

wallboard for interior walls

Hardboard nails

Bright or zinc plated

Hardboard

Particle board nails

Helical thread

Particle board

Flex sheet nails

Galvanised

Fibre cement sheets
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Decking nails

Galvanised or stainless 

steel – helical thread

Timber decking, timber cladding

Clouts

Galvanised

Exterior thin sheet metal

Bracket nails

Galvanised

Exterior thick sheet metal

Roo7ng nails

Plain galvanised

Steel corrugated roo7ng
Roo7ng nails

Galvanised twisted shank

Roo7ng nails

Galvanised helical thread

Sheet nails

Zinc plated – annular thread

Plasterboard sheets

Panel pins Finishing work and 7ne joinery

Length

Diameter Shank
Head

Parts of a nail

A small-diameter head (as with a bullet-head nail) 

is designed to be punched below the surface of  

the timber.

Nail punch

Hammer

Using a nail punch

A large head is designed to exert a force on a 

material (as in the case of a clout fixing metal onto 

wood or a tack fixing fabric onto wood).

Large head

Nails come in a variety of lengths. To select the 

correct length of nail, you need to know the thickness 

of the material to be nailed into place.
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RULE:
Select a nail length at least three times 

the thickness of the material. The nail 

length should never be less than twice 

this thickness.

When buying nails, you need to state:

Always nail the thin piece of material to the 

thicker piece.

Nail length should

be at least A × 3

A

The length of a nail

Timber has a grain. If nails are placed too close to 

each other, the timber may split along the grain. You 

have to be especially careful to avoid splitting when 

nailing near the end of a piece of timber.

Well-staggered nailing

prevents splitting

Nails are too close, causing

splitting along the grain

Positioning nails

Alternatively, before nailing, drill a hole slightly 

smaller than the diameter of the shank. This is 

recommended for hardwood.

If you drive nails perpendicularly, you rely on the 

wood fibres to hold the nail into the timber. If you 

slope the nails in opposite directions, two pieces of 

timber can be held together much more strongly. This 

is called ‘dovetail’ nailing.

Dovetail nailing

1
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Quantity

(usually by 

mass)

Length 

(mm)

Shank 

diameter  

(mm)

Type of 

material

Type of 

head

Finish

Considerations when selecting nails
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Blue-cut tacks, gimp pins and  
furniture studs
Blue-cut tacks, gimp pins and furniture studs are 

mainly used in upholstery.

Blue-cut tacks (or tacks) are available in two basic 

types: fine and improved. The fine tack has a small 

head, while the improved tack has a larger head and is 

designed for exerting greater force on the fabric. They 

come in a range of sizes from 10 millimetres up to 16 

millimetres. Tacks are used to attach webbing and 

fabrics that will not be seen.

Gimp pins are small, fine tacks that are available 

in a range of di�erent colours. They are used in 

upholstery where the head of the tack is seen – for 

example, general tacking or fixing a braid.

Blue-cut tacks

Furniture studs (or decorative nails) have a dome-

shaped head. They are used in places where the head 

of the nail is seen. These nails are available in a range 

of shapes and finishes. The visual appeal of the item 

can be enhanced greatly by choosing an appropriate 

decorative nail and applying an elaborate nailing 

pattern.

Furniture studs

Staples
Staples, like nails and tacks, can be used to join 

materials such as plywood and upholstery to a timber 

frame. They are available in a range of sizes – for 

Gimp pin

example, 3 millimetres to 13 millimetres leg length 

and various crown widths. Staples can be driven by 

a hand stapler, electric stapling gun or pneumatic 

stapling gun.

Staples Manual stapling gun

Semi-permanent fasteners
A semi-permanent fastener is one that is used when it 

might be necessary to dismantle or adjust components 

at a later date. The most common types of semi-

permanent fastener are threaded fasteners.

• Nuts: these are fitted to the ends of bolts and 

metal thread screws or threaded round rods.

• Bolts: these have a solid head at one end and a 

metal thread at the other.

• Screws: metal thread screws, self-tapping screws 

or wood screws.

A commonly used screw head slot is the Phillips 

screw head. The Phillips slot centres the screwdriver 

bit and does not slip out easily when rotated. 

This type of screw head slot is preferred given the 

popularity of cordless power drills. It is a quick way to 

fasten materials.

Phillips screw head Screwdriver

A range of other screw head slots have become 

popular as shown below. Like the Phillips screw head, 

the screw head slot centres the screwdriver bit and 

does not slip out easily when rotated. The straight 

slot was used for centuries prior to the release of other 

types of screw slots (see page 199).
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The threads on nuts, bolts and screws range from 

coarse thread or pitch to fine thread or pitch. Pitch is 

one revolution.

Pitch = one revolution

Pitch (in mm)

Coarse thread

or pitch

Fine thread

or pitch

Pitch

Nuts and bolts
Nuts are made in various shapes for a variety of 

applications as shown below.

Wing nut

(for quick removal)

Hexagonal nut

(for steel)

Square nut

(for timber)

Lock nut

(to prevent

movement)

Nylon nut

(self-locking)

Castle nut and

split pin (locks in

place and can be

adjusted)

Nuts

Bolts are available in various diameters and 

pitches. They are also made from various materials 

and in various strengths – for example, standard steel 

and high-tensile steel.

Nuts and bolts are usually sold together.

Nut

Used for metals or plastics

Length

Bolt Diameter

Maximum grip

The parts of a bolt

Cup-head bolts are used for heavy construction in 

timber.

Cup-head bolt

Washers are used to spread the load of the nut on 

a surface or to lessen vibration. They are made from 

materials such as steel, brass, stainless steel, copper 

and nylon.

Star washersPlain general-

purpose washer

Spring washer

Washers

*M = metric

Note that bolts can also be purchased in imperial units, e.g. ½ʺ × 3ʺ Whitworth, hexagonal head, steel bolt (ʺ = inches).

M*12 × 1.75 Hexagonal head Steel bolt 3 / 75

Diameter

(mm)

Pitch

(mm)
Type of

head

Number

required

Type of

material

Length

(mm)

Considerations when selecting bolts

When ordering bolts, you need to state:
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Metal thread screws
Metal thread screws have a thread (usually V-shaped) that 

matches a mating component such as a nut. These screws 

are made from a variety of metals and can have a variety 

of finishes. They are identified by their head shape.

Metal thread screws can be used to join sheet 

metal to sheet metal or to a light metal frame (as in 

sheet metal cabinets).

Truss headRound head Countersunk head

Metal thread screws and nuts

Set screws
Set screws are threaded along their shank as close as 

possible to the head. They are used in threaded holes 

and therefore do not require nuts. Because they are 

generally used to join machine components, they 

are sometimes called machine screws. Set screws are 

available in a range of head shapes, as shown below.

Raised

head

Grub

screw

Hexagonal

head

Countersunk

head

Round

head

Thumb

screw

Square

head

Cheese

head

Socket

head

Set screws

Threaded

hole

Set screw

Set screws $t into threaded holes.

Self-tapping screws
Self-tapping screws cut their own thread-path as they 

are screwed into a hole drilled in plastic, metal or 

wood to secure one component to another. They are 

generally used to secure thin-gauge materials to each 

other or to thicker material.

Slotted:

Round Truss Pan Countersunk Oval

Round Truss Pan Countersunk Oval

Phillips recessed:

Self-tapping screws

*The gauge is a measure of the diameter of the screw shank.

Considerations when selecting self-tapping screws 

200   6G  ×  20 mm   Phillips, countersunk   Stainless steel   Self-tapping screws

Quantity Gauge* Type of materialType of head Type of fastenerLength

When ordering self-tapping screws, you need to state:
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Self-drilling self-tapping screws
Self-drilling self-tapping screws drill their own hole as 

well as cutting their own thread.

Self-drilling

cutting edge

For timber

Rubber

washers

For metal

Self-drilling, self-tapping roo$ng screws

Self-drilling self-tapping screws are available in a 

range of di�erent types of heads. (See page 199.)

Screws for wood
Wood screws can be used as semi-permanent fasteners 

as well as permanent fasteners. They join wood more 

strongly than nails (except when screwed into the end 

grain), and can be removed without causing any damage. 

They are made from various metals, such as steel and 

brass. Wood screws have three basic types of screw 

slots – straight, Phillips and Pozidriv. See page 199 for 

more information on screw slots and screwdrivers.

Core or

root

diameter
Core or

root

diameter

Thread

Shank

Countersunk

head

Slot Slot

Round

head

Shank

Thread

Length

The parts of a countersunk screw (left) and a round-head screw

Types of wood screws and their uses

• Coach: for heavy work such as gate hinges and 

fastening down light machines to bench tops.

• Particle board: to screw into particle board.

• Round head: to fix metal to wood where the 

metal is too thin to be countersunk – for example, 

when fixing a barrel bolt to a door or gate.

• Countersunk head: for general-purpose work, 

where the head of the screw is to be !ush with or 

below the surface – for example, when attaching 

a hinge to a door.

• Raised head: for decorative work, such as 

fastening metal handles and fittings on furniture.

Raised head

Coach Round head

Coach Countersunk head

Particle board

Wood screws

A variety of caps can be used to hide the head of 

the screw, as shown below.

Snaps onto

washer, held

by head of

screw

Dome-shaped cap Flat cap

Plugs in

Screw caps

When buying wood screws, you need to state:

200 6G × 20 mm (6G × 3/4")** Phillips, countersunk Particle board wood screws Zinc plated Steel 

Quantity Gauge* Type of 

screw

Type of 

head

Type of 

metal

Length 

(mm)

Type of 

7nish

Length 

(inches)

*The gauge is a measure of the diameter of the screw shank. The higher the gauge number, the larger the diameter. For example,  

a 6G screw has a diameter of about 3.5 mm, while a 14G screw has a diameter of about 6 mm.

**Note that the length of wood screws is still given in imperial units (inches) as well as metric units (mm).

Considerations when selecting wood screws
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To select the correct length of screw, use this 

formula:

(thickness

of top

piece

of wood)

Screw

length

= A × 3

A

Formula for selecting screw lengths

When drilling holes for a screw to join two pieces 

of timber, you should follow the guidelines given in 

the diagram below.

Drill this pilot

hole about

same size as

core or root

diameter

Piece A

Piece B

This depth

should equal

the screw length

Countersink

if needed

Drill this

clearance hole

slightly bigger

than screw shank

Joining timber with screws

Take care when using straight slot screws.

The screwdriver blade must �t the slot snugly  

as shown. If it is too thin or if it is the incorrect  

width, damage may be caused to the screw or  

to the material.

Pull-apart fasteners
Pull-apart fasteners such as zips, press studs, buckles 

and Velcro are generally used with natural materials 

such as textiles, rubber and leather. They allow for 

easy joining and separating of materials.

No tools are needed to open and close these 

fasteners. They use twin or mating parts that 

interlock.

Pull-apart fasteners

Pull-apart fasteners are often secured to the 

material using stitching. In some instances, an 

adhesive is also applied to the surfaces being joined for 

additional strength.

Slot

Screwdriver

blade
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INFORMATION FILE

Other types of pull-apart fasteners

Stitching

Many natural materials, especially fabrics, can be combined 

using a thread and needle. This is known as stitching. 

Stitching can be done by hand or using a sewing machine.

The needle is used to produce a hole in the fabric 

in order to pass the thread through. As the thread is 

pulled tight, the materials are joined. This process is 

repeated along the seam.

RULE:
The $ner the material, the thinner the needle.

Sewing leather using a running stitch

Lacing

Some materials are joined by 

lacing. The lace – cord, string 

or thong – can be round or 

�at. Like stitching, a hole or 

eye is required to pass the 

lace through the materials.

Lashing

Materials can also be joined by lashing. In lashing, 

thread, twine or rope is used to secure items.

Whipping

Whipping is the process by which items are bound with 

a cord. The materials are 7rst positioned in place. The 

cord is then passed around the materials a number of 

times to secure them.

Using lashing and whipping to secure springs

Chemical adhesion
Most materials, whether they are similar or dissimilar, 

can be joined using either:

• pure animal or vegetable glues

• polymer-based adhesives.

There are four main aspects to consider when 

selecting a glue or adhesive.

1 The types of materials to be joined:

• Are they similar or dissimilar?

• Are they porous or non-porous?

• Are they thick or thin?

2 The surface condition of the materials:

• Must they be free from grease and dust?

• Must they be dry or wet?

• Must they be porous or non-porous?

• Must they be smooth or rough?

3 The kinds of stresses to which the join will be 

subjected:

• Will it have to bear a load?

• Is it for indoor or outdoor use?

•  Are there gaps in the join that have to be filled?

4 Whether the adhesion is required to be 

permanent or temporary: Will the components 

be dismantled in the future?

There are four kinds of adhesive.

1 Natural adhesives such as animal glue

2 Thermoplastic adhesives such as polyvinyl  

acetate (PVA)

3 Thermosetting adhesives such as epoxy resin

4 Elastomers such as contact adhesives

Note: When similar materials are to be combined, 

there may be more suitable means of bonding them 

than using adhesives – for example, mortar can be used 

for bricks, and solvents can be used for plastics.

Lacing leather with a thong
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Commonly used adhesives

Commonly used adhesives

1 Animal glue – natural

• made from hoofs and hides of cattle

• must be used hot

• a non-staining glue that is very strong    

 and durable when used in dry conditions

• shelf life: no limit

ADHESIVES

2 Polyvinyl acetate (PVA) adhesive

 (e.g. Aquadhere) – thermoplastic

• a white plastic emulsion in ready-to-use          

 form

• a strong adhesive that is suitable for

 porous surfaces only

• not completely waterproof

• suitable for use with interior woodwork

• not recommended for joins under    

 high permanent load, as the adhesive

 creeps when subjected to a load

• shelf life: indefinite if container is

 kept sealed

3 Urea formaldehyde

 adhesive – thermosetting

• available in liquid or powder form

• suitable for use with hard, resinous   

 timber

• resists moisture better than PVA

 adhesive

• has some gap-filling properties

• produces a strong bond after one week

• shelf life: 6 to 12 months

5 Epoxy resin adhesive

 (e.g. Araldite) – thermosetting

• may be two-part epoxy resin (equal    

 parts of resin and hardener have to be    

 mixed) or single-part epoxy resin (the    

 components are pre-mixed and heat    

 cures the adhesive)

• has good gap-filling properties

• gives an extremely strong bond, with    

 no shrinkage

• suitable for bonding metals, glass,    

 wood, rubber, ceramics and concrete

• water resistant

• expensive

• shelf life: 6 to 12 months

6 Contact or rubber-based adhesive

 (e.g. Kwik Grip) – elastomer

• both surfaces must be coated with a     

 film of adhesive, which has to be ‘touch    

 dry’ before the components are joined

• not suited to woodworking

• no clamping is required

• produces a flexible joint

• suitable for bonding dissimilar

 materials – for example, bonding

 laminated plastics, fabrics or vinyl

 to timber

• shelf life: 12 months if gelling has not    

 occurred

7 Resorcinol formaldehyde

 adhesive – thermosetting

• highly resistant to moisture

• has good gap-filling properties

• excellent for boat-building and for    

 outdoor furniture

• stains wood

• shelf life: 3 to 6 months

4 Cyanoacrylate adhesive

 (‘super glue’) – thermoplastic

• gives an extremely strong bond

• cures quickly – handling strength is   

 achieved within seconds

• no clamping is required

• only a thin film is applied

• suitable for bonding metals, plastics,

 rubber, ceramics, wood, leather,

 paper and cork in any combination

• shelf life: one year

  Take extra care when using ‘super   

  glues’ because of their powerful   

  adhesive properties.

Wear PPE (e.g. gloves)

Adhesive curing times may be lengthened by low 

atmospheric temperatures when adhesives are used in 

cold climates.

 Many adhesives are highly 'ammable 

and some also give off toxic fumes. Keep 

them away from naked 'ames and work 

in a well-ventilated area.

Hot-melt guns are fitted with a cylindrical glue 

stick. When the trigger is pressed, the glue is heated and 

driven out of the nozzle to set within seconds. A range 

of glue sticks is available to suit di�erent materials.
Hot-melt gun
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Soldering
Soldering is the process of joining two pieces of metal, 

usually sheet, by melting another metal (the solder) 

between them. There are two types.

• Soft soldering uses a solder such as a tinman’s 

solder – an alloy of 50 per cent tin and 50 per 

cent lead or standard electronic solder is known as 

60/40 solder; that is, it is an alloy of 60 per cent tin 

and 40 per cent lead. (See ‘Soldering’ on page 82.)

• Hard soldering or brazing, as it is commonly 

known, uses solders – for example, brass and silver.

The surfaces to be soldered must be clean (that 

is, free from oil and rust) and close fitting. A flux is 

applied to the surface before soldering to:

• clean the metal and remove the film of oxide

• assist the solder to !ow more easily into the join.

 •  Work in a well-ventilated area when 

soldering. 

•  Beware of hot solders and soldering 

irons.

•  Beware of hot surfaces.

•  Use PPE (for example, gloves or tongs).

Soft soldering
A soldering iron or a bit is used to join metals to each 

other or components to the copper pads of a PCB (see 

page 82). The soldering iron or bit is allowed to heat 

up. If necessary, apply solder to the bit. Place the hot 

bit on the metal. Once the metal is hot, the solder !ows 

from the bit. The excess !ux should be removed with 

a damp cloth.

2

Remove the heated 

soldering iron from  

the oven

1

Clean the join and  

apply �ux

3

Clean the 

bit then tin 

it (coat it 

with solder)

solder

4

Move the  

bit slowly  

along the join

The steps in soft soldering

Note: Cleanliness is very important when soldering; 

otherwise a poor joint is formed. 

Brazing
The metals are heated with a !ame using either a gas 

torch (for example, propane) or an oxyacetylene torch 

(a mixture of oxygen and acetylene gases). When the 

metal becomes hot – a dull red colour – the !uxed 

solder is applied to the join. The solder will !ow easily 

if there is su4cient heat in the join. Additional heat 

may be applied to the join to aid !ow of the solder.

Take care not to overheat the join. Allow  

it to cool. Clean the join with a damp cloth or water 

to remove excess !ux.

Brazing
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Jointing
Joints are an alternative to mechanical fasteners 

and adhesives when combining similar materials – 

for example, timber–timber, metal–metal and  

plastic–plastic.

Joints are used:

• to widen material (making large !at surfaces 

such as a sail or a table top)

• for carcase construction (building box shapes 

such as drawers)

• for framing (2D or 3D frames, such as !at 

frames in windows or supporting frames in 

tables).

Many joints have been developed for use with a 

particular material – for example, the dovetail joint 

is best suited to joining timber. However, as new 

materials and tools have been developed, it has become 

possible to use some joints with many materials. 

Note: Fasteners and adhesives are often used with 

joints for added strength.

INFORMATION FILE

Gluing strips 
A gluing strip, or biscuit (see page 204), is often used along mitred 

edges (or butt joints) to reinforce the joints.

T

T

3
1 to

½ T

Butt Stopped housing

3
1 to ½ T

Lap seam −

mainly for metal

Through housingMitred

mainly for metal

Peined down −

mainly for metal

Rebated butt Box pin

Knocked up −

mainly for metal

Cleat Box dovetail

The joints used for carcase construction

Gluing strip

Rebate − mainly

for timber

Butt − requires

additional support such

as adhesive or cohesion

Tongue and groove −

mainly for timber

Dowelled butt (or

biscuit butt) − used

with an adhesive

Grooved seam −

mainly for metal

Lap − if used for

metal, can be

soldered and/or

rivetted
Run-and-fell seam

The joints used for widening

Applying a gluing strip
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Knock-down 'ttings
Most joints are considered to be permanent, but 

knock-down (KD) fittings are semi-permanent; they 

are a quick and easy way of assembling or dismantling 

parts of a construction. KD fittings are used mainly to 

join manufactured boards where traditional joining 

methods are not suitable. They are often used to 

assemble bulky items supplied in kit form, such as  

!at-pack furniture.

However, the cost of KD fittings prevents them 

from being used as a common joining method. Care 

must also be taken to select the appropriate KD fitting 

for the particular application.

For all halving joints, the material cut away is ½T

½T

Cross halving Tee halving

(Halving joints are used mainly for timber)

Corner halving Dovetail halving

Mitred

Timber framing anchors

Dowelled butt Mortice and tenon Bridle

T

Cleat Gusset

31 T

31 T

The joints used in framing

Flat-pack furniture
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A KD $tting for joining manufactured board such as particle board

KD $ttings for joining timber

A KD $tting for a post-and-rail assembly such as a chair or  

coffee table

Cohesion
In the process of cohesion, two pieces of the same 

material (such as plastic–plastic or metal–metal) are 

joined through the intermingling of molecules from 

adjacent surfaces.

Cohesive

bond

Piece A
Piece B

A cohesive bond

Cohesive bonding can be achieved by:

• using solvents – for example, to join acrylic, 

the surfaces to be joined are dissolved using 

a solvent such as ethylene dichloride. The 

solvent-softened surfaces are then placed 

together. As the solvent evaporates, the 

acrylic hardens to form a join

• welding – for example, when joining steel by 

arc welding, an electric current !ows between 

an electrode and the metal to be welded. The 

heat produced causes the metal to melt and the 

electrode itself melts, acting as a filler rod and 

helping to build up molten metal at the join. 

When the metal cools, a weld has been formed.

Arc welding (note the PPE that is worn)

In spot welding, two pieces of sheet metal are 

placed between electrodes that clamp onto them. 

When the current is switched on, it passes through 

the sheet metal between the electrodes and melts it to 

form a small, circular cohesive bond.

Spot welding
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In oxyacetylene welding, the intense !ame melts 

the metal at the join. A filler rod may also be melted 

into the join to form a pool of molten metal. Upon 

cooling, the metal is bonded.

Welding metal with an oxyacetylene torch and a $ller rod

In the hot-air welding process for plastics, the 

plastic is heated with hot air until its surface softens.  

A filler rod is fed into the softened area. Upon cooling, 

a strong cohesive bond is formed.

Filler rod

Hot-air welding

 Some universal equipment may have an 

age restriction in your State or Territory. 

Legislation prevents underaged persons 

from using this tool. This is for your 

safety. Check with your teacher.

C
IG

W
E

L
D



9780170439398 247Processes

7D Finishing

In this section, you will learn about:

 abrasives

 )nishes

 )nishing techniques

 in which situations to use particular abrasives and )nishing techniques.

bonded to a backing material – paper, cloth or 

foam – or bonded to one another in the form of a disc 

or wheel. The grit particles may be natural (such as 

garnet) or synthetic (such as aluminium oxide).

Common abrasives
Glass paper: grit (crushed glass) bonded to paper 

backing (mainly used for wood)

Garnet paper: natural red grit bonded to paper 

backing (mainly used for wood)

Emery cloth and emery tape: emery particles 

bonded to cloth backing (mainly used for metals)

Silicon carbide paper (wet and dry paper): can be 

used wet or dry (mainly used for plastics, non-ferrous 

metals, granite, marble and single-pack paint)

Aluminium oxide paper (wet and dry paper): can 

be used wet or dry (mainly used on two-pack paints)

Abrasive discs and wheels: mainly used for metals

Abrasive foam pad: grit bonded to foam pad, for  

use on curved or uneven surfaces

Abrasives

Finishing is the process of preparing and coating 

the surface of any manufactured or constructed 

item. The main function of a finish is to protect and 

beautify a surface.

Many �nishes give off fumes during 

curing that are harmful to your health.

•  Work in a well-ventilated area, as 

exposure to fumes may result  

in a headache or nausea.

• Wear PPE.

Many types of finishes have been developed 

for di�erent materials and for special purposes. For 

example, metal objects can be painted, polished, 

galvanised or chromed – the choice of finish will 

depend on how the objects are going to be used, 

and the cost involved.

Note that some items may require a di�erent 

finishing process. Their surfaces are not protected and 

beautified with a finish but by applying a covering. 

For example, pieces of furniture such as a sofa and 

an o4ce chair would be finished with an upholstery 

covering such as fabric or leather.

Abrasives
Abrasives are used to clean and smooth a surface 

by cutting away the top layers or any irregularities 

in the material. The cutting agent in commonly 

used abrasives is particles of grit. These are generally 
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Other abrasives

Steel wool, Brasso, buf$ng compounds and grinding paste are 

other abrasives.

There is a range of other commonly used abrasives. 

They are:

• abrasive compound: for polishing

• steel wool: for awkward shapes

• grinding paste: mainly for metals

• bu4ng compound: for use with a bu4ng 

machine.

Abrasive paper
Abrasive papers can be classified as ‘open coat’ 

abrasives or ‘closed coat’ abrasives.

The abrasive particles are evenly spaced out on 

open-coat abrasive papers, which are used on painted 

surfaces or resinous timber (such as radiata pine) that 

could clog the abrasive. Closed-coat abrasive papers 

have tightly packed abrasive particles and are generally 

used on materials that do not readily clog the abrasive 

(such as metals and hardwood).

Abrasives are graded according to the size of the 

mesh through which the grit particles pass. There are 

three grades:

• coarse (grit size 20–80)

• medium (grit size 100–200)

• fine (grit size 200–600).

Note that there are a number of grading systems 

used for grit around the world. Thus, the grit size of 

the three basic grades may vary a bit.

Silicon carbide paper is available in grit sizes 

ranging from 60 to 2000.

Aluminium oxide paper is available in grit sizes 

ranging from 36 to 1500.

The grade is printed on the back of abrasive paper.

RULE:
1 Use a coarse-grade abrasive paper $rst.

2 Then use a medium-grade paper.

3 Finish off with a $ne-grade paper.

Move the abrasive along

one axis only − length or

width (but not both)

Use a cork block with

abrasive paper − it

extends the life of the

paper

Work along the grain when

smoothing wood

The technique of sanding

Types of )nish
There is a range of finishes for di�erent materials and 

for special purposes.

Paint
Paint is a general term for a preparation that acts as a 

preservative, protecting against moisture, chemicals 

and the sun’s rays. It also acts as a beautifying agent 

and adds aesthetic appeal – for example, when 

applying colour to fabrics (direct, spray or transfer 

painting). There are three types of paint.

1 Primers and sealers

•  for sealing bare surfaces (especially unpainted 

metal or bare timber)

•  to provide proper adhesion for the next coat

2 Undercoats

• to provide a cover for bare surfaces

•  to provide a cover for primed or sealed surfaces

•  to smooth out any minor surface 

irregularities

3 Finishing coats (topcoats)

•  to protect previously painted or treated surfaces

• to improve the appearance of the surface
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Paints are manufactured for a wide range of special 

uses including exterior use, interior use or to resist 

steam. However, they all belong to two main groups:

•  enamel (oil-based) paint: after use, clean up 

brushes and equipment in mineral turpentine

•  acrylic (water-based) paint: clean up brushes 

and equipment in water.

Acrylic (water-based) paintEnamel (oil-based) paint

Dispose of clean-up waste responsibly

• Care for the environment.

Transparent 'nishes
Transparent finishes are generally used to display or 

enhance the natural features of a material such as 

timber while still protecting it. Another example is 

Scotchguard, which is used on fabrics for protection 

from stains and moisture. They do not require special 

primers or undercoats.

Transparent $nishes

Polyurethane varnish

(gloss, satin or matt

finish) − used on timber

to show off the grain

Beeswax or carnauba

wax − used to seal timber,

especially when

woodturning

Lacquer − used to protect

metals or wood (generally

sprayed on)

Oil finish − used on

porous timbers

Stains
Stains are used to colour wood without concealing 

its grain. They are used to change from one timber 

colour to another – for example, from pine to 

mahogany – or to colour-match di�erent varieties 

of timber. Stains enable the decorator to match or 

contrast timber with furnishings.

Some common stains are:

• water stains: dissolved in water

• spirit stains: dissolved in methylated spirits

• oil stains: dissolved in turpentine.

Dyes
Dyes are used to colour textiles and hides.

Examples of dyeing fabric are batik and tie-dyeing. 

(A dye can also be added at di�erent stages of textile 

production – for example, the fibre, yarn, fabric or 

product stage.) There are two types of dye.

• Natural dyes include beetroot, tea, turmeric 

and raspberries.

• Synthetic dyes are manufactured in powder 

form and available in a large range of colours. 

These dyes can be used in low-temperature 

or high-temperature water. Always read the 

manufacturer’s instructions prior to use.

•  Wear gloves and an apron when  

using dyes

• Take care when handling dye solutions.

•  Work in a well-ventilated area when 

using mordants, which are toxic 

and corrosive. (Mordants are used 

as a �xing agent for the dye.)

• Dispose of mordants responsibly.

• Care for the environment.

Inks
Inks, like dyes, can be used to colour fabrics using 

block and screen printing methods. They can also be 

used to colour other materials, but special care is often 

required to prevent bleeding.
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Polishing
Polishing is a finishing process in which very small 

irregularities are removed from the surface of 

the material using an abrasive compound and a 

bu4ng cloth or mop. For example, metal can be 

polished using either Brasso and a cloth, or a bu4ng 

compound applied to a suitable bu4ng mop on a 

bu4ng machine.

Polishing

Upholstery coverings
Upholstery coverings can be grouped into three 

categories:

• natural (such as cotton, silk, wool and 

leather)

• manufactured (such as rayon, polyester and 

acrylic)

• blended: natural (such as cotton-linen); 

natural and manufactured (such as cotton-

rayon, cotton-polyester and wool-nylon).

When selecting a fabric for upholstery, consider 

using a medium- to heavy-weight cloth.

You also need to know its:

• fibre content

• thread count: higher is better (as measured 

in a square with 25-millimetre sides); a tight 

weave is a good indication

• abrasion rating (for example, light or heavy 

duty)

• fire-retardancy rating.

This information will assist you in selecting a fabric 

that is suitable for the intended purpose and safe to 

use. (For more detail on selecting a covering, see ‘The 

covering’ on page 253.)

Some common upholstery fabrics are:

• hessian, scrim and calico: used mainly in 

traditional upholstery to locate and protect 

materials under the cover. (See ‘What is 

upholstery?’ on pages 251–3.)

• acrylic, chintz, cotton, linen and nylon 

(usually blended); polyester (usually 

blended); triacetate (usually blended); viscose 

rayon (usually blended); and wool can be 

used for the cover

• jacquard, tapestry, canvas, damask, denim, 

folkweave, muslin, satin and velvet (known as 

traditional woven fabrics) can also be used for 

the cover.

Finishing techniques
To achieve a good finish, it is essential to:

• prepare the surface thoroughly so that it is 

clean and smooth

• select the appropriate finish

• use the correct finishing technique.

Basic steps in 'nishing  

materials

Plane or 7le

Fill blemishes

Grind or sand − coarse

Use scraper, if desired

Grind or sand − smooth

Cleanse surface

Apply 7nish*

1

2

3

4

5

6

7

*Carry out light sanding between coats to smooth off any irregu-

larities and to slightly roughen the surface so that the next layer 

of $nish has good adhesion.

7 steps in $nishing materials

Finishes can be applied in a number of ways – for 

example, by brush, roller, cloth or spray gun.
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Hints for solving 'nishing problems
1 Round o� sharp corners before applying a finish.

 

Even coating

on radiused corner

Uneven coating

on sharp corner

Finish

(e.g. paint)

Round off sharp corners

2 Don’t overload a brush: dip it into the 

finish to cover only a third of the bristle 

length. Wipe o� the excess finish.

 

3
1

Cover 1/3 of the bristles.

3 To avoid runs along edges, brush towards the edge.

 Brush towards the edge.

4 When applying a finish with a brush, follow this 

sequence if there are a number of faces to be coated.

Apply finish

to sides

Apply finish to main surfaces

Apply finish

to ends first
3

1

2

Follow this sequence when applying a $nish.

Using a spray gun or spray can
For an even coating, move the gun parallel to the 

surface being coated.

Finish

here

Start

here

An uneven coating will result if the gun is moved 

in an arc.

How to apply an even coat

INFORMATION FILE

What is upholstery?
Upholstery is the process by which a raw piece of furniture such as a chair  

or sofa is covered with a material. The purpose of this material is to make the  

item more comfortable and to add aesthetic appeal to it and its surrounds.

The upholstery process is made up of four elements:

• the frame

• the springing

• the padding

• the covering.
A cut-away of an upholstered chair 

showing the four basic elements
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The frame

A well-constructed frame using the appropriate joints will 

ensure strength, stability and many years of service. (See 

the illustration ‘The joints used in framing’ on page 244.)

Traditionally, frames were made of timber. A frame 

may be covered or exposed. Rough-sawn timber can 

be used for frame members that are to have a covering. 

Dressed all round (DAR) timber is used for 

frame members that will be seen. The application of an 

appropriate 7nish is essential to protect and enhance 

the grain of the wood and add aesthetic appeal.

The springing

The type of springing will dictate the comfort level. The 

range of springing includes webbing (least elasticity), 

rubber straps, no-sag (zig-zag) springs, tension (cable) 

springs and coil (hourglass or waisted) springs.

Types of springing

The quality of the springing when using webbing 

or straps is determined by the number used and how 

well they are attached. For example, webbing should be 

folded at the end for added strength, then 7xed in place 

using tacks or staples.

Straps and webbing can also be 7xed to the frame 

using clips, hooks and plates at each end. The webbing 

should be interlaced as in a weave to produce a 7rm 

and strong platform.

Webbing

Webbing

In traditional upholstery, coils (also known as double-

cone springs) were mounted on webbing, lashed to 

each other and to the frame, and then covered with 

hessian. This provided the upholstery foundation for the 

piece of furniture prior to applying the padding.

The padding

Much of the padding used in mass-produced items 

is polyurethane foam. High resiliency (HR) foam is an 

ideal choice for seating cushions. Foam is available in a 

range of densities.

Wadding is a soft material – for example, polyester 

– consisting of loose 7bres and is available in sheets. 

It is often placed over the foam for added comfort.

Stuf7ng is the term used to describe padding – for 

example, horse hair, 7bre or coir made from coconut 

husks – used in traditional upholstery. It is used to 

shape the item and to add comfort.

The stuf7ng is held in place with woven cloth – for 

example, scrim (7rst layer cover) and calico (second 

layer cover). The scrim and calico are tacked to the 

frame. Stitching is used to hold and set the stuf7ng in 

place and prevent it from moving. A wadding must be 

used under the 7nal cover to prevent the stuf7ng from 

working its way through.

The development of plastics and modern furniture-

making processes has resulted in the use of many 

new padding materials. For example, extruded plastic 

mouldings as shown below have replaced traditional 

edge padding and piping. This has resulted in time  

and cost savings.

Extruded plastic mouldings
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The covering

There are many types of material that can be used as 

a covering. The range includes fabrics made of cotton, 

wool and linen; leather/hide; and vinyl.

At 7rst your choice of covering will be in�uenced 

by factors such as period style, personal taste and cost. 

However, the choice of material should be decided after 

careful consideration of the following points.

Comfort: Does the material look comfortable and 

inviting? Is the material soft and does it feel good against 

the skin? Will it feel warm or cool? Will the material 

become less comfortable as it wears? Will the material 

stick to the skin? Will the type of material irritate the skin?

Durability: How much use will the item get? 

Heavy use requires a material that will not wear 

quickly – for example, cotton. For occasional use, a 

high-maintenance and more fragile material may be 

used – for example, silk. Will the material last as long 

as expected? How long will it take to wear out? What 

is its abrasion rating? Will it tear easily? How well does 

the material resist soiling and stains? Is it insect- and 

micro-organism resistant?

Aesthetics: Is the material attractive? What type 

of material is it: plain, printed or textured? What is the 

effect of the colours: warm or cool? What is the feel? 

Will the upholstered item have visual appeal? Will it 7t 

with the décor of the room?

Care: What treatments are required to preserve the 

material: steam cleaning or wiping over with a damp 

cloth? How dif7cult will it be to remove stains and soiling?

For more information about upholstery materials, 

a good source is manufacturers’ labels. All labels must 

provide some basic information about 7bres and care 

instructions. Another good source is your local upholsterer.

Upholstery techniques
To achieve a good result it is essential that the covering 

is measured and marked out accurately. As a general 

rule, allow an additional 50 millimetres of covering on 

all sides and 10 millimetres extra for a seam allowance.

Basic steps in upholstery
When marking out on fabric, remember to align with 

the warp. Position the fabric so that the warp and weft 

threads are aligned, as shown below.

Weft threads

Warp threads

Aligning the fabric

Basic steps in 'xing a fabric covering

Mark out and cut out the fabric. 

If the fabric has a pattern, ensure that it is lined up 

and centred.

Temporary-tack the covering with a few  

tacks in the centre of each side.*

Begin to tack off, starting at the centre  

of each side and working to within  

50 mm of the corners.** 

Fold and tack off the corners. Make sure  

that the corners are smooth and tight.†

*Check the squareness and tension of the fabric regularly during 

the $xing process. Do not over-tension the fabric.

**The material can be folded under itself or the excess trimmed off.

† There are two options: Use small folds or pleats, or cut away 

excess material before folding. The opening of the fold should be 

on the sides.

Basic steps to $x a covering
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By now you should have gained a greater awareness 

and understanding of technology. A number of the 

resources used in technology have been discussed in 

the preceding chapters. It is the use of these resources 

that enables technologists to meet the needs and wants 

of the local community, the nation or the world.

Solutions are often the result of people using 

design thinking. The solution to many modern needs 

and wants is the result of people investigating their 

ideas, usually by devising a plan of action and then 

producing a prototype for evaluation. So, the solution 

is often the result of applying a problem-solving 

process and using various resources such as the ones 

you have studied in this textbook.

Some of the solutions are also the result of 

people using systems thinking. System thinking is 

using the parts of a system – input, process, output 

and feedback – to produce an outcome. The range 

of outcomes to meet the needs of society is large 

and diverse. Some of the outcomes are food, water, 

entertainment, transportation, communication, 

manufacturing and construction.

Home security system

Global positioning system

8
Technology  
and the future

Unit 8 weblinks

In this unit, you will be challenged to think about:

 the bene�ts of technology in the future

 the possible costs of technology in the future

 what your responsibilities are.
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Discarded electronics are a big problem in Australia.

Appropriate 

technology
Sustainability is one of today’s most pressing issues. 

The sustainable use of resources means meeting the 

needs of people now as well as future generations, and 

protecting the Earth. Sustainability is impacting on 

the way people design, select and use materials. An 

example is appropriate technology, which is technology 

produced and used at a small-scale, local level. 

Upcycling

Reducing waste
Concern for the environment has seen the growth of 

the ‘no waste’ and ‘reduce, reuse, recycle’ movements. 

There is now a greater awareness of the need to recycle 

and use recycled materials in the production of new 

solutions. People are concerned about what happens 

to the materials once the products are no longer of any 

use. The life cycle of materials, from supply to waste, 

is very important. Our land�ll sites are struggling to 

cope with the mountains of waste being dumped 

every day. Likewise, our oceans and beaches are being 

polluted by plastics.

An example of appropriate technology

The breakdown of waste adds to the pollution 

levels of our Earth. An alternative approach which 

reduces waste and pollution is upcycling. 

Upcycling
Upcycling is giving the item a new use without 

breaking it down. A common example is wooden 

pallets being used to make furniture. 

New materials, tools 

and equipment
The number and type of resources are changing as 

new information and knowledge continue to add 

to the ‘resource’ bank. For example, traditional 

materials such as wood, glass and ceramics are being 

combined with other materials to form composite 

materials with remarkable properties. Smart 

materials, that can react to their surroundings and 

return to the original state, present new opportunities 

for the future.

Some materials may need to be transformed 

in new ways, so existing processes may need to be 

adapted or modi�ed. New tools and equipment 

are being manufactured to help people process 
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these materials in less time and in a safer manner. 

For example, the growth of cordless power tools 

has provided a safe alternative to mains power and 

changed the way people complete tasks.

The CAD software enables architects and engineers 

to generate a model of the structure and evaluate the 

forces on the structure. Modelling can identify any 

structural changes to be made to the design, prior to 

construction.

Many machines use mechanisms to multiply the 

force or speed, and control systems to monitor the 

task. Computers are interfaced with machines to 

control the task(s). The growth of computer-aided 

systems within industry is expanding as computers 

process data and information, generate graphics, and 

model solutions at a faster rate than before, thanks 

to the development of the IC. An example is the 

development of 3D printers that are used for many 

and varied purposes such as generating a heart valve  

or producing a prototype before manufacture.Cordless power tools have changed the way people work.

The development of rock-cutting industrial 

equipment has seen the emergence of innovative 

projects in cities around the world. Tunnel-boring 

industrial equipment is used to produce underground 

tunnels. These tunnels form part of an urban 

transportation system that carries commuters around 

cities. The tunnel-boring process has reduced the 

environmental impact to the surface of the Earth. 

Other industrial equipment has enabled people to 

transform the landscape of Earth.
3D printers are pushing new technological boundaries.

The ongoing research and development of 

electronic components is certain to expand the frontiers 

of electronics. The growth of electronic gadgetry  

will continue to shape our world and the way we live and 

work.

Technology is the result of people using various 

resources to produce satisfactory solutions.

Some of these solutions have proven to be 

unsatisfactory over time. The costs to people, society 

and the Earth have been greater than the bene�ts. We 

are now more aware of technology and its impact on 

society and the Earth.

As we look to the future, there are many questions 

to ask about the role of technology in our lives. You 

will �nd some of these on the next page.

Computer-aided design (CAD) has enabled 

people to design items and test them prior to 

production. CAD is also crucial in the development 

and construction of many tall structures in our world. 
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How will people use technology to 

solve their problems and meet their 

needs in the future?

Technology will continue to shape our 

world, but what changes will it bring?

Will people develop new building 

materials and construction 

techniques so that they can create 

amazing new structures?

Will passengers be carried by faster 

and more ef)cient transportation 

systems?

Will worldwide information and 

communication networks produce a 

better informed society?

Will mass-production systems become 

fully automated so that repetitive, 

laborious jobs are eliminated forever?

New technology can improve people’s 

lives, but as well as bene)ts there 

may be costs. What do you think 

could be the possible harmful effects 

of new technology? How can we 

make wise decisions about using it?

Technology often depends on the use of 

energy. Will we continue to rely on non-

renewable fuels such as oil and coal, 

or will we move towards other energy 

sources such as solar power? Will we 

learn to reduce our energy needs?

Will users of technology have to 

conserve the world’s resources of 

metals, timber and other materials 

more than they have in the past? Can 

we )nd new ways of reusing and 

recycling resources?

Will we learn to control the way 

we process materials so that the 

environment isn’t harmed by pollution 

of the soil, water and atmosphere?

Will technology become so 

complicated that only very highly 

skilled people will be able to 

understand and control it?

Will technology be used to help all 

the people of the world, or will it 

create a wider gap between wealthy 

and impoverished people in different 

countries?

To make sure that technology is a 

good servant for everyone, we all 

need to be well informed about it, 

and we all need to have a say in how 

it is used to change the world. How 

can you be involved?
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A

abrade to wear away

adaptation an adjustment or modification

adhesion sticking together

aesthetic having visual appeal

alumina aluminium oxide

annealed softened by heating

apportion to distribute a portion of

apropriate technology producing a solution

that is appropriate to the way people live

architecture a term used to describe the inner 

workings of a computer chip

artefact something made by a person

B

bauxite an ore used in the production of 

aluminium

benefit anything that is good for or helpful  

to people and the Earth

bifurcated divided into two branches or forks

blending mixing together

burr a rough edge left after drilling

C

cavity an empty space

chamfered at an angle or a sloping surface

chemical setting using chemicals to set fabrics 

permanently

chipped-up cut into small pieces

combustible material a substance that burns readily

components parts

composite made up of a number of parts or 

materials

compression a force that squeezes

concept an idea

conventional accepted usage

conventional current the belief that the flow of 

electric current is from the positive terminal to 

the negative terminal, e.g. as in a battery

coordinates numbers

cost anything that is bad for or harmful to people 

and the Earth

current a  ow of electricity

D

defective faulty

deform to change the shape of something

density the number of something

die a mould with a hole of a particular shape 

through which material is forced to form that shape

die-making the process of cutting shapes on a plate, 

which is then used to stamp that design onto a softer 

material

dimensional stability to stop the stretching out of 

shape, especially relating to fabric

distort to change shape

divergent thinking to generate many possible 

solutions

drawing passing through rollers or dies

dress to make smooth

dressed all round (DAR) timber timber that has 

been planed smooth on all sides

ductile can be stretched without breaking

duplicate an exact copy

Glossary
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E

electrolysis passing an electric current through  

a liquid

eliminate to remove

enhance to add to the result

extrude to shape material by forcing it through a die

F

fabric cloth

face the  at, circular surface of a cylinder or disc

�ammability how easily something burns

�ash excess plastic material that has been squeezed 

out as a mould is compressed

�at two-dimensional (2D)

�ux a substance applied to a surface to help fuse  

or join materials

fracturing breaking

G

galvanise to apply a coating of zinc to the surface  

of iron and steel

generic common

gluing strip a thin piece of material (e.g. timber) 

that is glued into slots along the edges of materials  

to be joined to reinforce the joint

graphite epoxy when carbon fibres are combined 

with epoxy resin

H

hands-on when people work on things with their 

hands

hazard a risk, danger or potential to cause harm

high technology advanced technological 

development, especially in electronics

housing a slot

hybrid a mixture of di&erent sources

hydraulic system using liquid such as water or oil 

to control a machine

I

illuminate to give light

impede to oppose

inert when a substance does not react chemically 

with other substances

innovation coming up with something new

interface to connect with

iterative to do again

L

lateral thinking using knowledge in a way not 

previously considered

lathe a machine that can turn materials into round 

forms

legislation the law

M

malleable able to be shaped without breaking

mandatory the law; must be followed

master panel an oversized panel that is later cut  

up to standard size

matrix an array or grid

miniaturise to make smaller

modify to make changes

N

neutral axis the middle of a beam

non-pored wood (softwood) wood with only  

one type of cell (called a tracheid)

O

objective a goal

ore a mineral in the Earth’s crust that can be 

processed to obtain metals

oxidise to combine with oxygen from the air
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P

pass a cut

permanent setting using damp-heat setting to 

shape woven woollen fabrics

permeable when liquids are able to pass through  

a substance

planed made smooth

pneumatic system using compressed air to control 

a machine

pored wood (hardwood) wood that has two types 

of cells: pores and fibres

precaution an action taken to prevent problems

problem-solving process a set of steps to follow  

to help solve a problem

procedure the steps and tools/equipment needed  

to make an item

prototype the first artefact of a design

R

reciprocate to move backwards and forwards

recursive the process of running back

regulations the rules for ways of acting

relevant connected with the ideas being discussed

respirator a breathing mask

retractable able to be drawn in

review to have another look

risk the chance of a harmful result – illness, injury 

or death – when exposed to a hazard

S

shatter to break into small pieces

sheen brightness

species a distinct kind

state a condition

stepped-cone pulleys a set – or number – of 

pulleys, ranging in diameter, attached to a shaft

stipple to use small strikes or blows

susceptible easily a&ected

swarf the metal shavings produced when cutting 

metals

synthesis the combining of ideas to present  

a complete solution

synthetic manufactured by people

T

tang the tapered end of a hand file, which fits into  

a handle

tapped o� removed

temporary set a process of wetting and drying  

to shape woven woollen fabrics

thread a yarn

threaded fasteners semi-permanent fasteners such 

as bolts, nuts and screws

toxic poisonous

transform to change

trial-and-error solving problems by using a variety 

of real experiments

U

unproductive unable to produce

V

variation a change

velocity speed

ventilated exposed to fresh air

venue a meeting place

visualise to see

W

warp thread (end) a thread that runs the length of 

the fabric

waste excess; left-over materials

webbing a woven strip of material used for 

springing in upholstery

weft thread (pick) a thread that runs the width  

of the fabric
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Index

A

abrasives 138, 225–7, 227,  

247–8, 250

absorbency, materials 96

accident prevention 155, 156,  

163, 174

acetone 135, 220

acid bath, steel and 130

acrylics 28, 29, 134, 135, 137, 145, 

146, 217, 218, 245, 249, 250

acrylonitrile butadiene styrene (ABS) 

135, 137, 143

acrylonitrile–styrene–acrylate  

(ASA) 139

active printed circuit boards 76

adhesives 16, 30, 112, 117, 118, 

240–2

adjustable spanners 93, 199

aesthetic appeal 12, 16, 20

letter storage 26

materials 95, 96, 253

air pipes 172

air seasoning 108–9

alcohol 135

Allen® keys 200

allowable exposure times  

(noise) 161

alloys 125, 128

aluminium 131

brass 133

lead 132

steel 130

alternating current (AC) 62, 65, 84

alternative footings, table design 25

alternative materials, plastics 139

aluminium 125, 126, 131, 231

aluminium oxide paper 247, 248

amperes (amps) (A) 63, 65

ampli�ers, vacuum tubes and 84

analogue signals 78

analysis 8, 14

angiosperms 99

angle beam 52

angle grinders 204

angle metals 133

animal �bres 146

animal glue 241

annealing 126, 215, 216

anodes 69, 70, 71, 84

anthropometry, ergonomics and 15

appearance enhancement 96

appropriate technology 5, 255

arc welding 245

Art Deco 11

artefacts 23

artistic design 8, 125

recyclables and 149

Arts and Crafts movement 10, 11

assembly 32, 38, 40

housing 59

printed circuit boards 76

audio beam tetrode 84

Australia II 3

AutoCad 44

automation 38–41, 257

aviation snips 188

axis (tree) 102

axles 92

B

back saws 107, 181

Bakelite 137, 138

ball-pein hammers 196

balsa wood 97

bandsaws 207

bark 120

basic machines 176

basic oxygen process (steel) 129, 130

bastard grade �les 184

batch production 38

battens 107

batteries 61, 62, 65, 66, 77, 206

Bauhaus design 11

bauxite 125, 131

beams 51–2

beating (metals) 215–16

beeswax 249

bell crank 88

belts 88

belt sanders 204, 208, 225

bench drills 88, 89, 91, 188, 208

bench grinders 226

bench holdfasts 194

bench shears 208

bending force 49, 214

bending ply 111

bevel (chisel) 185, 223

bevel gears 90

bias, fabrics 144

bicarbonate of soda 137

bick iron (beck iron) 214

bicycle chain 93

bifurcated rivets 230

billets 130

binary code 79

biodegradability, materials 96

bioplastics 134, 137

bipolar transistors 72

biscuit butt 243

biscuit joiners 204

bits 190, 199

blackbutt 122

black mild steel 130

blackwood 102

blast furnace 127

blemish �lling 250

blended fabrics 147, 250

blind (pop) rivets 231

blister copper 132

blocking hammer 215

blooms 130

blow moulding 141

blue-cut tacks 235

boards 107

boat-building 111, 123

bolts 235–6

bonded fabrics 147

bonding (�breboard) 117

boring tools 188–91

bossing mallets 197, 215

bowing (timber) 109

box dovetail joint 243

boxed tool kits 199

box pin joint 243

brace and bit 190

bracing 50, 111

bracket nails 233

bradawl 191

brainstorming 19

brass 126, 131, 133

Brasso 227, 248, 250

brazing 242

bricks 120, 152, 153

bridges 49

bridle joints 244

bright mild steel 130

brittleness 96, 126, 152

bronze 131

Bronze Age 125

brush overload 251

buckles 239

bu ng compounds 248, 250

bu ng wheel 216, 227

building codes 54, 58

building construction 53, 55–60,  

95, 109
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built-in wardrobes 118

bulbs 77, 84

bullet head or helical threaded  

nails 232–3

butt joints 243

C

cabinet oblique drawings 18, 19

cabinet screwdrivers 198

cabinet timbers 121

cabriole hammers 197

calendaring 143

calico 250, 252

cambium layer 100, 101

camshaft 92

cantilever 52

capacitors 65, 66, 69, 73

caps (screws) 238

carbon 128, 129, 130–1, 134, 135

carbon dioxide 100, 101

carcase construction 243

care, furniture coverings 253

car models 22

carnauba wax 249

carrying techniques 170

carving chisels 185

cast iron 127, 128, 143

castle nut 236

cathode 69, 70, 71, 84

cavities, timber 103

ceiling panels 116

cellophane 137

cell structure, trees 99

celluloid 134, 135, 137

cement 152–3

centre drills 189

centre lathes 210, 227, 228

centre punches 178

chain-and-sprocket mechanisms 93

chair design 15

chamfer, chisels 186

channel beam 52

channel metals 133

charcoal 121

chemical energy 93, 94

chemical hazards 159, 169

chemical products (timber) 120–1

chemical resistance 136, 138

chipboard 112

chips (wood) 114, 117

chisels 185–6, 223–4

chlorine 134

chlorophyll 100

chopping (chiselling) 223

chucks 204, 208, 210, 211, 227

circuit breakers 165

circuits 61–2, 77, 79–83

circular table saws 207

cladding 109, 111, 112, 115,  

122, 124

clamps 192–5, 214

classi�cation

�bres 146

metals 125

claw hammers 195, 196

clay 152, 153, 220

clear felling, trees 104

cleat joints 243, 244

client approval 54

climate control, trees 94, 97, 100

closed circuits 61

closed coat abrasives 248

closed-loop controls 85

clothing 144

safety 157, 158, 159

clouts 233

coach screws 238

coatings 136

coextrusion process, plastics 137

Co#ee Lake microarchitecture  

(8th generation) 75

cohesive bonds 16, 245–6

coil springs 252

coke 127

cold chisels 186, 224

cold climates, adhesives and 241

colour 9, 12

additions 20, 21

codes 67, 171

contrast 12

timber 102

colour wheel 12, 13

combination circular saw/ 

planer 207

combination pliers 195

combination spanners 199

combination squares 178–9

combining process 109, 213, 

230–48

combustibles 156

comfort, furniture coverings  

and 253

commercial timber 107–8

communication networks 172, 257

complementary colours 12

components 35, 36, 79–80, 83

composite materials 16, 95,  

148, 255

recyclables and 150

compound gear trains 91

compound mitre saws 204

compressed-air (pneumatic) tools 

167, 202, 205

compression 49, 51, 140

computer-aided design (CAD)/ 

computer-aided manufacture 

(CAM) systems 19, 39, 43–6,  

76, 79, 80, 81, 211, 228, 256

housing and 58

printing and 143

computer-integrated manufacturing 

(CIM) 40, 44

computerised sewing machine 3

computer numerically controlled 

(CNC) machines 40, 43–6, 

211–12

computers

automation and 39–40

interface 256

monitoring 85

concentration levels, safety and 155

concrete 152–3, 220

beams 51

buildings 60

footings 25

particle board and 112

concrete cancer 57

conductivity 62, 71, 126

copper 131

materials 96

polymers 153

cone-bearing trees 99

connected wires 66

construction 17, 33, 47–60, 123

future techniques 257

metals 125

timbers 121

consumer demand 37

contact adhesives 241

Contemporary design 11

continuous casting (steel) 130

continuous production 38

control systems 33, 85–93

convex surfaces, �ling 183

cooking 117, 131

cool climate trees 99

cool colours 13

coordinates, CAD/CAM systems 45

coping saws 182
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copper 131–2, 133

annealing 126

PCB and 81, 82, 83

tracks 76

wires 66

copper chromium-arsenic  

(CCA) 120

cordless power tools 202, 203, 206, 

235, 256

core processor 75

cor)ute 52

cork tree 120, 152

corner halving joints 244

corrosion 132, 133

corrugated iron 52

costs 32, 257

counterbore 190

countersunk head rivets 230

countersunk head screws 237,  

238, 239

crafts 125

cranks 92

creativity 8

creosote 119, 120, 121

crossbanding 110, 111

cross-cut chisels 186

cross-cut saws 180

crossed wires 66

cross-�ling 222–3

cross halving joints 244

cross-pein hammers 197

cross-slide handwheel 228

crown, trees 101

crude oil 137

crushed glass abrasive 247

cryolite 131

cultures, design and 10

cupboards 111, 118

cup centres 210

cup-head bolts 236

cupola furnace 128

cupping (timber) 109

cup shakes 103, 107

curing, �breboard 114, 115

curved scrapers 191

curved tinsnips 188

curves, sawing 182

custom production 35

cut-o# wheels 204, 226

cutting template 43

cutting tools 92, 163, 180–8, 191–2, 

228, 229

safety procedure 221

cyanoacrylate adhesive  

(super glue) 241

cyclical design 14

cypress pine 124

D

damp conditions, electrical  

equipment and 165

danger removal 174

data processing 40

dead centre (tailstock) 211

debarking (timber) 106, 110,  

114, 119

decibels (safe sound levels) 160–1

deciduous trees 99

decking nails 233

decorations 133, 151

defects, timber 103–4, 109

deferred cured fabrics 220

dehumidi�cation, �breboard 115

density, materials 96

design 32

circuit layout 79–83

methods 1, 2, 6–13, 26, 254

modi�cations 23

principles 10

problems 21

process 14, 17, 24

risks 17

design brief 14–15, 26

designer furniture 6

design folio 23, 26–30

desktop computers 79

destructive forces, skyscrapers 57

developer (circuit printing) 81

diagonal-cutting pliers 188

diamond-point chisels 186, 229

die 184, 201–2, 216, 224

digital electronic systems 78

dimensional stability, fabrics 144

diodes 69–71, 77, 84

dipped rubber 151

direct current (DC) 62, 64, 65, 66, 84

disc sanders 208, 225, 226

distorted structures 49

distressed furniture 149

distribution systems 34, 35, 37

�breboard 114, 115

timber 106, 119

divergent thinking 8

docking (timber) 106, 119

Do-It-Yourself (DIY) projects  

163, 175

door facing 115

door structures 52

doping 69

dots 21

double-cut �les 182

Douglas �r (Oregon pine) 123

dovetail joints 234, 243, 244

dowelled butt joints 243, 244

drain pipes 172

drawers 115

draw-�ling 223

drawing compasses 178

drawing template 43

dreadnought �les 184

dressed all-round (DAR) timber  

107, 252

drilling 189, 204, 205, 224

drill press 208

drink coaster, production plan 41–2

driver pulley 89, 90

drying

�breboard 115, 117–18

timber 108, 110, 119

ductility 126

aluminium 131

materials 96

durability

fabrics 96, 145, 253

timber 103. 120, 123

dust extraction 164

dust masks 159

dyes 249

dynamic loads 48

E

ear protection 157, 159, 160–1

earth leakage device (safety switch) 

165

Ei#el Tower 128

elasticity, materials 96

elastomers 240

electrical current (I) 63, 64, 93

electrical insulators 136, 138

electrical safety 164, 165–6

electric arc furnace 128–9

electric bike 33

electricity supply 56, 172, 202, 207

electric stapling gun 235

electrodes, welding 245

electrolysis 69, 131, 132

electromotive force (emf) 62

electronic goods, discarded 255

electronic systems 2, 33, 61–84
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elevations 24, 54

emergency stop button 165

emery cloth 247

enamel (oil-based) paints 249

end grain, timber 222

ends, fabric 144

end-splitting pliers 188

energy-e cient buildings 56, 57

energy wastage 93–4

engine blocks 127, 128

engineering 8, 135

engineer’s screwdrivers 198

engineer’s squares 177

engineer’s vices 192

environmental concerns 16

manufacturing 34–5

materials 96

trees 97

textiles 147

epoxy resin 137, 138, 148, 219, 240, 241

equilibrium moisture content  

(EMC) 108

ergonomics 15, 26

Esky coolers 7

etching, circuit printing 76, 82

eucalyptus forest 97

evaluation 7, 8, 14, 23–5, 30, 53

exotic trees 99

expandable chuck 210

expanded polystyrene (foam) 136

explosive cartridges 202

explosive forming (sheet metals) 216

extension ladders 168

exterior ply 111

exterior use, round timbers 119, 120

external threads 201, 225

extraction, timber 104

extrusion 150

aluminium 131

plastics 139–40, 143, 252

rubber 151

eye protection 157, 158, 159

F

fabrics 144–7, 250, 253

face plate 209, 210, 227, 228, 229

face veneers 110

factories 40, 56

Factor of Safety 49

farads (F) 69

fascias 111

fashion industry 7

fasteners 16, 230–40

fault-�nding, circuit building 83

faulty machines 164

feedback 4, 32, 33, 34, 47, 53, 85

felling, trees 104

fences 119

ferrous metals 125, 127

�breboard 105, 114–18, 124

�breglass 76, 137, 139, 142, 151, 219–20

�bres

composites 148

interlocked 220

�eld-e#ect transistors 72

�lament 84

�ling 182–4, 222–3, 250

�ller rod 245, 246

�llers 134, 138

�nal solution 14, 20, 54

�nal valuation, buildings 53

�nishing sanders 205

�nishing techniques 107, 247–53

�re safety 96, 112, 147, 170, 172, 250

�rmer chisels 185

�xed pivot mitre saws 204

�xed power tools 226

�xed-value resistors 67

�xing (covering) 253

)aker 112

)at bars 133

)at cold chisels 186

)at-head nails 232

)at head rivets 230

)at-pack furniture 244

)at screwdrivers 198

)ats 56

Fleming diode 84

)exible foam 136

)exible tape measure 179

)ex sheet nails 232

)ip-)ops 78

)itches 106, 107

)oors 54, 111, 123, 124

particle board 112

timber 109

)otation, copper and 132

)owering trees 99, 120

)ow production 22, 38

)ux (solder) 83, 242

folding machines 214

folding rule 179

food cans 132

food source, trees 97, 101

footprint wrenches 200

foot safety 157, 159

force transmission 49, 55, 88

forest thinnings 104, 105

forestry industry management 104

forming process 9, 60, 111, 141–2, 213, 

214–20

Forstner bits 190

fossil fuels 94

foundations testing 54

four-jaw chucks 210

fractured timber 103

frame structures 49, 50–2, 109, 243, 

244, 252

free blowing plastics 141

front view 19, 29

fuel–heat–oxygen safety 170

fulcrum 87, 88

fungicides 112

furnace smelting, copper 132

furniture 118, 121, 122, 124

backing 115

particle board 112

studs 235

G

gantry-style routers 211

Gantt chart 42

gardening, safety glasses and 158

garnet paper 247

gas cartridges 202

gas pipelines 172

gate (G) 72

gauges 43

G-clamps 193

gears 90–1

gel coat 220

general-purpose-grade particle board 112

general-purpose saws 181

generators 62

GEORGIA 19, 23

geotextiles 147

gimp pins 235

glass �bre 142, 148, 219, 220

glass furnace 151

glass paper 247

global positioning system (GPS) 254

glues 110, 112, 213, 240, 241

gluing clamps 193–4

gluing strips 243

goggles 167

Gore-Tex® 136, 146

gouges 185, 229

government promotion of  

safety 154
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grading

abrasives 248

timbers 106, 108

grain

fabrics 144

timber 102, 234

graphics, basics of 17

graphite epoxy 137, 148

see also epoxy resin

green timber 108

grid 17, 84

grinding 114, 226, 248, 250

grip (rivets) 231

grit 226, 247

grooved seam joint 243

grooved wheel 88

growth rings (trees) 100, 104, 107, 123

guillotines 110, 208

gum veins and pockets (timber) 103, 107

gusset joints 244

gusset plates 51

gymnosperms 99

H

hacksaws 181, 182

half-round �les 183

halving joints 244

hammer drills 204

hammers 195–8

hand drills 90, 188

hand laminating 142

hand-screw clamps 193

hand tools 16, 176, 177–202, 235

hardboards 114, 232

hard-disk drives (HDD) 79

hardness 96, 126

metals 126

steel 130

timber 103

hard soldering 242

hardwoods 97, 98, 99, 100, 107, 109, 

114, 115, 119, 120, 121, 122, 123, 150

harmony, design 12

hatchet stake 214

hauling (timber) 104

hazardous substances safety 162,  

168–9, 175

head protection 157

headstock 211, 229

hearing loss, earphones and 161

heart shakes 103, 107, 122

heartwood 101, 102, 121, 122,123, 124

heat energy 93, 94

heat shields, spacecraft 152

heavy-duty shears 188

hertz (Hz) 62

hessians 250

hexagonal nuts 236

hexagonal rods 133

hexagon driver bits 199

high-carbon steels 128, 130, 131

high-density �breboard (hardboard) 

114, 115

high-density polyethylene (HDPE)  

137, 150

high-resilience (HR) foam 252

high-set homes 56

high-speed steel (HSS) 130

hinged bar (latch-type) webbing  

stretcher 194

holding tools 191–5

hole saws 190

hollow-bit tongs 195

hollow punches 192

home safety check list 175

home security systems 254

hoop pine 99, 102

horizontal lines 19

horizontal paring 223

hot-melt guns 241

house construction 50, 51, 53–4, 111, 

119, 122, 124

hybrid ampli�ers 84

hybrid materials 148

hydraulic systems 85

hydroforming (sheet metals) 216

hydrogen 134, 135

I

I beams 52, 130

ideas development 14, 17–19, 27

identifying and de�ning 7

idler gear 90

imagination 8

inclined planes 176

industrial equipment 176

Industrial Revolution 2, 10

industrial robots 85

industrial snips 188

ingots 130

initial sketches 17

injection moulding 140

injury statistics 175

inks 249

inner bark, trees 101

innovation 3

inputs 4, 32, 34, 47, 53, 77, 85, 86,  

87, 88

inside calipers 180

insulation 62, 116, 152

integrated circuits (ICs) 73–4, 84, 256

interior cladding 118

interior ply 111

interlocking grain 102

intermediate tap 201

internal threads 201, 224

International Space Station 143

ironbark 99, 102, 120

irregular sites 55, 56

isometric drawings 18

J

jack planes 187

Jacquard loom 145, 250

jarrah 120, 123

jaw covers 192

Jennings-type auger bit 190

jigs 43, 214, 218

jig saws 207

job-lot production 35, 38

joinery 122, 123, 124

joins 51

jointing 16, 187, 243, 252

junction �eld e#ect transistors  

(JFETs) 72

junior hacksaws 181

K

Kaby Lake microarchitecture  

(7th generation) 75

kerfs 180, 203

Kevlar 137, 139, 147, 148

kiln production 108–9, 112, 152, 220

kinetic energy 93, 94

knock-down (KD) �ttings 244–5

knocked up joint 243

knots (timber) 103, 124

L

lacing 240

lacquer �nish 249

ladder safety 167–8, 175

lamination 110, 138, 142, 148, 217, 

219–20

land�ll sites 255

landscaping 53

lap seam joint 243

laptop computers 79
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laser cutting machines 212

lashing (materials) 240

lateral thinking 3

lathes 89, 209–12, 215, 227, 229

lawn mowing, safety glasses and 158

layering (timber) 110, 148

lead-free solder 82

leatherwork 220

left-hand threads 201

letter storage, design folio 26–30

levers 87, 92, 176

lifting techniques 155, 157, 170

light control switches 77

light energy 93

light-dependent resistors (LDRs) 68, 77

light-emitting diodes (LEDs) 61, 70–1, 

77, 84

light-sensitive printing 81

lime 130

limestone 127, 129, 151, 152, 153

linear cams 92

linear motion 86, 91, 93

line production 35, 38

lines, types of 9, 17, 19, 21

liquid crystal display (LCD) 70

live centre (tailstock) 211

live sawing 106

loads 48, 55, 87

lock nuts 236

lock up procedures, dangerous  

goods 168

log breakdown 106–7

logic gates 78

long stock 210, 211

long-nose pliers 195

loom 144

loose-leaf mop (polishing) 227

low-carbon steels 130, 131

low-density �breboard (softboard)  

114, 116

lubricants 94, 225

Lycra 146, 147

M

machine screws 237

machine vices 192

machinery 10, 37, 86, 125

safety 163–4

magnetic-head hammers 197

mains power 62

malleability (materials) 96, 126

mallets 197

mandatory action (colour code) 171

mandrels 231

manganese 131

manufacturing process 14, 23, 33, 34, 

36–7, 42–3, 96

coverings 250

�bres 146

plastics 139–43

marine ply 111

marketing 37

�breboard 117

particleboard 112

marking out 22, 177–80

mass production 2, 7, 38, 58

master panels (�breboard) 117

matchbox drawings 18, 19

materials 16, 23, 95–153

handling 169–70

letter storage 26, 30

new 256

surfaces 213

tools and 176

transformation 213

mattress

�breboard 117

timber 112

mechanical advantage 87

mechanical energy 93

mechanical fasteners 230–40, 243

medium-carbon steels 130, 131

medium-density �breboard (MDF) 45, 

114, 117–18

medulla, trees 98, 101

melamine formaldehyde (melamine) 138

melting point, metals 126

meranti 99

metal lathes 210, 229

metal-oxide semiconductor �eld e#ect 

transistors (MOSFETs) 72

metals 125–33

chiselling 186, 224

forming 214–16

rivets 230

safety procedures 227

saws and 181, 221

turning 228

metal thread screws 237

microelectronics 5

micrometers 179

microprocessors 74, 78

mild steel 130

milliamps (mA) 63

mill saw (single-cut) �les 184

mineral �bres 146

Minimalism 11

mitred joint 194, 243, 244

mobile phones, sound levels 161

mockups 21

modelling 21, 22, 54, 256

Modernism 11

modular housing 59

moisture, timber and 108, 119

moisture-resistant (MR) particle board 

112, 117

molten iron 128, 129

molten plastics 140

monocoques 49

monomers 134

Moore’s Law 72

mortar 152, 153

mortice and tenon joints 244

mortice chisels 185

mortice gauges 178

motion 86, 90

motors 77, 89

mouldings 124

plastics 140–1, 142, 218, 220–1

rubber 151

mountain ash 100, 121

multimeter 64–5

muscle power 176, 207

musical instruments 133

N

nail punches 196, 233

nails 205, 232–4

natural adhesives 240

natural dyes 249

natural forests 99, 104, 120

natural materials 16, 144, 146, 151, 250

natural structures 47

needle �les 184

needs identi�cation 54

negative current 64

Nehalem micro-processors 75

NI Multisim 79, 81

noise protection 159–1

non-biodegradable plastics 139

non-conducting materials 166

non-ferrous metals 45, 125, 131

non-pored wood 98, 99

non-renewable resources 94, 257

non-sticking adhesives 4, 136

non-sustainable harvesting, rainforest 

timbers 124

non-transparent displays 71

non-woven fabrics 220
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no-sag springs 252

noticeboards 116

nuclear energy 94

nuts 235–6, 237

nylon 134, 135, 137, 139, 236

O

octagonal rods 133

odd-leg calipers 178

o#cuts 112

o ce blocks 56

o ce mills 211

ohms 62, 63, 65, 67

oil pipes 172, 249

on–o# signals 78

open coat abrasives 248

open-cut mining 127

open-ended spanners 199

open-hearth furnace 128, 129

open-loop controls 85

open-mouth tongs 195

OrCad 79, 81

Oregon pine (Douglas �r) 123

organic light-emitting diodes (OLEDs) 

70–1

orthogonal drawings 17, 19, 22

oscillating motion 86

out-canned gouges 185

outcome planning 6, 34

outer bark, trees 101

outputs 4, 32, 33, 34, 47, 53, 77, 85, 86, 

87, 88, 89

oval tube beam 52

oven mouldings 218

oxyacetylene welding equipment 167, 

242, 246

oxygen 97, 100, 101, 125, 128, 129,  

130, 134

P

padding, furniture 252

paints 213, 248–9

paint stripper 82, 168

pan brake (press brake) 214

panelised housing 59

panel pins 233

panel saws 180–1, 207

pan head rivets 230

parallel circuits 62, 65–6

parallel linkages 88

parallel turning 228

paring (chiselling) 185, 223

particle board 105, 110, 112–13, 124, 

148, 238, 245

parting tools 228, 229

parts manufacture 32

passes, CAD/CAM 45

patina 149

pawl 93

pedal-powered water pump 5

pedestal drill press 208

peg jigs 214

peined down joint 243

pencil drawings 80

percussion (impact) tools 195–8

permanent fasteners 230–5, 238

permanent press process 220

permeability, fabrics 146, 147

Personal Protective Equipment (PPE) 

117, 126, 155, 157, 159–60, 162, 167, 

168, 169, 170, 175, 209

�nishes and 247

welding and 245

personal safety 17, 26, 157–63

pewter 132

phenol formaldehyde (phenolic)  

(Bakelite) 137, 138

Phillips recessed screws 237

Phillips screwdrivers 198–9

Phillips screws 235, 238

photo-resist printing 81, 82

photosynthesis 100, 101

picks, fabric 144

piercing saws 182

pig iron 127, 128, 129, 130

pilot hole 111, 224

pincers 195

pin connections, integrated circuits 74

pinning 223

pipes 139, 172

pistol grip screwdrivers 199

pitch (screws) 236

pith, trees 101

pivots 88

plain bar clamps 193

plain wires 66

planing 107, 186–7, 222, 250

planishing 216

planks 107

planning 7, 24, 37, 54

plantation forests 104, 124

plant �bres 146

plasma display 70

plastic �lm 143

plastic memory 135, 141

plastics 134–43

forming 217–18

pellets 140

pollution 139

sawing 221

turning 228

welding 246

plate glass 151

pliers 194–5

plug tap 201

plumbing 132, 133

plywood 104, 105, 110–11, 113,  

115, 124

pneumatic stapling bun 235

point-contact transistors 73

point-to-point wiring 76

poles 123, 124

polishing 30, 213, 227, 250

metals 216, 226

pollution, future 257

polyamide (nylon) 135, 145

polycarbonate 69, 135, 137, 139

polyester 69, 137, 138, 145, 250

polyethylene (polythene) 135

polymers 134, 135, 217, 240

polypropylene 136, 137

polystyrene 81, 136, 137

polytetra)uoroethylene (PTFE) 136

polyurethane 136, 249, 252

polyvinyl acetate (PVA) 240, 241

polyvinyl chloride (PVC) 136, 137, 139

pored wood 98, 99

portable coolers 7

portable power tools 163–4, 176, 202–6, 

207, 226

positive current 64

post-and-rail assembly 245

potential di#erence (pd) 62

potentiometers 68, 77

pottery 220

poverty gap, future 257

power control unit 75

powerhouses 94

power supply 62, 63, 71, 77, 165, 166

power tools 16, 199, 202–6, 207

Pozidriv screwdrivers 198–9

pre-accelerated resins 219

pre-cured fabrics 220

pre-fabricated housing 58–9

pre-planning, site construction 53, 54

preservatives

radiata pine 124

round timber 119, 120
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pressing

metals 215

�breboard 114

press studs 239

pressure forming moulds 142, 218

pressure impregnation, preservatives 120

pre-tensioned concrete 51, 52

primary colours 12

primary production 34, 35

primer paints 248

printed circuit boards (PCBs) 76–7, 

79–83, 123, 242

private certi�ers 58

problem solving 1, 2, 6–7, 14–25, 26

processes 4, 16, 32, 34, 47, 53, 77, 85

minerals 95

timber 105

production systems 7, 35, 36, 41–2

�bres 146

metals 127–33

propane torch 242

properties, materials 16, 95, 126

proportion 10

protective fabrics 147

prototypes 23, 37

pull-apart fasteners 239–40

pulleys 88–90, 93, 176

pulp logs 104, 105

pure metals 125

push-pull linkages 88

push to make switch 66

Q

quality control 37, 39

quarter sawing 107

quick-action clamps 193

R

racing cars 49

rack-and-pinion gears 91

radiata pine (Monterey pine) 124, 248

radioactive waste 94

rainforest timbers, non-sustainable 124

raised head screws 238

random orbital sander 205

rapid prototyping 21

rasps 184

ratchets 93, 198

rawhide mallets 197

raw materials 34, 36

rayon 145, 146

read-write head 79

rebate joint 243

reciprocating motion 86, 92

reciprocating saws 203

rectangular beams 52

rectangular frames 50

rectangular scrapers 191

recycled materials 96, 137, 149–50,  

255, 257

red cedar 122

red ironbark (Mugga) 123

red meranti 124

regenerated �bres 146

regrowth trees 104

reinforced concrete 60, 220

reinforcing rods 51

rendering 17, 19, 21

replanting (trees) 104

reprocessing 149

re-sawing 106

residual current device (RCD) 165

resin 142, 143, 220

resistance 62, 63, 65, 67, 68

resistors 61, 63, 65, 67–8, 69, 70, 73, 77

resorcinol formaldehyde adhesive 241

re-spinning 149

respirators 157, 159, 169

reverse-motion linkage 88

right-hand threads 201

rigid PVC 136, 137

ring shakes 103

ring spanners 199

rip cut 221

rip fence 203

rip saws 180

risk management 159, 162, 163

rivets 230–2

robots 38, 40

rock-cutting industrial equipment 256

rods 139, 201

rolling mills (steel) 130

roo�ng nails 233

roof trusses 59, 109

roots, trees 101

rose countersinks 190

rosin-corer solder 82

rotary motion 86, 90, 91, 92, 93

rotary peeling (timber) 110

rough sawn timber 107

round �les 183

round head rivets 230, 231

round head screws 237, 238

round mandrels 214

round-nosed chisels 186, 228, 229

round-nosed pliers 195

round rods 133

round timbers 104, 105, 119–20

round tube metals 133

router planes 187

routers 203

rubber 151

rubber-based adhesives 241

run-and-fell seam 243

S

sabre saws 203

safe operating procedures (SOP) 162

safety and health posters 174

Safety Data Sheet (SDS) 168, 169

safety glasses, gardening and 158

safety gloves 157, 159, 167, 169, 170

safety helmets 159

safety o cers 154, 162

safety rules 155, 246

safety switch 165

sales systems 34, 35

sand 25, 152, 153

sanding 220, 248, 250

sapwood 101, 102, 119, 120, 121, 122, 

123, 124

sash clamps 193

saw blades 202

sawdust 120

sawing 180–2, 221

sawn timbers 104, 105, 106–9

saw teeth 180

scale (steel) 130

Scandinavian Modern design 11

scantlings 107

scavenger industries 112

schematic circuit diagram 66, 79

scissors 187

scoring knives 191

scraping tools 229

scrap metal 128, 129, 130

scratch gauges 178

screwdrivers 198–9, 235

screw heads 190, 235

screws 93, 176, 201, 235–6, 237–8, 239

scrim 252

scroll saws 207

sealer paints 83, 248

seasoned timber 108–9

secondary colours 12

second cut �les 184

sectional drawings 54

selective tree felling 104
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self-tapping screws 237–8

selvedge 144, 145

semiconductors 69–73, 84

semi-permanent fasteners 235–9

semi-permanent marks 177

separating process 213, 221–9

series circuits 62, 65

services, constructions 56, 57

set screws 237

shakes (timber) 103

shanks 230, 234

shape memory alloys 153

shaping 9, 17

round timbers 119

steel 130

shavings 112

shear force 49

shearing tools 187–8, 224

sheet materials 52

sheet metals 133, 195, 214, 215

sheet nails 233

sheet rubber 151

sheet saws 181

sheet steels 130, 132

shell structures 49

shelves 111, 112

short-circuits 79–80, 83

silicon 69, 138

silicon carbide paper (wet and dry)  

247, 248

silicon chips 73, 79

silky oak 102

simple gear trains 91

single-cut �les 182

site plan 53, 54, 55

skyscrapers, destructive forces 57

slabs 130

slag 127, 129, 130

sleepers 123

slicing (timber) 110

slide switches 66

sliding bevels 178

sliding mitre saws 204

slip-joint pliers 200

sloping lines 18, 19

slot-and-peg webbing stretcher 194

smart materials 153

smelting 127

smooth �les 184

smoothing planes 187

snap blade knives 191

Snowy Mountains Hydro-Electric 

Scheme, construction death toll 173

socket spanners 199, 200

soda ash 151

softboard 116

soft-faced hammers 198

soft soldering 242

software packages 19

softwoods 97, 98, 99, 100, 107, 109, 112, 

114, 115, 120

soils 54, 100

solar oven 5

solar power 62, 257

soldering 66, 82–3, 132, 213, 242

solid punches 191

solid rivets 230, 231

solid-state drives (SSD) 79

solution impacts 32

solvents 220, 245

sorting, timbers 104, 106

sound energy 93, 94

Space Age design 11, 133

spade bits 188, 190

spanners 199–200

specialist suppliers 35

species, trees 102

speci�cations 14, 22, 54

spindle speed (drill) 224

spinning (metals) 215

spinning wheels 144

spiral grain 102

spiral ratchet screwdrivers 198

spirit stains 249

split-level buildings 56

split pins 236

splitting (timber) 234

spokeless bicycle wheels 3

spokeshaves 187

sports, safety procedures 158, 174

spotted gum 121, 123

spot welding 245

spray guns 142, 251

spring clamps 192

spring dividers 178

springing 109, 252

spring washers 236

spur centres 209–10

square driver bits 199

square �les 183

square-nosed chisel 229

square nuts 236

square rolds 133

square stake 214

square-tapered shank 190

square tube metals 133

stack casting 60

stainless steel 125, 130

stains 249

standard hardboard 115

standard medium-density �breboard 117

standard operating procedures 162

standard particle board 112

standard stock 34, 35

staplers 205, 235

star shakes 103

starting point (SP) 18, 19

star washers 236

static loads 48

steaming

timber 101, 217

wool 220

steam pipes 172

steel

annealing 126

production 127, 128

re�ning 130

reinforcement 57

steel jaw strainer 194

steel rule 179

steel wool 248

steep slopes 55

step ladder safety 167

stepped-cone pulleys 89, 211

sti#ness, materials 96

stirrup footings 25

stitching 240

storage, hazardous materials 169

straight bending (plastics) 218

straight grain 102

straight-jaw pliers 195

straight saws 180

straight screws 238, 239

straight-shank drills 189

straight tinsnips 188

streamlining 11

strength

fabrics 145, 146

materials 96

metals 126, 128

timber 103, 106

strip heater 218

structural failure 48

structural frames 123

structural ply 111, 112

structures 47–60

struts 50

stubby screwdrivers 198

stu ng 252
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sub-assemblies 35, 36

substrate 70, 71

subsystems 33, 34

sugars 100, 101

super glue 241

surface cleansing 250

surface �nish, �les and 182

surface mounting 76, 83

surfboard 44

surgeon’s materials, titanium 133

sustainability 16, 94, 255

timber industry 104

swarf 169–70, 188, 225

switches 61, 66, 77

Sydney Harbour Bridge 47, 173

Sydney Opera House 60

synthesis 8, 14

synthetic abrasives 247

synthetic dyes 249

synthetic materials 16, 95, 134,  

146, 151

systems approach 31–94, 254

T

table saws (computer controlled) 212

tailstock 211, 229

tang (�les) 183

tannins 121

taper-shank twist drills 189

taper tap 201

taper turning 228

tape rule 179

taphole, blast furnace 127

tapping drill holes 224–5

taps and dies 200, 201, 224

tap wrench 202

T-bar clamps 193

teamwork production 39

technological systems

de�nition 4–5

future of 254–8

manufacturing 34

tee halving joints 244

teeth per inch (tpi), saws 180

telephone poles 119

temperature-dependent resistors 

(TDRs) 68

tempering

glass 151

hardboard 115

metals 126

templates 42–3

tennis racquets 148

tenon saws (back saws) 181

termites 112, 124

tertiary colours 12

testing 7, 14, 16, 23–5, 30

textiles 144–7, 153

dyes and 249

recycling 149

textures 9, 21, 102

thermistors 68

thermoplastics 45, 134–7, 140,  

141, 142, 143, 240, 241

forming 217–19

planing 222

thermosetting plastics 138–9,  

140, 142, 143, 152, 219–20,  

240, 241

thinning, trees 104

thread count, upholstery 250

thread cutting 224–5

threading 144, 200, 201, 225, 232, 

235–6, 237

three-dimensional (3D)

drawings 18, 21, 44, 45. 54

printing 143, 212, 256

three-jaw chucks 210

‘three points of contact’ rule (ladders) 

167, 175

three-step problem-solving 14–17

through-hole mount 76

through housing joint 243

tilt-up construction 60

timber 97–124

colours 249

conversion 105

forming 217

framing anchors 244

joints 245

shrinkage 109

warping 109

properties 102

sawing 221

tin 132

tinplate 130, 132

toggle switches 66

tolerance 43, 68

tones 9, 21

tongs 195

tongue and groove joint 243

toolmaker’s clamps 193

tools 2, 37, 42, 125, 155, 157, 158, 

176–212

ergonomics of 15, 16

ladders and 168

letter storage 26

safety 163

top view 19, 29

torsion (twisting) tools 49, 198–200

toughness, materials 96, 103, 126

townhouses 56

toxic substances 120, 139, 157

tracheids 98, 99

tracking o# (fabric) 253

transistors 72–3, 77, 84

transparent displays 71

transparent materials 169, 249

transportation 125, 257

trees 97–101

triangle structures 50

triangular �les 183

triangulation 50

trimming

�breboard 114

timber 110

trimming knife 191, 220

trusses 49, 50

truss head rivets 230

truss head screws 237

try planes (jointer planes) 187

try-squares 177

tubular �lms 139

tungsten carbide-tipped drill 189, 224

tunnel boring 256

turning 227–9

tuyeres 127

twist drill 188

twisting (timber) 109

two-dimensional (2D) designs 19,  

44, 45

two-headed hammers 197

two-person carrying safety 170

U

Uddavella system (Sweden) 39

ultraviolet (UV) 76, 81

undercoat paints 248

underground mining 127

underlay (carpets) 115, 232

undulating sites 55

unipolar transistors 72

units 56

universal equipment 176, 207–9

unsafe practices 155–7

upcycling 150, 255

upholsterer’s hammers (tacking  

hammers) 197

upholstery 235, 247, 250–3



9780170439398272 Nelson Introducing Technology

urban waste

particle board and 112

recycling and 149, 150

urea formaldehyde (urea) 139, 241

V

vacuum forming 142, 209,  

218–19

vacuum tubes 73, 84

variable-value resistors 67, 68

vats 123

V-board 221

Velcro™ sheets 205, 239

velocity ratio, gears 89–90, 91

veneers 105, 110, 122, 217

veneer saws 181

ventilation 157, 169, 175

adhesives and 241

dyes and 249

�nishes and 247

plastics formation and 219

soldering and 242

Vernier calipers 179

vertical chiselling 223

vertical lines 18, 19

vices 214, 221, 224

viscose rayon 250

visualisation 21

voltage 62, 63, 65, 66, 69, 70, 72

volume controls 68

vulcanisation 4, 151

W

wadding 252

wallboard nails 232

wall cladding 116

wall panelling 111, 112

warding �les 183

warp thread 144, 147, 253

Warrington hammer 196

washers 230, 236

waste materials 222, 255

timber 105, 112

water 100, 101, 172, 249

water-borne preservatives 120

wavy grain 102

wax polishes 220

weapons 125

webbing 194, 252

wedges 176

weft thread 144, 145, 147, 253

welding 167, 245

western red cedar 99, 122

wet-processed �breboard 114

wheels 176

whipping (materials) 240

winches 93

wing nuts 236

wire-frame images 44

wires 66, 76

wood 81

chisels 185

composite 150

lathes 209–11, 229

planes 186

pulp 105

screws 238

turpentine 121

planing 222

turning 229

vices 192

wooden buildings 56

wool 145, 146, 220

Work Health and Safety Act and  

Regulations 2011 154

working drawings 14, 22–3, 29, 54

Workplace Health and Safety Acts 

162–3

Workplace Health and Safety Commit-

tees 162, 163

work practice safety 154–75

workstations 40

worm gears 90, 91

woven fabrics 144

wrenches 200

wrought iron 127, 128

X

X-ray shielding 132

Z

zinc 130, 133

zips 239
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