
Safety at work 

Task 1 What do these warning labels on chemicals mean? Match each label to the 
correct warning. 

a Highly flammable 
b Harmful 
c Explosive 
d Corrosive 
e Oxidizing 
f Toxic 

MAKE SURE YOU LEARN THE LABELS! 
THEY ARE FOR YOUR PROTECTION. 



Task 2 List some of the potential dangers in your laboratory, workshop, or place of 
work. How is the risk of these hazards reduced? 

Task 3 Study the safety instructions from a workshop below, and then answer these 
questions. 

a Who are the instructions for? 
b Who wrote them? 
c What was the writer's purpose? 

I 1 Wear protective clothing at all times. I 
2 Always wear eye protection whenoperating 

lathes, cutters, and grinders and ensure the guard 
is in place. 

1 3 Keep your workplace tidy. 1 
I 4 The areas between benches and around machines 

must be kept clear. I 
1 5 Tools should be put away when not in use and 

I any breakages and losses reported 

1 6 Machines should be cleaned after use, 

Reading Understanding the writer'spurpose 

Knowing what the writer's purpose is, who the writer is, and who the intended 
readers are can help us to understand a text. The safety instructions in Task 3 
are clearly intended to encourage employees to be safety conscious and reduce 
the risk of accidents. The writer is perhaps a supervisor or the company safety 
officer, and the intended readers are machine operatives. Knowing these things 
can help us to work out the meaning of any part of the text we may not 
understand. 

Task 4 Study the company document on safety on the next page, and then answer 
these questions. 

1 Who is this document for? 
a machine operatives 
b managers 
c all employees 
d injured employees 

2 Who wrote this document? 
a trade union representative 
b technician 
c manager 
d medical staff 

3 What is the writer's intention? 
a to prevent accidents 
b to ensure speedy help for injured employees 
c tn protect the company 
d to warn about dangers 



Accident investigation 

Whenever an accident occurs that results in an injury (medical case), 
damage of equipment and material, or both, prompt accident 
investigation by the immediate manager is required. A written 
preliminary investigation will be completed by the end of the particular 
shift or business day on which the accident occurred. 

In no event should there be a delay of more than 24 hours. Failure to 
comply with this requirement may subject the immediate manager to 
disciplinary action up to and including discharge. 
Without adequate accident investigation data the Company may be 
subjected to costs, claims, and legal action for which it has no defence. 

As a minimum, the preliminary accident investigation report will 
include the following: 

1 Name, occupation, and sex of injured worker. 
2 Place and date/ time of accident. 
3 Description of how the accident happened. 
4 Immediate causes of the accident -unsafe acts and unsafe 

conditions. 
5 Contributing causes - manager safety performance, level of worker 

baking, inadequate job procedure, poor protective maintenance, etc. 
6 Witness(es) - name and department. 
7 Corrective action taken- when. 

The employee who was injured and any employee(s) who witnessed the 
incident should be separately interviewed as soon as possible. A copy of 
the report must be submitted to the Manager - Human Resources for 
review. Another copy of the report is to be retained for a period of not 
less than the injured employee's length of employment plus five (5) 
years. 

Task 5 Study this brief report of an accident. In which points does it not meet 
company policy on reporting accidents? 



Language study Making safety rules 

What are the differences in meaning, if any, between these statements? 

1 Wear protective clothing. 
2 Always wear protective clothing. 
3 Protective clothing must be worn. 

We can make safety rules in these ways: 

1 Using an imperative. 

Wear protective clothing. 

Do not wear loose-fitting clothing. 

2 Alwags/never are used to emphasize that the rule holds in all cases. 

A l w a ~ s  wear protective clothing. 

Never wear loose-fitting clothing. 

3 We can use a modal verb- 

Protective clothing must be worn. 

Protective clothing should be worn. 

Task 6 Study this list of unsafe environmental conditions (hazards). Write safety rules 
to limit these hazards using the methods given above. For example: 

inadequate lighting 

Lighting must be adequate. or 
Lighting should be adequate. 

1 uneven floors 
2 unguarded machinery 
3 untidy workbenches 
4 untidy workplaces 
5 badly maintained machinery 
6 carelessly stored dangerous materials 
7 inadequate ventilation 
8 damaged tools and equipment 
9 machinery in poor condition 

10 equipment used improperly 
11 equipment operated by untrained personnel 
12 apprentices working without supervision 

Writing Ways  of linking ideas, 2 

In Unit 4 we learnt that to make our writing effective, we have to make sure 
our readers can follow our ideas. We learnt how to mark reasons, results, and 
contrasts in our writing. 

What are the links between these ideas? What words can we use to mark the 
links? 

1 The accident happened. 
2 The operator's carelessness. 
3 The supervisor was not present. 



Sentence 2 is a reason for sentence 1. Sentence 3 is an additional reason. We can 
mark the links between them like this: 

The accident happened because of the operator's carelessness. In 
addition/moreover, the supervisor was not present. 

We use because of to introduce a reason which is a noun or noun phrase. We 
use in addition and moreover to introduce an additional reason. 

What are the links between these ideas? What words can we use to mark the 
links? 

4 Suitable protection should be worn. 
5 Safety helmets should be used where there is a danger of falling 

objects. 

Sentence 5 is an example to illustrate sentence 4. We can mark this in this way: 

Suitable protection should be worn. For example/For instance, sakty 
helmets should be used where there is a danger offalling objects. 

Task 7 Show the links between these sets of ideas using appropriate linking woru. 
from this unit and from Unit 4. 

1 Many accidents happen. 
Workers' carelessness. 

2 Education can reduce accidents. 
It is important that all workers receive training in basic safety. 

3 Eye injuries can be serious. 
Goggles must be worn for grinding and cutting. 

4 Safety gloves provide protection for the hands. 
They prevent burns. 
They reduce the danger of cuts. 

5 Safety shoes protect the feet against falling objects. 
They prevent the feet getting caught in machinery. 

6 Respirators should be worn in dusty conditions. 
Dust can damage the lungs. 

7 Safety gear exists for every danger. 
Each year people are injured. 
They refuse or forget to wear the right gear. 



10 Young engineer 

Task 1 Lucy Porter is a recent winner of the Young Engineerfor Britain award. 
Study this diagram of her invention. Discuss these questions in your 
group: 

1 What is it? 
2 Who is it for? 
3 How does it work? 



Listening 
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Now Listen to Lucy talking about her invention and career plans. As you 
listen, check your answers to Task 1. 

Now listen again. Here are some of the things Lucy talks about. Put them in 
the correct sequence. The first one has been done for you. 

Her career plans. 
What happens next with her invention. 
How it works. 
Why she is planning to study engineering. 
Changes in the design. 
What her invention is called. 
What materials she used. 
Who it is intended for. 
How she made the prototype. 
How she got the idea. 
Her views on engineering as a career for women. 

Now make notes on what Lucy says about the above topics. 

Label the diagram in Task 1 with these terms: 

rope 
handle 
pulley 
A-frames 
cross-piece 
seat 

Put these steps in the creation and development of the swing in the correct 
sequence. The &st and last have been done for you. 

problem identified 1 
prototype built in wood - 
metal version built - 
design modified 
invention patented - 
models built to test design - 
prototype modified - 
prototype h k d  - 
design drawn - 
manufacturer licensed to produce 10 

Now listen again and answer these more detailed questions. 
How did the invention get its name? 
What did she use to test designs which seemed viable? 
Why did she make the first swing kom wood? 
What are the advantages of a metal frame? 



Writing Describing and explaining 

Task 8 You are going to write a brief description and explanation of Lucy's invention. 
It will consist of two paragraphs. 

Paragraph I 
Use the labelled diagram in Task 1 and the information from the tape to write a 
brief description of Lucy's invention. Your description should answer these 
questions: 

1 What is it called? 
2 What is it for? 
3 What does it consist OR 
4 How are the parts connected? 
5 What is it made of) 

Use the language of description studied in Unit 6. 

Paragraph 2 
The following steps explain how the swing works. Put them in the correct 
sequence. Then use so and when to link them into a paragraph. 

The rope pulls the seat forwards. 
Repetition of these actions causes a swinging motion. 
The child puUs down on the handle. 
The seat swings back under the weight of the child. 
The child releases the handle. 

Speaking practice 

Task 9 Work in pairs. A and B. 

Student A: Play the part of the interviewer. Base your questions on the topics 
in Task 3, and any other questions you may wish to add. For 
example: 

a Her career plans. + What are your careerplans? 

Student B: Play the part of the swing inventor. 

Conduct the interview. 



Washing machine 

Task 1 Many items found in the home contain control systems. The washing 
machine is one of the most complex. List some of the factors the control 
system of a washing machine must handle. This diagram may help you. 

Fig. 1 Cross- section through a washing machine 

Reading Reading diagrams 

In engineering. diagrams carry a great deal of information. They can also help 
you to understand the accompanying text. For this reason, it is helpful to try to 
understand any diagram before reading the text. 

Task 2 Study the diagram again. Try to explain the function of each of these items. 

1 Pump 
2 Motor 



Task 3 

Shock absorber 
Solenoid valves 
Heater 
Pressure sensor 
Door lock and sensor 
Temperature sensor 
Fan 

Read this text to check your answers to Task I 

7 - 
Control qstems in the home ,* 
Most devices in the home have some sort of control. For example, 
you can control the volume of a TV by using a remote control. The 
building blocks of a control system are: 

Input t- 
Press bumn Signal is Volume 
on remote wntrol sent to TV is adjusted 

Theinput can be any movement or any change in the environment. 
5 For example. a drop in temperature may cause a heating system to 

come on. 

The control may change the size of the output (for example, 
adjusting the sound of a N). Often this involves changing one kind 
of input into a different kind of output. For example, opening a 

l o  window may set off a burglar alarm. 

Outputscan be of many kinds. An alarm system may ring a bell, 
flash lights, and send a telephone message to the police. 

Most control systems are closed loops. That means they 
incorporate a way of checking that the output is correct. In other 

15 words, they have feedback. The thermostat in a central heating 
system (Fig. 2) provides constant feedback to the control unit. 

Temperature Control Boiler BoilerlPump 
unit switch Radiators 

Feedback k 
Fig. 2 

The control system of a modern washing machine has to take into 
account several different factors. These are door position, water 
level, water temperature, wash and spin times, and drum speeds. 

zo Most of them are decided when you select which washing program 
to Use. 

Fig. 3 shows a block diagram of a washing machine control system. 
YOU can see that this is quite a complex closed loop system using 
feedbackto keep a check on water level, water temperature, and 

25 drum speeds. 

b 



lump J 

The control unit is the heart of the system. It receives and sends 
signals which control all the activities of the machine. It is alsc 
capable of diagnosing faults which may occur, stopping the 
program, and informing the service engineer what is wrong. It i 

30 small, dedicated computer which, like other computers, uses th 
language of logic. 

Source: P. Fowler and M. Horsley, 'Contml systems in the home', CDE TTechnolo 

Task 4 Read the following text to 6nd the answers to these questions: 

1 What device is used to lock the door? 
2 What provides feedback to the control unit about the door position? 

Door position 

The machine will not SLUI t ally plugram w~l~rrsthedoor isfully 
closed and locked. When the door is closed, it completes an 
electrical circuit which heats up a heat-sensitive pellet. This 
expands as it gets hot, pushing a mechanical lock into place and 
closing a switch. The switch signals the control unit that the door is 
closed and locked. Only when it has received this signal will the 
control unit startthewash pronram~ 

Now work in pairs. A and B. 
Student A: Read Texts 2 and 3. 
Student B: Read Texts 4 and 5. 

Complete your section of the table opposite. Then exchange information with 
your partner to complete the whole table. 



Control factor Operating device Feedbackby 

1 Door position heat-sensitive pellet switch 

2 Water level 

3 Water temperature 

4 Wash and spin times - 

5 Drumspeeds 

Text 2 

Water Ieval 

When a wash program first starts it has to open the valves which 
allow the water in. There are usually two of these valves, one for hot 
water and one for cold. Each must be controlled separately 
depending on the water temperature needed forthat program. The 

5 valves are solenoid operated, i.e. they are opened and closed 
electrically. 

The rising water level is checked by the water level sensor. This is a 
pressure sensor. The pressure of the air in the plastic tube rises as it 
is compressed by the rising water. The pressure sensor keeps the 

10 control unit informed as to the Dressure reached and the control 
unit uses the information to decide when to close the water inlet 
valves. 

::*W&tt# <p3,F3<:,2?3yLT-'... .,!>-.,:" *T.:%-~:~yz-i ..-.~ .. ,~ T&*$*.,* :.'p$.:?:*:~%<*A> , m <*:p&*e* 

Text 3 
. .  . 

@ Water temperature 

The temperature sensor, a type of thermometer which fits inside the 
washer drum, measures the water temperature and signals it to the 
control unit. The control unit compares it with the temperature 
nwded forthe program being used. If the water temperature is too 

5 low, the control unit will switch on the heater. The temperature 
sensor continues to check the temperature and keep the control unit 
informed. Once the correct temperature is reached, the control unit 
switches off the heater and moves on to the next stage of the 
program. 

Text 4 

Clock 

The control unit includes a memorywhich tells it how long 
staae of a Droaram should last. The times mav be different 

  he electronic clock built into the control unit keeps th 
memory of the control unit informed so that each stage of each 

6 program is timed correctly. 



has to spin at various speeds. Most machines use three different 
@ *,as : speeds: 53 rpm for washing; 83 rpm for distributing the load b e f ~ r & ~ ~ ~ * : ~ ~  

spinning; 100 rpm forspinning. ~ ~ z ~ ; &  
w @ The control unit signals the motor to produce these speeds. The .?<a motor starts up slowly, then gradually increases speed. The spee 

sensor, a tachogenerator, keeps the control unit informed as to 
speed that has been reached. The control unit uses the informat 
to control the power to the motor and so controls the speed of the 

l o  drum at all times. 

Language Study IfJUnless sentences 

Task 5 Fill in the blanks in this table using the information in Fig. 3 and the texts in 
Task 4. 

Sensor Condition Control unit action 

Water level low open inlet valves 

level high enough 

Water temperature switch on heater 

high enough 

Drum speed 

decrease motor speed 

The conditions which the sensors report determine the action of the control 
unit. We can link each condition and action like this: 

If the water level is low, the inlet valves are opened. 

Task 6 Write similar sentences for the other five conditions given. 

Now study this example: 

Sensor Condition Control unit action 

Door Door open Machine cannot start 
Door closed Machine can start 

We can link these conditions and actions as follows: 

1 u the  door is open, the machine cannot start. 

2 If the door is closed, the machine can start. 
3 Unkss the door is closed, the machine cannot start. 

We use unless when an action cannot or will not happen if a prior condition is 
not true. In example 3. Unless means If... not. We can rewrite 3 as: 

If the door is not closed, the machine cannot start. 



Task 7 Complete these sentences using Unless and your knowledge of engineering. 

1 Unless the ignition is switched on, a car cannot 

2 Unless the pilot light is on, gas central heating will not 

3 Unless the diverter valve is switched to central heating, the radiators will not 

4 Unless there is current flowing in the primary coil of a transformer, there will 

be no current in the coil. 

5 Unless there is in the cylinders, a petrol engine will not start. 

6 Unless the doors are , a lift will not operate. 

7 Unless mild steel is painted, it will 

8 Unless electrical equipment is earthed, it may be 

Writing Explaining a diagram 

Task 8 Study this diagram of a pressure sensor. Explain how it works by linking each 
pair of actions with appropriate time words. 

1 A wash programme h s t  starts. 
It opens the valves to allow the water in. 

2 The water level in the drum rises. 
The air in the plastic tube is compressed. 

3 The pressure rises. 
The diaphragm moves upwards. 

4 This continues. 
The switch contacts are separated. 

5 This happens. 
The fill valves are closed. 



Task 9 Join the following groups of statements to make longer sentences. Use the 
words printed in italics above each group. You may omit words and make 
whatever changes you think are necessary in the word order and 
punctuation of the sentences. Join the sentences to make a paragraph. 

1 which 
The temperature sensor measures the water temperature. 
The temperature sensor is a type of thermometer. 

2 and 
The temperature sensor fits inside the washer drum. 
The temperature sensor signals the water temperature to the control unit. 

3 which 
The control unit compares the water temperature with the temperature. 
The temperature is needed for the programme being used. 

4 I f  
The water temperature is too low. 
The control unit will switch on the heater. 

5 and 
The temperature sensor continues to check the temperature. 
The temperature sensor keeps the control unit informed. 

6 When ... and 
The correct temperature is reached. 
The control unit switches off the heater. 
The control unit moves on to the next stage of the programme. 



12 Racing bicycle 

Chris Boardman in the 1992 Olympics 

Tuning-in 

Task 1 Label this diagram of a bicycle with these terms. 

pedals chain chain-wheel 

seat gears brakes 

handlebars frame toe-clips 

Fig. 1 

Task 2 E l  Check your answers by listening to this description. 



Task 3 Compare Fig. 2 (below) with the bicycle shown in Fig. 1 and Task 2. What 
differences can you note? Write your answers in this table. 

Conventional (Fig. 1) Improvement (Fig. 2) 

Spoked wheels 

Gear lever on the frame 

Tubular aluminium-alloy frame 

Pedals with toe-clips 

Steel gears 

Ordinary handlebars 

Liahtweiaht frame made from 
a~icrah giaoe aluminium alloy. 
composite such as carbon fibre. 
or die-cast alumlnmum. The frame 

Aerodvnamic handlebars. These also reduce ~~~ ~ ~~ ~~~~~ 

the rider's wind resistance without reducing 
by too much the power that can oe applied 
to the pedals. They are called 'triathlon' bars 

shown is a low profile machine. because they were deve,opeo by a 
wnicn decreases the wlno ? rofessional American triatnlete. Dave Scon. 
resistance experienced by the rider. hey became ~ o ~ u l a r  with racina cvclists 

aftei Gre LeMond used them wheri he won 
the 1989qourde France. 

I 

Fig. 2 

Task 4 Check your answers to Task 3 in column 1 opposite. Then study Fig. 2 again 
to find reasons for each improvement. 



Improvement Reason 

Disc wheels 

Combined gear change and brake 
levers 

Carbon fibre frame 

Clipless pedals 

Precision-engineered aluminium- 
alloy or titanium gears 

Aerodynamic handlebars 

Reading Prediction 

Task 5 Study this extract from the text you are going to read. 

Bicycles, and especially racing bicycles, have much in common 
with aircraft: 

What similarities between racing bicycles and aircraft do you think the text win 
cover? Note your predictions. 

Task 6 Read this text to check your answers to Task 5. 

, , . , ' .  ,~ . .  
&*- 

The standard design of the bicycle has been in existence for about 
100 years. But in the past 10 years there have been more changes 
than during any other decade. 

Bicycles, and especially racing bicycles, have much in common 
5 with aircraft: both are designed to minimize wind resistance, 

maximize energy efficiency, respond instantly to the demands 
placed on them, yet weigh very little without losing strength. So, 
much of the technology used in aerospace has found its way into 
racing bicycles. 

0 The heart of the bicycle is its frame. It must be strong, light, flexible 
enough to absorb bumps, but not so much tbat itwastes the enerav I -. 
the rider transmits by pedalling. 

Bicycle frame designers share many aims with aircraft engineers, 
who must design wings which are strong, light, aerodynamic, and 

5 efficient at converting engine power into lift. Yet the wings must be 
flexible enough to absorb turbulence without wasting the engine's 
thrust. Therefore, the modern bicycle frame and aircraft wing share 
both materials and design features. Many racing bicycle frames 
which consist of tubes joined together are made from aluminium 

1 alloys similar to those used in aviation. The French company, Vitus, ) 



glues the tubes together using the same techniques as those used me *..a...~ 
for connecting aircraft components. 

.*& In recent years, aircraft manufacturers such as Boeing have been 
experimenting with composite materials like Cheval and carbon 

-5 fibres. It is no surprise that some racing bicycleframesare now 
manufactured from the same materials. 

{%. Perhaps the most innovative frame to date is constructed from die*,,; 
cast magnesium alloy. Its designer, Frank Kirk, formerly worked i n h  

Language study Describing reasons 

We can describe the reasons for an improvement or design change in a number 
of ways. Study this example: 

Improvement/Design change Reason 

Disc wheels Reduce wind resistance. 

How many ways do you know to link an improvement and the reason for it; 
Try to complete this sentence by adding the reason given. 

New racing bicycles have disc wheels 

Using to + verb is the easiest way to link improvement and reason. For 
example: 

New racing bicycles have disc wheels to reduce wind resistance. 

Another simple way is to use a linking word. You studied this in Unit 5. For 
example: 

New racing bicycles have disc wheels because/since/as this reduces wind 
resistance. 

A more difficult way is to use so that which must be followed by a clause. For 
example: 

New racing bicycles have disc wheels so that wind resistance is reduced. 

Task 7 Link each improvement and reason in Task 4 using the methods given above. 

Writing Describing contrast 

In engineering, it is often necessary to compare and contrast different 
proposals, solutions to problems, and developments. In this unit we will focus 
on contrast -describing differences. 

We can show differences in a table like this: 



Conventional 

Spoked wheels 

Gear lever on the frame 

Tubular aluminium-alloy frame 

Pedals with toe-clips 

Steel gears 

Ordinary handlebars 

Improved bicycle 

Disc wheels 

Combined gear change and brake levers 

Carbon fibre frame 

Clipless pedals 

Precision-engineered titanium gears 

Aerodynamic handlebars 

We can describe differences using: 

1 the comparative form of the adjective or adverb. For example: 

The new bicycle is lighter than the old. 
The new bicycle is more aerodynamic than the old. 
Titanium geurs can be changed moreeasily. 

2 the connecting words but/whereus, in contrast. For example: 

On new bicycles the gear and brake lever are combined, whereas on old ones, the 
gear lever is on the frame. 
Old bicycles have spoked wheels. In contrast, the new bicycle has disc wheels. 

3 using expressions such as unlike/d#erentfrom. For example: 

Unlike the conventional bicycle, the new bicycle has a carbonfibreframe. 
The new bicycle is different from the conventional one in that the gears ure 
made oftitanium. 

Note that these expressions assume that the reader is familiar with the 
materials used in the conventional bicycle, which are not mentioned. 

Task 8 Describe the differences between a conventional and an improved bicycle 
using the information in the table above and appropriate expressions from the 
list provided. 

Word study Properties of materials 

Study these examples of adjective and noun pairs for describing the propertien 
of materials. 

Adjective Noun 

flexible flexibility 
light lightness 
strong strength 



Task 9 Now fill in the gaps in this table with the missing adjectives and nouns. 

Adjective Noun 

elastic 

tough 

wind resistance 

plasticity 

soft 

rigid 

wear-resistant 

hard 

brittleness 

Speaking practice 

Task 10 Work in pairs. A and B. 

Student A: Your task is to explain to your partner how to adjust the distance 
between the saddle and the handlebars of a racing bicycle. Use 
the text and diagrams on pages 17718 to help you. 

Student B: Your task is to explain to your partner how to adjust the height 
and tilt of the handlebars of a racing bicycle. Use the text and 
diagrams on pages 18112 to help you. 

Technical reading Gear systems 

a Fig. 3 

Bicycles use a chain and sprocket system to transmit rotary motion 
from the driver shaft to the driven shaft because of its strenath and 1 



Driver sprocket has 60 teeth. Y 
I Driven sprocket has 15 

Number of teeth on driver sprocket 

,v-. 

Task 11 Calculate the gear ratios of a bicycle with the system shown in Fig. 4 below. It 
has a double chain-wheel and five driven sprockets on the rear wheel but only 
the combinations shown below are recommended. You may need a 
calculator. 

Chain-wheel teeth Sprocket teeth Ratio - 



13 Lasers 

Task 1 What are lasers? List any applications you know for lasers. 

Reading 

Task 2 Read this text to check your answers to Task 1 

Lasers (Light Amplification by Stimulated Emission of Radiation) 
are devices which amolifv lioht and oroduce beams of lioM which . , -  
are very intense, directional, and pure in colour. ~ h e y  c& be solid 
state, gas, smiconductor, or liquid. 

5 When laserswere invented in 1960, some people thought they 
could be used as 'death rays'. In the 1980s. the United States 
experimented with lasersas a defence against nuclear missiles. 
Nowadays, they are used to identify targets. But apart from military 
uses, they have many applications in engineering 

D communications, medicine, and the arts. 

In engineering, powerful laser beams can be focused on a small 
area. These beamscan heat, melt, or vaporize material in a very 
precise way. They can be used for drilling diamonds, cuning 
complexshapes in materials from plastics to steel, for spot welding 

15 and for surfacing techniques, such as hardening aircraft engine 
turbine blades. Laser beams can also be usedto measure and align 

uctures. 

,-sers are ideal for communications in space. Laser light can carry 
many more information channels than microwaves because of its 

-0 h i i h  f ram~~ncu In Adiinn it can travel tong &stances without 

I 
losing signal strength. Lasers can 
also be used for information 
recording and reading. Compact 
discs are read by lasers. 

I In medicine, laserbeams can traal 
damaged tissue in a fraction of a 
second without harming healthy 
tissue. They can be used in very 
precise eye operations. 

In the arts, laserscan provide 
fantastic displays of light. Pop 
concerts are often accompanied by 
laserdisplays. 



Task 3 Complete this table of laser applications using information from the text 
opposite. You may also add any applications you know of which are not 
included in the text. 

Military Engineering Communications Medicine Arts 

__- drilling diamonds treating damaged 
tissue 

cutting complex information 
shapes recording and 

reading 

Language study used toifor 

Study these examples of laser applications: 

1 Laser beams can be used to measure and align structures. 

2 They can be usedfor drilling diamonds. 

3 They can be usedfor light displays. 

We can describe applications with used to + infinitive or used for + -ing or noun. 

Task 4 Describe the applications of lasers using the information in your table in 
Task 3 and the structures given above. 

Word study Noun + noun compounds 

We can use adjectives to describe an  object in greater detail. For example: 

light electric light 
a motor an electric motor 
steel stainless steel 
gears helical gears 

We can also use nouns. For example: 

light laser light 
a motor an air motor 
steel carbon steel 
gears titanium gears 



Many relationships are possible in noun compounds. For example: 

an air motor a motor which uses air 
carbon steel steel which contains carbon 
titanium gears gears made of titanium 

Task 5 Put each of these examples in the correct column. 

carbon blocks 
aluminium alloy 
carbon fibre 
a gas burner 
roller bearings 
a circuit board 
a plastic pipe 
magnesium alloy 

a power tool 
a ball bearing 
a concrete beam 
a diesel boat 
a spring balance 
a plastic tube 
steel sheets 

uses is made of contains 

Task 6 What new relationships can you find in the examples below? Rewrite each 
compound to show the relationship. For example: 

a foot pump 
a ribbon cable 
a gear lever 

1 chain wheel 
2 disc wheel 
3 foot brake 
4 a hand throttle 
5 strain gauge 

apump which is operated by foot 
a cable which is like a ribbon 
a leverfor operating gears 

6 college lecturer 
7 toe-clip 
8 boiler thermostat 
9 safety helmet 

10 aircraft engineer 

Writing Describing a process, 1 : sequence 

When we write about a process, we have to: 

1 Sequence the stages 

2 Locate the stages 

3 Describe what happens at each stage 
4 Explain what happens at each stage 

In this unit, we will study how to sequence the stages. 



Task 7 

Task 8 

Task 9 

Consider these stages in the operation of a washing machine. 

The drum is filled with water. 
The water is heated to the right temperature. 
Soap is added. 
The drum is rotated slowly. 
The dirty water is pumped out. 
Clean water is added. 
The drum is rotated much faster and the water pumped out. 
The clean clothes are removed. 

Instead of numbers, we can show the correct order using sequence words. 

First the drum is filled with water. 
Then the water is heated to the right temperature. 
Next soap is added. 
After that, the drum is rotated slowly. 
Next the d i iy  water is pumped out. 
Then clean water is added. 
After that, the drum is rotated much faster and the water pumped out. 
Finally, the clean clothes are removed. 

Study this diagram. It shows an extruder for forming plastic pipes. Describe 
the extruder. 

/Plastic granules 

I Plastic being forced 
into an extrusion die 

Now put these stages in the process in the correct sequence. 

The hot plastic is forced through the die to form a continuous length of pipe. 
The rotatine screw forces the olastic oast heaters. - 
The plastic granules are mixed and placed in the hopper. 
The pipe is cooled and cut to suitable lengths. 
The plastic melts, 

Describe the correct order using sequence words. Add to your description of 
the process your description of the extruder from Task 7. Form your text into 
a paragraph. 



Technical reading Laser cutting 

Task 10 Engineers have to read sales literature describing the products and services of 
companies. Read the following sales literature to answer these questions: 

1 Who is this text for? 
2 What service does the company provide? 
3 What are the design benefits of laser cutting? 
4 Can lasers cut non-metals? 
5 What limitations are there on the service they provide? 
6 How does the service cut lead time? 

DESIGN ENGINEERS -DEVELOPMENT ENGINEERS -BUYERS- STOCKCONTROLLERS 

Frustrated? 
By having to restrict designs to suit manufacturing processes? 

By the difficulty and high cost of producing accurate prototypes? 
By the high cost and lengthy lead times associated with press tools? 

By the high stock levels necessitated by minimum batch sizes? 

If your answer to any of the above is yes ... 
WE HAVE THE SOLUTION! 

OUR NEW 1500 WATT CIV INTROLLED LASER CUTTER IS AT YO 7ISPOSAL. 

T h e  Process I Tke mriah 
Lasertechnology is not 'he laser is suitable for cutting: 
new, but it is only recently All types of steel including dainles&and-spring steel. 
that the full benefits have Most non-ferrous metals. 
become available to 
manufacturers. Plastics, wood, fibreglass, andalmost any 

you care to mention! Taking light and passi 
itthrough a series of 
lenses makes the light Carbon Steel- up 
source so greatthat its Stainless Steel - u 
power density is several 'Ptastics-upto 40 
million times that of the Wood - up to 40 mm 
sun - this laser energy is Rubber - up to 40 mrn 
then used to cut almost Table movement 1650 mm x 1250 rnm 
any material. 
The light is directed down short lead time 

I 
to produce accurate 

I 
Source: Eraba Limited 



1 4 Automation technician 

Task 1 You are zoing to hear an inlerviexv rvith illislair. a technician with a n  
American company based in the United I<ingdom. His company produces 
cellul;~r communication equipment. Try to list s t~me of the products his 
company might make. 

Listening 

Task 2 Listen to Part 1 ofthe intervieiv. Check your allsrvcrs to Task 1 and answer 
these questit~ns. 

1 What is his joh title? 
2 \$'hat does his section huild? 
3 \What type of machines arc they: 
4 \$'hat does s Fuji robot do? 
5 M'hat do his machines do? 
6 \Vhat three types orsensors does a robot have? 



Task 3 El 

1 
L 

3 
4 
5 
6 
7 
8 

Task 4 El 

1 
2 
3 
4 
5 
6 
7 

Task 5 El 

Listen to Part 2 of the interview and answer these questions. 

How long has he been with the company? 
How many technicians are in his section? 
When does he start work? 
What does he do first when he gets to work; 
Name one thing he might do after that. 
Why does he visit plants in Europe? 
Where has he been? 
What does he dislike about travelling? 

Listen to Part 3 of the interview and answer these questions. 

What did the company he previously worked for make? 
Name one thing he feels was good about working for his old company. 
What qualification does he have? 
How long did it take to get this qualification? 
During his work placement, what did he do a lot OD 
What k i d  of companies did he do installations in? 
What was one of the perks of the job? 

Listen to the interview again and complete the gaps in this record of Alistair's 
work experience. 

Period Type of company Product Job title 

2 years Automation 
technician 

years Telephone exchange 

months Instrument makers Student placement 

Speaking practice Talking about specijcations 

Task 6 Work in pairs. A and B. Some of the design specifications for your drawing 
are missing. Complete them with help from your partner. 

Before you start, make sure you know how to say these abbreviations and 
expressions in full: 

max. 
min. 
dia. 
cm 
kg 
1.42 
0.55 
f 

maximum 
minimum 
diameter 
centimetre 
kilogram 
one point four two 
zero point five five 
plus or minus 

You may look at each other's drawings after you have exchanged information. 

Student A: Your specifications are on page 178. 
Student B: Your specifications are on page 182. 



1 5 Refrigerator 

Task 1 Study this diagram. It explains how a refrigerator works. In your group try to 
work out the function of each of the numbered components using the 
information in the diagram. 

Foam or glass fibre 
insulation material 



Reading Dealing with unfamiliar words, 1 

You are going to read a text about refrigerator$. Your purpose is to find out 
how they operate. Read the first paragraph of the text below. Underline any 
words which are unfamiliar to you. 

Refrigeration Dreserves food by lowering its temperature. It slows 
down the growth and reproduction of micro-organisms such as 
bacteria and the action of enzymes which cause food to rot. 

You may have underlined words like micro-organisms, bacteria, or enzymes. 
These are words which are uncommon in engineering. Before you look them 
up in a dictionary or try to find translations in your own language, think! Do 
you need to know the meaning of these words to understand how refrigerators 
operate? 

You can ignore unfamiliar words which do not help you to achieve your 
reading purpose. 

Task 2 Now read the text to check your explanation of how a refrigerator works. 
Ignore any unfamiliar words which will not help you to achieve this purpose. 

psra 
Refrigwatton preservesfood by lowering its temperature. It *lows r 
down the growth and reproduction of micro-organisms sucl 
bacteria and the action of enzymes whkh cause food to rot. 

Refrigeration is based on three principles. Firstly, i f  a liquid is 
s heated, it changesto a gasorvapour. When this gas is cooleQjt 

changes badc into a liquid. Secondly, if a gas is allowed to expnnd, 
it cools dawn. i f  a gas is compressed, it heats up. Thirdly, lowering 
the pressure around a liquid helps it to boil. 

To Keep the refrigerator at a constant fow temperature, heal 
l o  be transferred from the inside of the cabinet tome outside. 

refriserant is used to do this. It is circulated around the fridr; 
where it undergoes changes in pressure and temperature a 
chenges from a liquid to a gas and backagain. 

One common refrigerant is a compound of carbon, chlorine, and 
i s  fluorine known as R12. This has a very low boiling point: -29'C. At 

normal room temoerature (about 20'C) the liauid auicklv turns into 
gaa However, n&er refr ibants which are less harmfil to the 
environment, such as KLEA 134a. are gradually replacing R12. 

The refrigeration process begins in the Compressor. This 
m compresses the gas so that it heats up. It then pumps the gas intcr 
- I condenser, a long tube in the shape of a zigzag. As the warm gas 

passes through the condenser, it heats the surroundings and cools 
down. By the time it leevesthe condenser, it hascondansed back 
into a liquid. 

25 Liquid leaving the condenser has to Row down a very narrow tube 
(a capillary tube). This prevents liquid from leaving the condenser 
too quickly, and keeps it at a high pressure. 3% . . 



I 
--.---- - 

As the liquid passes from the narrow capillary tube to the larger 
tubes of the evaporator, the pressure quickly drops. The liquid 

o turns to vapour, which expands and cools. The cold vapour 
absorbs heat from the fridge. It  is then sucked back inen the 
com~ressor sntPWw~tocem wain. -1 - . 

The compressor is switched on and off by a thermostat ) that regulates temperature, sothatthefoodfo~dia not over n. 

Language study Principles and laws 

Study these extracts from the text above. What kind of statements are they? 

1 If a liquid is heated, it changes to a gas or vapour. 

2 If a gas is allowed to expand, it cools down. 

3 If a gas is compressed, it heats up. 

Each consists of an action followed by a result. For example: 

Action Result 
a liquid is heated it changes to a gas or vapour 

These statements are principles. They describe things in science and 
engineering which are always true. The action is always followed by the same 
result. 

Principles have this form: 

IJ/ When (action - present tense). (result - present tense). 

Link each action in column A with a result from column B to describe an 
important engineering principle. 

A Action B Result 

1 a liquid is heated 
2 a gas is cooled 
3 a gas expands 
4 a gas is compressed 
5 a force is applied to a body 
6 a current passes through a wire 
7 a wire cuts a magnetic field 
8 pressure is applied to the surface 

of an enclosed fluid 
9 a force is applied to a spring fixed 

at one end 

it heats up 
there is an equal and opposite 
reaction 
it changes to a gas 
it extends in proportion to the force 
it is transmitted equally throughout 
the fluid 
a current is induced in the wire 
it cools down 
it sets up a magnetic field around the 
wire 
it changes to a liquid 



Word study Verbs and related nouns 

Task 4 Each of the verbs in column A has a related noun ending in -er or -or in 
column B. Complete the blanks. You have studied these words in this and 
earlier units. Use a dictionary to check any spellings which you are not 
certain about. 

A Verbs 
For example: 
refrigerate 

1 condense 

3 compress 

4 resist 

6 generate 

7 conduct 

9 radiate 

10 control 

B Nouns 

evaporator 

charger 

exchanger 

Writing Describing a process. 2: location 

Study this diagram. It describes the refrigeration process. 

In Unit 13 we learnt that when we write about a process, we have to: 

1 Sequence the stages 

2 Locate the stages 

3 Describe what happens at each stage 

4 Explain what happens at each stage 



For example: 

sequence location description 
The refrigeration process begins in the compressor. This compresses the gas 

explanation 
so that it heats up. 

In this unit we will study ways to locate the stages. 

Put these stages in the refrigeration process in the correct sequence with the 
help of the diagram above. The 6rst one has been done for you. 

a The liquid enters the evaporator. - 

b The gas condenses back into a liquid. - 
c The vapour is sucked back into the compressor. - 

d The gas is compressed. 1 

e The liquid turns into a vapour. 

f The gas passes through the condenser. - 
g The liquid passes through a capillary tube. - 

h The high pressure is maintained. - 

There are two ways to locate a stage in a process. 

1 Using a preposition + noun phrase. For example: 

The liquid turns to vapourin the evaporator. 
The gas cools down in the condenser. 

2 Using a where-clause. a relative clause with where rather than which or 
who, to link a stage, its location and what happens there. For example: 

The warm gaspasses through the condenser, whereit heats the 
surroundings and cools down. 
The refrigerant circulates around the fridge, where it undergoes changes 
in p&s&rc and temperature. - 

Task t Complete each of these statements. 

1 The gas passes through the compressor, where 

2 It passes through the condenser, where 

- 
Task ; 

3 The liquid passes through a capillary tube, where 

4 The liquid enters the evaporator, where 

5 The cold vapour is sucked back into the compressor, where 

Add sequence expressions to your statements to show the correct order of 
events. For example: 

First the gas passes through the condenser ... 
Make your statements into a paragraph adding extra information from the text 
in Task 2 if you wish. Then compare your paragraph with paragraphs 6.7, and 
8 from the text. 



Task 1 Complete this table of common quantities and forces to be measured in 
engineering, the units in which they are measured, and the instruments you 
use to measure them. 

QuantityIForce Unit Instrument 

1 Current 

2 -  

3 Velocity 

4 

5 Thickness 

7 Voltage 

8 Pressure 

Ammeter 

Force gauge Newton 

km/hr 

Thermometer 

. Micrometer 

Ohm Ohmmeter 

Manometer 



Task 2 How can you measure weight accurately? What alternatives are there? If you 
cannot name the instruments, draw them. 

Task 3 What do you think are the advantages of electronic scales over mechanical 
scales? 

Reading 1 Meaning from context 

Read the first two paragraphs of this text and try to fill in the missing words. 
More than one answer is possible for some of the blanks. Then check your 
answer to Task 3 using the completed text. 

Electronic scales 

para 

The electronic kitchen scale takes a larger load and is 1 

accurate than its mechanical counterpart. Whereas a 

scale may have a capacity of about 3kg, b r o k e n 4  

2 5g units, the electronic scale can a 

load of to 5kg broken into units of 5g or even 2g. 

The scale by converting the load increase on its 

platform weighing area into a weight reading 
9 the liquid crystal display (LCD). It is controlled '" 
microprocessor and can therefore 'I 

from ounces to grams at the touch of a button. The compact internal 

components also make it small and 'l to store. 

Reading 2 Comparing sources 

When we read, we may wish to look at more than one source of information on 
a topic to: 

1 get extra information 

2 find a text we can understand 

3 check points where texts disagree 

In the tasks which follow, we will compare information from a diagram and a 
text. 



Task 5 Study this diagram of electronic scales and complete the notes below. 

1 Load cell 2 Strain gauge 3 Circuit board 

Material Converter function 

Position between the platform Microprocessor 
and base function 

Operation bends with the load 
cell, stretching the 
wires, voltage falls in 
proportion to load 

TLa nnln gauge conslsts of smal waresthrodgn wnlch e vonaQe flows It s oondea to the Tha clmun baard @ oao cel When the loao ce I oenos, tne stram g a g e  benos w tn r t  The neavoer tne ,080 tne coma~nswo mponant 
mole n Denas and me herder n is for tne elecolclhto travel mramh tne *r rer Ifor tnsv are comoonsnls an analno, e ~ ~~~ ~ - , -  ~. .. -. .~ .. - .  
stretchedl, resulting in a lower voltage. The change in voltage isdropo~ional to the load. - I I lo  disitel converter which 1 . . .  

ampifiesthe vonage from the 
slrain gauge and converb it into 
digital information, and the 
microprocessor This changes 
the digital information into weight 
which is displayed on the LCD. 



Task 6 Scan this text to find information on the load cell, the strain gauge, and the 
circuit board. Note any information in the text which is new, i.e. additional or 
different to the information obtained from the diagram. 

'.-.?':* ~. . , 
G%. ?:$<% 

Electronic scales use a weighing device called a load cell 
underneath the platform. The load cell, an aluminium alloy beam, 
eliminates the need for springs, cogs, or other moving parts which 
can wear, break, or cause inaccuracy in mechanical scales. 

5 A strain gauge is bonded on the load cell. The strain gauge 
consists of a small piece of metal foil which detects any bending of 
the beam. A controlled input voltage is supplied to the strain gauge 
from a battery-powered circuit. 

When a load is placed on the platform, it causes the load cell to 
l o  bend very slightly. This, in turn, causes a change in strain, which 

triggers a change in the electrical resistance of the strain gauge. 

As the resistance changes, so does the output voltage from the 
strain gauge. In short, the change in voltage across the strain gauge 
is proportional to the load on the platform. 

15 Thevoltage from the gauge is small and has to be amplified and 
then converted into a digital signal. This signal is fed to a specially 
programmed microprocessor, which converts it into a weight 
readina. This is disolaved on the LCD. The disolav will 
automatically switch i f f  afew minutes afterweighing isfinished, 

zo thereby saving battery power. 

iource: 'Inside out: Electronicscales'. Education Guardian 

Language study Cause and effect, 1 

Study these actions. What is the relationship between them? 

1 A load is placed on the platform. 

2 The load cell bends very slightly. 

3 The strain gauge is stretched. 

4 The electrical resistance increases. 

In each case, the first action is the cause and the second action is the effect. We 
can link a cause and effect like this: 

1+2 A load is placed on the platform. which causes the load cell to bend very 
slightly. 

3+4 The strain gauge is stretched, which causes the electrical resistance to 
increase. 

In these examples, both the cause and the effect are clauses - they contain a 
subject and a verb. Study this example: 

Cause: The strain gauge is stretched. 
Effect: An increase in electrical resistance. 

The effect is a noun phrase. We can link cause and effect l i e  this: 

The strain gauge is stretched, which causes an increase in electrical resistance. 

In Unit 22 wc will study othcr ways to link a cause and an effect. 



Task 7 

Task 8 

The diagram below is a cause and effect chain which explains how a strain 
gauge works. Each arrow shows a cause and effect link. Match these actions 
with the correct boxes in the diagram. 

An increase in resistance. 
A load is placed on the scale. 
A drop in voltage across the gauge. 
The load cell bends very slightly. 
They become longer and thinner. 
The strain gauge conductors stretch. 
The strain gauge bends. 
1 

L I 

Now practise linking each pair of actions, i.e. 1+2,2+3, and so on. 

Technical reading Strain gauges 

Read the text below to find the answers to these questions. 

What principle do strain gauges operate on? 
Why is it an advantage to have a long length of conductor formed into many 
rows in a strain gauge? 
If you want to measure strain in a member, how do you position the strain 
gauge? 
Why is an amplifier necessary? 
Why is a dummy gauge included in the circuit? 
What is the function of VR2; 
Why would you adjust the output to exactly zero? 
In the circuit shown, how is the amplifier output displayed; 

as: 

By arranging the wire in tightly packed rows, quite long lengths can 
befitted on to a small pad (Fig. 1). Modem strain gaugesare made 
not of wire, but by etching a pattern into metal foil which is stuck to 
a polyester backing (Fig. 2). 



l o  in use, a gauge is stuck on tothe surface of the member being 
tested. Its active axis is fixed along the direction in which you want 
to measure the strain. Movements on the passive axis will have no 
real effect on it. The gauge must then be connected to an electronic 
circuit. Fig. 3 shows a block diagram of the complete circuit. The 

i s  resistance of the gauge iscompared with the resistance of fixed 
value resistors in the circuit. Any differences in resistance are 
converted into voltage differences. These verv small changes in 
v e are amplified befori ig  dis 

Fig. 2 modern strain gauge 

Fig. 3 blockdiagram of the complete circuit 

Wheatstone Amplifier Display 
+ 9V bridge 
0 I I 

Fig. 4 strain gauge in circuit 

The final circuit, shown in Fig. 4, includes a dummy gauge. This 
20 comoensates for any changes in the resistance of the active gauge 

caused by temperathe changes. The active and dummy gauges 
form part of the Wheatstone bridge. With no forces applied to the 
active aauae the o u t ~ u t  from this Dart of the circuit should be zero. 
when forc;?.s are applied, the resis'tance of the active gauge 

25 changes so the output voltage to the amplifier changes. The 
.. .. . ~ - ~ .  - .~ ~ .. . 



amplifier magnifies that change so that it can be clearly seen on th 
meter. The three variable resistors in  the circuit each allow different 
adjustments to be made. VR1 allows you to 'balance'the bridge, 
getting the resistances exactly equal. VR2 allows you to adjust the 

I 'gain' of the amplifier, in other words, how much the voltage is 
amplified. By adjusting VR3 the output can be adjusted to exactly 
zero before a load is applied to the member being tested. 

In practice, strain gauges tend to be used in  pairs or groups, often 
measuring the strain in various parts of a structure at the same 

i time. When used like this they are often linked to a computer rathe 
than a series of display meters. The computer keeps a constant 
checkon the outputs from each of the strain gauges, making sure 
that no pan of the structure is being loaded beyond normal limits. 

Source: P. Fowler and M. Horsley, 'Control Systems in the Home'. CDT: Technologv 



1 7 Portable generator 

Task 1 List the different ways in which electricity can be generated. 

Reading Reading diagrams 

Task 2 Study the diagram below of a portable generator. Answer these questions 
using the diagram and your own knowledge of engineering. 

1 What are its main parts? 
2 What does the engine run on? 
3 What are the four strokes called? 
4 What is the function of the crankshaft? 
5 What do both stator and rotor have? 
6 What is the difference between stator and rotor? 

Stator windings 
in which current 0 I Exhaust is generated 

Fig. 1 



- 
Task 3 Read this text to check as many of the answers as you can. You will not find 

complete answers to all of the questions. 

Portable grnerator 

Although most electricity comes from power stations, power can 
also be generated by far smaller means. Nowadays, electricity 
generators can be small enough to hold in the hand. 

Portable generators are made up of two main parts: an engine, 
5 which powers the equipment, and an alternator, which converts 

motion into electricity. 

The engine shown (Fig. 11 runs on petrol. It is started by pulling a 
cord. This creates a spark inside which ignites the fuel mixture. 

In a typical four-stroke engine, when the piston descends, the air 
to inlet valve opens and a mixture of air and petrol issucked in 

through a carburettor. 

The valve closes, the piston rises on the compression stroke and a 
sparkwithin the upper chamber ignitesthe mixture. This mini- 
explosion pushesthe piston backdown, and as it rises again the 

15 fumesformed by the ignition are forced outthrough the exhaust 
valve. 

This cycle is repeated many times per second. The moving piston 
makes the crankshaft rotate at great speed. 

The crankshaft extends directly to an alternator, which consists oi 
'o two main sets of windings -coils of insulated copper wire wound 

closely around an iron core. One set, called stator windings, is in i 
fixed position and shaped like a broad ring. The other set, the 
armature windings, is wound on the rotorwhich is fixed to the 
rotating crankshaft. The rotor makes about 3,000 revolutions per 

25 minute. 

The rotor is magnetized and as it spins round, electricitv is 
generated in tha stator windings through thepr- of 
electromagnetic induction. The etectric current is fed to the output 

rminals or sockets. 

,, , ,,is type of generator can produce a 700 watt output, enough to 
operate lights, television, and some domestic appliances. Larger 
versions provide emergency power to hospitals and factories. 

Task 4 Study this text on the four-stroke cycle. Then label each stroke correctly in 
Fig. 2 opposite. 

In me lour-more cyme, me PI- aescen(~ 6 IM~IB nroke, 
during which the inletvalve is open. The pisi wends on the 
compression stroke with both valvesclosed .IBU tgnition takes 
place at the top of the stroke. The pwver or expansion stroke 

5 follows. The gas generated by the burning fuel expands rapidly, 
driving the piston down, both valves remaining closed. The cycle is 
completed by the exhaust stroke, as the piston ascends once more, 
forcing the products of combustion out through the exhaust valve. 
The cycle then repeats itself. 



Carburettor Fuel inlet valve 
I 

d 

Fig. 2 

Language study Cause and effect, 2 

Study these pairs of actions. What is the link between each pair? 

1 The gas expands. 

2 This drives the piston down. 

3 The piston ascends. 

4 This forces the products of combustion out. 

There are two links between the actions: 

They happen at the same time. We can show this using As (see Unit 8) .  

1+2 As the gas expands, it drives the piston down. 
3+4 As the piston ascends, itforces the products ofcombustion out. 

One is a cause and the other an effect. 

1 Cause: The gas expands. 

2 Effect: This drives the piston down. 

3 Cause: The piston ascends. 

4 Effect: This forces the products of combustion out. 

We can show both the time link and the cause and effect link like this: 

1+2 The gas expands, driving the piston down. 
3+4 The piston ascends, forcing the products ofcombustion out. 



Link these actions in the same way. Task 5 

Cause 
The piston moves down the cylinder. 
The piston creates a vacuum, 

The piston moves up the cylinder. 

The gas expands quickly. 
The piston moves up and down. 
The crankshaft spins round. 

The armature of the alternator rotates. 

The alternator runs at a steady 3.000 rpm. 

Effect 
This creates a partial vacuum. 
This draws in fuel from the 
carburettor. 

This compresses the mixture. 

This pushes the piston down. 

This rotates the crankshaft. 
This turns the rotor at 
3,000 rpm. 
This induces a current in the 
stator windings. 

This generates around 700 watts. 

Word study Verbs with -ize/-ise 

Study this statement: 

The rotor is magnetized. 

What does it mean? Can you say it another way? We can rewrite this statement 
as: 

The rotor is made magnetic. 

Verbs ending in -ize/-ise have a range of meanings with the general sense of 
make + adjective. 

Task 6 Rewrite these sentences replacing the phrases in italics with appropriate 
-ize/-ise verbs. 

1 Some cars are fitted with a security device which makes the engine immobile. 
2 In areas where the power supply fluctuates, for sensitive equipment a device to 

rnake the voltage stable is required. 
3 Manufacturers seek to keep costs to a minimum and profits to a maximum. 
4 Most companies have installed computers to control their production line. 
5 Companies may make their operation more rational by reducing the variety of 

products they make. 

Writing Describing a process, 3: sequence and location 

Task 7 Fig. 3 opposite shows the distribution of power from power station to 
consumer. The statements which follow describe the distribution. Put the 
statements in the correct order with the help of the diagram. The fist one has 
been done for you. 



Task 8 

Main grid Intermediate Distribution Domestic 
supyly point subqation substation consumers 

Fig. 3 

It is fed to substations. 

It is stepped up by a transformer to high voltages 
for long-distance distribution. 

It is distributed via the grid to supply points. 

It is distributed to the domestic consumer. - 

Electricity is generated at the power station at 25 kV. 1 

It passes via the switching compound to the grid. 

It is distributed via overhead or underground cables 
to intermediate substations. - 

Mark the sequence of stages using appropriate sequence words where you 
t h i i  this is helpful. Add the following information to your statements and 
make them into a text. 

At the main grid supply points, power is stepped down to 33 kV for distribution 
to heavy industry. 
At intermediate substations, power is reduced to 11 kV for Light industry. 
At the distribution substations, power is stepped down to 41 5 V. 3-phase, and 
240 V, 1-phase. 



Technical reading Wave power 

Task 9 The two texts which follow describe two plants for generating electricity from 
wave power. Note the similarities and differences between the plants. 

W w e  power 

Air Wells Motor1 Shut-on valve - this isolates the water 
chamber turbine generato chamber from the turbine and generator 

IS switched off. 
Wing column Shut-off valve 
wall \ I 

When a wave enters the gully, the water column moves When the waver , air is drawn in through me 6 
lp  and the air above is forced out through the turbine. turbine, b d  beca their special design the rotors i 
making the rotors turn. keep turning in the same direction. @&% 

Fig. 4 

This prototypewavepower plant on the Scottish island of lslay wa 
constructed by building a concrete water column across a natural 
aullv on the shoreline. Wavesflowino in and out of the oullv cause 1 - .  - ., , 
water in the column to move up and down. As the water moves up 

5 it compresses the air above and forces it through a wide tube at the 
back of the water column. As the water moves down, air is drawn 
into the water column. 

The moving air passes through a turbine coupled to a generator. 
Both the turbine and generator are unusual. The turbine is a Welts 

lo turbine (named after its inventor) which keeps turning in one 
diraction even though the air flow iscmstantly changing direction. 
it has two rotors, each with four blades. 

The generator is a wound rotor induction motor, which acts as a 
generator when it is turning at speeds greater than 1,500 rpm. 

15 Below thatspeed it operates ass motor and takes powerfrom the 
grid. This motorlgenerator is used because the turbine takes some 
time to build up to a speed where it can generate electricity. When 
the turbine slows down due to a lull in wave activitv. the generator 
becomes an electric motor and keepsthe turbine runningat a 

m minimum speed so that it is ready to acceptthe power from the 
next batch of waves. 

The plant is controlled by a computer. It includes a PLC 
(programmable loaiccontroller). which monitors the ooeration of . - 
the motor~~enerator and the ambunt of electricity going to or being [ 



25 taken from the grid. There is also testing equipment to monitor 
how much electricity the plant is producing and the efficiency of the I 
water column, turbine, and generator. - 1 
This experimental plant generates 150 kW. Plans have been 
approved for the construction of a 1 MW scheme. 

Source: Adaoted from 'Inside out: Wave ~ower'. Education Guardian 

digk hoper for wave power p.oiect 

. . Air vnnadto 
a t w h e n  at top 

OfcomOlrradi 
dewding 
a1 WBVe a R h  

The Art Osprey makes un 
of a wave's vertical energy. 
although waver move 
through the sea, the water 
particles' main movement 

im( - - 2 , \ 1 

Gg: 5 

The world's first power station in the open sea is to be stationed off 
Dounreay in  Scotland. The machine, calledosprey (Ocean Swell- 
Powered Renewable Energy), will stand in 18 metres of water a 
kilometre out and not only harvest the larger waves, which produce 

5 higher outputs, but also gain power with waves from any direction. 

The device is known as an oscillating water column. As a wave 
rises, air is pushed through an air turbine and sucked back again as 
the wave falls. The turbine has been designed by Professor Alan 
Wells, of Queen's University, Belfast. It will generate 2 megawatts. 

lo There is potential for 300 Ospreys in W s h  waters which could 
provide 10 percent of the &ntn/'s peakelectricity demand. 



I 8 Road breaker 

Task 1 In your group, make a list of any devices you know which use compressed air. 

Task 2 List any 2.17rantages compressed-air devices h*x7* compared ~.lith electr;rll 
devices 

Reading 

Task 3 Read the text below and the diagram opposite to check your answers to 
Tasks 1 and 2. 

paint wavers. 

5 by-airmolecub W%nga htface. Compressed air exerts a grea 
pressure than the htheotbwr side of the surface, which is at 
atmospheric ores fhe difkmw in pressure drives the 

WIS. I id breakers, are powered by compressed air 
a WI ssor. C0mp18888d-air power is cheap and 

com(wessor pumps thecompressed air to the drill through a hose. 
There it drivm a piston up addown. The movement of the piston 
delivers repeated blows to the chisel that hammers into the road 
surface. 

za Pressing the throttle, or control lever, downwards releases the 
@ntd vahre.This allowscompressed air to enter the drill. The air 
p.sseothrough the valve and down a chamber called a return 
chnnber to the unders~de of the piston. The pressure forces the ;>>:a 
Di~ tO t l t 0  rlse UD the cvlinder. As the dston rises. it covers the . ".-" . <% 

a Ohaust, prew&ting&airfrom &ping. A & same time, the ga 
rising piston stam to comereesthe air trap- above it. A-5. 



The pneumsiic drill or mad brisker 
is pwwd by high.presuq air wh 
i?l produced by a compreskr: The 
urmpr*ed airlspwn$dto tW 
drill through a hose. 

ExhauR 

bmp-air 
hoaa 

Drill oparaton should 

ig. 1 

The increase in pressure 
admitting air to the topof the chmberandcl~sing dff air in the 
return chamber. Asthe pressure in the chamber increasesto 620 

30 kPa (90 psi), it forces the piston to strike the chisel. When the piston 
passes the exhaust, the air is rebased into t h e m s p h e r e  and the 
valve closes. This opens the return chamber again,which allows 
the air to pass to the underside of the piston and restarts the cycle. 



Task 4 Put the following steps in the operation of the pneumatic drill in the correct 
sequence with the help of the diagrams. The first one has been done for you -- 
an example. 

a 

b 

C 

d 
e 

f 

g 
h 

i 

Task 5 

Fig. 2 Fig. 3 

The air passes through the valve and down the vertical air port. 

This allows compressed air into the drill. 

It forces the piston up the cylinder. 

Pressing the control lever opens the control valve. 

This admits compressed air to the top of the cylinder. 

The operating valve closes and the cycle starts again. 

The pressure of air on top of the piston opens the operating valve. 

As the piston passes the exhaust, the air leaves the cylinder. 

The air expands, forcing the piston down. 

Now label these components of the drill. 



Language study Allow andprevent links 

Task 6 Fig. 4 shows the most basic components of a pneumatic system, a three-port 
valve (3PV) and a single acting cylinder (SAC). The steps below describe the 
operation of the system when the push button of the valve is pressed. The h t  
step is a. Put the others in the correct sequence. 

lSeal JSpring 

Pressed 

From 
regulator 

Fig. 4 
Air flow 

a The push button is pressed. 

b Port 3 is blocked. 

c Ports 1 and 2 are connected. 

d The piston compresses the spring. 

e The spool is pushed down. - 

f Air cannot escape. - 

g Compressed air flows through the valve to the SAC. - 

h The compressed air pushes the piston along. - 

Study these steps from the operation of the valve. 

3 Ports 1 and 2 are connected. 

4 Compressed air flows through the valve to the SAC. 

5 Port 3 is blocked. 

6 Air cannot escape. 

What is the connection between Step 3 and Step 4? 
What is the connection between Step 5 and Step 6? 

Step 3 allows Step 4 to happen. We can link the steps in three ways like this: 

a Ports 1 and 2 are connected. This allows rompressedair tof low through 
the valve to the SAC. 

b Ports 1 and 2 are connected. This permi t s  compressed air tof low through 
the valve to the SAC. 

c Ports 1 and 2 are connected. This l e t s  compressed airflow through the valve 
to the SAC. 

Step 5 prevents something. We can link steps 5 and 6 like this: 

Port 3 is blocked. This prevents a i r f rom escaping. 



Task 7 Complete the blanks in this description of the operation of the valve with the 
button pressed 

I 
the push button is pressed, the spool is pushed down. 

1 
ports 1 and 2. This ' compressed air to flow through 

the valve to the SAC. Port 3 is blocked which air from escaping. 

The compressed air pushes the piston along. 
5 

the spring. 

Task 8 Fig. 5 shows the system with the push button of the valve released. 

Not pressed 

a 

g 

Task 9 

3 - 
Movement 

7 From cylinder 

4 

Air flow 

Fig. 5 

These are the steps in the operation. Fill in the blanks in the steps. 

The push button is released. 

The valve spring ' up the spool. 

Ports 2 and 3 are ' 
Air from the SAC escapes through ' 
Port 1 is 

Compressed air cannot enter the 

The cylinder spring pushes the back in. 

Now write your own description of how the system operates when the push 
button is released. 



Writing Explaining an operation 

Task 10 These steps explain the operation of a road breaker. Link each set of steps into 
a sentence using the words or phrases provided. Omit unnecessary words and 
make any other changes required. 

1 Pressing ... allowing 
Press the control lever. 
This opens the control valve. 
This allows compressed air to enter the drill. 

2 ...fo rcing ... 
The air passes through the valve and down the return chamber to the 
underside of the piston. 
The pressure forces the piston to rise up the cylinder. 

3 As ... which 
The piston rises. 
The piston covers the exhaust. 
This prevents the air from escaping. 

4 At the same time ... which 
The rising piston starts to compress the air. 
The air is trapped above it. 

5 ... admitting ... and closing ... 
The increase in pressure forces the operating valve to open. 
This admits air to the top of the chamber. 
This closes off air in the return chamber. 

6 As ... 
The pressure in the chamber increases to 620 kPa. 
The pressure forces the piston to strike the chisel. 

7 When ... and ... 
The piston passes the exhaust. 
The air is released into the atmosphere. 
The valve closes. 

8 ... which ... and ... 
This opens the return chamber again. 
This allows the air to pass to the underside of the piston. 
This restarts the cycle. 

Technical reading Air skates - 
Skim the following extract from a company's sales Literature to identify the 
paragraphs which describe: 

a what an air skate consists of 
b the advantages of air skates 
c the differences between systems 
d sizes, loads, and lift height 
e air pressure required 



AIR FILM MATERIAL 
HANDLING SYSTEMS 

para 
Material handling systems i 

using the air film principle are 
also known as Air Skates. 

The handling of light to very 2 
heavy objects using air film to 
float the load is easy and very 
economical. A weight of 1.000 
kg requires a pulling force of 
only 1 kg. 

An air film skate is composed 3 
of a supporting backplate with 
an O-shaped flexible cushion 
or element which is inflated bv 

skates of 30 cm x 30 cm can lift 
2.000 kg. The lift height is 
approx. 1.5 cm. Four skates of 
50 x 50 cm can lift 10,000 kg. 
The lift height is 1.5cm. 
Combinations of air skates 
providing a lift capacity up to 
100 tonnes are not 
exceptional. 

When an object is moved t 
using an air film system, a 
regulator unit correctly 
distributes the compressed air 
to the air skates and can 
compensate for out-of-balance 
loads. In this way the load is 
lifted verticallvand the load can 

means of compressed air.  he be moved effortlessly and 
escaping air forms a thin film positioned accurately. 
lapprox. 0.02 mm) between 
the element and floor. 

Three or more air skates 4 
combine to ensure that the 
load starts floating and has the 
abilityfor omnidirectional 
movement. The load to be 
moved is lifted only a few 
centimetres and as a result of 
the low pressure (1-2 bar) no 
clouds of dust are formed and 
the floor cannot be damaged. 

The dimensions of the air 5 
skates are very small. Four 

The air skates operate on air 7 
volume supplied by a 
compressor or pneumatic 
supply system working at a 
pressure of 5-1 0 bar 
(500-1000 kPa). 

The air skates may be placed 8 
separately under the load 
which is easily accomplished 
due to the low height. Two 
basic systems are available. 
each with its own 
characteristics. The external 
differences in operation of the 

two systems are shown in the 
diagrams below. 

~oad SYSTEM A 

supporting 
backplate 

5*- 
~ i r  film I lsupponing / E I ~ ~ ~ ~ ~  

block 

~oad SYSTEM B 

Air inlet 
backplate 

block 

The specific application for 9 
each customer determines 
the choice of the system, the 
operating pressure, the 
element material, etc. Hence. 
it is necessary to obtain 
accurate details to get optimal 
effect from the system. 

The use of air film handling lo  
techniques is not always 
considered. Customers who 
have used the method have 
been amply rewarded with 
the following advantages: 

- Very efficient 
- Limited investment 
- Reliable 
- Minimal maintenance 
- Ergonomic 
- Can be used with equal 

success indoors and 
outdoors 

- Long working life 
- Quickly fitted 

Source:'Why not let your handling 
problemsfloat awayon air? 
Aerofilms Systems b.v. 



Task 12 Scan the extract to find the answers to these questions. 

How many skates do you need to lift two tonnes? 
What pressure of air must the compressor supply? 
What depth is the air film between skate and floor? 
What force is required to pull a load of one tonne? 
Can the system be used outdoors? 
How high, typically, is the load lifted? 
What does the regulator unit do? 
How is the air 6lm formed? 

Speaking practice 

Task 13 Work in pairs. A and B. You each have a diagram to illustrate the symbols of 
the International Standards Organisation for pneumatic components. Not all 
of the symbols are labelled in your diagrams. Your task is to complete the 
labelling of your diagrams with the help of your partner. 

Remember, you must not show your diagrams to each other. 

Student A: Your diagram is on page 179. 
Student B: Your diagram is on page 182. 




