
How do you see 
the car of the future? 

(Think carefully.) 

Task 1 Study the following recent Vokswagen survey on the car of the future. Decide 
in your group which developments in the survey are important to you. One 
person should report the group's views to the rest of the class. 

What changes would you like to see? 

We've suggested a few possible developments. Please think 
carefully about which ones would make a real difference to you and 
tick the boxes to let us know. 

Design 

The opportunity to use alternative fuel sources like hybrid 
(petrol and diesel) or hydrogen power. 

A car that is an office away from work, with facilities such as a 
fax machine and video-conferencing. 

Safety 

Speed limiters that vary to give you the safest possible drive f o ~  
the weather and road conditions. 

Acomputer sensorto tell you if you're driving at a safe distance 
from thevehicle in front. 

Automatic engine and fuel supply cut-out in the unfortunate 
event of an accident. 

All-round airbags. 



Engine immobilizer which makes it virtually impossible for 
anyone else to drive your car away. 

A tracking device which allows the car to be located fast if it is 
stolen. 

Audio systems built into the chassis or engine of the vehicle to 
prevent theft. 

Performance 

Sports car performance combined with fuel economy. 

Acomputerized route finder which tells you the quickest way to 
get to your destination. 

Servicing by mobile units to save lengthy visits to a garage. 

Source: V.A.G. (UK) Ltd 

Task 2 What do you think will be different about cars in the next ten years? Think 
about the following points. Compare your ideas with other groups. 

- materials 
- design 
- power 
- fuel 

Task 3 Read this title and introduction to a text. Try to guess the answers to the 
questions which foll--7 

 if*:.$,.*^ 2 . .  '.... 

Supercar test for 

Matthew L. Watd on the technical issues the President's 
environmentally-friendly car faces ... 

1 Who is the President? 
2 Who is Matthew L. Wald? 
3 How can a car be environmentally-friendly? 
4 Why might a car be called a Supercar? 
5 What test does industry face? 

Now read the first paragraph of the text. Does it help you to answer the 
questions? 

The 10-year co-operative project between government and Detroit 
for an environmentally-correct supercarwill require radically new 
technologies for solving the car industry's problems: air pollution, 
over-reliance on imported oil, and loss of market share to imports. 



Reading Predicting: usingfirst sentences 

In earlier units we studied how reading the title and using diagrams can help 
you predict the contents of a text. As we saw above, reading the first paragraph 
can also be very helpful. 
A final way to get a good idea of the contents of a text is to read the first 
sentence of each of the other paragraphs. 

Task 4 Read these first sentences: then note down what you think the main points of 
the text are. 

1 Some say it cannot be done but others say various components could be pulled 
together to do the job: electric motors with batteries, fuel cells or flywheels to 
deliver electricity, plus lightweight, aerodynamic car bodies. 

2 Instead of steel, some other type of material would be necessary for the 
'supercar' body, some kind of composite or carbon fibre. 

3 Safety is another issue but lighter need not mean flimsier. 
4 Reducing body weight and wind resistance will make any car more efficient. 
5 Electronics can, however. 
6 Four possible power sources are being investigated. 
7 Another possibility is fuel cells, which combine oxygen from air with hydrogen 

to make electricity. 
8 Yet another approach would be a flywheel, an electrical generator consisting of 

free-spinning wheels with magnets in the rims that can produce a current. 
9 A fourth possible power source for the national supercar would be a small 

turbine engine, running on a clean fuel like natural gas. 

Task 5 Read one of the following texts as your teacher directs: A, B. C, or D. Note in 
this table any information you find on solutions to the problems of designing 
the Supercar. 

Text 

A Materials 

B Shape 

C Power 

D Power source 

Solution Reason@) 

Problem 

Now share your information with others in your group to complete the table. 
Text A 

Some say it cannot be done but others say various components 
could be pulled together to do the job: electric motors with 
batteries, fuel cells or flywheels to deliver electricity, plus 
lightweight, aerodynamiccar bodies. t 



Instead of steel, some other type of material would be necessary 
for the 'supercar' body, some kind of composite or carbon fibre. 
Such materials are available now, but are not considered cost 
competitive with steel. But a research centre in Colorado claims 

I 
that composites can 'emerge from the mould virtually ready to 

to use'. The result would be fewer parts and less labour than current 
car body construction and, therefore, less cost. 

Safety is another issue but lighter need not mean flimsier. The 
centre points to lndy 500 drive 

rext B 

*,dynamic drag accountsfor more and more of the energy I requ~red to move the car as speed rises. The car makers already 
know howto cut drag sharply. General Motors' lmpacthas about 
half the drag of a typical car. The lmpacthas a rounded front and a 

5 tapered back. It is also small to present less o the 
... :-A 

* .*,%,T 

Reducing body weight and wind resistance will make any car more 
efficient. But roughly equal to the wind in eating up the car's energy 
is braking, and internal combustion enginescannot do much about 
that. 

5 Electronics can, however. Nearly all electric designs use 
regenerative braking. When the driver hits the brake the motors 
become generators, converting the mechanical energy of the 
slowing wheals into electricity. That capability virtually guarantees 
that a super-efficient car will have an electric motor. 

Text D 

L Four possible power sources are being investigated. The simple 
one is batteries. But if a super-efficient car is to have an attractive - 
cruising range, it cannot carry hundreds of pounds in batteries. 

Another possibility is fuel cells, which combine oxygen from air 
5 with hydrogen to make electricity. But current fuel cells operate 

steadily, and a car cell would haveto handle widely varying 
demand for energy: zero, while stopped at traffic lights, or several 
times that consumed by an average house, while accelerating. 

Yet another approach would be a flywheel, an electrical generator 
consisting of free-spinning wheels with magnets in the rims that 
can produce a current. An early application of flywheels might be in 
a race car built for a twisting course, where frequent braking means 
high fuel consumption in conventional cars. 

-Afourth possible power source forthe national supercar would be I 
=a small turbine engine, running on a clean fuel like natural gas. It I 

Task 6 Read the whole text yourself. How much did the first paragraph and the first 
sentences of the other paragraphs help you to predict the main points of the 
whole text? Which first sentences were not very helpful? Why not? 



Language study Certainty 

Study these statements. What is the difference between them? Can you put 
them in order of certainty: 

1 A supercar will have an electric motor. 

2 A supercar might have ajlywheel. 

3 It i s  likely that a supercar will have a roundedfront. 

The difference between the statements is how certain the writer is about each 
development. Study this list of certainty expressions. 

Certain Fairly certain Uncertain 
Yes will will probably might 

be + likely + vb may 
be + probable that could 

will possibly 
be + unlikely to + vb be possible that No will not 

Task 7 Comment on how likely these predictions are for the next decade, using an 
appropriate expression from the table above. For example: 

1 A human powered vehicle (hpv) will exceed 100 kmjh. 
It ispossible that an hpv willexceed 100 kmlh. 

2 A perpetual motion machine will be invented. 
Apcrpetual motion machine will not he invented. 

3 More factories will be fully automated. 
It is likely that morefactories will be fully auton~atpd 

4 Driverless trains will link major cities. 
Driverless trains might link major cities. 

1 Electric cars will become common. 
2 Most bicycles will have carbon fibre frames. 
3 A more efficient petrol engine will be developed. 
4 More people will travel by public transport. 
5 Robots will be used in homes. 
6 Fewer engineers will be required. 
7 Diesel engines will replace petrol engines for cars. 
8 Most waste materials will be recycled. 
9 An ideal electric motor will be invented. 
10 Physicists will reach absolute zero (-273'C). 

Study these statements. Why is will used in the tirst sentence and wouldin the 
second? 

1 A supercar will have an electric motor. 

2 Apossiblepower source would be u turbine engine 

In sentence 1 the writer feels certain this will happen. In sentence 2 the writer 
feels this is only a possibility because it depends on circumstances. 

We use would to describe future events which can only happen if certain 
conditions are met. Study these examples from the text. 

Another approach would be a flywheel. ( y a  supercar were built.) 

The result would be fewer parts and less labour. (Ifmoulded composites were 
used.) 



Task 8 What would happen if these conditions were met? 

1 If all cars were made of plastic - -. 
2 If all cars had diesel engines - 

3 If powerful, lightweight batteries were developed - 

4 If all cars were fitted with flywheels 

5 If speed limits were reduced 

Task 9 What conditions are necessary for these events to happen? 

1 All car parts would be recyclable. 
2 Cars would travel 40 km/litre of fuel. 
3 Cars would cost much less to produce. 
4 Cars would not require painting. 
5 Cars would not require lubricants. 

Writing Summaries 

The best way to make a summary of a text is to write down the main points in 
note form and then Link them clearly in your own words. If you are 
summarizing for others, make sure you do not over-summarize, that is, reduce 
the text to the point that no one but you can understand what it means. 

Task 10 Study these notes which summarize the Supercar text. 

Text 

A Materials 

B Shape 

C Power 

D Power source 

Solution Reason@) 

Composite, carbon fibre fewer parts, less labour 

rounded front, tapered back, small reduce drag 

electric motor allows regenerative braking 

Problem 

1 batteries weight 

2 fuel cells cannot cope with varying demand 

3 fly wheel - 

4 gas turbine with generator - 

Now convert each section of the notes into one or two sentences. Use the 
certainty expressions you studied in this unit. For example: 

The Supercar will have an electric motor because only electric motors allow 
regenerative braking. 

Ifyou think that your reader will not understand particular terms, define them. 
For example: 

The Supercar will have an electric motor because only electric motors allow 
regenerative braking, that is, converting brakingpower back into electrical energy. 

Finally, link your sentences into paragraphs. You will need at least two. 
- materials, shape, and power - possible power sources 

You will also need to add a brief introductory paragraph stating the objectives 
of the Supercar project. 



26 Graphs 

In engineering, graphs and charts are a common way of giving information. 
They allow a great deal of data to be presented easily in visual form. 

Task 1 Label the following graphic displays with the correct term from this list: 

graph pie chart 
bar chart bar chart (column chart) 

Female students as a 
percentage of all students 

En ineering All courses 
teclno~ogy 

What goes wrong most 

@ washing machines 

@I- 
9- 
d -cleaners 

@ tumble-driers Repairs in the 
first four years 

@ fridge-freezers $:E2i\sl 
CB chestfreezers 

I I I I I I I I 
0 2000 4000 6000 

Engine speed (rpml 

0 z g h t  freezers 

Task 2 Study the graph opposite which shows typical daily load curves for a power 
station. Answer these questions about the graph for weekdays. 

1 When is the peak load? 
2 When is there least demand? 
3 When is the load 65% of capacity? 
4 What is the load at 1 p.m.? 



Fig. 1 
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Describe changes in load for these periods: 
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Typical daily load curves far a . 
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Language study Describing graphs 

Look at the period 6 a.m. to 10  a.m. We can describe the change in load in two 
ways: 

1 The load rises. 

2 There is a rise in load. 

We can make our description more accurate like this: 

3 The load rises sharply. 

4 There is a sharp rise in load 

Study this table of verbs and related nouns of change. The past form of irregular 
verbs is given in brackets. 

Direction Verb 

UP climb 
go up (went up) 
increase 
rise (rose) 

Down 

Level 

decline 
decrease 
dip 
drop 
fall (fell) 
go down (went down) 

not change 
remain constant 

Noun 

increase 
rise 

decline 
decrease 
dip 
drop 
fall 

no change 



These adjectives and adverbs are used to describe the rate of change: 

Adjective Adverb 

slight slightly 
gradual gradually 
steady steadily 
steep steeply 
sharp sharply 
sudden suddenly 
fast fast 

Task 3 Study this graph which shows the load at weekends. 

Typical daily load curvesfor a 
power station. The load is 

0 
80 recorded in hourly steps. 

Task 4 
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am 
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Fig. 2 

Write sentences to describe the load during these periods. 

Saturday. 8 a.m. to noon. 
Saturday. 6 p.m. to 10 p.m. 
Saturday. noon to 5 p.m. 
Saturday, noon to 1 p.m. 
Sunday. 2 a.m. to 8 a.m. 
Sunday, 8 a.m. to 9 a.m. 
Sunday, noon to 3 p.m. 
Sunday, 5 p.m. to 10 p.m. 

Look at Fig. 1 and Fig. 2.  Make comparisons of these periods. For example: 

Sunday. 4 a.m. to 8 a.m./weekdays at the same time. 

On Sunday the load remains ronstant between 4 a.m. and 8 a.m. but on 
weekdays it rises sharply. 

Sunday, noon to 3 p.m./Saturday at the same time. 
Weekdays. 10 p.m. to 11 p.m./Saturday at the same time. 
Saturday peak IoadJSunday peak load. 
Sunday, noon to 1 p.m./the rest of the week at the same time. 



Word study Common verbs in engineering 

Study this list of common verbs in engineering which you have studied in this 
book. They all have the sense of 'make something happen'. 

lower make low 
raise make high 
heat make hot 
release make free 
compress make smaller volume 
reduce make smaller 
increase make larger 

Task 5 Fill in the blanks in these sentences with suitable verbs from the list above. 

1 When thermoplastics are .they soften. 

2 Ifa gasis . it heats up. 

3 Refrigeration preserves food by - .  its temperaturr. 

4 A heater . the temperature of the water. 

5 The rising piston the fuel mixture. 

6 Designers try to the weight of a structure. 

7 When the push button is , the valve spring pushes up the spool. 

8 Pumping fluid into the main cylinder gradually the jack. 

9 Aerodynamic design . wind resistance. 

1 0  The motor starts up slowly, then gradually speed. 

11 At intermediate substations, power is to 11 kV for light industry. 

1 2  When the child the handle. the seat swings back under the 

weight. 

Writing Describing a graph 

An important mechanical test of a metal is the tensile test to destruction. 
Increasing loads are applied to a specimen of the metal until it breaks. For a 
mild steel specimen, a graph of load against extension looks like this: 



Task 6 

Task 7 

a 

b 
C 

d 
e 

Task 8 

The following sentences describe the most important stages of the test. With 
the help of the graph: 
- put the stages in the correct sequence to form a text describing the graph. 
- fill in the missing references (0. P. E, Y. U. F) 

F r o m -  to the specimen extends in direct proportion to the load 

applied. 

This rapid extension continues until point , the maximum load, is 

reached. 

From there is a rapid increase in length for each increase in load. 

A t  the specimen finally fractures. 

A f t e r -  the specimen lengthens further but the load falls. 

Soon after P the material reaches its elastic limit, marked on the graph as point 

Add this extra information to your text. 

Up to the elastic limit, the steel will regain its original length when the load is 
removed. 
Up to U there is no change in the cross-section of the steel. 
After the elastic limit, the steel will not regain its original length. 
After U the specimen undergoes 'waisting'. 
Y is the yield point. 

Refer to each of these figures at an appropriate place in your text. Use 
expressions such as these: 

As shown in Figure A. 
See Figure A. 
(Figure A)  



Technical reading Properties and applications of carbon steels 

Task 9 Study the diagram below which shows how tensile strength, hardness. and 
ductility vary with the percentage of carbon in carbon steels. Answer these 
questions: 

1 What percentage of carbon gives the greatest tensile strength? 
2 What happens to ductility between 0.08% and 0.87% carbon? 
3 How does increased carbon atYect hardness? 
4 What is the effect on tensile strength of increasing carbon beyond 0.84%? 
5 What happens to ductility beyond 0.87% carbon? 

/ 
/ 

0.08 0.15 0.35 0.55 0.85 1.05 1.20 
%Carbon 

Properties of carbon steels 

Task 10 Now study the diagram below for extra information and answer these 
questions. 

1 What is high carbon steel? 
2 How much carbon does tool steel contain? 
3 Compare the properties of mild steel and hard steel. 
4 What kind of steel is tin plate made from? 
5 What kind of steel are car springs made from? 

0.08 0.15 0.35 0.55 0.85 1.05 1.20 
%Carbon 

Propertier and applications of carbon steels 



2 7 waste recycling plant 

Aluminium can recycling. The bales seen here contain over one million cans. 

Task 1 You are going to read a text on recycling domestic refuse. The main 
components of refuse are given in the list below. Using your knowledge of 
engineering, discuss in your group how one of these components could be 
recovered from refuse and what use could be made of the materials recovered. 
Your teacher will decide which component each group will discuss. 

Ferrous metals Glass Plastics 
Paper Organic materials Non-ferrous metals 

Task 2 Now report your solutions to the rest of the class. Be prepared to answer 
questions and defend your ideas. 



Task 3 Read the text below to see how the solutions proposed by your class compare 
with those used in the experimental plant described. 

Recycling domestic refuse 

The consumer society produces moreand more refuse. A number 
of solutions to this problem have been proposed. In some countries 
refuse is burnt to generate electric power. In Germany, producers 
must take back unwanted packaging for recycling. In other 

5 countries, householders are asked to separate out refuse so that it 
can be recycled more easily. This text describes an experimental 
plant in Holland designed to recycle domestic refuse. 

The rubbish collected from households consists of a mixture of 
organic materials such as kitchen waste, and inorganic materials 

lo such as glass and plastic bottles, tin cans, and packaging. 

The rubbish is first passed through a hammer mill to shred it The 
mill consists of rotating steel arms which break up any large items 
to reduce them to a more manageable size. Any items which may 
cause damage later in the process are rejected at this stage. 

15 The shredded mixture passes under an electromagnet which 
removes ferrous metals. Much of this is tin cans. Almost all ferrous 
metalsare recovered in thisway. 

After that, the residue is carried by conveyor belt to an air classifier. 
Astream of air is blown through theclassifier, which hasa zig-zag 

zo shape. Low density materials such as plastic, paper, and some 
organic substances rise to the top of the classifier. Higher density 
materials such as glass and non-ferrous metals fall to the bottom 
and are discarded. These could be further separated out using a 
range of processes. For example, an eddy current mechanism 

25 could screen out aluminium waste. Froth flotation techniques 
could recover glass. 

The low density portion is carried to a rotating drum where it is 
screeiied. Fine organic materials pass through the screen leaving a 
mixture which consists mainly of plastic and paper. The organic 

30 residue can be used for compost or to make bricks. 

The next stage is to separate the plastic from the paper. This was 
initially a problem as both are similar in density.Thesolution isto 
wet the mixture. The paper absorbs water and as a result becomes 
denser than the plastic. 

35 In the final stage, the wetted mixture is passed through a second 
air-classifier where the lighter plastic leaves from the top and the 
denser wet paper from the bottom. The recovered paper could b 
fed to pulp mills for further recycling. 

The remaining plastic is a mixture of thermosets and 
40 thermoplastics. It is not easy to separate these out but the mixtutu 

can be melted and formed into insulating materialsfor building. 



Reading Transferring information, making notes 

Plastic I - 
miflure - 

i Air classifier - h - Water sprays 
I3 

e - 
I 

Task 4 Using the information in the text, complete the labelling of the flowchart. Add 
these labels: 

plastic and paper mixture air classifier 
high density materials rotating drum 
shredded mixture ferrous metals 
paper wetted mixture 
fine organic materials 

I f  

Task 5 Study these notes on the first stage of the recycling process. They contain 
information on location (Where?), action (What happens?), reason (Why?), and 
method (How?). Read the text again to complete the notes for the other stages. 

Stage 1 

Hammer mill 

Where? hammer mill 

What happens? the waste is shredded 

a - - 

Why? 

b 

to reduce it to a manageable size 

Electromagnet 

Low 
r. density 

materials 

How? using rotating steel arms to break up any large items 

Stage 2 

Where? 

What happens? 

How? by magnetism 

Stage 3 

Residue . : 

Where? 

What happens? high and low density materials are separated 

How? by a current of air which carries low density materials to 
the top while high density materials fall to the bottom 

- - 

C - 



Stage 4 

Where? 

What happens? 

Why? 

Stage 5 

What happens? 

Why? 

Stage 6 
Where? 

What happens? 

How? 

the low density portion is screened 

to give the paper and plastic different densities 

- 

by a current of air which carries low density plastic to the 
top while wet paper falls to the bottom 

Language study Possibility: can and could 

Answer these questions about the text. 

1 Does this plant screen out aluminium waste? 
2 Does it recover glass? 
3 Is recovered paper fed to pulp mills? 
4 Is recovered plastic melted and formed into insulating blocks? 
5 Is organic residue used for compost and bricks? 

The answer to questions 1.2,  and 3 is No. The answer to questions 4 and 5 is 
YeslMaybe. How do we know? Look at the text. 

1 An eddy current mechanism could screen out aluminium waste. 

2 Frothflotation techniques could recover glass. 

3 The recovered paper could be fed to pulp millsforfurther recycling. 

4 The mixture can be melted andformed into insulating materialsfor 
building. 

5 The organic residue can be usedfor compost or to make bricks. 

We use could in examples 1 .2 ,  and 3 to show that something is possible but is 
not in fact done. The reasons why nothing is done in these examples may be 
expense or lack of demand. We do not know. 

We use can in examples 4 and 5 to show that something is possible and may in 
fact be done. 

Task 6 Fill in the gaps in this text with either can or could. Be prepared to justify your 
answers. 

1 With present technology we recycle almost all domestic refuse. 

But in practice market forces determine what is worth recycling. 

2 Successful plants in a number of countries show that refuse bc 

used as a fuel in power stations. 

3 If we recycled most of our refuse, the increasing problem of waste disposal 

be solved. 



4 Sweaters be produced from old plastic bottles. A company in the 

United States converts the waste plastic into polyester yarn. It takes twenty-five 

two-litre bottles to make a sweater. 

5 At present we not easily separate thermosetting plastics from 

thermoplastics. 

Writing Describing a process. 4: reason and method 

In Units 13 and 1 5  we learnt how to sequence and locate the stages in a 
process. In this unit we will study ways to describe and explain what happens 
in each stage. 

Look again at the notes on Stage 1. 

Stage 1 

Where? 

What happens? 

hammer mill 

the waste is shredded 

Why? to reduce it to a manageable size 

How; using rotating steel arms to break up any large items 

Note how we can combine information on sequence, location, process, reason. 
and method. For example: 

Sequence + location 

The wastefirst passes to a hammer mill 

+ action 

The wastefirst passes to a hammer mill, where it i s  shredded 

+ reason 

The wastefirst passes to a hammer mill, where it is shredded to reduce i t  to a 
manageable size 

The wastefirst passes to a hammer mill, where it is shredded to reduce it to a 
manageable size using rotating steel arms  to break up any large items. 

Task 7 Combine information on the other stages in the same way to make a full 
description of the recycling process. Note that you can help your reader 
understand the sequence by carrying information from one stage to the next. 
For example: 

Stage 1 The waste is shredded. 
Stage 2 The shredded waste ... 
Stage 5 The ~nixture is wetted. 
Stage 6 The wetted mixture ... 



28 Robotics 

Tuning-in 

Task 1 Together, try to write a definition of a robot. Compare your answer with the 
definition of an industrial robot given on page 36 of the Answer Book. 

Reading 1 Revising skills 

In the tasks which follow, we will revise some of the reading skills you have 
studied. 

Task 2 Study this diagram which shows the components of an industrial robot. What 
do you think the functions of the three components shown are? 

Computer with 
appropriate 1e.g. eornpressorl 
industrial interface 

Fig. 7 Thecomponentsofan industrial robot 



Task 3 Now read this text to check your ---.'rers to Tasl 
. ,, ,. . 

The manipulator , , , .. . . 

This is the bit which actually does the mechanical work, and in this 
case it is anthropomorphic ii.e. of human-like form), resembling an 

5 compressor. I" smaller, lightweight versions which use electrical 
stepper motors rather than hydraulics or pneumatics, this would be I 
omitted. 1 

The computer 

The controlling computer is fined with appropriate interfaces. 
These may include digital inputs, digital outputs, ADCs (analogue- 

l o  to-digital converters), DACs (digital-to-analogueconverters), or 
stepper motor control ports. These control the various 
compressors, stepper motors, and solenoids, and receive signal, 

I 
from the manipulator's sensors. 

. -- I 
Task 4 Read the following text to find the answers to these questions. 

1 What is the work volume of a manipulator? 
2 What is the work volume of a human? 
3 Why is the work volume of a human greater than that of an industrial robot? 
4 What are degrees of fre-Jn~2 - 

Work volume 

Robots are multifuncti 
manipulator is its 'work volume': the volume of space into which it 
can be positioned. The greater the workvolume, the more 
extensive the range of tasks it can be programmed to carry out. 

5 As a human being, your work volume consists of all the places your 
hands can reach. Most industrial robots have a much more limited 
work volume because they are bolted to the floor. Even with the 
same limitation applied, however, the human body is a very 
flexible machine with a workvolume described -verv 

ro approximately - by a cylinder about 2.2 m high with a radius of 
about 1.8 m and a domed top. 

-of- 
In orderto achieve flexibility of motion within a three-dimensional 
space, a robot manipulator needs to be able to move in at least 
three dimensions. The technical jargon is that it requires at least 

15 three 'degrees of freedom'. Figs. 2 a-d show a number of the more 
common types of robot manipulator mechanisms. Each has the 
requisite three degrees of freedom, allowing either linear or 



Reading 2 Transferring information 

Task 5 Study the text and accompanying diagram (Fig. 2a) below and note how the 
information has been transferred to Table 1. 

Fig. Type Degrees o f  freedom Work volume 

- linear rotational 

2a Cartesian or rectilinear 3 0 cube 

Table 1 

Common types of manipulator 

Fig. 2a is the simplest. Its three degrees of freedom are all linear 
and at right angles to each olher, sothey correspond to the three 
Cartesian co-ordinates. Driving it presents no mathematical 
difficulties, since each degree of freedom controls a single 

5 Cartesian co-ordinate without affecting the others. Fairly obviously, 
the work volume of the Cartesian manipulator is a cube. 

.. .. -. ., . .. ... . ." 

Task 6 Work in groups of three. Your teacher will select a text for you. Read the text 
and diagram to complete your section of Table 1. 

Text 1 

The secondtypa of manipulator, shown in Fig. ro, IS calleo a 
cylindrical manipulator because of the shape of its work volume. It 
has one rotational and two linear degrees of freedom. Because of 
the rotational aspect, however, the maths needed to position it 
becomes more inv a given response 

ed 
%"* e a n % w - P - + x - .  I 



Text 2 

ere, and once again the complexity of positioning the device 

T a t 3  

The final type of manipulator has three rotational degrees of 
freedom. This is the most complex type to control, but it has 
increased flexibilitv. Fia. 2d showsthistvve of manivulator-the 
anthropomorphic arm.~he work volume'of a practical manipulator 

i of this form is shown in Fig. 3. You will notice that it is basically 
spherical but has missing portions due to the presence of the arm 
itself and because the rotations cannot achieve a full 360 degrees. 
The scallops on the inner surface are caused bvconstraints 
imposed by the joints. 

1% - 



p~ 

Task 7 Now exchange information with the others in your group to complete the 
table. 

Task 8 Complete the blanks in this text. 

Mechanical wrist 

It is worth pointing ' that a human arm has far more freedom 
2 the minimum three degrees of freedom, giving very great 

3 
flexibility in terms - positioning, path taken, and angle of 

approach. Even without a wrist, the redundant degrees of freedom of the 
4 -body would allow you to carry out most normal operations. Any 

of the basic manipulators shown ' Figs. 2 a-d. on the other 
6 

, would be virtually useless as they stand. Although they could 

get to any position, they ' only approach objects from a single 

angle. 

To take an , removing a screw would be impossible 



the manipulator could not align a screwdriver to fit the screw properly. Even if 

it was able to, it still would lo be possible to carry out the necessarv 

rotating action. 

A wrist is therefore added to most basic manipulators to 'l the 

required mechanical flexibility to l2 real jobs. In general, for total 

flexibility the wrist itself requires three degrees of freedom, thereby bringing the 

grand total up to six. The l 3  common type of wrist has two bending 

and one rotational degrees of freedom. Pig. 4 shows this type of mechanical 

wrist. 

Fig. 4 A typical mechanical wrist 

Language study Concession: even if and although 

We can use if(see Unit 11) to link two statements like this: 

1 The switch is on. 

2 The lamp lights. 

uthe switch is on, the lamp lights. 

When statement 1 is true, statement 2 is also true. 

When statement 1 surprisingly has no effect on statement 2, we can use even ij 
or although. For example: 

m 

1 The switch is on. 

2 The lamp does not light. 

Even ifthe switch is on, the lamp does not light. 
Although the switch is on, the lamp does not light. 



Task 9 A car is fitted with a seat belt warning Light. The light operates under these 
conditions: 

Seat occupied Ignition Belt Light 
Yes On Closed Off 

Yes On Open On 

Yes Off Closed Off 

No Off Closed Off 

Study these examples of normal and faulty operation: 

Normal 
If the seat is occupied, the ignition on and the belt closed, the light is oh. 
Faulty 
Even i f t h e  belt is closed, the light stays on. 
Although the belt is closed, the light stays on. 

Give other examples of normal and faulty operation of this circuit. 

Technical reading Stepper motors 

Task 10 Read the text which follows to 6nd the answers to these questions, then 
complete the table. 

1 Why would you use a stepper motor to position the head of a disk drive unit? 
2 Name two components that are present in other electric motor types but absent 

from stepper motors. 
3 For accuracy in positioning, would you select a stepper motor with a large or a 

small step angle? 

Type Advantages Applications 

Variable reluctance No detent torque 

High dynamic torque 
at low speed 

Hybrid type Good speedltorque 
characteristics 

Can be made very small. 
very efficient 

Stepper motors are useful wherever accurate control of movement 
is required. They are used extensively in robotics and in printers, 
plotters and computer disk drives, all of which require precise 
positioning or speed. In a plotter, for example, by using two motors 
running at 90 degrees to each other, they can be used to drive a pn 
an exact distance in all directions. In robotics, they are used to 
position manipulators exactly where required. >.Te 

ad 



: . h r * a i . t i . d  &-hd'.*&.-. r . <  <*..A stepper motoi%is not run K%e same way as a nor . . 
. motor, i.e. continuously rotating. Instead, it runs in a series of 
lo measured steps. Thesesteps are triggered by pulses from a 

computer, each pulse making the motorturn either in aforward o 
a reverse direction by an exact interval, typically 1.8,2.5,3.75,7.5 
15, or 30 degrees. Accuracy is within 3% to 5% of the last step. 

Fig. 5a 

The rotor in a stepper motor is 
maonets with north and south - 
series of electromagnets, usually four, which can be switched on 
and off. Figs. 5a and b illustrate the operation of a permanent 
magnet-type stepper motor. When current isappiied to the stator 
coils, it creates the pole arrangement shown in Fig. 5a. Poles 1 and 

20 2 are north. Hence, the rotor south pole is attracted to both of them 
and settles in the mid position as shown. When the stator currents 
are changed to produce the pole arrangement shown in Fig. 5b. 
pole 1 has south polarity. This repels the rotorwhich moves to the 
new position as shown. Each polarity change on the stator causes 

25 the rotor to move (in this case) 45 degrees. 

Stepper motors can be divided into two groups. The first one works 
without a permanent magnet. The second one has a permanent 
magnet, usually located on the rotor. 

Variable reluctance motors form the first group. As there is no 
30 permanent magnet, the variable reluctance motor has practically 

no detent torque. The rotor spins freely and gives good 
acceleration and high speed if lightly loaded. Applications include 
micropositioning tables. 

The second group comprise the permanent magnet motor, the 
35 hybrid motor, and the disc magnet motor. The permanent magnet 

type offers high dynamic torque at low speed and large step 
angles. This is a low cost motor used extensively in low inertia 
applications such as computer peripherals and printers. 

The hybrid type combines features of both types mentioned above. 
40 It has good speed/torque characteristics and micro-stepping 

capability. Steps of 1.8 degrees are possible. 

Disc magnet motors can be made vary small and arevery efficient. 
One of their first applications was in quartzsontrolled watches. 



29 careers in engineering 

Task 1 List some of the jobs in engineering. Combine your list with others in your 
group. 

Task 2 Work in groups of three. A. B, and C. Scan your section of this text. A, B, or 
C. How many of the jobs in the combined list you made in Task 1 are 
mentioned in your section? 

b~fessionalengineers may work a8: 

W g n  engineers: They work as pMt ot a teain to Create new I products and extend the life ofold products 4 updating them and 
hndkw mm awlkationsfor them. Their aim is to build a u a l i  and 

5 reW&tykihedesi@n and t o i n t r o d u o s n e w c o m ~ e k d  
materiels to mekethe product cheaper, lighter, or stronger. 

installation engimrs: They work on the customer's premises to 
install equipment produced by their company. 

Production engineers They ensure that the production pr- is I 10 dcient. that materials are handled safeIv and correctIv, andtha !k 
faults which in productibn are c o f r ~ .  The d&in and -- 

part me 
msed a 
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Just below the professional engineers are the technician 
15 engineers. They require a detailed knowledge of a particular 

technology - electrical, mechanical, electronic, etc. They may leac 
teams of engineering technicians. Technician engineers and 
engineering technicians may work as: 

TesZ/Laboratory technicians: They test samples of the materials 
zo and of the product to ensure quality is maintained. 

Installation andservice technicians They ensure that equipment 
sold by thecompany is installed correctly andcarry out 
preventative maintenance and essential repairs. 

Production planning and control technicians: They produce the 
25 manufacturing instructions and organize the work of production s- 

that it can be done as quickly, cheaply, and efficiently as possible. 

Inspection technicians They check and ensure that incoming and 
outgoing components and products meet specifications. 

Debug technicians They fault find, repair, and test equipment anc 
30 products down to component level. 

Draughtsmeniwomen anddesigners They produce the drawings 
and design documents from which the product is manufactured. 

The next grade are crafismenlwomen. Their work is highly skilled 
and practical. Craftsmen and women may work as: 

25 Toolmakers: They make dies and moulding tools which are used to 
punch and form metal components and produce plastic 
components such as car bumpers. 

Fitters They assemble components into larger products. 

Maintenance fitters: They repair machinery. 

40 Welders: They do specialized joining, fabricating, and repair work. 

Electricians They wire and install electrical equipment. 

Operators require fewer skills. Many operatorjobsconsist mainly 
of minding a machine, especially now that more and more 
processes are automated. However, some operators may have to 

45 checkcomponents produced by their machines to ensure they are 
accurate. They may require training in the use of instruments such 
as micrometers, verniers, or simple 'golno go' gauges. 

Source: Adapted from S. Moss & A.S. Watts, Careersin Engineering, 3rd edition 

Task 3 Combine answers with the others in your group. How many of the jobs listed 
in Task 1 are mentioned in the whole text? 

Task 4 Who would be employed to: 

1 test completed motors from a production line? 
2 6nd out why a new electronics assembly does not work? 
3 produce a mould for a car body part? 
4 see that the correct test equipment is available on a production line? 
5 find a cheaper way of manufacturing a crankshaft? 



6 repair heating systems installed by their company? 
7 see that a new product is safe to use? 
8 commission a turbine in a power station? 

Reading Inferring from samples 

In Task 5 below and in the Listening (Task 7), you are asked to infer from a 
small sample of text information which i s  not clearly stated. Use the clues in the 
samples and the knowledge you have gained from the text Jobs in engineering. 

Task 5 As a group, try to identify the jobs of these workers from their statements. 

1 We perform standard chemical and physical testson samples, usually as 
a result of a complaintfrom inspectorson the production line. Wearean 
important part of production. We have the authorityto stop the line if we 
find something seriously wrong. Ks interesting work, and we'reableto 

5 movearound from testto test and chat. Sometimes,admittedly, thework 
gets a bit repetitive. 

2 All machinistscan b e d i i u t  TheolderMdresespecMlly don't likeme 
tellingthern theirworkisn'tgood enough ancfirtWructing them todo it 
again. Oneortwoof themseemtothinktbins~~~isalwaysoutto get 

lo them. I'm constantly havingtocalm thingsdown. 

3 We measure upthecomponentstoseethattheyarethe right sizeand 
shape, and we rnakeany minoradjustmentsowsePY6s with hand toolsor 
powertools. All along, partswill need adjusting slightlyandyou haveto 
checkthings at each stagewith measuring instruments and gaugeo. YOU 

15 haveto get a feel for it-clearances havetobe just right. Otherwisethings 
won't fit together. 

4 Ifind my joba very satisfying one. It's never easytoseyexactly why one 
likesa job. I think the basicthing I get out of my profession at the moment 
is the creativitythat is involved in design work. You start from square one 

zo with a  lain sheetof ~aoer.You draw acomdonent. You design 
something and perhaps a few months lateriou can seetheend product. 
And you gettoldwhether or not your design works! I think Wsthat aspect 
that Ifind most satisfying. 

Ienioy my job. I really likdoingthesamethmgeveryday-exactlythe 
25 same job. You knowwhatto lookforand howthingsshould be.You know 

howthe machine-orthernachines-run, when a machine is working 
properly and when there is something wrong with it. I really likethe 
routine. I don't have dreamsof becoming a supervisor or anything like 
that. I'm justcontent running my machines. 

6 30 Mycompany makesdesalination equipment. Ittakesthesalt out of sea 
waterso itcan be used for drinking and irrigation. A lot ofourcustomers 
are in the Middle East. I havetogotherewhenever newequipment is 
being set upto makesure it's properly installed and everything is running 
OK. 

Source (quotations 1-5): T. May, People at Work: Workingata ligMenginetNingplant 



Speaking practice Role play 

Task 6 Work in pairs. A and B. Each of you has profiles of three workers in a light 
engineering plant which supplies car electrical components such as starter 
motors. fuel pumps, and alternators. 

Play the part of one of these workers and be prepared to answer questions from 
your partner about your work. Your partner must try to identify your job from 
your replies. 

In turn, find out about your partner. 

Do not give your partner your job title until he or she has found out as much 
information as possible and has made a guess at your occupation. Try to find 
out: 

1 Age 
2 Education 
3 Qualifications 
4 Nature of work 
5 Who he/she is responsible to 
6 What he/she feels about his/her work 

Before you start, work out with your partner useful questions to obtain this 
information. 

Student A: Your profile is on pages 179/80. 
Student B: Your profile is on page 183. 

Listening Inferring from samples 

Task 7 B Listen to these workers talking about their jobs. Try to match each extract to 
one of these jobs. 

a Methods engineer 
b Systems analyst 
c Toolmaker 
d Machine tool development fitter 
e Foreman/woman 
f Applications engineer 



30 Applying for a job 

Task 1 What sort of engineering job do you do at present or would you l i e  to do in 
the future? What are the attractions of the job? Compare answers with others 
in your group. 

Reading Understanding job advertisements 

Task 2 Answer the questions below about this job advertisement. 

/ AAA * castleton ~ i r ~ o r t >  

As a highly successful part of AAA plc, we handled approximately 5 million passengers last year. Further 
expansionof the airport facilities bas created a career opportunity for the following: 

Engineering Technicians 
c.El3,OOO 
In this multi-skilled role you will carry out corrective and preventative maintenance on a variety of 
electrical, electronic, and mechanical plant. You willuse computer-based monito~gsystemsforeffedive 
control, fault diagnosis, and operationof plant and equipment. 

Applicants should have a recognized HNC or National Certificate in Electricall Electronic Engineering 
and have served a recognized apprenticeship. Experience in the operation and maintenance of electro- 
mechanical plant utilizing electronic system control including experience of HVAC plant and systems, 
electronic PLC systems, boiler control systems, positional and electronic speed control systems including 
hydraulics, pumps, and heat exchangers would be desirable. 

This demanding position requires effective communication skills together with a flexible attitude. 

A clean current driving licence isessential. 

Inmtum you canexpect an attractive salaq and benefitspackage. 

Please forward a comprehensive CV to DeniseDickens, Personnel Department, Administrative Block A, 
Castleton Airport, Castleton CS213SL. Closing date for receipt of completed applications is31 December. 

\ 1 
Which company is advertising? 
Where are the jobs based? 
At what professional level are the jobs available? 
Applicants from which branch of engineering are eligible? 
What qualifications are required? 
In addition to qualifications, what must the applicants have completed? 
List some of the areas in which experience is sought. 
Might you be considered for the job without this experience? 
In addition to qualifications and experience, what characteristics should 
applicants have? 
Which non-professional qualification is essential? 



11 What might a benefits package include? 
12 What are PLC systems? 
13 What does HVAC mean? 
14 What is a CV? 

Task 3 Fiona Weaver decides to apply for one of the posts. Study her CV below. 
Answer these questions. 

1 What is her highest educational qualification? 
2 Why do you think the education and experience sections of her CV start with 

the most recent events? 
3 Why does she give two references? 
4 Why has she chosen these people to be her referees? 
5 Why does she include interests and activities? 



Task 4 Study this letter of application which accompanied the CV. What information 
Ioes it add to the CV? 

Speaking practice Role play 

Task 5 Imagine you are Ms Dickens of Castleton Airport. List Fiona's strong points 
and weak points. Plan questions to ask her at her interview. 

Task 6 Now divide into pairs so that you are working with another student. Act out 
the intemiew with one being the applicant and the other the personnel officer. 
You can change Ms Dickens to Mr Dickens and Fiona Weaver to Michael 
Weaver if you wish. 



Writing Writing a CV and letter ofappIication 

Task 7 Study the advertisements on the following pages. Select suitable jobs for 
which these applicants could apply. 

Technician engineer. 27. HNC in Electrical Engineering, with two years' sales 
experience. 
Professional engineer. 3 5, with five years' experience in the automotive - 

industry. 
Design engineer. 42. BSc in Mechanical Engineering, with experience in 
managing projects both in-house and subcontracted. 
Technician, 24. National Certificate in Mechanical Engineering, two years' 
shop floor experience. 
Electrical engineer, 50. HNC, long experience in maintenance of high voltage 
plant. 
Mechanical engineer, 46, HND, experience in maintenance. 
Yourself 

Sinclair is one of the UK's  largest 
private engineering groups, with an 

international reputation. The sealing 
systemsoperation requiresa Technical Sales 

Engineer to sell the world-renowned I 
/ Chesterfield range of products throughout the 

Midlands. 
You should have previous sales and mechanical 
engineering experience with a bias to maintenance 
products and mechanical engineering. 
The successful candidate will ideally be between 30 
and 45 years of age living in the Midlands with a 
mechanical engineering background. 
Thecompany offer a good basicsalary,commission 
and company car. Apply in writing, with full cv to: 
J. FORD 
SlNCLAlR SEALING SYSTEMS LTD. 
16 CANYON ROAD, NETHERTON INDUSTRIALESTATE, 
BIRMINGHAM B2OER Closing date17 December lS- 

SlNCLAlR 1 

PROJECTIDESIGN ENGINEER 
We are a long established medium1 
heavy engineering company (Liverpool 
area) specializing in mechanical 
handling equipment and require to 
appoint a projectldesign engineer for 
our busy drawing office. 
The applicant should be aged between 
28 and 40 and must have a sound and 
practical engineering background. 
Ideally he / she should be a time served 
draughtsperson, capable of running 
projects from initial concept, through 
design and detail including to final 
installation. HelShe should have 
experience in fork truck attachments, 
lifting beams, and conveyor systems; 
must be able to work on hislher own 
initiative and liaise with customers. 
This is an extremely responsible 
position with good prospects for 
further advancement. 
Please reply in writing with full cv in 
the first instance to Box 1383, The 
Herald, Liverpool L1 IQP. 



INTERNATIONAL MECHANICALIELECTRICAL PROJECTS 
f NEG AND GENEROUS BENEFITS 

John Blair Engineering, part of the Nelson 
House Group, isa UKand International leader in 
power and process engineering. Continuing 
success in  gaining new contracts world-wide 
has resulted in  the ongoing growth of our 
Operations Division. This has created oppor- 
tunities for additional Senior Subcontract 
Personnel. 

Your prime responsibilitieswill involve: 

To be successful in  this challenging position 
you wi l l  be qualified to degree level in  a 
Mechanical, Electrical, or Quantity Surveying 
discipline and have 10 years experience at a 
Senior level preferably wi th  a large, successful 
organization. Good communication and inter- 
personal skills are an essential requirement. 

Salary is negotiable at a level attractive t o  high 
calibre individuals and in  addition t o  thecareer 

the award and management o f  prospects you would expect from a Company of 

subcontractors working on major turnkey our stature, we  offer an attractive range of 
benefits, substantial pension provision, free life 

projects; assurance. Dermanent health insurance. and . . 
the administration o f  change control generous relocation expenses where 
procedures; appropriate. 

identification o f  liabilities and risk To apply please send a ful l  cv stating current 
assessment; salary to: Planning and Development Manager, 

cost forecasting; 
John Blair Engineering Limited, Durnbarton 
Road, Clydeside, Dumbartonshire G52 1YA. 

variation management. quoting reference number: 86146112. 

JOHN BLAIR 
C 

~p 

r ~ e n i o r  E l e c t r i c a l  ~ n ~ i n e e a  
A  M A J O R  R O L E  F O R  A  D E D I C A T E D  P R O F E S S I O N A L  

The Semiconductor UK plant at Knutsford covers Qualified to degree level and preferably holding 
over 300.000 s q ~ a r e  feet. over 100.000 s q ~ a r e  profess ona, s t a r ~ s   yo^ w I nave excellent 
feet of wh ch s devoted to c ean rooms We are knowleoqe of and exoerllse n the des~qn of HV 
currently investing some $90 million in new 
equipment and buildingsand the upgrading of 
plant and facilities. 

In this high tech environment devoted to the 
design and manufacture of semiconductors, 
efficient and effective electrical supply and 
distribution systems are essential. We now have 
an opening for a Senior Electrical Engineerto 
takefuil responsibility forthe management, use 
and engineering of the electrical supply and 
distribution on the site. Your expertise wil l  be 
called upon during electrical enhancement, 
upgrades, and maintenance work. You wil l  also 

and LV distribution and control systems, gained 
ideally during yourtime in a manufacturing and 
operationallmaintenance environment. 

This important role carries an excellent salary 
and generous benefits including free private 
health care, life assurance, contributory pension 
scheme, and a progressive relocation package if 
necessary. 

To apply, please wri te w i th  ful l  C.V. to: 
Brian Williamson, Human Resources 
Department, Semiconductor UK plc. Larkspur 
Industrial Estate, Knutsford WA16 8QT. 

have a responsibility for electrical safety and 
energy management conservation. 0 Semiconductor UK 



MECHANICAL FlllER 

PROJECT ENGINEER 
FOR MECHANICAL HANDLING 

We require young, 
enthusiastic people in the 
maintenance department to 
work in conveyoring and 
specialist machinerv for the 
dlass Container industry. 
Applicants should have 
previous experience working 
on a shop floor with 
minimum supervision and 
be willing to workshiftswith 
overtime Annual salarywill 
be not less than f 13.500. 

Pleaseapply in own 
I handwriting enclosing CV to: 

Mn M Ramsay 
GLACIER GLASS 
PACKAGING LTD 
1 Grayshill Road, 
Westfield Industrial Estate 
Bristol BS68 SHQ. 

I (Only applicants selected for 
interview will receive an 
acknowledaement within the 

I next 3 w e e k )  

cf 16,500~ + CAR NEWCASTLE 
Whether customers are looking for induction motors or datacomms technology, the engineers who 

make up our sales team can be confidant that the solution is in our catalogue. As the country's leading 
distributor of electronic, electrical, and mechanical engineering products, wecan supply customers with 
some 40,000different items-all within 24 hours of en order being placed. 

If anything we have even more to offer engineers who would like to build on their expertise in sales. If 
you hit your targets-and we'll give you all the training you need to ensure that you do-you can look 
forward to high earnings and opportunities to develop your career further. 

You'll visit customers in your area, selling them SB products and services, then feeding the 
information backvia written reports, so you'll need to be able to impress decision makers with yourtechnical 
ability, deciding priorities and motivating yourself tosucceed. 

This is a role that calls for proven sales experience and a background in electronic/electricaI 
engineering (HNC essential). Bring us that and we can offer you the environment and scope to achieve your 
ambitions 

All in all, there have never been better reasons to breakout (with or without the box). For more 
information and and application form, please send your full CVquoting ref E530H to Julia Beckeit, Personnel 
Officer. SB Components Ltd, PO Box 26, Retford, Northants NN32 9RS. 

SB Components Limited 

g 



Task 8 Write your CV and a letter of application for one of the posts advertised in 
Task 7. You may invent suitable qualifications and experience if you are still a 
student. 

Technical reading Company structure 

Task 9 
Board 

Managing 
Director 

Plant Industrial 
Manager Engineer 

Manager 

c 
Development Manufacturing QualiIy Marketing Field Service 

Manager Manager I Mal[ , Manager , , Manager 

Fig. 1 

Mechanical Electronic Sofiware 
Section Section Section 
Leader Leader Leader 

Complete the blanks in this text using information from Pig. 1. 
1 

The head of an engineering company in the UK is the or the Chief 

Executive Officer (CEO). If it is an American subsidiary, the head may be known 

as the Vice President. Unless the person at the top is the Chairman of the 

company, or the owner, he or she will be responsible to a . or, in 

the case of a US subsidiary, the President. In turn, the Chairman or President is 

responsible to the company shareholders. 

Inspection Inspection 
Process and Incoming 
Products Goods 

The managers of the various departments which are vital to a company report 

directly to the Managing Director. These managers may be referred to as the 

Management Team. They are required to advise the Director on the 

consequences of any decision made by the Board in terms of costs, personnel. 

materials, t i e ,  plant, etc. They also have to brief the Diector on any matters 



which should be taken to the Board for decision. 

The ' , with the support of the Mechanical. Electronic, and 
1 

Sections, is responsible for the introduction of new products. The 
5 

decides how the new products will be produced. The 
6 

and Industrial Engineer Manager report to this member of the 

Management Team. 

The ' ensures that the products are fault-free and that the 

components and materials used in their manufacture meet company 

standards. The handles market research, promotion, and sales. 

The Field Service Manager is responsible for the installation and maintenance 

of the company's products wherever required. 

The structure shown in Fig. 1 is common to most engineering companies but 
there can be differences in reporting channels. For example, in some companies 
the Field Service Department may report through Marketing, through Quality. 
or even through a separate Product Assurailce and Support Group. 

Although the company structure shows managers for each separate 
department, departments are interdependent. For example, the Development 
Manager would not start the design of a new product without first discussing 
the project with other managers. The design would not be completed without 
regular meetings with other departments to ensure that it fitted the customers' 
requirements, that cost targets would be met without adversely affecting 
quality, manufacturability, and serviceability. These meetings would ensure 
that trained manpower, tooling, documentation, elc.. were in place at the 
correct time for each stage of the product's launch. - 

Task 1t Read the text again to find the answers to these questions. 

1 What is the US equivalent of the Managing Director? 
2 Who is the Chairman of a company responsible to? 
3 Who comprise the Management Team? 
4 In what way might companies differ in structure from the example given? 
5 Which department would advise on whether a new product would meet 

customers' requirements? 



Student A 
Speaking practice 

Unit 4 

Task 7 

Unit 12 

Task 10 Use this text and diagrams to help you. Your partner has the same diagrams 
but without the text. Make sure your instructions are simple and clea- 

It fs importantthat the distanc; between the saddle and the 
handlebars should suit the rider. 

Place the &bow atfhe point of the saddle and stretch out your arm 
and hand. Thedistance between the handlebars and the fingertips 

5 should be approximately 5 cm. If necessary, slide the saddle 
forwards orbackwards after loosenina nuts A. - 
When re-tightening, make sure the saddle remains in an almost 
horizontal position and see that it is properly centred. 

After re-tightening, ensure that the saddle is secured firmly and 
lo cannot be moved. 



This diagram will help you to understand your partner's explanation. 

Unit 14 

Task 6 Complete the missing design specifications. 

Design specifications for a compression spring: 
*working length 1 

'max. outside dia. -, 
~~~~~~~~ cm 

. .  c m  *working length 2 

- ~ 

mean die. 

- 
v- 

*rnin. inside dia. free length 4.80 cm 
1.42 crn 

Material spring steel Type of ends closed and ground 
Wire size 0.250 

Wound L.H. or R.H. ~ ~ ~ ~ ~ ~ ~ ~ ~ 

*Load to be supported at 
working length 1 kg 1 kg T~~~~~~~~ stress relieve 

*Load to be supporled at Finish zinc plate 
working length 2 42kg f ~ ~ k g  

~ ~~~~~~ 

Total number of coils 11 cmlmin. 

Number of free coils ~ ~ ~ ~ 

'Max. solid length 2.600 cm 
Note. The spring diameter may be varied 
within the limits stated. The number of coils 
may be altered if necessary providing the 
conditions starred thus are maintained. 



Unit 18 

Task 13 lndicates 

lndicates 
lndicates spring return 

Indicates 
,: ~ ~ ~ ~ ~ ~ ~ ~~ 

exhaust 

Unit 22 

, 
Symb01 

lndicates 

Task 6 

A A A  I 
v v v  10 

Pitting describes the form of corrosion where localized grains of metal are 
consumed, leaving small, irregular, but possibly deep, holes. 

Although the amount of material removed may be small, the metal may be 
perforated. 

air supply .. 

Galvanic corrosion results where two dissimilar metals are connected in the 
presence of moisture producing an electrolytic cell. The more active metal 
becomes the anode and corrodes away, while the less active will be protected, 

Symbol '. 

Unit 29 

for SAC : 

Task 6 1 Choose from one of these three profiles. 

a Age 

Job title Machine tool development fitter 

Education College of Technology, full Technician's Certificate by day 
release over 4 years 

Duties Works on automatic machines in the machine tool 
development department, one of 1 7  millers, turners, and 
grinders. Responsible for maintenance of machines, making 
jigs, and fixtures for specialist jobs and for building and 
commissioning new machines 

Responsible to Foreman 

Likesldislikes Likes the job because of the variety of work 

b Age 42 

Job title General foremanlwoman 

Education Technical college. City & Guilds Certificate by day release 

Duties Is in charge of 26 people -machine tool operators, tool setters. 
etc. Based on the shop floor. Controls everyday production jobs 

Responsible to Superintendent 

Lies/dislikes Doesn't like having to sack people 



Job title Applications engineer 

Education Technical college. City & Guilds Certificate by day release over 4 
years 

Duties Works in applications department - around 30 people. 
Responsible for liaison between the company and the customer. 
Tries to ensure that the customer's requirements can be met by 
the company's products. Carries out tests on the products and 
sends results to the customer on how the product performs. 

Responsible to Department manager 

Likes/dislikes Gets a lot ofjob satisfaction because he/she gets to see an  end 
result. Finds the systems in the factory a bit cumbersome. They 
can hold up the work of the section. 

2 Your partner is one of these workers: 

Methods engineer 
Systems analyst 
Tool maker 



Student B 
Speaking practice 

Unit 4 

Unit 12 

Task 10 Use this text and diagrams to help you. Your partner has the same diagrams 
but has no text. Make sure your instructions are simple and clear. 

- - 

Acomfortable position is the best test. Different heights and angles 
of the handlebars should be tried until you find the position which I 
most suits you. H 
To adjust the height, unscrew the expander bolt A by three or four 

5 turns. Give a sharp blow to the bolt head to loosen the handlebars. 
Re-tighten once the proper height is obtained. rn 
Make sure the handlebars stem is not pulled too far out of 
tube. Thestem must remain at least 65 mm engaged in thefron 
fork. The grooved part of the expansion slits should not show. 

lo To tilt the handlebars, loosen bolt 8. 

After all adjustments have been made, make sure both bolts are 
firmly secured with the correct tools.The handlebars ahnlrld no 

hen the front w*--' is held firmly between the 



This diagram will help you to understand your partner's explanation. 

Unit 14 

Task 6 Complete the missing design specifications. 

Design specifications for  a compression spring: 

*working length 1 - - 

%ax. outside dia. " 3.45 Cm 

cm *working length 2 
L l  
L 

+ &-- 
mean dia. 

1.67cm 1 ' , i. 

~7~ ~ -L- 

-_ I  
*min. inside dia. 

free length c m  

Specification 
Material spring steel Type of ends ~~~~~~~~~.~~~~ 
Wire size 0.250 

'Load to be supponed at Wound L.H. or R.H. L.H. 

working length 1 14 kg k g  ~reatment 
~~~ . ... . .  

'Load to be supponed at Finish 
working length 2 . . . kg i 2.4 kg 

Total number of coils . . ~ 

Number of free coils 9 

"Max. solid length 2.600 cm 
Note. The sorina diameter mav be varied 
w tn n the l im~tistated Tne nLmber of colls 
may be altered $1 necessaw orov d ng lne 
cono~tlons starred th-s are ma8ntanned 



Unit 18 

Task 13 lndicates 
lndicates Push button 

I 

\Q for S Y ~ ~ O I  3PV 
Indicates - I Svmbol \ 

Z I 
for \ 

\ 

/ -Indicates 
lndicates 
a dead end ~~~~~~~~~~~ 

Spring to push 
piston back 

Unit 22 

Task 6 Demetallification is the effective removal of one metal from an alloy, such as 
zinc from a copperzinc alloy. 

Although the metal remaining after attack retains similar dimensions to the 
original, it lacks mechanical strength and is porous. 

Microbiological corrosion is more often found in hot countries, but it also 
occurs in tanks, such as fuel tanks. Fungus enters through the ventilation 
system or with the fuel and grows inside the tank. This leads to leakage and can 
result in structural failure. 

Unit 29 

Task 6 1 Choose from one of these three profiles. 

a Age 28 

Job title Methods engineer 

Education FE College, Higher National Diploma, (a sandwich course - 6 
months work, 6 months study). University, BSc (Eng) 

Duties Part of a team which plans new components and how they are 
to be manufactured. Also responsible for specifying or 
recommending new equipment and new machines. If there is a 
problem with production or materials used for a project, the 
team has to sort it out. 

Responsible to Production engineering manager 

Likes/disliies Enjoys working as part of a team and solving problems 



Job title Systems analyst 

Education Polytechnic, BA in Business Studies 
Duties Assistant analyst in management services department. Part of a 

team composed of analysts and programmers. When a 
department has a problem, he/she has to analyse it and come 
up with a solution. If it is a solution which can be solved by a 
computer, the team design, write, and test a computer program 
for the problem. If it goes well, the program is put into use. This 
may involve training a 'user' in the new system. 

Responsible to Section leader 

Likesldislikes Enjoys working with so many departments. Doesn't like it when 
a user changes hislher mind about something after hours have 
been spent designing a system. 

Age 23 

Job title Toolmaker 

Education College of Technology, City & Guilds sandwich course 

Duties One of 50 who work in the tool room - fitters, turners, millers. 
grinder, jig borers. Spends time on each kind of machine - 
surface grinders, lathe, mill. 

Responsible to Foreman/woman 

Likesldislikes Likes working with hislher hands.Enjoys getting experience 
with different kinds of machines. 

2 Your partner is one of these workers: 

Machine tool development fitter 
Foreman/woman 
Applications engineer 




