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Descr ibing t echnical
funct ions and
applicat ions

Explaining how technology
works

Emphasising t echnical
advantages

Simplifying and il lust rat ing
technical explanat ions

Descr ibing specif ic
mater ials

Categor ising mater ials
SpeciÍ ying and descr ibing

propert ies
Discussing qualit y issues

Descr ibing component
shapes and features

Explaining and assessing
manufactur ing
techniques

Exp lain ing  j o in t ing  and
f ixing t echniques

Descr ibing posit ions of
assembled components

Working w it h draw ings
Discussing dimensions and

precision
Descr ibing design phases

and procedures
Resolving design problems

Descr ibing t ypes of
t echnical problem

Assessing and interpret ing
fault s

Descr ibing t he causes of
fault s

Discussing repairs and
maintenance

Words stemming from use
allow, enable, permit, ensure,

prevent
Verbs t o descr ibe movement
Verbs and adject ives t o descr ibe

advantages
Adverbs for  adding emphasis
Phrases for  simplifying and

rephrasing

Common mater ials
Categor ies of  mater ials
consist of, comprise, made of, made

from, mode out  of
Proper t ies of  mater ials
Phrases for  descr ibing requirements
Compounds oÍ  resistant
Adverbs of degree

Shapes and 3D features
Words t o descr ibe machining
Phrases for  descr ibing suit abil it y
Verbs and nouns t o descr ibe j oint s

and f ixings
Preposit ions of  posit ion

Views on t echnical draw ings
Phrases related to scole
Phrases related to tolerance

length, width, thickness, etc.
Draw ing t ypes and versions
Verbs for  descr ibing stages of  a

design process
Verbs and nouns for  descr ibing

design  prob lem s

Verbs and adject ives for  descr ibing
technical problems

Words for  descr ibing fault s and
their  sever it y

Phrases for  descr ibing cer t aint y/
uncer taint y

Adject ives with prefixes for
descr ibing t echnical problems

Verbs for  descr ibing repairs and
maintenance

Listening
GPS applicat ions
Space elevators
Advantages of  a new pump
A guided t our
Reading
Space elevators
Ot is l if t  t echnology
Pile foundat ions

Listening
An environmental audit
Specialised t ools
H igh-per formance watches
Reading
Mater ials recycling
Regenerat ive brakes
Kevlar

Listening
A project  br ief ing
Elect r ical plugs and socket s
Metal fabr icat ion
UHP water j et  cut t ing
Opt ions for  f ixing
Clust er  bal loon ing
Reading
Cut t ing operat ions
Flow waterjet  technology
Joint s and f ixings
The f lying garden chair

Listening
A draw ing query
Scale
A f loor  design
Design procedures
Revising a detail
Reading
Superf lat  f loors
Ouer ies and inst ruct ions

Listening
A racing car  t est  session
Test  session problems
Techn ical  help { ine
Tyre pressure problems
A maintenance check
Reading
Air  Transat  Flight  236
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Discussing t echnical
requirements

Suggest ing ideas and
solut ions

Assessing feasibil it y
Descr ibing improvements

and redesigns

Descr ibing healt h and
safety precaut ions

Em phasising  t he
importance of
precaut ions

Discussing regulat ions and
standards

Working w it h wr it t en
inst ruct ions and not ices

Descr ibing automated
systems

Referr ing t o measurable
parameters

Discussing readings and
t rends

Giving approximate f igures

Phrases for  referr ing t o issues
Phrases for  referr ing t o quant it y

and extent
Phrases for  suggest ing solut ions

and alt ernat ives
ldioms to descr ibe feasibil it y
Verbs w it h re. . .  t o descr ibe

modif icat ions
ldioms to descr ibe redesigning

Types of  indust r ial hazards
Types of  protect ive equipment
Phrases for  emphasising importance
Terms to descr ibe regulat ions
Common language on safet y not ices
Language st yle in wr it t en

inst ruct ions

Words t o descr ibe automated
systems

Words t o descr ibe measurable
parameters

Words t o descr ibe f luctuat ions
Words and phrases for

approximat ing numbers

Listening
Simulator  requirements and ef fect s
Lif t ing opt ions
Hole requirements and forming
A project  brief ing
Reading
Mammoth problem

Listening
A safety meet ing
Hazard analysis
Live l ine precaut ions
Safet y t raining
Oral inst ruct ions
Reading
Live l ine m ain t enance
Helicopter  safet y on oil plat forms

Listening
I ntell igent  buildings and automat ion
Monit or ing and cont rol systems
Elect r icit y demand and supply

problems
Pumped storage hydroelectric power
I nternal reviews
Reading
I ndust r ial process monit or ing
Dynamic demand cont rols

Listening
Vehicle design and t est ing
Water rockets
Air  drop problems
Moon landings
Reading
A rocket  compet it ion
Chicken cannon

Listening
Wind t urbine t owers
Tall st ructures
TCV world speed record
The story of  John Paul Stapp
Reading
Wind t urbines fact  f i le
Solar towers
Transpor t  alt ernat ives
The Sonrc Wind tests
The rocket  sled proposal

Explaining t est s and
exper iments

Exchanging views on
predict ions and
theor ies

Compar ing result s w it h
expectat ions

Discussing causes and
effects

Discussing per formance
and suit abil it y

Descr ibing physical forces
Discussing relat ive

per formance
Descr ibing capabil it ies and

lim it at ions

Words to describe test  types
Words and phrases for  st at ing

assumpt ions
Words and phrases for  agreeing and

disagreeing
Phrases for  compar ing expectat ions

and result s
Words for  l inking causes and ef fect s

Adject ives for  descr ibing suit abil it y
and per formance

Words to describe types of forces
foctof c riteri a, c rite rion,

consideration
Words and phrases t o descr ibe

degrees of dif ference
Words t o descr ibe capabil it ies and

l im i t s
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I  Descr ib ing t echn ical  f unct ions I
Iand appl icat í ons

1 a ln pairs,  t hink about  two or three products you use
regular ly and discuss the follow ing quest ions.

\ r

2 a

o What  are t he m ain  f unct ions of  t he product s? ( What  do t hey do?)
o What  are t heir  dif ferent  applicat ions? (What  are t hey used for?)

What  do you know about  Global Posit ioning System (GPS)  devices? ln
pairs,  descr ibe t heir  main funct ion,  and give some examples of  dif ferent

applicat ions of  GPS devices.

)1.1 Paula,  a design engineer  for  a CPS manufacturer ,  is discussing product

development  w it h José , a senior  manager new to t he company. List en t o

the conversat ion and complete t he follow ing notes.

o t he pr imary appl icat ion of  GPS ( l  )
Tracking systems for  (2)
Tracking systems for  (3)

a lar m s
but t ons

o not  t echn ical  innovat ions t he t echnology

Complete t he follow ing ext ract s f rom the discussion w it h words t hat  come f rom use.

1 Then Aou've got  associated applicat ions, - thot  are reloted to

nav igat ing . . .
2 ... t raclsing sAstems Aou can for monitoring deliverg vehicles ...

3 . .. from the end-- point  of view, accuracg is no longer the main selling
point . Most  devices are accurate enough. The keg is to make them more

associat ed  app l icat ions

more creat ive features (4)
( s)
(6)

Un i t  1  Technot ogy in  use
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3 a

4 a

Mat ch  t he GPS app l icat ions ( 1 - 6 )  t o  t he descr ip t ions ( a- f l .

1 t opographical surveying -  a naügat ion and safet 1r  at  sea

2 geot ogical.  explorat ion \  b set t ing out  posit ions and levet s of  new st ruct ures

3 ciüt  engineer ing \  c mapping surhce feat ures

4 avionics equipment  d appt icat ions in m ining and t he oi l  indust ry

5 mar it ime applicat ions e highway navigat ion and vehict e t racking

6 GPs in cars and t rucks f  air  t raf f ic cont rol,  naügat ion and aut opilot  syst ems

ln  pai r s,  p r act ise exp lain ing  t he app l icat ions o f  GPS in  Exer cise 3a t o  a

co l league w ho has l im i t ed  know ledge o f  t he dev ices using  t he f o l low ing

phrases.

used for  - ing used t o useful for  anot her  /  a sim ilar  use

Complete t he follow ing ext ract s f rom the conversat ion by under lining t he

correct  words.

1 ... there's a set t ing on the CPS that  allows/ prevents it  to detect  the

m ov em en t . . .
2 ... an alarm sounds to warn gou, and allows/ prevents the boat  from drif t ing

unnot iced.

3 ... and enables/ ensures that  gou don't  lose t rack of where gou were, which
then enables/ ensures uou to turn round and come back to the same
p o in t  . . .

Match t he words in Exercise 4a t o t he synonyms.

:  makes sure 2 -  I :  perm it s 3 =  SI oPS

Complete t he follow ing ext ract  f rom the user 's manual of  a GPS device

using  t he verbs in  Exercise 4a.  Som et im es,  m ore t han  one answ er  is
possib le.

I n  pai r s,  exp lain  t he m ain  f unct ions and app l icat ions of  a p roduct  m ade

by your  com pany or  a product  you  know  about .  St uden t  A,  you  are
an  eng ineer ing  m anager ;  St uden t  B,  you  are a new  em ployee.  Use t he
language f r om  t h is sect ion  and t he phrases in  t he box.  Sw ap ro les and
pract ise again .

I  see.  5o  . . .  0K.  I n  o t her  w or ds . . .  So  vou  m ean  . . .

The core funct ion of  your  GPS receiver  is t o (1)  you t o locate your  precise
geographical posit ion.  To (2)  -  t he device t o funct ion,  it  receives at  least  t hree
signals simult aneously f rom the GPS constellat ion -  30 dedicated satell it es which
(3)  - receivers can funct ion anywhere on earth. To (a)  - ext remely precise
posit ioning and (5)  errors f rom occurr ing due t o external factors,  t his device is
designed t o receive four  separate signals ( see enhanced system accuracy on page 18) .

Un i t  1  Technology in  use



I  Expt ain ing how  t echnology w orks

6 a

b

ln pairs,  look at  t he picture and discuss t he follow ing quest ions.

o How  do you  t h ink  a space elevat or  w ou ld  w ork?
.  What  cou ld  i t  be used f or?
.  What  t echn ical  chal lenges w ou ld  i t  f ace?
o How  ser iously  do you  t h ink  t he concept  of  space elevat or s is

being  t aken  at  p resen t ?

Read the follow ing ar t icle and compare it  t o your  answers in
Exercise 6a.

lN his 1979 novel,  I he Fount ains of  Paradise,  Ar t hur  C
Clarke wrot e about  an elevat or  connect ing t he ear t h 's
sur face t o space.  Three decades lat er ,  t h is science-
f ict ion concept  is prepar ing t o t ake ot f  in t he real wor ld.
NASA has launched t he Space Elevat or  Challenge,  a
compet it ion w it h a generous pr ize fund,  and several t eams
and companies are working on ser ious research proj ect s

aim ed  at  w inn ing  i t .

As it s name suggest s,  a space elevat or  is designed t o
Í aise t h ings int o space'  Sat e| | i t es,  component s Í or  space
ships,  supp| ies Í or  ast ronaut s t n space st at ions,  and
even ast ronaut s t hemselves are examples of  payloads

t hat  cou| d be t Í anspor t ed j nt o orbit  w it hout  t he need

Í or  expI osive and environment aI ly unÍ r iend| y rocket s.
However ,  t he alt i t ude of  orbit al space -  a colossal 35,790
km above t he ear t h -  is a measure of  t he challenge facing
engineers.  How could such a height  be reached?

The answer  is by using an incredibly st rong and
light weight  cable,  st rong enough t o suppor t  i t s own
weight  and a heavy | oad'  The design oÍ  such a cab| e is
st i l l  largely t heoret ical.  This would be at t ached t o a base
st at ion on ear t h at  one end and a sat el l i t e in geost at ionary

orbit  ( l ixed above a point  on t he equat or )  at  t he ot her .  Lif t
vehicles would t hen ascend and descend t he cable,
powered by e| ect romagnet ic Í orce and cont rol| ed
remot elv.

C Mat ch  t he verbs ( l  - 9)  f r om

1 connect ing

2 raise

3 t ranspoÉ ed

4 suppor t

5 at tached

6 ascend

7 descend

8 powered

9 controlled

t he t ext  in Exercise 6b t o t he def in it ions ( a- i) .

a carried (objects, over a distance)

b hot d somet hing f irmt y /  bear  i t s weight

c cl imb down

d provided with energy /  moved by a force

e j oin ing

f driven /  have movement  directed

g f ixed

h ct imb up

i t if t  /  make something go up

Space Elevgfors

qble is signií cont .
o To (2)  - its own weighf, ond be securely (3)  _________ o.!

each end,  cable would need phenomenal st renqt h_t o_weight  rat io.  _
.  How could vehicles be ( 4)  _ int o cable?
.  Self -cont aine4 slt ergv source problemot ic,  due t o weight  ( heavy fuel ol

_ bat fer ies required t o ( 5)  _ vehic
^ )  L ^  l \  I  r  r  \cu  t u  \ ) /  Ven l c l e . ) .

c Two possible ways round problem:

_* : yt . l" r : , r , ry - , r " l .  ut  fechnique only ot  research st age.
z , ' o l a r  p o w e r . Bu t  w o u l d  

" " t y  
o t u f f i o * t y .  N o t

y: t t : : ! ! : f b lem, as cor  could bu ,or t rol lJ ,u, rot n ly- t b-kq f t  f "Yllg ,t :

7 a Jam es,  an  eng ineer ,
is giving a t alk on
space elevators.
Complete his notes
using t he correct
form of  t he verbs
( l - 7)  in  Exercise

6c.

Un i t  1  Technology in  use
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) t .Z t ist en  t o  par t  o f  Jam es' t alk  and check your  answ ers in  Exercise 7a.

What  k inds of  w ord  are m issing  f r om  t he not es? ln  pai r s,  com pare t he
aud ioscr ip t  on  page 86 w i t h  t he not es in  Exercise 7a.

Som e space elevat or  designs propose an  of f shore base st at ion .  I n  pai r s,
d iscuss how  such  a syst em  m igh t  w ork  using  w ords in  Exercise 6c.  What
advantages might  an of fshore base have compared w it h a land base?

) t .3  Jam es goes on  t o d iscuss of f shore base st at ions.  List en  t o t he t alk  and
answ er  t he f o l low ing quest ions.

]  How  w ou | d  an  oÍ f shore base st at ion  be suooor t ed?
2 What  w ou ld  t he f unct ion  of  i t s anchors be?
3 How  w ou ld  pay loads reach  t he base st at ion?
4  Wh at  p r ob lem  w ou ld  a  m ob i l e  b ase st a t i on  h e lp  t o  p r ev en t ?
5 What  w ou ld  t he procedure be i f  t here w as an  aler t ?

You are m em bers of  a space elevat or  r esearch  t eam  design ing  a concept
f or  of f shore base st at ions.  ln  pai r s,  analyse t he not es below ,  w h ich  w ere
m ade dur ing  a br ief ing  g iven  by  your  m anager .  lm ag ine you  are g iv ing  a
presen t at ion .  Beg in  by  r ead ing  ou t  t he abbrev iat ed  not es in  f u l l .

* \ . . \  \  \  L \  \  L \ r  L  r  r  r  r  r  r  I  I  r  r . r = l - L- t

. . . . . . .  Ú f  3  o  3 l3  e 0  Ü 0  0  o  t  t  o  |  | J
oFF6HoR' É AsE 6TA.t1oN - AN'HoR| NG a?w?uL6l0N l56uÚ6
Anchoring ayatom

ulind loads on Lable vr ill be huge. ulhat  implicaiions for anchoring slstom?
É ase Will n?,od lo bg movod cont inuall1, somet imes urgent l1. vr lhat  tomp
system could be ussd to hold bass in posit ion?

9a*  in shallow watgr near coasi, or deep waler further offshorg? óhoice will
have impact on dosign oÍ  anchor s1stem.

?ropulsion ststem

\ ^ lillWeight  oÍ  cab\ e allow base to bs moved b1 own ProPollors? Or more
powerful 5.í 5t9m for propulaion and cont ro|  noc.? o.g. ertern' power source?

! n  pai r s,  d iscuss t he quest ions raised in  t he not es and t h ink  of  som e su i t ab le
solu t ions f or  t he anchor ing  syst em  and t he propu lsion  syst em .  At  t h is st age,
t hese shou ld  be overal l  concept s,  not  det ai led  designs.  Rem em ber  t o  m ake
notes.

ln  sm al l  g roups,  t ake t u rns t o  g ive a shor t  t alk  using  your  not es t o  exp lain
how  t he syst em s w ork ,  in  general  t erm s.  lm ag ine you  are speak ing  t o a sm al l
g roup of  co l leagues,  includ ing  your  m anager .

w r i t e t w o or  t h ree paragraphs t o sum m ar ise your  t alk .  These w i l l  be included
in your  manager 's longer  repor t  on of fshore base stat ions.

8 a

9 a

Un i t  1  Techno logy  in  use
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a decreases

b bet ter /  the best

c improved

d standard, usual

e gets rid of

f  has low  energY consumPt ion

Complete the follow ing text  using the correct

form of  t he words (1-6)  in Exercise I  I  b' You

will need to use some words more than once'

in  t he hoist w aY.  Th is

enhanced t echnologY

reduces bu i ld ing  and

system operat ing cost s,

and f r ees up valuab le

space.

: :p; ff:Y nar berts, ,,0; ; ; ; ; ;m

I  Emphasising t echn ical  advant ages

ln pairs,  discuss t he t erm technical advantage'

Give some examples of  t echnology you are

f am i l iar  w i t h .

Read t he f irst  ParagraPh of  some

promot ional l i t erature f rom Ot is,  a leading

elevator  company. What  is t he Gen2"  system?

b t vtat ct r  t he words ( l -6)  f rom the text  in

Exercise l l a to the sYnonYms (a-0'

1 convent ional -
2 elim inates \
3 super ior  \
4 energy-eff icient  \

5 enhanced

6 reduces

d I n pairs,  summar ise t he advantages of  t he f lat  belt  system. Discuss

durabil it y,  wear ,  noise,  space' cleanliness' ef f iciency' automat ion'

m ain t enance and cost .

10 Un i t  1  TechnologY in  use

ilHlillililiuing pu,.r' in th."; ffi; ,T# .

t liilt iügl; ; :öm# -; :-
.d;É ,x H, Hli.űJ [ J,üi Jff { lj il'. u to *  t i,u r r vt.-t., tffi ,.?ffil jn l'iff il ;1,.'nm at n t enance personnel  f or

;* ; - ff ilT ffi ; ; : í ': fi ? jJ; : ll'''
sYstem that  1a) -  ih.  * .d f r_ 

-

lTili,',liT; ,: ,,': lT ; :T*  ; . il i. #  ; ln om ica r

At  t he hear t  of  t he Gen2ru elevator  system

is a Í | at  be| t  ( deveI oped by  and un ique t o

Ot is) .  l t  is lust  3m m  t h ick .  Yet  i t  is st r onger

t han  conven t ional  st eel  cab les.  l t  last s up

t o t h ree t im es longer .  And i t  has enab led

Ot is t o  com plet ely  r e- inven t  t he elevat or '  The

f lat ,  coat ed- st eel  bel t  t o t al ly  el im inat es

t he m et al { o- m et al  ef f ect  o f  conven t ional

syst em s.  Coup led  w i t h  a sm oot h - sur f ace

crow ned m ach ine sheave,  t he resu l t  is

except ional ly  qu iet  operat ion  and super ior

r ide com f or t .  Fur t herm ore,  t he Í | ex ib | e Í lat

bel t  enab les a m ore com pact ,  energy-

eÍ f icien t  m ach ine,  w h ich  can  be con t ained
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7 2 a Complete t he follow ing t ips on emphasising t echnical advantages using t he
words in t he box.

convent ionat  et iminated enhanced reduced superior

When descr ib ing  t echn ical  advan t ages,  i t ' s usef u l  t o  em phasise . . .

a ( l ) - p e r f o r m a n c e , c o m p a r e d w i t h t h e o | d e r m o d e | o f t h e s a m e
product .

b n e g a t i v e i s s u e s t h a t h a v e b e e n ( 2 ) - , o r c o m p | e t e | y
( 3 ) _ .

c special features t hat  dif ferent iate t he t echnology f rom (4)

sysrems.
d p e r f o r m a n ce | e v e | s t h a t m a k e t h e t e ch n o | o g y ( 5 ) - t o t h e

com Det i t ion .

) t . l Stefan,  an engineer ,  is br ief ing some sales colleagues on t he advantages
of  a new pump design.  List en t o t he br ief ing and match t he t ips (a-d)  in

Exercise I  2a t o t he ext ract s ( l -4) .

Ext ract  I  -  Ext ract  2 -  Ext ract  3 -  Ext ract  4

Complete t he follow ing sentences f rom the br ief ing by under llning t he correct
em phasising  w ord .

1 We've come up with a completelg/significantlg unique profile.

2 lt completelg/dramaticallg reduces vibration.
3 Machines lilse these can never be ent irelg/ highlg free from vibrat ion.
4 The new design runs dramaticallg/extremelA smoothlA.
5 Another advantage of the new profile is thot it 's consideroblg/entirelg lighter.

6 So compared with our previous range, it 's highlg/ totallg efficient.
7 Trials so far suggest the design is completelg/exceptionallg durable.
8 We expect it to be entirelg/significantlg more reliable than rival units.

Match t he words in Exercise 12c t o t he synonyms.

considenbly dnmat ically ent irely except ionat ty highty totat ty

I  - l -  : c o m p l e t e l y

2  - l -  :  si g n i f i can t l y

3  - l - :  e x t r e m e l y

You are Ot is engineers back in t he l85Os, when elevators were new.
ln pairs,  prepare a shor t  t alk t o br ief  your  sales colleagues on t he
advantages of  elevators for  l if t ing people and goods.  Emphasise t he
point s below using t he phrases and t echniques f rom this sect ion.
Remember t hat  people at  t his t ime are scept ical about  t he t echnology.

Elevat or s are . . .

o  saf e -  a r el iab le brak ing  syst em  el im inat es t he danger  of  a car  f al l ing
i f  a cab le f ai ls

o sim p le -  t hey ' r e con t ro l led  f r om  t he car  and are very  easy t o operat e

o conven ien t  -  t hey ' r e easier  on  t he legs t han  t he conven t ional
alt ernat ive ( stairs)

o valuab le -  t hey  enhance t he value of  land by  al low ing t al ler  bu i ld ings
on  sm al ler  areas

1 3

Unit  1 Technology in use 1 1



I  Simpl i f y í ng and i l [ ust rat ing t echnical
explanat ions

t 4 a ) r . l Richard, a st ructural engineer,  of ten takes clients on guided tours
of  t heir  new buildings dur ing const ruct ion. He is talking about  explaining
technical concepts to non-specialist s.  Listen and answer the follow ing
quest ions.

I  What  does Richard say about  explain ing t echn ical  concept s?
2 What  does he mean by du l /  exp lanat ions?
3 What is being patronising?

b ln pairs,  t hink of  some t ips on how to solve the follow ing probtems.

I  not  being understood

3 exp lain ing  d i f f icu l t  concept s

15 d Richard has made notes for  a
guided tour of  a sit e.  The project
is a skyscraper in the ear ly
stages of  const ruct ion. Dur ing
the tour he explains the technical
terms to the non-specialist  group.
ln pairs,  discuss the follow ing
terms and t ry to interpret  t hem
using everyday language to
rephrase t hem.

2 being pat ron ising

4  sou n d in g  du l l

C ) r .o Richard is giving some advice about  the problems in Exercise l4b.
Listen and summarise his ideas. Compare his t ips w ith your suggest ions.

SUBSTRUCTURE

Pi/e foundations (in generaD

Bored in situ concrete pi/es

Pre-cast driven concrete pi/es

Pi/e driver

7/e auger

Bentonite

) t . l Rict rara is giving a tour of  a const ruct ion sit e.  Listen and make notes
of  his explanat ions of  t he follow ing technical t erms. Compare your ideas
with his.

I  t he subst ructure the.e* r t . -of . t h.e.5tvract$re. 5 pre-cast  piles

be! p . w . 9 ! , . q ! ^ 14 . . . . . . . . . . . . . . . . . . . .  6  t o  d r i ve in  ( a p i le)

a p i le f oundat ion
to bore (a pile)

in  si t u  concret e

2
3
4

7 a p i le dr iver
8 a p i le auger
9 bentonit e

T
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Listen again and compare Richard's explanat ions w it h t he t ips in Exercise

l4c.  Which t echniques did he use? Were t hey successful?

Complete t he follow ing t able using t he words in t he box.

basicat ty (x2) ca[ [  effect ivety essent ially imagine other
picture refer sinrpk simply

Funct ion Words /  Phrases

1 Simpt i[ r ing t he language 1n sinple t erms /  put  /  in -words f  -

2 Simpt ifoing t he concept  /  -  /  -

3 Focusing on t echnical t erms what  we /  what  we -  t o as

4 lltust rat ing with images if  you - /  if  you

ln  pai r s,  p ract ise exp lain ing  t he t echn ical  t erm s in  Exercise l5a using  t he

sim pl i f ied  w ords and phrases in  Exercise l5d .

Read t he t extbook descr ipt ion of  two t ypes of  pile foundat ion.  Use t he words

and phrases in Exercise l5d and t he follow ing notes t o rephrase it .

Like statrráitg
stilts i\  warfev

From a st ructural perspect ive, pile foundat ions can be divided into

two categories:  end-bearing piles and frict ion piles.

End-bearing piles are driven or bored through soft  ground in order

to at tain f irm subst rata below. The pile then t ransmits load vert ically
o\  

to f irm subsoil or bedrock. The soft  ground surrounding the sides of

the pile is st ructurally redundant .

Frict ion piles counteract  downward loads from the st ructure

through frict ional resistance between the sides of the pile and the

surrounding ground, and do not  therefore rely on f irm subst rata. I n

luaargile ar leg some cases, the diameter of the concrete at  the pile's base is widened
a,| \ ) , é \  Poo|  by compact ion, allowing the increased area to give the frict ion pile a

certain degree of end-bearing resistance.

You are show ing a non-special ist  v isit or  around your  company and explain ing

t echnical concept s using simplif ied language.  I n pairs,  pract ise explain ing a

product  or  t ype of  t echnology t hat  you are famil iar  w it h.

lmargirne wartev
at \ á the sea| beL

Like ar h4il i\

woo)t

1 7
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UNIT 2
a

a

o

Describing specif i c materiats
Categorising materials
Specifoing and describing
propert ies
Discussing quat ityr issues

ln  pai r s,  d iscuss t he benef i t s and prob lem s of
recycl ing .  Use t he f o l low ing exam ples and your  ow n ideas.

breaking up ships demol. ishing buit dings recycling elect ronics scrapping cars

Read t he f o l low ing w eb page and com plet e t he m issing  head ings using  t he
w ords in  t he box.

Aluminium Copper Gtass Plast ic Rubber 5tecl Timber

T

-  Descr ib ing speci f ic mat er iat s

2 a

1 í í E c Y c L AB LE Li!ÁÍ  E Rl ALs
t  Sfeel Scrap can be sor t ed easily using magnet ism. l f  t he met al is galvanised ( coat ed

w it h zinc)  t he zinc is Í u| | y recyc| ab| e'  | Í  i t  is st ain| ess st ee| ,  ot her  met a| s m ixed w it h t he iron,
such as chromium and nickel,  can also be recovered and recycled.  rE

2 -  Soding is cr it ical,  as t here are key dif ferences bet ween t he clear  and coloured
mat er ial used in bot t les and Jars,  and t he high-grade mat er ial used in engineer ing
applicat ions,  which cont ains t races of  met als.  y

3 -  Scarcit y makes recyc| ing especia| ly desirab| e,  and j ust iÍ ies t he cost  of  removing insulat ion
Í rom e| ect r ic w ires,  which are a maj or  source of  scrap.  Pure met a|  can also be
recovered f rom alloys der ived f rom it ,  not ably brass ( which also cont ains quant it ies of  zinc,
and of t en lead)  and bronze ( which cont ains t in) .  t -

4 -  The cost  of  melt ing down exist ing met al is signif icant ly cheaper  t han t he
energy- int ensive process of  elect rolysis,  which is required t o ext ract  new met al f rom ore.  rE

5 -  Hardwood and sof t wood can be reused,  However ,  t he f requent  need t o
remove ironmongery and saw or  plane of f  damaged edges,  can make t he process cost ly.  y

6 -  Tyres are t he pr imary source oÍ  recyc| ab| e mat er ia| .  These can be reused who| e
in cer t ain applicat ions.  They can also be ground int o crumbs which have var ied uses.  y

7 -  An obst acle t o recycling is t he need t o son wast e careful ly.  While some t ypes
can be melt ed down for  reuse,  many cannot ,  or  result  in low-grade mat er ial.  y

7 4 Un i t  2  Mat er iat s t echnology
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Match t he mater ials f rom the web page ( l-8)  in Exercise 2 t o t he

def init ions (a-h) .

1 stainless steet .,'' a a metal used to make brass, and in galvanised coat ings on steel

2 zinc I  b the predominant  metal in steel

3 iron \ c a \ rpe of steel not  needing a protect ive coat ing, as it  doesn't  rust

4 bronze

5 lead

6 hardwood

7 ore

8 softwood

d a dense, poisonous metal

e rocks from which metals can be extracted

f an a[ [ oy made from copper and t in
g t imber from pine t rees

h t imber from deciduous t rees

Compf  ete t he follow ing sentences using f rom, w it h or  of  .

I  Bronze con t ains sign i f ican t  am ount s o{  copper .

2  Calvan ised st eel  is st eel  coat ed - zinc.

3  St eel  is an  al loy  der ived -  i r on .

4 Pure m et als can  usual ly  be recovered -  al loys.

5 To produce st ain less st eel ,  i r on  is m ixed ot her  m et als.

6  St ain less st eel  con t ains quan t i t ies chrom ium  and n ickel .

7  Glass t ab lew are con t ains t r aces -  m et als,  such  as lead.

8 When new  m et al  is ex t r act ed  ore,  t he cost s can  be h igh .

ln pairs,  ask and answer quest ions about  dif ferent  mater ials using t he

follow ing phrases.

3 a lr ina,  an ecological adviser ,  is

t alking t o a group of  engineers

on  a t r ain ing  course abou t

environmentally f r iendly design.

ln pairs,  discuss t he ideas

f rom her  slide and give some

examples.

Appl icat ion
I  elect r ical  w ires in  veh icles
2 ext ernal  w al ls in  houses

) z. t  List en t o an ext ract  f rom the t alk and compare your

ideas w it h what  lr ina says.  What  example does she use t o

i l lust r at e her  m ain  poin t ?

)z.z lr ina asks t he engineers t o do a simplif ied

environmental audit .  Their  t ask is t o compare steel and

aluminium car  bodywork f rom an ecological perspect ive.

Listen t o Sophia and Pete,  two of  t he engineers,  discussing

the t opic and make notes of  t heir  ideas.

ln pairs,  do an environmental audit  for  t he follow ing

applicat ions and mater ials.  Use t he words and phrases in

the box.

Mat er ials
copper  an d  a lu m in iu m
bricks and sof twood

as far  as I  know . . .  I  t h ink so /  I 'd say so I 'm  ( not )  sure
t hat s an impor t ant  considerat ion t hat  needs t o be researched

coat ed der ived mixed recovered recycled



-  Cat egor ising mat er ials

5 a

b

deceí erat ion.  and stores it  as a
source of  power for  subsequent
accelerat ion.

Regenerat ive brakes lim it
t he energy loss inherent  in
t radit ional braking systems. I n
most  vehicles.  convent ional
brakes compr ise pads
previously made f rom asbestos-
based composit es,  but  now
consist ing of  compounds*
of  exot ic.  non-hazardous

4 ceramics

5 al.Loy

6 non-met all ic

7 polymers

What  do you know about  braking systems? I n pairs,  discuss t he follow ing
quest ions.

I  Ceneral ly  speak ing ,  w hat  do brakes do and how  do t hey w ork?
2 What  k inds of  m at er ial  are used in  b rake pads and brake d iscs in  d i f f eren t

veh icles?

Read the ar t icle on braking systems. I n t he t it le of  t he ar t icle,  what  do t he
colours green and red refer  t o?

I n pairs,  answer t he follow ing quest ions.

I  Why do m ost  b rak ing  syst em s w ast e energy?
2 What  are r egenerat ive brak ing  syst em s,  and how  do t hey save energy?
3 What  charact er ist ics are r equ i r ed  of  m at er ials used f or  t he brakes on  racing  cars?
4 What  is m eant  by  heat  soak,  and w hy is i t  a p rob lem  in  r acing  cars?

GREEN BrÜAKEs
-  A RED HOT TOPI C I N MOTOR RACI NG
As motor  racing goes green, mater ials,  and discs made of
Formula I  is aiming t o lead feÜous metal.  The result ing
automot ive research in f inding f r ict ion generates heat ,  which
hi- t ech ef f iciency gains.  One is wasted.  I n per formance cars,
of  t he keys t o t his ecological t his phenomenon is t aken
dr ive is regenerat ive braking t o ext remes, and due t o t he
(also known as kinet ic energy high t emperatures generated,
recovery) ,  which recovers brake discs are of t en made out
energy generated dur ing of  ceramics.

The carbon discs and pads used
on Formula I  cars generate
so much heat  t hat  t hey glow
red hot .  High t emperatures
are,  in fact ,  necessary for  t he
ef fect ive operat ion of  carbon
brakes.  But  t here3 st i l l  plent y
of  potent ial for  recover ing t he
kinet ic energy,  rather  t han
mere| y dissí pat ing it  í n t he
form of  heat .

The potent ial for  recover ing
energy also extends t o t he
heat  generated by engines
and exhaust  systems. This
area has also been discussed
as a oossible area for  future
exploit at ion in motor  racing.
Heat  recovery might  of fer  t he
added benef it  of  reducing
heat  soak í t herma|  absorpt ion
by t he chassisf  as delicate
alloy par t s and sensit ive non-
metall ic mater ials,  such as
polymers,  are suscept ible t o
heat  dam age.

C Mat ch  t he m at er iat s f r om  t he t ex t  ( l - 7 )  t o  t he descr ip t ions ( a- g ) .

1 compounds 1 a mat er ials t hat  are not  met al

2 exot ic \  U iron and steel\
3 fer rous \  g combinat ions of  mat er ials

d mixture of metals

e plast ic materials

f minerals t ransformed by heat

g rare or  complex

I
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ln pairs,  t ake t urns t o descr ibe an object  using t he words f rom Exercise 5c
and t he phrases in t he box.  Ask your  par tner  t o guess what  it  is.

compr ise consist  of  made f rom made of  made out  of

6 a You are going to give a talk on composites technology at  a const ruct ion
mater ials t rade fair .  I n part  of  t he talk,  you focus on reinforced concrete
as a well-known example of  a composite mater ial.  Prepare your talk using
words and phrases f rom this sect ion and the follow ing notes.

hmposite materials

(ammon etample: reinforced concrete (very widely used composite)

Lement (derived fron lime)

ftgregate - f: i: r: fgrrg"te (und) +  clarse aggregate (qravel or crushed

Water +  chemical additives (e.9. plasticiser to improve w1rk^ bility)

kinforcement (steel barq fixed together with steel tie wirQ

ln small groups,  t ake t urns t o give your  t alk.

Margit ,  a sales engineer ,  is descr ibing a
high-volt age cable.  Before you list en,  label
t he cross-sect ion w it h t he par t s (a-e) .

a in su lat ion
b w at eroroof  membrane
c out er  j acket
d armoured prot ect ion 2

e conduct or

)z3 t isten to the descr ipt ion and
check your answers in Exercise 6c.

Match the part s of  t he cable (a-e)  in
Exercise 6c to the follow ing categor ies of
mater ials ( l -5) .  You w ill need to use some part s more than once.

non- m et al l ic at  4  non- f er rous m et al

b

c

I
2
3

m et al l ic
fer rous metal -

5  polym er - based

I magine you are present ing a product  or  appliance you know well t o a
potent ial client .  Descr ibe the categor ies of  mater ial used to make the
dif ferent  part s.

Unit  2 Mater iat s t echnology t 7



I  Speci f y ing and descr ib ing proper t ies

8 a

b

9 a

I n  pai r s,  d iscuss w hat  you  know  about  t he proper t ies of  Kev lar@ and how  i t

i s u sed .

Read t he follow ing ext ract  f rom DuPont '" 's t echnical guide t o Kevlar@.

Com pare t he in f orm at ion  w i t h  your  ideas f r om  Exercise 8a.

\ ^ / HAT I S KEVLAR,@?
Dt rPont Í l '1  KEVLAB@ is an orgar r ic f iber
in  t he arornai ic polyanr ide f anr i { y .  The

lu n iqu e p r oper t ies an d  d ist in ct  ch em ical
Co | - 1pos| Llon  o t  KEVLÁRe d ist in g t r i sn
i t  Í rom  ot her  cot - , r t l lercia] '  t l lan  n lade

Í iber s'

KEVLAR@ has a un ique conrb inat ion
o f  l ' r r gh  n r odu iu s,  t ou gh n ess,  ab r asion
r esr st an ce ar ' cr  I l r er n r a l  st ab i l  t y .  l t  r , vas

developed f or  der -nanci ing indust r ial

ar ld  advan ced - t ech n o logy  app l r cat ion s.

Cur rent ly .  r rany t ypes of  KEVLAR@ are
p r oclu ced  t o  r r r eeT a o r oad  r i r n ge o f  en d
u ses t h at  r equ i r e st r on g ,  l t gh t w er gh t .

cl t i r ab le r r at er ia l s.

DuPont "  and Kevt ar@ are reg ist ered t r adem arks or  t r adem arks of  E. I . du  Pon t  de Nem ours Com pany or  i t s af f i t iat es

Find  w ords in  t he t ex t  in  Exercise 8b  t o m at ch  t he f o l low ing def in i t ions.

1 f oraghness :  t he opposi t e of  f r ag i l i t y

2 -  :  r esist ance t o dam age caused by  f r ict ion

3 - : r e S| St a n c e t o p r o b l e m s c a u s e d b y t e m p e r a t u r e c h a n g e
4  - :  l o n g - l a s t i n g

5 -  :  t he opposi t e of  heavy

Mat ch  t he au t om ot ive par t s ( l  - 5)  t o  t he descr ip t ions ( a- e) .

t  drive belts a sheets inserted between parts to prevent  gas or f luid leakage

2 brake pads b pneumat ic envelopes in contact  w it h t he road sur face

3 t yres c f lexible bands used in t ransmission systems

4 sealing gasket s d protect ive barr iers capable of  resist ing gunshots

5 but let - resistant  armour e pads pressed against  discs t o induce deceterat ion

Read t he in f orm at ion  f r om  DuPont 'u  on  t he f o l low ing page exp lain ing  som e

of  t he au t om ot ive app l icat ions of  Kev lar@.  Com plet e t he t ex t  using  t he

automot ive par t s in Exercise 9a.

Copyr igh t  DuPon t  de Nem our s
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Car  and t r r - r ck  ( 1)  -  have rncorporat ed

Kev lar@ in t o t hei r  const ruct ion  because i t  o f f er s
< r  r n o r l _ r  n r  r t a i r  r r a  e h r r c r n 'J u f r c  v  p u l  l v ( u  o .  o u l o o l u  l  O  r U  l H O l  ' g ) l ) i O l  ! 8 ,

T h e  h r g h  | n o d UI US an c j  ab Í aS| o l l  r es| St a l l ce  o f

Kev lar @ help  ( 2 )  r et ain  t hei r  o r  g inal

c , h : n p  an . l  l p r r c r n n  n \ / Ar  l h e  t T l r l l r g p t  Ot

r evol r r t , cr r t s t l t eu  no t h rougn  over  lhe l i t espan  o{
a venrct e.

The f r ict iona|  Í or ces t hat  ( 3)  -  are designed
t o  en d u r e  t ak e  l ess o f  a  t o l l  o r r  t l \ o se  n ' d d e w r t i r

Ker r lar@ pu lp .  The enhanced t hern ral  st ab i l i t y

and inheren t  abrasion  resist ance of  Kev lar iS

al lo lv  t hern  t o  last  lo i ' r g  and st op  t he r r el r icle
saÍ e| y  and qr t iet ly .

Kev | ar@ prov ides an  eÍ Í ect l r le '  1 igh t w eigh t
( 4)  -  so lu t ior r  f or  r . 'eh r cies t hat  r equr re
prot ect ion  agains{  bal l ist ic at t ack .  al low ing cars
and l igh t  t r ucks t o  r et ain  m ost  of  t hei r  or ig inal
hand i ing  charact er ist ics.

Ch er n r c. r l  st a i l i i i t \  a1 o  l l r e !  ! a '  sl aD, l ' i )  r e i o

m ake ( 5)  r ein Í or ced w i t h  Kev iar@ pu lp

st r ong ancj  durab le.  The gaivan ic cor rosion
resr st ance of  Kev lar '@ also con t r ibu t es t o
i r nproved iong t ern r  engrne per f onrance.

ln pairs,  discuss why t he proper t ies of  Kevlar@ are especially important  for
each  app l icat ion  descr ibed in  t he t ex t .

)Z.q Listen t o a conversat ion about  t he proper t ies of  mater ials used in a

specif ic t ype of  t ool and answer t he follow ing quest ions.

1 Where does t he conversat ion  t ake p lace?

2 What  t oo l  is being  d iscussed?
3 Which  m at er ials can  be used f or  i t s d i f f eren t  oar t s?

Complete t he follow ing ext ract s f rom the conversat ion using t he proper t ies

in Exercise 8c.  List en again and check your  answers.

1 The handle mustn't  be heavy.  ldeallg,  Aou wont  it  t o be
2 Resist ing  f r ict ion  is essen t ial .  The keg requ i r em ent is -

5 The bur  has t o be built  t o last .  Obviouslg,  t heg need t o be verg
4 Heat  bu i lds up  in  t he bur .  You  need o good degree of  -

Match t he words and phrases (  |  -5)  f rom Exercise |  0b t o t he synonyms
( a- e) .

1 ideal.ty
2 obviously
3 t he last  t hing you want
4 t he key requirement

5 a good degree of

a ií s clear that
b for the best  results

c t he most  important  fuctor
d a lot  of l a high t evel of
e the worst  situat ion

a You work for  a manufacturer  of  . , - \

hand tools and have ; ; ; '; ; n*  a Harprme's a!  Joi're"s' hatmme's ( tov rat t ls)

invest igate using alternat ive materials 
ro)  Ltau'rp hatwrmets ( fov uaatsorrvy chisels)

in your products. ln pui.., ."uá t r '"  
- - 

Co\ siáev the harr"rmer heotA at \ A the harmwrev shart | .

notes and discuss t he main proper t ies Satws a|  Wooá Sarws (€ov cta| t ir rg wooá)

required of the materials used to make b)  Harcksarws ( fov craff irrg uaetat l)

the too| s. Coqsiáev | he satw b| oA,e aú O, | v\ e sarw hatr,tále o" €varrre.

Th ink  of  a p roduct  you  know  w el l .
ln  pai r s,  d iscuss t he m at er ials used in  i t  and w hat  p roper t ies m ake t he
m at er ials su i t ab le.  Discuss w het her  al t ernat ive m at er ials cou ld  be used.
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I  Discussing qual i t y  issues

7 2

1 3 a

b

1 4 a

I n pairs,  answer the follow ing quest ions.

I  ln  adver t ising,  w hat  h i- t ech,  h igh-per f ormance
situat ions are of ten used to promote watches?

2 What  messages are t hey in t ended t o send about  t he
qualit y of  products?

3 What  qualit y issues dif ferent iate higher-qualit y watches
f rom lower-qualit y ones?

4 What  is t he dif ference between descr ibing something as
water-resistant  and waterproon

) ls touisa, a market ing execut ive for  a watch
manufacturer,  is discussing mater ial select ion w ith
Tom, one of  her engineer ing colleagues. Listen to the
discussion and complete the four qualit y issues that  are
ment ioned in the meet ing.

I  -  resistance
2 -resistance
3 - resist ance
4 - resist ance

I n pairs,  discuss what  is meant  by each of  t he qualit y

issues in  Exercise 13a.

)z.s t isten again and answer the follow ing quest ions.

I  What  point  does Tom make about  the reasons for  select ing mater ials?

2 What  does he say about  submarine-grade steel t o exemplify t he above
poin t ?

3 What  problem does he descr ibe w it h  regard t o t he market abi l i t y  of  many

mat er ials?
4 What  hard commercial fact  does Louisa give?

ln pairs,  mark the follow ing statements True f I )  or  False (F)  according to

the views expressed in the conversat ion. Read the audioscr ipt  on page 87

and check your answers.

I  Of t en,  exot ic- sounding mat er ials are not  t hat  su i t ab le,  t echn ical ly .
2 People t h ink t hat  a submar ine st eel  w at ch must  be t remendously

water-resistant .
3 The corrosion resistance of  submarine steel is except ionally good.

4 Submar ine-grade st eel  looks f air ly  good.

5 Tom t h inks submar ine st eel  is par t icu lar ly  su i t ab le f or  w at ches.

6 The f irm has of ten used mater ials that  are not  adequately durable.
7 Of ten, t he composit ions of  good watch mater ials are relat ively complex.

8 Mater ials w ith complicated names are pret t y good for  market ing.

I

E"
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C )z.O Listen to the follow ing phrases f rom the conversat ion and undert ine the
stressed syllable. Pract ise saying the phrases.

I  not  pat j eu lar ly  su i t ab le 4 t remendously  market able
2 except ionally resistant  5 relat ively complex
3 not  at  al l  su i t ab le 6 not  al l  t hat  good

d Complete the follow ing table using the words in the box.

cxrcÉ ia* y fairty insufficientty not adequatety not (alt) that
not partí .cularty pÍ etty ntativety tetendousty

ext remely quite not  very not  enough def init ely not
excepfiohrrlly

15 I n pairs,  discuss the key propert ies and dif ferent  t ypes and grades of
the follow ing mater ials.  Give examples of  t he propert ies that  make each
mater ial good or bad for  watch-making, f rom a qualit y perspect ive.

Mat er ials
steel glass atuminium t it anium gotd ptast ic copper rubber

Propert ies
wat er - resist ant  abrasion- resist ant  cor rosion- resist ant  shock- resist ant  t ouqh
brit tLe etast ic durable heavy Lightweight  thermalty stable

ln small groups, choose a well-known consumer product  or  appliance and
discuss it  f rom a qualit y perspect ive. How suitable are the mater ials used?
How good is the product ,  compared w ith others sold by compet it ors?

r

1 6
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I  Descr ib ing component  shapes
and features
What do you know about  the electrical plugs and sockets used in different
count r ies? ln pairs,  descr ibe some specif ic designs.

) lt  Jan, a project  manager for  a f irm that  manufactures elect r ical plugs
and sockets, is brief ing some of his engineering colleagues. Listen to the
br ief ing and summarise the aim of  t he project .

f n pairs, discuss what is meant by profile of the pins and standard
configuration.

)U Er in,  an engineer w ith the same company, is descr ibing dif ferent
elect r ical plug and socket  formats dur ing the br ief ing. Listen and match the
descr ipt ions ( l -6)  t o the pictures (a- f l.

tu
e _

t

2 a
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d Complete t he follow ing phrases f rom the descr ipt ions using adject ives
based on t he words in bracket s.

1 . . .  t here are c\ vcviav pins for  l ive and neut ral.  ( circle)

2 . . . the earth slot 's got  a f lat  base with one side over to form a
semi-circle.  ( round)

3 This one has blades for  l ive,  neut ral and ear th. . .  ( rectangle)

4 . . .  it  has a -  slot  t o receive t he ear th pin.  ( cylinder l

5 ... the pins are arranged in - configurat ion. ( line)

6 . . .  t heg're laid out  in -conf igurat ion ( t r iangle)

g  ) t . l  List en  and under l ine t he st r essed sy l lab le in  each  of  t he f o l low ing

words.

redangle rectangular  t r iangle t r iangular
cy l i n d er  cy l i n d r i ca l  l i n e  l i n ear

3 a )S. l List en t o a longer  descr ipt ion f rom the meet ing.  Which picture (a-0 in
Exercise 2c does Er in descr ibe?

b Complete t he follow ing ext ract s f rom the descr ipt ion using t he correct  form

of  t he words in t he box.

f lush with groove ff ie pin recess ridge set  back

1 . . .  t here's a circular  slot  at  t he t op.  I t 's obviouslg a bt ind V,ole ,  i7

doesn't  go right  through.
2 . . . there ore two plast ic , one on either side of the plug

casing, and theg slot  into corresponding - at  each side of the
sock et . l n ad d i t i on . t h ecen t r eo f t h esock et l s- . So r a t h er t h an
being

the front  of the socket , on the same face, the circular area
that  receives the plug / s - from the surrounding casing ...

3 These covers onlg open when pressure is applied to both bg the two
-  of  t he plug simult aneouslg.

C !n pairs,  descr ibe t he dif ferent  plug and socket  formats in t he pictures in
Exercise 2c.

4 a ) l . s Andy and Kar in ,  t w o elect r ical  eng ineers,  are evaluat ing  a p lug  and
socket  format  in Exercise 2c.  List en t o t he conversat ion and make notes of
t he advantages and disadvantages of  t he follow ing features.

1 Plug  slot s in t o a r ecess in  t he socket :
Advantages
Disadvan t ages

2 Covers prot ect  l ive and neu t ral  slo t s:
Advantages
Disadvan t ages

b ln pairs,  discuss t he advantages and disadvantages of  t he plug and socket
formats in Exercise 2c.  Use t he follow ing phrases f rom the conversat ion.

an advantage/ disadvantage of  t his format  is . . .  another  advantage/ disadvantage is . . .
t he problem w it h t his system is . . .  t his ( shapeformat feature)  stops . . .  f rom . . .  - ing
this ( shape/ format / feature)  at t ows it  t o , /  hel.ps it  t o /  makes it  easy t o /  makes it  dif f icut t  t o . . .
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n Explain ing and assessing manufact ur ing
t echn iques
ln  pai r s,  t h ink  of  som e exam ples of  m ach in ing  operat ions t hat  are of t en
used in manufactur ing involving metalworking.

) l.S Suan, a sales engineer  w it h a metal fabr icat ion company, is showing Mr
Barret t ,  a new customer,  around t heir  plant .  List en t o t he conversat ion
and mark t he statements Ti'ue (T)  or  False (F) .

I  The com pany special ises in  sheet  m et al  w ork ing .

2 The com pany does a lo t  o f  m et al  cast ing .
3 Met al  bash ing  is a precise t echn ical  t erm  f or  ham m er ing .
4 Dr i l ls and m i l l ing  m ach ines are alw ays noisy .
5  Cr ind ing  is a process t hat  uses abrasives.
6 The press is used f or  shear ing  m et al .

Complete t he follow ing t raining mater ial for  graduate engineers using t he
words in t he box.

Drit t ing Flame-cut t ing Mit t ing Sawing Shearing

l'| f i il Ü ilGT| | R | l|  G I tG l|  l|  l 0u t  HnlÜ[ I |  0 l|  :  cl| I Tll| s 0 pt llll 0 l|  s
Key Í actors in determining t he most  appropr iate cut t ing t echnique are:  mater ia|

character ist ics (notably hardness,  and t hermal and elect r ical proper t ies) ,

component  t hickness,  component  shape and complexit y,  required edge qualit y,  and \
product ion volume. Select  cut t ing opt ions below for  a detailed analysis of  t echniques.

Gunil8 oPiloilS
( 1 ) - : ab r asi v ecu t t i n g , r em ov in g ak eí o Í m at er i a | . | n c| u d escu t t i n g w i t h t oo t h ed b | ad es

and abrasive wheels.  @

( 2 ) - : u se o f p r e ssu r e o n sm o o t h - e d g e d b | a d e sf o r g u i l l o t i n i n g a n d p u n ch i n g @

( 3 ) - : r em ov a| o f m at er i a | acr osst h e Í u | | d i am et er o Í ah o | e , o r u sin g h o le- saw sf o r

cut t ing circumÍ erent iar  kens.  j ! ! i l ! *

( 4 ) - : r em ov a| o f su r f ace lay er sw i t h m u | t i p | ecu t t i n g w h ee| p asses@

( 5 ) - : u si n g ox y f u e | ( ox y g en + com b u st i b | eg as' o f t en acet y | en e) . @

C Complete t he follow ing def init ions using t he words in t he box.

abrasive wheel guitLot ine hole-saw kerf punch toothed blade

I  A pq\ ch  m akes holes by  app ly ing  pressure t o  shear  t he m at er ial .
2 A - m a k e s s t r a i g h t c u t s b y a p p | y i n g p r e s s u r e t o s h e a r t h e

m at er ial .

3  A -  is t he w id t h  of  t he saw  cu t .
4  A -  has sharp  edges f or  cu t t ing  or  m i l l ing .

5 A -  has a hard ,  r ough  sur f ace f or  cu t t ing  or  g r ind ing .

6 A - c u t s a c i r c u l a r o i e c e t o r e m o V e a n i n t a c t c o r e o f m a t e r i a | .

Un i t  3  Com ponent s and assem bl ies
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7 a Read t he follow ing ext ract  of  promot ional l i t erature f rom a leading producer
of  u l t r a- h igh- pressure ( UHP)  w at er j et  cu t t ing  m ach ines.  ln  pai r s,  exp lain  t he
phrases in  bold .

produce net -shaped part s w ith no heat -af fected zone, heat  distor t ion,
or  mechanical  st resses caused by ot her  cu t t ing met hods,  can cut  w i t h
a narrow kerí  and can provide bet ter  usage of  raw mater ia|  since part s
can be t ight ly nested. As a result  of  t he FlowMasterru PC cont rol system
and intuit ive operat ion, water jet s are ext remely easy to use.Typically,
operat ors can be t rained in  hours and are producing h igh-qual i t y  par t s in
hours.  Addi t ional ly ,  w at er j et s can cut  v i r t ual ly  any mat er ial , leav ing a sat in -
smoot h edge.

) l . l  f van  is t alk ing  t o  Mr  Bar ret t  abou t  UHP w at er j et  cu t t ing .  List en  t o t he
conversat ion  and m at ch  t he phrases in  t he box t o t he ext r act s ( 1- 4) .

heat-affected zone mechanical st resses narrow kerf net-shaped parts

\  A / hat  makes w at er j et s such a popu lar  cu t t ing opt ion?
V V Water j et s require few secondary operat ions,

=  Ffow

8

Complete t he follow ing ext ract s f rom the conversat ion by under lining t he
correct  phrases.

1 So theg are especiallg good when /  not  so good when gou have int ricate
shapes.

2 Saw blades are obviouslg pertect  when /  useless when you're cut t ing curved
shdpes.

3 ... sawing is the ideal solut ion /  not  the best  solut ion if  gou want  to avoid
altering the material.

4 ... it 's ideal for /  totallg unsuitable for metals.

I n pairs,  assess t he dif ferent  cut t ing t echniques in t erms of
o shape/ size of  cut  o mater ial t ypes/ character ist ics .  cut  w idth/ qualit y.
Use t he phrases in  t he box.

ideaL/ per fect / especiaU.y good for  +  - ing t he ideal. / per fect  solut ion for
not  par t icut ar ly suit able /  not  so good if  you need . . .
not  t he best  sot ut ion if  you don' t  want  . . .  t ot alt y unsuit abt e /  useless

Ext ract  I

Ext ract  2

Cut t ing t echn iques
dr i l . l . ing w it h a bit
dr it Ling w it h a hole-saw
f lame-cut t ing
g r ind ing
gu i [ [ o t in ing
mil.Ling
punch ing
saw ing
wat er j et  cut t ing

Ext ract  3

Ext ract  4

Shape/ size of  cut
angular  bLind hol.es curved large sma[ [  st raight
t h ick  t h in  t h rouqh  hot es

Mater ial t ypes/ character ist ics
ceramics metals plast ics t imber hard t ough
brit t te

Cut  w id t h / qual i t y
heat -af fected zone narrow ker fs no ker f  rough edges
smooth edges w ide ker fs
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I  Explain ing j o in t ing and f ix ing t echn iques

9

1 0 a

I n pairs,  t hink of  some examples of  ways of  j oining mater ials t ogether .

)g.A pearo,  a purchasing manager w it h a kit chen appliance manufacturer ,  is
t alking t o Alicia,  a sales manager f rom one of  t heir  main suppliers.  List en t o
the conversat ion and answer t he follow ing quest ions.

1 What  ob j ect ive does Pedro descr ibe regard ing  h is com pany 's r elat ionsh ip
w i t h  supp l ier s?

2 What  is Al icia concerned abou t ?
3 How  does he respond t o her  concerns?

Complete t he follow ing t able using t he words in t he box.

adhesive ü'ot t  ct ip rivet  screw weld

Mechan ical  f ix ings
bolf

Non- m echan ical  f ix ings

C Label  t he phot os ( l - 5)  w i t h  t he w ords in  Exercise lOb.

l welá

Match t he t ypes of  connect ion in t he box t o t he follow ing groups.

bot t ing bonding conncct ing f ixing gtuing joining rivet ing welding

1 corr \ ect iqg :  descr ibes any kind of  connect ion.
2 -  :  descr ibes m echan ical  connect ions on lv .

only.

Unit  3 Component s and assembl ies
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l1  d  Com plet e t he f o l low ing quest ions using  t he w ords in  t he box.

each other  on onto t o t ogether

I  How  can  w e f ix  t hese t w o com ponent s -  ?
2 How  can  w e f ix  t hese t w o com ponent s t o  -  ?

3  How  can  w e f i x  t h i s com p on en t  - ?
4 How  can  w e f ix  t h is com ponent  I  -  t h is com ponent ?

b Com plet e t he f o l low ing t r ain ing  w eb page using  t he w ords in  Exercise |  |  a.

C I n  pai r s,  answ er  t he f o l low ing quest ions using  t he in f orm at ion  on  t he w eb
page in Exercise 1 I  b.

I  What  are t he m ain  advan t age and d isadvan t age of  m echan ical  f ix ings?

2  Wh at  i s t h e  m ain  d i sad v an t ag e o f  n on - m ech an i ca l  j o i n t i n g ?

3 What  issues can  negat ively  af f ect  m echan ical  f ix ings and non- m echan ical
j o i n t s?

72 a ln  pai r s,  d iscuss t he f o l low ing j o in t ing  t echn iques used in  ai r craf t  and say
how the par t s are f ixed t ogether .

1  Ear ly  ai r craf t :  t im ber  f r am e /  adhesive or  screw s
2 Modern  j et  ai r craf t :  al loy  body panels /  r ivet s

3 Ai r craf t  cab ins:  seat s/ f loor / bol t s
4 Ai r craf t  cockp i t :  w indsh ield / f uselage/ adhesive

b Your  com pany has launched a com pet i t ion  f or  i t s eng ineers t o  bu i ld  a
hom em ade m odel  g l ider  t hat  is as cheap as possib le t o  assem ble.  ln  pai r s,

d iscuss w hat  t ypes of  m at er ials and j o in t s you  cou ld  use.

a

il[ ilUrA8I UB ll| B llcl|  l|  l| lÜt  EURI ÜI I !  0l| :  J0 ll| I s ll|  l|  r ilI il Bs
The most  suitable method ot  joÍ ning components depends on many tactots, whí ch
extend beyond the obvious í ssue oÍ  requí rcd st rength.

.  Wil|  t he . j oint  need t o be disconnected in t he Í uture? | Í  a par t  is bo| t ed (1)  -  ,  it  can obvious| y
be removed at  a | ater  date.  | Í  two components are bonded t o (2)  -  w it h st rong adhesive,  or
welded (3)  -  t hen subsequent  removal w il l clear ly be more dif f icult .  @

. What  external factors might  af fect  t he j oint? Water  or  heat  can weaken adhesive j oint s.  And no
mat ter  how t ight ly nut s are screwed (4)  -  bolt s,  vibrat ion can cause t hem to work loose
^ . , ^ -  + i - ^  4 t l lF
vvvr Lil rv. t llllliblr

.  How qualit y-sensit ive is t he j oint ing t echnique? Components are rarely j oined (5)  -  each

other  in ideal condit ions.  lnadequately t ightened f ixings,  improper ly prepared sur faces,  or  f lawed

welds are inevit able.  How could such imperfect ions af fect  t he j oint  negat ively? @

- 
< 't
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b

nDescr ib ingposi t ionsof assem b1edcom ponen t s
ln pairs,  read t he t it le of  t he ar t icle and suggest  ways of  making a garden

chai r  f ly .  Discuss any pot en t ial  p rob lem s.

Read t he ar t icle and m at ch  t he quest ions ( a- d)  t o  t he paragraphs ( l  - 4) .

a How  d id  t he act ual  f l igh t  d i f f er  f r om  t he one t hat  w as p lanned?

b What  inciden t s occur red  j ust  bef ore and j ust  af t er  t he land ing?

c What  is said  abou t  t he m odern  equ ivalen t  of  t h is t ype of  act iv i t y?

d What  com ponent s w ere used t o assem ble t he f ly ing  m ach ine?

CRAZY BUT TRUE: LARRY WALTERS AND THE FLYING GARDEN CHAIR
I  On July 2, L982, a Californian

t ruck driver named I -arry
\ ü?'alters sat  outside his house

on a garden chair.To say that

he was out  t o get  some air

is an understatement , for

project ing above him a cluster

of  ropes was t iedt o 42 helium-

f i lled weather balloons. Anchor

ropes,  sit uat ed underneat h ú e

chair, were fastened around

the bumper of his car, which

was posit ioned just  below the

makeshif t  f lying machine.

2 MrWalters intended to climb

gent ly to an alt itude of a few

hundred feet , before drif t ing

slowly out  of town and across

country. He then planned

to use an airgun to shoot

some balloons and descend

atbove

gradually to earü. But  as the

helium gas contained within

the balloons warmed up in the

summer sun,  i t  progressively

generated more lif t . \ ü7hen the

anchor ropes were released,

the self-assembly airship shot

up like a rocket . Too shocked

to reach for üe pistol inserted

in his pocket , the f irst -t ime

pilot  held on for  l i f e.  I n iust

a few minutes, l-arry rWalters

was 16'000 feet  above üe

ground, f loat ing over the

city of l-ong Beach. A short

t ime later, there were furüer

complicat ions;  he suddenly

found himself inside controlled

airspace, adjacent  to Long

Beach Airport . The occupants

of passing Delta Airlines and

T$í A aircraft  looked on at  the

cur ious spect acle out side,  as

wide-eyed as the garden chair

pilot  hovering beside them.

Evenrually, after managing

t o shoot  some balloons,  Mr

Walters descended safely to

earth despite an anchor rope,

which was st i l l  suspended

beneaú  üe chair ,  get t ing

tangled with a power line

located alongside the landing

sit e ( in someone's garden) .

He was immediately arrested

by wait ing police of6cers, and

was later f ined for breaking

Federal aviat ion laws.

Today,  clust er  ballooning,

while st ill a fair ly marginal

sport , is steadily start ing to

gain in popularity.

C Answ er  t he quest ions in  Exercise I  3b.

74 a Label t he d iagrams using t he preposi t ions in  t he box.

abor/ e adjacent  to alongside around below beneath beside
inside out side over  underneat h w it h in

a

!

u
a

' ! . "8.
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com plet e t he f o l low ing sen t ences abou t  t he f ly ing  garden  chai r  using  t he

preposit ions in t he box.  Check your  answers against  t he t ext  in Exercise t  3b.

in above around beneath w it hin

1 Pro j ect ing  t he chai r  w as a clust er  of  r opes'  t ied  t o  42

hel ium - f i l led  w eat her  bal loons.

2 Anchor  r opes w ere f ast ened t he bum per  of  t he car .

3 Larry Walt ers had an airgun inser ted -  his pocket .

4  Th e h e l i u m  con t a i n ed  t h e  b a l l oon s w ar m ed  u p  i n  t h e  su n '

5  Af t er  t akeof f ,  t he anchor  r opes rem ained suspended -  t he chai r .

com plet e t he f o l low ing descr ip t ions of  how  t he garden  chai r  ai r sh ip  w as

assembled by under lining t he correct  words.

I
2

A quant i t y  of  hel ium  gas w as con t ained/ suspended inside each  bal loon .

A t ube w as inser t ed / pro j ect ed  inside t he open ings of  t he bal loons,  t o  in f lat e

t h em .
The bal loons w ere si t uat ed / suspended over  t he chai r ,  in  a large clust er .

The chai r  w as con t ained isuspended under  t he bal loons by  ropes.

Arm  rest s,  con t ained/ locat ed beside t he p i lo t ,  at  each  side,  helped t o hold  h im

in  p lace.

The land ing  gear ,  inser t ing / pro j ect ing  below  t he seat ,  consist ed ,  sim p ly ,  o f  t he

3
4
5

chai r  legs.

7 The p i lo t  w as posi t ioned/ pro j ect ed  underneat h  t he bal loons,  so h is w eigh t

w as low  dow n.

d Wt r ict r  t wo ot her  words have t he same meaning as posit ioned?

contained fastened inserted Located projected situated suspended

t 5 a I n  pair s,  look at  t he phot o and descr ibe how  you t h ink t he clust er

bal loon is assembled f rom  t he f ol low ing component s.

bags balloons helium nyton ropes nylon st raps
pLast ic cabte sand/ water bat last  t ies tape

paragt iding harness

b ) i l Eva and Lenny,  two engineers working for  an ext reme spor t s

equ ipm ent  m anuf act u rer ,  are d iscussing  clust er  bal loon ing .

Listen t o t he conversat ion and summar ise what  t hey say about

t he follow ing issues.

I  assem b ly  t im e

2 how  olast ic cab le t ies are used

3 a t ree st ructure

4 how  w at er  bags are used

I n pairs,  discuss ways of  overcoming t he problems ment ioned in t he

conversat ion.  How could cluster  ballooning be made more accessible t o

a m ass m arket ? What  ot her  equ ipm ent / assem bl ies cou ld  be used?

t he advan t age of  t y ing

each  i n d i v i d u a l  b a l l oon

t he prob lem  of  using  a net

t o con t ain  t he bal loons

Un i t  3  Com ponent s and assem bt ies
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UNIT 4

. Working with dnwings
o Discussing dimensions and

precision
o Descr ibing design phases and

procedures
o Resolving design problems
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I  Work ing w it h  draw ings

2 a

ln  pai r s,  d iscuss t he d i f f eren t  t ypes of  design  in f orm at ion  needed on  a com plex

eng ineer ing  pro j ect ,  such  as t he const ruct ion  of  a large cru ise sh ip .  How  m any

dif ferent  draw ings do you t hink might  be produced for  such a project? How

w ou ld  t hey be organ ised and cat egor ised?

) l . t  loe,  a t echn ician  at  a sh ipyard ,  is t alk ing  t o  Linda,  one of  h is eng ineer ing

col leagues in  t he design  of f ice.  He is ask ing  abou t  som e in f orm at ion  w h ich  he

can ' t  f ind  on  any of  t he draw ings.  List en  t o t he conversat ion  and answ er  t he

f o l low ing quest ions.

I  What  area of  t he sh ip  are t hey d iscussing?
2 What  does t he t echn ician  need t o know ?

Com plet e t he f o l low ing def in i t ions using  t he t ypes of  d raw ing in  t he box.

cross-sect ion elevat ion exploded üew note phn schemat ic
specif icat ion

1 X p\ art \  gives a view of the whole deck, t rom above.

2 An  -  g ives a v lew  of  al l  t he panels,  f r om  t he f r on t .

3  An  -  g ives a deconst ruct ed  v iew  of  how  t he panels are f ixed

together .
4  A -  g ives a cu t aw ay v iew  of  t he j o in t  bet w een t w o panels.

5  A -  g ives a sim p l i f ied  r epresen t at ion  of  a net w ork  of  ai r  duct s.

6  A -  g ives a br ief  descr ip t lon  or  a r ef erence t o anot her  r elat ed

d r aw in g .
1 A -  g ives det ai led  w r i t t en  t echn ical  descr ip t ions of  t he panels.

Which two t ypes of  draw ing in Exercise 2b are examples of  general

ar rangem ent  d raw ings,  and w h ich  t w o are exam ples of  det ai l  d raw ings?

-:StT.:
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Read the follow ing technical quest ions that  came up dur ing the
shipbuilding project  and decide which t ype of  drawing is required to answer
each quest ion.

l Ho w m an y p an e | sa r e t h e r ea l t o g e t h e r o n t h i sw a | l ?-
2 What  prof ile are these hollow beams:  rectangular  or  circular?
3 What  are the posit ions of  all t he f loodlights around the deck per imeter?

4 Ho w m an y b r an ch esco m eo f f t h em a i n sp r i n k | e r su p p | y p i p e?-
5 How do all t he internal components of  t he fan unit  f it  t ogether?

What is meant by scale on a drawing? ln pairs, o< plain how a scale rule,
like the one shown in the picture, is used.

)u nfter receiving the drawings for the panets, Joe is now discussing
some details with Pavel, a colleague. Listen to the conversat ion and answer
the follow ing quest ions.

I  What  piece of  informat ion is not  shown on the drawing?
2 What golden rale is ment ioned?

Complete the following extracts from the conversat ion and explain what is
meant  by each one.

I  / s fhis drawing scale?
2 lt 's one - five.
3 .. . gou shouldn't  scale - drawings ...
4 ... it 's actual size, on a --scale drawing ...

You are engineers on a proiect  to design the metal
handrail t hat  w ill run around the per imeter of  t he
top, outdoor deck of  a large cruise ship. !n pairs,
discuss what drawings you will need to produce for
manufacturing and installat ion with regard to the
follow ing issues:

o the t ypes of  view that  w ill be required and what  each
one w i l l  show

o the approximate scale of  dif ferent  drawings and views
o what  wr it t en informat ion you w ill need to provide in

the specif icat ion.

You are going to provide design informat ion to enable
a product ion team to manufacture a product  or
appliance you know well.  Make a list  of  some of  t he
drawings that  w ill be needed, not ing what  each one
w i l lshow .

4

5
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Discussing  d im ensions and  p r ecision

6 d ln pairs,  discuss what  is meant  by precision and accuracg.

Read t he t echnical advice web page and answer t he follow ing quest ions.

1 How  is a super f lat  f loor  d i f f eren t  f r om  an  ord inary  concret e f loor?

2 What  accuracy  can  be ach ieved w i t h  ord inary  slabs,  and w i t h  super f lat  slabs?
3 What  p rob lem  is descr ibed in  h igh  bay w arehouses?

ln pairs,  discuss what  is meant  by t olerance in t he context  of  dimensions and
precision .

Complete t he follow ing expressions f rom the web page which are used t o
descr ibe t o lerances.

I  -  t o lerance ( inside t he l im i t s of  a g iven  t o lerance)
2  - o r - Sm m ( + / - 5 m m )
3 -  t o lerance ( close t o lerance)
4 - t o | e r a n c e ( n o t i n s i d e t h e | i m i t s o f t o | e r a n c e )

Com plet e t he f o l low ing sen t ences using  t he expressions in  Exercise 6d .

I  The f r am e's t oo b ig  f or  t he open ing .  The open ing 's t he r igh t  size,  so t he f r am e

m u st  b e
2 The t ot al

i s
The eng ineer  speci f ied
+  I  -  2m m .  So i t ' s w el l

+  /  -  5m m  f or  t he slab  f in ish ,  and w e got  i t  t o

4 You  can ' t  f in ish  concret e t o  +  /  -  0 .  I  m m .  There's no w av vou  can  w ork  t o  such

ln some sit uat ions,  engineers descr ibe t olerances using p/ us or  minus,
for  example +  /  -  I  mm, and in other  sit uat ions as w it hin,  for  example
w i t h in  lm m . ln  pai r s,  d iscuss t he d i f f erence in  m ean ing bet w een t hese t w o
descr ip t ions,  g iv ing  exam ples of  si t uat ions w here each  descr ip t ion  m igh t  be
used.

Un i t  4  Eng ineer ing  design

SuperÍ lat  Floors:  FAO
What  is a super f lat  f loor?
Com pact ing  and f in ish ing  t he sur f ace oÍ  Wet  concret e is an  inheren t | y  im precise process.  For  an  ord inary

concret e slab  t o  be laid  w i t h in  t o lerance,  eng ineers can  on ly  r eal ist ical ly  expect  t he sur f ace t o be f in ished
t o p lus or  m inus 5m m .  By con t rast ,  super f lat  concret e f loor s are f in ished t o m eet  ex t r em ely  close t o lerances,
being  accurat e t o  w i t h in  '1m m  across t hei r  upper  su r f ace.

Where are super f fat  f loors used?
Floor  su r Í aces w i t h  ext r em e| y  t igh t  t o I erances are Í r equent | y  speci f ied  in  w arehouses w here Au t om at ed

Guided Veh icles operat e Uneven f loor s are especial ly  p rob lem at ic in  h igh  bay w arehouses,  w h ich  use

au t om at ed f or k | i f t s w i t h  a ver t icaI  r each  oÍ  30 m et res or  m ore'  At  such  a heigh t ,  s| igh t  var iat ions in  Í | oor
| eveI  are am p| i f ied  in  t he f orm  oÍ  ver t icaI  t i | t ,  causing  inaccurat e m anoeuvr ing  at  h igh  | evel '  | Í  t hese
var iat ions are ou t side t o lerance t hey can  lead t o co l l isions w i t h  r ack ing  elem ent s,  or  cause i t em s t o be

dropped Í r om  pa| | et s.

d

e

t o l e r an ce i s I  m m .  Th e oer m issi b l e  v ar i a t i on  e i t h er  si d e  o f  t h e  i d ea l
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7 a )q. i f \ 4ei,  a st ructural engineer ,  is t alking t o Lewis,  a project  manager,  about
t he f loor  speci f icat ion  f or  a m anuf act u r ing  p lan t  t hat  is cu r ren t ly  at  design
stage. List en t o t he conversat ion and answer t he follow ing quest ions.

I  What  has t he cl ien t  r equest ed w i t h  r egard  t o  t he f loor  slab?
2 What  are f r ee m ovem ent  f loor s and def ined m ovem ent  f loor s?

5 What  issue does t he eng ineer  d iscuss regard ing  qual i t y?

4  Wh at  op t i on  i s d i scu ssed  i n v o l v i n g  g r i n d in g ?

5 What  can  be done t o t he rein f or cem ent  t o  perm i t  g r ind ing?

Com plet e t he f o l low ing t ab le using  t he w ords in  t he t ex t  in  Exercise 6b  and
aud ioscr ip t  4 .3  on  page 89.

Name of  dimension Large dimension
1 Whafs t he -? I s it  -?

2 Whaí s 11] g w iá| h ? I s it  -?

3 What 's t he -? I s 11 high 7

4 What 's 11g t hickrress? I s it  -?

5 What 's t he -? I s i1 a\ eep 7

Smat [  dimension

I s i t  shor t ?

I s i t  nanow?

I s it  [ ow?

I s i t  t h in?

I s i t  shallow?

Mei has done a revised draw ing for  t he f loor  slab.  Read t he ext ract  f rom her

em ai l  abou t  t he new  design  and com plet e t he m essage using  t he cor rect  f orm

of  t he words in Exercise 7b.

To:

Subiect :

Lew is Rosas

Bevised f loor  slab draw ing

P| ease f ind at t ached a revised draw ing Í or  t he Í | oor  s| ab,  now reconf igured Í or  def ined movement .

| n order  t o accommodate guided vehicI es 1 08Omm (1)  w iáe (as specif ied by t he c| ient )

W e p r o p o Se a st a n d a r d ( 2 ) - o f 1 2 8 0 m m f o r e a ch su p e r f | a t | a n e . At 1 4 . 5 m , t h e
( 3 ) - o f t h e | o n g e st | a n e o n t h e n e t w o r k i sw i t h i n t h e m a x i m u m sl a b r u n t h a t ca n b e ca st

in a single concrete pour ,  t hus avoiding const ruct ion j oint s on st raight  runs.  On curved sect ions,  a

st andard  8.5m  t u rn ing  rad ius is used,  as per  t he gu ided veh icle m anuf act u rer ' s r ecom m endat ions.

| n order  t o a| | ow for  t he eventua| it y of  future gr inding,  we have | ocated t he t op | ayer  oÍ  reinÍ orcement

1Omm deeper below the slab sur face.  This addit ional (4)  -  has not ,  however ,  been

added t o t he overall slab (5)  ,  which remains 275mm. The reinforcing bars also remain

in I 2mm diameter .  As a result ,  t he levels of  wall-mounted process installat ions -  many of  which need

to be f ixed at  a precise (6)  -  above f inished f loor  level -  are unaf fected.

8

Which  t w o w ords in  t he em ai l  r elat e t o  ci r cles?

t hey descr ibe?

The m anuf act u r ing  p lan t  in  Exercise 7 w i l l

be built  f rom a steel f rame. The ver t ical

elem ent s of  t he f r am e w i l l  be Un iversal

Colum ns ( UCs) .  Look at  t he sect ion  of  a UC.
ln  pai r s,  descr ibe t he d i f f eren t  d im ensions

that  def ine a UC prof i le by explaining what

t he let t ers on t he sect ion refer  t o.

What  aspect s of  a ci r cle do

W

f lan g es
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-  Descr ib ing design phases and procedures

9 !n pairs,  discuss what  is meant  by a design process. ln engineer ing, what  are
the stages in the development  of  designs?

10 a The follow ing ext racts f rom emails relate to a project  t o build an indoor ski
complex in Aust ralia,  using ar t if icial snow. The messages were circulated by
an engineer to members of  t he design team, and to a specialist  cont ractor .
Read t he emai ls and,  in  pair s,  answ er  t he f ol low ing quest ions.  Not e t hat  t he
emails are not  in the correct  order.

I  What  are al l  t he emai ls about ?
2 What  d i f f erent  t ypes of  document s are ment ioned?

We now have a full set  of  working draw ings for  I t  I  at t ach a summary of  our  meet ing w it h t he
the main ski l i f t  ( at t ached) .  These incorporate I  client  last  Tuesday.  lt  out l ines ideas expressed
some amendments requested by t he client ,  i OV the client 's market ing t eam, and descr ibes
which have now been approved. Hard ;  what  an exper ience at  t he ski complex should

copies have been Í oruvarded t o t he re| evant  be like,  f rom a visit or 's point  oÍ  view. We'| |  be

cont ractors'  premises,  for  fabr icat ion.  Soing t hrough t hese notes at  t he prolect  kick-

oÍ Í  meet ing next  Thursday,  t o c| ar ify t he design
.  

. .  br ieÍ ,  so p| ease Í ormulate any quer ies beÍ ore

P| ease f ind at t ached a fu| |  set  oÍ  pre| im inary I  I  t hen.

draw ings,  as submit t ed t o t he client  for

approva|  /  comments.  These are Í or  informat ion

only at  t his stage. ,  "
Please note t hat  dwg 18A is current ly being

o revised,  t o resolve problems encountered
At tached are a few rough sket ches set t ing dur ing assembly of  t he ski l i f t .  Bevision B w ill
out  t he overall layout  of  t he ski complex.  At  be circulated next  week.  Unt il t he amended
this point ,  t hese are init ial ideas based on draw ing is issued, please t reat  dwg 18A as
the client 's suggest ions and t he approximate superseded. lf  you require specif ic details
dimensions specif ied in t he design br ief .  I  look 

|  |  urgent ly,  please contact  me, and I  w il l ar range
forward t o any feedback by t he end oÍ  t his l |  Í or  a suit ab| e sket ch t o be issued'
week. I  I

b Put  t he em ai ls in  t he cor rect  sequence.

l _ 2 _ 3 _ 4 _ 5

C Com plet e t he f o l low ing def in i t ions using  t he t ypes of  d raw ing in  t he box.

design brief pret iminary drawing sketch working drawing

l A - i s a r o u g h d r a w i n g o f i n i t i a | i d e a s , a | s o u s e d w h e n p r o d u c t i o n
prob lem s requ i r e eng ineers t o  am end design  det ai ls and issue t hem  t o t he
w ork f or ce im m ediat ely .

2 A - i s a w r i t t e n Su m m a r y i n t e n d e d t o s p e c i f y d e s i g n o b j e c t i v e s .

3 A- i sa n a p p r o v e d d r a w i n g u se d f o r m a n u f a c t u r i n g o r i n s t a | | a t i o n
There is of t en  a need t o r ev ise t hese draw ings t o r esolve product ion  prob lem s.

I n  t h is case,  am ended versions are issued t o supercede t he prev ious ones.
4 A - i s a d e t a i | e d d r a w i n g t h a t c o | | e a g u e s a n d c o n s u | t a n t s a r e

inv i t ed  t o  approve i f  t hey  accept  t hem ,  or  com m ent  on  i f  t hey  w ish  t o  r equest
any changes.
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d Find synonyms for  t he follow ing words in t he def init ions in Exercise I  Oc.

1 accept  I  aQ?vo\ le 5 give feedback |  -

2  a m e n d  l -  6  r e Pl a c e / u Pd a t e l -

3  a p p r o x i m a t e l -  7  s t a t e l -

4  c i r c u l a t e l -  8  s o l v e l -

e I n pairs,  suggest  what  needs t o be done next  in each of  t he follow ing

sit uat ions.

1 They 've f ound a prob lem  w i t h  draw ing 63 on  si t e.  The det ai l  w e've speci f ied

doesn ' t  w ork .

2  I ' ve done a prel im inary  design  f or  t he duct  layou t ,  bu t  t he cl ien t  hasn ' t  seen

it  yet .

3  I ' ve got  a f eel ing  t he draw ing t hey have on  si t e isn ' t  t he lat est  one.

4 We've j ust  r ev ised draw ing 14.  The changes are going  t o af f ect  t h ree

dif ferent  cont ractors.

5  Th is is t he cl ien t ' s w r i t t en  design  br ief .  How  shal l  w e k ick  of f  t he design

w ork?

Ll a Leo is t he ski complex proiect  manager.  With design Aust ralian Ski complex -  Design
work about  t o begin,  he is meet ing senior  engineers Coordinat ion Meet ing Agendj
f rom the design t eams to discuss design coordinat ion.  Tuesday 8th May

ln pairs,  exp| ain t he it ems on t he meet ing agenda and ConÍ erence room 9.30am -  í  1.00am
suggest  what  kinds of  issue might  be discussed. To:  RN, LG, SB, CW, Sf t

b ) t l List en t o t hree ext ract s f rom the meet ing and lt em

match each ext ract  ( l-3)  t o an agenda it em (a-c) .  a Design inter face (mechanical.

l _  2 _  3 _  e t e c t r i c a l )

c } l ' l  List en again and make notes about  t he problem. 
b Design and inÍ ormat ion Í | ow procedure

discussed in t he meet ing.  ln pairs,  discuss some 
(st ructural'  mechanical,  elect r ical)

possible solut ions t o t he problems. c I nter- t eam communicat ion -

d } s.s Listen t o Leo summar ising t he solut ions t hat  
Í orma|  and informa|

have been agreed in t he meet ing.  What  has been decided

regarding t he follow ing Point s?

I  The decision  t hat  t he sen ior  eng ineer  in  each  t eam  m ust  m ake,  r egard ing

draw ings
2 The ci r cu lat ion  procedure t hat  w i l l  be used f or  each  draw ing

3 The ro le of  t he M&E coord inat or  in  r elat ion  t o  t he sen ior  eng ineers and t he

pro j ect  m anager

4 The ar rangem ent  t hat  w i l l  m ake in f orm al  com m un icat ion  easier

e ln pairs,  discuss how the design procedures discussed in t he meet ing w ill

work in t he follow ing sit uat ions.

I  lssu ing  t he f i r st  d raf t  o f  a special ised hydrau l ic hose draw ing f or  t he sk i  l i f t

2  Design ing  an  elect r ical  supp ly  syst em  f or  som e w at er - cool ing  equ ipm ent

3 Rev ising  t he connect ion  det ai ls bet w een som e sk i - l i f t  m ach inery  and i t s

concret e f oundat ion
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f  Resot v ing design problems

72 I n pairs,  discuss problems that  can ar ise when dif ferent  draw ings t hat
make up a design are not  proper ly coordinated.

13 d The follow ing records are f rom the indoor  ski complex project .  They show
correspondence between t he design t eam and const ruct ion t eam. Read
through t he t ext s quickly and answer t he follow ing quest ions.

I  What  is t he general  sub j ect  o f  t he cor respondence?
2 What  is meant  by querg and inst ruct ion?
5 Som e quer ies r ef er  t o  ear l ier  conversat ions.  Suggest  w hy t hese have been

f o l low ed up in  w r i t ing .
4 What  is meant  by dwg and dims?

Read the correspondence in detail.  Wr it e t he query numbers in Exercise
1 3a next  t o t he descr ipt ions ( l -5) .  You w ill need t o refer  t o some quer ies

m ore t han  once.

l  An  inst a| | at ion  t hat  w on ' t  f i t ,  aS com ponent s are in  each  ot her 's w ay 8é ,8

2 A response f r om  t he eng ineer  ask ing  f or  m ore in f orm at ion
3 Ouer ies t hat  suggest  a so lu t ion ,  w h ich  w i l l  r equ i r e t he eng ineer 's approval

4  Request s t o  t he eng ineer  t o  inst r uct  t he con t ract or  or  m ake som et h ing  clear .

5  Separat e docum ent s r ef er r ing  t o  det ai ls t hat  don ' t  cor respond w i t h  each
ot her

coNTRAcToR,s QUERY No. 8ó7 ENGINEER'S INSTRUCTION

Follow ing our  t elephone conversot ion t odoy,  we
note t hot  t here is o discreponcy between dwgs ZóE
ond78E,  w h ich  ind icot e con Í | ict ing  d im ensions f or
t he w id t h  of  t he roof  open ing .  Pleose clor i f y  w h ich
d im ension  is cor rect .

We con f i rm  t he cor rect  d im ension  is on  dw g 7óE.
Pleose d isregord  t he d im s on  dw g Z8E.

coNTRACToR,s QUERY No. 8ó8 ENGINEER'S INSTRUCTION

As d iscussed t h is m orn ing  on  si t e,  w e con f i rm  t here
is o closh between t he proposed coble hoy (dwg
E5ó}  ond o i r< ond i t ion ing  duciw ork  ( now  inst o| | ed
os p er  d w g  Ml  I  8 )  i n  t h e  ce i l i n g  v o id  o t  Gr i d  D l4 .
Pleose odv ise on  on  o l t ernot ive cob le r ou t e.

Pleose work t o ot t oched sket ch S33.

Revision of  dwg E5ó t o fo| | ow.

coNTRAcToR's QUERY No. 8ó9 ENGINEER'S INSTRUCTION

A not e on  dw g 1 1A speci f ies b lock  bol t s ot  t he
bose of  t he sk i  l i f t  cob le suppor t .  Th is con t rod ict s t he
speci f icot ion ,  w h ich  st ot es t hot  o l l  io in t s t o  com pr ise
High  St rengt h  Fr ict ion  Gr ip  bol t s.  We propose using
HSFG f ix ings ot  t h is locot ion .

Pleose provide fur t her  detoi| s oÍ  t he HSFG bo| t s you
ore proposing .

CONTRACTOR'S QUERY No. 870 ENGINEER'S INSTRUCTION

Fur t her  t o  Query  8ó9,  t he proposed HSFG bo| t s ore
os per  t hose speci f ied  f or  o l l  o t her  bol t ed  io in t s on
t he sk i  l i f t  suppor t s.  Our  in t en t ion  is t o  use o sing le
bol t  spec t o f oci l i t o t e ossem bly .

Approved.
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C Complete t he follow ing pairs of  sentences using t he verbs in t he box.

advise ctarifo ctash propose request

I  The com ponent s are in  each  ot her 's w ay.  :  The com ponent s -  .

2  Please ask  f or  m ore in f orm at ion .  :  Please m ore in f orm at ion .

3 Can I  suggest  a so lu t ion  t o  t he prob lem ? :  Can  |  -  a so lu t ion?

4 Please inst r uct  t he supp l ier  t o  send t he par t s t o  t h is address.  :  Please

t h e  su p p l i e r .
5  Any con f l ict ing  det ai ls m ust  be quer ied .  :  You  m ust  -  any

con f l ict ing  det ai ls.

4 a I n pairs,  look at  t he follow ing plan and sect ions f rom a draw ing on t he ski

complex project ,  showing steelwork details on par t  of  a ski l i f t .  Examine

how the rectangular  plate is bolt ed t o t he T prof i le below it .  Can you

f ind t he discrepancy between t he details,  and t he clash prevent ing t he
connect ion f rom being assembled?

Sect ion  B- B

Chen,  a t echn ician ,  is exp lain ing  t he prob lem  in  Exercise 14at o Ron,  an

engineer .  Complete t he conversat ion using t he words in t he box.

alternat ive as per ctarifo clash confirm contradicts dj tc'€e'af iey propose

Chen:  There3 o (1)  áiscvePart rc/  between these detai3 that  gou might  be

oble to (2)  - st raight  awag. On the plan of this plate, it

shows eight  bolts. But  on sect ion A, here, there are no bolts shown in the
m id d le , So t h er ew ou ld on l y b esi x , w h i ch ob v iou sla( 3 ) - t h e
plan. But  as Aou can see, this plate's going to be bolted to a T profile.

So we couldn't  put  a row of bolts down the middle, because theA'd
(4)  - with the f lange running along the middle of the T. So I 'd
(5)  - just  going for two rows of bolts. The (6)

would be to redesign the T sect ion, which would obviouslg be a bigger
job.

Ron:  Yes. Let 's go for two rows of bolts, (7)  - the sect ions.

Chen:  OK f ine. Will gou send an email to (8)  - that?

)o.g t ist en t o t he conversat ion and check your  answers t o Exercise l4b.

How does t he explanat ion compare w it h your  descr ipt ion of  t he problem?

Writ e an email f rom Ron to Chen, conf irming t he revision agreed in t he
discussion above.

ooo
oo
ooo Sect ion A-A
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I n pairs,  discuss t he t echnical challenges of  endurance car  races like t he

Le Mans 24 Hours spor t s car  race.

)S. t  Sanino,  an engineer  w it h a spor t s car  racing t eam, is giving a t alk

t o some of  his t eam's sponsors at  a t est  session.  List en t o t he t alk and

answer t he follow ing quest ions.

1 What  say ing  em phasises t he im por t ance of  r el iab i l i t y?

2 What  expression  ref er s t o  t h ings t hat  can  cause f ai lu res?

3 What  expression  descr ibes dam age caused by  norm al  use?

) s. t  ln  t he t alk ,  Sab ino nam es f ive eng ineer ing  enem ies.  Com plet e t he

follow ing list .  List en again and check your  answers.

I  h -  :  h igh  t em perat u res
2 p-  :  loads f r om  expand ing  gases or  l iqu ids

3 v - : c o n t i n u o u s h i g h - f r e q u e n c y m o v e m e n t o r s h a k i n g
4 s-  :  sudden im pact s

5 a-  :  damage to sur faces caused by f r ict ion

ln pairs,  suggest  which engineer ing enemies in Exercise 2b can be t he most
problemat ic for  each of  t he follow ing car  par t s.

7
ö
J

w rngs
cool ing syst em
nut s and bol t s

I  Descr ib ing t ypes of  t echnical problem

1

2 a

3 a

I  chassis 4  suspension
2 eng ine 5 brakes

3 gearbox and clu t ch  6 t y res

)s.z t ist en t o Sabino t alking about  some technical problems the t eam have

had at  t he t est  and mark t he follow ing statements True (T)  or  False (F) .

I  Som e l iqu id  w as lost  f r om  a p ipe.

2 A car  lost  al l  i t s coolan t  w i t h  t he eng ine st i l l  r unn ing .

3 A car 's eng ine st opped on  t he ci r cu i t .
4  Som e t y res w ere dam aged.

5 A w heel  nu t  f el l  o f f  a car  on  t he ci r cu i t .
6  A car 's suspension  w as broken .

Unit  5 Breaking point  :
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b Complete t he follow ing ext ract s f rom the t alk using t he worCs in t he box.

bend blochng cnck j am snap

1 ... gou don't  wdnt  ongthing the airf low to the radiators.

2 . . .  t heg had a wheel nut  -  ,  it  wouldn't  t urn.

3 . . .  he didn't  hit  t he barr iers and -  t he suspension or

it  completelg.
4 . . .  it  didn't  -  t he t ub -  t he chassis.

C Complete more ext ract s f rom the t alk using t he correct  form of  a verb in

box 1 and a word in box 2.

cut  leak run wear rvo'r*

1 ... a y1u1 wovbe)\  loose on a radiator pipe, which resulted in coolant
liauid -

2 . . .  he sw it ched of f  before t he sAstem had -  of  coolant .

3 . . .  t he engine on one of  t he corners.
4 ... the openings in the side pods alwags with dirt .

5 The tAres weren't  close to
6 . . .  t he radiator  problem didn't  cause t he engine t o -

) s. z t ist en  again  and check your  answ ers t o  Exercises 3b  and 3c.

Read t he f o l low ing com m ent s m ade by  race t eam  t echn icians.  Com plet e t he
f o l low ing sen t ences using  t he cor rect  f orm  of  w ords in  Exercises 3b  and 3c.

I  There's sm oke and f lam es pour ing  ou t  of  t he eng ine.  ; 1 '5  b low \  qP

2 There's a pool  o f  o i l  under  t he car .  Som et h ing 's

3 Th is cy l inder  head bol t  w on ' t  loosen .  l t ' s -  .

4 T h e a i r f i | t e r ' s f u | | o f d i r t . | t ' s c o m p | e t e | y - .
5  Th is w ing  suppor t ' s been  m ov ing  abou t .  The bol t s have -  .

6  Som et h ing 's st opp ing  t he o i l  f low  The p ipe m igh t  be
7 Are you  sure t hat  pushrod 's st r aigh t ? l t  looks as i f  i t ' s

8 W e ' | | n e e d t o c h a n g e t h e s e b r a k e p a d s . T h e y ' r e n e a r | y - .
9  There's hard ly  any f uel  lef t  in  t he car .  I n  anot her  lap ,  w e' l l

Read t he t echn ical  f act s abou t  t he l t al ian  m ot or  r acing  ci r cu i t ,  Monza,

and summar ise how the t rack is dif ferent  f rom most  others.
ln  pai r s,  d iscuss t he t echn ical  p rob lem s t hat  r acing  cars cou ld
have at  Monza as a result  of  t he factors descr ibed in t he t ext .

The circuit is characterised by long slraights and chicanes. This means the cars' engines
are at  Í u| |  t hrot t | e Í or  over 75%  of  t he | ap, a higher percentage than most  other circuit s.
The track requires heavier-than-average braking over a given lap, as the cars repeatedly
dece| erate at  t he end of  some of  t he wor ld's í astesl st raights Í or  t he slow chicanes.
The chicanes are lined by rugged kerbs. Riding over these hard is crucial for  fast  laps.
The | ong st raights require sma| |  w ings Í or  minimum drag. This means loweÍ  downÍ orce'
result ing in lower gr ip on corners and under braking, and less stabilit y over bumps.
The main high-speed corners Lesmo l, Lesmo 2 and furabolica are all right turns.
Part s of  lhe circuit  are sunounded by t rees, which means leaves can be blown

2
toose up out

7
blow ctog

d

e

Parabolica

?

Chicane
Ret t if ilio

{ f }
Chicane Della Roggia

t
StarVFinish

l "  l r
Lesmo 2 . 

r l
a ' , - 1

onto the track.
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r  Assessing and in t erpret í ng faut t s
5 á | n pairs,  discuss a t echnical problem you've exper ienced w it h a device,

equipment  or  vehicle.  Descr ibe t he fault ,  and how you t r ied t o solve t he
prob lem .

Read  t he t r ain ing  no t es f o r  t e lephone help l ine

st af f  working for  a manufact urer  of  m ining

p lan t .  ln  pai r s,  d iscuss w hat  each  po in t  m eans.

?'ob /em-so / ving check/ is t

/  User s observattons.'
- nature oí  fau/ t
- circumstances of fau/ t
- externa/  foctors

2 Process of e/ imination

3 /dentií v the í ai/ure

4 Determine action and urqency

6 a ) S, l  f Ur  Rooney,  an  eng ineer  at  a quar r y  f i rm ,  is t alk ing  t o  Al ,  a help l ine

consu l t an t ,  abou t  a t echn ical  p rob lem  w i t h  a d iesel  eng ine.  List en  t o t he

conversat ion and answer t he follow ing quest ions.

I  What  does t he w arn ing  m essage say?

2 What  ex t ernal  f act or  is d iscussed as a possib le cause?

3 Why is t h is possib le cause el im inat ed?
4 ln  w hat  ci r cum st ances does t he f au l t  occur?
5 What  does t he consu l t an t  iden t i f y  as t he m ost  l ikely  cause?

6 What  act ion  is r equ i r ed ,  and how  urgen t  is i t ?

Mat ch  t he w ords in  t he box t o t hei r  synonym s in  t he sen t ences ( l - 7) .

defect  defect ive fut  faut ty intermit tent ty major minor property systemat icalty

I  There's a problem. latqlt  I  -
2 Perhaps somet h ing in  t he f uel  in j ect ion syst em is w rong.  -  I
3 l t ' s a ser ious problem.
4 l t ' s a sl igh t  problem.  -
5 ls i t  w ork ing cor rect ly?
6 The problem on ly  occurs f rom  t ime t o t ime.
7 The problem doesn ' t  occur  every t ime.  -

C Al made the follow ing notes about  t hree engine problems. Match t he fault s
( l  - 3)  t o t he possib le causes ( a-c) .

I  Siartor motor aomet imos vrorKs, somo't imes doesn'i.
ongine is í  1ears old.

2 Diet r ibut ion bolt  failed. t ngine blevr .  be| t  replracYó
recent ly - almost  new

7 Nsw engine. Runs fqr  2o mina, ihcn iemp. gaugo alwals

goes into red, and engine cult  out  (safe\  override)

40 Unit  5 Breaking poin t
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I

d I n pairs,  descr ibe the problems in Exercise 6c using the follow ing phrases.

a fuut t y par t  a sudden problem a syst emat ic problem an inst al lat ión prgblem
an int erm it t ent  problem caused by wear  and t ear  I f s /  I t  was . . .  I t 's /  I t  was probably . . .
Per haps i f s /  i t  w as . . .  Th is i s /  w as a . . .

e Complete t he follow ing t able using t he phrases in t he box f rom the
conversat ion.

I  doubt  ifs it  can,t  be it  could be it  might  be it :mtstáe it  sounds like iÍ s

1 I í s certain| .y 7 it  t^ l'^ st  be

2 I í s probab| .y /  -
3 I t sp ossib Ly  /  - /  -  a  p r ob t em w i t h . . .

4 I fs probabl.y not  /  -

5 I í s certainly not  /  -

f  )S, l Complete t he follow ing ext ract s f rom the conversat ion using phrases in
Exercise 2e.  List en again and check your  answers.

1 Obvioustg, it  mqsf be some sort  of defect  in the fuel iniect ion sAstem.
2 So - a software problem.

3 . . .  magbe a defect ive sensor .
4 Presumablg, - angthing too serious.
5 - water, then, if  the fuel went  in direct lg from a deliverg.
6 - a faultg fuel pre-heater.

7 a I n pairs,  analyse t he problem descr ibed below. Under line t he words in t he box
that  descr ibe it .

major minor sudden systemat ic intermit tent

The problem
The dr iver  of  a dump t ruck,  w h ich operat es in  a quar ry  has not iced t hat  t he
t ruck's diesel engine is slight ly down on power. The problem has become
progressively worse over several weeks. Apart  f rom the power loss, t he
engine is per f orm ing consist ent ly ,  w i t h  no m isf i r ing and no overheat ing.  The
degree of  power loss remains constant  t hroughout  a given per iod of  use,
f rom star t ing the engine to turning it  of f .  No increase in fuel consumpt ion
has been not ed.

Read t he not es and assess t he possib le
causes of  t he problem in Exercise 7a using ?ossible cdf f ies 0f  t he engine Problern
the words in Exercises 6d and 6e. .  wdter in the fuel supply

' a lubricat ion Problen
' a clogged fuel f ilter
, a blockage in the exhduit  ll; tem

o d cornPres,i\ n le^ K fr1m the piston

qlinders
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I  Descr ibÍ ng t he causes of  f au lt s
Look at  t he follow ing st rategies for  prevent ing and dealing w it h t echnical
problems in aviat ion. ln pairs,  discuss what  is meant  by the follow ing
terms and how they are used by engineers and pilot s.

I  check l ist s
2 st andard  procedures

9 a Read t he ar t icle on t he r igh t  and
answer the follow ing quest ions.

I  How  d id t he problem st ar t ?
2 What  w ere t he in i t ial ,  unseen

consequences?
3 What  w ere t he subsequent

conseouences?

3 back- up inst al lat ions
4  p l an n ed  m ain t en an ce

Complete t he sequence of
events t hat  followed t he
f uel  leak  on  t he Ai r bus
A330 using t he
ext racts (a-d) .

a An alarm sounded, a red master  warning lit  up
and t he message ENG I  FAI L came up on t he
screen. Seconds latet  t he r ight  engine f lamed out
due t o insuf f icient  fuel.

b Dur ing a rout ine inst rument  check,  t he crew
not iced a dispropor t ionate amount  of  oil had

been used by each engine.  Oil pressure and
temperature readings for  each engine were also
ir regular ,  but  t he levels were found t o be w it hin
acceotable oarameters.

As t he aircraf t  was now power less and potent ially

uncont rollable,  an emergency ram air  t urbine
was deployed automat ically t o generate back-up
elect r ical power for  t he f ly-by-w ire cont rols and
inst ruments.  Howevel w it h t he main hydraulics

shut  down. t he f laps and spoilers used t o slow the
plane before and af t er  landing were inoperable.

The co-pilot  calculated t he plane could remain

airborne for  15-20 minutes.  and t hat  l-aj es airbase
was an est imated 20 minutes away.
The crew decided t o t ake act ion t o correct  t he

anomaly,  opening a cross- feed valve t o t ransfer
fuel f rom the lef t  t ank t o t he r iqht  t ank.

"We have a problem"
The t rue story of AirTnnsat  Ft ight  236.

tT,h. chain of events began during rout ine maintenance
I  work on an Air Transat  Airbus A330. An incorrect

hydraulic pipe was f it ted to the right -hand engine. The
component  was oversized, leaving inadequate clearance
with an adiacent  fuel line. Subsequent ly, the two pipes
rubbed together, causing the fuel line to wear progressively.
The problem went  undetected, unt il the night  of August
24,2001, at  35,000 feet  above the At lant ic. ! ( r ith Flight
236 en route from Toronto to Lisbon, carrying 30ó
people, the fuel line ruptured, result ing in a major leak.
Less ú an two hours later, the aircraft  was completely out
of fuel, gliding silent ly through the night  sky . . .

Ül: ] B r r re f l ight  data recorder
registered an abnormal increase
in fuel consumpt ion.  At  t his
stage. howeve[  t his slight
anomaly was insuf f icient  t o
cause warning light s t o come
on to alef t  t he crew to anv
imminent  danger .

i lS: l l n warning message
came up. aler t ing t he crew
to an í mba| ance beNveen t he
am ount  of  f uel  in  each  w ing
tank.  I nit ially.  t he problem was
thought  t o be an inst rument
malfunct ion.  But  fur t her  analysis
bv the crew revealed that  the

amount  of  fuel remaining in
the r ight  t ank was signif icant ly
below the planned quant it y.

05: t l5 ,qs a precaut ion.  t he crew
decided t o divef t  t o t he nearest
airpor t  -  t he Lajes milit ary airbase
in t he Ázores.

ÜE: dE r ruc 2 FAI L appeareo,
and t he lef t  engine cut  out .
Having completely run out  of
fuel,  and w it h both engines
now down, t he Airbus A330
w as g l id ing .  descend ing  at
2.000 feet  oer  minute.

116: l l  -

ÜE: lE,  w it r r  t he airpor t  in
sigh t ,  t he land ing  gear  w as
lowered manually.  The pilot
t hen per formed a ser ies of
spectacuí ar  z| 9za9 manoeuvres
to slow the plane down as
much as possible.  The aircraf t
t ouched down on t he runway
at  37 0 km/ h -  exceeding t he
standard approach speed
by over  100 km/ h.  The pilot
applied emergency braking.
causing several t yres t o blow
out  and cat ch f ire.  But  t he plane
stopped safely. well before the
end of  t he runway.



T

C Make opposit es of  t he follow ing words using t he pref ixes in t he box.

ab-  dis-  im-

I  correct
2 undersized
3 adequat e
4 detected
5  n or m al
6 suf f icient

in- (xa)  ir- mat- over-

irrcowecf 7

I

un-

proport ionate
regu lar
balance
funct ion
operable

9
l 0
l l

d Complete t he follow ing sentences using t he words in Exercise 9c.  Somet imes
more t han one word is possible.

l T h e t e m p e r a t u r e g a u g e W a sf a u | t y . T h a t ' sw h y i t w a sg i v i n g -
read ings.

2 The shaf t  w as t h inner  t han  i t  shou ld  have been ,  so i t s st r engt h  w as

3 The power output  f rom the motor var ies. We don't  understand why it 's

The bol t ' s .  l t ' s t oo b ig  t o  f i t  in t o t he hole.
T h e m a ch i n e ' sn o t w o r k i n g a s i t sh o u | d . T h e r e ' sso m e k i n d o f - .
The brak ing  f or ce on  bot h  f r on t  w heels shou ld  be t he sam e.  There shou ldn ' t  be
a n  _ .
T h e f a u l t W a s- . No n e o f t h e m a i n t e n a n ce t e ch n i c i a n sh a d n o t i ce d
i t .

8  The con t ro l  panel  isn ' t  w ork ing ,  so you  can ' t  con t ro l  t he m ach ine.  l t ' s t o t al ly

0 a ) S. l  Ju l ia,  an air craf t  serv ice t echn ician,  is phon ing Alan,  a col league,  about
a problem with the t yres on a plane. Listen to the conversat ion and mark the
statements True O)  or  False (F) .

I  The t yre pressures on t he b lock being d iscussed are OK.
2 There is t oo l i t t le air  inside some of  t he t yres.
3 The t yre pressures are the same across the aircraf t .
4 The degree of  wear across all t he t yres is t he same.

Complete t he follow ing sentences using words in Exercise 9c
to make t rue sentences about  t he conversat ion.

I
2
3

The t yre pressures on t he b lock being d iscussed are - .
There is air  pressure inside some of  t he t yres.
The t yre pressures on t hat  b lock are
to the rest  of  t he aircraf t .
The wear rate is -  across all t he t vres.

ln pairs,  discuss the possible causes of
insuf f icient  t yre pressure in general,  and
the specif ic problem Julia descr ibes in
Exercise 10a, and say why each general
cause you discussed is likely or  unlikely
in this case.

4
5
o



I  Discussing repairs and main t enance

t t a I n pairs,  discuss t he dif ference between repairs and maintenance and
declde whether  t he follow ing words relate t o repairs,  maintenance or  both.

broken ctogged defect ive faut ty worn

! n  pai r s,  com pare car  m ain t enance w i t h  ai r craf t  m ain t enance.  Wh ich
aspect s are quit e similar  and which are very dif ferent?

Mat ch  t he con t en t  sect ions ( l  - 10)  of  an  ai r craf t  ser v ice m anual  t o  t he
descr ipt ions (a- j ) .

Contents

I  Opening and dismant l ing access panels

2 Topping up,  drain ing and replacing
coolant s and lubr icant s

3 Replacing f i l t ers

4 Safely isolat ing elect r ical component s

5 Safely disconnect ing and reconnect ing
elect rical components

6 Mechanical connect ions t o be checkeÜ
t ight ened at  each service

7 Parts suscept ible to wear/ damage, to be
examined at  each service

8 Sensit ive devices t o be adiust ed at  each
service

9 I nformat ion on non-serviceable parts /
sealed unit s

l0  Tab le o f com ponen t  l i f e spans

1 adj ust

2 drain

3 disconnect

4 dismant le

5 examine

6 replace

7 reconnect

8 service

9 t ighten

10 t op  up

b

7 2 a

nrl
LEJ

!
!
!

!

!

!

!

!
!

a Sw i t ch ing  of f  t he pow er  supp ly
b  Mak ing  sure cer t ain  par t s haven ' t  w orked

loose

c Chang ing par t s t hat  can  becom e clogged
d  Ad d in g  an d  ch an g in g  f l u i d s
e Equ ipm ent  t hat  needs t o be set  up  precisely

maintenanee
g Tak ing  par t s of f  and ref i t t ing  t hem  w i t hou t

danger
h  Com ponent s t hat  can ' t  be repai r ed  on  si t e
i  Det ai ls of  how  long par t s are designed t o

last
j  Mak ing  sure par t s are st i l l  in  good cond i t ion

b Mat ch  t he verbs ( l - lO)  f r om  Exercise l2a t o  t he def in i t ions ( a- j ) .

a

b

c

d

e

f

Í 1
h

i

j

carry out  planned maintenance
change an otd or  damaged par t

check carefut ty
empty a t iquid
add more ftuid to f it t  a tank to the recommended level
set  up carefully by making sma[ [  changes
take apar t  assembted components
appty the correct  torque, for exampte to loose bot ts
establish a connect ion again
remove or isolate from a circuit  or network
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l4aí nt ervance ClwcL| tst

Caalp.nt tawL
Caalp"wt canlí tí an
Caa| n,wt fi,Ltcr canlí tí an
BLal,owenr/ da,rrr,qe
BLala aLr,gnruwt

) s.S t ist en  again .  Do you  t h ink  t he t echn icians are w ork ing  on  an  ai r craf t

or  on  an  indust r ial  m ach ine?

ln  pai r s,  d iscuss w hat  m ain t enance needs t o be car r ied  ou t  on  t he

m ach inery  in  Exercise |  3a,  descr ib ing  t he operat ions st ep  by  st ep .

You w ork  f or  I PS,  a producer  of  indust r ial  packag ing  m ach inery .  As a

m em ber  of  t he g lobal  ser v ice t eam  your  r o le is t o  t r avel  abroad deal ing

w i t h  ser ious t echn ical  p rob lem s at  your  cl ien t s'  p lan t s.  Read t he f o l low ing

em ai l  f r om  a p lan t  in  Helsink i  and sum m ar ise t he prob lem .

1 3 a

c

7 4 a

) s. s n  ser v ice t echn ician  is exam in ing  som e m ach inery  and t alk ing  t o

a co l league.  What  does he say abou t  each  poin t  on  t he m ain t enance

check l ist ?

1
2
3
t+

5

To

Subj eclForkl i f t  damaoe t o lPSl5 Helsink i

Fo| | ow ing our  phone conversat ion t his morning I  conf irm that  a Í ork| if t  t ruck has hit

our  lPSl5 un i t .  The im pact  has m ade a large hole in  t he m ain  panel  on  t he side

oÍ  t he machine.  our  t echnician who is t rained t o carry out  rout ine adjustments

on t he machine has made an external vlsual inspect ion.  He has advised me that

t he mechanisms for  adjust ing t he precise alignment  of  t he cut t ing blades have

been dam aged.  Liqu id  lubr ican t  is also leak ing  ou t  f r om  under  t he m ach ine and a

crackling sound can be heard inside t he unit  when it  is sw it ched on -  presumably

due t o ear1hing/ shor t -circuit ing resu| t ing Í rom e| ect r ica|  damage.

I  conÍ irm my request  for  int ervent ion by your  service t eam'

Chr is McLean

7 5

ln  pai r s,  descr ibe t he sequence of  st eps you ' l l  need t o

t ake t o car r y  ou t  r epai r s w hen you  ar r ive in  Fin land,

using  t he not es t o  help  you .

Th ink  back t o som e repai r s or  m ain t enance you  d id ,

or  had done f or  you ,  in  t he past ,  f or  exam ple on  a

car ,  b ike or  dom est ic app l iance.  I n  pai r s,  exp lain  w hat

serv icing  or  r epai r s w ere requ i r ed ,  and t he m ain  st eps

involved in  car r y ing  t hem  ou t .

lPs ls HelsihLi
e i\ tev\ arl ) totuatge

e ol/  garrfs

r elec| ricarl srapgly:  our /  o€€

r ltabvicai\ t :  i\  ,/  oqt

r extevrrarl gart rels

e at ligruaert  oP craft itg bla/ res

e t est

e \ ew Pavfs
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UNIT 6
Discussing technicat
requirements
Suggest ing ideas and solut ions
Assessing feasibit ity
Descr ibing improvements and
redesigns

,-
9 0  - t

a

a

a

E Discussing  t echn ical  r egu i r em en t s

2 a

What  is needs analgsis? ln pairs,  discuss why t he follow ing factors are
im por t an t  in  needs analysis,  g iv ing  exam ples of  p roduct s and inst al lat ions.

budget  capacit y dimensions t ayout  looks per formance
regutat ions t imesca[ e

) O. t  Clauaia,  an  eng ineel  is ask ing  Kev in  and Dave,  t he m anagers of  a f un
park ,  abou t  t hei r  r equ i r em ent s f or  a p roposed space m odu le sim u lat or  cal led
Mars Lander .  List en t o t he conversat ion and note t he t hree main areas
Claud ia asks abou t .

) t f  How do Ctaudia and Kevin focus on specif ic subiect s? Complete t he

follow ing phrases f rom the conversat ion using t he words in t he box.  List en

again  and check your  answ ers.

concerned regard regarding regards t erms

1 . . .  w i t h  t o  t he capaci t A,  . . .

2  . . .  in  of  t he num ber  of  peop le . . .

3 . . .  as far  as size is -

4  . . .  And os -  t he graph ics . . .

5  . . .  -  t h e  sch ed u le  . . .

Wr i t e quest ions using  t he f o l low ing prom pt s and t he phrases in  Exercise 2b .

I  dimensions:  what  /  overall size /  module? \ , it h vqgotv) '  fo fhe / , ir^ , rerrsior rs,

what |  is the overat ll size o|  | he wroáqle7

2 mater ials:  what  I  bodywork I  made of?

3  sch ed u le :  w h en  /  w o r k  sf ar t ?
4 pow er :  w hat  /  m ax i i r um  ou t pu t  I  need I  be?
5 heat  r esist ance:  w hat  sor t  /  t em perat u re /  pain t  /  need /  w i t hst and?

6 t o lerance:  w hat  level  /  p recision  /  you  w ant  us /  w ork  t o?
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I  a )O.Z Claudia goes on t o ask about  t he physical ef fect s t he simulator  needs

to produce. List en t o t he conversat ion and make notes on t he follow ing
point s.

I  Possib le var iat ion  in  sim u lat or  m ovem ent
2 Extent  of  physical ef fect s required

3 Best  way t o assess physical ef fect s

)O.Z t ist en again and exptain what  is meant  by t he words and phrases

in  bold .

1 ... to what  extent  do gou wont  the experience to be phgsical?

2 The degree to which it  moves can be varied ...

3 ... t fb obviouslg dif f icult  to quant ifg something like this ...

4 The onlg wag to determine what 's right  is to actuallg sit  in a simulator ...

5 ... gou con ossess the possibilit ies.

Follow ing t he meet ing,  Claudia wr it es an email t o update Rod, an
engineer ing colleague. Read t he ext ract  and choose a word or  phrase f rom

Exercise 3b t hat  means t he same as t he words in bold.  Somet imes more

t han  one answ er  is possib le.

To:

Subiect :

Rod Nelson

Mars Lander

I n order  t o ( ]  )  Í .nd out  about  t he simu| ator 's dynamic capabil it ies,  we | ooked at  t he

t ypes oÍ  ef fect  t he simu| ator  shou| d produce' and (2)  t he amount  t hese physica|

ef fect s shou| d be Í e| t  by passengers' SpeciÍ ical| y'  t he Í ol| ow ing issues were discussed:
-  (3)  How severely should t he module generate vibrat ion,  t o simulate engine t hrust?
-  How much buf fet ing should be simulated? That  is,  ( 4)  how severely t he module
generates j olt ing,  due t o supposed atmospher ic t urbulence.
-  (5)  How much w ill passengers be exposed t o constant  l inear  GJorce,  t o simulate
decelerat ion?

| n order  t o (6)  work out  t he magnit ude oÍ  t he above parameters,  it  was decided t hat
t he protot ype w ill be equipped w it h var iable cont rols.  This w il l enable t he client  t o
(7)  eva| uate dif ferent  | eve| s oÍ  sever it y t hrough t r ia| s inside t he simu| ator '

-a-t

You are consult ing engineers prepar lng t o work w it h a space agency t o
design an unmanned landing module.  The module,  which w ill carry scient if ic
equipment ,  is int ended t o detach f rom a space ship orbit ing Mars and
land on t he planet .  At  t his stage, t his is all you know about  t he project .  I n
pairs,  prepare a l ist  of  t he main quest ions you w ill need t o ask at  t he needs
analysis meet ing using t he follow ing ideas.

.  t ype of  scien t i f ic equ ipm ent
o size/ w eigh t  of  equ ipm ent
o so l id i t y / f r ag i l i t y  o f  equ ipm ent
o sur f ace cond i t ions at  land ing  si t e

I  , rSSeSS

2 _

3

4

4
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Suggest ing ideas and solu t ions

)  I n pairs,  discuss t he follow ing quest ions about  creat ive t hinking.

o What  are t he m ost  ef f ect ive w ays of  com ing up w i t h  ideas and f ind ing
ingen ious solu t ions t o  t echn ical  p rob lem s?

o What  do you  t h ink  of  b rainst orm ing -  generat ing  lo t s of  ideas random ly
in a group session, without  analysis init iat ty, then subiect ing each idea to
analysis and cr i t icism  as a second phase?

o What  do you  t h ink  of  evaluat ing  ideas progressively  -  con t inual ly  sub j ect ing
t hem  t o analysis and cr i t icism ?

o When creat ive t h ink ing  is r equ i r ed  t o so lve prob lem s,  w hat  are t he pros and

cons of  w ork ing  ind iv idual ly ,  in  sm al l  g roups,  or  in  large groups?

6 a Read t he newspaper ar t ict e and answer t he follow ing quest ions.

I  How  is t he st at ue being  m ade,  and w hat  is i t  being  m ade f r om ?
2 What  is Rick  Gi l l iam 's r o le?

3 What  w i l l  t he st at ue be p laced on  in  i t s f inal  posi t ion  in  f r on t  o f  t he

m u seu m ?
4 What  t echn ical  p rob lem  d id  t hey  have t o so lve?

T

t Th"  new  st at ue ou t side t he
I  Museum of  Natural History

has been a mammoth project ,
l it erally.  The soon- to-becompleted
sculpture por t rays a l ife'sized
woolly mammoth,  carved f rom a
sing| e block oÍ  sandstone. I nit ially,
one aspect  of  t he project  had
engineers baí f led.  Rick Gill iam,
the engineer  overseeing t he
logist ics,  admit t ed t hat  he and his
colleagues had f r ied t heir  brains
t rying t o f igure out  how the
36- tonne monster  could be
lowered onto t he stone plinth t hat
w ill suppor t  it .
'We knew that  we could put  slings

under  t he base of  t he statue,
and pick it  up w it h a crane, '  he

explained, and t hat  t ranspor t ing
it  f rom the stonemason's vard
on a lowJoader wouldn't  be a problem.
'The problem is placing it  on t he f lat  plint h

that  suppor t s it .  How do you prevent

t he crane's slings f rom get t ing t rapped
between t he base and t he plinth,  so t hat

t hey can be w it hdrawn? We couldn't  t hink
of  an easy way t o do it . '  The creat ive
answer eventuat ly came, not  f rom the
engineers,  but  f rom the stonemasons, who

had af fect ionately been nicknamed the
'cavemen'.
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b Rick  is t alk ing  t o  Gabr iel la,  an  eng ineer ing  co l league,  abou t  t he prob lem  of
p lacing  t he st at ue.  Bef ore you  l ist en ,  exp lain  w hat  is m eant  by  t he f o l low ing
t erm s and t r y  t o  guess w hat  t he t h ree possib le so lu t ions are.

bar drit t  fr ict ion a grab (on the end of a crane j ib)
horizontal lif t ing eyes resin vert icat

C ) O.g  List en  t o t he conversat ion  and sum m ar ise t he ideas.  How  do t hei r  ideas
compare w it h yours? Why is each suggest ion rej ected?

d Complete t he follow ing suggest ions f rom the conversat ion using t he words in

t he box.

about  at ternat ively another coutd couldn't  don't  not

1 Whg \ ot  come up with a wag of hooking onto the side of the statue?
2 Well,  we dr il l  int o it ,  hor izontallg . . .?
3 We f ill all the holes, couldn't  we?
4 Or, - , we could mal:e sure the holes were out  of sight .
5 What  drilling into the top, vert icallg?
6 I  suppose opt ion would be t o use some sor t  of  grab,  on t he end

of the crane j ib.

7 Whg we ask t hem?

g You are eng ineers w ork ing  on  t he m am m ot h  st at ue pro j ect ,  w i t h  t he f o l low ing

t echn ical  r equ i r em ent s.  ln  pai r s,  d iscuss possib le so lu t ions t o  t he prob lem  of
p lacing  t he st at ue on  t he p l in t h  using  t he phrases in  t he box.

Al t er nat ively  Anot her  op t ion  w ou ld  be . . .  Cou ldn ' t  w e . . .  We cou ld  . . .
W h a t  ab o u t . . .  ? W h y  d o n ' t  w e  . . .  ? W h y  n o t . . .  ?

l No holes, s| o| s ov gvoTves w.otybe cut  ih | he s| at | qe. f l| l o€ i| s sh'€aces mhs!  vemat ih iht ,rc| .
, NT sP,rcevS l,q,rY be le€t  belweeh the qt láevsiáe o*  | he star| ue,s { lar|  barse au/  the + lat

h| | ev J[ av| a16e o€ | he glirr| h. Í he two sh'Paces mus|  be le{ t  i\  áivec|  co\ t ,rc|  with earch
olhev.

o Í Áe startqe u,rl^ s|  lrot  be srabjec| eá | o shocks. Sra/ áe\  ) ,vols, evelt  oQ ar €ew u.rillimetves,

atve oht  o*  | he qqes+ io\  giverr | he * vargility oP the sch| PtqY€/  especiat lly art  its covhevs at \ á

e)tgeS, which cort \ be ) ,ov,tage), eatSily.
, A'ly accessovy eqrriguaerr|  u,raty be raseá, withit t  the liprits o€ tech'ricarl possibi| it7 at rrá

rearsot lrrble cost

The st onem asons suggest ed a so lu t ion  t o  t he st at ue prob lem .  Read t hei r  idea
on  page 99 and com pare i t  w i t h  your  so lu t ion .  What  ex t ernal  f act or s cou ld
cause som e prob lem s w i t h  t hei r  idea? How  cou ld  t hese be solved?
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Assessing feasibit it y

8 a I n pairs,  dscuss what  is meant  by feasibil it g.

b Look at  t he f low char t  and, in pairs,  discuss how budgets and schedules

af fect  t he t echnical feasibil it y of  design,  development  and manufactur ing

solu t ions.

Si ze  o f  b u d g et
A b igger / sm al ler  budget  of t en  m eans . . .

9 a ) s. l vit  t oa an engineer f rom a German
company t hat  makes and inst al ls indust r ial
gant ry cranes, is phoning Raiesh, t he
const ruct ion manager of  a manufactur ing
plant  cur rent ly  being bu i l t  near  New  Delh i ,
lndia. They are discussing the gant ry crane
due to be installed at  t he plant .  Listen to
the conversat ion and answer the follow ing
quest ions.

I  Why are holes needed in  t he concret e w al ls?
2 What are core drilled holes and what are

preformed holes?
3 ln  t h is con t ext ,  w hat  is m eant  by  p lag?

4 What  im pact  w i l l  t he lack  of  p lay  around t he bol t s have ( on  t he

const ruct ion ) ?
5 Apar t  f r om  t echn ical  quest ions,  w hat  t w o issues w i l l  det erm ine t he m ost

f easib le w ay of  f orm ing t he holes?

ln pairs,  compare core dr il l ing and preforming w it h regard t o t he follow ing

feasibil it y issues.  Which t echnique is most  suit able for  t he sit uat ion in

Exercise 9a?

cost  precision ümescate

)O.S Vif t or  and Rajesh are assessing t he most  suit able method of  forming

the holes in t he walls.  List en t o t he conversat ion and compare t heir

answers w it h yours.

)o. l t ist en again and answer t he follow ing quest ions.

I  What  are t he advantages of  using preformed holes in t erms of  cost  and

t im escale?
2 What 's t he m ain  d isadvan t age of  core dr i l l ing  t he holes?

3 What  t olerance can easily be achieved w it h preformed holes?

4 What  t olerance is required for  t he holes on t his project?

5 What 's t he r isk of  using preformed holes?

6 What  key feasibil it y issue does Rajesh ident ify?

Techn í cal  f easib i t i t y

. . .  m ore/ less soph ist icat ed / innovat ive design .

. . .  h igher / low er  qual i t y / r el iab i  l i t y / ef t iciency .

ü :
f r

Len g t h  o f  sch ed u le
A longer / shor t er  schedu le of t en  m eans . . .

E
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I

e Complete t he follow ing expressions f rom the conversat ion using t he words in

the box and indicate t he degree of  feasibil it y each expression descr ibes.

borderline dcad forever teg painstaking peanuts perfect l.y st retching. tat t  way

@-e @l
1 it , t lbe AeaA 2g5g Ú !  t r
2 i t ' t t cost -  t r  D !
3  i t ' l l bequ i t ea- j ob  !  !  t r
4 it 's - feasible t r  !  !
5 it 's achievable,  but  it 's -  it

6 t here's no -  Aou can do it
- l 

i t 's -

8 if 's o -order

9 i t ' l l t ake -
10 it ' l l  cost  an arm and a -

! !  t r
! l  !
! !  !
! !  !
t r t r  !
! !  !

per fect ly
f easib le

feasib le but
ch a l l en g in g

complet et y
unfeasib le

o
o
@

f  How feasible do you t hing t he follow ing suggest ions are? Label t t rem @ Q
or @ according t o t he key in Exercise 9e.

1 The m ach ine par t s are t r icky  t o  pain t  w i t h  b rushes,  or  t o  spray .  Why don ' t  w e

d ip  t h em  i n  p a in t ?

2 The st eel  bar  is lOOm m  in  d iam et er .  Cou ldn ' t  i t  be cu t  by  hand,  using  a

hacksaw ?

3 Silver 's a good conductor .  Why don't  we use it  for  w ir ing,  instead of  copper?

4 I nst ead of  pu t t ing  lead bal last  in  t he hel ium  bal loon  basket ,  w hy don ' t  w e use

water  containers?
5 They've used t he wrong t ype of  fuel in t he engine.  I 'd suggest  st r ipping t he

w hole t h ing  dow n and clean ing  i t  by  hand.

6 They produce 6,000 un i t s per  day and norm al ly  do a qual i t y  check on  l0 lo  of

t hem .  Cou ldn ' t  t hey  check every  sing le product ?

g ln pairs,  give an appropr iate response t o t he suggest ions in Exercise 9f

using t he expressions in Exercise 9e.

10 I n pairs,  discuss t he feasibil it y of  t he follow ing solut ions t o t he problem of

forming accurately posit ioned holes t hrough t he plant  walls in New Delhi.

Student  A,  you are Viktor ;  Student  B,  you are Rajesh.  Discuss t echnical

issues,  cost  and t imescale,  and rank t he solut ions in order  of  feasibil it y.

I  ls a d iam ond dr i l l  r eal ly  needed t o go t h rough  rein f or ced concret e? Surely  you

can  dr i l l  in t o concret e w i t h  an  ord inarv  ham m er - act ion  dr i l l? Wou ldn ' t  t hat

reduce t he cost ?
2 Cou ldn ' t  t hey  m ake t he pref orm ed holes w ider  t han  requ i r ed ,  so t here's ex t r a

t o lerance? Then,  once t he bol t s are f ixed ,  t he space around t hem  cou ld  be

f i l led  w i t h  cem ent .
3  Why not  d r i l l  t he holes in  t he st eel  beam s on  si t e,  inst ead of  p re- dr i l l ing

t hem ? Then t hey cou ld  be posi t ioned t o su i t  t he locat ion  of  t he pref orm ed

holes in  t he w al l .  That  w ay,  i t  w ou ldn ' t  m at t er  i f  t he holes in  t he w al ls w ere

sl igh t ly  ou t  of  posi t ion .

4 I nst ead of  bo l t ing  t h rough  t he concret e,  w hat  abou t  add ing  ext ra st eel

co lum ns t hat  r un  dow n t he w al ls? The beam s cou ld  t hen  be suppor t ed  on

t hese,  and no holes w ou ld  be requ i r ed  t h rough  t he concret e.
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Descr ib ing improvement s and redesigns

Look at  t he slide f rom an engineers't raining course, Total Technical
lmprovemenÚ. | n pairs,  suggest  examples of  t echnica|  improvements to
illust rate each one. Are there other points that  could be added to the list?

t2 it  Look at  t he slide f rom a design meet ing at  a computer pr inter
manufacturer.  ln pairs,  suggest  ways that  t he follow ing pr inter  factors
might  be improved in some of  t he areas on the list .

cables/ connect ions case ink/ toner cart ridges papeÍ  poweÍ  software

Pccolble oneoe Í or improvemonÜ

I  Aesthetics
2 User interfoce
3 Reliobilit y
4 Gonsumobles
5 Outpur quolity ond speed
ó MoinÍ enonce
7 Monufoctur ing
I  Environmentql impocr

'LO.O 
f t 4" . t " ,  a manager at  t he pr inter  manufacturer ,  is br ief ing t he design

team on key requirements for the redesign of a printer. Listen to the start  of
t he meet ing.  Which two areas on t he slide in Exercise l2a are discussed?

)O.O t ist en again and answer t he follow ing quest ions.

I  Shou ld  t he layou t  and com ponent s of  t he new  pr in t er  d i f f er  m uch  f r om  t he
ex ist ing  design? Why ( not ) ?

2 How  m any t im es has t he ex ist ing  m odel  been  im proved in  t he past ?

3 What  considerat ion  is beh ind  t he decision  on  how  d i f f eren t  t he new  sof t w are
sh ou ld  b e?

4 To what  extent  should t he new sof tware system dif fer  f rom the exist ing one?

Look at  t he follow ing verbs f rom the discussion and f ind t hree examples
where re-  means again.  Match t he other  t hree verbs t o t he def init ions in
the box.

improve overall improve the details stay ( the same)

I  r edesign
2 reinven t

áesiqrr arqarirr 3 ref ine 5 ret h ink
4 revamp 6 remain
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)O.O Complete t he follow ing expressions f rom the discussion using t he
words in t he box.  List en and check your  answers.

Achil.tes back dnwing board ground heel improvement
leap quantum rcinvant room scntch up whct

1 veirrve\ f the wheel

2 designing the whole thing from the

4 the
5 to the
6 make a
1 designing the sgstem from

Mat ch  t he expressions ( l  - 5)  in  Exercise l2e t o  t he def in i t ions ( a- 0.

a w ast e t im e re- creat ing  som et h ing  t hat  has al r eady been  creat ed I

b  t he b iggest  w eakness
c st ar t  again  because t he f i r st  p lan  f ai led

d m ake huge progress -

e design  f r om  t he beg inn ing  I  -

f  pot en t ial  f or  do ing  a bet t er  j ob  -

Rewr it e t he follow ing sentences using t he correct  form of  t he expressions
in  Exercise l2e.

1 Unf or t unat ely ,  w e had t o scrap t he concept  and st ar t  again .
We hará | o qo barclr | o | he ztvarwir,rq boav)..

2  Th is p rob lem  is t he product ' s m ost  ser ious shor t com ing.

3 There's no poin t  r edesign ing  w hat  al r eady w orks per f ect ly  w el l .

for

4 l t ' s a t o t al ly  new  design  -  w e st ar t ed  f r om  t he very  beg inn ing .

5 The new  design  is so m uch  bet t er  -  i t ' s a t r ansf orm at ion

6 I  t h ink  t here's def in i t ely  a possib i l i t y  t o  do bet t er  in  t h is area.
I

. 3 a ! n pairs,  discuss how computer  point ing devices have improved since t he

f irst  mouse was invented.  Use t he language f rom this sect ion and t he

words in t he box.

bat t  but t ons f irst  mechanical mouse opt ical mouse opt ical sensors
ref ined mechanical mouse sensit ive sur fuce t ouchpad wheel w iret ess

You have been asked by a computer  hardware manufacturer  t o t hink of
some funct ional improvements and t echnical solut ions for  point ing devices.
ln  pai r s,  d iscuss your  ideas.

Present  your ideas in Exercise I  3b to another pair .í QrEffi
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UNIT 7
Describing heat th and safety
precaut ions
Emphasising the importance of
precaut ions
Discussing regulat ions and
standards
Working with writ ten
inst ruct ions and not ices

t l

n Descr ib ing  heal t h  and saf et y

2 a ln  pai r s,  d iscuss w hat  is m eant
by  t he i t em s on  t he Heal t h  and
Safet y meet ing agenda.

) l , t  Rosana,  t he assist an t
m anager  at  a Dor ian  Food
Processing  p lan t ,  is chai r ing
the weekly Healt h and Safet y
meet ing.  List en t o four  ext ract s
f r om  t he m eet ing  and m at ch
each ext ract  (a-d)  t o an
agenda i t em  ( l  - 7) .

a _  c _

pr ecau t ions

Som e eng ineer ing  or  indust r ial  act iv i t ies are especial ly  dangerous.  ln  pai r s,

t h ink  of  m ore exam ples t o  add t o t he f o l low ing l ist .

o  Man u f act u r i n g  p r ocesses u sin g  d an g er ou s ch em ica l s
e  Cast i n g  an d  w e ld i n g  i n v o l v i n g  h i g h  t em p er a t u r es

Dor ian Food Processing
Healt h & Safet y Meet ing Agenda

Wednesday ló Apr i l ,  Con f erence Room ,  2.00pm  -  4 .0C

To:  RM, MA, DB, SM, BP, LJ
Chair :  Rosana Mar t inez

I  Hazardous subst ances &  Personal  Prot ect ive Equ ipm ent
2 Harm f u l  gases/ f um es 6 asphyx iat ion  hazards
3  Fi r e / Ex p losi on h azar d s
4 Mach inery :  guards and saf et y  dev ices
5 Access w ays,  guardrai ls and em ergency ex i t s
ó Elect r icaI inst al lat ions
7 Noise hazards

b

) l . t  List en  again  and m at ch  t he w ords f r om  t he m eet ing  ( l  - 8)  t o  t he
def in i t ions ( a- h ) .

1 conf ined spaces

2 C0, detector

3 exposure

4 ir r i t ant

5 t oxic

6 corrosive

7 f lammable

8 naked f lames/ sparks

a burns t he skin

b cont act  ( w it h a danger)

c sources of  ignit ion

d small areas w it hout  vent it at ion

e measures carbon dioxide

f  poisonous

g causes skin to react

h catches f ire easily

L
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3 a

Which four t ypes of  PPE shown in the photos are ment ioned at  t he
meet ing?

I n pairs,  discuss the hazards in the follow ing sit uat ions and the precaut ions
that  should be taken.

I  Work ing inside a cont ainer  w i t h  l im it ed air  ci r cu lat ion
2 Clean ing met al  using acid  t hat  can burn  t he sk in  and w hich g ives of f  f umes
3 Using a gr inder to cut  t hrough a steel plate
4 Apply ing pain t  t hat  can cause pain fu l  rashes on t he hands

Stephanie, Dor ian's senior  safety of f icer ,  is at tending a meet ing on
standard procedure for  some engineer ing work that  w ill be carr ied out  at
several of  Dor ian's plants around the wor ld.  Before the meet ing she made
notes. Read her notes and answer the follow ing quest ions.

I  What is meant by hazard
analgsis?

2 What  is another way to say safe
sAstem of work?

3 What  t ype of  work is going to be
carr ied out ,  and where?

4 What  is meant  by access to
silos?

5 What  are the specif ic hazards
relat ing to conf ined spaces in
t h is si t uat ion?

Hazard anafusts & safe sptenof t^ rorL.
} peratÍ sn: t4aí nten'a,we, ta graí n sí hs
í nva| ,ví ltg weaí ng (ufth ary- ar,etgb'w)

kcat isnl Interí nn a( enptg sí ks (apprar
3n dí nrwter r,| 5n daep), at  bat tans

f[aí n sa| etg í ssws: ilcuss ta sihsfor r.,orters
& quí pwnt' Can!í wd, sp oa hnzards

. 'G- ,

U b
b ) l:  Stephanie is discussing some of  t he hazards w ith Ben, one of  Dor ian's

engineering managers. Listen to the conversat ion and note the hazards
that  t hey ment ion.

I  Access hazards:
2 Conf ined space hazards:

C ) lf  Listen again and answer the follow ing quest ions.

I  What  safety precaut ions are discussed?
2 Which precaut ion might  make one of  t he hazards worse, and how?

I n pairs,  discuss suitable health and safety precaut ions and PPE for
the following operat ions on an exist ing steel petrol storage tank at  a
processing plant .  Student  A, you are a safety of f icer ;  Student  B, you are an
engineer ing manager.  Use the phrases in the box. Swap roles and pract ise
again.

An opening needs t o be cut  t h rough t he w al l .
A new  st eel  out let  p ipe must  t hen be w elded ont o t he open ing.
The exist ing paint  must  then be removed f rom the external surface of  t he
t ank,  by shot -b last ing.
The tank must  then be repainted.

The main danger / hazard is .
Another  danger / hazard is . . .
There's a r isk of . . .  - ing

They'tL have to take care that  ...
They'l.t  have to be (very)  caretul ...
To be safe, they't l. need to ...

a

o

a
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Emphasising t he impor t ance of  precaut ions

a Dor ian Food Processing is current ly standardising safety procedures at
it s plants around the wor ld.  Read the follow ing ext ract  f rom the contents
page of  t he company's new safety documentat ion and answer the follow ing
quest ions.

I  What  is meant  by LV and HV elect r ical  main t enance operat ions?
2 What  k inds of  elect r ical  main t enance m ight  be car r ied out  in  a f act ory?

LV &HV ELECTRI CAL MAI NTENANCE OPEMTI ONS

Part  I  I dent ifying and designat ing Restricted Areas
(sw it chboards,  t ransÍ ormer stat ions,  areas w it h
exposed conductors)

Par t  2 Author ising maintenance
-  The role of  t he Elect r ical Supervisor
-  Procedures for  issuing Permit s t o Work

Part  3 I solat ing and energising circuit s
- Lock-Out  Procedure
- Temporary Warning Not ices on switchboards

) l. l t isten to Stephanie explaining the safety procedures to Lin, t he plant
manager in Beij ing. What  is meant  by the follow ing phrases?

I  rest r icted areas
2 a perm it  t o w ork
3 t he elect r ical  superv isor
4 the lock-out  procedure

) l. l Complete the follow ing ext racts f rom the conversat ion by under lining
the phrases that  give the st rongest  emphasis.  Listen to the conversat ion
again and check your answers.

1 Restricted areas are places where a serious danger is present . So it 's
essent ial that  these should be kept  locked at  oll t imes /  all the t ime.

2 Under no circumstances should angone /  Nobodg should under ang
circumstances be able to access them ...

3 ... it 's important  that  permits are issued each t ime /  everg single t ime
someone enters . . .

4 And it 's crucial thot  there's just  one /  just  a single keg to eoch restricted
area.

5 Then, while theg're working, it 's vital /  it ts advisable that  theg keep the keg
on  t h em  . . .

Which of  t he follow ing phrases give more emphasis than r t3 important ,  and
which give less?

I  i t ' s crucial

2 i t ' s essent ial

3 it 's preferable

4 it 's vit al

I

56 Unit  7 Procedures and precaut ions



I

Rewrite the follow ing precaut ions using the phrases in the box to add emphasis.

atatFtirrrcs every singte ií s crucial ií s essential ií s ütat
under no circumstances

I  The f i re exi t  shou ld alw ays be kept  clear .
Í he s'e exi|  shorrla\  be kept  clearr at |  arll t rt .les.

2 l t ' s impor t ant  t o t est  t hat  t he cir cu i t  is isolat ed.

3 You shou ld  r eset  t he alarm  rou t inely  w hen you  st ar t  t he syst em .

4 l t ' s a good idea t o check t hat  t he cab le is not  dam aged.

I t ' s recommended t hat  you shou ld on ly  st ore non- f lammable mat er ials in
t h is zone.

6 Nobody shou ld  en t er  t he rest r ict ed  area w i t hou t  perm ission .

7 Before pressur ising t he syst em,  make sure al l  t he connect ions are t igh t .

I n pairs,  discuss t he follow ing basic precaut ions for  working on elect r ical circuit s.

Before star t ing:  Dur ing work:  To f inish:
o lso lat e ci r cu i t  at  sw i t chboard  o Tigh t en  connect ions f u l ly  o  Check no loose w ires
o Test  ci r cu i t  -  no cur ren t  o Don ' t  dam age insu lat ion  o Test  ci r cu i t

6 d Read t he follow ing ext ract  f rom an elect r icit y company newslet t er .  What

procedure does t he ar t icle descr ibe?

A helicopter  hovers between t he t ower ing pylons of  an ext ra-high-volt age power
l ine.  I n  a crad le,  suspended several  m et res below  t he ai r craf t ,  st and t w o l ine
m en,  sh rouded in  hooded,  st ain less- st eel  t h readed hot  su i t s.  Just  a f ew  f eet  aw ay
is a l ive elect r ic cab le,  f izzing  w i t h  400,000 vol t s.  One of  t he m en,  hold ing  a
shor t  m et al  w and,  r eaches ou t  t ow ards t he cab le.  Pockersized l igh t n ing  bol t s
ar c t h rough  t he ai r .  Theret  no d iscern ib le elect r ic shock,  , iust  a sl igh t  t ing l ing
sensat ion .  A lead is t hen  cl ipped t o t he l ive cab le t o  m ain t ain  an  elect r ical
connect ion  w i t h  t he crad le and hel icopt er .  The l ine m en are now  on ,  and
m ain t enance w ork  on  t he l ive pow er  l ine can  beg in .

I n pairs,  discuss t he main precaut ions you t hink should be t aken dur ing

live l ine maintenance work by helicopter  w it h regard t o t he follow ing hazards.

I  Col l isions and snagg ing  ( get t ing  caught / t r apped)

2 Hazards f rom elect rocut ion and heat

3 Mechan ical  f ai lu re ( hel icopt er  and equ ipm ent )

) l. l f r isaof ,  an elect r ical engineer ,  is descr ibing live l ine maintenance by

helicopter  for  a TV documentary.  What  precaut ions does he descr ibe for

each of  t he t hree t ypes of  hazard in Exercise 6c?

ln pairs,  t hink of  an operat ion you are familiar  w it h t hat  requires safet y
precaut ions.  Student  A,  you are a safet y of f icer ;  explain t he precaut ions t o

a new employee. Student  B,  you are a new employee. Swap roles and
pract ise again.
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Discussing regulat ions and standards
ln pairs, discuss what is meant by regulat ions and standards, Í or
example safetg regulat ions and design standards. Give some examples of
organisat ions and departments in your count ry and lnternat ional bodies
that  produce these kinds of  rules.

Of fshore oil plat forms are covered by extensive safety regulat ions and
design standards. ln pairs,  discuss the main hazards that  oil plat form
workers face and suggest  some safety precaut ions that  need to be taken.

)7.5 lsobel,  a Health and Safety specialist ,  is speaking to newly recruited
oil plat form technicians on a t raining course. Listen to the int roduct ion to
her talk and answer the follow ing quest lons.

I  What  k inds of  regu lat ion w i l l  t he course deal  w i t h?
2 What  examples does t he t rainer  g ive?
3 What  impor t ant  poin t  is emphasised?

Complete the follow ing ext ract  f rom lsobel's t alk by under lining the correct
words.

The focus of the course will be on Aour personal (1)  legislat ion /  obligat ions in
terms of looking after Aour own safetg, and the safetg of others. That  meons
we'll be focusing on specif ic safetg regulat ions. For instance, we'll be looking at
personal protect ive equipment that 's (2)  compulsorg /  prohibited. Or act ivit ies
that  are (3) compulsorg /  prohibited in certain oreos, such as smoking. The
majoritg of the obligat ions we'll deal with are legal (4)  requirements /  permits.
I n other words, theg're (5) permit ted /  st ipulated bg law as part  of health and
safetg (6) legislat ion /  obligat ion. lf  gou (7) contravene /  complg with these
kinds of regulat ions, it 's not  the same as turning up for work late, or merelg
breaching Aour contract  of emplogment in some wag. I f  someone fails to
(8) contravene /  complg with health and safetg regs, theg're breaking the law.
I t 's as simple as thot . I h sure Aou're all aware of that , but  it  is an important
point  to emphasise.

Complete the follow ing groups of  synonyms using the words in bold in
Exercise 9c.

l i| | ega|  /  banned /  forbidden 7 pvohbi| eá

2 al low ed /  aut hor ised I  -
3 adhere to /  conform to /  -
4 stated I  -
5 break ( t he law )  /  breach ( regu lat ions)  I  -  ( regu lat ions)
6 law s /  regu lat ions I  - /  legal  - /  personal
7 obligatory I  -

I t
tr

I

58 Unit  7 Procedures and precaut ions



I

)  a Read t he ext ract  f rom a guide t o safet y in t he of fshore oil indust ry.

Complete t he t ext  using t he words you wrote in Exercise 9d.

The hel icopt er  f l igh t s t hat  f er r y  personnel  t o  and f r om  t he p lat f orm  are sub j ect  t o

specif ic safet y ( r )  legislar t ior r  .  The procedures and standards t hat  are
( z)  -  by  t h is r egu lat ions relat e,  p r incipal ly ,  t o  t he f o l low ing areas:

o Hel icopt er  sea crash  evacuat ion  t r ain ing .  Courses are G)  -  f or  al l
p er son n e l

o Design  and saf e operat ion  of  o i l  p lat f orm  hel idecks

o  Sp ecia l i sed  p i l o t  t r a i n í n g .

Fo r  No r t h  Sea o i l  p l a t f o r m s t h a t  f a l lw i t h i n  UK ( + )  - ,  op er a t i on s m u st

G)  -  t he legal  ( 6)  -  o f  Br i t ish  Heal t h  and Saf et y

regu lat ions,  and Civ i l  Av iat ion  Au t hor i t y  r u les.  They m ust  also sat isf y  t he

add i t ional  speci f ic ( )  -  laid  dow n by  t he U K Heal t h  and Saf et y
Execu t ive and t he Of f shore I ndust r y  Adv isory  Com m it t ee,  Hel icopt er  Liaison

Group ( OI AC- HLG) .

b  Read t he f o l low ing not es on  t he design  requ i r em ent s f or  hel idecks on

oil plat forms. ln pairs,  discuss t he possible reasons for  t hese design

standards.

' 
T; :H s } :yí ."* ffi ; ; : : l.r:*  

oP larvges|  helicogter

7 f,q7voach/ tal.eolP vohtes: ar{ iarcerrt stvqclqves below level oP

he| iáecL - ho t,ill stvhctqves

j Pevir,retev gvofec-Fiorr (fo pveve\ f peysohhel fvoua * arllirrg):  harta\ raril

| hart  car't  be loweveá ov hovieorrtarl rtel - \ o $xeA hartávai| s

4 Eqrei7u.rerrt | o co7e with bará wearthe' /  poov y!foi| i1':  geviuaetev

larrráirrg lights arrrá arrrchor goirrts

I  I magine you are t raining new engineers in your  workplace (or  a workplace
you know) .  ln pairs,  explain t he main requirements of  some regulat ions or

standards t hat  are relevant  t o your  indust ry using t he follow ing point s.

.  key  legal  r equ i r em ent s
o t he k inds of  operat ion  t hat  m ust  com ply  w i t h  r egu lat ions
o pract ices/ procedures t hat  are permit t ed
o pract ices/ procedures t hat  are prohibit ed

. )
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I  Working w it h wr Í t t en inst ruct ions and not ices

1 3 a

Th ink  of  si t uat ions w here w r i t t en  not ices and inst r uct ions are used in

indust r y .  I n  pai r s,  d iscuss t he f o l low ing quest ions.

1 What  d i f f eren t  k inds of  in f orm at ion  do t hey com m unicat e?
2 What  are t he charact er ist ics of  ef f ect ive not ices and inst r uct ions?

The f o l low ing w arn ing  not ices are f r om  a gu i l lo t ine f or  sheet  m et al  and a
precision  w eigh ing  dev ice in  a m anuf act u r ing  p lan t .  ln  pai r s,  d iscuss w het her

each  not ice w arns of  a p rob lem  t hat  cou ld  in j u re w orkers,  dam age t he

m ach ine.  or  bot h .

DANGER
El€ctüut| on dskt
ln ercnt of firc usa

co2 Üt| ngubhaB onlt| .
Do not u$ watal

a

IMPORTANT
Na ar* r-* rt i* "b| "

par t s inside.
opening pan€|

invaI idat es guaÍ ant ee.

b

CAUTI ON
gui l lot ine

blade before
cleaning

c

Moist u re-se n s i t ive
device.  St ore in a

d r y  p lace.

o

What  is t he purpose of  t he i t em s m arked

in  r ed  on  t h e  m ach in e?
Wh at  cou ld  h ap p en  i f  t h e  m ach in e  w as
l i f t ed  by  ot her  par t s of  t he f r am e?

Wh y  i s i t  im p o r t an t  t o  l ock  t h e  g u i l l o t i n e

b lad e?
What  ot her  danger  is t here,  and w hat

o r ecau t i on  sh ou ld  b e  t ak en  as a  r esu l t ?

/ 5 \

WARNI NG
Taka orc whcn
| lf t lng mach| n€.

Hmk crane to rcd
llÍ t| ng GyCr on| y.

e

b Look at  t he f i r st  w ord  in  each  sign  and answ er  t he f o l low ing quest ions.

1 Which  w ord  is on ly
2  Wh ich  w o r d  i s on l v

used t o w arn  of  a r isk  of  in j u r y  t o  peop le?

used t o w arn  of  a r isk  of  dam age t o equ ipm ent ?

t 4 d  The f o l low ing ext ract s are f r om  t he inst r uct ion  m anuals of  t h ree of  t he

m ach ines in  Exercise |  3a.  I n  pai r s,  answ er  t he quest ions ( l  - 6) .

I n t he event  of  a f ire wat er  ext inguishers
should not  be used on t h is machine as it
cont ains elect r ical circuit s,  and can t herefore
cause elect rocut ion.  Only a carbon dioxide
ext inguisher  should be used.

Why is i t  unsaf e t o  pu t  w at er  on  t he m ach ine?

What  t ype of  f i r e ex t ingu isher  is r ecom m ended?

Care should be t aken w hen cleaning below

t he gu i l lot ine b lade as t here is a danger  t hat

t he b lade may descend.  Before cleaning,  t he

cont rol  lever  should alw ays be set  in  t he Blade

Locked posit ion.  Prot ect ive g loves should be

w or n  d u r i n g  c lean in g  as t h e su m p  b e low  t h e

blade may cont ain  sharp met al  of f - cut s.

b 
I  When l i f t ing t h is machine,  i t  is essent ial

I  t hat  only t he t wo l i f t ing eyes marked in
'  

red should be used.  No ot her  par t s of
t he f rame are load-bear ing and must  not ,
t herefore,  be used as anchor  point s.

I
2
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b ) l.O Pet rus, an engineer f rom a machine manufacturer,  is giving
inst ruct ions about  the machines in Exercise l4a to a client .  As you listen,
follow the wr it t en texts (a-c)  and ident ify as many dif ferences as you can
between the spoken inst ruct ions and the wr it t en inst ruct ions. Use the
follow ing ideas.

1 grammat icald i f f erences
2 use of  cont ract ions
3 dif ferences in words used

a Read the follow ing spoken explanat ions of  t he operat ing precaut ions for  an
indust r ial blower. Rephrase them as wr it t en inst ruct ions, making changes
based on the differences between spoken and writ ten language style you
ident if ied in Exercise l4b.

You shouldn't  p| ace objects in Í ront  oÍ  t he air  in| et .  And you shou| d keep the in| et  gr i| | e f ree
Í rom obst ruct ions, and c| ean it  regu| ar | y.  | Í  t here's damage to the in| et  gr i| | e,  stop the b| ower
immediately.  Foreign bodies enter ing the duct  can cause ser ious harm, because the unit
contains precision-engineered part s revolving at  speed, so it 's highly suscept ible to damage.

obiecfs shorela\  hot  be plotce), irr Qvorrt  o*  the ariv irrlet

BeÍ ore you start  the b| ower' it 's important  to ensure that  the e} terna|  Vents at  the end oÍ
the air - intake duct  are open. When you open the vents, Í u| | y extend the adjust ing hand| e.
Then when you close them, turn the handle and allow it  t o return under the force of  t he
spr ing. Don't  push the handle, because that  can st rain the spr ing mechanism, and result
in damage.

Ee€ove starvt ihq | he b| oweÍ , ,..

Think of  some safety or  operat ing precaut ions you are familiar  w ith for  a
machine or  process you know. Write one or two paragraphs of  inst ruct ions,
explaining the main precaut ions that  should be taken.

!n pairs,  explain the safety or  operat ing precaut ions for  t he machlne or
process using your inst ruct ions as a guide.
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l I  Descr ib ing aut omat ed syst ems

2 a

ln pairs,  discuss the dif ference between an automated and a manual system.
What  do you think a Building Management  System (BMS)  does in intelligent
buildings? Suggest  some operat ions that  can be monitored and cont rolled
automat ically by the BMS in large buildings such as of f ices.

)s. t  Roland, a mechanical and elect r ical services (MeE)  engineer,  is t alking
to Saskia, an architect ,  about  the design of  a new building. Listen to the
conversat ion and answer the follow ing quest ions.

I  What  is a key charact er ist ic of  t he cl ien t  company?
2 How  w i l l  t h is charact er ist ic af f ect  t he bu i ld ing design?
3 What  do you think is meant  by presence detectors?
4 What  does Roland say about  design opt ions and how  does he descr ibe opt ion

one?

)sz Rolana gives some examples of  sensors and cont rols.
part  of  t he conversat ion and t ick the points he ment ions.

I  cont rol l ing t he elect r ic l igh t ing inside t he bu i ld ing
2 con t ro l l ing  t he am ount  of  so lar  r ad iat ion  en t er ing  t he bu i ld ing

3 con t ro l l ing  t he ai r  f low ing in  and ou t  t h rough  t he w indow s of  t he bu i ld ing

4 con t ro l l ing  t he f low  of  w arm  and cool  ai r  around t he in t er ior  o f  t he bu i ld ing

Match t he words in t he box t o t he synonyms ( l -5) .

detect dettctor pick up reading regutate set off trigger

Listen to the next

!
!
!
!

I
2
3
4
5

sensor /  áetec| ov

m easu r em en t  I  -
cont rol (adjust )  I  -
sense /  -  I
act ivate |  -  |
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Complete the follow ing ext racts f rom the conversat ion by under lining the
correct  words.

1 Not just  the usual sAstems that  act ivate/ detect  the lights ...
2 We could use presence detectors to pick up/ control other sgstems ...
3 ... a presence detector sets off/ senses thot  evergone's left  a meet ing room -..
4 ... a temperature sensor picks up a posit ive detector/ reading ...
5 ... the sensor detects/ regulates sunlight , and senses/ t rigges the blinds ...
6 . . .  t hose sensors set  of f / sense a circulat ion sAstem .. .
-l 

... we'd use presence detectors and heat  sensors to deted/ regulate as mang
sAstems as possible?

I n pairs,  descr ibe the follow ing automated systems using the words in
Exercise 2d.

sensor parameter
I  presence detector  movement
2 smoke detector  smoke
3 thermostat  room temperature
4 pressure plate weight  of  a person

)g. l RolanA and Saskia go on t o discuss an alt ernat ive cont rol system in t he

building.  List en t o t he conversat ion and answer t he follow ing quest ions.

I  What  assum pt ion  is t he idea based on?
2 What  design approach might  be t aken w it h regard t o cont rols?

3 What  is t he advan t age of  t h is approach?

You are in t he MörE design t eam for  t he new bui| ding project  and have

received t he follow ing email f rom the project  engineer  asking for  your  input .

Read t he email and,  in pairs,  discuss what  t he engineer  wants you t o do.

To:

Subject :

Lauren Harvey

Presence detectors

Could you look into t he pract icalit ies of  using presence detectors for  cont roll ing t he
| ights in dif ferent  pafts of the building? We'| l probab| y have a mixture oÍ  detector-
cont rolled systems and manual sw it ches.  The quest ion is,  which Wpe of  cont rol do
we want  to have in each locat ion? (Please see my list  below.)  A crit ical issue will be
set t ing the switch-off delay in dif ferent  locat ions, i.e. how long the lights remain on
after the last  movement  is detected. On my last  prolect , we had a lot  of complaints
f rom the c| ient  about  t he | ight s going of Í  whi| e peop| e were st i| |  in rooms. So can
you t hink about  dif ferent  t imer  delays for  dif ferent  locat ions in t he building?

Main locat ions:  open-plan of f ices,  individual of f ices,  meet ing rooms, corr idors,
store rooms

system
l ight s
f ire alarm
elect r ic convector  heater
in t ruder  alarm

l a

a

I
T , ,

Prepare notes for  a short  t alk to br ief  t he proiect  engineer using your ideas
f rom Exercise 3b. Student  A, you are an MörE engineer.  Br ief  t he project
engineer on your ideas. Student  B, you are the project  engineer.  Listen to
the br ief ing and ask quest ions about  specif ic details.  Swap roles and pract ise
again.
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Referr ing t o measurabte parameters
ln  pai r s,  t h ink  of  m on i t or ing  and con t ro l  syst em s t hat  are w idely  used around

t he hom e.  Discuss how  t he f o l low ing param et ers are m easured and/ or

con t ro l led  in  t hese com m on dom est ic app l iances.

Param et ers:  t em perat u re pressure t im e act ions/ m ovem ent
App l iances:  boi ler s heat ing  syst em s ref r igerat or s w ash ing  m ach ines

Mat ch  t he sensor  or  m easur ing  syst em  ( l  - 5)  t o  t he indust r ial  app l icat ions
( a- e) .

5 a

b

6 a

1 pressure measurement
2 t emperature measurement

3 f low measurement

4 level measurement

5 process recorders

a monitoring the speed of water t rave[ t ing atong a suppty pipe

b measuring the [ eve[  of heat  generated by an exothermic react ion

c monit or ing t he number  of  cans moving along a conveyor  belt

d monit or ing t he amount  of  et hanol cont ained in a st orage t ank

e checking the force exerted by steam inside a vessel

I n  pai r s,  t h ink  of  o t her  uses f or  t he k inds of  sensor  and m easur ing  equ ipm ent

in  Exercise 5a.

) s. l  Jochem  and Kat er ina,  t w o process eng ineers at  a chem icals p lan t ,  are

d iscussing  t he m on i t or ing  and con t ro l  syst em s t hat  w i l l  be needed f or  a new
product ion line.  List en t o t hree ext ract s f rom their  discussion and answer t he

f o l low ing quest ions.

Ext ract  I  a What  p rob lem  is d iscussed?

b What  m echan ical  saf et y  p recau t ion  is p roposed?

Ext ract  2  c What  issue is d iscussed?
d What  t h ree param et ers r elat ed  t o consum pt ion  are im por t an t ?

e To calcu lat e t he param et ers,  w hat  does consum pt ion  need t o be

con t i n u ou sl y  m easu r ed  ag a in st ?
Ext ract  3  f  What  issue is d iscussed?

g Which  t w o m easurem ent s need t o be t aken?
h  Wh at  op t im u m  v a lu e  n eed s t o  b e  d e t er m in ed ?

b Mat ch  t he w ords (  I  -  I  O)  f r om  t he d iscussion  t o t he def in i t ions ( a- j ) .

1  inpu t

2 out put

3  op t im um

4 dif ferent iat

5 consumpt ion

6 cumulat ive

7 rate

8 cycle

9 frequency

10 t imesca[ e

a the best  /  the most  effect ive/ eff icient

b how of t en somet hing happens

c t he amount  of  supplies, f fuel used

d t he t ot al quant it y so fur

e a specif ied per iod

f  a value of t en expressed w it h per ,  for  example unit s per  hour

g t he exit  value,  for  example at  t he end of  a process

h the ent ry vatue, for exampte at  the start  of a process

i the gap between two values

j  at t  t he st eps in a process,  f rom st ar t  t o f in ish

I
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7 a

The follow ing specif icat ion was wr it t en follow ing t he conversat ion.  Complete

the t ext  using t he words in Exercise 5b.

Vessel Bl:  Sensor  and Measur ing System Requirements

Two pressure sensors:  one located inside the vessel, and a second situated

on the pipe running downstream, to enable any pressure ( l)  ái$Pevet | iarl

t o be detected.

A f low meter to monitor gas (2)  . Data will be recorded as a

(3)  - f igure ( total usage), and as f low (4)  - , in

lit res per second. Note:  Software will be configured to log f low against  the

( 5 ) - o f asy st em clock , i n o r d er t op in p o in t p eak f l ow p er i od s

occurring between the start  and f inish ofa given react ion (6)  -,

and to assess the (7)  with which they occur.

Two temperature sensors:  one at  the entry point  of the vessel, to measure

( 8 ) - t em p er a t u r e , an d asecon d at t h eou t l e t p o in t t om on i t o r

( 9) - t em perat u re.Not e; Preciseregu lat ionof t heen t r y

temperature w ill be key t o obtaining (10)  react ion

performance.

You and your  par tner  are process engineers working w it h Jochem and

Kater ina at  t he chemical plant .  You need t o assess t he sensors and

measur ing equipment  required for  t he steam product ion facil it y.  ln pairs,

discuss t he requirements using t he informat ion in t he diagram. Make notes

of  your  ideas.

St eam out
( lit res/ sec)
o C b a r

Wat er
Lev.  oC

Wat er  in
( lit res/ sec)
oc

Gas burner
o r

Pr op an e i n
( l it res/ sec)

b I n pairs,  discuss what  parameters can be determined for  t he installat ion of  a
heat ing cycle using your ideas f rom Exercise 7a. You should assume that  all
t he measurements w ill be recorded against  a t imescale.

V

V
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Discussing  r ead ings and  t r ends
t l  ln  pai r s,  d iscuss t he f act or s t hat  cause m ains elect r ici t y  consum pt ion  t o

ll

lt
l l

1 cont inuous 
-  

a maximum power  requirement  at  a given t ime

2 f l .uct uat ions \  b amount  bet ween an upper  and lower  l im it

3 peaks and t roughs \  .  w it hout  int er rupt ion

o l Í |  I Jd | Í s'  u lscuss f ne t acf ,or s t nat  cause m a| ns elecf r | c| t y  consum pr | on  t o var y .

b  ) g .S Helen ,  an  elect r ical  eng ineer  at  a pow er  st at ion ,  is g iv ing  a t alk  t o  a
group of  visit ing investors.  List en t o t he t alk and note t he f ive factors t hat
in f luence elect r ici t y  consum pt ion .

I
z

3 _  5
4

C Complete t he follow ing ext ract s f rom the t alk using t he correct  form of  t he
words in t he box.

decrease fat l increase r ise

1 Dur ing per iods of  verg cold or  verg hot  weother ,  demand ir t cvearses

Th e- i n d em an d i sob v iou slu d u et om i l I i on so f e l ect r i cr ad ia t o r s
com ing on  . . .

2 . . .  a keg factor  which -  or  -  demand, is whether  or
not  i t ' s l igh t  or  dark  . . .

3 . . .  on cold,  dark,  w inter  evenings,  t he in demand is signif icant  . . .
4 Cenerollg, demand during the week, when factories and off ices

are operat ional . . .
5 So demand -at  t he weekend.
6 There can be a sudden when people rush to switch ket t les on,

or heat  up snocks in microwaves, and then a sudden short lg
afterwards.

) S.O List en  t o t he next  par t  o f  Helen 's t alk  and answ er  t he f o l low ing
quest ions.

1 Why does t he com pany of t en  have sign i f ican t  spare generat ing  capaci t y?
2 What  ideal  si t uat ion  does Helen  descr ibe?
3 Why is t h is ideal  si t uat ion  d i f f icu l t  t o  ach ieve?

Mat ch  t he w ords (  |  - 8)  f r om  t he t alk  t o  t he def in i t ions ( a- h ) .

4 peak demand d high point s and low  point s on a graph curve

5 range e regular and repet it ive

6 band of f l.uctuat ion f  momentary rises fot towed by a fut t

7 bLips g changes,  movement s in general

8 cont inual h zone of  up-and-down movement

Look at  t he graph showing elect r icit y demand
f luct uat ions over  a w eek in  t he UK.  Find  par t s or
pat t erns on t he graph descr ibed by t he words in
Exercise 8e and analyse t he f luct uat ions.  How  do
t hey com pare w i t h  Helen 's exp lanat ion?

:

=

o

Day  o f t h e w eek  { Novem ber )
Dai l y  peak  dem an d  8pm

66 Un i t  8  Mon i t or ing  and con t ro l



9 it  Read t he document  on energy saving aimed at  indust r ial plant  and facil it y
managers.  Complete t he t ext  using t he words in Exercise 8e.

1 0 a

b

Dyn om ic dem on d  con t r o l  syst em s con  be f i t t ed  t o  e lect r i co l  opp l ion ces t h o t  oper o t e
o n  d u l y  cy c l es,  i  e .  o p p l i o n ces t h o t  s t o r t  u p ,  r u n  f o r  o  t i m e ,  sh u t  d o w n  o g o i n ,  o n d  t h en
r em o in  on  st on dby  f o r  o  w h i le  bef o r e r epeo t in g  t h e som e cycle.  Heo t in g  on d  r ef r iger o t ion
u n t t s o r e com m on  exom p les o f  pow er - h u n g r y  equ ipm en t  ih q t  oper o t e on  t h is st o r t - r u n - st op -
w o i t  b o si s.
Dyn om ic syst em s exp lo i t  t h e f oct  t h o t  du t y  cycle opp l ion ces do  n o t  r equ i r e
( l  )  co t i f i h qoh s pow er .  Th e pu r pose o f  t h e syst em s i s t o  h elp  sm oot h  pow er  dem on d  f o r
t h e ben ef i t  o f  e lect r i c u t i l i t i es.  To  och ieve t h is,  t h ey  deloy  t h e st o r t - u p  o f  t h e opp l ion ces
t h e y c o n t r o l d u r i n g p e r i o d so f ( 2 ) - ' H o w e v e r , o n | y m i n o r o d i u s t m e n t so r e
m ode t o  t im in g  os,  gen er o l l y ,  t h e opp l ion ces con cer n ed  con  on ly  be h eld  on  sion dby  f o r
sh or t  per iods os ih ey  n eed  t o  r u n  on  o  ( 3 )  -  bosis.  Bu t  t h i s st i l l  ben ef i t s e lect r i c
u t i | i t i e so s i t h e | p s t o o v o i d p r o b l e m o t i c , m o m e n t o r y ( 4 ) - o n t h e d e m o n d
cu r v e .
Dyn om ic con t r o ls w or k  by  det ect in g  sl i gh t  ( 5 )  i n  t h e f r equ en cy  o f  i h e m o in s
ACsu p p | y . A | t h o u g h t h i sv o r i e so n | y w i t h i n o Ve r y n o r r o w ( ó) - , sm o | | d r o p s
in  f r equ en cy  in d í co t e t h o t  pow er  st o t ion  t u r b in es o r e w or k in g  cI ose t o  f u | |  copoci t y .  Th e
dyn om ic con t r o l  sysiem  con  t h er ef o r e h o ld  t h e opp l ion ce on  st on dby  f o r  o  sh or t  t im e u n t i r
m o i n s f r eq u en cy  i n c r eo ses o g o i n .

Read the t ext  again and answer t he follow ing quest ions.

I  What  is meant  by dutg cgcle?
2 What  p rob lem  is dynam ic con t ro l  designed t o avoid?
3 What  sensor  inpu t  do dynam ic con t ro ls r ely  on  t o al low  t hem  t o f unct ion?
4 What  does t he sensor  inpu t  in  ( 3)  ind icat e w i t h  r egard  t o  pow er  st at ions?
5 To w hat  ex t en t  do dynam ic syst em s m odi f y  du t y  cycles?

Read the ext ract  f rom the t alk and, in pairs,  discuss t he foilow ing
quest ions.

... elect rical charge is ext remelg dif f icult  to store in large amounts, Aou con't
just  charge up huge bat teries. So we use an innovat ive technique to store up
power potent ial during off-peak periods.

I  Why do you  t h ink  t h is is such  a m aj or  issue f or  pow er  st at ions?
2 Can you  suggest  w hat  innovat ive t echn ique is used t o so lve t he prob lem ?

)g, l Helen goes on t o descr ibe t he solut ion t o t he problem. Listen t o t he
talk and make notes on pumped storage.

Prepare a shor t  t alk on t he operat ion of  a pumped storage hydroelect r ic
power stat ion for  visit ors t o t he power generat ion company. Use your
notes f rom Exercise lOb and t he words in t he box.  Student  A,  you are an
elect r ical engineer ;  Student  B,  you are a visit or  on a t our  of  t he plant .  ln
pairs,  give your  t alk and ask and answer quest ions.  Swap roles and pract ise
again .

graüt y high level.  low  [ eve[  mount ain pumps reservoir  t urbines
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Giving approximat e f i gures

17 a Read t he email ext ract  and answer t he follow ing quest ions.

I  Wh o  d o  y ou  t h i n k  sen t  t h e  em ai l ? Wh at  i s t h e i r  r o l e  w i t h i n  t h e  com p an y ?

2 What  t ype of  r ev iew  is t he com pany going  t o under t ake?
3 What  is t he ob iect ive of  t he rev iew ?

To:  Gerry Klein

Subject :  I nternal review

Dear colleagues,

As you know, we are prepar ing t o under take a comprehensive interna|  review oÍ  t he company'S
organisat lon and facil it ies.  A key area of  t his review w ill be t o assess how ef f icient ly your  engineer ing
exper t ise is being ut i| ised.  I  wou| d emphasise t hat  t he aim oÍ  t his assessment  is not  t o quest ion your
professional competence. On t he cont rary,  I  and t he company's new shareholders recognise t he high
degree oÍ  t echnica|  exper t ise w it hin t he organisat ion.  our  intent ion is t o work t owards opt imising t his
valuable resource by ident ifying t he demands on your  t ime t hat  are largely unproduct ive ( such as
administ rat ive t asks)  in order  t o allow your  skil ls t o be used more product ively.

I  b The follow ing ext ract  is f rom a quest ionnaire used in t he review which was
I  sent  t o staf f  in t he company's design depar tment .  Read t he quest ionnaire

and m at ch  each  quest ion  ( l - 3)  t o  poin t s ( a- c) .

Approximately what  percentage oÍ  your  t ime do you spend on t he t ypes of  t ask
be| ow ? For  each  quest ion ,  t he sum  of  va| ues g iven  f or  A +  B shou ld  equal  í oo% .

1  A Do in g  t ech n i ca l  t ask s t h a t  u se  m y  en g in eer i n g  sk i l l s ex t en si v e l y  ' y "

B Do in g  m od er a t e l y  t ech n i ca l t ask s t h a t  a  l ess q u a l i f i ed  co l l eag u e cou ld  d o  - %

2  A Do in g  [ ech n i ca l  t ask s t h a t  ad d  v a lu e  [ e . 9 .  d esig n r n g ,  p r ob lem - so l v i n g ]  -  %
B Do in g  t ask s t h a t  d o  n o t  ad d  v a lu e  [ e . 9 .  ad m in i st r a t i on )  - " / "

3  A Do in g  t ask s t h a t  a r e  p u r e l y  t ech n i ca l  - %
B Do in q  t ask s t h a t  r e l a t e  t o  t ech n i ca l  o r q an i za t i on  an d  d eci si on - m ak in q  - %

a The ext en t  of  t echn ical  r o le ver sus m anagem ent  r o le

b  The degree of  com m ercial  exp lo i t at ion  of  t echn ical  sk i l ls

c The degree of  app l icat ion  of  exper t ise and exper ience

C )g,S Eleanor  and Gerry two design engineers,  are t alking about  t he
quest ionnaire.  List en and wr it e approximate values,  t o t he nearest  l0o/ o,  for

Gerry's answers t o t he quest ions.

d Complete t he follow ing sentences using t he words or  phrases in t he box.

Somet imes more t han one answer is possible.

tat tparFq$í € offthe top of my head nowhere near pret ty much
roughty somewhere in the region of

I  They asked for  a bail lparvk 'qr t ^ " '  for  set t ing up t he new system'

2 I ' ve got  t he f igu res in  m y com put er ,  bu t  I  cou ldn ' t  t el l  you

3 The w ork  is f in ished,  t here's j ust  t he t idy ing  up t o do.

4 The act ual  cost  o f  t he st ad ium  w as -  t he est im at e at  E2m  over  budget .

5  |  t h ink  i t ' l l  t ake t w o w eeks t o com plet e t he repor t .

6  Th e d ev e lop m en t  w i l l  cost  $  1 0 m .
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1,2 a

I n pairs,  ask and answer the quest ions f rom the quest ionnaire in Exercise I  I  b
using the phrases in Exercise I  I  d.  Note down your partner 's answers.

I  A - o / o  B- o / o

2  A - o / o  B- o / o

3  A - o / o  B- o / o

)a.g Rs part  of  t he company's internat  review, an assessment  is being made
of  the hardware and sof tware that  make up the f irm's Computer Aided Design
(CAD)  system. Dan, a design engineer,  is t alking to Beat r ice, his manager,
about  the state of  t he system. Listen and mark the follow ing statements Tiue

CI )  or  False (F) .

I  Most  of  t he screens are t oo smal l .
2 Engineers spend a lot  of  t ime w ork ing on screen.
3 Large numbers of  drawings are pr inted at  t heir  of f ice.

Find words and phrases in audioscr ipt  8.9 on page 93 to match the follow ing
def in i t ions ( l  - 5) .

I
2
3
4
5

approximat ely  /
much more t han /
at  least  / ( two t hirds)
most  /
almost  zero /

1 3

Complete t he follow ing replies t o express t he f igures in approximate t erms
using  t he w ords in  Exercises |  1d  and l2b .  Som et im es m ore t han  one answ er
is possible.

l How o| d is t his equipment? A goü, f ive years o| d.  (at  | east  5 years)

2 What  percen t age of  t he PCs need chang ing? -  al l  o f  t hem .  ( 95o/ o)

3 How  m any of  t he com put er s are up  t o spec? al l  o f  t hem .  ( 1Oo/ o)

4 How many of  t he staf f  use t he CAD system? half  of  t hem. (55o/ o)

5 H o w m u c h w o u | d t h e n e w p r i n t e r s c o s t ? - $ 2 ' 0 0 0 . ( $ 3 ' l 2 0 )
6 H o w m u c h d o e s a n a d a p t e r | i k e t h i s c o s t ? - ( $ z ;
7 How long would a full system take t o install? 5 days.  (4-6 days)
8 Can m ost  of  our  cl ien t s r ead t hese f i les? Yes,  of  t hem .  ( 95o/ o)

You are set t ing up a small company of  consult ing engineers employing seven
members of  st af f  -  f ive engineers and two assistant s.  You need t o rent
an of f ice,  equip it  w it h a computer  network w it h CAD system and admin
sof tware,  and buy other  basic of f ice equipment .  ! n pairs,  discuss some
ballpark f igures relat ing t o t he follow ing quest ions.

o What  com put er  equ ipm ent  w i l l  be r equ i r ed  and how  m uch w i l l  i t  cost  t o  buy?
o What  ot her  i t em s of  f u rn i t u re/ equ ipm ent  w i l l  be needed,  and how  m uch w i l l

t his cost?
.  How  m uch f loor  space w i l l  be r equ i r ed  in  t he open- p lan  of f ice?
.  How  long w i l l  i t  t ake t o set  up  t he of f ice -  inst al l  t he f u rn i t u re and equ ipm ent ?
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-  Explain ing t est s and exper iment s
I n pairs,  discuss t he follow ing t est s and exper iments and t heir  main
advantages and disadvantages.

I  com put er  m odels and sim u lat ions 2 r educed- scale t est ing  3 f u l l - scale t est ing

2 a ln pairs,  suggest  how the follow ing development  tools could be used for
aerodynamic test ing.

o Comput at ional  Flu id  Dynam ics ( CFD)
o a w ind t unnel  equ ipped w it h  a rol l ing road

o f ield t est ing

)S.t  Rn internat ional t eam of  researchers are collaborat ing on the design
of  an exper imental energy-ef f icient  vehicle.  They are discussing the tools
available for  developing the vehicle's aerodynamic design. Listen to the
conversat ion and answer the follow ing quest ions.

I  What  opt ions are avai lab le f or  w ind t unnel  t est ing in  t erms of  scale?
2 Why are rol l ing roads usefu l  in  w ind t unnels w hen t est ing veh icles?
3 What  issue w i l l  det erm ine w het her  or  not  a rol l ing road is necessary?
4 What  poin t  is made about  t he rel iab i l i t y  of  CFD and w ind t unnel  dat a?
5 What  problem is ment ioned w ith regard to outdoor test ing?

)g.t  t isten again and complete the follow ing ext racts f rom the conversat ion
using the words and phrases in the box.

The acid test back-to-back testing in the fietd mock-up
triat run tried-and-tested validate vfttnt

1 ... the tests would obviouslg De virt t^ al , based on a computer model.
2 ... go into a wind tunnel, with a scale model, or a full-size
3 ... t f 's not  just  about  data gothering. You also have to the data.
4 The onlg comes when gou t rA out  a full-scale prototApe in real

condit ions. We need to make sure that  evergthing is - outside, with
a full-scale

5 ... with changeable weather, it 's not  easA to do - out
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Match t he words and phrases in Exercise 2c t o t he def init ions (a-h) .

a a 3D m odel  sim u lat ing  shape and size,  bu t  w i t hou t  in t ernal  com ponent s
uaoclc-tep

proven t o be rel iab le t hrough real  use /  t r ials
out doors.  in  a real  si t uat ion
descr ibes somet h ing simulat ed by sof t w are,  not  physical
a crucial  t r ial  t o prove w het her  or  not  somet h ing w orks -
t r ials t o compare t w o d i f f erent  solu t ions,  in  t he same condit ions
p r ovet h eor et i ca| con cep t sby t est in g t h em in r ea| i t y -
a pract ical t est  of  something new or unknown to discover it s ef fect iveness

b
c
d
e
f
g

h

Complete t he aerodynamic design development  plan of  t he energy-ef f icient
vehicle using stages (a-e) .

a Test  model in w ind t unnel t o validate data f rom scale t est s
b  Car r y  ou t  back- t o- back t est s in  w ind  t unnel  w i t h  m ock- ups

c Bu i ld  f u l l - size w ork ing  prot ot ype

d Select  best  design ,  based on  dat a f r om  w ind t unnel  t est s

e Nar row  dow n design  opt ions t o  t h ree,  based on  com put er  dat a

Aerodynamic design development  plan

I  Exper iment  using CFD sof t w are
2

Produce reduced- scale m ock- ups of  designs and t est  in  w ind  t unnel

Bui ld  f i r st  f u l l - scale mock-up

3
4
5
6
1
I
9

l 0
il

Produce t w o rev ised designs t o im prove on  f u l l - scale m ock- up

Select  best  design,  based on data f rom test s

3

Car ry out  f ield  t est s w i t h  t r ial  runs out side

You are members of  a technological research team similar  t o the one
in Exercise 2b. You have been asked to design a test  programme for  an
exper imental system for  air -dropping cargo. Read the br ief  and, in pairs,
discuss the t ypes of  t est  required and their  sequence.

Design br ief
The syst em allows relat ively f ragile cargo t o be air -dropped f rom planes

int o remot e locat ions on t he ground.  l t  compr ises a parachut e,  at t ached

t o a cyl indr ical cont ainer  t wo met res long w it h a diamet er  of  1.5 met res.

The cont ainer  is sur rounded by a deformable prot ect ive st ruct ure.

The aims of test ing are to develop the designs of:

a)  the parachute

b)  t he prot ect ive st ruct ure,  in order  t o m inim ise t he impact  t o car t o

inside t he cont ainer .

The number  of  t est s must  be maxim ised w it h in a l im it ed budget .  As

tests involving real drops from aircraft  are cost ly, these must  be kept  to

a m in im um .
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I  Exchanging views on predict ions and t heor ies
4 a tn pairs,  answer the

follow ing quest ions.

I  What  k inds of  cargo is
somet imes dropped f rom
aircraft , and why?

2 What  are the advantages
and d isadvant ages of
air -drops?

5 a

Read the follow ing predict ions of  how a container  air -dropped w it h
parachutes might  behave while fall ing,  and on hit t ing t he ground. Complete
the predict ions by under lining t he words you t hink are correct .

I  The longer  t he con t ainer  is in  t he ai r ,  t he m ore i t s hor izon t al  speed w i l l

decrease/ increase.
2 Com pared w i t h  a low - al t i t ude drop,  t he ver t ical  speed of  a h igh- al t i t ude drop

w i l l  be low er / h igher .
3  I n  t erm s of  dam age t o t he con t ainer ,  a h igh  ver t ical / hor izon t al  im pact  speed

is pot en t ial ly  w orse.
4 A very  low - al t i t ude drop w i l l  m ost  l ikely  cause t he con t ainer  t o  sl ide/ r o l l

along t he ground.

)g:  Arnaud and Jenna, two engineers,  are t alking at  t he star t  of  an air -
drop research project .  Which predict ions in Exercise 4b do t hey agree on,
and which do t hey disagree on? How do t heir  ideas compare w ith yours?

Rephrase t he words in bracket s t o complete t he follow ing ext ract s f rom the
conversat ion.

lSo ' - ( i n t h eo r y ) ' t h eh o r i zon t a l sp eed w i l l k eep d ecr easin g . . .
2 So, (assume)  t he drop alt it ude's verg low, . . .
3 ... - (sure)  o low vert ical speed is the crit ical factor.
4 Because, (presume), if  the groundspeed's quite high, there's a

danger the container will roll ...

5 So, (argue) ,  roll ing is t he worst  problem, . . .

Rephrase t he words in bold in t he follow ing sentences using t he words in
Exercise 5a.

I  I  suppose t here' l l  alw ays be a cer t ain  am ount  of  g roundspeed.

2 l f  w e assum e t he con t ainer  w i l l  r o l l ,  w e' l l  need t o prot ect  i t  accord ing ly .
3  Accord lng  t o t he hypot hesis,  g roundspeed w i l l  alm ost  alw ays be posi t ive.

4  You  cou ld  say  t hat  i t ' s inev i t ab le t he con t ainer  w i l l  r o l l  and bounce along.
5 I 'm  conv inced t hat  h igh  ver t ical  speed is less prob lem at ic t han  h igh

groundspeed.
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I

c I n pairs,  decide whether  t he follow ing words and phrases are used t o agree

or  disagree.  can you t hink of  other  phrases for  agreeing and disagreeing?

Absolu t ely  I 'm  not  conv inced I 'm  not  so sure Not  necessar i ly

Of  course True

d Look at  t he diagram and, in pairs,  discuss t he follow ing quest ions.

{ -

{ -

Drop alt it ude

Aircraf t  speed and d' irect ion

Wind speed and d irect ion

Ver t ' icaI  speed of  cont aj ner

Airspeed of  cont ainer
Gr oundspeed  o f  con t ainer

I  What  is t he d i f f erence bet w een ai r speed and groundspeed? How  do

w ind speed and w ind d i r ect ion  resu l t  in  a d i f f erence bet w een an  ai r craf t ' s

ai r speed and i t s g roundsPeed?

2 l f  an  ai r craf t ' s g roundspeed and ai r speed are t he sam e,  w hat  m ust  t he w ind

speed be?

3 I n  t heory ,  an  ai r craf t  can  f ly  w i t h  a groundspeed of  zero in  cer t ain  ext r em e

cond i t ions.  w hat  w ou ld  t hese cond i t ions be,  w i t h  r egard  t o  w ind  speed and

the aircraf t 's direct ion relat ive t o t he w ind?

4 To m in im ise t he hor izon t al  g roundspeed of  an  ai r - d ropped con t ainer  on

land ing ,  w hat  shou ld  t he ai r craf t ' s d i r ect ion  be,  r elat ive t o  t he w ind?

5 l f  several  ai r - d rops are car r ied  ou t  f r om  t he sam e al t i t ude w i t h  d i f f eren t

w ind speeds,  how  w i l l  h igher  w ind  speeds af f ect  t he groundspeed of  t he

con t ainer  on  land ing?

6 a t n pairs,  discuss which of  t he follow ing opt ions you t hink is preferable and

why.

I  a low - level  d rop  w i t h  low  ver t ical  speed and h igh  hor izon t al  speed

2 a h igh- level  d rop  w i t h  h igh  ver t ical  speed and low  hor izon t al  speed

I n pairs,  discuss how the design of  t he container  used for  dropping cargo

would be dif ferent  for  each of  t he two opt ions in Exercise 6a.  For  each

sit uat ion,  consider  how the container  could be built  t o cushion t he t ype

of  impact .  I n par t icular ,  t hink about  t he shape of  t he container  and t he

protect ive st ructure around it .

Un i t  9  Theory  and Pract ice 73



-  Compar ing resu l t s w it h  expect at ions

7 a ln pairs,  discuss t he dif ference between expectat ions and result s.
Cive an example relat ing t o research and development  (R&D)  in
eng ineer ing .

Manf red  Haug,  an  aeronau t ical  eng ineer ,  is descr ib ing  h is ear ly
rocket  exper iments.  Read t he descr ipt ion and explain what  is
m eant  by  t he expressions in  bold .

Relging on t rial and error isn't  olwags the best  wag to improve
technologg, but  I  found it  was an effect ive waA to develop roclsets.
Especiallg as rocket  science was unfamiliar territorg for me. I  was on
a steep learning cule, hence the numerous explosions.

Read more of  t he descr ipt ion.  What  kinds of  rocket  did t hey build
and how do you t hink t hey worked?

I  should sag that  this had nothing to do with NASA, and happened
a long wag from Cape Canaveral. lt  was just  me and a few friends
on a windswept  football f ield near Homburg. But  the plast ic bot t le
water rockets we built  and launched went  through an impressive R&.D
progromme, bearing in mind we were onlg 12 gears old!

)g.S t ist en t o an interview w it h Manf red about  building and
launching water  rocket s and answer t he follow ing quest ions.

I  How  f u l l  w ere t he bot t les?
2 What  co incidence w as help f u l?
3 How powerful was t he rocket?
4 What  p rob lem  occur red?

! l

lt

8 a

9 a

Read the follow ing ext ract s f rom the interview. What  is meant  by t he words
in  bold?

1 ... we expected it  would shoot  up reasonablg fast  .
2 ... we didn't  ant icipate just  how powerful it  would be.
3 lt totallg exceeded our expectations.

I n pairs,  discuss two or  t hree solut ions t o t he problem exper ienced w it h t he
rocket ,  based on basic mater ials and simple assembly t echniques.  For  each
potent ial solut ion,  explain how you would expect  t he rocket  t o per form and
why, descr ibing potent ial problems for  each solut ion.

)g.q Vanf red goes on t o descr ibe how he and his f r iends solved t he
prob lem .  List en  t o t he descr ip t ion  and sum m ar ise t he so lu t ion ,  exp lain ing
why it  was ef fect ive.  How does t he solut ion compare w it h your  ideas in
Exercise 9a?

)g.q Usten again and complete t he follow ing phrases f rom the descr ipt ion.

I  ( as expected)  lt  didn't  go exact lg
2 (ext remely well)  lt  worked
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t 0 a t n pairs,  discuss possible ways of  making the water rocket  more powerful t o

allow it  t o at tain higher alt it udes. The basis of  t he design should be the

sam ean dyou m ayon | yu sebasicm at er ia l s. For each so lu t ion , exp la in t h e
follow ing points.

o Why you would expect  t he rocket  t o be more ef fect ive

. Any potent ial Problems

)g.S t isten to Manfred descr ibing how the rocket  was developed and the

result s of  fur ther tests.  Make notes on the improvements made and their

consequences. How do the solut ions compare w ith your ideas f rom

Exercise lOa?

Read the follow ing phrases that  Manfred uses. complete the def init ions by

under lining the correct  words.

1 as it  t urned out  :  what  happened in theory/ prcllCe

2 what  actuallg hoppened :  what  happened in theory/ pract ice

3 we underest imated the pressure :  it  was less/ more than we thought

4 we overest imated the strength :  it  was less/ more than we thought

5 plast ic bot t les ore hardlg up to the iob :  they're adequate/ inadequate

6 I  learned the hard wag. :  it  was a theoret ical/ pract ical lesson

ln pairs,  discuss the follow ing quest ions.

o Did you have any exper iences of  bu i ld ing t h ings w hen you w ere younger

w hich d idn ' t  t u rn  out  as you 'd expect ed? w hat  d id  you underest lmat e or

overest imate? What  lessons did you learn the hard way?

o w hen you w ere younger ,  w hat  exper iences w ere most  benef icial  in  help ing

you t o improve your  t echn ical  sk i l ls? w hat  t echn ical  pr incip les d id  you learn?

Amateur rocket  scient ist s have produced water rockets capable of  reaching

alt it udes of  several hundred met res in compet it ions. I n pairs,  t hink of  init ial

ideas for  a suitable design which complies w ith the follow ing compet it ion rules'

Water Rocket  GomPet it ion
{ f  Rockets must  be assembled ent irely f rom

consumer  Product s Purchased f rom
supermarkets or  DI Y stores. For safety
reasons,  no g lass or  met al l ic component s
are permit ted.

{ f  Flockets w ill be pressur ised, and anchored

dur ing pressur isat ion using a compressor
and launch pad prov ided by t he organ isers

Jf  Release of  t he rocket  w ill be t r iggered by

compet it ors,  f rom a distance, by rope' at

the moment  deemed appropr iate by the

compet it or ,  based on a reading on the
pressure gauge of  t he comPnessor.

1 t
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Discussing causes and ef f ect s

t 3 a

b

I n  pai r s,  d iscuss t he d i f f erence bet w een cause and ef f ect  in  each  of  t he
f o l low ing si t uat ions.

1 a veh icle t y re overheat ing
2  an  e l ect r i ca l  c i r cu i t  ov er l oad in g
3  a  sh ip ' s h u l l  co r r od in g

Read t he t i t le of  t he ar t icle in  Exercise I  3b  and exp lain  w hat  you  t h ink  i t
m eans.

Read t he ar t icle and answ er  t he f o l low ing quest ions.

I  What  are ch icken  cannons designed t o do?
2 Why w as a ch icken  cannon used f or  a t r ain  t est ?
3 What  w ere t he ef f ect s of  t he t est ?

CHIGKEI{  CAlI l{ ol{  GOOF MAKES TECH EGGHEADS IOOK LIKE TURKEYS

\ f , / nen  new  ai r craf t  are developed,  j et

l ,  Y Y eng ines and cockp i t  w indsh ields are
| Í  t est ed  t o sim u lat e b i r d  st r ikes ( m id- ai r

co l l isions w i t h  b i r ds) ,  w h ich  can  resu l t  in
damage. The t est s are carr ied out  using
special compressed-air  cannons t hat  f ire
dead ch ickens.  On one occasion  such  a
gun was lent ,  by an aeronaut ical company,
t o som e eng ineers develop ing  a new  t r ain .
Bird st r ikes were a potent ial danger ,  ow ing
to t he t rain's high speed. Having received
inst r uct ions in  how  t o use t he cannon,
t he t rain designers bought  an oven-ready
ch icken  f r om  a local  superm arket ,  and
subsequent ly f ired it  at  t heir  protot ype.

The ef fect s were devastat ing.  As a result  of
t he im pact ,  a hole w as sm ashed,  not  j ust

t h rough  t he w indsh ield ,  bu t  also t h rough
t he back of  t he dr iver ' s com par t m ent .  I t
was hard t o believe a chicken had caused
so m uch dest ruct ion .  Consequent ly ,  t he
engineers contacted t heir  aeronaut ical
co l leagues t o enqu i re i f  t he prob lem  m igh t
be due t o an  issue w i t h  t he gun ,  som e sor t  o f
fault  t hat  could have caused it  t o exceed it s
normal f ir ing power.  No malfunct ions were
found. However ,  it  was later  discovered
that  t he unexpected damage had occurred
because of  a t em perat u re issue.

lt The t ex t  in  Exercise I  3b  is an  u rban  legend ( or  u rban  m yt h )  -  a com m on ly
t o ld  st or y  t hat  is said  t o  be t r ue,  bu t  w h ich  is not .  Can  you  guess w hat
t emperature issue caused t he unexpected ef fect s?

Com plet e t he f o l low ing sen t ences using  t he w ords and phrases in  t he box.

because of (x2)  caused consequent ly due to owing to rtsut t in result  of

I  Bi r d  st r ikes 62n  vesq l t  i \  dam age t o ai r craf t .
2 B i r d s t r i k e s W e r e a p o t e n t i a | p r o b | e m f o r t h e t r a i n , - l

I  -  i t s speed.
5 Dur ing  t he t est ,  t he t r ain  w as severely  dam aged as a -  t he im pact .
4  The dam age occur red  a prob lem  relat ing  t o  t em perat u re.
5 T h e i m p a c t o f t h e c h i c k e n - i t t o e n t e r t h e t r a i n .
6 T h e e n g i n e e r s t h o u g h t t h e g u n w a s f a u | t y , s o - t h e y c a | | e d t h e i r

co l l eag u es.

d

I
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e Read t he f o l low ing eng ineer ing  u rban  legends and com plet e t he
descr ipt ions of  causes and ef fect s using t he correct  form of  t he words
and phrases in  Exercise I  3d .  Som et im es m ore t han  one w ord  or  phrase is
possib le.

1  Apparen t ly ,  t he b iggest  chal lenge in  space exp lorat ion  w as develop ing  a pen

f or  ast r onau t s t o  use in  orb i t  as ord inary  bal lpo in t  pens don ' t  w ork  in  space,
becatuse oP /  Ar l.e lo /  ow\ t \ g lo t he fact  t hat  t here's no gravit y.  So

t h is p rob lem ,  t here w ere t eam s of  r esearchers w ork ing  f or
years,  t r y ing  t o  f ind  a so lu t ion .  Even t ual ly ,  som eone cam e up w i t h  t he idea
o f  u si n g  a  p en ci l .

2  When t hey designed t he f oundat ions of  t he l ib rar y  on  t he un iversi t y  cam pus,
t hey f orgot  t o  al low  f or  t he w eigh t  of  t he books on  t he shelves,  w h ich

t he bu i ld ing  t o  st ar t  sink ing .  So -  ,  hal f  o f  t he
f loor s have had t o be lef t  em pt y ,  w i t hou t  books,  t o  keep t he w eigh t  dow n.

3 Did  you  hear  abou t  t hat  Olym pic- sized sw im m ing pool  t hat  w as bu i l t ?
They got  t he lengt h  w rong,  t he t i les.  They f orgot  t o  t ake
in t o accoun t  t he t h ickness,  w h ich  t he pool  m easur ing  a f ew
m i | | i m e t r e s t o o Sh o r t . So - , i t c a n ' t b e u s e d f o r s w i m m i n g

com oet i t ions.

One popu lar  t op ic f or  u rban  legends is t he suggest ion  t hat  t he m oon
land ings d idn ' t  r eal ly  t ake p lace and w ere f i lm ed on  Ear t h .  ln  pai r s,  d iscuss
t he f o l low ing quest ions.

.  I n  phot os t aken  of  ast r onau t s on  t he m oon,  w hy are no st ar s v isib le in  t he
sky?

o I n  f i lm  f oot age,  w hy is t he f lag  p lan t ed on  t he sur f ace of  t he m oon seen
m ov in g  sl i g h t l y ?

o Why do phot os of  ast r onau t s'  f oot pr in t s appear  t o  be on  a w et  su r f ace and
not  in  d r y  dust ?

.  Wh y  i s n o  b l ast  cr a t e r  cau sed  b y  en g in e  t h r u st  d u r i n g  t h e  l an d in g  v i si b l e
b e low  t h e  m od u le?

) g .S Carol ine and Renat o,  t w o col leagues at  an  eng ineer ing  f i rm ,  are
t alk ing  abou t  t he m oon land ings dur ing  a cof f ee break.  List en  t o t he

1 4 a

conversat ion and compare
what  t hey say w it h your

ideas f r om  Exercise 14a.

C ln  pai r s,  d iscuss any u rban
legends you have heard
relat ing  t o  eng ineer ing
and t echnology.  Use t he
f o l low ing ideas t o help  you .

o  u n b e l i ev ab le  d esig n  f au l t s
.  b izar re inciden t s

involv ing  cars
o  r u m ou r s ab ou t  am azin g

exper i  m ent al  t ech  nology
o  b ad  w o r k m an sh ip  b y  =

bu i lder s,  p lu m ber s an d
elect r i c ian s 'G'; ; -.=

j f-= * ": :H
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I  Discussing  per f or m ance and  su í t ab i l i t y

1 a

b

2 a

b

C Make t he follow ing words negat ive by adding t he pref ixes in-  or  un- .

l  adequat e i\ 4áeqr^ at ! e

2 appropr iat e
3 consist en t
4  econ om ica l
5 ef fect ive

1 appropr iat e/ suit abt e

2 consist ent / ret iable

3 cost -effect ive/ economical

4 effect ive

5 eff icient

6 suff icient / adequate

a t he r ight  sot ut ion for  a par t icular  sit uat ion

b good enough for  t he int ended funct ion

c per forms a funct ion we[ .

d works quickt y and well

e makes the most  of resources, isn't  wasteful

f  doesn' t  break down,  at ways per forms in t he same way

6 ef l icient
7  r e l i ab l e

8 su f f icien t
9  su i t ab le

UNI T 10
Discussing performance and
suitabit ity
Describing physical forces
Discussing relat ive performance
Descr ibing capabilit ies and
limitat ions

ln  pai r s,  answ er  t he f o l low ing quest ions abou t  w ind  t u rb ines.

1  Wh at  f u n ct i on  d o  w in d  t u r b i n es p er f o r m ?

2  Wh at  ar e  t h e  m ain  ad v an t ag es an d  d i sad v an t ag es o f  w in d  t u r b i n es?
3 What  t ypes of  locat ion  are m ost  su i t ab le f or  w ind  f arm s?

ln  pai r s,  d iscuss t he f unct ions and t echn ical  charact er ist ics of  t he f o l low ing
w ind t u rb ine com ponent s.

bt ades t ower  qenerat or

) t O. t  Vi t  e,  Loret a and Han i f ,  eng ineers at  a w ind  t u rb ine const ruct or ,  are
d iscussing  per f orm ance and su i t ab i l i t y  issues relat ing  t o  of f shore w ind
t u rb ines.  List en  t o t he conversat ion  and answ er  t he f o l low ing quest ions.

I  Wh i ch  w ln d  t u r b i n e  com p on en t  d o  t h e  en g in eer s d i scu ss?
2  Wh at  i s t h e  b i g  p r ob lem  w i t h  o f f sh o r e  i n st a l l a t i on s?
3  Wh ich  t w o  t y p es o f  con st r u ct i on  m at er i a l  a r e  b e in g  com p ar ed ?
4 Why are coast al  def ences m ent ioned?
5  Wh at  p o in t  d oes Han i f  m ak e ab ou t  r eg u lar  m ain t en an ce?
6 What  com par ison  needs t o be m ade w i t h  r egard  t o  l i f espan?

Mat ch  t he w ords ( l  - 6)  f r om  t he d iscussion  t o t he def in i t ions ( a- 0.
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3 a

) tO.t  t isten again. What  issues do Mike, Loreta and Hanif  agree and
disagree on?

The follow ing informat ion is f rom the web sit e of  Sigma Power, a f irm
that  advises corporate and government  clients on w ind enerS/  proiects.

Complete the text  using the words in Exercise 2c.

E
E
E
E
I
E
I

The fact  t hat  w ind t urbines consume no fuel and waste very l it t le energy is clear ly a fundamental

advantage. But  j ust  f iev7 e$$crerr t  are t hey? Key f igures

Clear ly,  w ind t urbines need t o be located on relat ively w indy sit es in order  t o funct ion.  From a

m et eoro log icaI  st andpoin t ,  w hat  k inds oí  geograph ical  I ocat ion  are t he m ost  -  ?

Turbines are generally placed at  t he t ops of  t all t owers,  where w ind speeds are highel t hus

m aking t hem  m ore .  What  ot her  posi t ion ing  f act or s in f luence per f orm ance?

W i n d t u r b i n e sr a r e | y Í u n c t i o n co n t i n u o u s | y , d u e t o t h e f a c t t h a t w i n d sp e e d sa r e - '
How  sign i f ican t  is t he im pact  of  var iab le w eat her  cond i t ions on  pow er  generat ing  capaci t y?

Transmit t ing elect r icit y over  long distances is inherent ly ,  due t o power loss f rom

overhead or  underground pow er  l ines.  Find  ou t  m ore abou t  t he advan t ages of  generat ing

pow er  local ly .

The generat ing  capaci t y  of  w ind  t u rb ines is general ly  f or  i t  t o  be rel ied  upon

100% .  What  percen t age of  t o t al  generat ing  capaci t y  can  w ind t u rb ines real ist ical ly  p rov ide?

Som eear | y w in d t u r b i n esWer e- , su f f e r i n 9 b r eak d ow n scau sed b y in ax ia |
st resses stemming f rom higher  w ind loads on t he upper  blade. Howevel t his problem has been

overcom e on  m odern  un i t s.  Learn  m ore abou t  t he t echn ica|  evolu t ion  of  w ind  t u rb í nes 
{

at

You are engineers at  Sigma Power. The market ing manager has asked
you to provide some technical answers for  t he f requent ly asked quest ions

sect ion of  t he company's website.  The FAO sect ion is aimed pr imar ily at
potent ial clients who are thinking of  installing w ind turbines at  t heir  sit es
-  factor ies, of f ice complexes, hospitals,  and universit y campuses. ln pairs,

discuss the follow ing quest ions and wr it e the answers for  t he website using
the informat ion in the fact  f i le and your own knowledge.

What 's t he b ig  advant age of  having a w ind t urb ine at  my si t e?

How  dependable are w ind t urb ines as a source of  pow er ,  g iven t hat  w eat her  condi t ions are
changeable?

What  k inds of  si t e are most  su i t ab le f or  w ind t urb ines,  relat ive t o nat ural  f act ors such as
h i l ls,  t he coast ,  and height  above sea level?

What 's the most  appropr iate locat ion for  my w ind turbine, relat ive to local features on the
si t e,  such as t rees and bu i ld ings?

-''! lrF
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-  Descr ibing physical forces

7bt u . ,
cr uue b
rcrrrcltc
energy?

4 a Read the foilow ing ar t icre. what  is a sorar tower and how does it  use the
forces of  expansion and pressure?

What  physical  f or ces w ou ld  act  on  a so lar  t ow er  I  km  h igh?

) t o. z su ,  a st r uct u rar  eng ineer  special ising  rn  t he design  of  ver y  t ai l
st ructures,  is giving a t alk t o a group of  engineer ing students.  List en t o t he
t alk .  Wh ich  of  t he f or ces in  t he box doesn ' t  she m ent ion?

!9n! ing centrifugalforce compression contract ion expansion
frict ion pÍ essure shear tension torsion/ torque

Label t he diagrams using t he forces in Exercise 4c.

lEr ' . -J- - l ' (D) '#

cor4PYessro\

6 t l 8
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The need t o develop  renew able energy  is w idely  seen  as
a f u t u r ist ic t echnolog ical  chal lenge.  I n  r eal i t y ,  som e of  t he
most  ef fect ive ways of  harnessing horsepower f rom nature
are based on concepts t hat  have existed for  donkey's years.
The w ind t u rb ine is an  obv ious exam ple.  Anot her  -  less
w el l  know n,  bu t  conceived alm ost  a cen t u r y  ago -  is t he
solar  t ow er  or  so lar  ch im ney.  And i f  t he Aust ral ian  com pany
Env i r oMission  com plet es an  am bi t ious so lar  t ow er  pro j ect
in  t he New  Sout h  Wales deser t ,  t he t echnology cou ld
capt u re not  j ust  t he sun !  r ays bu t  t he pub l ic' s im ag inat ion
w or ldw ide.  The f i rm  is p lann ing  t o const ruct  a t ow er  a
colossalone k i lom et re h igh .  l f  bu i l t ,  i t  w i t l  be t he w or ld 's
t al lest  st r uct u re by  a huge m arg in .

How it  works
A large g lass enclosure is bu i l t ,  w i t h  a ch im ney at  i t s cen t re.
The sun  heat s t he enclosure,  causing  expansion  of t he ai r
inside.  At  t he t op  of  t he ch im ney,  t he low er  t em perat u re and
low er  pressure due t o t he h igher  al t i t ude creat e a pressure
dif ferent ial known as stack ef fect .  This causes air  t o f low
up t he ch im ney.  Elect r ici t y  is generat ed  by  t u rb ines at  t he
bot t om  of  t he ch im ney,  w h ich  are dr iven  by  t he f low  of  ai r .
The b igger  t he area of  g lass and t he t al ler  t he ch im ney,  t he
great er  t he ai r f low  and t he h igher  t he generat ing  capaci t y .
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) t O.Z Com pt et e t he f o l low ing sen t ences f r om  t he t alk  using  t he f or ces in
Exercise 4c.  List en  again  and check your  answ ers.

1 So thot  downward force meons the st ructure is in cou^ pyessio\  . especiallU
neor  t he bot t om.

2 . . .  a hor izontal load,  exer ted bg air  -against  one side of  t he
structure.

3 Becouse the st ructure is f ixed at  ground level, and free ot  the top, that
generotes forces.

4 . . .  when elements bend, gou have opposing forces:  at  one side,
at  the other.

5 ... the wind effect ivelg t ries to slide the st ructure along the ground, and the
foundat ions below the qround resist  that . The result  of that  / s -
f or ce . . .

6 . . . the foundot ions need to relu on with the qround to resist  the
pull-out  force,  . . .

1 The act ion of the wind can also generate . You get  a twist ing
f or ce . . .

8 When concrete absorbs heot  f rom the sun, Aou get  ;  as soon as t he
sun goes in,  t here's

You and your  par t ner  special ise in  design ing  st r uct u res f or  elect r ical
t r ansm ission  gr ids.  You  are cur ren t ly  w ork ing  on  a cab le suppor t  concept
for  power l ines near  w ind farms exposed t o severe weather .  You have come
up w i t h  t he f o l low ing design .  ! n  pai r s,  ho ld  a shor t  m eet ing  t o  evaluat e your

design concept .  Explain t he forces act ing on t he st ructure.

Severe weather cable support  concept

wind direct ion1

: :

co lu m n  11

l eg  1 1

beam

\

_____ 
. \ ____ 

_

colum n 2- v

pivot ing
insulat ors

R--  - - - -  \  cables

leg  3

z
direct ion 2

t ,  leg
v.
\

\

J

lpg

concnet e
f oundat ions

Un i t  1 0  Pu sh in g  t h e  b ou n d ar i es

4

w ind

8 1



I  Discussing relat ive per f ormance

5 a I n  pai r s,  d iscuss t he advan t ages and d isadvan t ages of  ai r  and h igh-

speed rai l  t r avel .  Focus on  t r ips of  bet w een 500km  and I  , 500km ,  t he
j ourney lengt h  over  w h ich  p lanes and t r ains of t en  com pet e f or  t he sam e
passengers.

Read t he ext r act  f r om  an  ar t icle abou t  t r anspor t  in  a popu lar  science and
t echnology m agazine and answ er  t he f o l low ing quest ions.

I  What  f act or s shou ld  be considered in  t he com parat ive analysis descr ibed?
2 What  is t he purpose of  t he com parat ive analysis?
3 What  suggest ion  is m ade abou t  Europe?

Qpeed, convenience, ef f iciency,  and
Jenüronmental- f r iendliness:  four  factors
with which to assess the relat ive effect iveness
of dif ferent  long-distance, mass-t ransport
solut ions for  passengers.  Technology:  t he
key criterion in determining what  t ransport
solut ions are available.  And distance:  t he main
considerat ion when categor ising routes.  Blend

these variables together in varying quant it ies,
and you have a model for calculat ing the
opt imum way of moving people.
On a European scale, whichever way you mix
the various criteria, the most  advantageous
way oÍ  get t ing people around the heart  of the
cont inent  seems to be on high-speed, elect r ic
t rains.

6 a

Find words in t he t ext  in Exercise 5b t o match t o t he follow ing def init ions.
Which  one of  t he w ords has a p lu ral  f orm ?

1 st andard  by  w h ich  you  j udge som et h ing

2 f act  or  si t uat ion  w h ich  in f luences t he resu l t  o f  som et h ing

3  n u m b er ,  am ou n t  o r  si t u a t i on  w h i ch  can  ch an g e

What  do you know about  France's
high-speed t rain,  t he TGV? What  is it s
normal operat ing speed? What  is t he
approximate length of  t he t rain?

Read the fact s about  t he wor ld speed
record set  by t he TGV. Compare t he wor ld
record j ourney w it h a normal TGV j ourney,

using  your  answ ers in  Exercise 5a.

Wor ld Speed Record for  an I n-Service

Passenger  Train

Dat e Apr i l  3 ,2007

loi" t i"n Fiance:  Par is t o St rasbourg line on

sl igh t lY m od i f r ed  t r ack

Train Stándárd TGV With fewer coaches

Record 574.8 km/ h

I

82 Un i t  10 Push ing  t he boundar ies



C ) f O. l  Andrej ,  a consu l t ing  eng ineer  special ising  in  r ai l  t echnology,  is t alk ing

about  t he TGV wor ld speed record.  List en t o t he t alk and answer t he

follow ing quest ions.

I  Overal l ,  how  heav i ly  m od i f ied  w as t he t r ain?

2 How long was t he record-breaking TCV?

3 Why w as som e of  t he bodyw ork  m od i f ied?

4 Why w as t he d iam et er  of  t he w heels changed?

d ) fo. l List en again and complete t he follow ing t able about  t he modif ied TGV

using t he f igures in t he box.

+  680/o +  79olo - t5olo - 509o +  80o/o

Technical criteria Modif ied TGV:  %  dif ference from standard model

Maximum speed

Train lengt h ( w it h coaches)

Aerodynamic drag

Diamet er  of  wheels

Mot or  power  out put

g Complet e t he fol low ing sent ences f rom t he t alk by under l in ing t he cor rect

words.

1 The record speed exceeded the standard operat ing speed bg a t ing/ hlltp

margin.
2 The t rain was modif ied to a ceftain/ considerable extent  ...

3 ... the modif ied t rain was signif icant lg/ slight lg shorter, ...

4 ... changes were made to the bodgworlt , to moke it  slight lg/ much more

aerodgnam ic. . .
5 The wheels on the modif ied t rain were marginallg/ substant iallg bigger ...

6 ... the power of the elect ric motors wos marginallg/ substant iallg higher thon

the standard unit s . . .
-I  

... standard high-speed t rains con be made to go foster bg a slight /

considerable amount .

f  Rewr it e t he follow ing sentences t o descr ibe t he modif icat ions t hat  were

made to t he TGV for  t he record at t empt .  Use t he phrases in Exercise 6e t o

replace t he words in bold.

I  The supp ly  vo l t age in  t he cat enary  cab les had t o be increased f r om  25,000

t o  3 l . OOO v o l t s.

2  To l im i t  osci l lat ion ,  t he t ension  of  t he cat enary  cab les had t o be increased by

60o/ o.
3 On som e curves,  t he cam ber  of  t he t r ack  had t o be increased by  a f ew

cent im et res.
4 The 574.8km / h  record  beat  t he prev ious record ,  set  in  1990,  by  59.5 km / h .

5 ln  per f ect  cond i t ions t he TGV cou ld  probab ly  have gone f ast er  by  5 t o  l0

km / h .

7 I n pairs,  choose a product  or  t ype of  t echnology you know well and compare

it s per formance and qualit y w it h an ear lier  model,  descr ibing t he extent  of

t he dif ferences.
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I  Descr ib ing capabi l i t ies and l im it at ions
8 a Look at  t he photos and read t he ext ract s Í rom The

Storg of  John Paul Stapp, by Nick T.  Spark,  and answer
the follow ing quest ions.

I  When and w here do you  t h ink  i t  t ook  p lace?

2 What  do you  t h ink  t he aim  of  t he t est  w as?
3 What  do you  t h ink  John  St app 's p rof ession  w as?
4 What  equ ipm ent  do you  t h ink  w as used?
5  Wh at  d o  y ou  t h i n k  h ap p en ed  i n  t h e  ex p er im en t ?

With f ive seconds to go Stapp act ivated the sled's movie cameras' and

p; ; ; ; ; ; J t o.  t t .  , t  ot t '  ioiii w i"a't  nine rockets detonated w ith a

terr if ic roar.  sending ot ' i it ut t '  of  f ire and blast ing Stapp down the t rack'

'  '  '  sonic w ind hit  t he water  brake.  The rear  of  t he sred t ore away. The f ronrcon t inued '  hardr y  slow ing at  al r  un t '  i t  hJ;  ; .  second w arer  b rake.  Then ,spray exploded f rom the back oÍ  Sonic w in| i. it st opped like it  had hit  aconcrete wall.

) tO. l List en t o an ext ract  f rom a documentary about
t he exper iment  and check your  answers t o Exercise 8a.

Complete t he follow ing data on t he Sonrc Wind t est
using t he f igures in t he box.

r .2  3  20 46 101s

I  Max soeed:  -  km / h
2 Accelerat ion  f r om  0 t o m ax speed:  seconds
3 Accelerat ion force:  -  Cs
4 Decelerat ion  t im e:  seconds
5 Decelerat ion  f or ce:  -  Cs

)  tO.S t ist en t o t he next  par t  of  t he documentary and check your  answers t o
Exercise 8c.

Complete t he follow ing groups of  synonyms using t he words in t he box.

able to capable of cope with exceed incapabte of
intended for srliet te.d{ o surpass unable to withstand

1 exposed to (a force) /  s'^ biecte/  to

2 resist  ( a forceJ |  -  |  -
3  go beyond ( a l im i t )  I  -  I  -
4  su i t ab le f or  ( a use)  I  -
5  c a n  I  - l  -
6  c a n ' t  l - l -

I
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9 a

Complete the following sentences about  Sonrc Wind using the correct  form
of  the words in Exercise 8e.

I  The bolt s f ixing the camera to the sled had to coPe w ith high shear forces.
2 The sled's rockets were -  generat ing enormous thrust .
3 The pools at  t he end of  t he t rack were -  stop the sled rapidly.
4 The skids on the sled had to high levels of  f r ict ion.
5 At  full speed, John Stapp was -  several t onnes of  air  pressure.

6 The rear of  t he sled was -  resist  t he shock of  decelerat ion, and
broke off.

7 Doctors thought  people were -  surviving forces of  17 Gs and above.
8 John St app -  t he I  7 G l im it  by a huge marg in .

You are a consultant  engineer and your f irm have received an email from an
ent repreneur w ith an ambit ious plan. Read the follow ing email ext ract  and
note the key informat ion.

!n pairs,  discuss the key
informat ion in Exercise 9a and
consider the follow ing points.

o the level of  G force
o a safe length for  t he t rack
o t he f easib i l i t y  of  using w heelg
o t he su i t ab i l i t y  of  t he brak ing

systems suggested

) to.o Jasmine and Andrew,
consult ing engineers, are
discussing the issues in
Exercise 9b. Listen and compare
what  they say w ith your ideas
from Exercise 9b.

!n pairs,  discuss the points
raised in their  conversat ion and
make notes summarising your
thoughts in preparat ion for  a
meet ing w ith the ent repreneur.

Prepare a short  presentat ion
for  t he ent repreneur using your
notes f rom Exercise 9d. Student
A, you are the consultant
engineer.  Give the presentat ion.
Student  B, you are the
ent repreneur.  Listen and ask
quest ions about  specif ic details.
Swap roles and pract ise again.

To;  Jasmine Murray
Subiect :

The proposal is to build a rocket  sled ride on a desert  site in Western
Aust ralia.  The r ide w ill be aimed at  wealt hy t our ist s,  and w ill allow
them to exper ience supersonic speeds.  We envisage carrying two
passengers at  a t ime, seated behind t he pilot .  The idea is inspired
by t he Sonic Wind exper iments,  which I 'm sure you're familiar  w it h.
However, it  goes without  saying that  safety will be the number one
priority, which means that  e)dremes of accelerat ion and decelerat ion
must  be avoided. For  instance, a water  brake,  l ike t he one used in
the Sonic Wind t est s,  is clear ly out  of  t he quest ion.

The sit e is large enough t o accommodate a t rack up t o 16 km
long, t hough I  reckon 1O km would be adequate.  According t o my
rough ca| cu| at ions, that  wou| d be sufÍ icient  to al| ow progressive
accelerat ion up t o and t hrough t he sound barr ier  t o about  350 m/ s,
and progressive decelerat ion t o a standst il l  w it hout  exceeding 2 G
(20 m/ s,) , while st ill leaving three to four kilometres of t rack as a
safety margin. However, I 'm not  an engineer, so would appreciate
your  professional opinion on t hat .

ln t erms oÍ  basic t echno| ogy,  I  assume the most  suit ab| e vehic| e
would be a rail-mounted sled,  w it h steel skids t hat  gr ip t he t rack,
above and below the rails,  t o prevent  derail ing,  and avoid problems
with aerodynamic l if t .  I  assume wheels wouldn't  be feasible given t he
speeds involved, t hough I 'm not  100%  sure about  t hat ,  Perhaps you
can advise.  Propulsion would be provided by a rocket  or  aircraf t . j et .
I  already have a consultant  sourcing a suitable engine, however, so
that  angle is being looked into.

As far  as your  input  is concerned, t he main area where I  need your
exper t ise is on t he braking system. As I  said,  violent  braking is out  of
t he quest ion.  As I  see it ,  suit ably gent le opt ions include systems that
app| y frict ion to the rai| s, aerodynamic Í | aps, parachutes, or reversed
engine t hrust .  But ,  again,  I 'm not  an engineer ,  so I  look forward t o
discussing your  t houghts on t hese issues.

I

-":ar
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This glossary contains useful technical words from the texB and audioscripts which are not  covered specif ically in the exercises.

bear ing

belt  (drive belt )

cable

component

elect romagnet ic

foundat ion

gears

inert ia

lubr icant

(elect r ic)  motor

p i le

propeller

reinforcement

remote cont rol

sheave

solar power

st rength-to-weight
rat io

st ructural engineer

w ind load

wireless

mechanism containing balls or rollers placed around a component  which spins, e.g. a shaft , to reduce
frict ion

closed band placed around two or more wheels (pulleys) , allowing one wheel to drive the other(s)

rope made of many wires, usually metal

individual part  of  an assembly/ mechanism

haí uses an e| ect r ica| | y generated magnet ic f ie| d

base support ing a building or st ructure, usually made of concrete

wheels with cogs ( teeth)  which mesh together to t ransfer drive from one wheel to the other where the
wheels are side by side

the resistance of an obtect  to accelerat ion or decelerat ion due to its mass

| iquid or viscous so| id (e.g. oil)  used to reduce fr ict ion between moving parts whose surÍ aces are touching

device which t ransforms elect r ical energy into rotary mot ion

foundat ion comprising a vert ical column of concrete in the ground

device with spinning blades used to push boats or aircraf t  through water or air

networks of f ibres or bars placed inside a material to st rengthen it , e.g. steel reinforcement  in concrete

siystem used to cont rol a device or vehicle f rom a distance, usually via a wireless connect ion

alternat ive term for pulley (see bert  above)

energy from sunlight  converted into elect r ical energy

toughness of a materia|  (abi| ity to resist  breaking)  re| at ive to its density (density =  masí vo| ume)

engineer specialising in the design of st ructures, e.g. bridges

force exerted on a st ructure by the wind

signal t ransmission without  a physical connect ion by wire, e.g. by radio waves or infrared waves

aggrega[e

automot ive

blade

cement

chassis

composite (material)

conductor

elect rolysis

exhaust

galvanized

insu lat ion

ironmongery

kinet ic energy

melt  down

membrane

puncture

rust

scrap

solid part icles or lumps of material used in a mixture, e.g. sand and gravel in concrete

related to vehicle design and manulacturing

cut t ing device, of ten metal with a sharp or toothed edge

lime-based powder mixed with water to make concrete

base of a vehicle to which all main components are f ixed

combined materials;  consists of  a bulk material (called a mat rix)  reinforced with f ibres or bars, e.g. glass-
reinforced plast ic [ plast ic mat rix with glass f ibres)

material that  conducB (carriesl elect r icity or heat  - in engineering, usually ref iers to an elect r ical
conductor

passing an elect r ical current  through a liquid or solid in order to separate chemical compounds

system for evacuat ing smoke or gases, e.g. f rom an engine

coated with zinc - us€d to protect steel from corrosion (rustingl

protect ive layer to prevent  or reduce conduct ion of  heat  or elect r icity

collect ive term for small metal items commonly used in buildings, e.g. door handles, hinges, screws, nails

energy in the form of movement , e.g. a spinning wheel

change a solid substance into a liquid by heat ing it

thin layer of  material, of ten act ing as a barrier, e.g. to prevent  water passing

hole causing a leak of  air or liquid, e.g. in a tyre

common name br iron oxide - produced when iron corrodes as a result  of  exposure to air and water

used/ recovered material intended for recycling;  of ten refers to metal

I

108 Glossary of  t echnicat  t erms



in  const ruct ion,  an ord inary bolt

long met al  p lat e on w hich cables are laid -  designed t o suppor t  large numbers of cables

vert ical support  in a st ructure

const ruct ion joint  ioint  beMeen two sect ions of  concrete that  were poured at  dif ferent  t imes (where concrete st ructures are
poured in several stages)

large sect ion pipe, with a circular or square prof ile, for carrying air;  or a protect ive cover for cables or
hoses

making/ assembling, of ten used to describe metalwork

collect ive term f icr bolts, screws, r ivets and clips

high st rength fr ict ion bolt  which holds plates together by fr ict ion (gripping them t ight ly together)  rather than by shear force
er ip [ HSFG)  bolt

M&E abbreviat ion for mechonical and elect r ical -  in const ruct ion, refers to elect r ical installat ions, water
p ipes,  air - condit ion ing,  et c.

Dlace/ cast  concrete

large f lat  area of concrete, for a f loor or roof

acet y lene

bal last

cab le t ie

cast ing

ear t n

l ive

m ach i n i n g

m i l l i n g  m ach i n e

neut ral

black bolt

cable t ray

co lu m n

duct

f abr icat ion

f ix ings

pour lconcrete)

slab

clearance

clu t ch

hydraul ics

isolat e

non-serv iceable
(part )

prston

gas commonly m ixed w it h  oxygen in  w eld ing ( oxy-acet y lene)

dense mat er ial  used t o add w eight ,  e.g.  as a count er -balance or  t o resist  l i f t

plast ic st rap used to f ix several cables together side by side, or to f ix cables to a support ing st ructure

pour ing molt en mat er ial  in t o a mould

elect r ical  connect ion bet w een a circu i t  and t he ground

in a mains elect r ical  cir cu i t ,  t he w ire t hrough w hich cur rent  f low s in t o an appl iance -  also means a circu i t
is energised ( cur rent  is f low ing)

col lect ive t erm  for  processes involv ing cut t ing,  dr i l l ing,  et c.

machine Wit h  cut t ing w hee| s used t o cut  aw ay t he sur face of  met á|  in  t h in  | ayers

in  a mains elect r ical  cir cu i t ,  t he w ire t hough w hich cur rent  f low s out  of  an appl iance

par t  t hat  cannot  be repaired by maint enance t echnicians,  on ly by t he manufact urer

mechanism which t ransfers linear mot ion (backward and forward movement )  to rotary mot ion ( turning
movement ) ,  usual ly  pushed by expanding gas

' f u $ i f f iÉ É
distance between components designed to f it  together closely

fr ict ion mechanism allowing engine mot ion to be t ransferred to wheels progressively

coolan t  l iqu id  in  a cool ing  syst em

orag resist ance t o movement  t hrough a gas or  l iqu id,  e.g.  w hen a p lane moves t hrough t he air

elect r ical contact  point  where two elect r ical conductors are connected

engine often refers to an internal combust ion engine - i.e. one which burns pet rol or diesel

f an spinn ing device w it h  b lades used t o generat e a f low  of  air

f i l t er  mat er ial  w it h  smal l  holes locat ed in  a f low  of  gas or  l iqu id;  used t o b lock sol id  par t icles,  e.g.  t o prevent
t hem f rom damaging a sensit ive mechanism such as a pump

f| aps moveab| e pane| s on aircraf t  Wings Which increase | if t  to assist  | ow.speed f | ight ' e.g. during take.ofí  and
landing

f ly-by-wire aircraf t  cont rols which operate moveable devices (e.9. f laps)  elect ronically, rather than mechanically

fuel iniect ion system for inject ing fuel vapour into the piston cylinder of  an engine

temperature gau€e device Which shows a temperature reading

gearbox case cont áin ing shaf t s w it h  gears'  usual| y  w it h  a gearsh if t  mechanism,  a| | ow ing gears t o be moved t o
change between dif ferent  gear rat ios

h igh-pressure oi l  cir cu i t s used t o push p ist ons cal led hydraul ic rams

separat e an elect r ical  component  or  par t  of  a cir cu i t  f rom t he rest  of  t he circu i t  -  e.g.  by opening a
switch - to prevent  elect r icity f rom f lowing through it

landing gear  w heels of  an aircraf t

loose connect ion elect r ical  connect ion t hat  is not  f u l ly  t ight ,  of t en causing t he circu i t  t o be broken,  prevent ing cur rent
from f lowing

m isf i re w hen an engine is not  running smoot h ly due t o a f uel or  ign i t ion problem
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radiat or

spoi lers

starter motor

suspension

t an K

t hrot t le

t u r b in e

VAI VC

Uni t  6
beam

core dr i l l

cr a ne

d y n am i c

C-force

j i b

l i f t ing  eye

low - loader

s l i n g s

t h rust

Unit  7
ai r  i n l e t

arc

Dlow er

circu i t  breaker

ext inguisher
( f i re ext inguisher )

guardrai l

h an d r a i l

load-bear ing

moist ure-sensit lve

off-cuts

shot -b last ing

st l o

st rain

sw it chboard

sw it chgear

t ransformer

Unit  8
AC

aut omat ion

CAD

conv€yor  beI t

dow nst ream

elect r ic u t i l i t y

heat -exchange device t hat  d issipat es heat  in t o t he air ,  usual ly  f rom a hot  l iqu id ( e.9.  coolant )  t hat  is
pumped t hrough i t

moveable panels on aircraf t  w ings w hich increase drag and reduce l i f t i  used t o slow  aircraf t  w hen
descending and on landing

e| ect r ic mot or  in  an engine used t o t urn t he en€ine in  order  t o st ar t  i t  running

moveable connect ion bet w een a vehicle's chassis and i t s w heels,  consist ing of spr ings and dampers

cont ainer  f or  st or ing l lqu id

accelerat or  cont rol  on an engine

t ransforms a f low  of  f lu id ( l iqu id or  gas)  in t o rot ary movement ,  e.g.  a w ind t urb ine

mechanism for  opening/ closing/ rest r ict ing t he f low  of  gas or  l iqu id along a p ipe

long,  nar row  hor lzont al  component  in  a st ruct ure

hole-saw  for  dr i l l ing t hrough t h ick mat er ials

machine f or  l i f t ing heavy obj ect s,  able t o reach sign if icant  height s and d ist ances;  includes mobi le cranes
( w hich w heel) ,  t ow er  cranes ( w hich are suppor t ed by a f ixed t ow er )  and gant ry cranes ( w hich run along
beams)

relat ed t o movement ,  e.g.  a dynamic load [ :  a load generat ed by a moving obj ect )

f o r ceo f  acce ler a t i on o r d ece ler a t i on :  I  Ci seq u i v a len t t o t h ef o r ceo f  acce ler a t i on exer t ed b y g r av i t y

moveable arm  of  a crane

r ing f ixed t o a heavy obj ect  al low ing a hook ( e.9.  of  a crane)  t o be at t ached t o enable l i f t ing

t ruck w it h  a low  f lat  t rai ler ,  used f or  t ranspor t ing large heavy vehicles,  especial ly  const ruct ion p lant

f lat  st raps w hich can be at t ached t o crane hooks and p laced under  obj ect s in  order  t o l i f t  t hem

pushin€ f orce,  e.g.  generat ed by expanding gases exi t ing a rocket

poin t  w here air  ent ers a device or  process -  t he opposit e is air  out let

elect r ical  cur rent  t ravel l lng a shor t  d ist ance t hrough t he air  t o f low  bet w een t w o conduct ors

pump- l ike mechanism w hich generat es air f low

elect r ical  device w hich inst ant ly  breaks a circu i t  ( sw it ches of f  t he pow er  supply)  as a safet y measure i f  a
var iat ion in  cur rent  is det ect ed

device used f or  put t ing out  f i res;  usual ly  a met al  cont ainer  w it h  a hose or  nozzle cont ain ing w at er ,  CO, ,
pow der  or  f oam

met al cont ainer  w hich cont ains compressed gas,  of t en in  l iquef ied f orm

safet y rai l  designed t o prevent  people f al l ing f rom h igh p laces

( as guardrai l ,  above)

descr ibes a par t  of  a st ruct ure or  assembly t hat  is designed t o resisUt ransm it  f orce

can be damaged by w at er

w ast e p ieces lef t  over  af t er  cut t ing

f i r ing smal l  met al  bal ls propel led by compressed air  as an abrasive cleaning process

large cont ainer  f or  st or ing buI k €ranu| ar  mat er ials such as grain

chan€e in  size/ shape of  a component  ( e'g '  st ret ch ing)  due t o f orce

cont rol  panel cont ain ing several  sw it ches f or  al l  t he indiv idual cir cu i t s of  an elect r ical  inst al lat ion

col lect ive t erm  for  sw it ch ing equipment

elect r ical  device f or  modif y ing cur rent  and volt age -  a st ep-up t ransformer  increases volt age and reduces
cur rent ,  a st ep-dow n t ransformer  decreases volt age and increases cur rent

Alt ernat ing Cur rent

aut omat ic cont rol  of  a syst em,  device or  process

Comput er  Aided Design -  comput er  sof t w are f or  producing engineer ing draw ings

moving belt  w hich t ranspor t s obj ect s hor izont al ly i  of t en used in  manufact ur ing processes and
w arenouses

fur t her  dow n t he d irect ion of f low  ( e.g.  in  a r iver ) ;  used in  engineer ing t o descr ibe indust r lal  processes
and t he f low  of  l iqu id/ air  in  p ipe/ duct  net w orks ( opposit e =  upst ream)

company w hich generat es elect r ici t y  at  pow er  st at ions

T
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elect r ical  charge

exot herm ic react ion

f low

gizmo

hydroelect r ic power

mains elect r ici t y

m an u al

refr igerat ion

reservoir

standby (on standby)

vessel

aerodynamics

aeronaut ical

stored elect r icity (potent ial elect r ical energy)

chemical react ion which produces heat  (opposite - endothermic react ion, which absorbs heat )

movement  of  a subst ance,  usual ly  a l iqu id or  gas ( e.9.  along a p ipe)

slang term for a technical device, usually elect ronic - suggests the device is complex

elect r icity generated using water pressure (hydrostat ic pressure)

domest ic elect r ici t y  supply syst em

cont rolled by a person - the opposite is automat lc

process of cooling to temperatures below atmospheric temperature

man-made lake f or  st or ing w at er ,  usual ly  f or  dr ink ing w at er  or  hydroelect r ic pow er

when a device is ready to operate immediately, e.g. a TV that  is ready to switch on when it  receives a
remote cont rol signal

closed tank which can hold a pressure greater than the atmospheric pressure outside it

study of airf low e.g. over moving vehicles and aircraf t

related to the design and const ruct ion of  aircraf t

cent re of  gravity theoret ical point  on the cross-sect ion of  an object  f rom which the obiects mass is t ransmit ted vert ically
downwards due to gravity

device for pressurising gas (usually air)  inside a vessel or network of  pipes/ hoses

collect ing and recording the results of  tests for later analysis

can change shape

release/ ejecvopen, e.g. when skydivers pull the cord of their parachute, the parachute is deployed

can be /  is designed to be broken/ dest royed

Do lt  Yourself  store - hardware /  home improvements store selling building materials and tools to
consumers

device which shows a pressure reading, e.g. in bar or psi [ pounds per square inch)

disturbed airf low - i.e. air not  f lowing smoothly around an obiect

volume containing no gas, e.g. space

glass at  f ront  of  a vehicle or aircraf t  which the driver or pilot  looks through, also called a windscreen in
Br i t ish Engl ish

compressor

dat a gat her in€

deformable

deploy

dest ruct ib le

DI Y store

pressure gauge

t urbu lence

vacuum

w indshield

;Sffilffi
bodywork

camber

catenary

coastal defences

corrode

cor rosron

derai l

detonate

fail-safe

horsepower

in ax ia l

opposing forces

osci l lat ion

reverse thrust

rpm

sled

st ress

superst ructure

the external skin of  a vehicle;  usually consists of  several panels

angle that  is inclined from horizontal, usually at  90 degrees to the direct ion of  t ravel, e.g. the camber of
a road ( the slope of the road across its width)

downward curved line of  a cable when suspended between two supports

large walls, blocks, etc., const ructed to protect  the coast  f rom sea/ ocean erosion

degrade as a result  ofa chemical react ion, e.g. iron turning to iron oxide ( rust )  when exposed to water
and air

result  of  material corroding (see above)

come off  the rails, e.g. t rains can be derailed

t r igger an explosion

cannot  fail /  go wrong - of ten used to describe safety systems

historic unit  of  power, has been replaced by Wbt ts but  st ill used to describe power output  f rom engines

not  in a st raight  line

forces act ing in opposite direct ions

wave pattern

thrust  directed in the opposite direct ion to that  which a vehicle/ aircraf t  is t ravelling in, intended to slow
the vehicle/ aircraf t

revolut ions per minute, used to measure the speed of rotary mot ion

vehicle that  slides along ( i.e. does not  have wheels) , e.g. a sled designed to t ravel over snow

the force(s)  exerted on an oblect , e.g. tensile st ress in a cable that  is being pulled in opposite direct ions

the part  of  a st ructure that  is above ground level - the opposite is the subst ructure
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I  1 . 1
Paula:  Obviously navigat ion is t he pr imary
appl icat ion of  most  GPS devices.

José :  Sure.

Paula:  Then you've got  associated applicat ions,
uses that  are related to navigat ing, such as
t racking systems you can use for monitoring
del ivery vehicles and f inding st olen cars,  t hat
k ind of  t h ing.

José :  Mm.

Paula:  And then there are more creat ive
features. A good example would be on a boat
CPS,  you get  dr i f t  alarms.  So i f  t he anchor  st ar t s
to drag and the boat  starts moving, there's a
set t ing on the cPs that  allows it  to detect  the
movement ,  and an alarm  sounds t o w arn you,
and prevent s t he boat  f rom dr i f t ing unnot iced.

José :  I  see.
Paula:  Or  anot her  example on boat  syst ems is
man overboard but tons. So if  you're sailing along
and someone fal ls in t o t he sea,  you h i t  a but t on,
w hich logs t he posit ion and ensures t hat  you
don't  lose t rack of  where you were, which then
enables you t o t urn round and come back t o t he
same poin t  and f ind t he peBon.

José :  Right .

Paula:  So,  t hese are t he k inds of  appl icat ions
we want  to develop, more specialised, and more
creat ive.

José :  So, ef fect ive| y' you're not  ta| king about
t echnical innovat ions.  What  you ' re real ly  looking
for is innovat ive ways of actually using the
technology.

Paula:  Precisely. Because these days, f rom the
end-users poin t  of  v iew ,  accuracy is no longer
t he main sel l ing poin t .  Most  devices are accurat e
enough.  The key is t o make t hem more usefu l .  So
in  t erms of  development ,  t hat 's t he k ind of  . . .

-  1 . 2
James:  The engineer ing chal lenge of  connect ing
a sat el l i t e t o ear t h  using a cable is,  obviously,
signif icant . I n order to support  its own weight ,
and be securely at t ached at  each end,  t he cable
w ould require a phenomenal st rengt h- t o-w eight
rat io.  Carbon nanot ube mat er ials m ight ,  one
day, be up to the iob. And l'll talk about  those in
det ai l  lat er  on.  How  could vehicles be raised in t o
space,  up t he cable? Well ,  using a self - cont ained
energy source w ould be problemat ic,  due t o t he
weight  of  fuel or bat teries required to power the
vehicle. There are two possible ways round this
problem:  t ransmit t ing elect r icity wirelessly, or
using solar  pow er .  The f i r st  t echnique is on ly in
the early stages of research. The second would
al low  t he vehicle t o ascend on ly very slow ly,
t hough t h is w ouldn ' t  necessar i ly  be a problem,
as the car could be cont rolled remotely, allowing
it  t o t ranspor t  payloads as an unmanned vehicle.

I  1 . 3
James:  The ofthore base stat ion would be
supported by a f loat ing st ructure, which could
be at tached to the seabed by anchors. Payloads
could be carried from the shore to the stat ion
by sh ip before being l i f t ed in t o orb i t .  The main
advantage of a f loat ing mobile stat ion, rather
t han a f ixed base on land,  w ould be t o help
reduce t he r isk of  a col l ision bet w een t he cable
and one of  t he many lumps of  space debr is,

such as redundant  sat el l i t es,  t hat  l i t t er  orb i t al
space.  Based on carefu l  monit or ing ofdebr is
movements, in the case of an alert  the stat ion's
anchors could be raised and t he st at ion could be
moved, driven by propellers, to a new locat ion
out  of  harm's way.

-  1 . 4
I

Stefan:  So, as you can see from this cross-
sect ion,  w e've come up w it h  a complet ely un ique
prof i le.  l t 's exclusive t o t h is company and un l ike
anyt h ing else on t he market .

Stefan:  One of the key advantages of this new
form is t hat  i t  dramat ical ly  reduces v ibrat ion,
which was always a problem before. Obviously,
machines l ike t hese can never  be ent irely  f ree
f rom vibrat ion but  t he new  design runs ext remely
smoothly.

3

Stefan:  Another advantage of the new prof ile is
that  it 's considerably lighter, due to the reduced
area of the overall sect ion. So compared with our
previous range,  i t s h igh ly ef f icient ,  especial ly  in
appl icat ions t hat  require cont inual st ar t ing and
st opping,  w here low  iner t ia is impor t ant .

L

Stefan:  We're st ill conduct ing long-term
reliabilit y tests, but  t r ials so far suggest  the
design is except ional ly  durable,  pr imar i ly  as a
result  of  the low vibrat ion levels. We exoect  it
t o be sign if icant ly  more rel iable t han r ival  un it s
t hat  are on t he market ,  w hich is obviously an
impor t ant  sel l ing poin t .

I 1 . 5
Richard:  lf  you're talking to non-specialists, and
you st ar t  using j argon,  t hen t o your  audience,
i t 's iust  going t o sound l ike nonsense.  That 's
one oroblem.  Anot her  relat es not  so much t o
language, but  to the complexity of  the technology
you're talking about . Even if  you use everyday
| anguage,  t he engineer in€ concept  i t se| f  m ight
st i l l  be d i f f icu l t  t o explain .  And t hat  can make t he
subiect  very heavy going,  and qu it e du l l ,  w hich
is obviously not  what  you want . However, I  think
it 's important  not  to oversimplify things. There's
not h ing w orse t han being spoken t o as i f  you ' re a
ch i ld .  You don ' t  w ant  t o sound pat ron ising.

I 1 . 6
Richard:  lt 's obviously best  to use everyday
language as f ar  as possib le.  But  I  don ' t  t h ink t hat
means avoid in€ j argon al t oget her .  l  f ind t he best
approach,  so as not  t o sound pat ron ising,  is t o
use a cer t ain  amount  of  t echnical language,  and
then immediate| y af terwards give st rai€ht foMard
explanat ions of  w hat  i t  means using everyday
w ords.  When i t  comes t o explain ing t r icky
t echnical concept s,  a good t echnique is t o make
comparisons between the technical point  you're
t rying to illust rate and things from everyday life
t hat  people are f am il iar  w it h ,  t o help t hem paint
a p ict ure in  t heir  m inds.  And t hen t o help l ight en
t h ings up,  and st op t h ings f rom sounding du l l ,  I
t h ink i t 's good t o use a b i t  of  humour  as w el l ,  and
maybe a few amusing anecdotes.

-  7 . 7
Richard:  As you can see, we've started work
on t he subst ruct ure,  in  ot her  w ords t he par t
of  t he st ruct ure t hat s below  ground level.  The
foundat ions are concret e p i les.  Basical ly ,  a p i le
is a column going dow n in t o t he ground.  And
we're using what  we call bored in situ concrete,
in  ot her  w ords,  w e bore,  or  dr i l l ,  a hole in  t he
ground,  and concret e's poured in  in  si t u ,  w hich
means i t 's act ual ly  poured on t he const ruct ion
site, in its f inal posit ion. An alternat ive is to use
what  we refer to as ore-cast  driven oiles. Pre-
cast  refers to the fact  that  the oiles are made
at  a factory away from the site, before being
del ivered.  They' re t hen dr iven in t o t he ground.
They' re hammered in  w it h  a p i le dr iver  w hich,
put  simply,  is iust  l ike a g iant  hammer .  And t hey
don ' t  iust  dr ive in  p i les,  t hey dr ive everyone
mad w it h  t he const ant  boom-boom-boom al l
day long.  So,  t hankfu l ly  f or  our  ears,  w e' re not
using t hat  t echnique.  I nst ead,  w e' re bor ing t he
pi les.  The p i le auger  over  t here is ef f ect ively j ust
l ike a g iant  dr i l l .  As i t  dr i l ls in t o t he ground,  w e
pump a special  l iqu id cal led bent on it e in t o t he
hole.  Essent ial ly ,  i t 's a k ind of  clay suspension,  a
sort  of  mud. And that  orevents the walls of  the
hole f rom col lapsing inw ards.  So w hen t he hole's
f in ished,  i t 's f u l l  of  bent on it e.  l t  looks j ust  l ike a
big muddy puddle on t he ground.  Obviously,  i t 's
not  a good idea to step in one, like a colleague
of  m ine once d id.  and t hen had t o dr ive home in
h is underpant s f or  a change of  clot hes.  So,  once
t he hole's been bored and f i l led w it h  bent on it e.
they lower in some steel reinforcement . And then
concrete's pumped in. And because the concrete
is denser  t han t he bent on it e,  i t  d isp laces i t .  So,  in
simple terms, if  you picture a glass full of  water
and imagine pour ing concret e in t o t he g lass,  t he
water would overf low and you'd end up with a
glass full of  concrete. So, that 's piling. lf  anyone
has any quest ions,  by t he w ay,  j ust  . . .

I 2 . 1
lr ina:  The only way to assess the environmental
impact  of  a given material properly is to carry
out  an environmental audit  and analyse the total
impact  of  t hat  mat er ial  on t he environment .
I  emphasise total impact  because it 's all too
easy to judge materials and products on
single aspects of  their ecological impact . As an
example,  i f  w e compare t radit ional and energy-
saving l ight  bu lbs i t 's t empt ing t o say energy-
saving ones are bet ter because they consume
less energy. I n fact , that 's only part  of  the picture.
That 's just  the in-use phase. You also need to
consider the pre-use phase - in other words, the
environment al  impact  of  m in ing t he mat er ials
used to make the bulbs, of  t ransport ing those
materials to the factory, of  manufacturing them
etcetera. Then there's the post -use phase. How
easy is it  to recycle spent  bulbs? And when you
start  to consider a| |  of  these factoí s, suddenly
the comoarison between classic bulbs and
their energy-saving equivalents becomes much
less clear-cut . Some of the materials used in
energy-saving lights are problemat ic f rom an
environment al  st andDoint .  bot h in  t erms of
acquir ing t hem and recycl ing t hem.  So t he poin t
is, it 's essent ial to look at  the whole picture. And
doing t hat  can be qu it e a complex t ask,  as w e' l l
see lat er  on.

I
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I a 2 . 2
Sophia:  OK,  so st eel bodyw ork versus alum in ium
bodywork.
Fet e:  What  about  pre-use,  t hen?

Sophia:  Wel l ,  I  t h ink i t  t akes a lot  of  energy
t o produce alum in ium,  compared w it h  st eel,
because alum in ium 's made by elect rolysis.

Pete:  Yeah. So steel's bet ter, presumably.

Sophia:  I  t h ink so,  yeah.  But ,  hang on a m inut e,
w it h  alum in ium,  i t  depends how  much is der ived
from ore, and how much is recovered from
recycled mat er ial .  As f ar  as I  know  recycl ing
alum in ium t akes less energy.  So I 'm  not  real ly
sure.

Pete:  Presumably, it ' ll be mixed, won't  it? For a
given bat ch,  t here' l l  be so much new  mat er ial ,
and so much recycled mat er ial .

Sophia:  Probably,  yeah.  OK,  so t hat  needs t o be
researched,  t hen.

Pete:  ls car bodywork galvanised when it 's made
from steel?

Sophia:  Um . . .  good quest ion.  I 'm  not  sure.
Pete:  lf  it  is, if  it  has to be coated with zinc, then
that  would take ext ra material and ext ra energy.
So t hat 's an impor t ant  considerat ion.
Sophia:  Mm,  t rue.  OK,  so t hat 's anot her
quest ion t o not e.

Pet e:  Then t here's t he energy consumed w hen
t hey' re t ranspor t ing bu lk met al  t o t he car  p lant .

Sophia:  Presumably alum in ium t akes less energy
t o t ranspor t ,  being l ight er .

Pete:  I 'd say so, yeah.

Sophia:  OK.  What  about  manufact ur ing?

Pet e:  Wel l ,  alum in ium w ould be l ight er  t o handle,
w ouldn ' t  i t ? l t  probably t akes less energy t o cut ,
as w el l .

Sophia:  Yeah.  Not  sure w het her  i t  t akes less
energy to weld, compared with steel.

Pet e:  Cood quest ion.  Anot her  t h ing t o check out .

Sophia:  Mm,  w hat  about  in-use,  t hen? |  assume
alum in ium 's bet t er  because i t 's l ight er ,  so you
consume less f uel.

Pet e:  Yeah.  And i t  should last  longer ,  as w el l .

Sophia:  Mm,  is t hat  an environment al
considerat ion,  t hough?

Pet e:  Wel l ,  yeah,  because i f  t h ings last  longer ,
they need to be manufactured less of ten. So you
use ress energy.

Sophia:  True.  But  t hen,  is t he l i f espan of  a car
det erm ined by t he l i f e of  i t s bodyw ork?

Pete:  Ah. Cood point .

Sophia:  l t 's usual ly  det erm ined by t he chassis,  or
t he engine,  isn ' t  i t ?

Pete:  ls it?

Sophia:  Mm,  anot her  one t o be researched.

Pete:  OK, what  about  post -use, then?

-  2 . 3
Margit :  So,  in  t erms of  t he main component s,
the conductor, at  the cent re, is copper or
alum in ium,  depending on t he model.  That 's
t hen coat ed w it h  polyet hylene insu lat ion and
sur rounded by st eel w ire,  w hich provides t he
armoured prot ect ion.  As t he st eel obviously
needs to be protected from moisture, there's a
plast ic w at erproof  membrane around t hat .  Then,
t he w hole t h ing 's sur rounded by an out er  j acket
w hich,  again ,  is in  p last ic-based mat er ial .

J 2 . 4
Toby:  That 's cer t ain ly a scary looking col lect ion
of tools.

Est her ;  Yes,  some of  t hem do look qu it e
menacing,  don ' t  t hey?

Toby:  ls t hat  t i t an ium? The dr i l l  handle?

Est her :  Um . . .  yes.

Toby:  I 'm  an engineer ,  t hat 's w hy l ,  um . . .

Esther:  Oh, I  see. Yes, t itanium's great . lt 's
expensive,  obviously,  but  very l ight .  That 's
the big advantage. ldeally, you want  it  to be
lightweight , to give you bet ter cont rol.

Toby:  Nn.

Esther:  These are the most  impressive things,
t hough,  t he burs on t he end.  The lat est  ones can
rotate at  over half  a million revs oer minute.

Toby:  Nn.

Esther:  They're coated with tungsten carbide,
w hich I  t h ink is one of  t he hardest  mat er ials in
exist ence,  isn ' t  i t ? Along w it h  d iamond.  That 's
also used.
Toby:  Nn.

Est her :  The key requirement  is abrasion
resistance, of  course. Obviously, they need to be
very durable.  And you don ' t  w ant  t hem snapping,
either. The last  thing you want  is a brit t le
mat er ial .  Apparent ly ,  t hat  w as t he t rouble t hey
had in  t he past ,  making t he bur  t ough enough so
it  d idn ' t  break.  I  t h ink par t  of  t he problem w as
heat ,  as w el l .  Dr i l l ing in t o a t oot h at  h igh speed,
you obviously get  a lot  of  heat  bu i ld-up.  You need
a good degree of  t hermal st abi l i t y .

Toby:  Nn.

Est her :  See w hat  I  mean? You can act ual ly  smel l
burn ing.  And t hat 's af t er  a f ew  seconds.  lmagine
t he heat  bu i ld-up af t er  several  m inut es.

Toby:  Nn.

J 2 . 5
Tom:  Speaking as an engineer ,  Louisa,  my v iew  is
t hat  al l  t he mat er ials w e use should be genuinely
su it able f or  making w at ches,  and not  j ust  chosen
as market ing g immicks.  We're of t en gu i l t y ,  in
my v iew  of  using exot ic-sounding mat er ials t hat
are not  par t icu lar ly  su i t able f rom a t echnical
st andpoint .
Louisa:  Yeah,  I  know  w hat  you mean.

Tom:  A good example was that  debate we had
on w het her  t o use submar ine-grade st eel in
some models,  t o g ive t he impression t hat  t hey ' re
except ional ly  resist ant  t o w at er .  OK,  submar ine
st eel 's good at  w it hst anding t he pressure of
being a m i le beneat h t he sea.  But  i t 's heavy.  l f
it 's not  coated, its corrosion resistance is not  that
good,  at  least  compared w it h  ot her  met als l ike
t i t an ium.  l t 's also f air ly  poor  in  t erms of  looks,
in my view. Water resistance isn't  a quest ion of
met al  qual i t y ,  i t 's about  t he qual i t y  of  t he j oin t s
and seals you use. So, as a watch material,
f or  me,  i t 's not  at  al l  su i t able.  Tremendously
market able.  I 'm  sure,  but  . . .

Louisa:  Hm.  No,  I  t ake your  poin t .  But  I  t h ink i t 's
fair to say that  we've never chosen a material for
market ing reasons t hat 's insuf t icient ly  durable or
not  adequat ely bu i l t  in  any w ay.

Tom:  Oh,  no.  No,  i f  anyt h ing,  i t 's been t he
reverse. Wb've used materials that  are over the
t op,  so t hey can be descr ibed w it h  super lat ives
in advert ising.

Louisa:  Hm.  ldeal ly ,  w e should be using st u f f
that 's good for watches and good for market ing
as w el l .

Tom:  Sure.  But  t hat 's easier  said t han done.
I  mean,  a lot  of  t he mat er ials t hat  are ideal f or
the job, in terms of scratch-resistance, shock-
resistance and all the rest  of  it , are either pret ty
ord inary,  or  t heir  composit ions are relat ively
complex,  and t hey 've got  complicat ed names
w hich means t hey ' re not  al l  t hat  good f or
market ing.  That 's t he problem.

Louisa:  Sure.  But  t he ot her  problem is,
consumers are not  technical experts, and they
make choices based on t heir  impressions,  rat her
t han based on f act s.  That s a hard commercial
f act ,  as hard as submar ine st eel.

Tom:  No,  I  accept  t hat .

Louisa:  So w hat  should our  approach be? l t 's
obviously not  an easy quest ion . . .

-  2 . 6
I  not  par t icu lar ly  su i t able
2 except ional lyresist ant

3 not  at  al l  su i t able

4 t remendouslymarket able

5 relat ively complex

6 not  al l  t hat  good

-  3 . 1
Jan:  When you look at  t he var ious t ypes of  p lugs
and socket s in  d i f f erent  count r ies,  most  designs
have a basic layout  that 's existed for decades,
in  t erms of  t he w ay t he p ins are laid out ,  and
the prof ile of  the pins. And as a manufacturer,
t he posit ion of  our  company has alw ays been,
basically, to accept  that  we're stuck with several
standard conf igurat ions, and to ef fect ively say
t o cust omers,  w e produce al l  t he main f ormat s
- take whichever one you want . Howeve(  as
I 'm  sure you know  many count r ies use p lugs
and sockets of  more than one format . And this
leads t o a comparat ive si t uat ion,  w it h  some
conf igurat ions becoming more popular ,  and
ot hers progressively being abandoned.  Th is is
par t icu lar ly  t rue in  count r ies undergoing rapid
economic expansion.  And because of  t h is process
of select ion, we're f inding that  big customers are
increasingly asking us w hich of  t he st andard p lug
and socket  formats in current  use we recommend
as a manufacturer. Which are the best  f rom a
t echnical st andpoint ? Up unt i l  now  w e haven ' t
had a st andardised company pol icy t o al low  us
to respond to that  quest ion properly. But  this
proj ect  aims t o f ormulat e a company pol icy t hat
allows us to say these are the conf igurat ions we
recommend,  and t hese are t he t echnical reasons
w hy w e recommend t hem.

- 3 . 2
I

Er in :  On t h is one,  t here are circu lar  p ins f or  l ive
and neut ral .  There's no ear t h  p in .  Th is is qu it e a
common format  in  Europe and Russia.  l t 's also
quit e w idely used in  I ndia.

Er in :  Here,  you 've got  cir cu lar  slot s f or  l ive and
neut ral. And the earth slot 's got  a f lat  base with
one side rounded over  t o f orm  a sem i-circle.  Th is
type's only used in a few places.

3

Er in :  Th is one has rect angular  b lades f or  l ive,
neut ral  and ear t h ,  in  t r iangular  conf igurat ion.
This is t he st andard in  t he UK and lreland,  and
a few other places, Malaysia and Singapore, for
instznce.
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Er in :  Th is p lug has got  cir cu lar  p ins f or  l ive and
neut ral ,  and i t  has a cy l indr ical  slot  t o receive
t he ear t h  p in .  l t s qu it e common in  cont inent al
Europe, and in parts of  Afr ica.

i r in :  ns you can see,  t here are circu lar  p ins f or
l ive,  neut ral  and ear t h ,  and t he p ins are ar ranged
in l inear  conf igurat ion.  Th is is not  a very
commonly used f ormat .

o

Er in :  Th is is t he st andard in  Nor t h  Amer ica,  and
ouit e common in  Cent ral  and Sout h Amer ica.
Used in  Japan,  as w el l .  There are f lat  b lades f or
l ive and neut ral ,  and a round p in  f or  ear t h ,  and
t hey' re laid out  in  t r iangular  conf igurat ion.  So,  an
ext remely w idely used f ormat .

I 3 . 3
rectangle

rect angular

t r iangle

t r iangular

cyl inder

cyl indr ical

l i n e
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I 3 . 4
Er in :  I n  t h is conf igurat ion,  t here's a cir cu lar  slot
at  t he t op.  l t 's obviously a b l ind hole,  i t  doesn ' t
go r ight  through. And that 's designed to receive
t he ear t h  p in ,  w hich is mount ed on t he f ace of
t he socket .  Then t here are t w o p last ic r idges,
one on ei t her  side of  t he p lug casing,  and t hey
slot  into corresponding grooves at  each side
of the socket . I n addit ion. the cent re of  the
socket  is recessed. So rather than being f lush
with the front  of  the socket , on the same face,
t he circu lar  area t hat  receives t he p lug is set
back f rom t he sur rounding casing,  in  a recess
about  I  5mm deep.  The l ive and neut ral  socket s
are also equipped w it h  covers,  j ust  inside t he
opening.  These covers on ly open w hen pressure
is appl ied t o bot h by t he t w o p ins of  t he p lug
simult aneously.  So w e need t o look at  t he
advant ages of  t h is conf igurat ion . . .

I 3 . 5
Andy:  I n  t h is f ormat  t he p lug slot s in t o t he recess
in  t he socket .  That  al low s i t  t o f i t  in  real ly  t ight ly ,
compared w it h  ot her  designs.  P| us,  t hese r id€es
and grooves on t he sides increase t he amount  of
fr ict ion. That  helps it  to resist  pullout  forces even
more, so it  won't  fall out  of  the socket .
Kar in :  Yeah,  but  at  t he end of  t he day,  how
securely do you w ant  i t  t o be ret ained? l f  i t 's held
in  t oo hard,  t hat  makes i t  d i f f icu l t  t o pu l l  out .

Andy:  That 's t rue.

Kar in :  Plus,  i t  cou ld be dangerous.  l f  you ' re
vacuuming ent husiast ical ly  t o loud music,  let 's
say, and you pull the cord, you actually want  the
plug t o pu l l  out ,  don ' t  you? Ot herw ise you m ight
r ip  t he cable half  w ay out  of  t he p lug,  or  t he
appl iance.

Andy:  So,  real ly ,  w e need t o compare t he pu l lout
resist ance of  al l  t he f ormat s.

Kar in :  And det erm ine w hat  t he ideal resist ance
is.

Andy:  Yeah.  OK.  Erm,  w hat  else can w e say
about  t h is one?

Karin:  Well I  guess another advantage is, given
t hat  t he p lug 's in  a recess,  i f  i t  get s pu l led out
j ust  a f ract ion,  and t he p ins are st i l l  l ive,  not h ing
can physical ly  t ouch t hem.

Andy:  So you think that 's more effect ive than
having insu lat ors round t he t ops of  t he p ins?

Kar in :  I 'd  say so,  yeah.

Andy:  Th is one's also got  covers inside t he l ive
and neut ral  slot s.

Kar in :  That s a st andard f eat ure on more or  less
every f ormat ,  t hough,  isn ' t  i t ?

Andy:  Yeah.  But  I  t h ink i t 's somet h ing w e should
look at .  I  mean,  i t 's obviously a good t h ing.
Anyt h ing t hat  st ops ch i ldren f rom st ick ing t h ings
in  is obviously a good idea.  The on ly problem
with this system is, if  the mechanism's too
sensit ive,  i t  makes i t  d i f f icu l t  t o inser t  t he p lug,
somet imes.  And t hat  makes i t  easy t o damage.

Karin:  When people t ry to force it .

An d y :  Exact l y . . .

r  3 . 6
Evan:  Most  of  w hat  w e do is sheet  met al
working. We don't  do foundry work - you know,
cast ing and t hat  t ype of  t h ing.  That 's obviously
a d i f f erent  d iscip l ine.  But  apar t  f rom t hat ,  w e' re
equipped t o do most  t h ings t o do w it h  met al
bashing.

Mr  Bar ret t :  That 's t he t echnical t erm  for  i t ,  is i t ?

Evan:  I 'm  not  sure w hat  t he t echnical def in i t ion
of  met al  bashing w ould be.  A col lect ive t erm  for
hammer ing,  gr inding and general ly  making a lot
of  noise,  probably.

Mr  Bar ret t :  l t 's act ual ly  not  t hat  noisy in  here,
i s i t ?

Evan:  No,  i t 's not  t oo bad.  We had a special ist
f i rm  come in  a w hi le ago t o measure noise
levels at  each machine - you know for health
and safety regulat ions. A lot  of  what  we do isn't
al l  t hat  noisy.  Th ings l ike dr i l l ing and m il l ing
machines are not  t oo bad,  relat ively speaking.
Anyt h ing involv ing abrasives t ends t o be noisy,
t h ings l ike gr inders,  even i f  t hey ' re on ly hand
tools. And that  big press over there makes a loud
bang w hen t hey ' re shear ing st eel.  l t  cer t ain ly
saves a lot  of  t ime,  t hough,  compared w it h  f lame
cut t ing,  or  saw ing w it h  a gr inder  b lade.

Mr  Bar ret t :  So,  i t 's a gu i l lot ine?

Evan:  That 's what  we use it  for most ly, yes.

- 3 . 7
Evan:  So we use high-pressure waterjet  cut t ing
quit e a lot .  The good t h ing about  i t  is you don ' t
need to do any f inishing afterwards. The edges
are virtually perfect . So they are especially good
when you have int r icate shapes.

Mr  Bar ret t :  Which w ould be d i f t icu l t  t o f in ish
otherwise.

Evan:  That 's r ight .

Mr Barret t :  Saw blades are obviously useless
When you ' re cut t in€ curved shapes.

Evan:  That 's r ight .  And w hen you ' re using any
sor t  of  abrasive t echnique f or  cut t ing met al ,
i t  inevi t ab| y €et s hot .  And t hat  can a| t er  t he
proper t ies of  t he met al  around t he cut ,  w hich can
be a oroblem in  some si t uat ions.

3

Evan:  The other problem with abrasive cut t ing is
it  exerts shear forces near the cut . So sawing is
not  t he best  solu t ion i f  you w ant  t o avoid al t er ing
t he mat er ial .

Mr  Bar ret t :  The same appl ies t o gu i l lot in ing,
presumably.

Evan:  lt  does, yes.

IL

Mr Barret t :  lt 's amazing to think that  a waterjet
can cut  t hrough st eel.  You could imagine w at er -
cut t ing t imber  or  relat ively sof t  mat er ial ,  but  . . .

Evan:  No, it 's ideal for metals. Actually, lt 's not

.iust  water that 's used. They somet imes add an
abrasive powder to the water to increase the
cut t ing power.

Mr  Bar ret t :  Oh.  I  d idn ' t  know  t hat .
Evan:  The water's obviously concent rated into
a very f ine j et .  Depending on how  i t 's set  up,  i t
can t ake out  less t han a t ent h of  a m i l l imet re.
somet imes.

Mr Barret t :  Really?

I 3 . 8
Pedro:  So, basically, our obiect ive is to get  key
suppl iers more act ively involved in  t he design
process.  So rat her  t han us going t o a suppl ier
and saying,  w e w ant  a specif ic t ype of  bolt  or
screw  or  r ivet  f or  connect ing t hese component s,
can you give us a price? We want  to be able to
say,  w e need a w ay of j oin ing t h is par t  t o t h is
part , what 's the best  way of f ixing them to each
ot her?

Al icia:  OK.

Pedro:  So it  might  be that  you say, well, actually,
inst ead of  bolt ing t h is ont o t he machine,  w hat
about  using a w eld? Or  inst ead of  r ivet ing t hese,
how  about  bonding t hem w it h  adhesive,  or  f ix in€
t hem on w it h  some k ind of  cl ip ,  or  w hat ever ,
whatever's the most  cost -ef fect ive solut ion.
Al icia:  Right .  But ,  obviously,  w e' re a suppl ier
of  mechanical f ix ings,  so w e can on ly provide a
mechanical solu t ion.  So i f  you ask us t o design
some ioin t s,  w hich is obviously qu it e an involved
. iob,  and t hen,  af t er  al l  t hat ,  a r ival  f i rm  comes
along and says,  w el l  w e suggest  w eld ing i t  al l
t oget her ,  or  g lu ing i t  t oget her  f or  half  t he pr ice,
um,  i t  w ould mean a lot  of  w ork f or  no ret urn.  l 'm
not  saying it 's a bad idea. lt 's just  that  we would
have to be careful we covered our costs.
Pedro:  I  appreciat e t hat .  But  t he f l ip  side is,  w e
w ant  t o w ork w it h  f ew er  suppl iers t han w e have
in t he past .  So,  overal l ,  t hat  problem w ould be
offuet  by the greater volume of work you'd get .

Al icia:  Hmm.

r  3 . 9
Lenny:  So a t yp ical  clust er  consist s of  somew here
in  t he region of  a hundred bal loons.  That 's using
ordinary-size w eat her  bal loons.  Wit h  about
t w ent y people help ing i t  t akes an hour  or  so t o
in f lat e t hem al l .

Eva:  An hour  or  more w it h  t w ent y people?

Lenny:  Yeah.  l t 's pret t y  t ime-consuming.
Eva:  And is each bal loon t ied on indiv idual ly?

Lenny:  That 's the way it 's of ten done, yeah.

Eva:  And is the rope just  fastened around the
b o t t om ,  o r . . .  ?

Lenny:  Wel l ,  some people use p last ic cable t ies.
Or you can use tape.

Eva:  So i t 's a b ig. iob,  t hen,  put t ing everyt h ing
together. The harness is suspended from a
hundred or  so ropes,  t hen.  Wel l ,  how  is i t
fastened?

Lenny:  Well, you can put  nylon st raps beneath
the ropes. So you have several ropes t ied to a
single st rap, then each st rap is fastened to the
harness.

Eva:  I  see. So it 's like a kind of t ree st ructure.

I
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Lenny:  That 's r ight . And you have dif ferent
lengt hs,  so t he bal loons aren ' t  al l  at  t he same
level,  so t hey f i t  above and below  one anot her  in
a round-shaoed clust er .

Eva:  I  see. So you inf late the balloons, keep tying
them to the harness, via the st raps, and keep
doing t hat  unt i l  you t ake of f .

Lenny:  Basically, yeah. The pilot 's roped to
sandbags on t he ground.  So t he bal loons are
added progressively unt i l  t here's a marginal
amount  of  l i f t .  Then t he anchor  ropes are
released,  and up you go,  n ice and gent ly .

Eva:  And how  do you cont rol  your  al t i t ude? You
car ry bal last ,  presumably.

Lenny:  Yes. Water, usually. Those big water bags
w it h  t aps on,  ideal ly ,  so i t 's easy t o drain  out .

Eva:  And how do you come back down to earth?

Lenny:  Wel l ,  t hat 's act ual ly  a reason for  having
t he bal loons t ied on indiv idual ly .  You can release
t hem,  one by one,  w hich al low s you t o reduce t he
amount  of  l i f t  increment al ly .

Eva:  I  see.  Because I  w as t h inking,  surely i t  w ould
be easier  t o iust  have al l  t he bal loons cont ained
w it h in  a b ig net ,  t o make i t  f ast er  t o assemble.
You know ,  rat her  t han spending ages t y ing every
single bal loon on indiv idual ly .  But  t hen i f  you
did t hat ,  you w ouldn ' t  be able t o release t hem,
w ould you?

Lenny:  No. That 's t rue.

Eva:  You could burst  t hem,  somehow  I  suppose.

Lenny:  Yeah.  I  mean,  t here are obviously var ious
w ays of  doing i t  . . .

-  4 . 1
Joe:  I  have a quest ion about  t he panels on
St aircase 3.  You know  t hose g lass panels around
t he opening,  t hrough Deck C?

Linda:  Um,  yes.  I  know  w here you mean,  yeah.

Joe:  Wel l ,  I 've been looking f or  a cross-sect ion
t hrough t he deck,  at  t he st air  opening.  But  I  can ' t
f ind one anyw here.

Linda:  lsn ' t  t here a not e on t he general
arrangement  drawing, with a reference to a
sect ion on anot her  draw ing?

Joe:  I  cou ldn ' t  f ind one.

Linda:  I 've got  t he deck p lans out ,  somew here
on here.  What 's t h is? Air  condit ion ing schemat ic,
t hat 's no good.  Ah here w e are.  Deck p lan.  Um,
no,  you ' re r ight .  There's no sect ion ment ioned.

Joe:  I  mean.  in  act ual f act .  w hat  I  need is an
elevat ion,  show ing al l  t he panels f rom t he f ront .
I  t hought  t hat  m ight  be referenced on t he main
sect ion through the stairs.

Linda:  There is a f u l l  set  of  draw ings f or  al l  t he
in t ernal panel l ing,  w it h  det ai ls show ing exploded
view s of  al l  t he f ix ing det ai ls,  and sect ions
t hrough t he panel j o in t s.  Do you have t hose?

Joe:  Not  as f ar  as I  know .

Linda:  And t here's a w r i t t en soecif icat ion f or
t he panels,  as par t  of  t he main spec.  That  m ight
specify the sizes.

Joe:  Those are obviously w hat  I  need,  t hen.  I
want  to see how many there are, and what  size
they are. Have those drawings been issued?
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Pavel:  So how  w ide is t h is panel at  t he t op?

Joe:  Good ouest ion.  There's no d imension.

Pavel:  ls this drawing to scale? lt 's one to f ive.
Have you got  a scale ru le? Let 's measure i t .  l t
looks t o be about  t hree hundred m il .

Joe:  The golden ru le is,  you shouldn ' t  scale of f
draw ings,  t hough,  should you?

Pavel:  Wel l  . . .

Joe:  lt 's not  so bad if  it 's actual size. on a full-
scale draw ing,  but  I 'd  rat her  not  w it h  t h is.  Let 's
query i t .  l ' l l  g ive t hem anot her  cal l  in  t he of f ice.

a 4.3
Mei:  Basical ly ,  t he cl ient  has said t hey w ant
a suoer f lat  f in ish over  t he ent ire f loor  area.
That  makes it  a f ree movement  f loor, where
vehicles can run anyw here on i t .  But  on t he
manufacturing process drawings, it  shows
precisely specif ied routes for these automated
vehicles.  So,  t echnical ly ,  i t  should be a def ined
movement  f loor, where you can just  have a few
nar row  lanes f or  t he vehicles,  w hich are super f lat ,
and t hen t he rest  of  t he slab is j ust  laid t o
normal t olerances.

Lew is:  Right .  So you ' re quest ion ing t he ext ra
cost  of  doing everything superf lat?

Mei:  That 's t he main t h ing,  yeah.  The ot her
t h ing is qual i t y .  To get  t he best  f in ish on t hese
superf lat  f loors, it 's bet ter to lay narrow widths
of  slab in  f air ly  long lengt hs.  So,  ideal ly ,  you w ant
lanes,  rat her  t han b ig,  w ide areas.

Lewis:  OK. But  maybe they want  everywhere to
be super f lat  so t hey can change t he layout  of  t he
product ion l ine in  t he f u t ure.

Mei:  Possib ly.  But  even i f  t hey w ant  t o do
t hat ,  t he sur face can alw ays be modif ied at  a
lat er  dat e.  l t 's a t h ick slab,  so t here's not h ing
t o st op t hem gr inding a layer  of f  t he t op.  I n
fact , we could increase the depth of  the steel
rein forcement  sl ight ly  w hen w e pour  t he slab,
so there's some ext ra thickness of concrete over
i t .  so,  i f  t hey d id Want  t o €r ind a t h in  | ayer  of f  a
sect ion in  f u t ure,  t hey w ouldn ' t  have problems
with shallow cover.

Lew is:  Right .  Wel l  let 's look in t o an al t ernat ive
desi€n for a def ined movement  f | oor.

I 4 . 4
I

Leo:  I 've worked on projects in the past  where
every single w ork ing draw ing is cir cu lat ed
t o every t eam -  st ruct ural ,  mechanical and
elect r ical  -  and l t . iust  get s complet ely out  of
cont rol .  So w e w ant  t o avoid t hat  si t uat ion.

Engineer  l :  Sure.  But  af t er  saying t hat ,  i f
someone has t o analyse every single revision t o
det erm ine exact ly  w hich t eam needs i t ,  t hen t hat
t akes a lot  of  t ime as w el l .

Leo:  Not  i f  t here's a proper  procedure in  p lace.
As long as w e make sure t here's . . .

Leo:  Th is proj ect  st r ikes one as pret t y  complex,
in  t erms of  t he amount  of  in t egrat ion and over lap
between the dif ferent  design packages.

Engineer  l :  Yeah.

Leo:  Par t icu lar ly  bet w een mechanical and
elect r ical teams so we have to coordinate that .
And i t 's obviously a special ist  j ob.  l t 's beyond my
exper t ise as t he overal l  proj ect  manager .  So,  in
order  t o make sure t hat  w e . . .

Engineer  l :  Yeah,  you st i l l  need meet ings.

Engineer  2:  Especial ly  as t here's so much
integrat ion between the dif ferent  packages, the
point  w e w ere t alk ing about  before.

Leo:  Wel l ,  t here is a solu t ion t o t he problem.
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Leo:  So,  t o sum up.  As regards design
in format ion f low ,  al l  prel im inary draw ings are
going t o be show n t o t he senior  engineer  in
charge of  each design t eam.  The senior  engineers
t hen say w het her  or  not  t heir  t eams need t o
receive copies of  lat er  rev isions.  l f  t hey don ' t ,
t hey w on' t  receive any f ur t her  revisions.  l f  t hey
do,  t hey ' l l  be issued w it h  every subsequent
revision and,  lat er ,  rev lsions of  w ork ing draw ings.
To coordinat e t he in t er f ace bet w een mechanical
and elect r ical  design,  I 'm  going t o appoint  a
mechanical and elect r ical  coordinat or  responsib le
for  l iaising bet w een t he senior  engineers in  t he
t eams,  repor t ing t o me.  We're locat ing al l  t hree
design t eams in  a single,  open-plan of f ice so
When anyone's €ot  a quest ion or  a problem,  t hey
can talk to the appropriate person face-to-face.
We st i l l  have scheduled meet ings t o d iscuss
formal issues,  but  t he emphasis w i l l  be on
ongoing,  in formal d ialogue bet w een t he t eams.

-  4 . 6
Chen:  There's a d iscrepancy bet w een t hese
det ai ls t hat  you m ight  be able t o clar i f y  st raight
aw ay.  On t he p lan of  t h is p lat e,  i t  show s eight
bolt s.  But  on sect ion A.  here.  t here are no bolt s
show n in  t he m iddle.  So t here w ould on ly be six,
w hich obviously cont radict s t he p lan.  But  as you
can see,  t h is p lat e's going t o be bolt ed t o a T
prof ile. So we couldn't  put  a row of bolts down
t he m iddle,  because t hey 'd clash w it h  t he f lange
running along t he m iddle of  t he T.  So I 'd  propose
j ust  going f or  t w o row s of  bolt s.  The al t ernat ive
w ould be t o redesign t he T sect ion,  w hich w ould
obviously be a b igger . iob.

Ron:  Yes. Let 's go for two rows of bolts, as per
t he sect ions.

Chen:  OK,  f ine.  Wil l  you send an emai l  t o conf irm
t hat ?

I 5 . 1
Sabino:  A race is not  j ust  a t est  of  speed,  but
t he u l t imat e t est  of  rel iab i l i t y .  There's an old
sayin1, to f inish f irst , f irst  Uou must  f inish, and
it 's especial ly  t rue in  endurance racing.  You ' re
not  j ust  compet ing against  r ival  t eams,  you ' re
also f ight ing w hat  you could cal l  engineer ing
enemies,  w hich can cause par t s of  t he car  t o
fai l ,  t h ings l ike heat ,  pressure,  v ibrat ion,  shocks,
abrasion -  t here's cont inual st ress on almost  al l
t he component s,  al l  t he nut s and bolt s on t he
car .  The chassis,  engine,  gearbox and clu t ch,
suspension,  brakes,  t yres,  w ings,  cool ing syst em
-  t hey al l  have t o cope w it h  phenomenal levels of
w ear  and t ear .

J 5 . 2
5 Sabino;  Just  t o g ive you some examples of  t he
Leo:  Th inking about  how  t he separat e design t ypes of  t echnical problems w e've had so f ar  at
groups Work t o€et her ,  I  don ' t  Want  t o re| y t oo t h is t est .  on one of  t he cars'  a nut  Worked | oose
much on scheduled meet ings.  We don ' t  w ant  on a radiat or  p ipe,  w hich resu lt ed in  coolant
quest ions and problems pi l ing up,  w ait ing t o l iqu id leaking out .  That  caused t he engine t o
be resolved at  a meet ing in  a w eek's t ime,  or  st ar t  overheat ing.  For t unat ely,  t he dr iver  saw
w henever .  You al l  need t o be t alk ing t o one t he w arn ing l ight  come on,  and he sw it ched of f
anot her  on an ongoing basis.  before t he syst em had run out  of  coolant .  Then

Engineer  2:  I  agree w it h  w hat  you ' re saying.  on t he ot her  car  w e had a f uel f eed problem;

Thá t roub| e is,  When you ' re t r y ing t o sor t  oú t  t he engine cut  out  on one of  t he corners.  That

problems With details on drawinls and that  kind caused th€ driver to spin of f . We Were fortunate'

of  t h ing,  you need t o meet  f ace- t ó. f ace.  And g iven he d idn ' t  h i t  anyt h ing.  But  When t he car  goes of f

t hat  w ó a| |  Work in  separat e of f ices,  i t 's,  you t he circu i t .  t he openings in  t he side pods a| w ays

know  w e can phone each ot her ,  but  . . .
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clog up w it h  d ir t .  So t hose had t o be cleaned
out .  Obviously,  you don ' t  w ant  anyt h ing b locking
the airf low to the radiators. And then because of
the spin, the rubber was f lat  spot ted. The tyres
w eren ' t  close t o w ear ing out ,  but  t hey st i l l  had
to be changed, because of the f lat  spots. And
t hen w hi le t hey w ere put t ing t he w heels back on
af t er  t hat ,  t hey had a w heel nut  j am,  i t  w ouldn ' t
t urn.  And t hat 's act ual ly  how  problems t end t o
happen,  very of t en.  You get  a k ind of  chain  of
events, when you feel that  everything's going
against  you.  Having said t hat ,  you could also say
we were lucky. Fortunately, the radiator problem
didn ' t  cause t he engine t o b low  up.  And af t er  t he
spin ,  lucki ly  he d idn ' t  h i t  t he bar r ieB and bend
t he suspension or  snap i t  complet ely.  And even
more f or t unat ely,  i t  d idn ' t  crack t he t ub -  t he
chassis.

I 5 . 3
Al:  So what  does the warning message say?

Mr Rooney:  When you start  the engine, it  says
check in j ect ion.

Al:  Right .

Mr Rooney:  Obviously, it  must  be some sort
of  defect  in  t he f uel in iect ion syst em.  The t h ing
is,  t hough,  i t  on ly happens in t erm it t ent ly .
Somet imes, you start  it  and there's no message
at  al l .  So i t  m ight  be a sof t ! r yare problem,  I  don ' t
know. Or maybe it  could be a defect ive sensor.

Al:  ls t he engine w ork ing proper ly?

Mr Rooney:  lt  seems to be f ine, yeah.

Al:  l t  doesn ' t  appear  t o be m isf i r ing or  dow n on
power?

Mr  Rooney:  No,  w e haven ' t  not iced anyt h ing.
Presumably,  i t  can ' t  be anyt h ing t oo ser ious.  We
thought  it  was possibly water in the fuel system
because i t 's an out door  un it .  But  in  t hat  case,  I
assume t here'd be maj or  problems w it h  i t .

Al:  Has it  been refuelled recent lv?

Mr Rooney:  Not  that  recent ly.

Al:  And w as i t  refuel led w it h  d iesel st ored in  your
ow n t ank,  or  d irect ly  f rom a del ivery t anker?

Mr  Rooney:  From a t anker  t ruck.

Al:  I  doubt  it 's water. then. if  the fuel went  in
direct ly f rom a delivery. You said the warning
doesn ' t  d isp lay syst emat ical ly?

Mr  Rooney:  No.

Al:  ln  w hat  sor t  of  cir cumst ances does i t  come
up?

Mr  Rooney:  Wel l ,  w hen you st ar t  i t  up f or  t he
f ir st  t ime each day,  i t  comes up.  But  t hen i f  you
stop it , and start  it  again a short  t ime after,
there's no message. lt 's when it 's been off  for a
long t ime t hat  you get  t he w arn ing.

Al:  oK. So it 's certainly a quest ion of
temperature. lt  only comes up when it 's started
from cold?

Mr  Rooney:  Um,  yeah.  Exact ly .

Al:  Hm,  i t  sounds l ike i t 's a f au lt y  f uel pre-heat er .
I t 's probably j ust  one of  t he pre-heat er  p lugs
t hat 's gone.  l t 's on ly a m inor  f au lt .

Mr Rooney:  Oh, r ight . So it  doesn't  need urgent
at t ent ion?

Al:  No.  l t  can be replaced at  t he next  serv ice.
Keep an eye on i t ,  t hough.  l f  any ot her  problems
start  to show up give us a call and we'll send
someone over.

a 5 .4
Alan:  Hel lo.

Ju l ia:  Hel lo Alan,  i t 's Ju l ia.  I 've iust  st ar t ed a
landing gear  check and f ound a b i t  of  a problem
with some tyres. All the pressures on one of the
w ing b locks are w el l  dow n.
Alan:  On t he same block?

Jul ia:  Yeah.  On al l  t he ot her  b locks t hey ' re
cor rect .  So i t  seems odd t hat  t h is one group of
tyres, on one corner of  the aircraf t , are all low.
And the st range thing is, they're down by exact ly
the same amount  on every tyre on the block.

Alan:  I  see.  You ' re r ight ,  t hat  is unusual.

Julia:  The wear rate's consistent  across the
w hole aircraf t ,  t hough.  There's not h ing unusual
about  t he w ear  oat t ern.

Alan:  Are you sure the pressure gauge is working
properly?

Jul ia:  Um,  w el l ,  t o be honest  you can t el l  j ust  by
looking at  t he t yres t hat  t hey ' re dow n.

Alan:  Right . Let  me come out  and have a look.

I  s. s
Paul:  OK,  let 's have a look at  t he coolant ,  f i r st .
The level 's OK.

Er ic:  l t 's f u l l  of  residue,  t hough,  by t he look of  i t .

Paul:  l t  looks a b i t  b lack,  doesn ' t  i t ? Time t o
change i t ,  I  t h ink.

Er ic:  OK.  What 's t he f i l t er  l ike?

Paul:  Um . . .  i t  looks reasonable t o me.

Er ic:  ls i t  due t o be changed?

Paul:  lt  is if  we follow the service programme to
t he let t er .  The t rouble is,  i f  you do t hat ,  you end
up w ast ing par t s half  of  t he t ime.

Eric:  We can take it  out  and give it  a bit  of  a
clean.  l t ' l l  be alr ight .

Paul:  OK.  Blades,  next .  Hm,  t hey look more or
less OK to me. There are no signs of damage.

Er ic:  Yeah.  No need t o change t hose.  They' l l
have moved a b i t  since t hey w ere last  checked,
t hough.  The al ignment  w i l l  need t o be looked at .
Paul:  Sure.
Eric:  Apart  f rom that , it 's not  looking too bad.

I 6 . 1
Claudia:  So with regard to the capacity, in terms
of  t he number  of  people i t  act ual ly  needs t o
carry, what  sort  of  f igure are you looking at?

Kevin:  Um,  36 is w hat  w e' re aim ing f or .

Dave:  lf  you think we can add a few seats
w it hout  making comprom ises,  t hen by al l  means,
let 's look at  i t .

Kevin:  I  think 36 is going to be at  the top end as
far as size is concerned.

Claudia:  And as regards the graphics, is the
video sequence f inalised? Will it  be exact ly as it
is on t h is DVD?

Kevin:  Unless you have any problems generat ing
the physical ef fects that  go with it , then, yeah, as
far as we're concerned, that 's it .

Claudia:  Right ,  excel lent .  We can st ar t  looking at
that  st raight  away then, and get  things moving.
Um, so regarding the schedule, then, what  sort
of  t imescale do you have in  m ind,  f or  t he w hole
project?

f  6 . 2
Claudia:  I n terms of the physical ef fects, to
what  extent  do you want  the experience to be
physical? The degree to which it  moves can be
var ied qu it e considerably.

Kevin :  Wel l ,  I  mean,  w e w ant  i t  t o be physical ,
t hat 's w hy w e' re having a dynamic simulat or .  But
w e obviously don ' t  w ant  i t  t o be so ext reme t hat
people are closing t heir  eyes and not  w at ch ing
the amazing graphics we've got .

Claudia:  Sure. I  mean, it 's obviously dif t icult  to
quant i f y  somet h ing l ike t h is,  in  t heory si t t ing
in  a meet ing room.  The on ly w ay t o det erm ine
w hat 's r ight  is t o act ual ly  si t  in  a simulat or  and
experience it  yourself , in pract ice.

Dave:  Of course.

Claudia:  So what  I 'd suggest  is, af ter the meet ing
we can st rap you into one of our machines, and
you can assess the possibilit ies.

Kevin:  Sounds interest ing!

I 6 . 3
Rick:  l t  obviously has t o be l i f t ed w it h  a crane.

Gabriella:  Yes, but  do the slings necessarily have
to pass under the base? Why not  come up with a
way of hooking onto the side of the statue?
Rick:  How?

Gabr iel la:  Wel l ,  cou ldn ' t  w e dr i l l  in t o i t ,
hor izont al ly ,  and inser t  bars in t o t he holes? Then
hook ont o t he bars.

Rick:  People w ould see t he holes af t erw ards,
t hough.

Cabr iel la:  We could f i l l  al l  t he holes,  cou ldn ' t  w e?
Surely they could use some sort  of  f iller that 's
t he same colour  as t he st one.

Rick They'd never hide the holes completely,
t hough.  l t  w ould st i l l  leave marks,  w ouldn ' t  i t ? |
don ' t  t h ink t hat  w ould be acceot able.

Gabr iel la:  Or ,  al t ernat ively,  w e could make sure
t he ho| es w ere out  of  sight .  What  about  dr i | | in€
into the top, vert ically? lf  the holes were r ight
on t he t op,  t hey 'd be less v isib le.  Then t he bars
could be set  in ,  w it h  l i f t ing eyes on t he end.

Rick:  Hmm. The t rouble is. if  the bars were set
in with resin, they'd never come out . They'd have
t o be cut  of f ,  w ouldn ' t  t hey? And t h is mammot h 's
ly ing dow n,  so t he t op w i l l  probably be seen,  t o
an ext ent .

Gabriella:  True.

Rick:  To be honest ,  I  don ' t  t h ink w e can envisage
dr i l l ing in t o i t .  I  suppose anot her  opt ion w ould
be to use some sort  of  grab, on the end of the
crane j ib. You know, like the ones they use for
off loading lorr ies. So, the statue would be held
by f r ict ion.  But  I  can ' t  imagine t here being
anyt h ing capable of  l i f t ing 36 t onnes.  Especial ly
not  somet h ing t hat  w ide.

Gabr iel la:  Hm,  no.  Have you spoken t o t he
masons about  t h is?

Rick:  Not  yet ,  no.

Gabriella:  Why don't  we ask them?

J 6 . 4
Viktor:  So all the steel beams shown on this
draw ing are going t o be f ixed t o t he w al ls,  bol t ed
through the concrete.
Raiesh:  Right .

ViKor:  So to bolt  through, obviously we need
holes in  t he w al ls.  We can core dr i l l  t hem,  w it h
a d iamond dr i l l ,  w hich w ould obviously be done
af t er  t he w al ls have been cast .  Um,  w e'd dr i l l
them ourselves, as part  of  our cont ract  package.
Alternat ively, the holes can be preformed by
put t ing p last ic t ubes in t o t he concret e w hen
they cast  the walls, in which case the cont ractor
resoonsible for the concrete st ructure would do
rhe j ob.

Rajesh:  OK.

I
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Vikt or :  Now  t he oroblem is,  t hese bolt s w on ' t
have much p lay.

Raj esh:  How  do you mean?

Vikt or :  Wel l ,  t hey 've got  t o f i t  qu i t e t ight ly  in  t he
holes,  so t hey w on' t  be able t o move much.  There
w on' t  be much space around t hem,  t o adj ust
t heir  oosit ion.

Raj esh:  I  see.

Vikt or :  So t hat  means t he holes have got  t o be
posit ioned very precisely.  l f  t hey ' re sl ight ly  out
of  posit ion on t he w al l ,  t hey w on' t  mat ch up w it h
t he holes t hat  have been pre-dr i l led t hrough t he
steel beams, at  our factory.

Raiesh:  Sure.

Vikt or :  That 's t he main t echnical issue,  in  t erms
ofdecid ing how  w e form  t hese holes.  Obviously,
t he t echnical side's not  t he on ly considerat ion.
There's also t he quest ion of  t imescales -  g iven
t hat  t here are a lot  of  t hese holes t o do.  And,
obviously,  t he quest ion of  cost ,  as w el l .

I 6 . 5
Vikt or :  I n  t erms of  cost ,  preform ing is obviously
a lot  cheaper ,  because al l  you need are p last ic
t ubes,  w hich are cheap t o buy,  and qu ick t o put
in .  l f  w e do i t  t hat  w ay,  i t ' l l  be dead easy,  and i t ' l l
cost  peanut s.  Whereas core dr i l l ing w i l l  be slow
it ' l l  be qu it e a painst aking j ob.  But  . . .

Raj esh:  But  core dr i l l ing 's more accurat e,  clear ly .

Vikt or :  A lot  more accurat e.  I  mean.  somet imes.
you can get  aw ay w it h  preform ing.  l f  you need t o
get  w it h in  t w ent y m i l ,  t hen i t 's per fect ly  f easib le.
Ten m il  is -  i t 's ach ievable,  but  i t 's st ret ch ing i t .
Anyt h ing less t han t en m il ,  and t here's no w ay
you can do i t .

Raiesh:  And w hat  sor t  of  t olerance are you
looking f or?

Vikt or :  About  t en m il .

Raj esh:  So i t 's border l ine,  t hen.

Vikt or :  l t 's a t al l  order .  The safe bet  w ould be
going f or  core dr i l l ing.

Raj esh:  The problem is going t o be t he schedule,
t hough.
Vikt or :  Exact ly .  I  mean,  t o d iamond dr i l l  t he
number  of  holes w e' re t alk ing about  w i l l  t ake,
u m  . . .

Rajesh:  lt ' ll take forever and a day, won't  it?
Whereas i f  t hey ' re preformed,  t hey 'd be ready as
soon as t he w al ls are cast .

Vikt or :  But  i f  hal f  of  t hem are in  t he w rong p lace,
i t ' l l  cost  an arm  and a leg t o put  t hem r ight .
Because i f  t hey ' re w rong,  i t 's not  j ust  a quest ion
of  dr i l l ing new  ones in  t he r ight  p lace.  l f  t hey ' re
sl ight ly  out  of  posit ion,  t hey have t o be f i l led
in ,  f i r st ,  w it h  cement ,  t o avoid having t w o holes
over lapping.  so put t ing t hem r ight  is easier  said
t han done.

Rajesh:  Sure. So as I  see it , the key issue here, in
t erms of  f easib i l i t y ,  is t he t olerance.  l f  t he holes
can be bigger, and there's more play for the
bolt s.  w e w on' t  have t h is oroblem.

f  6 . 6
Marta:  So, to be clear about  how far we can go
w it h  t h is redesign,  w e' re not  aim ing t o reinvent
t he w heel,  in  t erms of  t he main component s and
how they f it  together. The reasons for that  are
f irst ly, f rom a hardware point  of  view, the exist ing
design has proved to be effect ive. And secondly,
w e don ' t  have t he resources at  t h is ooin t  in  t ime
t o make fundament al changes t o t he product ion
orocess.

Engineer  l :  So t he overal l  in t ernal layout  needs
t o remain t he same?

Mar t a:  Yes.  We're looking f or  an evolu t ion,
rat her  t han design ing t he w hole t h ing f rom
t he ground up.  Presumably,  t here is room for
improvement ?

Engineer  2:  Wel l ,  t h is model has been revamped
once before.  of  course.  But .  no doubt  w e can
ref ine i t  a b i t  more.

Marta:  However, given that  software redesign
isn ' t  an assembly issue and has been t he Achi l les
heel of  t he exlst ing model,  i t  w ould make sense
t o ret h ink t hat  w hole syst em.

Engineer  l :  So f or  sof t w are,  back t o t he draw ing
board,  t hen?

Marta:  Well, er, whatever we do, we need to
make a quant um leap.  Whet her  t hat  means
design ing t he syst em f rom scrat ch,  I  don ' t  know .
We need t o make t he w hole t h ing much simpler
to use.

-  7 . 7

Rosana:  Next  w eek t hey ' re due t o st ar t
maint enance w ork on t he grain  si los in  Zone 4.
We need to make sure that  everyone's aware that
al l  t hose si los are classed as conf ined spaces.
I n  ot her  w ords,  no one should go inside t hem
w it hout  f i r st  doing an air  t est .  And w e need t o
keep a check on dust  levels,  as w el l .

Marc:  We've got  a CO, detector here, haven't
w e?

b

Rosana:  l f  you w alk past  t hat  machine w hi le i t 's
running,  and you ' re t r y ing t o t alk  t o someone,
you have t o shout  t o be heard.  And as a ru le of
t humb,  t hat  means i t  should be an ear  prot ect ion
area.

Marc:  Yeah, but  the regs dif ferent iate between
br ief  exposure,  w hen you ' re w alk ing past
somet h ing,  and cont inuous exposure,  don ' t  t hey?

c

Marc:  So is i t  harm fu l i f  i t  sp lashes on your  sk in?

Rosana:  According t o t he not ice i t 's an ir r i t ant ,
and i t 's t oxic.

Marc:  But  it 's not  corrosive?

Rosana:  Not  as f ar  as I 'm  aw are.

Marc:  So you don't  need gloves and eye
prot ect ion and masks and al l  t he rest  of  i t ? l f  you
get  any on your  sk in ,  you. iust  w ash i t  of f .

Rosana:  Hm,  I 'm  not  sure about  t hat .

o

Rosana:  We need t o enouire w het her  or  not
t h is maint enance involves w eld ing.  There are
fork l i f t  t rucks going t hrough t hat  area car ry ing
f lammable l iqu ids.  l f  t here are going t o be any
naked f lames or sparks, we'll need to put  a
proper  procedure in  p lace.

Marc:  Right .  l ' l l  get  in  t ouch w it h  t heir  people,
t hen.

-  7 . ?
St ephanie:  So in  t erms of  access,  t heoret ical ly ,
t here's a r isk of  someone fal l ing,  as t hey cl imb
up a si lo,  or  dow n in t o one.  But  t here's alw ays
an ext ernal st aircase w it h  a guardrai l ,  leading
t o t he t op,  and t here are permanent  ladders,
with protect ive hoops around them, f ixed to
t he insides,  leading dow n t o t he bot t om.  So
w orkers should be able t o access t hese si los
fair ly  safely.  The b ig problem w i l l  be get t ing t he
w eld ing equipment ,  t he gas bot t les,  dow n in t o
the bot tom.
Ben:  They can be lowered down by rope.

Stephanie:  Won't  they be too heavy?

Ben:  Not  i f  t hey use t he smal ler -sized bot t les.

St ephanie:  We' l l  need t o specif y  t he bot t le size in
t he orocedure.  t hen.

Ben:  Yeah.  They' l l  have t o t ake care t hat  t he
bot t les don ' t  f al l  ont o someone,  as w el l .  That  no
one's st anding in  t he bot t om of  t he si lo,  w hi le
t hey low er  t hem dow n.

St ephanie:  True.  That 's anot her  poin t  t o
ment ion.  OK,  so access isn ' t  real ly  a problem,
t hen.  The main danger  is t he f act  t hat  i t 's a
conf ined space.  Especial ly  g iven t hat  t hey ' re
w eld ing,  w it h  an oxy-acet y lene t orch burn ing,
w hich w i l l  produce a f air  amount  of  COr .

Ben:  So t hey ' l l  need a CO,  det ect or .

St ephanie:  I  mean,  t o be safe,  t hey ' l l  need t o
t est  t he air  before t hey go dow n,  anyw ay.  But  w e
should probably specif y  t hat  t hey need t o keep
t he det ect or  w it h  t hem w hi le t hey ' re w ork ing,
and keep i t  sw it ched on.

Ben:  Yeah.  Anot her  hazard is t here' l l  be met al
f umes g iven of f  as t hey ' re act ual ly  w eld ing,  w hich
is a d i f f erent  problem t o t he CO,  issue.

St ephanie:  Sure.  So real ly ,  t hey ' l l  need a
vent i lat ion syst em dow n t here,  some k ind of  air
ext ractor.

Ben:  Probably,  yeah.  And t here's t he problem
of  dust ,  as w el l .  They' l l  have t o be very carefu l
about  t hat .  l f  t hey ' re w eld ing and t here's grain
dust  in  t he air ,  t here's going t o be an explosion
hazard.

St ephanie:  Yeah.  Would a vent i lat or  clear  t he
dust ,  or  make i t  w orse? |  suppose i f  t here's a lot
ly ing around,  i t 'd  keep b low ing i t  up in t o t he air ,
w ouldn ' t  i t ?

Ben:  Mm.  I 'm  not  sure.

J 7 . 3
St ephanie:  Rest r ict ed areas are p laces w here a
ser ious danger  is present .  So i t 's essent ial  t hat
t hese should be kept  locked at  al l  t imes.  Under
no circumst ances should anyone be able t o
access t hem,  un less t hey have a perm it  t o w ork,
in  ot her  w ords,  a w r i t t en f orm  giv ing perm ission
to work in the rest r icted area.

Lin :  And perm it s t o w ork,  and t he keys t o
rest r ict ed areas,  can on ly be issued by t he
elect r ical  suoew isor?

St ephanie:  That 's r ight .  So t hat  one indiv idual
is responsib le f or  elect r ical  safet y f or  t he w hole
plant .  Only t hat  person is aut hor ised t o issue
oermits to work.

Lin :  Presumably,  i t 's impor t ant  t hat  perm it s
are issued every single t ime someone ent ers a
rest r ict ed area -  each t ime t hey do a new  j ob,
t hey need a new  perm it .

St ephanie:  Exact ly .  They shouldn ' t  be issued for
any longer  t han a f u l l  sh i f t .

Lin :  OK.

St ephanie:  And i t 's crucial  t hat  t here's j ust  a
single key t o each rest r ict ed area.  The w hole
idea of  having a lock-out  syst em is t o ensure
t hat  on ly one person has access t o sw it chgear  at
any g iven t ime.  So w hat ever  happens,  someone
cannot  sw it ch on a circu i t  at  a sw it chboard w hi le
somebody else is w ork ing on i t  somew here else
in  t he p lant .

Lin :  Mm,  i f  w e imagine a t echnician needs t o,
let 's say t hey ' re going t o change a mot or  on
one of  t he l ines,  t hey get  a perm it  t o w ork,  and
obtain the key to the switchboard from the
elect r ical supervisor. Then they take the key,
unlock the door to the switchboard, switch of f
the circuit -breaker for the motor. to isolate it .
t hen lock t he door  again.
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St ephanie:  That 's r ight .  Then,  w hi le t hey ' re
w orking,  i t 's v i t al  t hat  t hey keep t he key on t hem
cont inuously.

J 7 . 4
Kr iszt of :  The main hazard,  w hen manoeuvr ing
a hel icopt er  close t o pow er  l ines,  is t he r isk of
a col l ision w it h  t he l ine.  So before commencing
work, it 's essent ial for the crew to have detailed
in format ion about  w eat her  condit ions,  especial ly
w ind d irect ion and speed.  Operat ing in  very
w indy w eat her  is obviously out  of  t he quest ion.
The p i lot s involved in  l ive l ine w ork are h igh ly
t rained and exper ienced and t heir  exper t ise is
arguably t he crucial  f act or  in  ensur ing safet y.
Anot her  hazard is snagging,  as at  cer t ain  t imes
t he p lat f orm  w i l l  moment ar i ly  be at t ached t o
t he pow er  l ine and t o t he hel icopt er ,  leaving t he
aircraf t  t et hered.  l t 's essent ial ,  t herefore,  t hat
t he cable is equipped w it h  a t ension release
mechanism,  so t hat  i f  t he hel icopt er  pu l ls aw ay
suddenly f or  any reason,  t he cable can break
free. To orevent  elect rocut ion and burns from
arcing cur rent s,  t he crew  on t he p lat f orm  w ear
hot  su i t s.  These have st ain less-st eel t hreads
w hich channel t he elect r ici t y  around t he
t echnician 's body,  al low ing t he 400,000 volt
supply t o f low  bet lveen t he pow er  l ine and t he
plat f orm .  The su it s also have a f i reproof  l in ing,  t o
provide protect ion from heat . And eye protect ion
is w orn,  as a prot ect ion against  f lashes f rom
elect r ic arcs.  Again,  t rain ing is one of  t he key
fact ors in  ensur ing safet y.  As a precaut ion
against  mechanical f ai lure,  t he suspension cable,
p lat f orm  and al l  associat ed equipment  are
syst emat ical ly  inspect ed before each operat ion,
t o check f or  damage.  And t he hel icopt er  is
maint ained in  l ine w it h  aviat ion regulat ions.  One
addit ional precaut ion is t aken regarding t he
hel icopt er 's engines:  on ly t w in-engine craf t  are
used for  l ive l ine w ork,  so t hat  i f  an engine f ai ls,
t he p i lot  can st i l l  land safely.

J7 . 5
lsobel:  The f ocus of  t he course w i l l  be on your
personal obl igat ions in  t erms of  looking af t er
your own safety, and the safety of  others. That
means w e' l l  be f ocusing on specif ic safet y
regulat ions.  For  inst ance,  w e' l l  be looking at
personal prot ect ive equipment  t hat 's compulsory.
Or  act iv i t ies t hat  are proh ib i t ed in  cer t ain  areas,
such as smoking.  The ma. ior i t y  of  t he obl igat ions
w e' l l  deal w it h  are legal requirement s.  ln  ot her
w ords,  t hey ' re st ipu lat ed by law  as par t  of
healt h  and safet y legislat ion.  l f  you cont ravene
t hese k inds of  regulat ions,  i t 's not  t he same as
t urn ing up f or  w ork lat e,  or  merely breaching
your  cont ract  of  employment  in  some w ay.  l f
someone fai ls t o comply w it h  healt h  and safet y
regs,  t hey ' re breaking t he law .  l t 's as simple as
t hat .  I 'm  sure you ' re al l  aw are of  t hat ,  but  i t  is an
impor t ant  poin t  t o emphasise.

?7 . 6
Pet rus:  l f  t here's a f i re,  you shouldn ' t  use
w at er  ext inguishers on t h is machine,  because
it  cont ains elect r ical  cir cu i t s,  and i t  can cause
elect rocut ion.  You should on ly use a carbon
dioxide ext inguisher .

Pet rus:  When you l i f t  t h is machine,  i t 's essent ial
t hat  you should on ly use t he t w o l i f t ing eyes
marked in  red.  No ot her  par t s of  t he f rame are
load-bear ing,  so you must n ' t  use t hem as anchor
ooln t s.

3

Pet rus:  You should t ake care w hen you ' re
cleaning below  t he gu i l lot ine b lade,  because
t here's a danger  t hat  t he b lade could come
dow n.  Before you clean i t ,  you should alw ays set
the cont rol lever in the Blade Locked posit ion.
And you should w ear  prot ect ive g loves w hi le
you ' re cleaning l t ,  because t he sump below  t he
blade can cont ain  sharD met al of f - cut s.

r  8 .1
Roland:  We know  t he cl ient  is a very green
or ient at ed company,  very b ig on al l  t h ings
environment al .

Saskia:  Absolut ely.

Roland:  so ener€y saving obvious| y needs t o be
an impor t ant  considerat ion in  t he design.  Clear ly ,
i t 's a b ig subj ect ,  and somet h ing w e need t o look
in t o in  dept h.  But  one specif ic aspect  of  i t  w here
I  t h ink w e can make a real d i f f erence is w it h  t he
Bui ld ing Management  Syst em -  specif ical ly ,  w it h
the way we use presence detectors. And I 've had
a couple of  ideas t hat  I 'd  appreciat e your  v iew s
on .

Saskia:  Sure.

Roland:  I  t h ink w e should put  t w o t ot al ly
d i f f erent  design opt ions t o t he cl ient .  Opt ion one
is t o have a bu i ld ing w it h  maximum aut omat ion.
So w it h  t he maximum aut omat ion opt ion . . .

-  8 . 2
Roland:  . . .  w it h  t he maximum aut omat ion
opt ion,  w e put  presence det ect ors al l  over  t he
place,  and l ink t hem t o as many syst ems as
possib le.  Not  j ust  t he usual syst ems t hat  act ivat e
t he l ight s w hen people w alk in t o rooms and t urn
t hem of fw hen t hey leave.  We could use presence
detectors to cont rol other systems, as well, like
t he b l inds on t he w indow s.  So,  i f  i t 's t he m iddle
of  summer ,  and a presence det ect or  senses t hat
everyone's lef t  a meet ing room, a temperature
sensor  p icks up a posit ive reading f rom sunl ight
com ing t hrough t he g lass,  t he elect ron ics act ivat e
t he b l inds,  w hich aut omat ical ly  come dow n
and black out  t he room.  That  w ould l im it  heat
absorDt ion and reduce t he load on t he air -
condit ion ing,  saving energy.

Saskia:  OK.

Roland:  Or  in  w int er ,  i f  t he b l inds had been
pul led dow n in  t he meet ing room t he evening
before,  t he next  morn ing,  t he sensor  det ect s
sunl ight ,  and t r iggers t he b l inds t o raise and let
in  as much sunl ight  as possib le,  cont r ibut ing t o
t he heat ing.  And t here could be t emperat ure
measurement s t o det erm ine w hich rooms are t he
Warmest ,  and t hose sensors set  oÍ Í  a cir cu lat ion
syst em t o d ist r ibut e t he w arm air  t hrough t he
bui ld ing,  in t o t he cor r idor ,  or  in t o rooms at  t he
ot her  side of  t he bu i ld ing,  or  w herever .

Saskia:  So,  w e'd use presence det ect ors and
heat  sensors t o regulat e as many syst ems as
oossib le?

Roland:  Yes.  Wel l ,  t hat 's w hat  w e'd have w it h  t he
maximum aut omat ion opt ion.

r  8 .3
Roland:  The second opt ion is t h is.  l t 's a very
environment al ly  conscious company,  so I  assume
that  green at t itude is shared by all the staf f . lf
that 's the case, why is there a need to automate
everyt h ing in  t he bu i ld ing w hen most  t h ings can
be operat ed manual ly? Why doesn ' t  t he boss j ust

cir cu lat e an emai l  rem inding people t o sw it ch t he
l ight s of f  w hen t hey go out  and t el l  t hem t o low er
t he b l inds w hen t hey leave a room in  summer ,  so
i t  helps t he air - condit ion ing? |  mean,  you 'd save

elect r ici t y ,  because you w ouldn ' t  need t o cont rol
al l  t he syst ems aut omat ical ly ,  and t he money you
saved by buying old- f ash ioned manual cont rols
inst ead of  h i- t ech elect ron ics could be spent  on
plant ing t rees or  somet h ing.  I  mean,  i t  sounds
sim p le ,  b u t  . . .

Saskia:  Mm . . .  i t 's a very in t erest ing idea.  We
have t o bear  in  m ind.  of  course.  t hat  t he cl ient 's a
manufact urer  of  h i- t ech elect ron ic g izmos.  I 'm  not
sure how  t hey'd f eel about  . . .

F 8.4

Jochem:  The obvious danger  here is t hat  you
could get  a bu i ld-up inside t he vessel i f  t here's a
blockage fur t her  along t he p ipe.

Katerina:  So the vessel needs a safety valve?

Jochem:  Yes,  and maybe some sor t  of  w arn ing
syst em,  as w el l .  l t  cou ld be somet h ing t hat 's
t r lggered by a dif ferent ial measurement . So if
t here's a h i€h reading in  t he t ank,  and a | ow er
one fur t her  along,  you 'd know  t here w as a
blockage somew here.

Katerina:  We'll need a system for monitoring gas
consumot ion.

Jochem;  What ,  a met er  on t he supply p ipe?

Kat er ina:  Wel l ,  yes,  t hat  w ould measure
cumulat ive consumpt ion.  But  w e also need
t o monit or  t he act ual rat e of  consumpt ion at
d i f f erent  poin t s in  t ime dur ing t he react ion
cycle. And if  we have those two parameters, we
can t hen det erm ine t he f requency of  peaks in
consumpt ion,  w hich is t he t h ird paramet er  w e
neeo.

Jochem:  So t hat 's a sof t w are issue,  t hen.  As
long as t he cumulat ive value's being recorded
against  the t imescale, we can plot  the rate of
con su m p u on . . .
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Katerina:  The react ion that  takes place is going
t o be exot herm ic.  But  t he amount  of  heat  w i l l
par t ly  depend on how  hot  t he gas is w hen i t
ent ers t he vessel.

Jochem:  Yes.  because t hat  input  heat  can be
adj ust ed.

Kat er ina:  Exact ly .  So w e' l l  need a sensor  next
t o t he valve t o measure t he input  value,  as gas
comes in ,  and t hen anot her  t o g ive us an out put
value.  Then,  w e can w ork out  t he opt imum input
t emperat ure f or  t he gas.

r  8.s
Helen:  One of  t he b iggest  headaches in
pow er  generat ion is t he f act  t hat  elect r ici t y
consumpt ion f luct uat es considerably.  So in  order
t o maint ain  a cont inuous supply w e have t o make
cont inual checks,  and adj ust  t he pow er  load w e
generat e.  To help us p lan t hose ad. iust ment s,  w e
forecast  f luct uat ions in  demand,  so t hat  w e can
ant icipat e peaks and t roughs.  We base t hese
forecast s on a number  of  d i f f erent  f act ors.  One
of  t hem,  one of  t he most  impor t ant  ones,  is
t emperat ure.  Dur ing per iods of  very cold or  very
hot  w eat her ,  demand increases.  The increase in
demand is obviously due t o m i l l ions of  elect r ic
radiat ors com ing on w hen i t 's cold,  and air -
condit ion ing un it s w ork ing hard w hen i t 's hot .
Another factor, a key factor which increases or
decreases demand,  is w het her  or  not  i t 's l ight
or  dark in  t he morn ing and evening -  obviously
t hat  d ict at es l ight ing consumpt ion.  So t hose are
t he t w o maln seasonal f act ors.  They general ly  go

hand- in-hand so on cold,  dark,  w in t er  evenings,

i
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t he r ise in  demand is sign if icant ,  compared w it h
w arm,  l ight ,  summer  evenings.  We also t ake in t o
account  w hat  day of  t he w eek i t  is,  par t icu lar ly
w het her  i t 's a w eekday or  t he w eekend.
Ceneral ly ,  demand r ises dur ing t he w eek,  w hen
fact or ies and oÍ f ices are operat ional,  and t hen
decreases w hen a lot  of  t hem close at  t he end
of  t he w eek.  So demand fal ls at  t he w eekend.
Those are var iat ions t hat  t ake olace w it h in  a
given w eek.  Dur ing any g iven day,  t here are
fact ors such as mealt imes,  w hen elect r ic ovens
are sw it ched on -  obviously,  t hat  causes a j ump
in consumpt ion.  Even commercial  breaks dur ing
popular  TV show s can cause b l ips in  demand.
There can be a sudden r ise w hen people rush
t o sw it ch ket t les on,  or  heat  up snacks in
m icrow aves,  and t hen a sudden fal l  shor t ly
afterwards.

I 8 . 6
Helen:  Because elect r ici t y  consumpt ion
f | uct uat es across a sign if icant  ran€e,  in  order  t o
cope w it h  peak demand our  maximum capacit y  is
equivalent  t o t he t op of  t hat  band of  f luct uat ion.
That  means t hat  dur ing of f -peak per iods,  w e
have sign if icant  spare generat ing capacit y .  Now ,
in  an ideal w or ld,  i t  w ould be good t o use t hat
spare capacity to generate power and store it
f or  use dur ing peak t imes.  Unfor t unat ely,  as you
probably knoW elect r ical  charge is ext remely
dif f icu l t  t o st ore in  large amount s -  you can ' t
j ust  charge up huge bat t er ies.  So w e use an
innovat ive t echnique t o st ore up pow er  pot ent ial
dur ing of f -peak per iods.

-  8 . 7
Helen:  The concept  of  pumped st orage is
relat ively simple.  Dur ing of f -peak per iods w hen
main power stat ions have got  spare capacity,
some of the ext ra power they produce is used
by pumped st orage st at ions t o pump w at er  f rom
a lowlevel reservoir up to a high-level reservoir,
w here t he w at er 's st ored.  l t 's t hen held t here
unt i l  t here's a peak in  demand at  some poin t  t he
next  day.  At  t hat  poin t ,  t he w at er 's released,  and
it  f low s dow n t he p ipes,  dr iv ing t urb ines at  t he
bot t om w hich generat e elect r ici t y .  Obviously,  t he
st at ion can on ly run f or  a f air ly  shor t  per iod,  but
i t 's suf f icient  t o cover  t he peak in  demand.  Then,
as soon as t here's a d ip in  demand,  t he w at er
can be pumped back up and held ready f or  use
again.  So t he ef f ect  is t o smoot h out  f luct uat ions
in  t he out put  of  t he main pow er  st at ions.  Some
of  t he main st at ions'  spare capacit y  is used w hen
t here w ould be a t rough in  t he demand curve,  at
n ight .  The peak dayt ime generat ing capacit y  of
t hose main st at lons can also be low er  because
t he pumped st orage st at ions are t here t o back
t hem up w hen t here are b l ips in  t he demand
curve.

I 8 . 8
Gerry:  Ouest ionnaires l ike t h is dr ive me
mad.  I  mean.  look at  t h is f i r st  ouest ion.  What
percent age of  my t ime do I  spend doing t echnical
t asks t hat  use my ski l ls ext ensively? How  are you
supposed t o put  a number  against  t hat ?

Eleanor :  You on ly need t o g ive a bal lpark f igure.

Gerry:  I  know but  even so. lt 's dif f icult  to say, of f
t he t op of  my head.

Eleanor :  l t 's easier  i f  you compare i t  w it h  t he
second oot ion.

Ger ry:  Doing t asks t hat  a less qual i f ied col league
could do.  Wel l ,  let 's say roughly half  and half .

Eleanor :  Are you sure? Aren ' t  you t he least
qual i f ied person in  t h is depar t ment ?

Gerry:  Do you know, I  knew you were going to
say t hat .  Number  t w o -  t echnical t asks t hat  add
value and t asks t hat  don ' t  add value,  such as
admin.  Add value? What 's t hat  supposed t o . . .

Eleanor :  Wel l ,  do you not  do some admin? Or
do you spend al l  of  your  t ime doing product ive
t h ings?

Ger ry:  Wel l ,  no.  Now here near  al l  of  i t .

Eleanor:  Right . So is it  f if ty-f if ty?

Ger ry:  Um w el l ,  no.  I  spend more t ime problem
solv ing t han I  do on adm in.  Thankfu l ly .  Let 's
say somew here in  t he region of  t w o t h irds.  So,
about  a t h ird on adm in.  Three -  t asks t hat
are purely t echnical versus t asks t hat  relat e t o
t echnical organisat ion.  Wel l ,  most  of  w hat  I  do is
organisat ion,  isn ' t  i t ? |  spend pret t y  much al l  my
t ime on t hat .

Eleanor :  Or  in  your  case,  d isorganisat ion.

Ger ry:  Nice one.  What  f igure d id you put  dow n
for  added value,  by t he w ay? Was i t  a negat ive
n u m b er ?

r  8 .9
Beat rice:  At  this stage, I 'm not  asking you to give
me a det ai led breakdow n of  al l  t he lT equipment
w e' re going t o need.  l t  w ould j ust  be usefu l  t o
have a rough idea of  w hat 's most  urgent .

Dan:  Sure.  Wel l ,  one of  t he b iggest  problems
is t he screens at  t he CAD st at ions.  A lot  of
t hose need replacing w it h  b igger  ones.  Roughly
speaking,  I 'd  say w el l  over  half  of  t hem are t oo
small .  A good t w o t h irds of  t hem,  act ual ly .  So,
w e' re t alk ing about  I  5 t o I  8 screens,  somet h ing
l ike t hat .

Beat r ice:  OK.  How  urgent  is t hat ?

Dan:  Wel l ,  I  mean t hey al l  w ork,  t hey al l  f unct ion
proper ly .  The t rouble is,  t he engineers spend t he
vast  maj or i t y  of  t heir  t ime w orking w it h  t hese
screens.  And because t he det ai l  on t hem is so
small ,  i t 's pret t y  hard w ork on t he eyes,  t o t he
point  t hat  i t  af f ect s product iv i t y  so . . .

Beat r ice:  OK.  And w hat  about  t he b ig pr in t er  in
here? I 've heard i t 's a b i t  of  a d inosaur .

Dan:  Wel l ,  i t  is,  but  i t  w orks per fect ly  w el l ,  and
w e pr in t  next  t o not h ing w it h  i t ,  anyw ay.  Most  of
t he draw ings are pr in t ed at  t he f act ory.

Beat r ice:  Oh.

r  9 . 1
Tony:  Wit h  t he aerodynamics t here are t hree
develooment  t ools avai lable t o us.  The f i r st  is
CFD sof t w are -  Comput at ional Flu id Dynamics.
Wit h  t hat ,  t he t est s w ould obviously be v ir t ual ,
based on a comput er  model.  The second opt ion
is t o go in t o a w ind t unnel,  w it h  a scale model,  or
a f u l l - size mock-up.  I n  ei t her  case,  w e'd probably
need t o use a t unnel w it h  a rol l ing road.

Lisa:  Would t hat  be necessary?

Tony:  Wel l ,  t he t h ing is,  t he w heels generat e a
lot  of  t urbu lence w hen t hey ' re spinn ing.  So t o
simulat e t hat ,  you need a rol l ing road.

Lisa:  Yes, I  know, but  if  we go for a bodywork
design w here t he w heels are most ly  enclosed,
w hich is l ikely,  w ould t hat  be an issue?

Tony:  Possib ly not .  l t  depends how  fu l ly  enclosed
t hey are.

Lisa:  OK.  l 'm  j ust  raising t he quest ion.

Tony:  Sure.  l t 's somet h ing w e can look at .  The
t h ird opt ion,  t hen,  is f ield t est ing,  act ual ly
running t he prot ot ype out side on a runw ay,
or  somew here.  So w e can use t hese t ools in
isolat ion or  as a combinat ion.  The quest ion is,
how  can w e gat her  as much dat a as possib le w it h
t he l im it ed budget  w e have?

Guy:  Wel l ,  w e need t o bear  in  m ind t hat  t he
problem w it h  aero is t hat  i t 's not  j ust  about  dat a
gat her ing.  You also have t o val idat e t he dat a.
CFD and w ind t unnels are not  a hundred oercent
rel iable.  The acid t est  on ly comes w hen you t ry
out  a f u l l - scale prot ot ype in  real condit ions.  We
need t o make sure t hat  everyt h ing is t r ied-and-
t est ed out side,  w it h  a f u l l - scale t r ial  run.

Lisa:  Yeah,  but  let 's not  f orget  w e' re design ing a
car  t hat  does a hundred k i lomet res an hour ,  i t 's
not  a supersonic aircraf t !  The aero's not  going t o
be t hat  cr i t ical .
Tony:  Plus,  w it h  changeable w eat her ,  i t 's not  easy
t o do back- t o-back t est ing out  in  t he f ield.

Guy:  No,  of  course not .  I 'm  . iust  saying w e need
t o be carefu l  . . .

-  9 . 2
Arnaud:  So,  t heoret ical ly ,  t he hor izont al  speed
w il l  keep decreasing unt i l  t he cont ainer  h i t s t he
ground.  The h igher  t he drop al t i t ude,  t he low er
t he hor izont al  soeed at  t ouchdow n.

Jenna:  Sure.

Arnaud:  But ,  obviously,  t he h igher  t he al t i t ude,
t he h igher  t he ver t ical  speed,  up t o a cer t ain
pornt .

Jenna:  Absolut ely.  So,  assum ing t he drop
alt i t ude's very low  t he ver t ical  speed w on' t  be al l
t hat  h igh on impact .

Arnaud:  True.

Jenna:  And in  t erms of  prot ect ing t he cargo,
surely a low  ver t ical  speed is t he cr i t ical  f act or .

Arnaud:  I 'm  not  so sure i t 's t he cr i t ical  f act or .
I 'd  say t he hor izont al  speed's more problemat ic.
Because,  presumably,  i f  t he groundspeed's qu it e
h igh,  t here's a danger  t he cont ainer  w i l l  rol l
over  and bounce along w hen i t  t ouches dow n.  I n
fact ,  i f  you ' re dropping f rom low  al t i t ude,  t hat 's
probably inevit able.  So i f  t he cont ainer  rol led and
bounced for  50 met res,  or  w hat ever ,  t hen you 'd
have t o have some k ind of  dest ruct ib le ext ernal
envelope t o prot ect  i t  f rom t he mult ip le impact s.
Which w ould be very expensive.  So,  arguably,
rol l ing is t he w orst  problem,  w orse t han a h igh
ver t ical  impact  speed.

Jenna:  Hm,  you t h ink so?

Arnaud:  So you don ' t  t h ink rol l ing 's a bad t h ing?

Jenna:  I 'm  not  convinced t he cont ainer  w ould
act ual ly  rol l .

Arnaud:  No?

Jenna:  Not  necessar i ly .  The m il i t ary drop t anks
out  of  f ly ing aircraf t  at  low  level,  t ied t o special
p lat f orms,  and t hey j ust  sl ide along t he ground.
And t he syst ems t hat  e. iect  t h ings out  of  t he
backs of  p lanes are incredib ly pow er fu l .  So
because,  obviously,  t hey f i re t he cont ainer  in  t he
opposit e d irect ion t o t he p lane,  t hat  reduces t he
groundspeed.  Plus,  t hey use a parachut e t hat
deploys hor izont al ly ,  w hich also helps t o slow  i t
oow n .

Arnaud:  Of  course.

Jenna:  So,  based on w hat  t hey do w it h  t anks,  I
t h ink w e can safely assume t hat  w e can st op a
cont ainer  f rom rol l ing.

Arnaud:  But  a t ank 's got  massive w eight ,  and
a low  cent re of  gravi t y .  Wit h  a smal ler ,  l ight er
cont ainer ,  t here's no w ay of  know ing how  i t  w ould
behave,  not  w it hout  act ual ly  t est ing i t .  And even
if  you t est ed i t  t en t imes,  i t  w ould probably
behave d l f f erent ly  each t ime,  i t  w ould be very
unpredict ab| e.  Whereas i f  you drop f rom a h i€her
al t i t ude,  OK,  t he ver t ical  speed is h igher ,  but
w it h  a low er  groundspeed,  i t  w ould behave more
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predict ably.  And t hat  w ould make i t  easier  t o
design a cushion ing syst em because you 'd be
deal ing w it h  a single,  predict able impact .

Jenna:  Yes,  but  surely,  a heavy ver t ical  landing
is a huge problem.  The f orce of  i t  w ould be f ar
g r eat er . . .

r  9 .3
Manf red:  The f i r st  t ime w e launched one of
t hese t h ings,  er ,  w e basical ly . iust  got  a p last ic
w ashing-up l iqu id bot t le,  f i l led i t  about  half  f u l l
ofw at er ,  t hen pumped i t  up w it h  an ord inary
foot  pump.

I n t erv iew er :  So i t  w as j ust  ord inary household
stuf f?

Manf red:  Oh,  yeah,  not h ing t oo t echnical.
And,  act ual ly ,  t here w as a b i t  of  a coincidence,
because t he openin€ in  t he bot t | e Was j ust
sl ight ly  b igger  t han t he f i t t ing at  t he end of  t he
pump,  so t here w as qu it e a good seal.  So w e
pumped i t  up -  one of  us held t he bot t le w hi le
someone else w orked t he pump.  And w e released
it ,  and i t  w ent  up,  l i t eral ly ,  l ike a rocket .  I  mean,
w e expect ed i t  w ould shoot  up reasonably
fast ,  but  w e d idn ' t  ant icipat e j ust  how  pow er fu l
i t  w ould be.  l t  j ust  w ent  Moosl,  and t ot al ly
exceeded our  expect at ions.  So you can imagine
us,  a group of  

' l  
2-year -olds,  w e w ere absolut ely

ecst at ic.  And having said t hat ,  t here w as one
problem.  Once al l  t he w at er  had come out ,  w hich
happened v ir t ual ly  in  a spl i t - second,  t he bot t le
-  because i t  w as very l ight  -  st ar t ed t umbl ing
over  in  t he air .

I nterviewer:  So it  wouldn't  f ly st raight?

Manf red:  That 's r ight .  But  w e qu ick ly came up
w it h  a solu t ion t o t hat  problem.

a 9 .4
Manf red:  What  w e d id w as t o get  a p last ic cup,
a st rong one not  a d lsposable cup,  and pushed
it  ont o t he end of  t he bot t le,  at  t he t op,  t o f orm
a nose.  l t  d idn ' t  go exact ly  according t o p lan,  at
f i r st .  l t  st abi l ised i t  a b i t ,  but  i t  st i l l  w asn ' t  f ly ing
st raight .  So w e t r ied put t ing w at er  in  t he beake(
t o act  as bal last ,  and t hat  w orked a t reat .  Wit h
t he ext ra iner t ia.  and t he f act  t hat  i t  w as f ront -
heavy,  i t  w ent  l ike an ar row .  So,  so,  yes,  w e
sor t ed t hat  problem out .  Then t he next  goal w as
to increase the power, to t ry and reach a higher
al t i t ude.

I 9 . 5
Manf red:  One of  t he t h ings w e d id w as t o
exoer iment  w it h  t he amount  of  w at er  inside t he
bot t le.  I  t h ink,  in i t ial ly ,  w e expect ed t hat  t he
more w at er  w e put  in ,  t he more pow er fu l  i t  w ould
be.  But  as i t  t urned out ,  i t  w as t he opposit e.
What  act ual ly  happened w as,  i f  you over f i l led
i t ,  t here w asn ' t  enough pressure t o expel al l  t he
w at er .  We reduced t he amount  of  w at er  t o about
a quar t er  or  a t h ird f u | | ,  somet h in€ | ike t hat ,  and
w e also put  some t ape around t he end of  t he
pump,  t o get  a bet t er  seal w it h  t he bot t le.  That
w as real ly  ef f ect ive.  I  t h ink w e underest imat ed
t he pressure w e w ere generat ing.  And,  cer t ain ly,
we were overest imat ing the st rength of  the
bot t le. Because it  got  to the point  where we were
f ir ing t hese rocket s up t o,  I  don ' t  know ,  maybe
somet h ing l ike 20 met res h igh,  somet h ing l ike
t hat ,  so you can imagine t he sor t  of  pressure
involved.  And p last ic bot t les are hardly up t o
the job of  high-pressure rocket ry obviously. So,
inevit ably,  t he bot t le event ual ly  b lew  up w hi le
I  w as hold ing i t .  I  w as rol l ing around on t he
ground w it h  sore hands,  w hi le everyone else w as
rol l ing about  laughing.  So I  learned t he hard w ay.

I 9 . 6
Carol ine:  So how  credib le is t h is hoax t heory,
t hen? I  w at ched a document ary about  i t  a w hi le
ago.

Renat o:  Wel l ,  some of  t he quest ions are qu it e
in t erest ing,  but  f rom w hat  I 've read,  t hey can al l
be explained,  scient i f ical ly .  You know ,  l ike t he
fact  t hat  t he st ars aren ' t  v isib le in  t he sky on t he
phot os.  Apparent ly ,  i t 's j ust  due t o sunl ight  on
the surface of the moon. lt  was too bright  to see
t hem,  t hat 's al l .

Carol ine:  lsn ' t  t he f lag supposedly w aving in  t he
w lnd,  in  one of  t he shot s?

Renat o:  That 's r ight ,  yeah.  They say i t 's because
of  t he pole shaking af t er  i t 'd  been st uck in .
There's obviously no air ,  so as a resu lt ,  i t  kept
moving f or  ages,  due t o t he f act  t hat  t here w as
no f r ict ion t o slow  i t  dow n.

Caroline:  I  see.

Renat o:  Anot her  t h ing t hat 's been explained is
t he f oot pr in t s on t he sur face.  People had said
t he ground looked w et ,  so i t  cou ldn ' t  have been
on t he moon.  But ,  apparent ly ,  t hat 's t he w ay
t hat  t ype of  dust  behaves in  a vacuum.  l t  st icks
t oget her ,  l ike mud.

Carol ine:  Wasn ' t  t here some ot her  t heory t o do
w it h  dust  w hen t he module landed,  t hat  t here
should have been more dust ,  or  somet h ing?

Renat o:  Wel l ,  dur ing t he landing,  t here w as
supposedly a lot  of  dust  f ly ing up,  you know ,
caused by t he b last  f rom t he engines.  But  w hen
t he module's act ual ly  seen on t he sur face,  t here's
no crat er  v isib le below  i t .  So t he t heory is t hat ,
i f  i t  had real ly  landed t here,  i t  w ould have lef t
a crat er .  But  t he argument  against  t hat  is t hat
i t  had already slow ed dow n subst ant ial ly  by
t he t ime i t  reached t he sur face,  and i t  w as on ly
descending gent ly, because of the low gravity.

Carol ine:  So t here w as on ly a b i t  of  sur f ace dust
b low n uo?

Renato:  That 's r ight .

I  1 0 . 1
Mike:  Obviously,  a t ubular  st eel t ow er  on ly
gives you suf f icient  st ruct ural  st rengt h i f  you
give it  adequate protect ion from corrosion - f l,e
b ig problem w it h  of f t hore inst al lat ions.  So,
t echnical ly ,  you could say st eel is inappropr iat e in
t hat  environment .

Loret a:  They make sh ips out  of  i t .

Mike:  I  know ,  Loret a,  but  on ly because t here's
no cost -ef fect ive alternat ive. But  we're not  talking
about  sh ips,  w e' re t alk ing about  f ixed st ruct ures.
The poin t  is,  I  t h ink w e should look more
ser iously at  al t ernat ives t o al l - st eel suppor t s.  And
t he obvious al t ernat ive is rein forced concret e.

Loret a:  We've already looked in t o i t ,  t hough,  and
it  wasn't  cost -ef fect ive.

Mike:  Not  in  t he shor t  t erm .  But  w e d idn ' t  real ly
look in t o i t  proper ly  over  t he long t erm .

Loret a:  But  you made t he poin t  yourself ,  Mike,
t hat  st eel 's complet ely inef f ect ive i f  i t 's cor roded.
And one of  t he main const i t uent s of  rein forced
concret e is st eel.

Mike:  l t 's prot ect ed,  t hough,  isn ' t  i t ? l t 's
embedded inside concret e.  That 's a much more
effect ive protect ion than paint .

Loret a:  Not  necessar i ly .  l f  w e' re t alk ing about  t he
long t erm ,  as you say,  w hat  happens t o concret e
when it 's exposed to the sea for a few years? lt
erodes.  Which means t he st eel event ual ly  get s
exposed. You look at  concrete coastal defences.
How  of t en do you see t he concret e al l  crumbl ing
aw ay,  and al l  t he st eel exposed?

Mike:  That 's due t o inconsist ent  qual i t y ,  t hough.
You on ly get  t hat  problem i f  t here's insuf f icient
cover. As long as there's appropriate cover
at  design level,  and t he const ruct ion qual i t y 's
consist ent ,  t hen t here shouldn ' t  be a problem.

Loret a:  lsn ' t  inadequat e cover  more of  a problem
in a slender  st ruct ure,  t hough? You 'd probably
have less cover ,  compared w it h  t he b ig lumps of
concrete they use for coastal defences.

Mike:  Not  i f  . . .

Hanif :  Just  a second.

Mike:  Yes,  HaniP

Hanif :  Let 's j ust  t h ink about  w hat  w e' re t r y ing
t o resolve,  here.  The key issue is,  w hat 's t he
most  su i t able long- t erm  solu t ion? And in  bot h
cases,  w e' re saying st eel is necessary,  ei t her  in
an al l - st eel t ubular  st ruct ure or  in  t he f orm  of
rein forcement  inside concret e.  But  obviously
exoosed st eel is unsuit able because of  t he
problem of  cor rosion.  So t he quest ion is,  w hat 's
t he most  rel iab le w ay of  prot ect ing st eel,  over
t he long t erm? And w e have t o bear  in  m ind
t hat '  j ust  because somet h ing requires re€uI ar
maint enance,  such as pain t ing,  t hat  doesn ' t
necessar i ly  mean i t 's unrel iable.  As long as t he
maint enance is consist ent .  The key quest ion
is,  w hat 's t he most  economical approach? So
paint ing a steel st ructure every couple of  years
is uneconomical on ly i f  t he cost  of  pain t ing is
more expensive t han t he addit ional cost  of  using
concret e at  t he t ime of  const ruct ion.

Mike:  So,  t o det erm ine t he most  ef f icient
solu t ion,  w e need t o assess t he l i f espan of  a
rein forced concret e st ruct ure.  l f  w e know  t hat ,  w e
can det erm ine how  many t imes t he equivalent
st eel st ruct ure w ould need t o be repaint ed over
t hat  same oer iod.  and w hat  t he cost  of  t hat
w ould be.

Hanif :  Yeah.

Mike:  But  t h is is real ly  t he poin t  I 'm  making,
Hanif .  We can ' t  cat egor ical ly  say t hat  rein forced
concret e is inef f icient  un less w e look in t o i t  in
det ai l .

Hanif :  Of course not . Look, let  me make a
suggest ion . . .

I  10 . 2
Su:  Wit h  very t al l  st ruct ures,  one of  t he main
loads you need t o t ake in t o considerat ion,
clear ly ,  is t he mass of  t he st ruct ure,  i t s w eight .
Due to gravity, that  mass exerts a downward
load,  w hich has t o be t ransm it t ed t o t he ground.
So that  downward force means the st ructure
is in  compression,  especial ly  near  t he bot t om.
Obviously, the closer you are to the bot tom,
t he more comoressive f orce t he st ruct ure is
subj ect ed t o.  But  w it h  t al l  st ruct ures,  dow nw ard
load compressing t he st ruct ural  element s is
on ly par t  of  t he problem.  Anot her  maj or  f orce
act ing on t he st ruct ure is w ind load,  w hich is a
hor izont al  load,  exer t ed by air  pressure against
one side of  t he st ruct ure.  Because t he st ruct ure
is f ixed at  ground level,  and f ree at  t he t op,  t hat
generat es bending f orces.  And w hen element s
bend,  you have opposing f orces:  compression
at  one side,  t ension at  t he ot her .  And at  ground
level,  t he w ind ef f ect ively t r ies t o sl ide t he
st ruct ure along t he ground,  and t he f oundat ions
below  t he ground resist  t hat .  The resu lt  of  t hat
is shear  f orce bet w een t he subst Í uct ure and t he
superst ruct ure.  The w ind generat es t ensi le loads
on t he f oundat ions of  t al l  st ruct ures as w el l ,
as t he bending act ion t r ies t o pu l l  t hem out  of
t he ground on one side,  a b i t  l ike a t ree being
uproot ed by t he w ind.  So t he f oundat ions need
t o rely on f r ict ion w it h  t he ground t o resist  t he

t
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pul l-out  f orce,  iust  as t ree root s do.  The act ion
of  t he w ind can also generat e t orsion.  You get  a
t w ist ing f orce somet imes,  w hen t he air  pressure
is comparat ively h igher  against  one corner  of  a
bui ld ing,  al t hough t hat 's less of  a problem w it h
ch imneys because of  t heir  cir cu lar  prof i le.  Wit h
very large masses of  concret e,  you also have
t o t h ink about  t he f orces generat ed by t hermal
movement . When concrete absorbs heat  f rom
t he sun,  you get  expansion;  as soon as t he sun
goes in ,  t here's cont ract ion.  That  movement  can
be sign if icant  over  a large area,  especial ly  as t he
sun general ly  heat s one side of  a st ruct ure much
more t han t he ot her .  So t here are al l  k inds of
dif ferent  forces act ing on a tall st ructure.

I  10 .3
Andrej :  The record speed exceeded the standard
operat ing speed by a huge margin .  l t  w as 80o/ o
fast er  at  i t s peak.  So you w ould imagine t hat
the TCV used for the record run was heavily
modif ied. I n fact , that  wasn't  really the case.
The t rain  w as modif ied t o a cer t ain  ext ent  but ,
w it h  a f ew  except ions,  i t  w as essent ial ly  j ust  an
ordinary TCV.  As you can see f rom t h is sl ide,  one
of the biggest  dif ferences was that  the modif ied
t rain  w as sign if icant ly  shor t er ,  in  order  t o make
it  l ight er .  There w as a 500/ 0 reduct ion in  lengt h,
dow n t o 100 met res.  comoared w it h  a 200-
met re st andard lengt h.  The coaches being pu l led
were perfect ly standard - the only dif ferences
w ere t hat  some of  t he seat s had been removed
t o make w ay f or  al l  of  t he monit or ing equipment
t hat  w as car r ied on board.  And some changes
w ere made t o t he bodyw ork,  t o make i t  sl ight ly
more aerodynamic,  w hich meant  t he drag
coeff icient  was reduced by I  5olo. The wheels on
t he modif ied t rain  Were marginal ly  b i€€er  t han
the standard size. The diameter was increased by
|  9olo, in order to reduce the speed of revolut ion,
t o l im it  f r ict ion and cent r i f ugal f orce.  And t he
pow er  of  t he elect r ic mot ors w as subst ant ial ly
higher than the standard units - boosted by
680ó'  But  none of  t he changes Was fundament a| .
So my poin t  is,  st andard h igh-speed t rains can be
made t o go f ast er  by a considerable amount .

I  10 . 4
Nar rat or :  I n  t he lat e I  940s and ear ly  '50s,  t he
United States Air Force carried out  a series of
experiments to explore how much physical st ress
t he human body could w it hst and.  A key aim
was to test  how much C-force pilots were able
t o cope w it h  and see w hat  w ould happen i f  t hey
exceeded their limits. Led by Air Force doctor
John Paul Stapp, a number of  spectacular tests
w ere car r ied out  at  Edw ards Air  Force Base in
Cal i f orn ia,  a locat ion su it able f or  t he exper iment s
t hanks t o i t s 600-met re rai l  t rack,  special ly
designed for high-speed rocket  tests. A rocket
sled,  capable of  reaching speeds approaching
t he sound bar r ier ,  w as mount ed on t he t rack.  On
t opof  t hesled,  named SonicWind,  researchers
f ixed a seat ,  in t ended for  an abnormal ly  brave
volunteer. Refusing to give the dangerous job to
a member  of  h is t eam,  t he man in  t he hot  seat
was John Stapp himself . Over several runs, Stapp
was subjected to progressively greater ext remes
of force. Each t ime, he resisted. Eventually, the
t ime came t o t ake t he u l t imat e r isk,  t o surpass
what  many doctors believed to be a deadly level
of  G- force.  And so on December  lot h  I  954,
Stapp Was st rapped onto soí ,ic Wind Í or the
mot her  of  al l  r ides.

I  10 . 5
Narrator:  That  day, Stapp was sub.iected to
ext remes of  f orce beyond t he imaginat ion.  When
the sled's rockets f ired, he shot  f rom zero to over
1,000 k i lomet res per  hour  in  j ust  t hree seconds,
sub. iect ing h im  t o 20 Gs.  w hen t he sled h i t  t he
pool of  w at er  in  t he braking zone,  i t  w as l ike
h it t ing a br ick w al l .  St app slow ed f rom t he speed
of  a bu l let  t o a complet e st op in  l i t t le more t han
a single second.  I ncredib ly,  John St app surv ived
t he r ide,  al t hough so much b lood had rushed in t o
h is eyes t hat  he w as unable t o see f or  some t ime
afterwards. Before the test . doctors had believed
t hat  human beings w ere incapable of  surv iv ing
forces great er  t han I  7 Cs.  When t he sled h i t  t he
w at er ,  St app had pu l led a crush ing 46 Cs.

I  10 . 6
Jasm ine:  I  t h ink w hat  he's suggest ing in  t erms
of  accelerat ion and decelerat ion f orces is
reasonable.

Andrew :  Yeah.  2 C sounds about  r ight .  Anyt h ing
less t han t hat ,  and t he t rack lengt h 's going
to exceed the size of  the site. And if  you start
get t ing close t o 3 c,  or  beyond t hat ,  t hen t hat 's
probably going t o be a b i t  t oo much for  t he
average passenger.

Jasm ine:  I 'd  say so.  His calcu lat ions f or  t he
total distance for accelerat ion and decelerat ion
seem about  r ight .  The problem I  have is w it h
t he lengt h of  t he t rack.  I  t h ink h is t en-k i lomet re
f igure is OK for  an ideal w or ld scenar io,  but  i t
doesn't  leave much margin for error.

Andrew:  No. Because at  full speed, you're going
to be covering, what , a kilometre every three
seconds.  So i f  t here's some k ind of  oroblem.
you ' re going t o be eat ing up t he k i lomet res at  a
pret ty f r ightening rate.

Jasm ine:  You can say t hat  again .  I  t h ink he' l l
neé d every ki| ometre of  t rack | ength he can
get  on t hat  si t e.  Plus some sor t  of  emergency
st oppin€ f aci I i t y  at  t he end of  t he | ine,  j ust  in
case.

Andrew:  Def i nitely, yeah.

Jasm ine:  Then I  don ' t  know  w hat  you t h ink
about  using w heels,  inst ead of  sk ids.

Andrew :  Wel l ,  t echnical ly ,  i t 's f easib le t o bu i ld
w heels capable of  sp inn ing at  t hat  sor t  of  speed,
because it 's been done on land soeed record
cars.  The on ly problem is,  i f  you get  a w heel
f ai lure at  t he k ind of  speeds w e' re t alk ing about ,
t he consequences are going t o be unt h inkable.

Jasm ine:  Yeah.  I  haven ' t  calcu lat ed exact ly  w hat
cent rifugal forces they'd have to cope with, but
f or  w heels of  about  500 m il  d iamet er ,  at  f u l l
speed,  I  w orked out  t hey 'd be spinn ing at  over
1 3 , 0 0 0  r o m .

Andrew :  Yeah,  t hat 's a lot .  Plus,  of  course,  sk ids
should g ive bet t er  f r ict ional resist ance under
braking.

Jasm ine:  Possib ly.

Andrew:  Maybe not?

Jasm ine:  Wel l ,  t he f r ict ion f rom w heel bear ings
spinn ing at  t hat  sor t  of  speed m ight  be h igher .
And t he sk ids w ouldn ' t  be in  oermanent  cont act
w it h  t he rai ls,  don ' t  f orget .  But ,  anyw ay,  I  t h ink
skids are t he on ly safe opt ion.
Andrew:  I 'd go for skids. Def initely.

Jasm ine:  And t hen f or  t he brakes,  I  t h ink t he
f ir st  poin t  is t hat ,  f or  t he in i t ial  decelerat ion,
even w it hout  apply ing any brakes,  t he
aerodynamic resist ance is going t o be huge.  I n
fact , that  alone might  even exceed 2 C, for a
shor t  t ime.

Andrew :  Possib ly.  l t 'd  depend how  much drag
t here w as,  w hich obviously depends on t he
bodyw ork design,  doesn ' t  i t ?

Jasm ine:  Yeah.

Andrew :  I  don ' t  l ike t he idea of  a f r ict ion syst em,
against  t he rai ls.  l t  w ould have t o w it hst and a
t remendous amount  of  heat .

Jasm ine:  Yeah.  I  t h ink t hat 's a non-st ar t er ,  at
t hese k inds of  speeds.  Aerodynamic braking
has got  t o be t he best  opt ion.  Possib ly,  you
could deploy f laps in i t ial ly ,  at  t op speed,  t hen
maybe release a parachut e as a second st age.
Maybe deploy t he parachut e at ,  I  don ' t  know ,
what  sort  of  speeds do dragsters reach? They
use parachut es,  don ' t  t hey? w hat  do t hey do?
400 Ks?

Andrew :  A b i t  more,  I  t h ink.  450,  somet h ing l ike
t hat .  There's also t he opt ion of  reverse engine
t hrust ,  l ike t hey use on aircraf t .

Jasm ine:  I n  t hat  case,  t hough,  you 'd st i l l  need
anot her  syst em,  in  case you get  an engine f ai lure.
But  i t 's a possib i l i t y .  I  t h ink t he bot t om l ine is
t hat  i t  needs a combinat ion of  svst ems t o make i t
absolu t ely f ai l - safe.
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2a
I

3
4
5
6

I  Un i t  1

navigat ion
(monitoring)  delivery vehicles
( f indin€)  sto| en cars
drif t
man overboard
innovat ive uses of

b
I  uses 3 user's;  useful
2 use

3 b  4 f  5 a  6 e

al low s 3 ensures;  enables
prevents

al low s /  enables
ensures
prevents

al low / enable
al low / enable
ensure
al low / enable
prevent

6a
See t ext  in Exercise 6b on page 8

3 a  4 b  5 C
9 f

support
at tached
raised
power
ascenq
t ransport

c
The not es are m issing ar t icles ( a/ an,  t he)  and
some auxi l iary verbs [ e.9.  be) .

8a
See audioscr ipt  1.3 on page 86

b
I  By a f loat ing st ructure
2 To at tach the base to the seabed
3 Ships w ould car ry t hem
4 Cot l isions bet w een t he cable and space

debr is
5 The anchors w ould be raised and t he st at ion

w ould be moved.

9a
Suggested answer
The anchoring system
The w ind loads on t he cable w i l l  be huge.  What
are t he impl icat ions f or  t he anchor inC syst em?
The base w i l l  need t o be moved cont inual ly  and
somet imes urgent ly. what  temporary system
could be used t o hold t he base in  posit ion?
Should t he base be in  shal low  w at er  near  t he
coast , or in deep water further ofEhore? The
choice w i l l  have an impact  on t he design of  t he
anchor  syst em.

The propulsion system
Wil l  t he w eight  of  t he cable al low  t he base t o
be moved by i t s ow n propel lers or  w i l l  a more
powerful system for propulsion and cont rol be
required? For  example,  an ext ernal pow er  source.

b
Suggested answers
Anchor system
I t  w i l l  be oossib le t o anchor  t he base more
securely in  shal low  w at er ,  near  t he coast .  A
oermanent  anchor  st ruct ure could be bu i l t  on
t he ocean bed,  in  shal low  w at er .  The base st at ion
could t hen be f ixed securely t o i t  w it h  cables.  l f
several anchor st ructures are built  at  dif ferent
locat ions along t he coast ,  t he base st at ion can
be moved between them.
Propulsion system
Tugs (powerful boats used for pulling ships)
could be used as an external oower source.
However, the base stat ion could be driven by
its own propellers. The large, powerful engines
needed to propel it  would be heavy, but  that  isn't
necessarily a disadvantage, as ext ra mass, and
therefore ext ra inert ia, would help to make the
base more stable.

10
A technical advantage is a type of technology
t hat  is super ior  in  some w ay -  f or  example,
more eff icient , more powerful or more reliable
- compared with a related type of technology
- for example, a compet ing product  [ one sold by
anot her  company)  -  or  compared w it h  an ear l ier
model of  the same product .

11a
I t 's a f lat  belt  for lif t ing elevatoB which is used
instead of a cable. Compared with cables, the
Cen2 system has a number of  advantages.

b
2 e  3 b  4 t  5 c  6 a

reduces 6 convent ional
convent ional 7 super ior
reduce I  el im inat es
ennance

c
Richard suggest s using everyday language
t o avoid explanat ions not  being underst ood;
using some j argon and t hen explain ing i t  using
everyday language t o avoid sounding pat ron ising;
explain ing d i f f icu l t  concept s by compar ing
technical points with things in everyday life to
i l lust rat e t hem;  and using some humour
t o avoid sounding du l l .

1 5 b
2 A column going dow n in t o t he ground
3 To dr i l l
4 Concret e Doured on t he const ruct ion si t e in

i t s f inal  oosit ion
5 Made at  a factory, away from the site
6 To hammer  in
7 Like a g iant  hammer
I  Like a g iant  dr i l l
9 A k ind of  clay suspension /  a sor t  of  mud

d
I  put  simply;  in  ot her  w ords;  basical ly
2 ef fect ively;  essent ially;  basically
3 what  we call:  what  we refer to as
4 i f  you imagine;  i f  you p ict ure

1 6
Suggested answers
There are t w o t ypes of  p i le f oundat ion;  end-
bear ing p i les and f r ict ion p i les.  Essent ial ly ,
end-bear ing p i les are used w hen you have sof t
ground w hich is on t op of  hard €round or  rock.
Basical ly ,  t he p i les go t hrough t he sof t  ground
and si t  on t he hard ground below .  l t 's a b i t  l ike
building over water. The soft  ground is like water,
w hich can ' t  suppor t  anyt h ing,  and t he hard
ground below  i t  is l ike t he seabed.  Put  simply,
t he p i les are l ike st i l t s.  Fr ict ion p i les are d i f f erent .
They' re used w hen t here's no hard ground.  I n
simple t erms,  t he sides of  t he p i le gr ip t he sof t
ground around t hem.  l f  you p ict ure a nai l  in  a
piece of  w ood,  i t 's t he same t h ing.  The nai l  is
gr ipped by t he w ood around i t .  Somet imes t he
bot t oms of  f r ict ion p i | es are made Wider .  | ma€ine
a leg with a foot  at  the bot tom, it 's the same
pr incip le.

I  Unit  2
2a
2 Class
3 Copper
4  Alu m in iu m

5 Timber
6 Rubber
7 Plast ic

3 b
The main poin t  t hat  l r ina makes is t hat  i t 's
imoortant  to consider the total environmental
impact  of  a product ,  including producing i t  ( pre-
use) ,  using i t  ( in -use)  and recycl ing i t  ( post -use) .
She g ives t he example of  an energy-saving l ight
b u lb .

3a
2 d

4a
I

b
I

3

c'|

3
4
5

7 c6 h
c
2 i
8 d

7a

3
4

6
7

72a
I  enhanced
2 reduced

3 el im inat ed

b
l c  2 b

4 convent ional
5 super ior

c

3
4
5

d
I
2
J

4 d3 a b
2 a  3 b
' I e  

8 C

c
2 w it h
3 from
4 from
5 w it h

I

I

96
I
t
I

C
2 dramat ical ly  6 h igh ly
3 ent irely  7 except ional ly
4 ext remely I  sign if icant ly
5 considerably

ent irely ;  t ot al ly
considerably;  dramat ical ly
except ional ly ;  h igh ly

14a
I  That  you shouldn ' t  use j argon or  i t  w i l l  sound

l ike nonsense and t hat  t echnical concept s can
be d i f f icu l t  t o explain ,  even using everyday
language.

2 Explanat ions t hat  are bor ing.
5 Speaking t o an adult  as i f  you ' re t alk ing t o a

ch i ld .

6 h5 d4 f

6 o f
7 o t
8 from

Answer key



C
Soohia and Pet e's ideas:
Pre-use:  alum in ium product ion [ ext ract ion f rom
ore and recycl ing) ,  coat ing st eel ( galvanising) ,
t ranspor t ing and handl ing bu lk mat er ial ,  cut t ing
and w eld ing
I n-use:  w eight  ( impact  on f uel consumpt ion) ,
l i f espan ( f requency of  manufact ur ing)

d
Suggested answers
Elect r ical  w ires in  vehicles
For pre-use, as far as I  know it  takes more
energy t o produce alum in ium t han t o produce
copper, if  it 's derived from ore. However, it  takes
less energy t o t ranspor t  alum in ium,  because i t 's
l ight er .
For  in-use,  I 'm  sure alum in ium is bet t er  because
it 's l ight er ,  so t he vehicle w ould consume less
fuel.
For  post -use,  bot h alum in ium and copper  can be
recycled '  | 'd  say i t  t akes | ess ener€y t o hand| e
and t ranspor t  alum in ium,  because i t 's l ight er .
Ext ernal w al ls in  houses
For pre-use, it  takes a lot  of  energy to produce
br icks because t hey have t o be f i red in  a k i ln .
They' re also heavy t o t ranspor t .  Sof t w ood is
l ight er  t o t ranspor t ,  and I 'd  say i t  probably t akes
less energy t o saw  i t  and handle i t ,  compared
w it h  making br icks.  Dur ing const ruct ion,  bu i ld ing
with bricks uses more energy, as sand and
cement  have t o be t ranspor t ed and m ixed t o
make mortar.
For  in-use.  w ood is a bet t er  insu lat or  t han br ick
w hich is an advant age,  as t he house should t ake
less energy to heat . I n theory, softwood could
last  as long as br icks,  i f  i t 's proper ly  maint ained.
But  in  oract ice.  t hat  w i l l  of t en not  be t he case.
So,  const ruct ion energy could somet imes be
higher  f or  sof t w ood,  as houses need t o be rebui l t
more of t en.
For post -use, it 's possible to recover both bricks
and softwood for re-use, but  neither is very easy
to recycle.

4
Suggested answers
I  Brakes are designed t o slow  dow n vehicles

or  moving par t s.  Of t en t hey w ork t hrough
f r ict ion,  by app| y in€ pressure t o pads Which
are pressed against  t he sides of  a d isc,  t he
inside of  a drum,  or  d irect ly  against  a w heel
r im .  Alt ernat ives include syst ems t hat  use
elect romagnet ic f orce,  syst ems t hat  exploi t
t he braking ef f ect s of  engines or  f lyw heels
( v ia clu t ches and gearboxes) ,  aerodynamic
braking syst ems ( f or  example spoi lers on
aircraf t , parachutes on dragsters) , and
reverse thrusters on jet  engines. Brake discs
are of t en made of  f er rous met als ( i ron-based
-  f or  example st eel) ,  or  somet imes ceram ic
mat er ials.

2 Examples of  mat er ials used t o make pads
include:  comoounds of  advanced mat er ials
( cars) ,  f er rous met als ( t rains) ,  rubber
( b icycles) ,  ceram ics ( per formance cars) .

5a
Creen refers to ecological issues. Red refers to
heat  ( red hot  means very hot ) . Also, a hot  topic is
a cur rent  impor t ant  t opic.

b
I  Because t hey use f r ict ion,  w hich w ast es

energy as heat
2 They recover heat  and use it  to power the

car.
3 The abi l i t y  t o generat e h igh levels of  f r ict ion,

and to resist  the ef fects of  f r ict ion and
conseouent  heat

4 Heat  f rom t he engine being absorbed by t he
chassis,  w hich can damage sensit ive par t s
such as elect ron ic component s and p last ic
parts

c
2 9  5 b  4 f  5 d  6 a  7 e

6c
I  c  2 b  3 d  4 a  5 e

b ; c  4  e

d ; e  5  a ; b ; c
d

abrasion resist ance
t hermal st abi l i t y
d u r ab le
l ight w eight

2 e  5 b  4 a  5 d

b
1 tyres
2 dr ive belt s
3 brake pads

4 bu l let - resist ant armour
5 seal ing gasket s

c
Suggested answers
I n t yres,  punct ure and t ear  resist ance help t o
st op punct ures and b low out s and abrasion
resist ance helps t he t yre t o last  longer .  I n  dr ive
belt s,  h igh elast ici t y  al low s belt s t o f i t  t ight ly
and abrasion resist ance helos t hem resist  t he
f r ict ion caused by t he belt  t urn ing.  I n  brake pads,
abrasion resist ance helps t he pads t o last  longer
and t hermal st abi l i t y  helps t hem resist  t he heat
generat ed dur ing braking.  Kevlar@ helps make
bul let - resist ant  armour ,  w hich is general ly  heavy,
more l ight w eight ,  w hich is bet t er  f or  t he vehicle's
performance. Kevlaro makes sealing gaskets
durable and i t s t hermal st abi l i t y  al low s t hem
t o reslst  heat  -  f or  example,  in  engine cyl inder
heads -  and i t s chem ical st abi l i t y  means gasket s
are not  af f ect ed by engine f lu ids such as f uel,
lubr icat ing oi l  and coolant  l iqu ids.

10a
I  At  t he dent ist 's
2 The t ool is a dent al  dr i l l .
3 Ti t an ium can be used f or  t he handle,  and

t ungst en-carbide and d iamond for  t he bur .

b
l  I i€ht w eight
2 abrasion resist ance

c
l b  2 a  3 e

5 durable
4 t hermal st abi l i t y

4 c  5 d

t 2
Suggested answers
I  Examples of  si t uat ions used in  adver t ising

include mot or  racing,  w at er  spor t s such as
sur f ing and d iv ing,  and aviat ion.

2 The in t ended message is t hat  w at ches are
accurat e and are resist ant .

3 Higher  qual i t y  w at ches keep good t ime;
are resist ant  t o w at er  and shocks;  and are
made f rom more expensive,  bet t er - looking
mat er lals.

4 Descr ib ing somet h ing as w at er - resist ant
suggest s i t  can resist  w at er  up t o a cer t ain
l im it ,  f or  example t o a cer t ain  dept h
or  pressure.  Descr ib lng somet h ing as
w at erproof  suggest s i t  g ives un l im it ed
orotect ion from water.

13a
I  corrosion resistance
2 water resistance
3 scratch resistance
4 shock resistance

t4a
I  Wat ch mat er ials are somet imes chosen for

market ing reasons,  not  t echnical reasons.
2 They considered using submar ine-grade st eel

in  some models even t hough w at er  resist ance
act ual ly  depends on t he j oin t s and seals,  not
t he met al  used.

3 Many good w at ch-making mat er ials are
eit her  ord inary or  complex,  and so are not
very market able.

4 Consumers are not  t echnical exper t s,  and
make choices based on t heir  imoressions.
rat her  t han on f act ual in format ion.

e
I
2

8c
2
3
4

9a
l c

b
I

3

q

6

7
8

c
2
3
4
5
6

T
T
F -  i t  needs a prot ect ive coat ing.
F -  he says i t 's f air ly  poor  in  t erms of  looks.
F - no - for the reasons given above.
F -  inadequat e mat er ials have never  been
chosen for  market ing reasons.
T
F -  complicat ed names are not  good for
market ing.

except ionally resistant
not  at  al l  su i t able
t reoctdously marketable
I elat ively complex
not  al l  t hat  good

d
I  ext remely,  except ional ly ,  t remendously
2 qu lt e,  f air ly ,  pret t y ,  relat ively
3 not  very,  not  par t icu lar ly ,  not  ( al l )  t hat
4 not  enough,  insuf f icient ly ,  not  adequat ely
5 def in i t ely  not ,  not  at  al l

1 5
Suggested answers
St eel is relat ively heavy and very t ough.  l t  is
pret ty scratch-resistant  and shock-resistant .
Mi ld st eel is not  very cor rosion- resist ant  but
st ain less st eel has good cor rosion resist ance
and is t herefore su it able f or  w at ches.  Class is
qu it e heavy and is w at er - resist ant  and cor rosion-
resist ant .  Ordinary g lass is very br i t t le and
has f air ly  poor  shock resist ance and scrat ch
resist ance,  al t hough i t  is st i l l  su i t able f or  w at ches,
Toughened g lass is more durable.  Alum in ium is
relat ively l ight w eight  and is f air ly  t ough.  l t  has
good corrosion resistance. lt  is therefore suitable
for  w at ches.  Ti t an ium is except ional ly  l ight w eight
and t ough and has excel lent  abrasion resist ance.
I t  is also ext remely cor rosion- resist ant  and is
t herefore an excel lent  w at ch mat er ial .  Gold is
ext remely heavy and pret t y  t ough,  al t hough
sof t er  grades of  gold have qu it e poor  shock
resist ance and scrat ch resist ance.  Gold has
excel lent  cor rosion resist ance.  l t  is su i t able f or
more exoensive. decorat ive watches.

I  Un i t  3
2a
The aim  of  t he proj ect  is t o f ormulat e a
pol icy t hat  w i l l  st at e w hich p lug and socket
conf i  gurat ions t heir  company recommends,
and explain  t he t echnical reasons w hy t hey are
recommended.

Answer key 9 7



b
I he prof ile of  the pins means the shape of the
indiv idual p ins,  f or  example a rect angular  cross-
sect ion or  a clr cu lar  cross-sect ion.
A standard conf iguroú lon means a uniform
ar rangement ,  f or  example in  a g iven count ry al l
p lugs have a st andard layout  -  t hey al l  exact ly
t he same.

c
a 6  b 4  c l  d 5  e 2
r 3

d
2 rounded
5 rect angular
4 cy l indr ical

5 l inear
6 t r iangular

e
rcctangle;  rect iangular;  t r iangle;  t r iangular;
lylinder;  cylildrical;  line;  ! !ear

3a
Pict ure b

b
2 ridges;  grooves;  recessed;  f lush with;  set  back
5  o in s

4a
' |  

Advant ages:  The p lug resist s pu l lout  f orces.
Not h ing can t ouch t he p ins i f  t he p lug is
par t ial ly  pu l led out .
Disadvant ages;  l t 's d i f f icu l t  t o pu l l  out .

2 Advant ages:  Chi ldren can ' t  st ick t h ings in  t he
socket .
Disadvant ages:  l f t he mechanism is t oo
sensit ive,  i t  can be d i f f icu l t  t o inser t  t he p lug.

5
See audioscr ipt  3.6 on page 88

T
F -  cast ing is a d i f f erent  d iscip l ine
F -  i t 's a slang t erm
F -  w ork involv ing abrasives is noisier
T
T

b
I  Saw ing 4 Mi l l ing
2 Shear ing 5 Flame-cut t ing
3  Dr i l l i n g

c
2 gu i l lot ine 5 abrasive w heel
3 kerf  6 hole-saw
4 toothed blade

7a
secondar|  operaf ions:  addit ional machining,
such as pol ish ing
net -shaped ports:  parts with accurately cut
edges;  of ten int r icate shapes
heat -af fected zone:  the area modif ied by high
temperatures ( result ing from the heat  of  cut t ing)
mechonical st resses:  physical forces such as
shear  f orces w hen saw ing or  gu i l lot in ing met al
narrow kerf :  narrow thickness of material
removed during cut t ing;  especially easy to do
with waterjet  cut t inc
t ight lA nested:  when several components are cut
from the same piece of material the components
can be p laced close t oget her ,  making bet t er  use
of  t he mat er ial .

b
I  net -shaped parts
2 heat -af fected zone
3 mechanical st resses
4 narrow kerf

especially good when
useless w hen
not  t he best  solu t ion
ideal for

I
Suggested answers
Dr i l l ing w it h  a b i t  is good f or  cut t ing b l ind holes.
Dr i l l ing w it h  a hole-saw  is ideal f or  cut t ing
t imber .
Flame-cut t ing is perfect  for cut t ing metals. lt 's
useless for cut t ing ceramics.
Crinding is perfect  for cut t ing wide kerts. lt 's
t ot al ly  unsuit able i f  you don ' t  w ant  a heat -
af fected zone.
Cui l lot in ing is especial ly  good f or  cut t ing t h in
mat er ials.  l t 's not  par t icu lar ly  su i t able f or  cut t ing
t h ick mat er ials.
Milling is especially good for cut t ing metals. lt 's
t ot al ly  unsuit able f or  cut t ing t imber .
Punching is su i t able f or  cut t ing t hrough holes.  l t 's
useless for cut t ing blind holes.
sawing is idea|  for cut t ing st rai€ht  edges. | t 's not
so good if  you need to cut  curved edges.
Water jet  cut t ing is ideal if  you need curved
edges. lt 's not  so good for cut t ing very thick
mat er ials.

9
See audioscr ipt  3.8 on page 88

10a
I  To involve t heir  suppl iers more act ively in

design
2 Doing a lot  of  w ork f or  no ret urn and

covenng costs
3 They want  to work with fewer suppliers, so

there would be more work.

b
I  Mechanical f ix ings:  screw ,  r ivet ,  cl ip
2 Non-mechanical f ix ings:  w eld,  adhesive

c
I  w eld
2 bolt
3 adhesive

4 screw
5 rivet

d
I  . io in ing;  f ix ing
2 bolt ing;  r ivet ing
3 bonding;  w eld ing;  g lu ing

1 l a
I  together
2 each ot her
3 o n
4 to/ onto

on 4 onto/ to
each other 5 to
together

Main advantage:  They can be removed easily.
Main d isadvant age:  They can w ork loose.
I t  can't  be removed easily.
Fix ings can be inadequat ely t ight ened.
Adhesives can be used on improper ly
prepared surfaces. Welds can be f lawed.

tza
Suggested answers
I  I n early aircraf t , t imber f rames were joined

together with adhesive /  glued together, or
screws /  screwed together.

2 I n  j et  air craf t ,  al loy body panels are j oined

together with r ivets /  r iveted together.
3 I n aircraf t  cabins, the seats are f ixed to the

f loor with bolts /  bolted to the f loor.

4 I n  ai r craf t  cockp i t s,  t he w indsh ield  is bonded

to the fuselage with adhesive /  glued to the

fuselage.

13a
See ar t icle on  page 28

b
a 2  b 3  c 4  d  I

c
a The bal loons cl imbed fast er  t han expect ed,

then entered cont rolled airspace adjacent  to
an airpor t .

b A rope t an€| ed Wit h  a pow er  | ine,  t hen Mr
Walters was arrested.

c The modern equivalent ,  clust er  bal looning,
is not  a mainst ream spor t ,  but  is becoming
more popurar.

d A €arden chair ,  he| ium- f i | | ed Weat her
bal loons and ropes

! 4a
a over
b below ;  beneat h;  underneat h
c alongsidei adj acent  t o;  beside
d around
e out side
f  inside;  w it h in

b
I  above 4 w it h in
2 around 5 beneat h
5 i n

c
2 inserted
3 situated
4 suspended

5 located
6 project ing
7 posit ioned

d
locat ed;  si t uat ed

15a
See audioscr ipt  3.9 on page 88

b
' |  l t 's pret t y  t ime-consuming t o assemble.
2 Cable t ies are fastened around the bot toms

of  t he bal loons,  t o f ix  t hem t o t he ropes.
3 The balloons are at tached to ropes of

dif ferent  lengths, which are at tached in
groups to st raps, like the branches of a t ree.

4 Wat er  is car r ied in  bags,  as bal last .  Taps on
the bags are used to release water.

5 The bal loons can be released one by one.
6 The bal loons can ' t  be released one by one.

c
Suggested answers
The hel ium could be cont ained w it h in  a smal ler
number  of  larger  bal loons.  The bal loons could
be made of st ronger material than weather
bal loons,  and could be permanent ly  f ast ened t o
t he ropes or  st raps.  Th is w ould make t he bal loon
cluster faster to put  together and inf late. Two or
t hree of  t he bal loons could have valves,  al low ing
hel ium t o be released dur ing t he f l ight .  Th is
w ould also al low  t he bal loons t o be def lat ed af t er
t he f l ight ,  so t hat  t hey could be reused.

I  Un i t  4
1
For  t he design of  a large cru ise sh ip,  several
hundred draw ings w ould need t o be produced.
These w ould include general ar rangement
draw ings,  such as p lans of  t he overal l  layout  of
each deck,  elevat ions of  t he sides of  t he sh ip,
and cross-sect ions through the ship at  dif ferent
points. Notes on these general arrangement
drawings would then refer to more detailed
draw ings of  assembly det ai ls.  As w el l  as being

c
I

3

6a
I

3

5
6

b
I

2
3

c
I

3

I
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I

div ided in t o smal l- scale general ar rangement
draw ings and larger -scale det ai ls,  t he draw ings
would also be organised into dif ferent
special isat ions,  such as st ruct ure,  elect r ical
pow er  cir cu i t s,  l ight ing circu i t s,  w at er  supply,  air
condit ion ing,  l i f t s,  f i re spr ink ler  syst ems,  engine
inst al lat ions,  et c.

2a
I  Part  of  a staircase (Staircase 3, Deck C)
2 The number  of  panels,  and t heir  size

b
2 elevat ion
3 exploded v iew
4 cross-sect ion
5 schemat ic
6 not e
7 specif icat ion

c
general ar rangement :  p lan,  elevat ion
det ai l :  exploded v ieW cross-sect ion

d
I  elevat ion 4 schemat ic
2 cross-sect ion 5 exploded v iew
3  p lan

3 a
The scale is t he rat io bet w een t he size of  i t ems
show n on a draw ing,  and t heir  act ual size ( in
real i t y) .  A scale ru le has several  scales,  al low ing
dimensions t o be measured on a draw ing,  t o
det erm ine t he act ual size.

b
I  The w idt h  of  t he panel at  t he t op.
2 That  you shouldn ' t  scale of f  draw ings.

I t 's ment ioned because Pavel suggest s
measur ing t he d imension on t he draw ings
w it h  a scale ru le t o f ind out  t he act ual
d imensions.

ls this drowing to sco/ e? :  Do the
dimensions cor respond w it h  a scale?
I t 's one to f ive' =  Í he dimensions on the
draw ing are I  / 5 of  t heir  real size.
. . .  goushouldn ' t scoleof f  drow ings. . .  =  You
shouldn ' t  measure d imensions on a draw ing
using a scale ru le and t ake t hem t o be exact .
... it 's octuol size, on a full-scale drawing ...
:  The d imensions on t he draw ing are t he
same as their real size.

4
Types of  draw ing required:  a p lan show ing
t he per imet er  of  t he handrai l  ( possib le scale
I  :  I  00) ;  an elevat ion of  a shor t  lengt h of  t he
handrai l  ( possib le scale 1 :  I  0) ;  a sect ion of  t he
handrai l  ( possib le scale I  :  |  0) ;  det ai ls show ing
key connect ions, such as those between handrail
post s and deck,  and t op rai l  and post s ( possib le
scale -  act ual size) .  Specif icat ion:  t ype of  st eel,
types of welded joint , types of bolt , type and
colour  of  painucoat ing,  ot her  mat er ials such as
plast ic sur round t o t op rai l

6a
The w ords mean how  exact  somet h ing is,  f or
example how  closely t he sizes of  manufact ured
it ems mat ch t heir  designed size.

c
Tolerance is the acceptable dif ference between
ideal designed size and act ual size.  I n  machin ing
and assembly processes,  i t  is impossib le t o
achieve ent irely  precise sizes.  A degree of
tolerance is always required.

d
I  w it h in
2  p lu s;  m in u s
3 t ight
4 out side

e
I  out side t olerance
2  + / -  0 . 5m m
3 w it h in  t olerance
4 t ight  t olerance

f
Dif f erence in  meaning:  Plus or  m inus I  mm
means t he size may vary by a maximum of  I
mm eit her  side of  t he ' ideal '  d imension.  As
an examDle.  i f  t he d iamet er  of  a st eel bar  is
sp eci f i ed  as 100  m m  + / -  |  m m ,  t h e d iam et er
may be a maximum of  l0 l  mm at  i t s w idest
poin t  and 99 mm at  i t s nar row est  poin t .  Since
t he t ot al  var iat ion can be I  mm eit her  side of  t he
' 100  

m m ' id ea l ' ( b et w een  99  m m  an d  l 0 l  m m ) ,
t he maximum t ot al  var iat ion bet w een t he w idest
and nar row est  poin t s is 2 mm.  How ever ,  no poin t
must  be f ur t her  t han I  mm eit her  side of  t he
' ideal '  size.
Wit h in  I  mm descr ibes on ly t he t ot al  var iat ion in
size.  Th is means t he size may vary by a maximum
of  I  mm above t he ideal d imension ( as long as
no poin t  is below  t he ideal d imension)  or  i t  may
vary by a maximum of  I  mm below  t he ideal
d imension ( as long as no poin t  is above t he ideal
d imension) .  Therefore,  a m in imum diamet er  of
100  an d  a m ax im u m  o f  l 0 l  w ou ld  b e w i t h in  I
m m ,  as w ou ld  a  m in im u m  o f  99  an d  a  m ax im u m
of  100 ,  an d  a  m in im u m  o f  99 . 5  an d  a  m ax im u m
of  100 . 5 .
Examples of  uses:  l t  is usual t o specif y  +  /  -

t olerances w here a specif ic ideal size is cr i t ical ,
f or  example t he size of  a hole f or  a bolt .  ln  t h is
case, if  the ho| e is too narrow Í too far be| ow the
ideal size)  t he bolt  w i l l  not  f i t  in t o i t .  l f  t he hole
is t oo w ide ( t oo f ar  above t he ideal size) ,  t he bolt
w i l l  not  f i t  t ight ly  enough.  'Wit h in '  is of t en used
when specifying tolerances for concrete f loor
sur faces.  I n  t h is case,  t he impor t ant  issue is t he
t ot al  amount  of  var iat ion bet w een t he h ighest
and lowest  ooints on the surface of the f loor
( w hich det erm ines how  smoot h t he f loor  is) .

7a
I  A super f lat  f in ish f or  t he ent ire f loor
2 Free movement  f loors are superf lat

everywhere. On def ined movement  f loors,
on ly specif ic lanes are super f lat .

3 Long,  nar row  lanes al low  a h igher -qual i t y
f in ish t o be ach ieved.

4 This can be done at  a later stage to make
ot her  par t s of  t he f loor  super f lat .

5 l t  can be posit ioned deeper  in  t he concret e.

4 t h ick
5 dept h

8
The capital T refers to the thickness of the f langes.
The small t  refers to the thickness of the web. The
capital W refers to the width of the f langes. The
small  w  refers t o half  t he w idt h  of  t he column f rom
the cent re of  the web to the edges of the f langes.
The small r refers to the radius of the curve at  the
joint  between the web and the f langes. The capital
D refers to the total depth of  the column, f rom the
top of one f lange to the bot tom of the opposite
f lange. The small d refers to the depth of  the web,
measured bet lveen the ends of the curves at  the
j oin t s,  at  t he poin t  w here t he curves are f lush w it h
the face of the web.

9
A design process is t he development  of  a design.
A t ypical  design st ar t s w it h  a design br ief ,  w hich
st at es t he design obiect ives.  I n i t ial  ideas are
t hen put  t oget her  as rough sket ches.  These are
t hen developed in t o prel im inary draw ings,  w hich
are more detailed and are of ten drawn to scale.
The prel im inary draw ings are t hen developed,
incorporat ing comment s f rom dif f erent  members
of  t he design t eam,  consult ant s and t he cl ient .
Once t he design has been suf t icient ly  developed,
w orking draw ings are produced.  These are t hen
used for  manufact ur ing/ assembly/ const ruct ion.
Frequent ly ,  w ork ing draw ings are revised
( changed)  dur ing t h is lat t er  phase,  in  order  t o
resolve t echnical problems encount ered dur ing
manufact ur ing/ assembly/ const ruct ion.

10a
I  design in format ion [ at  d i f f erent  st ages of  t he

design process)
2 sketches, design brief , revised/ amended

draw ing,  superseded draw ing,  prel im inary
draw ing,  w ork ing draw ing,  summary/ not es

b
I  b  2 d  3 c  4 a  5 e

sketch 3 working drawing
design br ief  4 prel im inary draw ing

d
2 revise
3 rough
4 issue
5 comment  on

e
Suggested answers
I  The draw ing needs t o be amended/ revised.
2 The design needs t o be sent  t o t he cl ient  f or

comment s and approval.
The si t e engineer  needs t o be cont act ed t o
check w hich revision of  t he draw ing t hey
nave.
The three dif ferent  cont ractors need to be
issued w it h  t he revision.
Rough sket ches need t o be done f i r st  and t he
cl ient  t o comment  on t hem.

1 1 b
I  b  2 a  3 c

d
' |  

The senior  engineer  w i l l  decide w het her  or
not  t he t eam needs f ur t her  revisions of  a
draw ing.
l f  t he draw ing is needed,  t he t eam  w i l l

receive copies of  all further revisions. lf  not ,

no f u r t her  r ev isions w i l l  be issued t o t he

leam .
S/ he w i l l  l iaise beBveen t he m echan ical  and
elect r ical teams, and will report  to the proiect

m anager .
Al l  t h ree design  t eam s w i l l  be locat ed in  a
sing le open- p lan  of f ice.

C
I
2

c
I

2

J 6 supersede
7 specif y
8 resolve

4

E

b
I
2
3

c

J

long
w ide
heightb

I A suoerFlat  f loor has a much f lat ter surface.
I t 's f in ished more precisely t han an ord inary
concrete f loor.
Ordinary slabs can be f lat  t o +  / -  5mm.
Suoer f lat  slabs can be f lat  t o w it h in  I  mm.
Sl ight  var iat ions in  f loor  level can cause
fork l i f t s t o t i l t ,  causing t he f orks t o h i t  racks
or  drop i t ems.

width

lengt h

depth

d
diamet er :  t he maximum w idt h of  a cir cle
radius:  the distance from the cent re of  a circle to
its circumference (half  the diameter)

5 t h ickness
height

2

3
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e
Suggested answers
I  First ,  t he prel im inary draw ing w i l l  be

circu lat ed t o al l  t he senior  engineers.  The
engineers w i l l  decide w het her  or  not  t he
draw ing is required by t heir  t eam.  l f  not ,  t hey
w il l  say i t  isn ' t  required and af t er  t hat ,  no
more revisions of  t he draw ing w i l l  be issued
t o t hem.  l f  t he draw ing is required,  t hey ' l l
say i t 's needed.  They m ight  comment  on t he
draw ing and request  amendment s or  approve
it .  They w i l l  also receive al l  f ur t her  revisions
of  t he draw ing,  including w ork ing draw ings.

2 The mechanical and elect r ical  t eams w i l l
be able t o w ork on t he prel im inary design
t oget her  easi ly ,  t hanks t o t he open-plan
of f ice.  As t he draw ings are developed t hey ' l l
be able t o d iscuss amendment s in  t he same
way.

3 The mechanical and st ruct ural  t eams w i l l  be
able t o w ork t oget her  t o solve t he problem in
t he open-plan of f ice and revised draw ings w i l l
be produced.  These w i l l  t hen be approved
by bot h t he mechanical and st ruct ural
t eams.  Revised draw ings w i l l  be issued and
circu lat ed t o al l  t hose w ho need t hem.

1 2
Of t en conf l ict ing ( d i f f erent )  in format ion is show n
on di f f erent  draw in€s.  on one draw ing,  t he
dimensions of  a component  may not  cor respond
w it h  t hose show n on a relat ed draw ing.  Clashes
are anot her  common problem -  d i f f erent
draw ings may show  dif f erent  component s in  t he
same posit ion w it h in  an assembly,  meaning t he
assembI y Wi| |  not  f i t  t oget her  as desi€ned.  Key
dimensions and assembly det ai ls may also be
m issing f rom t he set  of  draw ings,  leaving t he
product ion w it h  inadequat e in format ion.

13a
I  Design problems and solu t ions
2 A query is a quest ion.  An inst ruct ion is an

explanat ion of  w hat  t o do /  of f icial  perm ission
t o do somet h in€.

3 Wr it t en f ol low -up is impor t ant  in  order
t o keep a record f or  cont ract ual/ f inancial
purposes.

b
2 869
5  8 6 9 ; 8 7 0

4  8 6 7 ; 8 6 8
5  8 6 7 ; 8 6 8 ; 8 6 9

c
I  clash 4 advise
2 request  5 clar i f y
3 propose

14a
See audioscr ipt  4.6 on page 89

b
2 c| ar iÚ
3 cont radict s
4 clash
5 propose

d
Suggested answers
As d iscussed t oday,  I  conf irm  t hat  t he connect ion
bet w een t he p lat e and T sect ion on t he sk i  l i f t
should have six bolt s,  not  eight  as show n on t he
det ai l .  The t w o bolt s show n on t he det ai l  w hich
w ould clash w it h  t he f lange of  t he T sect ion are
not  reouired.

I  Un i t  5
t
See audioscr ipt  5.  I  on page 89

2a
I  To f in ish f i r st ,  f i r st  you must  f in ish
2 Engineer ing enemies
3 Wear  and t ear

b
I  heat
2 pressure
5 v ibrat lon

Check in j ect ion
Water in the fuel system
Because t he f uel w as put  in  d irect ly  f rom a
del ivery t anker

4 When t he engine is st ar t ed f rom cold
5 A f au lt y  f uel pre-heat er  p lug
6 The p lug can be changed at  t he next  serv ice.

I t 's not  an urgent  problem.

b
I  defect  5
2 defect ive;  faulty 6
3 maj or  7
4  m in o r

c
I  b  2 c  5 a

d
Suggested answers
' |  

Th is is an in t erm it t ent  problem.  l t 's probably
caused by w ear  and t ear .

2 This w as a sudden problem.  l t 's probably a
fau lt y  par t ,  or  an inst al lat ion problem.

3 This is a syst emat ic problem.  l t 's probably a
fau lt y  par t ,  or  an inst al lat ion problem.

e
2 l t  sounds l ike i t 's
3 l t  cou ld be /  l t  m ight  be
4 |  doubt  i t 's
5 l t  can ' t  be

f
2 i t  m ight  be
5 i t  m ight  be
4 i t  can ' t  be

5 |  doubt  i t 's
6 l t  sounds l ike i t 's

7a
m inor ;  syst emat ic

b
Suggested answers
I t  can ' t  be w at er  in  t he f uel supply.  gh is w ould
cause m isf i r ing. )
I t  cou ld be a clogged fuel f i l t er .  f lhe engine is
per form ing consist ent ly ,  but  is dow n on pow er . )
I  doubt  i t 's a compression leak.  [ f h is w ould
probably resu lt  in  increased fuel consumpt ion,
and w ould probably cause more maj or
problems. )
I t  can ' t  be a lubr icat ion problem.  f lh is w ould
cause overheat ing. )
I  doubt  i t 's a b lockage in  t he exhaust  syst em.
f l 'h is w ould cause more maj or  problems. )

8
checkl ist s =  l ist s of  t h ings t o be checked
st andard procedures =  specif ic,  p lanned w ays of
deal ing w it h  si t uat ions and problems
back-up inst al lat ions =  secondary/ addit ional
equipment  t hat  w i l l  w ork i f  main equipment  f ai ls
p lanned maint enance -  replacing par t s at
p lanned t imes even i f  t hey are not  w orn out

9a
I  An incor rect  ( oversized)  hydraul ic p ipe w as

f i t t ed t o t he r ight -hand engine.
2 The p ipe rubbed against  a f uel l ine.
3 The f uel l ine rupt ured,  resu lt ing in  a maj or

leak.

b
04: 58  b  05 : 36  d
06:27 c

0 6 : 1 3  a

6a
1
2
3

4 shocks
5 abrasion propeny

in t erm it t ent ly
syst emat ical ly

3a
I

3
4

6

c
Suggested answers
'|  

shocks
2 heat
3 abrasion
4 shocks
5 abrasion
6 abrasion
7 shocks
I  pressure (caused by heat )
9 v ibrat ion

T
F -  t he dr iver  sw lt ched t he engine of f
T
T
F -  t he w heel nut  w ouldn ' t  t urn
F -  t he dr iver  d idn ' t  bend t he suspension

b
I  b locking
2 jam

C
I  leaking out
2  r u n  ou t
3 cut  out

bend;  snap
cracK

clog up
w ear ing out
b low  up

d
See audioscr ipt  5.2 on page 89

e
2 leaking out  6 b locked ( up)
3 j ammed 7 bent
4 clogged up I  w orn out
5 worked loose 9 run out

4
Monza has long st raight s and several  ch icanes.
This means cars are at  f u l l - t hrot t le f or  longer ,
and need t o do a lot  of  heavy braking.  Problems:
Engines can overheat  and b low  up;  brakes
can overheat ;  r id ing t he kerbs can cause t he
suspension t o crack,  bend or  snap;  t he r ight -
hand corners cause t he t yres on t he lef t  of  t he
car  t o w ear  out  f ast er  t han t hose on t he r ight
side:  and leaves can b lock up t he radiat ors.

5b
User 's obseNat ions =  w hat  t he person using t he
machine has not iced
Nat ure of  f au l t  -  t ype of  problem
Circumst ances of  f au l t  =  in  w hat  t ype of
si t uat ion t he f au lt  happened/ happens
Ext ernal f act ors -  t h ings f rom out side,  f or
example t he w eat her  or  somet h ing h i t t ing t he
machine
Process of  el im inat ion -  t h ink ing of  possib le
problems and decid ing w hich are not  possib le in
order  t o reduce t he number  of  oossib i l i t ies
ldent i f y  t he f au lt  -  f ind t he f au lt  /  decide w hat
t he f au lt  is
Det erm ine act ion and urgency =  decide w hat  t o
do about  t he problem and decide how  quick ly i t
needs t o be done

3

4

5

6

6 al t ernat ive
7 as per
I  conf irm

c
2 oversized
5 inadequat e
4 undetected
5 abnormal
6 insuf f icient

7 d ispropor t ionat e
8 ir regular
9 imbalance

l0 malf unct ion
I  I  inoperable

I
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d
I

3
4
5
6
7
I

b
I

4

c

10a
I F

2 T
3 F
4 r

incor recVabnormal
inadequat e/ insuf f icient
ir regular
oversized
malfunct ion
imbalance
undet ect ed
inoperable

- the tyre pressures are well down

_ on| y one €roup of  t yres is | ow

abnormal/ incor rect
insuf t icienVinadequat e
dispropor t ionat e
proport ionate

ln  general,  insuf f icient  t yre pressures could be
caused by:  pressure loss over  t ime ( al l  t yres
lose air pressure progressively over a period of
several  mont hs)  due t o inadequat e maint enance;
a slow  punct ure lair  leaking slow ly f rom a smal l
hole in  t he t yre) ;  air  leaking f rom a valve due t o
a problem w it h  t he valve,  f or  example d ir t  in  t he
valve prevent ing i t  f rom closing proper ly ;  a f au lt y
pressure gauge on the compressor used to inf late
t he t yres,  g iv lng an incor rect  pressure reading.
Wit h  t h is specif ic problem,  perhaps t here w as
a f au lt  w it h  t he compressor  used t o in f lat e t hat
block of  tyres - a dif ferent  compressor to the
one used t o in f lat e t he ot her  b locks -  and t h is
gave t he maint enance t echnician an incor rect
pressure reading w hen in f lat ing t hat  b lock of
t yres.  l t 's un l ikely t hat  a t echnical problem w it h
t he t yres,  such as slow  punct ures or  leaking
valves,  w ould occur  on several  t yres at  t he same
t ime and cause exact ly  t he same loss in  pressure
across al l  t he t vres.

1 1 a
Suggested answers
Repairs are done t o cor rect  t echnical problems
after breakdowns have occurred
Maint enance is done t o prevent  t echnical
problems f rom occur r ing.

broken =  repait  f or  example a bolt t hat  has
broken
clogged =  repair ,  f or  example a f i l t er  t hat  is
complet ely clogged and has caused a t echnical
problem,  or  maint enance i t  is sl ight ly  clogged
and is ready to be replaced
defect ive =  repair, for example a part  that  was
incor rect ly  manufact ured and d id not  w ork
fau lt y  =  1sp3; .  f or  example a sensor  t hat  is
g iv ing incor rect  measurement s
w orn =  maint enance,  f or  example w orn t yres
need t o be reolaced

b
Suggested answers
Sim ilar i t ies:  par t s and f lu ids are replaced on
a p lanned maint enance programme,  par t s are
checked v isual ly  f or  w ear  and damage,  and t hat
t hey are t ight ly  f ixed,  cor rect ly  al igned/ balanced,
et c.
Main  d i f f erence:  st andards in  av iat ion  are m ore
r igorous

1 3 a
' |  

The level is OK.
2 The coolant  is f u l l  of  residue /  b lack.
3 l t  looks reasonable.
4 OK,  t here are no signs ofdamage.
5 This w i l l  need t o be looked at .

b
They' re w ork ing on an indust r ial  machine as
t heir  decision not  t o change t he f i l t er  w ould be
unaccept able in  aircraf t  maint enance.

c
Drain  t he coolant .  Remove t he f i l t er ,  exam ine i t
and clean i t .  Put  t he f i l t er  back in .  Replace t he
coolant .  Adj ust  t he b lades and t ight en t hem.

t4a
A f o r k l i f t  t r u ck  h i t  a  m ach in e u n i t  lPSl5  an d
made a hole in  t he main oanel.  The t echnician
at  t he f act ory looked at  t he machine [ he d id not
open i t  up or  look inside)  and repor t ed t hat  t he
blade al ignment  mechanism w as damaged and
t hat  l iqu id lubr icant  w as leaking f rom t he un it .
There w as also an elect r ical  crackl ing sound
[ presumably caused by ear t h ing/ shor t - cir cu i t ing)
w hen t he machine w as sw it ched on.

b
lsolat e t he elect r ical  supply.  Dismant le t he
ext ernal oanels.  Drain  t he lubr icant .  Check f or
in t ernal damage.  Remove damaged par t s and
replace t hem.  Add lubr icant .  Adj ust  t he b lades.
Put  on t he ext ernal oanels.  Reconnect  t he
elect r ical  supply.  Test  t he machine.

I  Un i t  6
1
Needs analysis ( also cal led requirement
analysis /  gap analysis)  is f ind ing out  w hat  t he
requirement s are f or  a new  proj ect  by looking
at  al l  t he f act ors t hat  are involved and how  t hey
w il l  in t eract .
Budget  =  how  much money is avai lable,  f or
examp| e t he budget  f or  design ing,  bu i | d in€ and
test ing a prototype for a new high-speed t rain
Capacit y  -  how  much somet h ing needs t o
produce or carry, for example how much power
an elect r ical  cir cu i t  must  be able t o car ry
Dimensions =  size.  f or  examole t he d iamet er  of
t he w heels of  a mount ain  b ike
Layout  =  t he overal l  shape of  somet h ing and
t he posit ions of  d i f f erent  par t s relat ive t o one
anot her ,  f or  example t he layout  of  t he main
component s of  a car  engine.
Looks =  w hat  somet h ing looks l ike f rom an
aest het ic poin t  of  v iew  for  example t he look of  a
car in terms of the shape of its bodywork
Performance =  similar to capacity, for example
how much power a generator needs to produce
Regulat ions :  law s and st andards t hat  a design
must  comply w it h ,  f or  example safet y regulat ions
and qual i t y  st andards
Timescale =  how  much t ime is avai lable,  f or
example t he schedule f or  bu i ld ing a new  airpor t

2a
I  capacit y  3 t imescale
2 graphics

b
I  regard
2 t erms
3 concerned

4 as regards
5 regarding

c
I  I n terms of /  As regards /  With regard to /

Concern ing /  Regarding t he d imensions,  w hat
is t he overal l  size of  t he module?

I n terms of /  As regards /  With regard to /
Concern ing /  Regarding t he mat er ials,  w hat  is
the bodywork made or.,
I n terms of /  As regards /  With regard to /
Concern ing /  Regarding t he schedule,  w hen
w il l  t he w ork st ar t ?
I n terms of /  As regards /  With regard to /
Concern ing /  Regarding t he pow er ,  w hat  w i l l
t he maximum out put  need t o be?
I n terms of /  As regards /  With regard to /
Concern ing /  Regarding t he heat  resist ance,
w hat  sor t  of  t emperat ure w i l l  t he pain t  need
t o w it hst and?

6 I n terms of /  As regards /  With regard to /
Concern ing /  Regarding t he t olerance,  w hat
level of  precision do you want  us to work to?

3a
I  Can be var ied considerably
2 Physical but  not  so ext reme t hat  people don ' t

w at ch graphics
3 Best  to t ry out  ef fects in pract ice as it 's

dif f icult  to do in theory

b
I  how  much
2 t he amount
5 calcu lat e/ g ive a quant i t y
4 j udge/ decide
5 measure/ test

c
2 t he degree t o w hich
3 To w hat  ext ent
4 t o w hat  ext ent  /  t he degree t o w hich
5 To w hat  ext ent
6 quant i í y / det erm ine
7 assess

I t 's being carved f rom a b lock of  sandst one.
He's overseeing the logist ics of  the project .
On a st one p l in t h
How  t o st op t he sl ings f rom get t ing
t rapped beneat h t he st at ue,  so t hey can be
w it hdraw n,  af t er  t he st at ue has been low ered
ont o t he p l in t h  by crane

b
dr i l l  =  cu t aho le
horlzontal =  level
bar  =  a long p iece of  met al  w it h  a cir cu lar
sect ion
ver t ical  =  at  90 degrees t o t he ground
l i f t ing eyes -  met al  r ings t hat  hooks can be f ixed
t o f or  l i f t ing
resin =  a type of st rong adhesive
a grab =  mechanical iaw s t hat  gr ip  obj ect s t o
l i f t  t hem
frict ion =  resistance to sliding when two surfaces
are pressed together

6a
I

d

3

c
I Dr i l l  in t o t he sides of  t he st at ue and inser t

hor izont al  bars,  w hich could be used f or
l i f t ing.
Dr i l l  in t o t he t oo of  t he st at ue and inser t
ver t ical  bars w it h  l i f t ing eyes,  set  in t o t he
st one w it h  resin .
Use a grab on t he end of t he crane j ib ,  t o l i f t
the statue by fr ict ion.

I  & 2 are rejected because holes can't  be
dr i l led in t o t he st at ue [ even i f  t hey w ere f i l led
afterwards, they would be seen) .
3 is rejected because the statue is too heavy
and w ide.t Za

2 d
7 j

b
2 d
7 i

3 c  4 a  5 C  6 b
8 e  t h  l 0 i

3 j  4 c
8 a  t h

5 c
l 0 e

6 b

couldn ' t
cou ld
alt ernat ively

about
anot her
don ' t

5
6
7
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7 b
The stonemasons' suggest ion
Use b locks of  ice.  The b locks w ould act  as
temporary spacers between the statue and the
pl in t h ,  t o al low  t he sl ings t o be w it hdraw n,  and
Wou| d t hen melt ,  a| | ow in€ t he st at ue t o si t  dow n
on t he p l in t h .
Pot ent ial  problem l :  Out door  t emperat ures
be| ow  f reezin€ Would prevent  t he ice f rom
melt ing.  Solu t ion:  I n  t h is case,  b low  t orches or
salt  cou ld be used t o melt  i t .
Pot ent ial  problem 2:  Very hot  w eat her  w ould
cause t he ice t o melt  qu ick ly.  Solu t ion:  To
compensat e f or  t h is,  larger  b locks of  ice could
simply be used.

8a
Feasibilita means the possláilita of  doing
something.

9a
I  For  t he bolt s t hat  w i l l  be used t o f ix  t he

beams t o t he w al l
2 Core dr i l led holes are f ormed af t er  t he

concret e w al ls have been cast ,  using a
diamond dr i l l .  Preformed holes are f ormed by
put t ing p last ic t ubes in t o t he w al ls w hi le t he
concret e is being poured.

3 Space around t he bolt s,  in  t he holes,  t o al low
their posit ion to be ad.iusted

4 Posit ion ing t he holes precisely or  t hey w on' t
mat ch w it h  t he beams

5 Time and cost

b
See audioscr ipt  6.5 on page 9l

d
I  The p last ic t ubes are cheap t o buy and qu ick

t o put  in .
2 lt 's slow.
3 Wit h in  20mm
4 Wt h in  l om m
5 That  t hey ' re not  posit ioned accurat ely
6 The t olerance

e
2  p ean u t sO
3 painst aking O
4 per fect lyO
5 st ret ch ing O
6  w ay o
7 border l ine O
8  t a l l O
9 forever 6

' 10  
l eg  6

e
' |  

o  2 0  3 0  4 @  s o  6 6

1 0
su€gested answers
I  A hammer -act ion dr i l l  w ould not  be su it able

for reinforced concrete, as there's no way it
cou ld dr i l l  t hrough t he st eel rein forcing bars.
Also,  t he d iamet er  of  t he holes w ould be t oo
great  t o dr i l l  using an ord inary dr i l l  b i t .  Th is
is def in i t ely  not  a f easib le solu t ion.

2 This could be a f easib le solu t ion.  How ever ,
depending on t he design of  t he ends of  t he
beams, it  might  be dif f icult  to get  access to
the holes af ter the beams were f it ted. lt ' ll be
quit e a painst aking j ob,  as t he beams m ight
cover  t he holes,  making i t  impossib le t o get
cement  in t o t hem.

5 This isn ' t  real ly  f easib le,  as t he posit ions of
t he ho| es m ight  be in  unsuit áb| e posit ions
on the beams, for example very close to the
edges of  p lat es.  Th is w ould not  be accept able
in  t erms of  st ruct ural  st rengt h.  Also,  dr i l l ing
holes t hrough st eel beams on si t e w ould

be very painst aking and t ime consuming
compared w it h  pre-dr i l l ing t hem dur ing
manufact ur ing.

4 This should be f easib le f rom a st ruct ural
poin t  of  v iew ,  but  i t ' l l  cost  an arm  and a leg
due t o t he need for  addit ional st eel columns.
For  t hat  reason,  i t  is not  a f easib le solu t ion.

1 1
Suggested answers
Bet t er  qual i t y  mat er ials,  f or  example making a
tool f rom stainless steel instead of mild steel to
orevent  cor rost on.
Low er  un it  cost ,  f or  example using a single-p iece
component  inst ead of  one t hat  needs t o be
assembled from several Darts. to make it  faster
to oroduce.
Make l i f e easier  f or  user ,  f or  example design ing
a simpler  cont rol  panel t hat 's qu icker  and easier
to use, or maintenance-free components such as
bearings that  don't  need lubricat ing regularly.
Examples of  ot her  poin t s t hat  cou ld be added:
make products funct ion more effect ively, make
t hem safer ,  make t hem last  longer ,  make t hem
more robust  (st ronger) .

t2a
Suggested answers
cables/ connect ions:  lmprove the user interface by
making cables easier  t o connect  and d isconnect ;
reduce environment al  impact  by making cables
only f rom recyclable mat er ials.
case:  lmprove aesthet ics by of fering a range of
colours;  make manufact ur ing easier  by making
t he case f rom a smal ler  number  of  component s.
inldtoner cart r idges:  lmprove the user interface
by making car t r idges easier  t o remove and
replace;  consumables -  make car t r idges b igger
so t hey last  longer  and need t o be replaced less
often.
pape! :  lmprove rel iabi l i t y  by ref in ing mechanisms
to help prevent  paper blockages;  improve output
speed by making the paper f low faster.
powe-r:  Reduce environmental impact  by having
t he pr in t er  sw it ch of f  aut omat ical ly  w hen not  in
use.
software:  lmprove the user interface by making
the software easier to use.

b
I t ems 2 and 7

c
I  No. The exist ing design has proved to be

effect ive. The company doesn't  have the
resources to make fundamental changes to
the product ion process.

2 Once
3 The software has been a maior weakness of

t he exist ing model.
4 Sign if icant ly  -  i t  needs t o be simpler  t o use

d
2 invent  again
3 improve t he det ai ls
4 improve overal l
5  t h in k  ag a in
6 stay ( the same)

e
2 ground up
3 room;  improvement
4 Achi l les heel
5 back;  draw ing board
6 quant um leap
7 scratch

f
b 4  c 5  d 6  e 2 : 7

This is t he oroduct 's Achi l les heel.
There's no poin t  reinvent ing t he w heel.
We started from the ground up with this new
design.
The new  design is a quant um leap.
I  t h ink t here's room for  improvement .

13a
The f i r st  mechanical mouse w as improved by
ref in ing i t s shape:  by adding an addit ional
but t on and a w heel t o t he t op and by revamping
t he w heel mechanism under  t he mouse.  The
mechanism w as redesigned t o use a bal l  inst ead
of  w heels,  al t hough a w heel mechanism w as
st i l l  used inside t he mouse;  as t he bal l  rol led,
i t  caused t he w heels t o t urn.  For  t he opt ical
mouse,  t he designers complet ely ret hought  t he
underside of  t he mouse.  lnst ead of  using a bal l ,
they used opt ical sensors. They also redesigned
the connect ion between the mouse and the
comput er ,  making i t  w ireless inst ead of  having a
w ire.  For  t he t ouchpad,  t he designers w ent  back
to the drawing board and invented a new system
usin€ a sensit ive sur face.

I  Un i t  7
1
Working w it h  machines t hat  have cut t ing w heels
and b lades;  w ork at  a h igh level w here t here's a
r isk of  f al l ing;  w ork in  excavat ions and t unnels
w here t here is a r isk of  col lapse or  dangerous
gases;  lif t ing heavy objects with cranes where
there is a r isk of  falling objects;  processes that
use high-pressure vessels and hoses/ pipes where
t here is a r isk of  explosion;  w ork ing w it h  h igh-
volt age elect r ical  cir cu i t s w here t here is a r isk
of  elect rocut ion;  processes t hat  use f lammable
l iqu ids and gases w here t here is a r isk of  f i re or
exolosion.

2a
Suggested answers
I  hazardous subst ances:  dangerous mat er ials,

for example acid, asbestos;  PPE:  protect ive
clot h ing and accessor ies,  f or  example
protect ive gloves, safety glasses

2 harmfu l;  dangerous t o healt h ,  f or  example
chemicals t hat  cause skin  rashes;  f umes:
vapour or smoke, for example from
liqu id chemicals t hat  evaporat e at  room
t emperat ure;  asohyxiat ion hazards:
danger of  suffocat ion, for example due to
concent rat ions of  carbon d ioxide /  lack of
oxygen

3 f ire/ exolosion hazards:  substances that  could
burn or  explode i f  exposed t o naked f lames
or  sparks,  f or  example pet roleum product s,
but ane/ propane gas,  alcoho

4 guards;  prot ect ive sh ields around dangerous
machine par t s,  f or  example t he guards over
t he t ops of  cir cu lar  saw  blades

5 guardrai ls:  rai ls at  w aist  level t o prevent
people f rom fal l ing,  f or  example along t he
edges of high-level walkways and plat forms;
emersency exits:  doors to allow rapid escape/
evacuat ion, for example f ire exits

6 elect r ical  inst al lat ions:  si t uat ionsinvolv ing
contact  with exoosed elect r ical conductors
such as elect r ical  maint enance or  w ork
operat ions c| ose t o h i€h-voI t a€e cabI es

7 noise hazards:  loud noise t hat  can damage
hear ing,  f or  example loud machines

b
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c
2 e  5 b  4 C 5 f  6 a
7 h  8 c

d
ear  prot ect ion,  g loves,  eye prot ect ion,  mask

e
sug€ested answers
1 This is a conf ined space. You need to test  the

air using a CO2 detector.
2 Th is is a cor rosive subst ance.  You need t o

w ear  g loves and eye prot ect ion,  and a mask
for orotect ion from the fumes.

3 This makes sDarks and is a noise hazard.  You
need to wear eye protect ion, ear protect ion
and g loves.

4 This is a harmfu l subst ance.  You need t o w ear
gloves,  and i f  t here's a r isk of  sp lash ing,  eye
orot ect ion.

3a
Suggested answers
I  An analysis/ predict ion of  t he dangers

involved in  a w ork ing operat ion
2 A safe w ork ing procedure/ met hod
3 Some maint enance w ork,  w hich includes

w eld ing,  is going t o be car r ied out  in  t he
bot t oms of  some large grain  si los ( si lo =

storage tank for solid substances /  powders)
4 Cet t ing inside t he si los
5 See audioscr ipt  7.2 on page 9l

b
I  Risk of  someone fal l ing;  r isk of  gas bot t les

fal l ing on someone
2 COr ;  f umes f rom met al;  dust  ( explosion

hazard)

Access hazards:  externa|  stáircase and
internal ladder for safe access for workers,
low er  bot t les in t o si lo w it h  a rooe and make
sure no w orkers are underneat h in  si lo.
Conf ined space hazards:  use a CO, detector,
use an air ext ractor.
An air  ext ract or  could b low  dust  in t o t he air
and make t he problem w orse.

4
One of the main dangers is f rom pet rol fumes
inside t he t ank,  as t here's a r isk of  explosion
due t o sparks and f lames.  The w orkers w i l l  have
to be careful that  there's no oet rol inside the
t ank.  The pet rol  w i l l  have t o be drained and t he
inside w i l l  need t o be w ashed out  w it h  w at er  and
det ergent .  The opening can t hen be f lame-cut
t hrough t he st eel w al l  of  t he t ank using an oxy-
acet y lene t orch.  PPE required f or  t h is j ob is eye
protect ion (a welding mask) , gloves and heavy
overalls to protect  the worker f rom molten metal.
Al t ernat ively,  t he cut t ing can be done w it h  an
angle-gr inder .  To be safe,  t he w orker  using t he
gr inder  w i l l  need t o w ear  eye prot ect ion,  ear
protect ion, gloves and overalls. When welding
t he new  pipe,  t he w elder  w i l l  need t o w ear  eye
prot ect ion ( a w eld ing mask) ,  g loves and overal ls.
l f  arc w eld ing is used and t here are ot her  people
w orking nearby or  passing by,  screens should
be placed around the welder to protect  other
peoples' eyes from f lashes. When shot -blast ing,
t he main dangers are t o t he eyes,  and f rom noise
and dust .  Screens should be p laced around t he
area and workers should wear eye protect ion,
ear protect ion, dust  masks, gloves and overalls.
Before paint ing, it 's important  to read the
safety documentat ion provided with the paint ,
as PPE may be required -  f or  example,  g loves,
eye protect ion and possibly masks to protect
workers from hazardous fumes. During all the
operat ions,  i f  any w ork is car r ied out  more t han

t w o met res above t he ground,  scaf f old ing should
be orovided w it h  handrai ls.  as t here is a r isk of
f al l ing ( w orkers should not  st and on ladders w hi le
w orking) .  Also,  al l  w orkers should w ear  hardhat s.

5a
I  Maint enance w ork on low -volt age and h igh-

volt age elect r ical  equipment
2 Changing f au lt y  or  w orn-out  elect r ical  par t s,

such as mot ors;  repair ing loose connect s or
damaged w ires

b
Suggested answers
I  A p lace w here a ser ious danger  is present
2 A w r i t t en f orm  giv ing perm ission t o w ork in  a

rest r icted area
5 The person responsib le f or  elect r ical  safet y

for  t he w hole p lant ,  and t he on ly person
aut hor ised t o issue oerm it s t o w ork

4 The procedure of  having a single key t o
sw it chboards,  ensur ing on ly one person has
access t o sw it chgear  at  any g iven t ime

c
I  at  al l  t imes
2 Under  no circumst ances should anvone
3 every single t ime
4 j ust  a single
5 i t 's v i t al

d
I  more 3 less
2 more 4 more

e
2 l t 's crucial / essent ial / v i t al  t o t est  t he circu i t  is

isolat ed.
3 The alarm  should be reset  every single t ime

you start  the system.
4 lt 's crucial/ essent ial/ vital to check that  the

cable is not  damagecl.
5 l t 's crucial / essent ial / v i t al  t hat  you should on ly

st ore non- f lammable mat er ials in  t h is zone.
6 Under  no circumst ances should anyone ent er

t he rest r ict ed area w it hout  oerm ission.
7 Before pressurising the system, every single

connect ion must  be t ight .

6c
Suggested answers
I  l t 's essent ial  t hat  t he crew  obt ain  in format ion

on w eat her  condit ions.  l t 's crucial  t hat  p i lot s
are h igh ly t rained and exper ienced.  l t 's v i t al
t hat  a t ension release mechanism is in  p lace.

2 Under  no circumst ances should ooerat ives
w ork on t he l ine w it hout  w ear ing hot  su i t s
and eye prot ect ion.  l t 's v i t al  t hat  t he crew  are
h igh ly t rained.

5 The cables and p lat f orm  must  be checked
every single t ime t hey are used.  l t 's v i t al  t hat
t w in-engine hel icopt ers are used and t hese
must  be maint ained t o t he h ighest  st andard
at  al l  t imes.

Í
Before start ing work, it 's vital to isolate the
circu i t  at  t he sw it chboard.  Then,  cir cu i t s should
be systemat ically tested to be I  00o/ o sure that
t here's no cur rent .  Dur ing w ork,  i t 's essent ial
t o t ight en connect ions f u l ly .  And i t 's crucial  t o
ensure t hat  no insu lat ion is damaged.  To f in ish,
al l  t he w ires should be checked -  under  no
circumst ances should t here be any loose w ires.
Then t he circu i t  should be syst emat ical ly  t est ed.

7d
I  Col l isions w it h  t he l ine are a hazard,  so

i t 's essent ial  t o have det ai led w eat her
in format ion,  especial ly  w ind d irect ion and
soeed.  l t 's essent ial  t hat  t he cable has a
tension release system in case of snagging.

2 The engineers w ear  hot  su i t s t hat  channel
t he elect r ici t y  and have a f i reproof  l in ing t o
prot ect  against  heat .

3 on| y t w in-en€ine hel icopt ers are used
and t hey are f u l ly  maint ained t o aviat ion
regulat ions.

8
Regulat ions are law s;  t hey are compulsory.  For
example,  i f  companies breach ( break)  safet y
regulat ions,  t hey can be f ined ( g iven f inancial
penalt ies)  and,  in  ser ious cases,  managers w ho
are responsib le f or  breaches of  regulat ions can
be €iven pr ison sent ences.  St andards,  such as
qual i t y  and design st andards,  are somet imes
compulsory,  f or  example t he design and
manufacture of  motorcycle helmets or car tyres.
Somet imes,  how ever ,  t hey are opt ional,  f or
example I SO qual i t y  assurance.

9a
Suggested answers
Risk of  f i re/ explosion -  no smoking,  t he provlsion
of  f i re- f ight ing equipment  and t rain ing.  Danger  of
people f al l ing f rom t al l  st ruct ures and I n t o w at er
-  handrai ls required t o g ive edge prot ect ion and
l i f e. iacket s need t o be w orn in  cer t ain  si t uat ions.
Risk of  sk in  i r r i t at ions f rom pet roleum product s
-  g loves and overal ls required.  Risk of  air  crashes
as hel icopt ers land and t ake of f  f rom plat f orms
-  special  t rain ing required f or  p i lot s and special
precaut ions needed for safe operat ion of
hel idecks.

b
I  Specif ic safety regulat ions
2 Compulsory personal prot ect ive equipment ;

proh ib i t ed act iv i t ies,  such as smoking
3 That  t he obl igat ions are legal requirement s

6 legislat ion
7 cont ravene
8 comply w it h

c
I

d
2
3
4
5
6
7

c

3

5

b
I

2

3

h

c
o
e

compursory
prohib i t ed
requirement s
st ipu lat ed

perm it t ed
comply w it h
st ipu lat ed
cont ravene
legislat ion;  requirement s;  obl igat ions
compursory

10a
2 st ipu lat ed 5 comply w it h
3 compulsory 6 requirement s
4 legislat ion 7 obl igat ions

to give the ground crew access to all parts of
t he hel icopt er
t o avoid r isk of  col l isions dur ing t akeof f /
l an d in g
t o avoid r isk of  col l isions dur ing t akeof f /
l an d in g

4 to t ie down parked helicopters

t 2
I  Safet y w arn ings,  operat ing precaut ions f or

machines and maint enance inst ruct ions on
machines

2 Effect ive not ices and inst ruct ions are as
shor t  as possib le,  use clear  language,  and
emphasise impor t ant  poin t s,  f or  example
dangers.

1 3 a
Could do bot h
Could damage t he machine
Could in j ure w orkers
Could damage t he machine
Could do bot h
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b
I  danger
2 impor t ant

14a
I  Because i t  cont ains elect r ical  eouiDment  and

could cause elect rocut ion
2 A carbon d ioxide ext inguisher ;  carbon

dioxide gas does not  conduct  elect r ici t y
3 They are f or  l i f t ing t he machine.
4 The machine could be damaged by t he l i f t ing

force,  and i f  l i f t ed f rom anchor  poin t s t hat  are
not  secure,  cou ld obviously be dropped f rom
a height  as a resu lt .

5 Because i t  cou ld descend,  and in j ure t he
person cleaning t he machine

6 There may be sharp met al  of f - cut s below  t he
blade w hich could cut  t he person cleaning
t he machine.  S/ he needs t o w ear  sloves.

b
I  sp:  act ive (You should do it )

wr:  passive ( lt  should be done)
2 sp:  cont ract ions (shouldn't , it 's)

Wr:  Word pairs Writ ten in Í u| |  (should not , it  is)
5 l f  ( sp)  :  in t heevent of  ( w r ) ; because( sp)  =

os (wr) ;  so (sp)  :  therefore (wr) ;  can/ could
[ sp)  =  moU [ wr]

1 5 a
Suggested answers
Objects should not be placed in front of the
air inlet. The inlet grille should be kept free
from obstructions. and should be cleoned
regularlg. ln the event of damage to the inlet
grille, the blower must be stopped immediatelA.
Serious harm mag be caused bA foreign bodies
entering the duct , os the unit  contoins precision-
engineered parts revolving at  speed, and is
therefore highlA susceptible to damoge.
Before starting the blower, it is important to
ensure that  the externol vents at  the end of
the air-intake duct ore open. When opening
the vents, the adjusting handle should be fullg
extended. When closing the vents, the handle
should be turned and allowed to return under
the force of the spring. The handle should
not be pushed, as this mag strain the spring
mechanism, and therefore result in damage.

I  Un i t  8
7
An aut omat ed syst em can f unct ion
aut onomously,  w it hout  human cont rol .  A manual
syst em requires human cont rol .  A Bui ld ing
Management  Syst em is a cent ral ised comput er
syst em t hat  monit ors and cont rols a Wide ran€e
of  f unct ions in  a large bu i ld ing,  such as t he l ight s,
heat ing,  air - condit ion ing,  smoke det ect ors,  f i re
alarms,  l i f t s and secur i t y  syst ems.

2a
I  l t 's a very green/ environment al ly  or ient at ed

company.
2 Energy saving w i l l  be an impor t ant

considerat ion in  t he design.
3 Sensors t hat  det ect  t he presence of  people
4 He w ant s t o present  t w o d i f f erent  design

opt ions t o t he cl ient .  He descr ibes opt ion one
as a building with maximum automat ion.

b
1 , /  2 , /  3 x  4 , /

c
2 reading
3 regulat e

4 det ect ;  p ick up
5 set  of f ;  t r igger

d
2 cont rol
3 senses
4 reading

5 det ect s;  t r iggers
6 set  of f
7 regulat e

e
Suggested answers
' |  

Presence det ect ors oick uo movement  and
can act ivat e l ight  sw it ches.

2 Smoke det ect ors sense smoke and t r igger
f i re alarms.

3 Thermost at s can regulat e room t emperat ure
by cont rol l ing elect r ic convect or  heat ers.

4 Pressure p lat es can det ect  t he w eight  of  a
person and set  of f  in t ruder  alarms.

3 a
I  That  t he green at t i t ude is shared by al l  t he

staf f , so they would take care to switch of f
l ight s et c.  and so t here is no need t o cont rol
everyt h ing aut omat ical ly

2 lnst ead of  aut omat ing everyt h ing,  t hey w ould
have old- f ash ioned manual cont rols.

5 The advant age of  operat ing t he l ight s,  et c.
manual ly  is t hat  t here's no need t o supply al l
t he aut omat ed cont rols w it h  elect r ici t y .  The
money saved by not  having t o buy al l  t he
h i- t ech gadget s could be spent  on p lant ing
t rees,  f or  example.

4
Suggested answers
A t hermost at  measures and cont rols t he
w at er  t emoerat ure in  a boi ler .  and t here is
also somet imes a pressure sensor  f or  safet y.
A t hermost at  measures and cont rols room
t emperat ure in  a heat ing syst em.  A ref r igerat or
also has a t hermost at  t o monit or  and cont rol
t he t emperat ure and a l ight  t hat  is act ivat ed
by t he door  opening.  Washing machines have
t hermost at s t o cont rol  t he t emperat ure of  t he
w at er  inside t he machine.  The t ime of  t he w ash
cycle is also cont rol led.  The act ion of  t he drum is
l inked t o a safet y device t hat  prevent s t he door
f r om  b e in g  op en ed  Wh i | e  t h e d r u m  i s sp in n in €'

5a
1 e  2 b  3 a  4 d  5 c

b
I  pressure measurement ,  f or  example

monit or ing t he pressure of  air  inside a
comoressed air  hose

2 t emperat ure measurement ,  f or  example
measur ing t he t emperat ure of  w at er  in  a
boi ler

3 f low  for  example monit or ing t he amount  of
f u e l  f l ow in g  a lon g  a  f u e l  p ip e i n  an  en g in e

4 level measurement ,  f or  example monit or ing
t he level of  f uel  in  a f uel t anf .

5 process recorders,  f or  example monit or ing
t he rej ect ed ( broken)  i t ems in  a product ion
process

6a
a A b lockage in  a p ipe causing a bu i ld-up of

Dressure
b A safet y valve and a w arn ing syst em

t r iggered by a pressure d i f f erent ial
c A syst em for  monit or ing gas consumpt ion
d Cumulat ive consumpt ion.  t he rat e of

consumpt ion at  d i f f erent  poin t s in  t ime,  and
t he f requency of  peaks in  consumpt ion

e A t imescale
f  An exot herm ic react ion
g The t emperat ure of  gas at  t he input  poin t ,

and at  t he out out  ooin t
h  The opt imum input  t emperat ure f or  t he gas

consumpt ion 7 f requency
cu m u lat i v e  8  i n p u t
rat e 9 out put
t im esca le  l 0  op t im u m
cycle

7a
Suggested answers
We need a met er / sensor  t o measure:  t he rat e
of  f low  of  w at er  at  t he input  poin t ;  t he w at er
t emperat ure at  t he input  poin t ;  t he rat e of  f low
of  gas at  t he input  poin t ;  t he t emperat ure of
t he gas burner ;  t he w at er  t emperat ure inside
t he vessel;  t he level of  w at er  inside t he vessel;
t he st eam pressure inside t he vessel;  t he st eam
t emperat ure inside t he vessel;  t he st eam
t emperat ure at  t he out put  poin t ;  t he st eam
pressure at  t he out put  poin t ;  and rat e of  f low  of
st eam at  t he out put  poin t .

b
Suggested answers
The cumulat ive consumpt ion of  w at er  and gas;
t he cumulat ive out put  of  st eam;  t he peak rat es
of  consumpt ion f or  w at er  and gas;  peak st eam
out put ;  t he f requency of  gas use /  f i r ing of  t he
burner ;  t he d i f f erent ial  bet w een w at er  input
t emperat ure and w at er  t emperat ure inslde t he
vessel;  t he d i f f erent ial  bet w een st eam pressure
inside t he vessel and in  t he out put  p ipe;  t he
dif f erent ial  bet w een st eam t emperat ure inslde
t he vessel and in  t he out put  p ipe.

8a
See audioscr ipt  8.5 on page 92

b
1 t emperat ure
2 l ight  levels
3 day of  t he w eek
4 mealt imes
5 commercial  breaks on TV

c
I  increase
2 increases;  decreases
3 r ise
4 r ises
5 f al ls
6 r ise;  f al l

d
I  Because maximum capacit y  is equivalent

t o peak demand,  t here is sign if icant  spare
capacit y  dur ing of f -peak per iods.

2 Being able t o generat e pow er  dur ing of f -peak
per iods and st ore i t  f or  peak per iods

3 Because elect r ical  charge is ext remely
dif f icu l t  t o st ore in  large amount s.

c

3
4
5
o

e
z É

I Í

3 d
8 e

6 h5 b4 a

5 c  6 d
l 0  e

b
2 C  3 a
t f  8 j

Í
Suggested answer
There is a band of  f luct uat ion bet w een
approximat ely 2,700 and 5,000 Megaw at t s.
Peak demand occurs each day at  about  8.00
pm,  w hen t here is a very br ief  b l ip .  The graph
show s a t rough each n ight ,  w hen demand fal ls
sign if icant ly .  At  t he w eekend,  t he range of
f luct uat ion is smal ler  t han i t  is dur ing t he w eek.
Fluct uat ions in  demand are cont inual -  t here are
no ooin t s w here demand remains at  t he same ,
level cont inuously f or  a long per iod of  t ime.

9a
2 peak demand
5 cont inual
4  b l l p s

5 f luct uat ions
6 range

4 t

9 b

I
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b
I

3

Operat ing on a start -run-stop-wait  basis
Moment ary b l ips in  demand
Frequency of the AC (alternat ing current )
supply
A sl ight  drop in  f requency indicat es t hat
power stat ions are working at  full capacity.
St ar t -up of  appl iances is delayed sl ight ly  by
hold ing t he appl iance on st andby

10a
I  Demand for  elect r ici t y  f luct uat es,  and

pow er  st at ions need t o be able t o cope w it h
peak demand ( at  t he t op of  t he range of
f luct uat ion) .  The problem is t hat  t he peak
only last s f or  a very br ief  per iod each day,
meaning t hat  pow er  st at ions have a lot  of
generat ing capacit y  w hich,  most  of  t he t ime,
is not  used.  Therefore,  elect r ic companies t ry
t o smoot h demand -  using spare capacit y
dur ing demand t roughs [ at  n ight )  t o st ore up
energy,  w hich is t hen used t he next  day w hen
demand peaks.

1 1 a
I  A senior  manager
2 A review  of  t he company's organisat ion and

faci l i t ies
3 Opt im ising ef t iciency /  t he use of  engineers'

sk i l ls

b
I  c  2 b  3 a

sized prototypes. The main disadvantage
is t hat  t heir  behaviour  dur ing t est s cannot
perfect ly simulate that  of  a fulFsize
prototype.

3 The main advant age of  t h is approach is
t hat  t est s are t ot al ly  real ist ic.  The main
disadvantage is that  full-scale prototypes can
be expensive t o bu i ld  and t est .

2a
Comput at ional Flu id Dynamics ( CFD)  is comput er
sof t w are used t o assist  in  aerodynamic design.  l t
models t he f low  of  air  over  sur faces,  such as car
bodyw ork or  t he f uselage and w ings of  aircraf t .
Vir t ual t est ing w it h  CFD sof t w are is t yp ical ly
done in  t he ear ly  st ages of  t he design process.
Wnd t unnels equipped w it h  rol l ing roads al low
reduced-scale models of  veh icles or  f u l l - size
vehicles t o be t est ed.  Air  is b low n t hrough t he
tunnel by powerful fans to create airf lows of
d i f f erent  veloci t ies w hich simulat e t he vehicle
t ravelling at  dif ferent  speeds. The airf low over
t he sur faces of  t he vehicle is h igh l ight ed w it h
st reams of  smoke,  so t hat  i t  can be analysed.
A ro| | in€ road is ef f ect ive| y a conveyor  be| t
w hich moves beneat h t he st at ionary vehicle
at  t he same speed as t he air f low ,  making t he
w heels t urn.  Th is al low s engineers t o analyse
t he ef f ect s of  t he spinn ing w heels on t he air f low .
Field t est ing refers t o t est ing in  real condit ions.
For  aerodynamic t est ing of  a vehicle,  t h is m ight
involve dr iv ing t he vehicle at  d i f f erent  speeds on
a circu i t  or  runw ay.

b
I  Using a scale model or  a f u l l - size mock-up
2 To simulat e t he t urbu lence caused by w heels

w hen t hey ' re spinn ing
3 Whet her  or  not  t he w heels are most ly

enclosed by the bodywork
4 They are not  a hundred percent  rel iab le;  t he

dat a needs t o be val idat ed by f u l l - scale t est s
in  real condit ions.

5 Changeable w eat her  makes i t  d i f f icu l t  t o do
back-to-back test ing

t est s can t hen be car r ied out  on t he cont ainer
and deformable st ruct ure by simulat ing t h is
know n landing speed.  I n i t ial ly  t here w i l l  be no
need t o use t he parachut e.  as t he cont ainer  can
be allowed to freefall f rom the crane - the droD
height  being set  so t hat  t he ver t ical  landing
speed is t he same as t hat  reached w it h  a
parachut e.  ln i t ial ly ,  reduced-scale,  f or  example
half - size,  mock-ups could be t est ed.  Then fu l l -
scale t est s can be car r ied out .  The cont ainer
design can t hen be t est ed w it h  t he parachut e
by dropping i t  f rom t he crane.  Th is w i l l  help t o
simulat e t he ef f ect s of  t he w ind b low ing t he
parachut e and cont ainer ,  t hus generat ing a
hor izont al  [ as w el l  as ver t ical)  landing speed.
Final ly ,  f or  t he acid t est ,  real l i f e t r ial  runs can be
car r ied out  usin€ an aircraf t  t o Va| idat e t he t est s.

4a
Suggested answers
I  Humanit ar ian aid,  f or  example f ood and

medicine,  and m il i t ary equipment  are of t en
airdropped,  as t hey f requent ly  need t o be
del ivered t o remot e locat ions w it h  l im it ed
t ranspor t  l inks.

2 The main advant age is t hat  p lanes do not
need to land and take off  again to drop
of f  cargo,  saving t ime and f uel.  The main
disadvantage is the dif f iculty of  protect ing
cargo from impact  damage.

b
I  decrease -  As long as t he cont ainer  remains

in  t he air ,  i t s airspeed ( i t s speed relat ive t o
t he moving air  in  t he at mosphere)  w i l l  keep
decreasing unt i l  i t  has an airspeed of  zero
-  unt i l  i t  is t ravel l ing at  t he same speed and
in t he same direct ion as t he w ind.  Therefore,
i f  t here is a cer t ain  amount  of  w ind,  t he
cont ainer  w i l l  have a degree of  groundspeed
( hor izont al  speed relat ive t o t he ground) ,  as
i t  moves w it h  t he w ind.  l f  t he aircraf t  is f ly ing
in t o t he w ind ( in  t he opposit e d irect ion t o t he
Wind)  When i t  drops t he cont áiner ,  and i f  t he
cont ainer  remains in  t he air  long enough,  t he
cont ainer  w i l l  slow  dow n unt i l  i t  moment ar i ly
has a groundspeed of zero. However, if  it
remains in  t he air  beyond t h is poin t ,  i t s
groundspeed w i l l  t hen begin t o increase
again in  t he opposit e d irect ion t o t he aircraf t ,
as i t  is b low n backw ards by t he w ind.

2 h igher  -  The cont ainer 's ver t ical  speed w i l l
keep increasing unt i l ,  i f  i t  remains in  t he air
long enough, it  reaches terminal velocit |
-  t he poin t  at  w hich aerodynamic drag [ air
resistance)  prevents it  f rom t ravelling any
faster.

3 and 4 This w i l l  depend on t he shape of  t he
cont ainer  and t he d ist r ibut ion of  w eight
w i t h in  i t .

c
They agree on the f irst  two points (horizontal
speed decreases and ver t ical  speed increases) .
They d isagree on t he last  t w o poin t s ( w hich
impact  is w orse,  and w hat  w i l l  happen on t he
ground w it h  a very low -alt i t ude drop) .

5a
I  t heoret ical ly  4 presumably
2 assuming 5 arguably
3 surely

b
I  Presumably 4 Arguably
2 Assuming 5 Surely
3 Theoret ical ly

c'|
2
3

d
2
3

5
6

b
I

5

4
5

c

3
4
c

6
7
I

A:  50o/ o B:  50o/ o
A: 7 Oo / o  B: 3 Oo / o
A:  l0o/ o B:  90o/ o

of f  the top of  my head
pret t y  m uch
now nere near
rough ly  /  som ew here in  t he reg ion  of
r ough ly  /  som ew here in  t he reg ion  of

12a
I T
2 T
3 F - they print  very few copies

mocK-up
val idat e
acid t est ;  t r ied-and- t est ed;  t r ial  run
back- t o-back t est ing;  in  t he f ield

t r ied-and-tested
in  t he f ield
v ir t ual
t he acid t est
back- t o-back t est ing

g val idat e
h t r ial  run

e
2 e  4 d  6 a  8 b  l o c

3
First ,  t est ing of  t he parachut e could be done
using a w eieht  t o simulat e t he mass of  t he
cont ainer .  The Wei€ht  shou| d be so| id  and
unbreakable,  f or  example a b lock of  st eel,  t o
allow several parachute systems to be tested
back- t o-back w it hout  dest roying t he cont ainer
each t ime.  For  t est s,  t he w eight  and parachut e
could be dropped from a raised plat form
at t ached t o a crane.  I n i t ial ly ,  t he aim  of  t hese
t est s w i l l  be t o develop a parachut e syst em t hat
w i l l  slow  t he cont ainer 's f al l  as much as oossib le
t o m in im ise t he ver t ical  landing speed.  Once
t he parachut e syst em has been developed,  and
t he ver t ical  landing speed has been det erm ined,

roughly
w el l  over
a good
t he vast  maior i t y
next  t o not h ing

Pret ty much
Now here near
Roughly /  somew here in  t he region of
Well over
Next  t o not h ing
Rough| y /  somew here in  t he region oÍ
the vast  majority

c
2
3

5

d
b
c
d
e
f

I  Un i t  9
1
Suggested answers
I  Using sof t w are t o simulat e real- l i f e si t uat ions.

The main advant age of  t h is t echnique is t hat
test ing is of ten faster and easier to undertake
compared w it h  real- l i f e t est ing.  Var iables
can also be changed easi ly .  The main
disadvant age is t he low er  degree of  real ism .

2 Test ingsmall  modelsof  designs.  The main
advant age of  t h is approach is t hat  models
are qu icker  and cheaper  t o bu i ld  t han f u l l -
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c
Agree:  Sure;  Absolutely;  True;  Of course
Other phrases;  I  totally/ completely agree
Disagree:  I 'm  not  so sure . . . ;  I 'm  not  convinced;
Not  necessar i ly
Ot her  phrases:  I 'm  not  sure I  agree;  I  d isagree;
I  t ot al ly  d isagree

d
Suggested answers
I  An aircraf t s groundspeed is i t s speed relat ive

to the ground. lts airspeed is the speed it
passes t hrough t he air .  Because of  t he w ind,
t he air  is usual ly  moving.  Therefore,  i f  an
aircraf t  is f ly ing in t o t he w ind,  i t s airspeed
w il l  be h igher  t han i t s groundspeed.  l f  i t  has
t he w ind behind i t ,  i t s airsoeed w i l l  be low er
t han i t s groundspeed.

2 Zero
3 The aircraf t  would need to f ly into the

w ind,  and t he w ind soeed w ould need t o be
very h igh,  h igher  t han t he m in imum speed
required for the aircraf t  to f ly.

4 l t  should f ly  in t o t he w ind so t hat  t he w ind
helps t he cont ainer  t o slow  dow n.

5 Provided t he aircraf t  f l ies in t o t he w ind,
h igher  w ind speed w i l l  resu lt  in  t he cont ainer
having a low er  groundspeed on landing.
However, above a certain wind speed, the
cont ainer  w i l l  reach zero groundspeed,  t hen
start  to t ravel in the opposite direct ion.
Beyond t h is poin t ,  even h igher  w ind speeds
w il l  resu lt  in  a h igher  groundspeed in  t he
opposit e d irect ion.

6b
Suggested answers
I  The cont ainer  could be f lat  w it h  a low  cent re

of  gravi t y  so t hat  i t  s| ides alon€ t he ground,
or  perhaps spher ical  w it h  a deformable
protect ive st ructure which allows it  to roll
along t he ground.

2 The cont ainer  could be t al l ,  f or  example a
cylinder shape, with a deformable protect ive
st ructure at  its base to absorb the vert ical
impact .

7a
Expect at ions are w hat  you predict ,  f or  example
how  you t h ink a vehicle prot ot ype w i l l  behave
w hen i t 's t est ed in  a w ind t unnel.  Result s are
w hat  act ual ly  happens,  f or  example how  t he
prot ot ype act ual ly  behaves in  t he w ind t unnel,
based on the completed test .

b
Trial and error means test ing ideas to see what
happens.  The expression impl ies t hat  t he t est ing
process is not  very scient if ic, and is simply based
on guesswork.
Unfamiliar terr itorU means an unknown subiect ,
an area w here someone lacks exoer ience.
On o steep learning curve means learning
rapid| y,  of t en as a resu| t  of  bein€ put  in  an
unfam il iar  si t uat ion w it hout  t he necessarv
know ledge or  exper ience.

c
See audioscr ipt  9.3 on pages 93 and 94

8a
I  Half  f u l l .
2 The opening in  t he bot t le w as j ust  sl ight ly

bigger than the f it t ing at  the end of the
pump, so there was quite a good seal.

3 Ouite powerful, more powerful than expected
4 The bot t le t umbled over  in  t he air  -  i t

w ouldn ' t  f ly  st raight .

t houghUpredict ed
didn't  expect / predict
i t  w as much bet t er  t han w e had hooed

See audioscr ipt  9.4 on page 94

b
They put  a p last ic beaker ,  w it h  w at er  inside i t ,
onto the top of the bot t le which made it  f ront -
heavv and increased i t s iner t ia.

according t o p lan
a t reat

10b
See audioscr ipt  9.5 on page 94

I  Un i t  10
1 a
Suggested answers
I  They use t he k inet ic energy,  movement  of  t he

wind, to generate elect r icity.
2 Advantage:  They use a renewable, non-

pol lu t ing energy source t hat  is readi ly
avai lable.
Disadvantages:  The wind is not  constant , so
w ind t urb ines cannot  f unct ion al l  t he t ime.
They also have a maior  v isual impact  due t o
their height  and size, and are relat ively noisy.

3 Locat ions exposed t o t he w ind,  such as h igh
ground, f lat  areas and coastal areas

b
Suggested answers
The b lades t urn due t o t he air  f low  generat ed
by t he w ind.  To f unct ion,  t hey need t o have
a special ly  designed aerodynamic prof i le.
They must  also be st if f , to avoid f lexing and
consequent ly  h i t t ing t he t ow er ,  and relat ively
l ight  t o al low  t hem t o t urn easi ly .
The tower must  be rigid, to resist  the bending
force generated by the pressure of  the wind. lt
must  also have a relat ively narrow prof ile, to
m in im ise t he aerodynamic ef f ect  i t  has on t he
blades.  When a b lade is in  t he low  posit ion,
aligned with the tower, the pressure of  the wind
on t he b lade is reduced,  reducing ef f ect iveness,
and causing t orsion in  t he t urb ine due t o
dif f erent ial  pressure on t he h igher  and low er
blades.
The t urb ine generat es elect r ici t y  f rom t he act ion
of spinning. To funct ion ef fect ively, it  needs to
m in im ise f r ict ion.  l t  must  also resist  t he severe
w eat her  w hich is common in  t he areas w here
w ind t urb ines are locat ed.

2a
I  The tower
2 Corrosion due to the presence of saltwater
3 Steel and reinforced concrete
4 Because in reinforced-concrete coastal

defences, the steel reinforcement  is of ten
exposed,  due t o erosion,  and rust s as a resu lt

5 That  j ust  because an inst al lat ion requires
regular  maint enance,  t hat  doesn ' t  necessar i ly
mean i t 's unrel iable

6 A comoarison of the dif ference between the
const ruct ion cost  of  a reinforced concrete
tower and the cost  of  repaint ing a steel tower
over the period of a concrete tower's lifespan

2 e 4 a

b
I

3

9a

C

3

7 2

c
I

2

5 inadequat e
6 pract ical

Suggested answeE
I  Possible causes:  the tyre is inadequately

in f lat ed or  punct ured
Possible ef fects:  the tyre could blow out
(explode)  /  the tyre will wear rapidly /  become
damaged.

2 Possib le causes:  a surge in  t he pow er  supply,
t oo much pow er  being demanded,  a shor t
cir cu i t
Possib le ef f ect :  a cir cu i t  breaker  being
t riggered, overheat ing and damage to
conduct ors and component s

3 Posslb le cause:  t here is inadequat e pain t
cover to protect  the hull
Possible ef fect :  the hull will degrade rapidly /
cou ld f ai l

1 3 a
A m ist ake w it h  a ch icken gun has made clever ,
t echnical people look l ike f ools.

To f ire dead chickens in order to test  aircraf t
engines and w indshlelds f or  t heir  resist ance
to bird st r ikes
Because i t  w as a h igh-speed t rain  and b ird
st r lkes w ere a pot ent ial  danger
The ch icken broke t hrough bot h t he
w indshield and t he back of  t he dr iver 's
comoar t ment .

c
They used a frozen chicken.

d
2 because of;  due to;  owing to
3 result  of
4 because of
5 caused
6 consequent ly

e
.|  

because of /  due to /  owin€ to
2 caused;  consequent ly
3 because of /  due to /  owing to:  resulted in;

consequent ly

14a
See audioscr ipt  9.6 on page 94

pract rce
more
tess

b
I

3

5 f3 c
b
l b
6 d

c
2

4
5

inappropr iat e 6
inconsist ent  7
uneconomical 8
ineffect ive 9

d
See audioscr ipt  10.  I

3 a
2 su it able 5
3 effect ive 6
4 inconsist ent  7

inef f icient
unrel iable
insuf f icient
unsuit able

on page 94

inef f icient
insuf f icienUinadequat e
unrel iable

I
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I

d

3
4
5
6

b
Suggested answers
l  Wind t urb ines are ext reme| y eí f icient .  They

use a free, renewable source of energy.
They' re also ext remely rel iab le,  requir ing very
l i t t le maint enance.
Clear ly ,  w ind t urb ines need w ind t o
funct ion ef f ect ively but  w ind condit ions are
inconsist ent .  For  t h is reason,  a w ind t urb ine
is a supplement ary source of  energy.  l t  w i l l
st ill be necessary to have a permanent  supply
of elect r icity. However, in suitable locat ions,
wind turbines can work ef fect ively for a
signif icant  percentage of t ime.
The most  su i t able si t es are exposed
locat ions. Sites located on the toos of hills.
on t he w indw ard slopes of  h i l ls,  near  t he
coast ,  or  on f lat ,  open land are t he most
su it able.
To work ef fect ively, wind turbines should
be located away from features that  can
obst ruct  t he w ind,  such as bu i ld ings or  t rees.
Obst ruct ions can have a negat ive ef fect  if
t hey are locat ed in  f ront  of  t he t urb ine,  and
also i f  t hey are relat ively close behind i t .

4b
See audioscr ipt  10.2 on page 94

c
She doesn't  ment ion cent rifugal force.

than out -of-town airoorts. Planes also tend to be
delayed more often than t rains, due to air t raf t ic
congest ion at  airports. Large aircraf t  cannot  take
of f  and land immediat ely af t er  one anot her  due
to the need for separat ion distances for safety,
and t o al low  air  t urbu lence t ime t o clear  along
the runway after each takeoff  and landing. Also,
checking in  f or  f l ight s t akes longer  t han boarding
t rains. For these reasons, overall iourney t imes
on h igh-speed t rains can be as shor t  as,  or
shorter than those on olanes over distances of
500  k m  t o  I , 500  k m .

b
I  Speed,  convenience,  ef f iclency and

environment al- f r iendl iness
2 To f ind the best  way of t ransport ing people
3 That  h igh-speed elect r ic t rains are t he most

eff icient  solut ion

c
I  cr i t er ion
2 factor
3 var iable

6a
Most  TCVS reach 300 km/ h. Newer models run
at  320 km/ h on cer t ain  t racks.  Most  t rains are
approximat ely 200 met res long.

b
See audioscr ipt  lO.3 on page 94

c
I  lt  was modif ied to a certain extent  but , with

a few except ions, was essent ially an ordinary
TCV

2 100 met res
3 To make i t  sl ight ly  more aerodynamic
4 To reduce t he speed of  revolu t ion,  t o l im it

f r ict ion and cent r i f ugal f orce

d
2 - 50o/o
3 - 15o/ o
4 +  lgoh
5 +  680/ o

cer t ain  5 marginal ly
sign if icant ly  6 subst ant ial ly
sl ight ly  more 7 considerable

Í
su€gested answers
I  The supply vol t age in  t he cat enary cables had

to be increased by a considerable amount .
2 To l im it  osci l lat ion,  t he t ension of  t he

catenary cables was substant ially increased.
3 The camber of  the t rack was increased

marginal ly  on some curves.
4 The previous record was beaten by a huge

margin .
5 I n perfect  condit ions, the TCV could probably

have gone slight ly faster.

8a
See audioscr ipt  10.4 on page 95

c
1  1 . 0 r  5
2 3
3 2 0
4  1 . 2
5 4 6

e
2 cope with;  withstand
3 exceed:  suroass
4 intended for
5 able to;  capable of
5 incapable of ;  unable t o

f
2 caoable 6 unable
3 able 7 incapable
4 withstand 8 exceeded
5 subjected to

9a
Key informat ion and quest ions
The supersonic rocket  sled r ide for tourists is to
be located the Aust ralian desert . lt  is to carry a
pilot  and two passengers. lt  must  avoid ext remes
of C force under accelerat ion and decelerat ion
( max 2 G) .  Max t rack lengt h l6 km.  ls i t  f easib le
t o have j ust  l0 km of  t rack? ls t hat  enough
safety margin? ls the sled to have steel skids or
w heels? Propulsion w i l l  be by rocket  or  j et  engine
( bein€ | ooked in t o by someone e| se) .  Braking
system - not  a water brake, as there is too much
C force;  possibly a fr ict ion system (against  rails) ,
an aerodynamic syst em ( f laps or  parachut es) ,
reverse engine t hrust  syst em or  a combinat ion
of these.

bé nding
torsion/ torque
expansion
pressure
t ension

7 shear
I  f r ict ion
9 cont ract ion

l0 cent rifugal force

e
2 oressure
3 bending
4 compression:  t ension
5 shear
6 fr ict ion
7 torsion ( torque)
I  expansion;  cont ract ion

f
Suggested answers
When t here is no w ind,  t he columns and legs
are all sub.iected to compression. The legs are
also subjected to bending forces. The beam
is subjected to a vert ical bending force. The
insu lat ors are in  t ension.  The f oundat ions are
in comoression. There are also shear forces
between the legs and the foundat ions.
When t he w ind is b low ing f rom direct ion l ,  t he
beam is subjected to a horizontal bending force
from the wind. Both columns are also subiected
t o bending.  Legs I  and 2 are in  t ension as
a resu lt  of  t he w ind.  Legs 3 and 4 are in
compressron.
When t he w ind is b low ing f rom direct ion 2,
both columns and legs are subjected to bending
by t he w ind.  Legs 1 and 3 and column I  are
pr imar i ly  in  t ension as a resu lt  of  t he w ind.  Legs
2 and 4,  and column 2 are in  compression.

5a
Suggested answers
Planes t ravel much faster than high-speed t rains.
The fastest  high-speed t rains can t ravel at  just
over 300 km/ h. Commercial aircraf t  f lying at  an
alt itude of around 30,000 feet  can t ravel with
a groundspeed of around 800 km/ h. Therefore,
on board t r ips are typically faster on planes.
However, rail networks generally link city cent res,
which are of ten more convenient  dest inat ions

e

3
4

Answer key to7
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