BTEC Level 3 endorsed by
Building Better Results, edexcel

Simon Clarke
David Wyatt
Brian Crossland

Editor: Mike Deacon

DYNAMIC

. HODDER
LEARNING ‘7 EDUCATION

m——ww—iee o o oo T




BTEC Level 3 National in

Engineering



Orders: please contact Bookpoint Ltd, 130 Milton Park, Abingdon, Oxon OX14 4SB. Telephone: +44 (0)1235 827720. Fax: +44
(0)1235 400454. Lines are open from 9.00 a.m. to 5.00 p.m., Monday to Saturday, with a 24-hour message-answering service. You
can also order through our website www.hoddereducation.co.uk

If you have any comments to make about this, or any of our other titles, please send them to educationenquiries@hodder.co.uk

British Library Cataloguing-in-Publication Data
A catalogue record for this title is available from the British Library.

ISBN: 978 1 444 11053 1

First Edition Published 2010

This Edition Published 2010

Impression number 10987654321

Year 2015, 2014, 2013, 2012, 2011, 2010

Copyright © 2010 Simon Clarke, David Wyatt, Brian Crossland

All rights reserved. No part of this publication may be reproduced or transmitted in any form or by any means, electronic or
mechanical, including photocopy, recording, or any information storage and retrieval system, without permission in writing from
the publisher or under licence from the Copyright Licensing Agency Limited. Further details of such licences (for reprographic
reproduction) may be obtained from the Copyright Licensing Agency Limited, of Saffron House, 6-10 Kirby Street, London
ECIN 8TS.

Hachette UK’s policy is to use papers that are natural, renewable and recyclable products and made from wood grown in
sustainable forests. The logging and manufacturing processes are expected to conform to the environmental regulations of the
country of origin.

Cover photo © John Gollings/Arcaid/Corbis

Artwork by Barking Dog Art

Typeset by Fakenham Photosetting Ltd, Fakenham, Norfolk

Printed in Great Britain for Hodder Education, a Hachette UK Company, 338 Euston Road, London NW1 3BH.



endorsed by

edexcel

Simon Clarke

David Wyatt

Brian Crossland

Edited by Mike Deacon

by HOBRER




Acknowledgements

The authors and publishers would like to thank the flowing for use of copyrighted material in this
volume:

Figure 1.1 © iStockphoto.com; Figure 1.2 © Lewis W. Hine/George Eastman House/Getty Images;
Figure 1.4 © Marcin Balcerzak/iStockphoto.com; Figure 1.7 © Paul Gibbings — Fotolia.com; Figure 1.9
© iStockphoto.com; Figure 1.10 © Tammy Bryngelson/iStockphoto.com; Figure 1.14 © Lisa F. Young/
iStockphoto.com; Figure 1.15 taken from the Health and Safety Executive website at http://www.hse.gov.
uk/risk/template.pdf and reproduced under the terms of the Click-Use licence; Figure 1.20 © Mikael
Dambkier/iStockphoto.com; Figure 1.21 © iStockphoto.com; Figure 1.24 © iStockphoto.com; Figure
1.25 taken from the Health and Safety Executive website at http://www.hse.gov.uk/costs/incost_calc/
includes/INDG355967B2F967 DForm.pdf and reproduced under the terms of the Click-Use licence;
Figure 1.27 Courtesy of Stewart Superior; Figure 2.1 © Cindy Singleton/iStockphoto.com; Figure 2.15
Integrated Dispensing Systems www.fluidmetering.co.uk; Figure 2.18 © 2010 Bob Formisano (http://
homerepair.about.com/). Used with permission of About, Inc. which can be found online at www.about.
com. All rights reserved; Figure 2.38 reproduced with kind permission by Scott Ambler; Figure 2.46
reproduced by kind permission of Roy Beardmore; Figure 2.49 reproduced by kind permission of Roy
Beardmore; Figure 2.60 © Dorling Kindersley/Getty Images; Figure 2.72 © zhang bo/iStockphoto.
com; Figure 2.73 © iStockphoto.com; Figure 2.74 © Jacobs Stock Photography/Getty Images; Figure
2.75 © Viorika Prikhodko/iStockphoto.com; Figure 2.76 © iStockphoto.com; Figure 2.77 Courtesy
of Professional Engineering Publishing; Figure 2.79 © Arkadiusz Fajer/iStockphoto.com; Figure 2.80
Courtesy of Unaflex, Inc.; Figure 2.81 © Guy Erwood - Fotolia.com; Figure 2.82 © 1997 C Squared
Studios/Photodisc/Getty Images; Figure 2.83 © Johnny Lye — Fotolia.com; Figure 2.85 © Stephen
Coburn - Fotolia.com; Figure 2.87 © Jérome SALORT - Fotolia.com; Figure 2.90 © Alexey - Fotolia.com;
Figure 2.91 © Akhilesh Sharma - Fotolia.com; Figure 2.92 © Tom Merton/OJO Images/Getty Images;
Figure 2.93 © GUSTOIMAGES/SCIENCE PHOTO LIBRARY; Figure 2.95 © Alix Minde/PhotoAlto/
Corbis; Figure 3.1 © Octus — Fotolia.com; Figure 3.2 © Trombax — Fotolia.com; Figure 3.4 © Joss -
Fotolia.com; Figure 3.9 © David H. Lewis/iStockphoto.com; Figure 3.10 © Hans F. Meier/iStockphoto.
com; Figure 3.11 © iStockphoto.com; Figure 3.12 © iStockphoto.com; Figure 3.13 © iStockphoto.com;
Figure 3.14 © ROSLAN RAHMAN/AFP/Getty Images; Figure 3.15 © Michael Mathis/iStockphoto.com;
Figure 3.18 © Lester Lefkowitz/Getty Images; Figure 3.20 © Andres Rodriguez — Fotolia.com; Figure
3.22 Courtesy of The MathWorks, Inc; Figure 3.23 © iStockphoto.com; Figure 3.24 © iStockphoto.com;
Figure 4.1 © Stockdisc/Corbis; Figure 4.2 © RIA NOVOSTI/SCIENCE PHOTO LIBRARY; Figure 4.3
© Andrew Ammendolia / Alamy; Figure 4.4 © MELBA PHOTO AGENCY / Alamy; Figure 4.6 © Lance
Bellers/iStockphoto.com; Figure 4.7 © Natalia Siverina/iStockphoto.com Figure 4.14 © Photodisc/
Getty Images; Figure 4.15 © PhotoAlto; Figure 4.28 © Ingram Publishing Limited; Figure 4.29
© Ingram Publishing Limited; Figure 4.30 © Lai Leng Yiap - Fotolia.com; Figure 5.61 © SSPL via Getty
Images; Figure 6.1 © Lorelyn Medina/iStockphoto.com; Figure 6.2 © iStockphoto.com; Figure 6.13
© Sean McBride/iStockphoto.com; Figure 6.58 © Angelo Marcantonio/iStockphoto.com; Figure 6.79
© GIPHOTOSTOCK/SCIENCE PHOTO LIBRARY; Figure 6.111 © Marek Tihelka — Fotolia.com; Figure
6.120 © Marek Tihelka — Fotolia.com.

Microsoft and Windows are either registered trademarks or trademarks of Microsoft Corporation in the
United States and/or other countries.

Every effort has been made to trace and acknowledge copyright. The publishers will be glad to make
suitable arrangements with any copyright holders whom it has not been possible to contact.



Contents

Unit |: Health and Safety in the Engineering Workplace

|1 Understanding the key features of health and safety legislation and regulations

.2 Knowing how to identify and control hazards in the workplace

.3 Carrying out a risk assessment and identifying control measures

| .4 Understanding the methods used when reporting and recording accidents and
incidents

Unit 2: Communications for Engineering Technicians

2.1 Interpreting and using engineering sketches/circuit/network diagrams to communicate
technical information

2.2 Using verbal and written communication

2.3 Obtaining and using engineering information

2.4 Using information and communication technology (ICT) to present information

Unit 3: Engineering Project

3.1 Specifying a project, agreeing procedures and choosing a solution
3.2 Planning and monitoring a project

3.3 Implementing the project plan within agreed procedures

3.4 Presenting the project outcome

Unit 4: Mathematics for Engineering Technicians

4.1 Using algebraic methods

4.2 Using trigonometric methods and standard formulae to determine areas and volumes
4.3 Using statistical methods to display data

4.4 Using elementary calculus techniques

Unit 5: Mechanical Principles and Applications

5.1 Determining the effects of loading in static engineering systems

5.2 Determining work, power and energy transfer in dynamic engineering systems
5.3 Determining the parameters of fluid systems

5.4 Determining the effects of energy transfer in thermodynamic systems

Unit 6: Electrical and Electronic Principles

Electrical and electronic fundamentals
Safety

6.| Electrostatics

6.2 Direct current (d.c.)

6.3 Electromagnetism

6.4 Alternating current (a.c.)

6.5 Electrical machines

6.6 Diodes

6.7 Circuit measurements



This page intentionally left blank



ineering

o0
C
LL]
)
C
+-
=
>N
©
1S
U
O
C
qu’
C
=
qu’
0
1
o0
[
.
olN
5

©
&
a
<
@,
=

By the end of this unit you should be able to:

incidents.

understand the key features of health and safety legislation and regulations
know how to identify and control hazards in the workplace

be able to carry out a risk assessment and identify control measures
understand the methods used when reporting and recording accidents and

In order to pass this unit, the evidence you present for assessment needs to demonstrate that
you can meet all of the above learning outcomes for this unit. The criteria below show the levels
of achievement required to pass this unit.

To achieve a pass grade you

need to:

explain the key features
of relevant regulations

on health and safety as applied

1o a working environment in two

selected or given engineering
organisations

To achieve a merit grade
you also need to:

@ explain the
consequences of
management not abiding by
legislation and regulations
and carrying out their roles
and responsibilities in a

given health and safety
situation

To achieve a distinction
grade you also need to:

justify the
methods used to

deal with hazards in

accordance with

workplace policies and
legal requirements

m describe the roles and
responsibilities, under
current health and safety

legislation and regulations, of
those involved

@ explain the
importance of
carrying out all parts of a

risk assessment in a
suitable manner

@ determine the

cost of an
accident in the workplace
from given data.

describe the methods
used to identify hazards

in a working environment

explain how control
measures are used
o prevent accidents.

describe how hazards
which become risks can
be controlled

carry out a risk
assessment on a typical

itern/area of the working

environment
@ suggest suitable control
measures after a risk
assessment has been carried out
and state the reasons why they

are suitable
@ explain the principles
that underpin reporting
and recording accidents and
incidents

@ describe the procedures
used to record and

report accidents, dangerous

OCCUIrences or near misses.
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Intvoduction

Health and safety is of prime importance to all people working in manufacturing or engineering
workplaces. Engineering can be, potentially, one of the most dangerous occupations workers
can undertake because of the nature of the machinery, equipment, tools and techniques used.
All workers should be protected from danger and risks to their health from whatever cause. In
addition, visitors to the organisation, customers and the public should also be protected from
risk.

Health and safety is regulated by law and it is the responsibility of all organisations to be aware
of current legislation, the particular regulations that apply to the industry they are involved in, the
materials they use and the environment in which those employees will be working. This unit will
introduce you to the importance of health and safety regulations, how to identify hazards in the
workplace, how/why we undertake risk assessments and how to report accidents and incidents
that do take place.

Key Points
The European Commission reports that, although improvements are being made, every year nearly 5,200
workers lose their lives as a result of a work-related accident. In addition, there are approximately 4.8
million accidents per year and two-thirds of these accidents lead to an absence from work of more than
three days.

This section of the book is organised as follows; each of the subsections can be readily linked to
the learning outcome (LO), pass (P), merit (M) and distinction (D) criteria.

Section/content LO P M D
|1 Understanding the key features of health and safety legislation and | [,2 |

regulations

I.2 Knowing how to identify and control hazards in the workplace 2 3,4

|3 Carrying out a risk assessment and identifying control measures 3 56 2,3 I

|4 Understanding the methods used when reporting and recording 4 7,8 2
accidents and incidents




.1 Understanding the key features of health

and safety legislation and regulations

This section will cover the following grading
criteria:

G2 &D

To ensure that the safety of all people in the
workplace is taken seriously, there are laws which
are specifically designed to minimise the risks to
employees and members of the public. In Britain
the Health and Safety at Work Act 1974 outlines an
employer’s duties in ensuring health and safety ‘so
far as is reasonably practicable. The law requires
employers to appreciate that they have a duty of
care, to ensure that all potential workplace risks
are minimised.

Figure 1.1 Scale of justice

Key features of legislation and
regulations

By the end of this section you should have
developed a knowledge and understanding
of the main aspects of relevant health and
safety regulations in order to apply them
in a working environment. You will be re-
quired to apply this understanding to two
engineering organisations.

Laws are used to ensure that all organisations
and individuals are regulated for everybody's

benefit. The penalties for breaking the law vary
and are usually pursued through court action. In
the United Kingdom laws are introduced through
Acts of Parliament.

If we consider UK laws, we talk about Acts of
Parliament; consequently, there are key pieces of
legislation for us to consider, such as the Factories
Act 1961 and the Health and Safety at Work Act
1974 (HASWA). The most important piece of legis-
lation for employers is the HASWA, but this cannot
list every detail or requirement. Regulations are
issued by government that effectively tell industry
how to implement or use the HASWA for the safety
of their employees and the public in general.
Regulations do vary as other countries can have
different laws and residents of Europe, including
those in the UK, are also subject to European law.

Hazard - Something that has the potential to
cause harm or be harmful.

Accident — An unplanned or uncontrolled
event resulting in an injury, near miss, death
or damage to property.

Risk — The chance of something being harmful.

Reasonably practicable — A balance between
the feasibility or cost and the potential risk.

Grading criterion P1 requires you to explain the key
features of relevant regulations on health and safety
as applied to a working environment. You will either
select or be given two engineering organisations in
which to put this knowledge into context.

" Make the Grade

v

In the following sections we are going to explore
the key features of both legislation and regula-
tions that apply in the engineering workplace.

Legislation

Legislation concerning health and safety in the
UK can be traced back to the early nineteenth
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century, when acts were introduced to protect
children working in the cotton mills. During the
remainder of the nineteenth century, further acts
were gradually introduced to improve conditions
for particular groups such as women and children,
the most important one being the Factory and
Workshop Act 1878. This consolidated earlier legis-
lation and was steadily built upon and improved.
The final amendments to this law were made as
late as 1961.

Key Term

Legislation — A law or laws which have been
made by a legislative body such as Parliament.

Figure 1.2 Early nineteenth-century child labour in a
textile mill

Factories Act 1961

The Factories Act of 1961 is the culmination of a
series of Acts of Parliament dating back to 1802.
Prior to this date, and throughout the nineteenth
century, the Industrial Revolution changed the
working landscape of Britain. Large textile mills
were appearing and some mill owners were
employing women, children and orphans to work
in dark and dangerous conditions for long hours
and low wages. Campaigns including the abolition
of slavery and other welfare reforms led to the
Health and Morals of Apprentices Act. This was to
become the first Factory Act and was specifically
aimed at child workers in cotton and woollen mills.
It was the culmination of a movement originating
in the 1700s, where reformers had tried to push
several acts through Parliament to improve the
health of the workers and apprentices. The Act
had the following provisions:

e all rooms must be ventilated and, twice a year,
should be disinfected with lime

e children should have two sets of clothing

e under 9 years old, children are not allowed to
work; instead, they should be attending primary
schools that the mill owners must set up

e children can only work between 6 a.m. and
9 p.m. and not exceeding 12 hours a day

e between the ages of 9 and 13, children are only
allowed to work 8 hours at a time

e between 14 and 18 years old, boys and girls are
permitted to work a maximum of 12 hours

e during the first four years of working, children
should study reading, writing and arithmetic
(the 3Rs)

e boys and girls must be allocated separate
dormitories

e there should be a maximum of two children per
bed

e Sunday school must be established, with an
hour of Christian religious study on Sunday
mornings

e factory owners are responsible for treating any
infectious diseases

e owners of factories must obey the law.

Activity 1.1

Looking at the list of responsibilities
outlined in the 1802 Factory Act, can
you think of any situations, anywhere

in the world, where the Act is not being
adhered to today?

As an extension activity, can you think
why this happens?

Although the original Factory Act was largely
ignored by employers, fines of between £2 and
£4 were enforceable. Perhaps the most significant
impact of this law is that it established the first
significant steps towards recognising the rights
of workers and the responsibilities of factory
owners.

Following on from the 1802 Act and throughout
the nineteenth and twentieth centuries, Parliament
passed a whole series of factory and workshop acts
which gradually improved the safety and working
conditions for factory workers. This culminated in
the Factories Act 1961. This piece of legislation
consolidated the majority of previous acts into one
comprehensive piece of legislation. The Factory
Act is still an important law and prosecutions
under the Factory Act still take place. However,



because many people do not work in factories, the
more general HASWA has largely superseded this
piece of legislation.

Health and Safety at Work Act 1974

In the UK the most comprehensive piece of legis-
lation relating to health and safety is the HASWA.
It sets out the requirements for any organisation
to ensure high standards of health and safety in
the workplace. The main focus of this Act is on
the employer; however, it also considers landlords,
tenants, suppliers, employees and members of the
public.

For an employer, the purpose of the Act is to:

e make health and safety everybody’s responsi-
bility, encourage the awareness of safety issues,
and promote teamwork to ensure that health
and safety issues are promoted and that people
work together in a safe manner

e ensure the health, safety and welfare of all
employees by promoting safe systems of work,
safe workplaces and safe facilities with suffi-
cient amenities

e provide safe access to the workplace and safe
exit from the workplace

e control the storage and use of explosive, highly
flammable or dangerous substances

e control the emissions of noxious fumes

e provide information, guidance, training and
supervision to employees to provide for their
health and safety in the workplace

e produce and keep updated a health and safety
policy in all organisations with five or more
employees

e provide safe machinery, plant, equipment,
and so on, and provide safe methods for the
handling, storing and transporting of materials

e consider the welfare and safety of visitors/members
of the public in the same way as for employees.

For an employee, the purpose of the Act is to:

e take reasonable care of themselves

e display a duty of care to others who might be
affected by their actions

e cooperate with the employer on health and
safety issues

e ensure that no damage or danger is caused
by tampering with any provisions made to
aid health and safety — for example, removing
guards, removing signs, and so on.

Employment Act 2002
The Employment Act 2002 was introduced to

Health and Safety in the Engineering Workplace

recognise the rights of different employees. The
main points of the Act are:

e employees on fixed-term contracts must be
treated in the same way as those on permanent
contracts

e employers should operate a disciplinary and
grievance procedure, regardless of the number
of employees

e maternity leave to be increased to six months’
paid with a further six months unpaid if
required - this also applies to adoptive parents

e two weeks’ paternity leave for working fathers

o flexible working requests by the parents of
young or disabled children must be considered
by the employer

e the government must reimburse employers for
maternity, paternity or adoptive care costs,
which can be up to 100 per cent of the cost for
small employers

e union learning representatives should be estab-
lished, with a right to paid time off

e at employment tribunals, for equal pay cases, a
questionnaire procedure should be adopted to
allow comparison with other employees’ pay rates.

Fire Precautions Act 1971

The purpose of the Fire Precautions Act is to
require certain premises to be checked for safety
by the fire brigade and be given a fire certificate.
The Act came into force following a fire at a hotel
in Saffron Walden (Essex) that killed 11 people.
Although 17 people were rescued, the scale of
the disaster forced the government to reconsider
the elements of the Factories Act and the Offices,
Shops and Railway Premises Act that covered fire
safety. These elements were brought together in
the new Act to include hotels and guest houses.

Key Term

Fire certificate — An annual certificate issued
to a public and/or industrial building that

indicates that fire protection systems and fire
safety measures are in good working order and
properly maintained.

Typically, the fire brigade will ensure that the

following are in place before issuing a fire

certificate:

e people working in a premises requiring a fire
certificate should be trained in the use of
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firefighting equipment and understand the fire
evacuation procedure

e firefighting equipment such as fire extinguishers
should be readily available and maintained in
good working order

e fire escape routes should be provided and kept
available, without routes being obstructed or
doors locked

e all people employed to work on the premises
should receive instructions and have training in
what action to take in the event of a fire.

FLAMMABLE
LIQUID

3

Figure 1.3 Fire warning sign

The local fire authority issues fire certificates
to premises where sleeping accommodation is
available above the first floor, for more than six
staff or guests. This has been extended to premises
where more than 20 people are employed, or
more than ten if anywhere but at ground level.
In addition, factories and warehouses where
flammable or explosive material is stored also
come under the Act.

Although not all premises require a fire certif-
icate, there are fire safety requirements and the
fire brigade has the power to shut down premises
if they feel that there is a serious risk of danger
due to fire hazard. This is known as a prohibition
notice.

Key Term

Prohibition — An order or law that forbids
something.

Activity 1.2

Research the HASWA and list five key
points from the Act.

Key Points

Many public venues, such as cinemas, nightclubs
and live venues, are exempt from the Act and are
the responsibility of the local authority. The local
authority has the enforcement powers necessary
to close down a venue, and the fire brigade often
carries out inspections on behalf of the local
authority.

Educational establishments such as schools,

colleges and universities are not covered by the
L Fire Precautions Act.

Regulations

In UK law, although legislation is made through
Acts of Parliament, this is a cumbersome and
time-consuming process. The Acts can be very
general and cover a wide range of areas, such
as the HASWA. Regulations have to be made on
the same subject as the act, but tend to be more
specific. Regulations are published and displayed
in the House of Commons and are available for
scrutiny for a period of time; however, if insuf-
ficient members of Parliament object and demand
a vote, then regulations are passed.

Regulations are legally binding and should
be treated as law, so from a health and safety
perspective most regulations are made under the
HASWA, following recommendations from the
Health and Safety Executive (HSE) or following
directives from the European Commission (EC).

Regulations can apply to specific industries
such as mining or offshore industries. However,
many regulations, such as manual handling, apply
to all industries and sectors.

Activity 1.3

This is an activity which requires

you to produce a comparison between
health and safety laws and health and
safety legislation. Carry out appropriate
research from a variety of sources

and use a comparison table to list your
findings.

Key Term

European Commission (EC) — The European
Commission is that part of the European Union
that is responsible for introducing legislation
and ensuring that it is implemented.



Employment Equality (Age) Regulations 2006

These regulations make it illegal to discriminate
against trainees, job seekers or employees because
of their age.

Management of Health and Safety at Work
Regulations 1999

These regulations require employers to carry
out risk assessments and review them from time
to time. Employers must make arrangements
to put in place risk prevention measures and,
where necessary, to change working practices to
minimise risk. In addition, employers must ensure
that training is given to avoid hazardous situations
occurring.

Provision and Use of Work Equipment
Regulations (PUWER) 1998

These require employers to ensure that all
machinery and equipment are safe to use.

In addition, records have to be kept to demon-
strate that regular checks have been made to
ensure the safety of equipment.

Control of Substances Hazardous to Health
(COSHH) Regulations 2002

These require employers to assess the risks from
substances that are hazardous to health and to
take precautions to ensure that they are handled
safely.

Lifting Operations and Lifting Equipment
Regulations 1998

These regulations are designed to reduce the risk
to health and safety from the use of any kind of
lifting equipment used in the workplace. Lifting
equipment includes cranes, lifts, ropes, hoists and
associated equipment.

Manual Handling Operations Regulations
1992

These regulations relate to moving objects by
hand or by using bodily force.

Health and Safety in the Engineering Workplace

Figure 1.4 Manual handling

Personal Protective Equipment (PPE) at Work
Regulations 1992
These regulations require employers to provide

appropriate protective equipment and protective
clothing for employees and visitors/customers.

17 B

Figure 1.5 Personal protection

Confined Spaces Regulations 1997

These regulations refer to any space of an enclosed
nature where there is risk of death or serious injury
due to the dangerous conditions or the presence
of substances that are hazardous. Examples of
enclosed spaces include:

open-topped chambers

silos

vats

sewers

unventilated or poorly ventilated rooms
freezers
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e ductwork
e enclosed drains.

The typical dangers to guard against could include:

lack of oxygen

poisonous gases

liquids or gases suddenly filling the space

fires and/or explosions

high levels of dust or other contaminants
extreme temperatures, which could be hot or
cold.

Electricity at Work Regulations 1989

These regulations require all people in control
of electrical systems to ensure that they are
maintained in a safe condition and are safe to use.

Health and Sdfety (Display Screen Equipment)
Regulations 1992
These regulations outline the procedures to be

undertaken when working with visual display units
such as computer monitors.

Control of Noise at Work Regulations 2005

These regulations require employers to take action
to protect employees and others in the workplace
from excessive noise.

Reporting of Injuries, Diseases and Dangerous
Occurrences Regulations (RIDDOR) 1995

These regulations require employers, the self-
employed and people in control of premises to
report work-related deaths, major injuries, work-
and dangerous

related diseases occurrences

Hearing

protection
must be worn

Figure 1.6 Ear protection sign

(known as near misses). These incidents should
be reported to the appropriate authorities via the
Incident Contact Centre (ICC).

Workplace (Health, Safety and Welfare)
Regulations 1992

These regulations cover a variety of issues related
to the working environment, such as ventilation,
lighting, heating, seating and workstations.

Working Time Regulations 1998

This is a good example of the law being amended
due to European legislation. The regulations
implement the European Working Time Directive
and set the following standards:

e a maximum average working week of 48 hours
per week over a 17-week period

e maximum average night-work of 8 hours in any
24-hour period, again averaged over 17 weeks

e a daily rest allowance of 11 consecutive hours

e weekly rest of 24 hours

e a minimum daily rest break of 20 minutes
provided that 6 hours have been worked.

There are minor variations to this for young
people.

( )
Key Point
When the Working Time Directive was first intro-
duced into EC law, the British government secured
an ‘opt-out’ clause. This allowed employees to
work longer hours if they signed an agreement to
do so.

Health and Sdfety (First Aid) Regulations
1981

These regulations require employers to make
adequate and appropriate first aid provision for
employees at all times. Included within the regula-
tions are requirements for training, equipment
and facilities, as well as for informing all employees
of first aid facilities and procedures.
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Figure 1.7 First aid box

The Health and Safety Information for
Employees Regulations 1989

These regulations require employers to display
a poster telling employees everything they need
to know with respect to health and safety. This
should indicate the protective clothing, proce-
dures and safety measures for their work area.

Key Point

Not every possible risk has to have a safety sign;
this would result in there being so many signs that
people would not take them seriously. Safety signs
are required when there is a significant risk that
cannot be avoided.

Supply of Machinery (Safety) (Amendment)
Regulations 2005 (SI 2005/831)

This regulation updates the original regulation of
1992 and requires that machinery meets minimum
standards of safety. The machinery should have
certification to demonstrate that it conforms to
the standard, and a CE mark that should be fixed
to the machine.

Health and Safety in the Engineering Workplace

Figure 1.8 CE mark

Activity 1.4

Which regulation would cover each of

the following situations?

e A machine which has been installed
without sufficient guarding
A workshop with no trained first-
aiders
An aeroplane hanger with no ear
defenders provided for maintenance
crew

A welding and fabrication site with
no safety shoes or protective goggles
provided for visitors

A workshop with no noticeboards or
posters visible

As an extension to this activity you
should consider what might happen

if management do not put in place
measures to protect workers against the
hazards listed above.

Roles and responsibilities of
those involved

By the end of this section you should have
developed a knowledge and understanding
of the roles and responsibilities of employ-
ers, employees, the Health and Safety Ex-
ecutive (HSE) and other parties.

It is often thought that the employer is respon-
sible for health and safety. However, this is not
entirely true. Clearly, employers have a role to
play in ensuring that they provide safe working
conditions for their employees; however, there are
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also responsibilities for employees, the HSE and
others.

Health and Safety Executive (HSE) — The
HSE is responsible for protecting people
against risks to health and safety arising
from work activities. They provide advice,
guidance and information; however, they are
also a government agency and are responsible
for regulating and enforcing legislation and
regulations regarding health and safety.

Make the Grade

Grading criterion P2 requires you to describe the
roles and responsibilities of those involved under
current health and safety legislation and regulations.
You will be required to explain who is responsible

for what, and this might require you to do some
research on bodies such as the HSE.

Key Point

It is often said that it is everybody’s responsibility
to maintain effective healthy and safety in the
workplace.

In the next section, we shall look at each of the
important groups of people that have a respon-
sibility for ensuring health and safety in the
workplace.

Employers
The HASWA outlines the duties of employers in its
different sections. The key responsibilities are to:

maintain the health and safety of employees
maintain the health and safety of non-employees
control atmospheric emissions

provide necessary PPE

maintain safe premises

take responsibility for the design, manufacture,
import and supply of safe substances.

Employers are required to do whatever is
reasonably practicable to conform to the following
requirements as part of their duty of care:

maintain a safe workplace

e prevent health risks

e maintain plant and machinery in a safe manner
and ensure that it is operated in a safe way

e ensure that all materials are stored and handled
safely

e ensure that first aid facilities are maintained

e ensure that training and supervision are
adequately maintained and that all personnel
are informed of hazards and dangerous materials

e ensure that adequate facilities for ventilation,
lighting, washing, and so on are maintained

e ensure that escape routes and other emergency
evacuation procedures are enabled

e ensure that equipment meets the appropriate
safety standards and is guarded and maintained

e control any potential exposure to substances
that may damage health

e protect against flammable, explosive, electrical,
noise and radiation risks

e ensure that precautions are in place to prevent
injury due to manual handling

e provide protective clothing/equipment and
training in its use

e maintain warning signs and ensure that they
are correct, visible and up to date

e ensure that all accidents and incidents are
reported in the correct manner.

Key Point

You will notice that the key responsibilities of
employers are, effectively, the same as the regula-
tions in the previous section.

Employees

Health and safety is the responsibility of all and
this includes employees. For the purposes of the
HASWA, employees are classed as any person who
is permanently or temporarily on the payroll or
anyone who is regularly on the premises; this
could include students on work experience or
part-time staff or trainees.

Employees have the following responsibilities, to:

e take reasonable care of their own and other
employees’ health and safety

e cooperate with their employers

e carry out activities in accordance with training
and instructions

e inform the employer of any serious risks.

Larger organisations have a nominated health and

safety officer, whose primary responsibility is to

promote and enforce good practice. In addition,



an organisation that has trade union represen-
tation will normally have a union official whose
responsibility is to ensure the health and safety of
the union’s members.

Activity 1.5

A work experience student is tasked to
use electrical test equipment. List three

safety issues which the employer might
face, and explain how he or she should
ensure the student’s safety.

Health and Safety Executive

The HSE is responsible for preventing death,
injury and ill health to all workers and those
affected by work activities. It is a government body
which provides advice and guidance on matters of
health and safety and is responsible for advising
on legislation and regulations. However, it is also
responsible for enforcing health and safety laws
and it has considerable powers. The enforcement
powers are separated from the HSE and are usually
split between three different bodies:

e HSE - primarily responsible for manufacturing
facilities, factories, railways, mines and quarries,
offshore installations, agricultural industries
and nuclear facilities

e local authority — responsible for shops, offices,
warehouses and premises where no machinery
is used

e fire authority - primarily focusing on fire
prevention, issuing of fire certificates and
ensuring means of escape; where a process
might have a high risk of fire, such as a petro-
chemical plant, the fire authority would become
involved there too.

Activity 1.6

Which government body would you
contact if you had a concern about:

* g blocked fire exit?
e 3 broken guard on a drilling machine?
e food not being properly cooked?

Guidance notes and booklets

The HSE publishes notes and guidance. It also
has a helpline and a website, with freely available
resources to encourage health and safety in the
workplace and to support business, workers and
the wider community. There are many documents,
forms and procedures which organisations must
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follow in order to conform to the various regula-
tions. This information is available to download
from the HSE website or, in some cases, can be
completed online.

Span of authority

The HSE has a range of powers enshrined in law.
These include powers to:

e enter and search premises

e direct that premises be left undisturbed for the
purpose of investigation

e take measurements, photographs and recordings

e take samples of articles or substances found in
premises or nearby

e dismantle and test any article appearing to have
caused or be likely to cause danger

e detain items for testing or for use as evidence

e interview any person

e require the production and inspection of any
documents

e require the provision of facilities and assistance
for the purpose of the investigation.

Figure 1.9 Inspection

Right of inspection

Although the HSE is a supportive organisation
whose primary function is to promote health and
safety in the workplace, it also acts as an enforcing
agency. The HSE employs inspectors who have
the powers to enter premises, which can include
the homes of self-employed people. Inspectors
can enter premises at any time, although usually
they will be visiting to investigate an incident or
accident; they also carry out routine health and
safety inspections.

When inspectors investigate an accident, they:

e investigate the cause of the accident
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e advise on whether action is needed to prevent
it happening again

e look for where health and safety laws may have
been broken.

If the law has been broken, the consequences for
businesses can be severe. Inspectors can:

e prosecute the individuals or the company

e issue a prohibition notice or improvement
notice

e issue a written or verbal informal warning,

If appropriate, the HSE will contact the police and
liaise with them in pursuing criminal proceedings.

Others

It is not just employees that organisations have
a duty of care towards. People not employed by
an organisation can still be affected by opera-
tions carried out by the engineering industry.
Non-employees can be visitors, people who call on
businesses, customers or contractors.

Examples of non-employees affected by health and
safety are as follows:

e local residents could be affected if poisonous
gases were ventilated into the atmosphere

e contractors could be carrying out work in a
factory without wearing the appropriate PPE

e customers could be visiting a company and not
know what to do if the fire alarm sounds

e students could be on a company visit or work
placement and not be aware of the risk of noise
and the correct use of ear defenders.

Make the Grade @

Grading criterion M1 requires you to explain the
consequences of management not abiding by
legislation and regulations and carrying out their
roles and responsibilities in a given health and
safety situation. In the case of an employer not
providing appropriate PPE, what consequences
might occur? Try to find out what the HSE might do,
what the employer’s responsibilities are and what an
employee should do.



1.2 Knowing how to identify and control

hazards In the workplace

This section will cover the following grading
criteria:

The Workplace (Health, Safety and Welfare)
Regulations 1992 require organisations to
maintain a safe workplace. There can be health
hazards such as lighting, ventilation or confined
space; similarly, there are safety issues such as trip
or slip hazards or risk of fire. Organisations must
ensure that they know how to deal with these
potential hazards to ensure safe working practices.

Within the workplace

By the end of this section you should have
developed a knowledge and understanding
of how to identify hazards in the workplace.

The workplace is normally defined as the premises
where an employee carries out his/her work.
This can be factories, schools, offices, hospitals,
hotels, theatres, clubs, and so on. However, it
can also include common parts of shared
buildings, including paths on industrial estates or
business parks, and temporary workplaces such as
construction sites.

Key Points

As you become familiar with a working
environment, you can become complacent and
not realise how dangerous something is becoming
until an accident occurs. For this reason, it is
important to systematically identify any hazards

on a regular basis.
- Make the Grade E I

Grading criterion P3 requires you to describe the
methods used to identify hazards in a working
environment. This criterion is all about how you
identify hazards and not the hazards themselves.

g )

The next section looks at what methods can be
used to ensure that hazards are identified in the
correct manner.

Methods to identify hazards

Key Terms

Hazard - Anything that could cause harm.

Risk — How likely it is that a hazard will be
harmful and the amount of harm the hazard
will cause.

Itis important to identify hazards before they cause
accidents. In the workplace, you may be familiar
with a wire that trails between two machines,
so always step over it, or you might know that a
doorway is low, so always duck as you go under-
neath it. However, if you are showing somebody
around the workplace and you forgot to mention
these hazards, an accident could easily occur.
The question is, how to identify and eliminate or
minimise these hazards. The trailing lead could be
covered with a specially designed cover or could
even be re-routed. A low doorway might not be so
easy, and here it might be appropriate to display
highly visible safety signage.

Figure 1.10 Tripping hazard

Typical ways that employers can identify hazards
include:

e walk around the building - a site survey or
inspection can be used to inspect the whole
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work area; however, this can be less detailed
than other techniques

e talk to the workforce - often the employees of
an organisation are aware of potential risks, but
might not have thought to discuss them with
employers or managers

e safety audit — this can be very time-consuming
and can involve a team of staff; the purpose is
to check each and every appliance, fixture and
fitting for any risk or danger associated with it

e examine accident and health records - by
looking at the records of incidents/near
misses or the health records of staff working
in particular areas, it is often possible to
determine where a hazard is causing problems,
and actions can be taken to minimise or remove
the risk

e consider working methods - often the way
in which a job is undertaken can make it
hazardous; for example, the use of trailing leads
on power tools can be eliminated if cordless
appliances are used

e checks on the environment — usually deter
mined by measurement, this can be regularly
measuring air quality, water quality, temper-
ature, and so on, to ensure that no workers or
members of the public are being exposed to
hazards due to their working environment.

In addition, checks should be based on welfare
provision such as toilets, canteen facilities and
first aid. Fire precautions, appropriate PPE,
machine guarding, electrical safety and access
to the workplace are all factors to be considered
within the workplace.

Keeping a record of all safety inspections and
audits is important, as these can be referred
to when undertaking new inspections or if an
incident has occurred.

Working environment

By the end of this section you should have
developed a knowledge and understand-
ing of the inherent dangers presented in the
working environment.

The working environment refers to the place where
you work and the conditions that exist there.
The happier people are in their environment, the
more likely they are to be effective workers, and
providing a healthy and safe environment is an

important step in ensuring that you have a happy
and productive workforce.

Key Points

Just because you cannot see an immediate hazard
does not mean that a workplace is risk-free. Many
environmental hazards are invisible, such as heat,
noise, lack of ventilation or fumes.

In this section you are going to consider some of
the environmental issues that arise in different
situations when at work.

Consideration of the workplace
and its potential for harm

Confined spaces

Working in a confined space does not neces-
sarily mean that you cannot move around; what
is intended is to provide ease of access and to
allow people to move around and to get to their
desk/machine/computer, and so on. A minimum
of 11 cubic metres is the requirement for one
person and this can be multiplied by the number
of people normally working in a given space.
Three metres is normally considered the maximum
height when calculations are performed, and you
have to consider furniture, machinery and other
room contents.

For example, an inspection room measures 3 m
by 2m and has a roof height of 4 m. Inside the
room there are two cupboards 2 m high, measuring
0.5m by 0.5m.

The following calculation would be used:
3mX2m X 3m = 18m?

(maximum allowable for height)

Cupboard volume:2 X 0.5m X 0.5m X 2m = 1 m?

The overall room volume should be considered to
be 17 m?; consequently, only one person can work
in the room.

Activity 1.7

In a group of three, take measurements
of a typical room — for example, a
classroom or workshop. Calculate the

maximum number of people who could
occupy that room.




Working over water or at heights

The danger of working at height or over water
is considerable and requires a high degree of
protection. Typical precautions when working over
water should include:

e a barrier/fence on any scaffolding or platform,
to prevent anyone falling into the water

e a skilled operator should be provided
for electrical or mechanical hoists and the
equipment checked and maintained before use

e danger signs should be clearly posted

e lighting of the whole area should be provided,
particularly over the surface of the water

e personnel should wear life jackets or similar
aids to buoyancy when working over water

e safety equipment, such as lifebelts/lines and
a boat, if necessary, must be provided and
checked for suitable use

e 1no electrical equipment or leads should be able
to touch the water, even if dropped

e all persons working on the site should have
emergency training in rescue and raising the
alarm

e working alone is not permitted.

Similar precautions are taken for working at height
and particularly with the use of ladders:

e ladders should be checked for damage before
use

e ladders should extend 1.1 m above the platform
they lead to

e a maximum of 6 m is allowed between platforms
or levels

e where ladders pass through floors, the hole
should be as small as possible

|8
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boards

Ladder
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Four
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One unit horizontal

Figure 1.1 Safe use of ladders
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e safety hoops should be fitted to ladders if they
are more than 2.5 m high

e ladders are for access only and should not be
used for working from.

In addition, there are requirements for crawling
boards when employees are crawling on roofs that
are not designed to support a person’s weight;
these roofs should be clearly marked as fragile,
with appropriate safety signs.

Electrical hazards

Electricity has its own particular dangers and
these are generally covered by the Electricity at
Work Regulations. Electricity can cause explosions
or fires, as well as the danger of electrocution.
Consequently, employers are required to check
all electrical appliances, including portable
appliances, on a regular basis. The checking of
appliances, known as Portable Appliance Testing
(PAT), has to be logged and carried out regularly.
Appliances are normally labelled with a sticky
label, which shows the date of conformity and the
due date for the next inspection.

The regulations are specific and require
a competent person to carry out all activities
associated with electrical appliances, which can
include:

e changing fuses and light bulbs

moving portable electrical equipment
using extension leads

switching on/off at the main isolation point
fitting plugs.

Chemicals

Many substances used in engineering can be
dangerous or harmful to health.

The Control of Substances Hazardous to Health
(COSHH) Regulations give clear details of how
hazardous chemicals should be used, handled
and stored. The regulations outline how to deal
with chemical spills or leaks and the degree of
toxicity of different materials. In addition, with
particular chemicals, the maximum exposure limit
is indicated; some chemicals can be a minor
irritant and should be handled with care, while
others have a maximum exposure time of only a
few minutes, with very specific protective clothing
being required.

Where an organisation uses hazardous
chemicals, they should carry out a COSHH
assessment. This is intended to:

e identify and label all substances
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e indicate the nature of the hazard - for example,
poisonous, carcinogenic, and so on

e indicate the level of risk if persons come into
contact with the substance

e provide for medical procedures and appropriate
first aid if persons are exposed.

Additional precautions, such as secure storage
and adequate signs, are required if chemicals are
present at the work site.

Key Term

Carcinogenic — A substance that can cause

cancer if persons are exposed to it, particularly
over long periods of time.

Noise

Noise is measured in decibels (dB) and excessive
noise can cause serious damage to hearing.
Perhaps of more importance than the noise level
is the amount of time you are exposed to loud
noises. The Noise at Work Regulations 1989 guide
employers as to what actions to take, including
safety signage where loud noises are likely. In
addition, the guidelines indicate where the
provision of hearing protection to reduce noise
levels is necessary.

Typical examples of noise levels are as follows:

150dB jet engine at 30 m/loud rock music
140dB gunfire at 1 m

130dB aeroplane taking off (threshold of pain)
120dB loud car stereo

110dB chainsaw

100dB pneumatic drill

90dB power tools
80dB  busy street
70dB  vacuum cleaner

60dB normal conversation
50dB  heavy rainfall

40dB quiet office

30dB  whispering

20dB quiet library

10dB  quiet breathing
0dB  hearing threshold

v

g

Figure 1.12 Ear protection

If noise reaches 85dB, employers need to have
the risk assessed, warn workers about noise and
provide hearing protection. This is known as first
action.

If the noise reaches 90dB, employers have to
do all that they can to reduce the noise, provide
hearing protection and warning signage. This is
known as second action.

In organisations where noise is an issue,
hand signals are often used - for example, crane
operators have a recognised code so that specific
hand signals are interpreted in the same way all
the time.

Figure 1.13 Confusing hand signals



Hazards which become risks

By the end of this section you should have
developed a knowledge and understanding
of how hazards can become risks and of the
difference between hazards and risks.

People often confuse hazards and risks. A hazard
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Identification of trivial or
significant risks

Identifying the severity of a risk is something
that is of vital importance when carrying out risk
assessments. This is something you will explore in
the next section; however, it is useful to use a grid
approach to determine whether a risk is trivial or
significant.

is something that has the potential to cause harm | Probability | Slightly Harmful |Very
and can include substances, people, working harmful harmful
“.“etho_dsl or maChmeS’_A. risk is a measure of how  Grliicely Trivial risk Acceptable risk | Moderate risk
likely it is that a specific hazard will cause harm - : , —

. . Likely Acceptable risk | Moderate risk | Substantial risk
and whom it will affect.

Very likely Moderate risk | Substantial risk | Intolerable risk
e )
Key Points Table 1.1 Risk matrix

The level of risk depends upon severity, likelihood

and scale.

* Severity — can range from a minor injury to
death

* Likelihood — can range from extremely unlikely
to highly likely

* Scale — can range from affecting just one person
to affecting everybody in the workplace or
surrounding area

. /

When a can of petrol is safely stored in a locked
cupboard, although there is a hazard as the fuel
is flammable, there is very little risk. If the can is
removed and the petrol is poured into a container
to degrease engine parts, the risk is greatly
increased as there is a danger of the fuel being
spilled or ignited. This is a good example of when

a hazard can become a risk.

Make the Grade
Grading criterion P4 requires you to describe how
hazards that become risks can be controlled. You will
need to describe what constitutes a hazard, explain

how it becomes a risk and then explain what you
would do to control that risk.

From Table 1.1, you can see that a risk that is
unlikely and slightly harmful is classified as trivial,
whereas a very likely and very harmful risk is
intolerable.

Choosing appropriate control
methods

It is important to ensure that the correct action is
taken, depending on the degree of risk.

The following steps are usually advised:

e trivial risk — no further steps

e acceptable risk — no additional risk control or
measures to reduce the risk are required

e moderate risk — in this case, further risk controls
are required; alternatively, measures should be
taken to reduce the level of risk; the hazard
should also be closely managed

e substantial risk — in this case, significant risk
controls should be implemented; the risk should
be reduced, but if the risk cannot be reduced,
strict management of the hazard should include
reducing the personnel exposed to the hazard
and the time that they are exposed to it

e intolerable risk — all work involving the hazard
should cease immediately and be prohibited in
future.

Electrical safety

Electrical injuries can vary depending on circum-
stances: whether the current is a.c. or d.c., the size
of the voltage, what protective measures are in
place, and so on. The most likely effects are:

e electric shock
e celectrical burns
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e muscle control problems
e burns.

Electric shock

The human body uses electrical signals from
the brain to control all the muscles and, conse-
quently, movement. An accidental voltage that
is applied between two parts of a person’s body
can disrupt these signals and can stop the heart,
prevent breathing or cause spasms in the muscles.
Even static electricity can be dangerous, as the
smallest spark can ignite gas, paint fumes or other
flammable vapours.

Electrical burns

Electrical burns are normally due to high voltages
rather than domestic supply. The electric current
flowing through the body heats the surrounding
body tissue, causing often severe burns.

Muscle control problems

An electric shock can cause spasms in muscles
that can break bones. This often means that a
person who accidently grips a live connection
cannot let go, or may be thrown from a height or
into machinery.

Burns

Unlike electrical burns, a person who gets too
close to electrical equipment can be burned very
easily. Think of an electric cooker and you get the
idea of how hot metal can become when electricity
flows through it.

Residual current device (RCD)

An RCD is a device that will disconnect or ‘trip’
when the current flowing in two parts of a circuit is
not the same or balanced; so if somebody acciden-
tally touches a live part of a circuit, causing

Figure 1.14 Electrician working on circuit-breakers

the electricity to flow through them and to the
ground, the return part of the circuit will be out
of balance and the RCD will cut the power supply.

Overloading a circuit, by having too many appli-
ances running at one time or by having loose
wires, can cause problems with overheating or
units cutting out. Circuits are protected by fuses
or circuit-breakers. However, machines often have
additional fail-safe features, so if the current is
lost to a particular component, it is designed to
stop working in a safe manner. An example of
this might be a door that will always fail open, to
prevent somebody being trapped inside.

Mechanical safety

Mechanical safety is often of concern with
rotating machinery, sharp edges and heavy-duty
equipment. Fail-safe mechanisms are employed in
a similar way to electrical devices — for example,
a machine will not operate if the guard is not in
place. Similarly, sensors are often used to prevent
parts of the body or other foreign objects from
becoming caught in a machine. These sensors are
often light beams; if something breaks the beam, a
signal triggers a switch and the machine will stop.

Key Term

Guards - Devices that prevent personnel from
getting close to dangerous machinery.

Safety devices

Safety devices are provided to prevent injury
if something goes wrong. An example is an
emergency stop, which can be activated if

clothing gets tangled in a machine. An RCD is an
example of a safety device in an electrical circuit.
The handbrake on a car is often referred to as
the safety brake. When designing safety into a
system, it is important to ensure that devices are
fail-safe.

Fail-safe — A device that will prevent danger
if a failure in a system occurs. An example is a
fuse that stops current flowing if an electrical
fault occurs. Similarly, if a problem occurs
in a cooling system, a valve should fail open
to allow water to keep flowing, rather than
allowing overheating.
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Activity 1.8
Explain how each of the following hazards can become risks:
e A chemical liquid, stored in a closed bottle, in a locked cupboard

e An electrical cable used as an extension lead and wrapped on a drum
e A mechanical press fitted with a safety guard

As an extension activity, you should consider how each of these activities can be
controlled.




20

1.3 Carrying out a risk assessment and

identifying control measures

This section will cover the following grading
criteria:

=) G2 (43 @3) 1)

Any hazard in the workplace can be harmful.
According to the HASWA, it is the responsibility
of employers to assess how likely it is that a hazard
will be harmful and the amount of harm the hazard
will cause. This is why organisations undertake risk
assessments and introduce measures to control or
eradicate that risk.

Risk assessments

By the end of this section you should have
developed a knowledge and understanding
of why organisations undertake risk assess-
ments and how to carry one out.

There are five steps involved in undertaking
a risk assessment; these focus on the process,
from identifying hazards in the first instance to
reviewing and revising your risk assessments.

Key Points

Risk assessments should be carried out by trained
personnel. In a large organisation this should be
the health and safety representative; however, in a
smaller organisation this might be an employer or

other responsible person.
- vy

There are a variety of standard templates that can
be used to allow risk assessments to take place. You
do not need to design your own. Organisations
such as the HSE have standard forms, and many
employers have templates that focus on the key
hazards to look out for. It is not necessary for
the process to be complex or difficult. In many
workplaces the risks are well known and under-
stood; it is often only necessary to ensure that
effective precautions have been taken to minimise

the risk.
‘Make the Grade

Grading criterion P5 requires you to carry out a risk
assessment on a typical item/area of the working
environment. An item could be a particular machine
or piece of equipment, while an area might typically
be a workshop or production area.

Company name:

Step 1: What are the hazards?

Risk Assessment

Date of risk assessment: —/_/_

Step 2: Who might be harmed and how?

Step 3: What are you already doing? What further action is necessary?

Step 4: How will you put the asessment into action?

Step 5: Review date: _/_/__

Figure 1.15 Risk assessment template



Items/area to be assessed

Risk assessments require you to examine what, in
your workplace, could cause harm to people. This
allows you to consider the precautions in place
and whether further measures should be taken;
remember, all employees and other interested
parties have the right to be protected from harm.

An area to be assessed will usually be the work
area in question. If you are considering a large
work area, such as a large production facility or
warehouse, it might be sensible to split this up
into smaller areas, for simplicity. For example, in a
large manufacturing plant, you would expect risk
assessment to be carried out for each production
cell or zone.

However, a risk assessment can be equally
appropriate for a large piece of machinery or for
an item used in engineering. An example of this
could be a hydraulic press, a robot or a chemical
treatment tank.

Five steps

Once you have decided the item or area you are
going to assess for risk, you can decide on how
you are going to undertake your risk assessment.
The usual process is to break the assessment down
into five steps.

Five steps of risk assessment:

1. Look for the hazards.

2. Decide who is likely to be harmed and how.

3. Evaluate the risks and decide whether sufficient
precautions have been taken or whether further
action is required.

4. Record your findings.

5. Review your assessment and make revisions if
necessary.

Look for hazards

Working in the same environment every day can
lead to hazards being overlooked, so it is important
to be systematic about the process.

e Walk around - what hazards can you spot?

e Ask around - talk to colleagues, co-workers and
other interested parties. What do they know
that is potentially harmful that you might have
missed?

e Consider the less obvious hazards such as
long-term health risks.

e Refer to records of ill health for the area.

e Consult the HSE - look at the guidance
documents, website or talk to them directly.
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e Consult interested parties — these could be
trade associations, trade unions, health and
safety officers, and so on.

e Check information sheets, materials specifica-
tions, manufacturers’ instructions, etc — this
information can reveal unknown hazards such
as harmful chemicals.

e Refer to accident records for the item or
area.

Figure 1.16 Timber offcuts present a fire risk

Decide who is likely to be harmed and how

It is often useful to group workers to identify the
risk of hazard that they may be subject to. For
example, computer operators may be at risk of
repetitive strain injury (RSI) or eye strain.

It is important to remember:

e young workers, trainees, pregnant mothers,
people with disabilities and others who may be
at particular risk

e visitors, contractors, cleaners, facilities staff and
others who may not be in the workplace all the
time

e members of the public who may be exposed to
risk — this would be important to consider with
site work, for example.

Staff, colleagues and co-workers should be
consulted to ensure that nobody has been
overlooked.

Evaluate the risks and decide whether
sufficient precautions have been taken or
whether further action is required

Once you have noted the hazards, the next step
is to decide on a course of action. Remember
that the law requires the employer to do what is

21
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‘reasonably practicable’ to protect people from
harm. It is likely that you have already taken
precautions and these may be adequate.

The minimum requirement is to ensure that all
legal requirements have been met. For example,
if noise levels are excessive, are workers using the
correct ear protection, is all dangerous machinery
correctly guarded?

Industry standards and good practice are
often more stringent than the minimum legal
requirements. You should be doing everything
you can to minimise risk. Consider the following
questions:

1. Can I remove the hazard altogether?
2. If not, how can I control the risks?

Often, this will require an action list and the
following principles are recommended:

o Try a less risky option — could larger computer
monitors reduce the risk of eye strain, for
example?

e Preventaccess to the hazard — improve guarding,
for example.

e Organise work to prevent or reduce exposure to
the hazard - design walkways to divert people
around dangerous machinery.

e Supply PPE - this could be footwear, clothing,
goggles, etc.

e Provide adequate welfare requirements
- washing and toilet facilities, first aid require-
ments, etc.

Often, simple steps can improve health and safety
without significant cost — for example, fitting a
handrail to a short flight of steps.

Record your findings

It is important to write down the results of your
risk assessment and share them with staff or
colleagues. This is partly to ensure that you
have assessed all risks correctly and not missed
anything. The other benefit is that an employer
should share the responsibility with employees
and vice versa.

Key Points

Although it is not a legal requirement, if a company
has fewer than five employeses, it is still considered
good practice to keep a written record of risk
assessment and share this with employees.

Many elements of a risk assessment may be a
confirmation of suitable measures or precautions
- for example, danger from rotating machinery
might be highlighted, with interlocked guards
provided as protection.

HSE inspectors will expect evidence that:

e a suitable assessment was carried out

e anyone who might be affected was consulted

e significant hazards were dealt with, considering
the implications

e sensible precautions were taken and any
remaining risk is minimal

o allstaffand their representatives were consulted.

The written record is a useful document to show

HSE inspectors, but it is also helpful to refer

to the next time someone needs to do a risk

assessment in the same or similar work areas. The

risk assessment can highlight many things. If this

is the case, it is useful to produce an action plan

of how you intend to tackle things. Obviously, you

should prioritise the most important risks and

tackle these first, but use the plan as a checklist

and tick off risks as they are dealt with.

Review your assessment and make revisions if
necessary

It would be unusual for a work area to remain
the same for an extended period of time; new
machines are introduced, staff change, different
substances are used and the hazards associated
with all of these can be different to when the
original risk assessment took place. Consequently,
it is a good idea to have a fixed date when risk
assessments will be updated. This might be once
a year, but obviously in some workplaces it might
need to be more frequent, and a risk assessment
should certainly be carried out if major changes
occur, such as new machinery or changes to

premises.
Make the Grade @

Grading criterion M2 requires you to explain the
importance of carrying out all parts of a risk
assessment in a suitable manner. This should follow
on from the risk assessment you will carry out to
provide evidence for P5. You will need to explain the
purpose of each step of the risk assessment and the
method that should be used.



Activity 1.9
Carry out a risk assessment for a piece

of equipment such as a photocopier,
VDU or electric drill.

Use of control measures

By the end of this section you should have
developed a knowledge and understanding
of what control measures can be taken as a
result of a risk assessment and why.

Completing a risk assessment is only the first
step in ensuring a safe working environment. The
action you take following the completion of a risk
assessment determines how safe people will be in
the workplace.

Key Point

You will need to identify a control measure against
each substantial risk you identify from a risk
assessment.

This section introduces you to the methods that
can be used to control specific areas of risk,
from removing the risk entirely, to what training,
protective clothing, and so on, can be used to

minimise that risk.
Make the Grade

Grading criterion P6 requires you to suggest suitable
control measures after a risk assessment has been
carried out, and to state the reasons why they are
suitable. This criterion links with P5. You should

look at the assessment you have carried out and
recommend actions you would take to control the
risks and why.

Health and Safety in the Engineering Workplace

There are a variety of ways of controlling hazards
in the workplace, depending on the nature and
level of risk.

Remove need (design out)

Sometimes a risk can be removed entirely by
redesigning a work area or removing a dangerous
substance or component. You might find that
a hazardous chemical used for cleaning and
degreasing can be replaced with a non-toxic
solution or a process not involving chemicals.
Alternatively, a risk associated with noise or
heat from a nearby building/installation can be
removed by insulating the building.

Use of recognised procedures

It may be that you find a risk is present because
the correct procedures are not being followed. For
example, a dangerous chemical may not be being
stored or used properly. Alternatively, an adhesive
might be being used in a confined space and
giving off fumes. Clearly, the solution might be as
simple as following the manufacturer’s procedures,
such as using in a well-ventilated area or using
appropriate breathing equipment.

Substance control

COSHH regulations give guidance on handling
and using dangerous substances. Although
manufacturers often give guidelines for the use of
various substances, it is important to refer to these
regulations, as they highlight:

what is a substance hazardous to health
what you need to do

identifying hazards and assessing risk
exposure limits

safety data sheets

control measures

personal protective equipment
monitoring

health surveillance

training

emergencies.

Guarding

Where a machine or process is hazardous, guards
are often the only way to protect people from
danger. Guards are used to ensure that access
to rotating components, moving parts or other
dangerous equipment is prevented.

Features of guards are:

e fixed or removable
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e interlocked — so that the machine can only
operate when a guard is in place

fit for purpose

not easy to override
do not allow access to dangerous parts

do not create other problems, such as the
potential for trapped limbs or hair.

Figure 1.17 Machine guards

Stage 1 - think
before lifting

Stage 2 — adapt a
strong, stable position

Stage 3 - place

straight back,
squat over the
object with

knees slightly
bent and feet
slightly apart

Figure 1.18 Manual handling

[

Sack truck

Figure 1.19 Lifting devices

feet slightly apart,

Stage 4 -
keep the
load close
to the waist

Forklift truck

Lifting assessments and manual handling
assessments

Manual handling is defined as any supporting or
transporting of a load by hand or using bodily
force. This can include lifting, pushing, pulling,
carrying, moving or putting down. Poor manual
handling technique often leads to back pain, as
well as severe pain in the wrists, arm, neck, etc.
Employers should strive to:

e avoid manual handling or lifting where there is
a risk of injury

e assess the injury risk from manual handling
that is unavoidable

e reduce the risk of injury from manual handling
hazards.

To reduce the risk, the first thought should be:
can the load be moved to suit the person, rather
than having the person move to the load? A good
example of this is in the maintenance of cars.
Instead of bending or lying on the floor, techni-
cians can raise the vehicle to a comfortable height
using a car lift.

Stage 5 - avoid

twisting or

leaning sideways Stage 6 —
look ahead

Stage 7 — move
object and place
down, adjusting
to the desired
position

Panel carrier




Figure 1.20 Using a car lift

Other aids to lifting or handling can be provided,
such as hoists, sack trucks or conveyors. All workers
should have access to suitable lifting equipment
and be trained in its use.

Manual Handling Operations Regulations 1992
offer comprehensive advice on manual handling.
However, sometimes all that is required is training
on manual handling to ensure that all employees
know how to lift and carry safely and sensibly.

Regular inspection

Although risk assessments are, or should be, carried
out on a regular basis, there are still circumstances
where regular inspections are essential. In the
nuclear industry, workers are regularly checked for
exposure to radiation; similarly, in a mechanical
workshop, guards should be checked for damage
or missing parts. It is often employees who notice
this, and team meetings/briefings should include
an opportunity for health and safety concerns to
be raised.

Figure 1.21 Water leak

Use of PPE

The use of PPE is often regarded as the last option,
if no other control measures are feasible. This

Health and Safety in the Engineering Workplace

might seem unusual, but there are a variety of
reasons for this:

e PPE normally only protects the individual
wearing it

e PPE can be difficult to maintain and it is easy
to damage or degrade its performance owing to
wear and tear

e PPE can make it difficult to do the job effec-
tively, as it can restrict mobility, vision, hearing
or awareness

e PPE is often not fitted correctly or is compro-
mised by operators not using it properly.

PPE regulations require that people are trained
in the correct use of PPE and that employers
must ensure that sufficient PPE is available and
fitted correctly. A variety of considerations will
arise from completing a risk assessment, and
may include who is exposed and for how long.
This should guide you in deciding the required
PPE.

Figure 1.22 Eye protection

Activity 1.10

Suggest PPE for the following hazards
highlighted during a risk assessment:

handling hot metal ingots
using a grinding wheel

working with hydraulic oil

working in a fume-filled room
using a welding kit.
As an extension activity, can you

explain why you have picked each
particular item of PPE.

Training of personnel

One of the main results of carrying out a risk
assessment is often the need for staff training.
This is an important way of ensuring that safe
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working practices are embedded in the workplace.
Although most organisations ensure that first aid,
fire, safe evacuation and emergency training take
place, there are many other elements that can be
missed.

Do personnel know how to:

e use PPE correctly?

e use standard procedure
dangerous substances?

e operate the machines, tools and equipment in
their work area correctly and safely?

e use safe techniques for lifting and manual
handling?

e use new techniques or materials correctly?

e operate safely when moved to an unfamiliar
work area?

when handling

Even with well-trained staff, it is important to
have refresher training activities to ensure that
everyone is up to date. It is not just new members
of staff who have health and safety training needs.

Other personal procedures for health, safety
and welfare

Sometimes, what appear to be the most obvious
health and safety procedures can be overlooked. It
is important that:

e care is taken to ensure that rubbish is disposed

of correctly

work areas are kept clean and tidy

staff regularly wash their hands

food and drink are kept away from work areas

clean, well-lit toilets and washing facilities are

provided

e if appropriate, specialist hand-cleaning facil-
ities are provided

e adequate provision of drinking water is made
available

e accommodation for clothing is provided if
workers need to change into uniforms or PPE

e laundry facilities are available for work clothing
and/or PPE

e facilities are available for eating/drinking and
breaks.

Activity 1.11

Make the Grade

Grading criterion M3 requires you to explain how
control measures are used to prevent accidents. If
you have carried out a risk assessment (P5) and
suggested suitable control measures (P6), then
you are well on the way to achieving this criterion.
You will need to add an explanation to each of your
control measures, saying how it will prevent an
accident.

Wear goggles
when operating
this machinery

Figure 1.23 Protective equipment signs

Make the Grade I D1 :

Grading criterion D1 requires you to justify the
methods used to deal with hazards in accordance
with workplace policies and legal requirements. To
justify the methods, you are going to have to show
why each method is the best solution compared with
other options, and show how your methods meet
regulations.

Suggest control measures for the following issues raised during a risk assessment:

risk of falling from a platform

risk of electric shock from exposed wiring

risk of fire from sparking electric drills in a gas storage facility
risk of RSI from constant pneumatic drill use.
As an extension activity, explain why each control measure will prevent accidents.




1.4 Understanding the methods used when

reporting and recording accidents and incidents

This section will cover the following grading
criteria:

Despite all efforts by employers and employees,
accidents do happen. Accident prevention is not
only good health and safety practice, it is also
financially beneficial, as there is often a significant
cost to the employer in lost production, skills and
knowledge if an employee is lost to the business
through injury or due to an accident.

Itis important to learn from accidents to prevent
them from happening again; consequently, any
accident or near miss should be considered an
opportunity to improve health and safety.

Key Point

It is a legal requirement to report specific
accidents, injuries and dangerous occurrences to
the HSE.

Principles

By the end of this section you should have
developed a knowledge and understand-
ing of the principal reasons for reporting
accidents and injuries.

Reporting accidents or near misses is an important
part of an organisation’s health and safety policy.
If you do not have a record of when, how and why
incidents occur, it is difficult to take the correct,
targeted improvements necessary to protect the
health and safety of all persons who could poten-
tially be affected.

Near miss - In health and safety terms, a near

miss can be defined as an incident that could
have caused injury or damage.

“Make the Grade

Grading criterion P7 requires you to explain the
principles that underpin reporting and recording
accidents and incidents. You will need to understand
how recording accident data can improve health and
safety, which links to grading criterion P8, where you
will describe accident reporting procedure.

A

In this section we shall investigate the reasons for
reporting accidents and the issues that surround
accidents and incidents in the workplace.

Why employers keep records of
serious accidents, incidents and
emergencies

Employers keep records of accidents for a variety
of reasons. There are the legal requirements, which
we will discuss later, but the general welfare of
employees, together with the various costs to the
business, are the reasons why employers should
learn from accidents and try to improve health
and safety accordingly.

e a
Key Points
Measuring noise levels is a good example of why
employers keep records. By recording increasing
noise levels, it is possible that you can predict when
they will become excessive and do something

about it before it becomes a health hazard.
\ J

Serious accidents

Serious accidents are specifically defined in
RIDDOR regulations and include fractures, loss of
sight or hearing, and other accidents that result in
employees having time off or being incapacitated.

Incidents

Incidents may or may not be dangerous to
employees. They can include gas leaks, machine
damage and near misses.
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Figure 1.24 Protection from noisy machinery

Emergencies

Emergencies are likely to be due to major alerts,
such as fire alarms or dangerous chemical spills.
Organisations need to plan for these to ensure
that they have:

e the right equipment to deal with the emergency
(for example, a spill), including protective
equipment and decontamination products

e the right procedures to deal with a casualty

e the right people trained to take action

e the right arrangements to deal with the waste
created.

Responsibilities of competent
persons

All engineers would consider themselves competent
people — after all, who would describe themselves
as incompetent? However, for the purposes of
health and safety, a competent person is somebody
who has had suitable training. For example, if an
employer is concerned about employees being
subjected to excessive noise, they might require
measurements of noise levels being made on an
hourly or daily basis. To ensure that this is done by
a competent person, they would have undertaken
required training in the correct use of the sound-
measuring equipment.

Cost of accidents

Every accident, however minor, costs an organi-
sation money. Even a minor cut requires an
employee to be away from the workplace, if only

for a short period of time. In addition, a first-aider
could be away from the workplace, tending to the
cut, and other employees could be affected by one
person’s absence.

A more serious injury or accident could have
much greater financial consequences and could
include:

e wages for the injured person

e loss of production

e extra wages for replacement staff

e lossoftime for managers/administrators dealing

with the injury and organising replacement

staff

production delays

e damage to plant, machinery, tools, buildings,
and so on.

If the injury is caused by negligence, the HSE
could prosecute and this would entail extra cost,
including:

e legal expenses

e fines

e court costs.

Employers take out insurance to protect
themselves against these costs. However, these
costs are normally the immediate injury cost, plus
any damage and ill-health issues — clearly not the
total cost to the business. In addition, the cost
of insurance premiums could increase and the
reputation of the business could be affected.

Incident cost calculator

The HSE has an incident cost calculator that
allows employers to determine the cost of an



accident; this is available as an online calculator
from the HSE website or can be a paper-based
technique. It breaks down the individual costs as
follows:

Dealing with incident

First aid

Cost of transporting injured person to hospital
Making the area safe

Putting out fires

Staff downtime

Investigation costs

e Staff time to report and investigate incident

e Meeting to discuss incident

e Time spent with HSE/local authority inspector
e Any consultant fees

Getting back to business

e Rescheduling work
Recovering production
Site clean-up

Product rework
Equipment or tool hire

The Incident

Health and Safety in the Engineering Workplace

Business costs

e Salary costs of injured person

e Salary costs of replacement workers
Lost work time

Overtime costs

Recruitment costs

Contract penalties

Cancelled or lost orders

Action to safeguard future business

e Reassuring customers
e Alternative source of supply for customers

Sanctions and penalties

Compensation claims

Legal fees

Staff time spent on legal issues
Fines and costs

Increase in insurance premiums

It is clear that there are many more costs when an
accident occurs than the immediate cost of the
accident.

L Business cost | .
i

L Cmd 55
Cost Calculator |Z=imz=--
Soarm oy o soplaroreee vy -
- & L vl b gl i ] B v ek, sk, rleal
ME:‘E:H'“M oo ST o oI pEoRer produeiy
Drveriorn covs —
Firsa oo puivan imwbved - Frraiind oidH b v
Conira) pansitn — ] I—
Vol dmciicn bond ks e e
— Carw
—— S T igmar O i
— Ersemrery prdormsy =T
. Frowaiag of iy .
———_—— Oewr A
Tl sgwir g Tt s (=] =]
TN G Iy vy ded v g i —_— Vi rasiiin chisey piprwed s R
Il 13 Bk Sled BT S| Vi W G R
Term spand with M Ronsd swtharity mpocion — e Sl rire deasdng wiln ol ooe — - .
Vw1 Ty B b, (o i il b — e Frurs arwl ind s g | o b o ¥
O I, TR @ DT (TR
Urer S — —
 Getting tzch to tusireas ; '
Jigewed s spwer (=1 e m
dregrern prrg Pub ey g vl ey — Srvaryin T s e 30
q LU caraiy
> A P — s
Frirpe) v 1 0 W & —_—
FRpsiaing &y S s
Hiring o= perdhening foch. spuiprses., fanl. wevem e — — —
DL ——— (——

Figure 1.25 Incident cost calculator
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Activity 1.12

During a production operation, an employee trapped his or her hand in a piece of
machinery. Fortunately, a colleague pressed the emergency stop and called for help.
The following table outlines the health and safety procedure:

Action

Number of people

Time spent (hours)

[ ekeasowed | 6 [ 1]
e pertvin e mpecr | 1[5 ]
s [ [ ]
[ Swopeonover | T | m |
e R

Using the cost calculator, determine the total cost, assuming £30/hr as an average

rate.

‘Make the Grade

Grading criterion D2 requires you to determine the
cost of an accident in the workplace from given data.
You will need to consider carefully all the information
you are given and try to think of all the different
things that have to be considered and what the cost
of each action is. By totalling all these elements, you
will arrive at the total cost.

Trends

Recording information can show when trends
start to occur before an event happens. A good
example of this is the use of seismographs to
record earth tremors; this can help authorities
to predict when an earthquake might happen.
Alternatively, records of pollen levels are used to
predict when sufferers will need to take their hay
fever medication.

Major causes

The first trend to consider might be the major
causes of accidents, injuries or health and safety
issues. For example, collecting data over a long
period shows us that exposure to the sun causes skin
cancer, or that falls are the major cause of accidents
for people working with ladders or scaffolding.

Fatal and serious injuries

Trends in fatal and serious injuries from all
engineering sectors can be studied to inform
businesses of the risks involved. Fatalities
increase in certain conditions, and by observing
these trends, an employer will try to prevent
these conditions from arising. An example
might be deaths due to adverse weather on an
offshore installation. By halting work when the
weather becomes extreme, an employer might
save lives.

Methods of classification
Incidents are classified as:

deaths

major injuries

reportable over-three-day injuries
injuries to members of the public
certain prescribed diseases

gas incidents

dangerous occurrences (near misses).

Statistics

The principle of using data to predict trends
is a very important one in health and safety
terms. Organisations should record near misses
as if they were accidents. It is inevitable if that
if a particular work area has an ever-increasing
number of near misses, then an accident is sure
to follow.



Collating statistics over a long period of time
can show up some other interesting trends, such
as an increase in accidents at a particular time
of day, when people’s concentration is lower,
or at a certain time of year, due to cold or hot
conditions.

Recording and reporting
procedures

By the end of this section you should have
developed a knowledge and understanding
of how to report injuries, near misses and
accidents.

All incidents, whether accidents causing injury to
workers or damage to equipment/facilities, should
be recorded. This is in order to meet legal require-
ments. However, it is also essential to record near
misses, as this helps an organisation to focus
on where health and safety issues are occurring
without injury or damage necessarily taking place.
In addition, it is also a legal requirement to record
near misses.

Key Points

There are three important reasons why you
should report accidents:

I.1t is a legal requirement.

2.t helps an organisation see where it needs to
concentrate on health and safety.

3.t is required for insurance purposes.

Make the Grade

Grading criterion P8 requires you to describe the
procedures used to record and report accidents,
dangerous occurrences or near misses. This means
that you will be explaining where you would write
down details of these incidents and who you would
tell.

There are important steps that should be taken to
report incidents, and regulations that have to be
followed.

(N /
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Regulations on accident
recording and reporting

The most important piece of legislation covering
accident reporting is RIDDOR 1995. These regula-
tions require an employer to report incidents to
the HSE. This can be via the phone, the internet
or post/fax. There is even an ICC set up to receive
this information.

RIDDOR requires the reporting of deaths, major
injuries and injuries that involve over three days
off work or incapacity. However, other categories,
including injuries to members of the public,
certain prescribed diseases and gas incidents, are
also reportable.

Deaths

If an employee, self-employed person or member of
the public is killed, the enforcing authority has to
be notified immediately. This should be by phone
and will need to be followed by the completion of
a report of injury (F2508) form.

Major injuries
The procedure for major injuries is exactly the
same as for deaths: a phone call should be followed

by the F2508 form. The following is a list of what
constitutes a major injury:

e fracture, other than to fingers, thumbs and toes

amputation

dislocation of the shoulder, hip, knee or spine

loss of sight (permanent or temporary)

chemical or hot metal burn to the eye or any

penetrating injury to the eye

e injury resulting from an electric shock or
electrical burn leading to unconsciousness,
or requiring resuscitation or admittance to
hospital for more than 24 hours

e any other injury, leading to hypothermia, heat-
induced illness or unconsciousness; or requiring
resuscitation or admittance to hospital for more
than 24 hours

e unconsciousness caused by asphyxia or
exposure to a harmful substance or biological
agent

e acute illness requiring medical treatment, or
loss of consciousness arising from absorption
of any substance by inhalation, ingestion or
through the skin

e acute illness requiring medical treatment where
there is reason to believe that this resulted from
exposure to a biological agent or its toxins or
infected material.
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Reportable over-three-day injuries

If an accident at work does not fall into the major
injury category, but requires an employee or self-
employed person to be off work for more than
three days, this must be reported within ten days.
Although the incident is not considered a major
injury, the F2508 form must be completed or the
ICC contacted by phone. If the injured person
remains at work, but cannot complete their normal
job for over three days, this is also notifiable.

Reportable diseases

The full list of reportable diseases is outlined in

the regulations. If a doctor notifies you that you

have an employee who suffers from a work-related

disease that is reportable, you should contact

the enforcing authority, this time using a F2508A

form. Reportable diseases include:

e certain poisonings

e some skin diseases, such as work-related derma-
titis, skin cancer, chronic ulcer

e lung diseases, such as workrelated asthma,
farmer’'s lung, asbestosis, mesothelioma,
pneumoconiosis

e infections such as leptospirosis, hepatitis,
tuberculosis, anthrax, legionellosis, tetanus

e other conditions, such as work-related cancers,

certain musculoskeletal disorders, decom-
pression illness and hand-arm vibration
syndrome.

Reportable gas incidents

Organisations that process, distribute, supply or
import flammable gas have a responsibility to
report death or serious injury connected with the
gas, in the same way as for other deaths or serious
injuries.

There is also a responsibility which falls on
installers of gas equipment or appliances,
because the design, installation, servicing and
construction/modification could cause:

e an accidental gas leak
e incomplete combustion of the gas
e inadequate ventilation of the gas fumes.

This responsibility is to provide details of any
potentially dangerous equipment and is one of
the reasons why only gas installers registered with
the Council for Registered Gas Installers (CORGI)
should be used by employers.

Activity 1.13

State the health and safety reporting
procedure you would follow if:

an employee is killed at work

a contractor breaks two fingers after
falling on company property

an employee breaks a leg in a car
accident on the way home from work
an employee brings a doctor’s note

stating that their asthma is work-
related.

Procedures to deal with near
misses or dangerous occurrences

Incidents that do not result in death or serious
injury could still be considered a dangerous occur
rence. Accidents such as a building collapsing,
an exploding gas cylinder, a part coming off a
machine, a falling object on a building site, or
a wheel coming off a car could easily be deadly
accidents, and it might be luck that prevents
death or serious injury. It is the responsibility of
an employer to report these kinds of near misses
to the appropriate authorities, using the F2508
form, as with other serious incidents.

Figure 1.26 Near miss

can be

occurrences

Reportable
classified as:

dangerous

e collapse, overturning or failure of load-bearing
parts of lifts and lifting equipment



explosion, collapse or bursting of any closed
vessel or associated pipework

failure of any freight container in any of its
load-bearing parts

plant or equipment coming into contact with
overhead power lines

electrical short circuit or overload causing fire
or explosion

any unintentional explosion, misfire, failure
of demolition to cause the intended collapse,
projection of material beyond a site boundary,
injury caused by an explosion, or accidental
release of a biological agent likely to cause
severe human illness

failure of industrial radiography or irradiation
equipment to de-energise or return to its safe
position after the intended exposure period
malfunction of breathing apparatus while in
use or during testing immediately before use
failure or endangering of diving equipment, the
trapping of a diver, an explosion near a diver, or
an uncontrolled ascent

collapse or partial collapse of a scaffold over
5 m high, or erected near water where there
could be a risk of drowning after a fall
unintended collision of a train with any vehicle
dangerous occurrence at a well (other than a
water well)

dangerous occurrence at a pipeline
failure of any load-bearing
equipment, or derailment or
collision of cars or trains

a road tanker carrying a dangerous substance
overturns, suffers serious damage, catches fire
or the substance is released

a dangerous substance being conveyed by road
is involved in a fire or released

the following dangerous occurrences are
reportable except in relation to offshore
workplaces: unintended collapse of any building
or structure under construction, alteration or
demolition where over 5 tonnes of material
falls, a wall or floor in a place of work, any false
work

explosion or fire causing suspension of normal
work for over 24 hours

sudden, uncontrolled release in a building of:
100 kg or more of flammable liquid, 10 kg of
flammable liquid above its boiling point, 10 kg
or more of flammable gas, or 500 kg of these
substances if the release is in the open air
accidental release of any substance that may
damage health.

fairground
unintended
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Company procedures

It is of paramount importance that organi-
sations comply with the regulations regarding
the reporting of incidents and deaths/injuries.
However, it is not always as clear when a near miss
occurs; indeed, the employer may not be aware
of it happening. For example, an employee might
accidently open a valve, which causes flammable
gas to be released. The gas soon escapes into the
atmosphere and the employee might fear being
disciplined, so decides to ignore the incident. This
could become a habit, and one day a spark might
cause an explosion.

It is important that employers reinforce to all
employees that the reporting of incidents is seen
as a positive way of improving health and safety
and not as a disciplinary issue.

Employers have to provide employees with infor-
mation including:

e emergency procedures

e health and safety risks and procedures to
eliminate or minimise these risks

e data sheets from manufacturers, designers,
suppliers, etc, including substance-handling
guidance.

Safety representatives are entitled to see all this
information, as well as information on accidents.
This information is kept in an accident book.

A typical company process could be:

1. The employee reports an incident in the
accident book.

2. The supervisor notes the accident and checks
that completion of the accident book is correct.

3. The safety manager reports the incident in line
with the RIDDOR regulations and investigates
the incident, recording findings in the accident
book.

4. Senior management takes action that is
‘reasonably practicable’ to prevent the incident
from reoccurring,.

Accident book

To comply with RIDDOR regulations, organisa-
tions can record incidents in an accident book.
This is a document supplied by the HSE that
organisations use to record their accident infor-
mation as part of their management of health and
safety. Each page has a section allowing the person
involved to complete details of the accident or to
check and sign that the details of an incident are
correct if they cannot complete it themselves. The
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accident book is the key document that allows
managers an overview of the safety in their organi-
sation. It can pinpoint where the most accidents
occur, what causes accidents and the nature of
each incident.

Activity 1.14

Following a pipe blockage, a pressurised
container ruptures, causing gas to
escape to the atmosphere.

Investigate the nature of the incident
and what reporting/recording of the
incident should take place. Draw a flow
chart to show how it should be dealt
with.

Figure 1.27 Accident book



Health and Safety in the Engineering Workplace

To achieve a pass grade To achieve a merit grade To achieve a distinction
you will have: you will also have: grade you will also have:

explained the key features @ explained the m justified the methods used
of relevant regulations on conseqguences of to deal with hazards in
health and safety as applied to a management not abiding by accordance with workplace
working environment in two legislation and regulations and policies and legal requirements
selected or given engineering carrying out their roles and
organisations responsibilities in a given health determined the cost of an
and safety situation @ accident in the workplace
described the roles and from given data.
responsibilities, under @ explained the importance
current health and safety legislation of carrying out all parts of a

and regulations, of those involved risk assessment in a suitable

manner
described the methods

used to identify hazards in explained how control
a working environment measures are used to

prevent accidents.

@ described how hazards
which become risks can
be controlled

carried out a risk

assessment on a typical
item/area of the working
environment

@ suggested suitable control

measures after a risk
assessment had been carried out
and stated the reasons why they
were suitable

@ explained the principles
that underpin reporting

and recording accidents and
incidents

@ described the procedures

used to record and report
accidents, dangerous occurrences
Or near misses.
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By the end of this unit you should be able to:

e interpret and use engineering sketches/circuit/network diagrams to
communicate technical information
e use verbal and written communication skills in engineering settings
obtain and use engineering information
use information and communication technology (ICT) to present
information in engineering settings.

In order to pass this unit, the evidence you present for assessment needs to demonstrate that
you can meet all of the above learning outcomes for this unit. The criteria below show the levels
of achievement required to pass this unit.

To achieve a pass grade

you need to:

interpret an
P1 . ‘ .
engineering drawing/

circuit/network diagram

To achieve a merit grade
you also need to:

@ evaluate a written
communication
method and identify ways in
which it could be improved

To achieve a distinction
grade you also need to:

justify the choice of a

specific
communication method and
the reasons for not using a
possible alternative

produce an
engineering sketch/
circuit/network diagram

review the
i i
information sources

obtained to solve an
engineering task and explain
why some sources have
Peen used but others
rejected

evaluate the use of
an ICT presentation

method and identify an

alternative approach.

use appropriate

standards, symbols
and conventions in an
engineering sketch/circuit/
network diagram

evalue;te the
effectiveness of an

ICT software package and

its tools for the preparation

and presentation of
information.

communicate
information effectively

in written work

communicate
information effectively
using verbal methods.

use appropriate
information sources

to solve an engineering task

p7 Q] Use appropriate ICT
software packages
and hardware devices to
present information.
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Intvoduction

Being able to communicate ideas and information in an effective manner is an essential
requirement for engineers and working as an engineer requires you to understand and translate
technical language. Engineers need to communicate engineering and technical information using
sketches, circuit and network diagrams. They also need to be able to use effective verbal and
written skills in an engineering context. The use of ICT to present technical information is, of
course, an essential requirement for presenting information, and the ability to obtain information
from appropriate sources and use that information to solve problems and complete tasks is a
key requirement for technician engineers.

This section of the book is organised as follows; each of the subsections can be readily linked
to the learning outcome (LO), pass (P), merit (M) and distinction (D) criteria.

Section/content LO P M D

2.1 Interpreting and using engineering sketches/circuit/network diagrams | 1,2,3

to communicate technical information

2.2 Using verbal and written communication 2 4,5 |

2.3 Obtaining and using engineering Information 3 6 2

2.4 Using Information and Communication Technology (ICT) to present 4 7 3 [,2
information




2.1 Interpreting and using engineering sketches/

circurt/network diagrams to communicate

technical information

This section will cover the following grading
criteria:

If you worked as an interpreter you would need to
understand a foreign language and translate it into
a language understood by others. All branches of
technology have their own ‘languages, and being
able to interpret or understand technical infor-
mation allows you to use it to work effectively.
Many years ago car manufacturers realised that if
they were to label the gauges on the dashboard, it
would be helpful to have a common system to allow
drivers in any part of the world to understand what
each gauge means. To overcome language barriers,
the symbol, shown in Figure 2.1, has become
universally accepted and recognised.

Figure 2.1 Fuel tank symbols used in cars

Engineers frequently use graphical methods to
produce diagrams and sketches; you will need
to be able to understand what the symbols and
conventions mean when viewing these drawings.
Just like learning a language, the conventions
can seem confusing. However, when you become
familiar with these conventions, you will be able
to interpret and use them with a degree of fluency.

Interpret

By the end of this section you should
have developed a knowledge and under-
standing of interpreting an engineering
drawing/circuit/network diagram.

Engineers need to interpret information effectively
from a variety of sources. Diagrams, drawings and
sketches are methods of graphical communication
and there are conventions in the way that they
are produced. It is important to present technical
information graphically; this information should
be in a form that is readily understood and can be
interpreted by others.

e N

Key Point

Interpreting drawings, sketches, circuits and
network diagrams refers to the information
available in a written or graphical form. It is
how you interpret or translate this information
to produce a final product that is of interest to
engineers.

G /

Looking at drawings, specifications, circuit
diagrams, sketches, etc. is something that engineers
have to do all the time. The information available,
and how it is used, is known as interpretation, and
what you use this for is crucial in engineering,
manufacturing and related technologies.

For example:

e engineering drawings use dimensions to allow
accurate measurements to be made

e circuit diagrams allow components to be
selected and appropriate connections and
settings to be made

e exploded/assembly diagrams show how complex
components are put together and taken apart.

In the next section you will learn how to produce
sketches, circuits and diagrams, including standard
symbols and conventions.
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Make the Grade

Grading criterion P1 requires you to interpret an
engineering drawing/circuit/network diagram.
This does not mean that you will need to interpret
all three. The reason for the choice is to reflect
the branch of engineering you are involved in. A
mechanical engineer might interpret engineering
sketches, while an electrical/electronic engineer
might interpret circuit diagrams.

Obtain information and describe
features

You should be able to obtain information and
describe key component features from any of
the standard methods of communication used
in engineering. Engineers often use sketches,
engineering drawings, computer-aided design
(CAD) and circuit diagrams to communicate infor-
mation. Standard techniques are used and it is
important that you can recognise these and use
them to obtain relevant information and data.

You have a sketch of a broken machine part that
you need to replace.

What sizes need to be used?

Figure 2.2 Sketch of a broken bracket

20 280 50

120

70

]

\ 120 100

40

Figure 2.3 Orthogonal view of the bracket
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2100

Bush Axle
Figure 2.4 Nominal sizes of bush/axle
You need to press-fit a bush on to the axle of a skateboard.
For a press fit, which should be bigger, the hole or the axle?
[e0) o
oo | S O =
28 g5

Figure 2.5 Bush/axle combination with tolerances applied

Figure 2.6 Drawing of a bracelet

You have a steel bracelet that needs to be very
smooth and round.

How smooth and how round should the bracelet
be?

These examples show how important information
needs to be interpreted by the use of standard
techniques that are easily recognisable. You are
probably not very familiar with some of them;
this is because they are part of the language of
engineering and require translating. Later in this
section you will learn more about how to use these
and other conventions to produce sketches and
diagrams containing all the key information that
is required.



42

BTEC Level 3 National in Engineering

O 0.1

Figure 2.7 Drawing of bracelet with geometric/surface
finish symbols added

Dimensions — The actual sizes of a component
or feature. You should not use a rule to measure
off a drawing, there should be a numerical
value.

Tolerances — The maximum and minimum
allowable sizes for a feature; the larger a
tolerance is, the easier it is to reproduce.

E Activity 2.1

Study the drawing in Figure
2.8.

Why are there two views?
What does the series of
diagonal lines through

the right-hand view

represent?

What dimension is missing
from the drawing?

Can you guess what the &
symbol means?

|dentify manufacturing/assembly/
process instructions

You should be able to obtain information on how a
product or group of products are used and develop
further details from sketches and diagrams.

Assembly drawings

An assembly drawing is intended to allow the
user to put together or assemble a group of
components. The details of these parts will be
represented in individual drawings or specifica-
tions; however, the assembly allows the parts to be
put together in the right sequence and with the
correct orientation. An assembly drawing should
have a numbered parts list and the individual
parts should be ‘balloon’ referenced, as shown in
Figure 2.9.

Exploded views

Sometimes an assembly is represented by an
exploded view. This technique is used to give a
three-dimensional (3D) view of the assembly, as
if it had been taken apart. Often, alignment lines
are added to indicate which parts are connected
directly to each other.
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PIN

SEAT

PUNCH PLATE
SPRING
DRIVE PIN
ARM
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Part Q'ty
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‘ 3846/02
PUNCH ASSEMBLY

Figure 2.9 Assembly drawing and parts list Figure 2.10 Exploded view drawing

Cutting lists

Making a full list of all the materials that will be
needed to make a product is a very useful part
of the planning process. If you have engineering
drawings or sketches, it should be possible to
extract the size and material information in
order to generate a cutting list. Cutting lists are
best presented in the form of a table. If you
are preparing sheet material, it is usual to allow
an extra 10mm to the length and 5mm to the
width, to allow for final planing and trimming
to length. Similarly, when cutting metal rod or
similar sections of metal or plastic, 3 mm is usually
added to allow for final trimming using a metal
turning lathe or other similar techniques. The
diameter column is useful for round sections such
as a metal rod, dowel or plastic tube. N/A (not
applicable) can be entered in the grid where no
measurement needs to be listed. Figure 2.11 Drawing of a fabrication

N [
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Part No. OFF |Material Length Width Thickness Diameter
Sides 2 Sheet steel 210 85 8 N/A

Top | MDF 10 85 6 N/A

Base I MDF 130 85 6 N/A

Pins 4 Steel rod 102 N/A N/A 8

Table 2.1 A completed cutting list

Operating procedures

Standard operating procedures are used to ensure
that all operators, particularly in a production
environment, do their job in the same way.
Essentially, a standard operating procedure is a
visual guide, although photographs are often used,
as well as graphic images, to ensure compliance.

Plant/process layout

Process layout drawings are frequently used in the
chemical or process industries to show how large-
scale pipework and machinery are put together.
Although these are traditionally two-dimen-
sional (2D), much more use is being made of
3D techniques. A 3D CAD drawing, for example,

Wet hands and forearms with warm
running water and apply soap.

seconds.

Turn off water using paper towels.

Figure 2.12 Standard operating procedure

Scrub lathered hands and forearms,
under fingernails and between fingers
for 10—15 seconds. Rinse thoroughly
under warm running water for 5-10

can show how a refrigeration plant will fit into a
warehouse or how complex pipework is installed in
an oil refinery.

Process layouts can be flow diagrams, showing how
a process is carried out, and can be schematic,
being used to represent how one operation follows
another.

Alternatively, they can be a representation of how
a process occurs in a factory. For example, a plan
of a car manufacturing plant could show the flow
of raw materials into the plant and the finished
product, the car, as it moves down the production
line.

Dry hands and forearms thoroughly
with paper towels, or dry hands for at
least 30 seconds if using a hand
dryer.

Use paper towel to open door when
leaving.
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1
| | Waste
| /"N Goods
out
Piping supply N— m
Storage area Power plant
Pellet supply

Figure 2.13 Plant layout

( Mobile phone does not work )

Is the phone
switched on?

(Switch on the phone)

Is the phone
charged up?

Plug in adaptor and
charge phone

Contact your mobile phone provider
for further assistance

Figure 2.14 Process chart
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Figure 2.15 Production layout

Electrical/electronic communication circuit
requirements

Circuit diagrams use symbols to represent compo-
nents, parts or connections. They can be very
complex and require an understanding of what
each symbol represents. Fortunately, there are
standard symbols that are used and many computer
packages have libraries of these symbols, allowing
you to develop and test circuits quickly and easily.
Examples of the types of symbols used are shown
in Figure 2.16.

G

L 1

Figure 2.16 Circuit diagram

Assembly drawing — A drawing which shows
how a series of components are put together
or assembled.

Cutting list — A table which shows information
about the materials required for a particular
job.

Operating procedures — A set of instructions
to allow a given operation to be carried out in
a standard, uniform and repeatable manner.

Component — A single piece or part which is
often combined to form an assembly.

Circuit — An interconnected set of compo-
nents that perform specified operations or
outputs, depending upon given instructions
or inputs.




Activity 2.2
For the computer network shown, explain how each component interacts with its
inputs and outputs. You should list each part and indicate its input(s) and

output(s).

Activity 2.3

Generate a parts list for the exploded
view shown in Figure 2.18.

You will need to check how many of each
component are required and produce a
grid, with labels, to identify each part.

Metal frame

High-efficiency
filtering media

Plastic slide-in
filter housing

spacers

Communications for Engineering Technicians

Graphical information used to
aid understanding of written or
verbal communication

When you read a technical manual, textbook or
handbook, it is often difficult to understand if
only text is used. Similarly, imagine you are being
taught how to replace the wheel on a car, test an
electric motor or build a computer network. You
need to be able to visualise what the writer is
trying to communicate or what the presenter is
trying to explain to you.

The use of photographs, videos or access to
components/assemblies would help, of course.
However, graphical methods often allow us to
clearly visualise what is being communicated to us.

Illustrations

2D technical illustrations are often used to
represent 3D objects. The method involves graphic
software or hand drawing of a product or assembly.
Although many designs are represented by 3D
CAD drawings, there is still much use of drawing
techniques in engineering. Technical illustrations
are intended to visually communicate technical
information and should be an accurate represen-
tation in terms of size, showing the key features

47



48

BTEC Level 3 National in Engineering

and indicating what the object does or what it is
used for.

Compressor

Pressure/
vacuum switch

Electric motor

Pressure
gauge

Regulator

Receiver/
reservoir

Figure 2.19 Technical illustration

Technical diagrams

Technical diagrams are similar to technical
illustrations as they are constructed to convey
information. However, they are predominantly 2D
and, unlike the technique of technical illustration,
are not intended for a non-engineering audience.
The techniques are typically used by engineers
to indicate how to build, construct, maintain
or connect components and follow recognised
formats.

Inverter

3D motor

Figure 2.20 Technical layout

Sketches

Sketches are a quickly produced drawing showing
some details of a product. Sketching is used to
develop ideas and identify areas for improvement.
An engineering drawing/diagram is created
from a sketch to provide a medium for allowing
manufacture, assembly or construction. Sketches
are often 3D representations of an object,
using the technique of isometric projection.
Alternatively, they can be a line drawing showing
the arrangement of components in a circuit.

@@@@

Figure 2.21 Isometric sketch

Illustrations — Drawings that give a visual
representation of an object or assembly.

Technical diagrams - Diagrams that show
how parts or components work or are put
together.

Sketches — Freehand drawings that demon-
strate the key features of a layout, circuit or
component.

Lithium-ion
battery



Activity 2.4
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For the assembly shown in Figure 2.22, draw up a step-by-step operating procedure

to allow consistent assembly of the parts.

HARTLEPOOL COLLEGE OF FURTHER EDUCATION

DEPARTMENT
OF
ENGINEERING,

GENERAL TOLERANCE *0.25

T
brass head

i nylon head
’LCs shaft

MANUFACTURING TOLERANCES FINISH

ALL DIMENSIONS IN MILLIMETRES| DRAWN BY: £ o

DATE: 06.09-07

AND DIMENSIONAL  +-0.1 |45 ALl OVER UNLESS
ANGULAR +-1.0 OTHERWISE STATED | PROJECTION
MANAGEMENT

TITLE: JOB No:

CAST +-15
UNLESS STATED NOT TO SCALE MATERIAL: L.C.S.

Engineering sketches/circuits/
network diagrams

By the end of this section you should have
developed a knowledge and understand-
ing of producing and using an engineering
drawing/circuit/network diagram to com-
municate technical information.

Engineers need to use a variety of techniques
to communicate information effectively. Different
industries have different ways in which they commu-
nicate information, and there are conventions that
must be followed to ensure understanding and
consistency.

e N
Key Points
Producing drawings, sketches, circuits and
network diagrams refers to the layout and
presentation of technical information in graphical
form. It is how others interpret or translate this
information to produce a final product that is of

L interest to engineers.

MALLET GA Mallet 01

Getting ideas into a form that can be understood
by others is not always easy. Preparing drawings,
specifications, circuit diagrams and sketches,
is something that engineers have to do all the
time to allow communication of their ideas. The
communication of this information in an accurate
and consistent manner is crucial in engineering,
manufacturing and related technologies.

Using different techniques is important to
engineers, as the audience can be technical or
non-technical. In addition, the techniques used
can be specialist or non-specialist — for example,
a hydraulic circuit diagram may be understood by
a maintenance technician but not by an electrical
engineer.

Sketching allows you to:

e create initial ideas

develop equipment designs

look at equipment performance

communicate and demonstrate ideas

speed up the implementation of engineering
projects.

49



50

BTEC Level 3 National in Engineering

Make the Grade |

Grading criterion P2 requires you to produce an
engineering sketch/circuit/network diagram. This
does not mean that you will need to produce all
three. The reason for the choice is to reflect the
branch of engineering in which you are involved. A
mechanical engineer might produce engineering
sketches, while an electrical/electronic engineer
might produce circuit diagrams.

Grading criterion P3 requires you to use appropriate
standards, symbols and conventions in an
engineering sketch/circuit/network diagram. This
means that as well as producing a neat sketch, you
will have to use the correct method of laying out
your sketch and use symbols or standards.

—_— ——

Freehand sketches of

engineering arrangements using
2D and 3D techniques

Freehand sketching is a very important technique
for communicating technical information.
Sketches can be used for communicating ideas,
instructions and information.

Before formal drawings, models or CAD
drawings are created, it is often useful to present
detailed freehand sketches to analyse and discuss
with colleagues.

Components

Sketching is a good way of recording ideas quickly,
particularly in the design of a new or modified
component.

Figure 2.23 Sketched component

Sketches are often initial concept ideas, giving you
a wide range of possible approaches to consider.
Ideas should be completely different and not just
variations on one idea. Freehand sketches can be
drawn in either 2D or 3D. 2D sketches are a good
method of showing the details of an idea. A 2D
sketch will show what the product looks like from
one particular direction, such as from the top or
from the front. 3D sketches are more difficult to
draw, but will give a better idea of how the whole
product will look. A 3D sketch will usually show
the top, front and one end of the product.

In addition, pencil crayons and marker pens can
be used to produce different effects, depending on
the shading techniques used. Colours and textures
can be used to represent different materials and
surfaces.

Adding notes to your sketches

You can draw attention to part of your idea or
explain a particular feature by adding notes
to your sketches. These should be placed around
your drawings or on the drawing itself. Make sure
your notes are concise and clearly written.

Figure 2.24 Sketch with notes

Sketching techniques

To produce neat engineering sketches, you will
need a variety of tools, including:

e HB pencils

e eraser

e paper

e straight-edge or rule



e template for circles, blocks and symbols
e set squares and triangles.

It is useful to use squared or lined paper to keep
diagrams neat and square. When designers use
drawing film to create technical drawings, they
often place a squared grid underneath to keep
lines and text neatly arranged. In addition, you can
use the grid lines to give you an appropriate scale,
as it is unlikely that you will always be sketching
components at their actual size.
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Figure 2.25 Sketch using grid lines

Activity 2.5

Communications for Engineering Technicians
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Figure 2.26 Shapes drawn on a grid with guidelines

You should always consider the use of guidelines
when producing your sketches. This can allow you
to place faint lines in position to help with arcs,
circles, hexagons, and so on. You can place a series
of guidelines on your squared paper to reduce the
length of curved segments, show tangent points or
help to reproduce polygonal shapes and objects.

Using guidelines and
squared paper, produce

a neat 3D sketch of the

component shown in Figure
2.27.
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Isometric sketching

Isometric paper is used to create a represen-
tation of a 3D object. The guidelines are set at 30
degrees, 90 degrees and 120 degrees. This allows
you to construct a sketch that can represent the
front, side and top faces of an object.

N
<

Figure 2.28 Sketch using isometric grid lines
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If you want to represent a circular object (isometric
circle), you have to construct it as an ellipse. Once
again, the use of construction lines is advisable.

Activity 2.6

<

VAVAVAVAVAV Va2 VAN

Figure 2.29 Sketch showing isometric circles

-

Key Points

Adding notes to your sketch really helps people to
understand what you are trying to communicate.
These can be neat labels explaining what each part
is, a description of how to put the parts together
or what you are trying to show in your sketch.

Using isometric

paper, produce a 3D

representation of the
component shown in

Figure 2.30.
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Figure 2.31 Plant layout sketch

Engineering plant or equipment layout

You can quickly sketch how plant is to be arranged
or assembled; this type of sketch is often used
to allow operators on a construction site or in
a warehouse/factory to put together complex
machinery in the right place.

You should use a rule and add labels to indicate
the positioning of equipment or flow of materials.
Although normally drawn in plan view, as a 2D
sketch, this can also be a 3D representation.

Designs or installations

Sketches of installations are very similar to plant
layout sketches; they are used to indicate how
equipment is to be installed (or fitted) into a
building. Alternatively, a sketch can be used to
indicate how a piece of machinery is installed into
another piece of equipment. You might produce
an installation sketch to show how a generator
is fitted inside a dam for a hydroelectric power
scheme; you might then have a sketch to show how
the turbine is fitted into the generator. Sketches
are normally the first stage in producing a working
drawing and would be used for generating ideas,
not final requirements.

To foul facillities at CGS

Electricallelectronic circuit diagrams

An electrical/electronic circuit can be constructed
by using circuit symbols to produce a schematic
diagram. Circuit diagrams show how a circuit is
connected together; because it is purely schematic,
the final circuit often looks quite different to the
circuit diagram (see Unit 6 for more information).

An electric circuit allows electricity (current)
to flow based on the potential difference (voltage)
between components (resistors). An example of
the symbols used in an electrical circuit diagram
are shown in Figure 2.32 and electronic circuit
symbols are shown in Figure 2.33.

Software packages can be used to produce
circuit diagrams; the symbols can be placed on to
a template using a ‘drag and drop’ technique, and
connected by lines to represent connecting wires.

Electrical circuits need a power source, a path
for electrons to flow, a load and a way of turning
them on/off. If you consider a lighting circuit in a
house, you would have to think of at least some of
the following elements:

e power source — this could be a battery, which
supplies direct current (d.c.); however, it is more
likely to be mains electricity, which is alter-
nating current (a.c.)

e path for electrons to flow - this is the wiring
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Single lamp
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Figure 2.32 Electrical circuit symbols
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Figure 2.33 Electronic circuit symbols
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in your house which connects the elements of
a circuit

e load - alight bulb acts as a load; it is a resistor
which glows because it is being heated

e a way of turning it on/off — this is a switch
which is placed between the light bulb and the
power supply and interrupts the wiring.

In addition to these components a household
would have fuses or circuit breakers. If a fault
in an electrical component or device causes too
much current to flow in a circuit, you need a safety
device to protect the circuit or appliance. The fuse
is a thin piece of wire which overheats and melts,
so you have to replace them when they fail. A
circuit breaker is an electromagnet; excess current
energises the electromagnet, pulling against a
spring to ‘open’ the circuit. These can be reset;
however, you should investigate the reason for the
excess current first!

Tips for drawing circuit diagrams

e Ensure that you use the correct symbol for each
of the components.

e Values should be added to resistors, capacitors,
and so on.

e Use a ruler to draw straight lines, representing
connecting wires, between components.

e A dot (@) is used to represent the point where
wires are joined.

e The top of a power supply is normally positive
(+).

e Signals normally flow from left to right — that
is, inputs on the right and outputs on the left.

Light bulbs

Y s

= Battery

il L —

Two-way switch Two-way switch

Figure 2.34 Electrical circuit diagram
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Figure 2.35 Electronic circuit diagram

Activity 2.7

Using the symbols in Figure 2.32,
construct a circuit diagram representing
the torch shown in Figure 2.36.

System/network diagrams

A system or network diagram is a graphical repre-
sentation of an interconnected group or system. A
tree diagram is one form of network diagram.

There are many different types of network
diagram. For example, a computer network often
shows the distribution from the main server to
satellite computers and servers. They can often
show printers, internet connections, wireless
routers, etc.
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Figure 2.37 Tree diagram

A telecommunications network diagram might
show the central telephone exchange for a
building, with all the branch lines leading off to
individual offices. A Programme Evaluation and
Review Technique (PERT) diagram (see Figure
3.17 on page 113) is used by project managers to
determine the length of time that different parts
of a project will take and to find the critical path.

Mobile PC

Desktop

Activity 2.8
Draw a network diagram of a road or

railway system for your local area.

2D sketch — A two-dimensional sketch shows
separate views of the front, side or top of an
object.

5D sketch — A three-dimensional sketch shows
one view incorporating the front, side and top
of an object.

Use of common drawing/circuit/
network diagram conventions
and standards

Whether you are creating an engineering drawing,
a circuit diagram or a network diagram, there are
certain standards and conventions you should
follow to ensure that the information you are
communicating is easy to understand.

Layout and presentation

Technical drawings should be drawn on a template.
Templates are based on standard paper sizes.

Payment
processing
gateway

Firewall
PDA client

Figure 2.38 Computer network

warehouse

Application
server farm -
Operational
database
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3
LCS shaft
DEPARTMENT 4
OF LCS plug
ENGINEERING,
MANUFACTURING GENERAL TOLERANCE *0.25
TOLERANCES FINISH ALL DIMENSIONS INMILLIMETRES [DRAWN BY:  p £ o DATE: (5.09-07
AND DIMENSIONAL ~ +/-0.1 $/A,_L OVER UNLESS i
ANGULAR +-1.0 OTHERWISE STATED | PROJECTION
MANAGEMENT CAST 15 TITLE: JOB No:
UNLESS STATED NOT TO SCALE | MATERIAL: LC.S. MALLET GA Mallet 01

Figure 2.39 Title block

Drawing sheet sizes in millimetres

A0 1189 X 841
Al 841 X 591
A2 594 X 420
A3 420 X 297
A4 297 X 210
A5 210 X 148

The template is normally a rectangle drawn onto
the paper sheet; it contains important key infor-
mation, most of which islocated within a title block.
The title block is normally a smaller rectangle in
the bottom right-hand corner of the drawing sheet.
Drawing sheets and title boxes should conform to
BS ISO 7200 technical drawings.

The title block could include:

e name — the name of the designer or originator
of the drawing

checked by - the person who checked the
drawing prior to it being issued

title — the name of the component/assembly/
circuit/network, which should contain infor
mation to identify the type of drawing - for
example, general arrangement or detail; it
should also clearly describe accurately what
the drawing portrays

drawing number — a unique number allowing
the drawing to be archived and catalogued
issue number - as a drawing is changed or
updated, the issue number increases to reflect
the current status

date - when the drawing was originally
constructed

scale — indicating whether the drawing is a
full-size representation of the component or a
scaled version

WESTMOUNT ENGINEERING DEPARTMENT

DRAWING TITLE

SCALE: # # | DATE: YYYY-MM-DD

DRAWN BY: YOUR NAME HERE SHEET: # #

Figure 2.40 Typical template drawing
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e projection symbol - indicating first- or third-
angle projection.

Other information, such as tolerances, material

specifications, surface texture, geometrical toler-

ances, etc., is often included.

The template should be a rectangle drawn
inside the perimeter of the drawing sheet. The
distance from the edge is normally 20 mm on
large templates (AO, A1, A2) or 15mm on smaller
templates (A3, A4).

Activity 2.9

Create a drawing template using a
blank A3 sheet of paper. You will need

to include your company/college/school
name somewhere on the template.

Engineering drawings are constructed to convey
all the required information to allow a part to
be manufactured. Because drawings are conven-
tionally constructed in 2D, more than one view
is required. The technique used to place views
on a drawing is known as projection, and the two
systems used are called first-angle and third-angle
projection.

()
NZR

Third-angle projection

First-angle projection

Figure 2.41 Projection symbols

Orthographic projection is a method of producing
a perfect 2D representation of an object. However,
it is unlikely that you will be drawing them full
size, so you will have to draw them to scale.
This allows the object to be visualised accurately,
with everything in proportion. Small objects are
‘scaled up’ and large objects are ‘scaled down. It
is conventional to use standard scale factors or
ratios, so something that is drawn half-size is at
a scale of 1:2, while something that is drawn ten
times bigger than its actual size is at a scale of
10:1.

Reduction scales

I [:2 [:5
[:10 [:20 [:50
[:100 1:200 1:500
[:1000 1:2000 1:5000
Enlargement scales

1000: | 2000:1 5000:1
100:1 200:1 50:1
[0:1 20:1 5:1

I 2:1

Table 2.2 Standard drawing scales

You can tell whether a drawing is presented
in first- or third-angle projection by referring
to the symbols shown in Figure 2.41. However,
the convention revolves around three views or
elevations.

End elevation

Front elevation
Figure 2.42 Third-angle projection drawing

Third-angle projection has the three views
arranged as shown in Figure 2.42.

1. Front elevation — the main or front view of an
object. This is normally drawn in the centre of
your template and is usually drawn first.

2. End elevation - this is a side view and you
draw exactly what you would see if looking at
the side of an object. You can construct with
the left-hand or right-hand view (or both). The
view is drawn at the same side as you would be
looking at the drawing, so the right-hand view
is drawn on the right.



3. Plan view - this is a view that represents what
you would see if looking at an object from
above. The view is drawn above as you would be
looking from above.

All views will need to be at the same scale and
aligned using guidelines, as shown in Figure 2.42.
First-angle projection is very similar, in principle,
to third-angle projection. However, once the front
elevation has been constructed, the views are
drawn in the opposite orientation, so the right-
hand view is drawn from the left and the plan view
is drawn from underneath.

Plan

Figure 2.43 First-angle projection drawing

60
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Figure 2.45 Dimension example
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Activity 2.10

Sketch three views of the component
shown in Figure 2.44 using third-angle
projection and an appropriate scale
factor to allow all three views to fit on
an A4 sheet of paper.

Dimensions

A dimensioned drawing should provide all the
information necessary for a finished product or
part to be manufactured. An example dimensioned
drawing is shown below.

75
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abcdefghijklmnopqgrstuvwxyz1234567890

ABCDEFGHIJKLMNOPQRSTUVWXYZ

Figure 2.46 Standard lettering and numbering

Dimensions are added to a drawing using
thin, continuous lines. Lines are projected from
the start and finish points; these are known as
projection lines.

A small gap should be left between the projection
line and the object you are drawing; similarly, the
projection lines extend beyond the dimension line,
which is perpendicular to the projection lines. The
dimension line is annotated with the dimension,
which does not have units, as it is conventional
to use millimetres in engineering drawings. All
dimensions and additional notation should be the
same size and, when using manual techniques, it
is often useful to practise by drawing two parallel
lines and trying to reproduce consistent lettering
and numbering, as shown in Figure 2.46.

Tolerances

All manufactured products are subject to toler
ances; you cannot make a part to the exact size on
a drawing. For the most part, a general tolerance
will be indicated in the drawing - for example,
* 0.5mm. If a specific dimension is to have a
tolerance, it is added as shown in Figure 2.47.

The largest size is placed above the smallest,
and an appropriate and equal number of decimal
places are used for both.

+0.1
L 32 —0.2

o

Geometric tolerances

Geometric tolerances are used to determine the
allowable variation from true geometry. It is often
visualised as the diameter or width of a zone
within which the axis of a cylinder, surface or hole
should fall.

The tolerance zone can be determined as one of
the following;:

e the area within a circle

e the area between two circles

e the area between two equidistant lines or
between two parallel straight lines

e the space within a cylinder

e the space between two coaxial cylinders

e the space between two equidistant surfaces or
two parallel planes

e the space within a bent pipe.

Line types

Lines on an engineering drawing have particular
meanings; they are of two thicknesses, so you will
need two pencils! Generally, the thick lines are
twice the width of the thin lines.

Figure 2.47 Tolerance dimension
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Symbol / Datum
Tolerance
I
value /C)/ Cylindricity J_ Perpendicity
—| Straightness @ Position /| Profile of line 4 Angularity
U Flatness —=| Symmetry (| Profile of surface / Run-out
O Circularity / / Parallelism @ Coaxility U Total run-out

Figure 2.48 Geometric tolerances

Description and representation Application
Continuous wide line Visible edges and outlines
Continuous narrow line 1 Dimension extension and projection lines

2 Hatching lines for cross sections
3 Leader and reference lines

4 Outlines of revolved sections

5 Imaginary lines of intersection

6 Short centre lines

7 Diagonals indicating flat surfaces
8 Bending lines

9 Indication of repetitive features

Continuous narrow irregular line Limits of partial views or sections provided the line is not an
axis

Dashed narrow line Hidden outlines and edges

Long dashed dotted narrow line 1 Centre lines

_— 2 Lines of symmetry
3 Pitch circle for gears
4 Pitch circle for holes

Long dashed dotted wide line Surfaces which have to meet special requirements
Long dashed dotted narrow line with wide lines Note: BS EN ISO 128-24 shows a long dashed dotted wide
at ends and at changes toindicate cutting planes line for this application
1
—_
Long dashed double-dotted narrow line 1 Preformed outlines
2 Adjacent parts

— 3 Extreme positions of moveable parts
4 Initial outlines prior to forming

5 Qutline of finished parts

6 Projected tolerance zones

Continuous straight narrow line with zigzags Limits of partial or interrupted views

J\/_/\/i Suitable for CAD drawings provided the line is not an axis

Figure 2.49 Line types
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Filled or unfilled is OK

[ A

Datum with letter

Datum with
tolerance frame

Figure 2.50 Geometric tolerance box

Activity 2.11

Figure 2.51 shows a component.
Produce an engineering sketch using
orthographic projection and appropriate
use of different line types to indicate
hidden details and centrelines.

Hatching

Key Term

Hatching - a technique used to indicate where
a part or component has been sectioned.

Sections are created to show hidden details. If you
can imagine that a part has been sliced in two
along a cutting plane, you have a section!

A section shows all visible elements that exist
beyond the cutting plane, as indicated in Figure

Figure 2.52 Sectioning

2.52.0n an engineering drawing, the cutting plane
is indicated by the centre line, with thick lines at
the ends and arrows indicating the direction from
which the sectioned view is being viewed. Letters
are used for reference, as a drawing can have
several sections, depending on its complexity.

Hatching is used to indicate where the cutting
plane would encounter solid material. Hatching
is normally constructed at 45 degrees, with a
spacing of approximately 4 mm.

|
|

| i =
4

Figure 2.53 Hatching

All hatching for a single object should be at
the same angle and spacing. However, when
assemblies are to be hatched, the direction of
hatching on adjacent parts is reversed. Similarly,
if more than two parts are adjacent, hatching
distances can be varied or the hatch staggered for

clarity.

Surface finish

Engineering components invariably have to have
a smooth surface; the measure of this smoothness
is called surface finish. Surface finish indicates
how deep the grooves or undulations are on a
surface.

Otherwise known as roughness, it consists of
surface irregularities, which often result from



machining operations. It is the height of these
irregularities with respect to a reference line
that determines a value for surface finish. It is
measured in millimetres or microns.

D
E

A C

Figure 2.54 Surface finish symbol

Symbols

Symbols and abbreviations are often used in
engineering drawings to represent features where
space does not permit the use of text.

For example:

Across flats AF

Assembly ASSY

Centres CRS

Centre line In a note CL

Centre of gravity CG

Chamfered In a note CHAM

Cheese head CH HD

Countersunk or countersink CSK

Countersunk head CSK HD

Counterbore CBORE

Cylinder or cylindrical CYL

Diameter In a note DIA

Diameter Preceding a
dimension &

Drawing DRG

Equally spaced EQUI SP

External EXT

Figure Fig

Hexagon HEX

Hexagon head HEX HD

Internal INT

Left hand LH

Long LG

Machine M/C

Material MAT

Maximum MAX

Minimum MIN

In a note and
underlined NTS

Not to scale

Number NO.
Pitch circle diameter PCD
Radius In a note RAD

Communications for Engineering Technicians

Radius Preceding a
dimension R

Reference REF

Required REQD

Right hand RH

Round head RD HD

Screw or screwed SCR

Sheet (drawing number) SH

Sketch SK

Specification SPEC

Spherical radius SR

Spotface SFACE

Square In a note SQ

Square Preceding
dimension []

Standard STD

Thread THD

Thick THK

Tolerance TOL

Typically or typical TYP

Undercut UCUT

Volume VOL

Parts lists

When components are brought together, an
assembly drawing is produced. As previously
discussed, the purpose of this type of drawing is
to indicate how parts are put together.

e Although detail dimensions are excluded from
assembly drawings, overall dimensions or dimen-
sions required for assembly can be included.

e Sectional views are often used to view internal
parts.

e Each part is given a number indicated by a
balloon reference — a number in a circle with a
leader line pointing to the part.

e The leader line has either an arrow pointing to
the edge of a component, or a dot if the line
finishes within the outline of the part.

e A table of parts should be added to the drawing
to identify each part.

e The parts list should have a description of
the part, the quantity required and the part
number.

Circuit/component symbols

As discussed previously, standard symbols are used
to construct circuits. Although you have already
looked at electronic and electrical symbols, there
are other standard symbols, depending on your
profession — for example, pneumatic and hydraulic
symbols.
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HARTLEPOOL COLLEGE OF FURTHER EDUCATION

OF

AND

DEPARTMENT

ENGINEERING,

GENERAL TOLERANCE $0.25

7
brass head

2
nylon head

°LCS shaft

‘LS plug

MANUFACTURING

MANAGEMENT | cast +-15
UNLESS STATED
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Figure 2.55 Assembly drawing with parts list

@_

Main air supply

<]_

Exhaust air

Pilot air

1

Air pipes connected

T

Air pipes not connected

f

Air bleed

HAY

3/2 valve

Push button activator

]

Plunger activator

OTT

Lever activator

Roller activator

VA

Diaphragm activator

T™—~—VL

Solenoid activator

=

Spring return

A AN
VVVYV

Sin'gle acting cylinder

Figure 2.56 Example of typical pneumatic symbols

T T
Double acting cylinder

AL

5/2 valve

C__ >

Reservoir

3

Undirectional
restrictor

%D—T—%

Shuttle valve
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< O - LI

%%

Oil cooler Test point Pump with motor Accumulator Control valve
@ == /
Filter Check valve Pump Hydraulic cylinder Pressure switch
N

[ — 3

Breather Shut off valve Fan drive motor Brake piston Warning switch

Figure 2.58 Example of typical hydraulic symbols

Use of appropriate standards

British Standards (BS) and the International
Organization for Standardization (ISO) lay down
strict requirements which have to be met when
constructing drawings; this ensures standardi-
sation and consistency. The use of technical
standards allows the use of one reference source
with all the information available.

Conventions — The way we present infor-
mation; the layout, terminology, language and
appearance of engineering diagrams/sketches.

Standards — Created by internationally recog-
nised institutions to provide guidance on how
to present information. They provide a set of
rules that will allow a diagram/sketch to be
understood by other engineers.

Typical standards used by designers include:

BS/ISO 8888 Technical product specification

BS 3939 Graphical symbols for electrical
power, telecommunications and
electronics diagrams

BS 2917 Graphic symbols and circuit Ma ke the Grade
diagrams for fluid power systems
and components

BS 5070 Engineering diagram drawing
practice . ; o .

BS 1SO 14617 Graphical symbols for diagrams an engineering sketch, circuit or network diagram.

Grading criterion P3 requires that you use
appropriate standards, symbols and conventions in
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Activity .12

Figure 2.58 shows a circuit. Redraw
the circuit using conventional circuit
symbols. You should refer to Figures
2.87 and 2.58 for the standard
symbols.

Activity 2.13

Figure 2.59 shows a
component drawing.
Copy the drawing on
to an A4 sheet and

Single acting
cylinder

3/2 valve

Pump

Filter

Tank

add the following

symbols, standards
and conventions to

show that:

e face A is to have a
surface finish of 3.2
microns

face B should be

parallel to Face A

within 0.1 mm

centre lines should

be added where appropriate

e 3 cutting plane on view Y should be added.

You should also sketch a 3D model of the component using appropriate 3D

sketching techniques.




2.2 Using verbal and written communication

This section will cover the following grading

criteria:

Being able to communicate effectively is a key
requirement for all engineers. Written communi-
cation can use a variety of methods, depending on
the importance of what you are trying to commu-
nicate or on the audience. If you want to tell a
friend you will be late for a social event, you might
send a text message. However, if you are applying
for a job, a formal letter might be a better form of
communication.

The same is true of verbal communication. You
could phone a friend to tell them you are going to
be late; however, a formal interview would be more
likely if you are applying for a job.

Written work

By the end of this section you should have
developed the ability to use written methods
to communicate information effectively.

Engineers need to be able to use a variety of
written techniques to record and present infor-
mation. There are prescribed formats and
different styles, depending on the audience and
use for the work being recorded/presented. In this
section you are going to look at the different ways
that engineers communicate and use different
methods, depending on the situation and context.

Key Points

Communicating effectively in writing requires you
to use a prescribed style, depending on who the
audience will be.

Written work can vary from making simple
handwritten notes for yourself, as a record of
a meeting or discussion, to producing formal
documents such as a business letter or memo.
When you are making handwritten notes, they
are just for you — in other words, an audience of

one person. Even if your handwriting is difficult to
read, as long as you can understand what you have
written, then it meets the need of the audience.
But what if you are taking a message on the
phone? If you are then going to leave a note for
someone, it might be worth writing out the details
carefully so that they can clearly understand the

message.
Make the Grade

Grading criterion P4 requires you to communicate
information effectively in written work. In order to
do this, you will need to present evidence of note-
taking, the ability to use a specific writing style,
proofread and amend text, use a diary/logbook and
use a graphical presentation style. You may need to
present several pieces of evidence to accomplish
this; however, you will be demonstrating many of
these elements within your project (Unit 3] and you
may be able to use this as evidence.

Note-taking

Note-taking techniques depend upon personal
preferences; notes can be handwritten using
conventional text, but can also be in shorthand
or diagrams. Shorthand is a form of writing
which, typically, replaces words with abbreviated
text or symbols. Although there are many formal
shorthand systems, with names such as Pitman,
Gregg and Teeline, many people develop their own
methods of writing that they can use to write up
more formally at a later date. Alternatively, you can
use lists or bullet points to remind yourself of key
points from a discussion.

Many people prefer a pictorial method to
remind themselves of a discussion or to develop
ideas. Flow charts are often very useful, as they
can show a plan or process; another typical
technique is the use of mind maps, which can
be used to generate creative ideas or make plans
(see Unit 3).
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Figure 2.60 Shorthand example

Activity 2.14

Make notes from a news story currently
in the headlines. You can use the radio,
television, newspaper or listen to
friends/colleagues discussing it. You can
use lists, mind maps, flow diagrams or
whichever technique you prefer.

Leave your notes for a period of time —
at least 48 hours. Can you use them to
write an article/report or to explain the
news story to your tutor or employer?

Note-taking — When listening to a discussion
or presentation, effective note-taking helps

you to extend your attention span, remember
what you have heard or read and organise your
ideas.

Writing style

Different writing styles are used for technical or
formal documents. There are conventions about
the way you should present information that largely
depend on who is reading what you have written
and the message you are trying to get across. A
business letter is a very formal document, with a
recognised style and format. Similarly, a memo has
a particular layout and content. However, emails
can vary from being very formal and precise when
used in business, to being informal when used
among friends.

Business letter

A business letter should follow the format shown
in Figure 2.61. This is a standard format which
normally follows a pattern.
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Furnishers

Est 1947 12 High Street Bristol BS1 4]B Tel: 01234 572662  Fax:01234 572000

12 High Street
Bristol
BS1 4JB

Date: 14th April 2010

Mrs P Jones

41 Fern Close

Bristol

BS2 5HD

Dear Mrs Jones

Reference No: Order A751 - Hanley Bedside Cabinet

Thanks you for your order. | am pleased to confirm that delivery of the above
product will take place on 15th May 2010 between 8 a.m. and 6 p.m. Please
ensure that someone is available to accept delivery. We regret that we cannot
allocate specific time slots.

If you experience any problems with the delivery process, please do not hesitate

to contact me on 01234 572682.

Yours sincerely

K Adarrs

Ms K Adams
Delivery Manager

Figure 2.61 Business letter

Activity 2.15 Technical background report

Used to give background information about a
specific subject — for example, how hybrid vehicles
work or why a particular computer game is popular.

Using a blank sheet of A4 paper, write
a formal letter to the head of XYZ

television complaining about the lack of
coverage of celebrity arm-wrestling on
the sports channel.

Instruction booklet

This kind of report can be a simple procedure - for
example, how to build a circuit to control traffic
lights. They can also be very specific, such as how
Technical report to create a 3D model using a particular piece of
CAD software.

A technical report is used for a variety of purposes.
Typically, reports might be used for the following.
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Research

This usually refers to work carried out in a
laboratory, trial, field study, and so on. Usually,
data are considered and analysed, and conclu-
sions presented. It could be a report on whether
a particular adhesive can be used to replace
fasteners in an aircraft, for example. Alternatively,
it might be used to indicate the voting preferences
of certain groups of people in an election.
Feasibility

This kind of report is used to evaluate whether
a particular project is worth undertaking. Often
based around cost, it is used to determine whether
to invest in a particular technology or facility - for
example, drilling for oil in hazardous environ-
ments or upgrading the personal computers (PCs)
used in a school or college.

Specifications

When a design is required, it is important to
specify the performance, useability, materials,
operating characteristics, etc. Specifications are
frequently used by engineers to give them the
requirements of a product they may be designing
or building.

Reports are usually broken down into sections;
if you are considering a substantial report,
you would use the format explained in Unit 3
for a project report. However, for a small-scale
report, such as a laboratory report following
a test or investigation, the following format is
recommended:

Title page — include your full name, the title

of the investigation or test, the date and
tutor name if applicable.

Objectives — explain why you are completing
the experiment or test, what you hope to
find out and/or what theory you are proving
or testing.

Apparatus - list the equipment and materials
you are using; a sketch or diagram is also
helpful.

Method - outline the procedure carried out
to complete the experiment/test in a logical,
step-by-step manner.

Observations — record what you saw or
measured.

Analysis - this section allows you to interpret
the results of your observations. It could
be carrying out calculations or plotting
graphs.

Conclusions - what did you learn from
doing the experiment/test? Did you prove
or disprove a theory? Refer to your objec-
tives and discuss how well they were
accomplished.

Recommendations — were there any issues
with the test equipment or materials? Is
further study required? What would you
suggest doing next?

Reports are normally written in the third person
and past tense.

Memos

Memorandums, or memos for short, are usually
short messages used within business, often to
remind or inform colleagues of an event or policy/
procedure.

To: | Heather Fisher

Copy to: | James Reece

Date: | 14/04/10

|
|
From: | Melanie Hil |
|
|

Subject: | Delivery time changes

Please note that our delivery times have now changed to 8 a.m. to 6 p.m.
rather than 7 a.m. to 5 p.m., effective from today. Any future order
confirmations you send should include these revised times.

Figure 2.62 Example memo




A memo usually consists of:

Distribution list ~ Who the memo is being sent to
and who it is from

Copy Who is also being given a copy
or whether the memo should
be kept on file

Title What the memo is about

Content The information being

communicated

It is worth noting that the use of memos has been
replaced in many organisations by the use of
emails, as they often perform the same function in
a quick and efficient manner.

Activity 2.16

Write a memo to Mr Black, Ms Red
and Mrs Blue (with copy to Dr White),

reminding them of the need to attend
the board meeting on 1 April at 9 a.m.
and not 9.30 a.m.

Email

Using email is a quick and convenient method of
transmitting information; it is used both to transmit
formal information, such as quotes and requests,
and as a quick and easy method of transmitting
informal information. The ease of operation and
speed of email communication has seen it become
an essential business tool for all organisations,
and the ability to attach drawings, documents
and specifications to an email has revolutionised
the way industry works. Documents/drawings not
produced electronically can be scanned to produce
an electronic file that can also be attached to an
email. Many mobile phones have a facility to allow
emails to be received and sent, in a similar manner
to texting someone.

Fax

Before the development of email systems, many
organisations used faxes to send information such
as diagrams or specifications. Most faxes operate in
a similar way to a photocopier, and allow A4 sheets
of paper to be fed through a scanner, which sends
the information via a phone line to a fax machine in
another location, which prints a copy of the original
document. Some organisations still require faxes to
be used, as a signature is sometimes required — on
a purchase order, for example. These are generally
much poorer quality than the principle of attaching
scanned or electronic images to an email, however.

Communications for Engineering Technicians

Activity .17

Give g brief explanation of why and
when you would use the following forms
of communication:

* mMemo
e formal letter
e lab report.

First person — Writing from your perspective
— for example, I carried out the experiment.

Second person — Writing from the audience’s
perspective — for example, you carried out the
experiment.

Third person - Writing from neither your
perspective nor that of the audience - for
example, the experiment was carried out.

Proofreading and amending text

Proofreading is a technique used to check that
what you have written is really what you are
trying to say. Proofreading gives you the oppor-
tunity to check for mistakes and ensure that
the piece of work you have created is error-free.
Professional proofreaders will often use a red pen
and go through a document indicating errors and
omissions, using conventions such as those shown
in Figure 2.63.

Ideally, you should create your document or
written work thinking of it as a first attempt or
draft. You should then leave some time before
finding somewhere quiet to look through what you
have written. Many people find it difficult to read
from a screen, so printing a hard copy can help.
You can then annotate this document as you go
through it.

Things to look for when proofreading:

e Words - Are they spelt correctly? Do they have
the correct meaning? Are there any missing
words, such as [, the, it and in.

e Grammar - Look for missing apostrophes and
commas, and sentences starting without a
capital letter. A common mistake is using i
instead of L.

e Consistency of style and punctuation - For
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a This is an irrelev¢nt and inaccurate tale kvhieH has many unnecessary, 4ot
va inconsistent and inconvenig#gt traps for you to fall into.
q The President and Mrs/ Ruse had made a disastrous marriage. EveryCone :

n realised it and the universal judgement was damr/ﬁng and no one could

explain how it had occurred.

% 'I(@ay had married in Spring, and by the autumn all eyes were focu;fsed 5/(7
‘ = C
their onftherel disappointingly separate lives. S

e
67 l[ The Iawyersfhad Iia(sed/ they’d been successfully practi¢ing law for years ;/5
a(’ and yet the principitel business of repair and maintainance of the marriage )

was beyond their control.

o

They’d been/]ékillful in focu$sing on the relevant issues of the separation ﬁ
=) g\ﬂ but their advi;ée to thepresidentﬁ’] dependents was definitely unsuccessful. N

%V (I% a good idea never to under-estimate how people can be %ﬁected by %/
rv breakup

Anyway from 1960/7 the Press had a fieIdFlay. Preceding that time / when 1™
things were going well, many people not only benefifted but positively

was rejoiced. The number of good deeds jwerefnever canted but a tranquility

and peace characterised that poit\ical period. L A

Figure 2.63 Example proofread script

example, have you used the first person in one When using word-processing software, it is
sentence and third person in the next? tempting to use the spelling and grammar-checking

e Repetition — Two words repeated — for example, functions. While these are very useful in the first
the the text is easy to read. instance, they are not foolproof. The document

e Typos — Have you used the wrong word - shown in Figure 2.64 was produced using word-
for example, tree instead of three, or weather processing software and contains no spellchecking
instead of whether? errors. Can you see what went wrong?

e Ambiguity - When you read your work back, is
it clear? Does it make sense? If you are unhappy
with a particular section, you may need to
rewrite it.

Key Term

Editing — Amending a piece of written work
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Key Points

Proofreading your own work is very difficult. It is
surprising how you can reread something several
times and still miss a glaring error. If you can
persuade a tutor, teacher, friend or colleague to
proofread your work for you, they will probably

spot mistakes you would have missed.

after it has been produced, to remove errors
and improve the style and content.




The spelling Chequer
(or poet tree without mist takes)

Eye have a spelling chequer

It came with my pea sea

It plainly marks four my revue
Miss steaks eye cannot see

Each thyme when I have struct the quays
Eye weight four it two say

If watt eye rote is wrong or rite

It shows me strait a weigh

As soon as a mist ache is maid
In nose bee fore too late

And eye can put the error rite
Eye really fined it grate

Ive run this poem threw it
I’m sure your policed to no
It’s letter perfect in its weigh
My chequer tolled me sew

Figure 2.64 Poet tree without mist aches

Activity 2.18
Look at the letter in Figure 2.65.
Can you spot any mistakes?

Communications for Engineering Technicians

Use of diaries/logbooks for
prioritising work schedules

Diaries are often used by engineers in the same
way as other people, to record dates, times,
appointments, and so on. However, as an engineer,
you are often conducting tests, being involved
in design meetings and similar activities where
record-keeping is important. A large-format diary
is often useful as a logbook for recording data,
discussions and logging completed jobs. An alter-
native to a diary is a logbook, which is designed
to record information, results or settings/observa-
tions, as well as planning or prioritising work.

Key Terms

Diary — A personal daily record of activities,
meetings or important events.

Logbook — An official record of events, with
key information and data.

Rewrite the letter, correcting errors and clarifying any inconsistencies.

Hi Paul.

next week.

thanks for your help.

Regards,

Keisha

Can you help me. | want to application for a part-time job and need a
reference from somebody what knows me at college.

| just wanted to to check it is ok to give you’re contact details to thems.
I’m sending the application toady so you should here from them sometime
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Graphical presentation
techniques

Presenting complex information is often
challenging. A large table of numbers is often not
easy to interpret or understand. This is particu-
larly true if you are giving a presentation and
you need to communicate your results effectively.
Graphs are useful to present discrete data to show
a trend, as shown in Figure 2.66. Graph paper is
used to make plotting of the data easier.

90+
80

270+

Jy

T T T
1970 1980 1990

Year

T T
1950 1960

Figure 2.66 Line graph

Key Points

If you are producing a line graph, you should
always label each axis; similarly, a chart should
have each section or group clearly labelled.

Number of people
0-10

11 -20

21 -30

31 -40

41 -50

Figure 2.71 Tally chart

When your data are grouped as shown in Figure
2.67, then pie charts, pictograms and histograms
are effective ways to summarise information.
Similarly, if you have produced a technical report
which required a large amount of data to be
collated, it is useful to present a graph, chart or
diagram in the main part of your text and include
the collated data in the appendices.

0-10 8
11-20 19
21-30 11
31-40 3
41-50 28

Figure 2.67 Frequency table

30

Score (out of 100)
o

10 20 30 40 50
Number of people

Figure 2.68 Histogram
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Pictogram
as of Aug 26,2009

Conner

Jessica

9
9
9

Jordan

VP09 99 9T

V09X

Figure 2.70 Pictogram

0-10

41-50
39%

11-20
28%

31-40
3% 21-30
18%

Figure 2.71 Pie chart

* each apple = 200000 units

Bar chart - Another name for a histogram,
named because of the vertical (or horizontal)
bars.

Frequency table — A table with two columns:
column one giving different values; column
two giving how often each value occurs.

Make the Grade @

Grading criterion M1 requires you to evaluate a
written communication method and identify ways in
which it could be improved. This could be your work,
someone else’s or a combination of both. You will
need to demonstrate that you understand different
methods of communication, and show where
changes can be made to improve the presentation
and content. You might find it useful to review the
reasons for proofreading and think about why we
use graphical techniques.
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Activity 2.19

Speed (r.p.m.)
Power (kW)

Plot a line graph of the information shown in the table. What can you say about the

relationship between speed and power?

Number of students

Display the information about marks awarded to students using one of the charts

shown in Figures 2.68 to 2.71.

Compare the method you selected with the other options. Which chart displays the

information best? Why?

Verbal methods

By the end of this section you should have
developed the ability to use verbal methods
to communicate information effectively.

Communicating verbally depends, in a similar
way to written communication, on the intended
audience. However, there is more to verbal
communication than what is said; the tone of
voice, use of body language and other non-verbal
communication is very important when trying to
communicate.

Key Points

Communicating verbally is not just about speaking;
you will need to demonstrate that you can adjust
your style, depending on who the audience is.

People who speak different languages often manage
to communicate information - for example, when
they are seeking directions or buying goods. How
do you think they do that?

Verbal communication is not always about
speaking; listening is also important. Sometimes it
is what is not being said that is important.

Make the Grade

Grading criterion P5 requires you to communicate
information effectively, using verbal methods.

You may need to do this over a series of tasks or
activities; however, you will be demonstrating many
of these elements within your project and you may
be able to use this as evidence.

——

Speaking

You would use a different tone and style when
making a presentation to customers or senior
managers than when speaking with colleagues or
friends. Speaking with customers or colleagues
requires an appropriate level of technical
language. However, if you are talking to someone
who does not have an engineering background,
you have to modify your language and avoid using
complex engineering terminology, so that they can

Figure 2.72 Speaking



understand. Further guidance on giving formal
presentations is given in Unit 3.4.

( )
Key Points

When giving instructions, always:

* tell people what you are going to tell them
* tell them

¢ tell them what you have told them.

Finally, ask questions to check that people have
understood.

- v

Listening

Listening skills are as important as speaking skills,
and it is often important to take notes in addition
to listening carefully. If you are being given instruc-
tions on health and safety or guidance, or being
shown how a particular machine or operation is
maintained/performed, you will be expected to
be able to remember and carry out instructions
without supervision in future.

Figure 2.73 Body language when listening

Key Point

Always check that you have understood when you
have been given instructions.

Activity 2.20

Listen to a recorded news story, by
yourself, without taking notes. Explain
the story to friends or colleagues,

allowing them to take notes if they
wish. Now have them listen to the
recording. Did you get all the main
points across to the group? Did they
understand? Did they listen carefully?

Communications for Engineering Technicians

Impact and use of body language
in verbal communication

It is often said that the majority of communication
is non-verbal. What this means is that the facial
expressions, body language and gestures we make
give clues to our audience about what we mean
and our thoughts or opinions. When you are
making a presentation to a group of colleagues,
customers or members of a team, it is important to
speak clearly. However, you also need to demon-
strate positive body language.

i

Figure 2.74 Body language when speaking

Eyes

You should always look at your audience, but do
not stare at individuals as this can be intimidating.
You should also try to avoid rapid eye movements.
People whose eyes move slowly and in a relaxed
manner are perceived as being more sincere.

Tone

You should try to keep your tone of voice even.
People whose voices get louder are often perceived
as being angry.
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Pace

Try to keep a steady pace when talking. People who
frequently pause or hesitate give the impression of
either not being prepared or of not knowing what
they are talking about.

Stance

Try to stand tall and look confident; keep your
feet together and your weight evenly distributed.
Stooping or hunching over your notes implies that
you lack conviction and have been placed in an
embarrassing or awkward position.

Movement

Don't stay in one place. Be prepared to move, but
in a natural way; however, walking around too
much is distracting. Similarly, it is a good idea to
use positive hand gestures and avoid crossing your
arms or holding your hands behind your back.

Key Point

Body language can be as important as what you
say in communicating information.

Activity 2.21

In a group of three or four people, ask
each person in turn to walk up to each
other and, without speaking, display

either delight, confidence, anger, fear
or nervousness. See how well the group
members identify the emotions. What
are the key signs of each emotion?




2.3 Obtaining and using engineering

information

This section will cover the following grading
criteria:

G (o2

There are a variety of information sources that
you will need to access in order to solve an
engineering task. These can be computer and
non-computer-based and could require you to
prove facts, collect statistics, find data or research
principles. Once you have obtained the relevant
information, you will need to demonstrate that
you can use it correctly to solve problems, prove
theories and ideas or check your work.

Information sources

By the end of this section you should have
developed the ability to obtain information
from a variety of sources.

Many people obtain information from the World
Wide Web (www). They think that by using a
search engine and typing in a few keywords, the
internet will provide all the answers. There is a
great deal of information available, but is it always
what we want, and is it reliable? In this section
you will explore the use of a variety of information
sources.

4 N\
Key Points

Information sources are often described as
primary or secondary. Primary sources are usually
directly from a source or person, so they could
be a journal article by the researcher, or statistics
collected by you or a colleague, through a question-
naire or interview, for example. Secondary
sources analyse, summarise or comment on
existing research; these could be a journal article
reviewing other people’s research, a review of a
range of newspaper articles, or statistics summa-

rised from a variety of surveys or tests.

Make the Grade

Grading criterion P6 requires you to use appropriate
information sources to solve an engineering

task. You will need to use research skills to find
information from a variety of sources (not just the
internet). It is useful to produce annotated hard
copies of your information sources where possible,
identifying the key elements as appropriate.

Non-computer-based sources
Books

Books are often overlooked as we use the internet
for so much of our information-gathering.
However, they are a permanent and invaluable
source of information that can be checked, and
are often reviewed and checked for authenticity.
They contain a more in-depth focus on a subject
and, particularly with reference books, they have
all the data and information you require in one
place. One of the disadvantages of books is that
they can quickly become out of date. For example,
you might buy or refer to a book to learn how to
use a particular piece of software. However, by
the time the book has been researched, written
and published, the software may have changed, as
many companies release new versions every year.

Figure 2.75 Books
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Key Point

Books have a unique referencing system called the
International Standard Book Number (ISBN). The
ISBN allows us to search catalogues and databases
for particular books.

Technical reports

Many engineering companies carry out

performance tests or reviews. This information
is often contained within reports which will then
be archived within the organisation. University
researchers and students also write reports, which
can be obtained from the appropriate library or
learning resource centre.

Figure 2.76 Report

Institute and trade journals

These are publications which are published by
professional bodies such as the Institution of
Mechanical Engineers (IMechE) or the Institution
of Engineering and Technology (IET).

Figure 2.77 Trade journal

Data sheets

Data sheets are often produced by companies to
give size and performance specifications of their
products. For example, a car manufacturer will
produce data sheets for all the different models
it produces, giving information such as fuel tank
capacity, fuel economy figures, vehicle turning
circle, and so on.

DATA SHEET PROJECT DATASHEET ______ of
UNIT SPEC
ITEM
Fluid Crit Press Pc
Units | Max Flow Norm Flow Min Flow Units Units
(%) Flow Rate
W3 [ InletPressure
SE Outlet Pressure
i 2 Inlet Temperature
“wo Spec Wt/Spec Grav/Mol Wt
© Viscosity/Spec Heats Ratio
w Pipe Line Size In *Type
% Out *Mfr. & Model
Pipe Line Insulation *Size
“Type o« |On/Off
_ *Size © | Spring Action Open/Close
b *Max Press/Temp S [ *Maximum Allowable Pressure
z *Mfr. & Model 5 | *Min Required Pressure
2 *Body/Bonnet Matl < [ Available Air Supply Pressure
E *Liner Material?ID Max Min
o End In Air Failure Valve
o Connection | Out
= *
2 *SOVIZ D"’e\AC"IO” ‘ @ | *Type Quantity
> *P"’Ck‘”g . ateria T | *Mfr. & Model
acking Type 2 | contacts/Rating
Actuation Points
*Type %
*Size Rated Travel
*Characteristic o *Mfr. & Model
s *Balance/Unbalanced 2 *Set Pressure
=z *Rated C, FL X1 3 Filter Gauge
= *Seat Material
*Stem Material £ | *Hydro Pressure
&
—
%) Rev Date Revision Orig App
—w
P
n:
0
52
Q0
)
50
©» Qo
<

Figure 2.78 Data sheet



Test/experimental results data

Many companies perform tests on their products
and record the data. This can be very useful if
engineers need to compare performance or test
the suitability of a given product. For example,
a company that produces lubricants and oil
additives will test the performance of the oil at
different temperatures and keep records of those
tests. Consequently, if a customer requires a lubri-
cating oil to operate effectively in a particularly
hot or cold environment, the company will know
which additives to blend with the lubricant in
order to maximise performance.

Figure 2.79 Results sheet

Activity 2.22

Communications for Engineering Technicians

Manufacturers’ catalogues

Many manufacturers produce comprehensive
catalogues which list all the products they supply
or manufacture. Typically, circuit designers

or maintenance technicians will refer to these
catalogues when selecting appropriate electronic,
hydraulic or pneumatic components, depending
upon the type of circuit in question.

Key Points

Libraries and learning resource centres are
excellent repositories of information. The staff
who work there are able to help you search for
the information you want and can guide you to the

Can you complete the table and explain why you have selected the information

source in each case?

Information required

Information source

Justification for using this source

L __
- given - __

Capacity of a given model of air com-
pressor

Tensile strength of a copper sample
you tested in the laboratory

Subscription rate for a year's member-
ship of an engineering institution

|_correct source or obtain the information for you. )
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Computer-based sources

Computers are an everyday part of modern life
and we use them without thinking, particu-
larly the internet, which is a valuable source of
information.

Internet

The internet is a global system which links
computer networks using Internet Protocol (IP)
addresses. It is a network that connects millions
of private, business and public systems. These
systems are linked by fibre-optic cables, copper
wires or wireless communication devices. Much
of the information traditionally reproduced in
manufacturers’ catalogues is available online. The
use of the internet as a repository for this kind of
information is invaluable, as it is easily available
and can be updated quickly and easily. Similarly,
many manufacturers make data sheets available
on their websites. The advantage for companies is
that they have the extra opportunity to promote
themselves and their products.

Figure 2.81 Internet

Intranet

An intranet is a computer network which operates
in a similar way to the internet, but is a private
computer network only available to employees
of an organisation. An intranet is often used as
a facility to store common documents, such as
policies and procedures, or useful information,
such as employee telephone extension numbers.
However, it can also be used to store engineering
documents, such as test results, or engineering
drawings generated from a CAD system.

CD-ROM-based information

Although CD-ROMs or DVDs are frequently used
to store software programmes, they are also used
as a store of information. Many companies issue
their catalogues as a CD-ROM.

CD-ROMs can also be used to store data files
and analytical software, which allow you to perform
simulations or engineering calculations.

Figure 2.82 CD-ROM

Spreadsheets

A spreadsheet is a computer application that
allows a worksheet to be displayed on screen.
Consisting of cells arranged in rows and columns,
data and formulae can be included within the
sheet, typically to allow experimental or financial
information to be analysed quickly and easily.
By entering different values, the formulae can
automatically recalculate values, so the spread-
sheet can be used to test theories or to plot charts
or tables.

Figure 2.83 Spreadsheet page



Databases

A database is a computer application that allows
the user to manage and organise data and infor-
mation. The data can then be searched, based on
different attributes. Manufacturers often store the
details of their products in a database. This allows
users to search for products by entering specific
information. For example, a shop or online store
selling or renting DVDs would store the infor-
mation to allow customers to search the catalogue
based on a variety of categories such as DVD type,
year of release, popularity etc.

Figure 2.84 Database

Key Points

When researching information, particularly when
using the internet, it is advisable to ensure that
you have used at least two independent sources
to verify that information.

Activity 2.23

Using the internet and a reference
book, find the temperature at which

copper wire melts. Do the values agree?
Why do you think that finding this
information might be useful?

Communications for Engineering Technicians

Use of information

By the end of this section you should be able
to use information to solve an engineering
task effectively.

Whether information is obtained by research or
data collection, it is often how this information
is used that is important to engineers. Gathering
information is only the first stage in the process.

e a
Key Points
When using information sources, you should
always make reference to them and never copy
(plagiarise) other people’s work. You can draw
conclusions and write about what you have
researched, but you must acknowledge source

material and write things in your own words.

Make the Grade

Grading criterion P6 requires you to use appropriate
information sources to solve an engineering task.
Once you have obtained the required information,
you will need to show how you use it to solve the
given task.

Solving problems

To solve problems in engineering, we often need
specific information. For example, we might need
to determine the electrical current in a circuit,
and, by using a manufacturer’s catalogue, the
resistor values can be determined. However, once
you have that value, you still need to use Ohm’s
law to determine the current. Finding the infor-
mation is only part of the task.

Alternatively, to determine the direct strain in a
steel bar, we might need to know the modulus of
elasticity for the material. This information can be
found from a reference book. Again, the modulus
of elasticity is used in a formula, along with the
direct stress, to determine the direct strain.
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Activity 2.24

Using a reference book, find the formula
for electrical power. Show where you
obtained this information by writing
down the book title, publisher,

page number and the ISBN of the

book.

Now use the formula to calculate the
current flowing in a 100W light bulb.

(Hint: you may need to research the
value for mains voltage as well.)

Product/service/topic research

Information about a product is important in
order to determine its performance, size, etc. For
example, a design team might use the size of a
range of tyres if they are designing alloy wheels.

Similarly, service information is important and
can often be found from technical literature or
manufacturers’ specifications. This information
can be used to plan the amount of time a bearing
can be used before it requires lubrication, or the
time an electrical cable can withstand a given
temperature before it melts.

Sometimes, as engineers, it is not a specific
piece of information or data that is used, but more
general information about a topic. An example
of this could be the opinion of operators on the
performance of a tool or component. Alternatively,
you might have researched how long it takes to
perform a service operation and use the data to
plan maintenance procedures.

Activity 2.25
State two reasons why an engineer

might want to know the temperature at
which electrical insulation (PVC) melts.

Gathering data or material to support your
own work

As an engineer, you might be producing original
work during your career or studies. This could
include performing tests or designing products. To
confirm or support your work, you will often need
to use data or information you have collected.
When new products are developed, a prototype
is often manufactured and tested rigorously. This
performance test data is important in order to
assess whether the product meets the design
specification. Another example would be using a

computer programme to assess whether a design
will carry a given load or whether a circuit will
operate a device as expected.

Activity 2.26

If you were designing the enclosure
for an electric motor, what information

would you look for and why is it
important? What other factors do you
think might be important or useful to
help you with your design?

Checking validity

Using information to check validity is important in
order to ensure that the work you are engaged in
meets set requirements. You would not use results
from a tensile test to determine the electrical or
thermal conductivity of a material, for example.
However, if you gathered data from a tensile test
and used this to determine the yield stress of a
material, along with expected values for similar
materials and data from previous tests, you could
determine the validity of your test.

Figure 2.85 Checking in a book

Make the Grade @

Grading criterion M2 requires you to review a range of
information sources obtained to solve an engineering
problem and explain why some have been used and
others rejected. To achieve this grade, you will need
to look carefully at a range of information sources;
these should be the same sources as you used to
achieve P6. Why were some sources useful and
others not? You should collect printouts and/or
photocopies and identify on these hard copies where
the evidence is and why it is useful (or not).



2.4 Using information and communication

technology (ICT) to present information

This section will cover the following grading
criteria:

Information technology is something we often
take for granted. However, we use it all the time
for presenting information and it is important to
use the most appropriate technology to present
information correctly. For example, it is possible to
use word-processing or desktop publishing (DTP)
software to prepare drawings. However, it would be
more sensible to use a dedicated CAD package to
present engineering drawings in the most appro-
priate way.

Software packages

By the end of this section you should have
developed the ability to use different soft-
ware packages in an engineering setting.

Key Points

Using ICT to present information is an important
technique to allow effective communication
in engineering organisations. You might be
presenting information formally to a large group
of customers, clients or managers. Alternatively,
you could be discussing a product online with a
customer, supplier or colleague. Whatever the
situation, you will need to feel comfortable using
different software packages.

- S

ICT refers to both hardware and software. In
this section we are going to concentrate on
computer software, which refers to the computer
programmes used, such as word-processing, CAD
or spreadsheets. Although there is a wide range of
software packages available to the computer user,
most engineering organisations use a relatively
small range of software.

Make the Grade

Grading criterion P7 requires you to use appropriate
ICT software packages and hardware devices to
present information. You will need to demonstrate
word-processing, data handling, drawing and
communication. You may be able to demonstrate all
of these in your project presentation.

Computer programmes - Programmes are
generally split into two categories: applica-
tions which allow us to produce drawings,
documents, graphic images, and so on, and
operating systems which allow the applica-
tions to run on the computer.

Word-processing

Word-processing software is widely used for the
production of any kind of printable medium. It
can be used to edit and compose documents
and letters, which can include graphic images,
tables, diagrams and charts. The software has a
variety of additional features, depending upon
the version and operating system, but usually
including spell-checking and page numbering, for
instance.

Activity 2.27

Using word-processing software, try to
create the table shown here using the
appropriate software tools. Make sure
that you save this document, as you will
be using it later.

Quantity
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Figure 2.86 CAD drawing

Drawing

Many word-processing packages have a simple
facility for drawing lines, circles and other simple
geometry. However, to produce engineering
drawings, circuit diagrams and other technical
drawings and illustrations requires specific
software.

2D CAD

CAD is a technology used to produce technical
drawings, traditionally created on a drawing
board, using specific software. The software can
be linked to computer-aided manufacture (CAM)
software and is in widespread use in engineering
and manufacture.

Graphics software

Many applications are available to allow you to
construct simple diagrams, flow charts, and so on.

Figure 2.87 Graphics software

However, to create impressive graphic images
or manipulate digital images, you will need a
dedicated graphics package. These packages often
provide animation options, giving you the oppor
tunity to produce videos or ‘walk-throughs. An
engineer might want to produce a short video of
how a mechanism such as a robot might operate.
Architects might use graphic packages to simulate
a person walking through a building they have
designed.

Activity 2.28

Using an appropriate drawing package,
draw the component shown in Figure
2.88.




Graphics packages can often import 2D or 3D
CAD images as a starting point.

Data handling and processing

Data-handling and processing software is used to
organise and manipulate information. Usually, this
refers to numerical data.

Copy and paste — Highlighting information
in a software application allows us to use the
copy feature (often accessible by using the
right mouse button). This copies information
onto a ‘clipboard’ - in other words, it is tempo-
rarily stored. This information can be copied
or pasted into another part of the current file.
You can also copy information from one appli-
cation and paste it into another.

Spreadsheets

In section 2.3 you learned how a spreadsheet is
constructed and what a spreadsheet is used for.
You will typically be expected to use a spreadsheet
to collate and process data, such as test results, or
to process information. The spreadsheet can be
used to analyse the data and display it graphically.

Activity 2.29

Ensure that you have both spreadsheet
and word-processing software
applications active. Open the word-
processing file in which you created the
table earlier (see p. 85).

Copy and paste the table into a new
worksheet and see if you can use
formulae to display the totals shown
here. Save the file; you will need it later.

(Hint: you may need to format the cells
to get the £ to display.)

Quantity
o [ ]

Communications for Engineering Technicians

Databases

In section 2.3 you learned how a database is
constructed and what a database is used for.
When working in many engineering organisations,
it is important to review or check information.
As an engineer, it is probable that you will be
expected to use a database to retrieve the required
information, and you may also be required to input
data.

Presentation package

Presentation software is frequently used to
generate slides, so that when you are giving a
verbal presentation, you can produce slides with
images, diagrams or key information to support
your presentation.

Activity 2.30

Ensure that you have both spreadsheet
and presentation software applications
active. Open the spreadsheet file in
which you pasted the table earlier (see
opposite).

Copy and paste the table into a new
slide, and resize it to fit onto one slide
at a reasonably large scale, as shown in
Figure 2.89.

T B R e e e B -

Simulation package

Specific software such as simulation programmes
are used to show the performance of different
systems. Therefore, an engineer can use these
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specialised software applications to design, test
and simulate electrical/electronic circuits or
pneumatic/hydraulic circuits or plant/process
systems.

e N
Key Points

Although computers are generally reliable,
occasionally the operating system can ‘freeze’ or
‘crash’. Usually, you can simply restart the system
and all is well; however, it is possible to lose work!
It is good practice to save your work at regular
intervals, and many companies back up or save
their data, drawings and important documents on

asecure server, or even on discs in a fireproof safe!
\ J

Communication

By the end of this section you should have
developed the ability to use different
communication technologies in an engineer-
ing setting.

Communication software is used to communicate
over a computer network, using audio, video real
time or text formats.

Email

We have already discussed the use of email in
section 2.2. Email is one of the most widely
used forms of communication in business and
has the advantage of allowing attachments such
as CAD drawings or word-processed documents.
You will be expected to use email as a method of
communication in the majority of engineering
organisations.

Activity 2.31

Send an email to a colleague, friend
or classmate, with an attachment of

the presentation slide you prepared in
Activity 2.30.

Fax

You learned a little about faxes in section 2.2
Although the advent of the email has revolutionised
electronic communication, you may encounter a
fax machine, which many businesses still use from
time to time. Before the development of email, fax
was widely used to transmit documents. Copies of

letters, quotes, bills, technical diagrams, and so
on, can be transmitted via a phone line and the
image is reprinted at the receiving end. A special
phone, known as a telecopier (which looks like a
phone with a large keypad and printer combined),
is required at the sending and receiving end.

Figure 2.90 Fax machine

Messaging

Software using real-time text formats refers to
messaging software; this is less widely used in
business as it is predominantly used for social
networking. However, business organisations often
have a presence on social networking sites in order
to raise the profile of the company and its products.

Figure 2.91 Mobile phone text message

Videoconferencing

Video formats such as webcams are often used
to talk to friends or colleagues; however, video
conferencing is used by large companies to hold
meetings, often with contributors from all over
the world. The hardware required is sophisticated,
often requiring remote-controlled cameras and
multiple large-format screens.



Figure 2.92 Videoconferencing suite

Optical and speech recognition software

Optical character recognition (OCR) is a useful
technique, working in conjunction with a scanner.
The software ‘reads’ the letters and documents
being scanned and recognises words; the result can
be imported into word-processing software. While
some editing is often necessary, it is considerably
quicker than reproducing the whole document.
Speech recognition software allows the user to
dictate; using a microphone in a similar way to
OCR, the software recognises what is being said
and reproduces it on the page. Word-processing
software is utilised once again, and some editing
and proofreading is required.

Activity 2.32

If you have to give a presentation to
five colleagues who are situated in
different parts of the world, which
communication technology would you
use to allow interaction with all of them

simultaneously?

Prepare a list of benefits and drawbacks
to the method you propose.

What alternative technology could you
use?

Hardware devices

By the end of this section you should have
developed the ability to use different
hardware devices in an engineering setting.

We use computers and associated systems in
all walks of life. When we put fuel in our cars,

Communications for Engineering Technicians

the pumps, payment card readers and closed
circuit television cameras (CCTV) to record
registration details are all hardware devices that
are computer-controlled. You can use a variety
of hardware devices to help you communicate
effectively.

s N
Key Points
Hardware devices are those pieces of equipment
that are used to facilitate communication using
ICT. This is not only the computer system, but
devices that can often be connected to a computer
system.

Hardware devices used for communication are
not only computer based. Telephones, fax machines
and control systems are all ways of communicating;
however, the majority of our communication
systems have some computer involvement in

them.
Make the Grade

Grading criterion P7 requires you to use appropriate
ICT software packages and hardware devices to
present information. You will need to demonstrate
the use of a computer system and input and output
devices.

Computer system

A computer system can consist of a single PC or
laptop; alternatively, it can refer to a network of
interconnected computers, or a network of devices
that are controlled by a computer.

PC

A PC will normally consist of a variety of compo-
nents, as shown in Figure 2.93. The parts would
normally consist of an outer case, power supply,
motherboard, central processing unit (CPU),
memory modules, hard disk drive, graphics card,
sound card, network card, cooling fans, internal
speaker, CD/DVD drive and various cables to link
the components. Of course, to use a PC requires
the addition of input and output devices, an
operating system and application software.
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Figure 2.93 Parts of a PC

A laptop is, in principle, a miniaturised version of
a PC, but with input and output devices built in.

Activity 2.33

What are the input/output devices that
are ‘built in’ to a laptop?

Network

A network is a system that usually connects
computers across an organisation; this allows a
server to hold records securely and allows multiple
users to access the same files/folders. As well as
for communicating and sharing information, a
computer system is also used to control a process
or production line. For example, as products are
scanned at a supermarket checkout, the computer
system registers the reduction in stock on the
shelves. The system can then schedule restocking
when a specified number of a product has been
sold.

Figure 2.94 A computer network

Input/output devices

Input devices are used to allow information to be
input into the system. The most obvious example
of this is the keyboard; however, scanners, drawing
tablets and microphones would also be classified
as input devices.

Output devices are quite the opposite and are
used to retrieve information from a computer. An
obvious example is a printer; however, the monitor
or visual display unit (VDU) is also an output
device, as is a speaker.

Typical input devices Typical output devices

Keyboard VDU
Mouse Printer
Scanner Plotter

Light pen and tablet Speakers

Microphone

Activity 2.34

Each component in the following list of
computer peripherals is either an input
or an output device. Which category do
you think each falls in to?

Memory stick (USB flash drive)
External hard drive

Modem

Wireless network card

Headset with microphone
Digital camera,

MP3 player




Hardware — A general term for any piece of
computer equipment that can include the
computer.

Peripherals — A computer is not a peripheral;
however, peripherals are hardware devices
which can be attached to and removed from
a computer, allowing certain functions — for
example, a digital camera can be seen as a
peripheral as it can be used to transfer pictures
from its internal storage to the computer or
vice versa.

Present information

By the end of this section you should have
developed the ability to present information
using a variety of forms.

Technology is frequently used to facilitate
presentation of information. The use of ICT is
commonplace in engineering, and competent
use is an expectation from employers and
colleagues.

e a
Key Points
Information can be presented in a variety of
forms, something that we have been exploring
throughout this unit. However, using hardware
and software underpins all that we have learned,
and the competent use of both is necessary for

L high-quality presentation.

\

ANARIONL

Figure 2.95 Printer jam
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You could spend a considerable amount of time
generating a technical report, with tables, graphs
and charts included. You might spend hours
proofreading and editing it, ready to submit it to
your tutor or employer. Finally, you come to print
a hard copy to hand to them, and the ink runs out
on your printer or the paper jams. The presen-
tation of your work is compromised because of an
issue with the hardware.

You could spend a considerable amount of time
putting together a complex presentation on your
laptop, checking that all the slides are correctly
sequenced and the spelling and grammar are
correct. You might embed video clips and plan
smooth transitions between slides. Finally, when
you save the presentation on to a memory stick and
plug it into the host computer, you find that the
software on that machine is a different version and
is not compatible. The presentation is compro-
mised because of an issue with the software.

Application Error

AN

Incompatible version.
Required version available online.
Application will terminate

Figure 2.96 Software glitch

Make the Grade

Grading criterion P7 requires you to use appropriate
ICT software packages and hardware devices to
present information. You will need to demonstrate
the use of a computer system and appropriate
software to generate a professionally presented
report, and visual presentation material to support
an oral presentation.
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Report that includes written and
technical information

Throughout this unit we have discussed the use
of a variety of communication methods, including
letters, memos, technical product/service specifi-
cations, emails, faxes, tables of data and graphical
data. If you are producing any of this by hand, you
would be expected to be as neat and careful as
possible, and to make sure that all written work and
diagrams are legible and easy to read. The same is
true of any information generated using ICT. You
should check each part of a report for clarity
and legibility. Although this was discussed in the
section on proofreading, if you have spent a great
deal of time and effort producing a substantial
report, you should make sure that the printed
copy is of the highest standard.

Activity 2.35

Investigate the difference in terms of
output quality between a dot matrix
printer, laser printer and inkjet printer.

Which would you prefer to use for your
final project report?

What other factors or settings might
affect the quality of your printed work?

Visual presentation

Using ICT to present information is an important
technique to allow effective communication
in engineering organisations. You might be
presenting information formally to a large group
of customers, clients or managers. Alternatively,
you could be discussing a product online with
a customer, supplier or colleague. Whatever the
situation, you will need to feel comfortable using
presentation software. There is guidance on how
to prepare an effective presentation in Unit 3.

Make the Grade

Grading criterion M3 requires you to evaluate the
effectiveness of an ICT software package and

its tools for the preparation and presentation of
information. You will need to prepare a presentation
and then reflect on its impact. Some questions you
might ask yourself are:

¢ Isthetextallinthe same fontand of the same size?
* Are the text and images aligned?

e How well are they positioned on the page?
 Arealllabels, graphs and charts clearly visible?

It might be helpful to access a large screen or data
projector to review your presentation, as sometimes
what you see on a small screen does not look the
same on a large one.

Make the Grade

Grading criterion D1 requires you to justify a specific
communication method and explain the reasons
you chose for using that method and not a possible
alternative. Justification requires you to consider

a range of different ways of communicating and to
look at the pros and cons of each one. However, it is
more than this in that you will need to give reasons
why you chose the method you did. Consequently,
you will need to demonstrate clearly that you
considered more than one option and why you
rejected alternative techniques.

Make the Grade

Grading criterion D2 requires you to evaluate the
use of an ICT presentation method and to identify
an alternative approach. It might be useful to video
yourself giving a presentation or gather feedback
from your audience. However, this criterion is not
about the presentation, but the method used. If
you used presentation software, for example, were
the slides clear, and could you have used graphics
instead of tables? Evidence could be a written
evaluation of your work, or you might submit an
improved version of your presentation, indicating
where and why you have made improvements.
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To achieve a pass grade
you will have:

interpreted an engineering
drawing/circuit/network

1

diagram

produced an engineering
sketch/circuit/network

diagram

used appropriate
standards, symbols and

conventions in an engineering

sketch/circuit/network diagram

communicated information
effectively in written work

communicated information
effectively using verbal

methods

used appropriate
information sources to

solve an engineering task

used appropriate ICT
software packages and

hardware devices to present

information.

N

To achieve a merit grade
you will also have:

@ evaluated a written
communication method
and identified ways in which it
could be improved

@ reviewed the information
sources obtained to solve
an engineering task and explained

why some sources have been
used but others rejected

@ evaluated the effectiveness
of an ICT software
package and its tools for the

preparation and presentation of
information.

To achieve a distinction
grade you will also have:

m justified the choice of a
specific communication
method and the reasons for not
using a possible alternative
evaluated the use of an

@ |CT presentation method
and identified an alternative
approach.
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By the end of this unit you should be able to:

keep records, specify a project, agree procedures and choose a solution
plan and monitor a project

implement the project plan within agreed procedures
present the project outcome.

In order to pass this unit, the evidence you present for assessment needs to demonstrate that
you can meet all of the above learning outcomes for this unit. The criteria below show the levels
of achievement required to pass this unit.

To achieve a pass grade you

need to:

@ prepare and maintain
project records, from

initial concepts through to
solution, that take account of
and record changing situations

To achieve a merit grade you
also need to:

maintain detailed,

concurrent records
throughout the project that
cClearly show progress made and
difficulties experienced

To achieve a distinction
grade you also need to:

. independently manage
D1 .
the project development

process, seeking support and
guidance where necessary

prepare a project
specification

use a wide range of

techniques and
selection criteria to justify the
chosen option

@ evaluate the whole project

development process,
making recommendations for
improvements.

agree and prepare the

procedures that will be
followed when implementing the
project

@ evaluate the project
solution and suggest

improvements

@ use appropriate
techniques to evaluate
three potential solutions and select

the best option for development

@ present coherent and
well-structured
development records and final
project report.

outline the project
solution and plan its
implementation

@ monitor and record
achievement over the

life cycle of the project

implement the plan and
produce the project

solution

check that the solution
conforms to the project

specification

m prepare and deliver a
presentation to a small
group, outlining the project

specification and proposed
solution.

present a written project
report.




Engineering Project

Intvoduction

Solving problems and finding solutions is an integral part of what engineers do. Project work is a
key element of many engineers’ careers, and problem-solving is fundamental to many projects
undertaken. Some problems are easily solved — replacing a fuse on a faulty circuit can be
relatively simple — but of more importance to the engineer is the question, why does the fuse
keep failing?

Large-scale projects require teams of engineers, often from different disciplines — for example,
designing wind turbine generation equipment might involve electrical, mechanical, electronic,
civil and aerospace engineers. However, smaller-scale projects can be undertaken by individuals,
and this is the purpose of the engineering project unit.

There is an expectation that you will be able to apply the knowledge and skills gained from
other units you may have studied, or from elsewhere in your programme of study, to produce
a substantial piece of work that reflects the expectations of an engineering technician. You
will need to demonstrate that you can plan effectively and follow this plan, and/or modify it if
necessary, to achieve the desired outcomes. The result of your project could be a product or
device; alternatively, it might be a design, process or service.

Some projects are maodifications of existing products; a good example of this would be the
modification of the simple vacuum cleaner, using the cyclone principle that made Sir James
Dyson famous. Similarly, Trevor Baylis OBE used the energy stored in a spring to power a small-
scale electrical generator, and consequently designed the wind-up radio. Both of these inventors
would have had to achieve financial backing; to do this they would have had to present their
proposals to financiers and colleagues.

Part of any project is its presentation, and you will be expected to prepare and deliver a
presentation on your project to a given audience. In addition, you will be required to produce a
report outlining your project and drawing appropriate conclusions, to allow recommendations
to be made. There are conventions that should be followed in the presentation of written
reports and the use of ICT will be required to demonstrate this.

It is likely that, as a project is a substantial piece of work, you will need to record or log your
progress. Keeping a record of your work as you progress is an essential component of this unit,
as is the production of a suitable project plan.

If, for any reason, the project you undertake does not go to plan or does not produce the
desired result, it is not always a sign of failure. Many projects, although not initially successful, can
lead to success in future developments. A good example of this is the ball barrow developed
by Sir James Dyson. The principle behind this was to develop a wheelbarrow that replaced
the wheel with a large ball to allow easy manoeuvring. Although this development was partially
successful, the idea reappeared as a development on the Dyson vacuum cleaner and has
proved to be a commercial success.

Although the project unit focuses on independent study, you should be allocated a project
supervisor to guide you — this could be your tutor, manager, colleague or assessor. It is
important that you keep in regular contact and review your project frequently, to ensure that
things are going to plan.
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This section of the book is organised as follows; each of the subsections can be readily linked
to the learning outcome (LO), pass (P), merit (M) and distinction (D) criteria.
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Section/content LO P M
3.1 Specifying a project, agreeing procedures and choosing a solution | 1,2,3,4 l,2
3.2 Planning and monitoring a project 2 56
3.3 Planning and monitoring a project 3 7,8
3.4 Presenting the project outcome 4 9,10 3,4




3.1 Specifying a project, agreeing procedures

and choosing a solution

This section will cover the following grading

criteria:

&3 &)

Being able to specify a project often depends upon
the environment in which you are working. Many
learners will be in employment, and negotiation
with the employer can result in a project that
benefits both the employer and the learner. When
you have developed ideas for your project, you
will need to produce a brief outline and consider
the feasibility of what you are planning. Provided
your project is achievable, you will need to agree
procedures with all stakeholders, which might
include tutors, employers, colleagues, and so on.
You might have several proposals for the project
you would like to undertake, and it is important
to use appropriate techniques to determine which
project you are going to undertake, how you
allocate roles and responsibilities, and the fitness
for purpose of your project proposal.

Project records

Project records are critically important in
ensuring that a successful outcome is achieved. As
you change your designs, test different theories,
observe changing outcomes, and so on, you will
need to make notes, take pictures, create drawings
and plans, set targets and review progress.

By the end of this section you should have
developed a knowledge and understanding
that will allow you to prepare and maintain
project records.

Key Points

Many large-scale projects run into problems
with litigation and disputes, because records have
not been properly kept and the outcome of the
project work is not as anticipated.

Keeping a record of what you do is invaluable, not
only to remember what you have done, but to allow
you to monitor and plan your progress. When you
come to writing a formal report and preparing
a presentation, you will need to refer to these
records. If you have incomplete or disorganised
notes, it will be difficult and time-consuming to
write your final report. A significant project will
not be achievable if you rely on your memory, and
the record of work you compile as you progress is

invaluable to a successful project.

Make the Grade
Grading criterion P1 requires you to prepare and
maintain project records, from initial concepts
through to solution, that take account of and record
changing situations. To achieve this, you will need
to demonstrate that you can keep effective records
of what you do during the project and keep accurate

records of any changes to the plans you made at the
start.

Written

Written records are invaluable in maintaining
and organising your work. Many engineers use a
large-format diary or notebook and, consequently,
can make notes on the activities and records
on a daily basis. A useful technique is to use
numbered or dated sheets of paper, which are
then placed in loose-leaf binders or lever-arch

Figure 3.1 Project portfolio
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files. The advantage of this technique is that other
documents can also be stored, in plastic wallets,
for example. In addition to making notes, it is
useful to keep a record of any sketches or drawings
that are carried out, as well as plans and modified
plans and drawings.

If you are undertaking a design project, you
will be coming up with a variety of ideas and the
final design will, very probably, be a combination
of the design sketches and drawings produced
over a period of time. Keeping all sketches is
important, as ideas that are initially discarded can
be resurrected at a later date. Similarly, if you are

Figure 3.2 Design sketches

designing a circuit to operate a particular system,
you may produce a series of sketches and circuit
diagrams, and keeping a record of all of these is of
vital importance.

The plan you develop at the start of a project
may vary as time progresses; this can be due to
a variety of factors. It is very important to record
why a plan has changed and, more importantly,
what modifications are made to the plan to allow a
successful conclusion.

Targets

Setting targets is important to allow a project to be
undertaken successfully. If your project requires
six components to be designed and made, over
a period of six months, you might target one
component per month. Setting targets is part of
the planning process and, of course, you need
to monitor your progress to ensure that you are
meeting those targets.

Use of planning tools

Planning tools available to engineers include the
more traditional paper-based plans, which are
templates that allow you to fill in key dates and
events. There is a range of software applications
used for planning; these vary from spreadsheet
applications to specific project-planning software.
Software-based applications can, of course, be
modified and updated on a continual basis.

. May 2010 June 2010
Name Duration
W3 W4 W5 W6 W7 W8
Conceptual 110 days
Planning and Control 26 days | v
Business plan 5 days
Define project S5days| ——
Identify industry 5 days |
Develop premliminary 5 days %
Initial planning
Develop management 5 days f
Site assessment 54 days f
Identify potential 12 days b 4
Define infastructure 19 days —
Define utility 12 days = e
Identify project 5 days -] }
Assess regulation 12 days = }
Identify permitting 3 days nd
Recommend site 12 days }_h—
Site and planning 5 days
Scope Definition 61 days
Develop general 5 days 1
Evaluate project 5 days
Start major studies :'__L
Complete major studies 17 days
Develop specific 3 days
Prepare final 10 days

Figure 3.3 Project plan



Figure 3.4 Project folder

Recording initial concepts

Keeping notes and records of the work you do
as you progress your project is important, but
it should not be forgotten that initial ideas and
concepts can also be important and should be
kept for reference. If you create mind maps, use
brainstorming activities or draw flow charts, you
should keep all of these records, as you may need
to refer back to them later, and it may be difficult
to remember what your thoughts were or what
people said.

Engineering Project

Project folder — It is useful to keep all your
project work together in one folder. Drawings,
designs, sketches, project records and plans
can all be collected and subdivided using
plastic wallets or coloured divider cards. This,
along with your logbook/diary, should be
maintained and updated on a regular basis.
You might also find it useful to set up an
electronic folder to store all your electronic
files, project plans, CAD drawings, and so on.

Activity 3.1

Refer to Figure 3.5 and compile a
folder/file structure on an appropriate
computer, either at work, home, college

or school. It might be useful to save
this electronic portfolio on a memory
stick (USB flash drive), as you may be
working in different locations and using
different PCs or laptops.

L_;_'lln-r

i..-}#m

;H_]'Hr-ll-—
u_._'[nr-mn--

Figure 3.5 Project directory
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Key Points

If using a memory stick, do not forget to back up
your data by copying all the files to a secure hard
drive on a regular basis.

Initial concepts

By the end of this section you should have
developed a knowledge and understanding
of how you will record your initial concepts.

When you consider undertaking a substantial
project, it can seem quite daunting. To success-
fully achieve your objectives, you have to choose
the right project to undertake, and this starts
with recording your initial concepts. There are
two strands to this, the most obvious being the
generation of ideas, where you record the thought
processes and creativity that go into a project.
However, you also need to consider setting limits
on cost, time and feasibility, and record your
decisions based on these factors.

4 N\
Key Points

You will be expected to produce a selection of
initial concepts, which you will then assess for
viability against chosen criteria. Consequently,
your initial concepts should be as clear and as

comprehensively presented as possible.
- S

Many companies would like to undertake project
work and research and development (R & D) to a
greater extent than they currently do. The reasons
for not being able to do more may be due to lack of
resources, both physical and financial, or project
work may simply not be feasible.

Key Term

Feasibility — Something that is feasible can be

completed or carried out, so if you are deter-
mining the feasibility of a project, you are
saying to yourself, can I accomplish this?

The first stages in developing a project are your
initial concepts. These are generated by a variety
of methods and techniques. An important part of

developing these concepts is to decide whether
your project meets the appropriate specifica-
tions and approaching ideas with an open mind.
However, initial concepts and ideas are often used
by an organisation to determine whether a project

is worth investing in.
Make the Grade

Grading criterion P1 requires you to prepare and
maintain project records, from initial concepts
through to solution, that take account of and record
changing situations. To achieve this, you will need
to demonstrate that you have a record of your initial
concepts or ideas, and that from these concepts you
have developed the theme for your project.

Setting limits

When we refer to setting limits, we are deciding
whether the project is feasible. Feasibility means
can the project be carried out successfully? Cost
is frequently a factor; many organisations have a
specified R & D budget, and a viable project will
not be undertaken if there is insufficient funding.
Time is also a factor. If you have six months to
complete a project, and your proposal will take two
years to complete, it is obviously not going to be
sanctioned. Many project proposals are rejected by
organisations because they simply do not require
the product being promoted. If something is not
needed, then it will not be commissioned.

Value-cost-benefit analysis

Perhaps more important than the overall cost
of a project is what the benefit to a company
will be if the initial concept is implemented. A
good example is whether it is worth a company
investing £1,000,000 in a project to improve
the manufacture of a product costing £10. If the
saving is £1 per product and 10 million products
are manufactured per year, then you make signif-
icant savings very quickly, but what if you make
500000 products per year or only 100000 per
year? The payback on the investment is clearly an
issue.
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Cost of service provider

Number of services provided

Figure 3.6 Cost-benefit chart

Activity 3.2

A company wants to replace the self-

tapping screws it uses to secure the lid
of a container. By replacing the screws
with snap-fitting lids, it hopes to speed

up production.

Write a list of reasons why this is a
good idea.

Can you think of any disadvantages?

A4
A3 \

A2
Al

FORMAT

Landscape

—\ ORIENTATION
Portrait  /

Figure 3.7 Mind map

Engineering Project

Generating ideas

There are a variety of methods of generating ideas
to help you develop a given project. Making lists
of ideas or notes on different themes is obviously
useful, and it often helps to involve others in a
group discussion.

Once you feel you have exhausted all the
ideas, you can start to sort through them and
carefully discard all unworkable options. This
should leave you with a variety of ideas you can
take forward to the next stage of your project
planning.

Mind mapping

A mind map is a pictorial method of developing
ideas or planning activities. Many people do not
feel comfortable using conventional techniques,
such as making notes or lists. The principle
behind a mind map requires you to visualise a
problem and produce a diagram, or map, which
allows you to develop your ideas. Some students
use mind-mapping techniques when making class
notes! The structure of a mind map is thought to
represent the brain’s naturally fluid and random
nature. Unlike notes and long lists, it is a form
of presentation that is easily understood by your
brain and will help you to be more creative in
problem-solving.

Black and white

COLOUR / Colour

Black on white

White on black
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To produce a mind map:

e place a blank sheet of paper in front of you in

landscape format (sideways)

e draw a picture in the centre of the sheet - this

represents your problem or idea

e draw a series of curves, evenly spaced, from

around the picture

e at the end of each line, write keywords which

represent each area you are going to investigate

e from each of these ideas, add more lines to

represent each further thought or concern

e it is sometimes useful to add images instead of

words if this is helpful

e you can use colour to highlight certain areas

and connections.

Activity 3.3

Using an A3 sheet of paper, construct a
mind map of how you might approach

designing a, new computer keyboard for
a small child. Try to think of all the key

features, issues and difficulties children
might have, and use colours and shapes.
Remember to start in the middle of your
sheet. You may find this useful to do as
a paired activity.

Figure 3.8 Brainstorming using sticky notes

Brainstorming

Also known as a thought shower, the principle of a
brainstorm is to generate a large number of ideas,
particularly if you are trying to solve a problem.
There are a set of ground rules which are often
used to guide the process:

quantity is best — although this might produce
more ideas that are not going to be useful, the
greater number of ideas is thought to encourage
radical and effective solutions

no criticism allowed - the purpose of this
technique is to produce radical solutions
and encourage all participants to contribute,
without fear of ridicule or criticism, regardless
of how unusual the idea might be

unusual ideas - unusual ideas are welcomed
in brainstorming sessions; this encouragement
allows contributors to look at the problem from
a new perspective and not to reproduce familiar
and traditional solutions

combine ideas - once the list has been
generated, the combination of some of the ideas
generated can produce a positive solution.

It is useful for one person to facilitate the session.
This person should act as a leader and explain
the problem to be solved, the rules for the session
and who should participate. You will also need a

(1)




note-taker, whose responsibility is to record all the
ideas generated.

It is a good idea to gather people around a table
and perhaps try a practice session with something
quite unusual, such as ideas for the design of a
solar-powered car or a clockwork television. The
idea is to get your colleagues comfortable with
the rules and concepts. Once you feel people are
comfortable with the idea, you can start properly
and introduce the session. The important part of
the brainstorming activity is for you to encourage
all ideas, however strange or unusual, and to
encourage all participants to take part, build on
the ideas being suggested and avoid any criticism
of the ideas put forward.

Although paper, a whiteboard or flip charts can
be used, it is sometimes useful to use sticky notes.
The advantage of using these is that they can be
moved around and grouped afterwards.

Activity 3.4

This activity requires you to work in a
small group of three or four colleagues
or friends/classmates.

Nominate one person to lead the group
and record ideas. First, read out the
rules on brainstorming, then spend five
minutes brainstorming how you could
redesign a computer keyboard for small

children.

After the five minutes have elapsed,
review your ideas. Can they be grouped
into different categories or themes?
Were any ideas generated that you
would not have expected or anticipated?
How does the process compare with the
mind map you might have created for
this?

Research techniques

By using brainstorming, mind mapping or similar
techniques, you will hopefully have brought
together everything you know, or need to know,
about the project that you are about to undertake.
Alternatively this could be a problem you are
attempting.

You now have to find that information and you
will use different research methods to achieve
your goals. But where can you find what you are
looking for? Many people use the internet as

Engineering Project

their primary research tool; however, while there
is undoubtedly a great deal of useful information
available via the World Wide Web, there is also
a great deal of misleading and incorrect infor-
mation too. Useful information can be found on
‘wikis’; however, these are collaborative websites
which can be directly edited by anyone with
access. In other words, you should be very careful
to ensure that what you read on a wiki is correct,
as many mistakes are made which are not always
corrected.

When researching, there are a variety of sources
of information:

textbooks

product specifications

manufacturers’ brochures

colleagues and family

experts, such as engineers, architects, instructors
teachers and lecturers

trade journals

government publications

academic papers or papers from conferences
and research papers.

Figure 3.9 Research

An important element of how you carry out
your research is the methods you use. For example,
you might undertake interviews with individuals
or groups. This can be important - if you are
proposing a new design for an existing product,
you will need to obtain information from users of
that product. You might carry out observations.
This can be helpful if you are trying to provide
a solution to a production line problem or to
redesign a difficult assembly. The more infor-
mation and background you have will help you to
define your project and produce an appropriate
solution.
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Activity 3.5

This activity requires you to use at least
two different types of resource. You

should carry out research into computer
keyboard design. It is important that
you make notes and record your
sources of reference.

Lines of communication

When working on a project, for the most part, you
will be working independently. This means that
you will need to set yourself goals and targets; in
addition, you will need to keep a logbook/diary
and record your progress. This is a significant
challenge and it is important that you do not
feel isolated or alone. When carrying out project
work, you should ensure that frequent project
reviews take place. If you are undertaking a group
project this is particularly important, as you will
be allocating different roles and responsibilities
to group members, and you need to ensure that
everybody is proceeding with their allocated tasks
and decide how best to support members of the
team who might be struggling.

Whether undertaking a group or individual
project, it is important for you to have regular
reviews with your tutor or supervisor, to ensure
that you are proceeding correctly, keeping to your
project plan and staying on the right track with
your project. Similarly, if your project is work-
related, you should be reviewing your progress
with your employer at timely intervals.

Figure 3.10 Project review meeting

Activity 3.6

This activity requires you to consider
a project to build a small-scale wind
turbine for a local farmer. You have a
ten-week timescale and all parts will
be supplied by two suppliers; your
company will assemble, deliver and

install the turbine.

Draw up a chart indicating the lines
of communication; include when and
if you think other stakeholders might
be involved, and when and how many
meetings you think will be needed.

Make the Grade @

Grading criterion M1 requires you to maintain
detailed, concurrent records throughout the project
that clearly show the progress made and difficulties
experienced. You will have to do more than simply
maintain a log of activities to achieve this. Think
about how you might use the headings Activity,
Progress made and Difficulties experienced as a
prompt for comments on each loghook page.

Specification

By the end of this section you should have
developed a knowledge and understanding
of how to produce a project specification.

The project specification is an important
document; it outlines the objectives, constraints
and essential/technical requirements of the
project.

Key Points

You will need to produce a project specification
and have this approved by your project supervisor
before you commence work on your project.

A project specification is a document that
outlines what the project is required to deliver.
A good example is an engineering drawing. For a
simple component, the drawing should indicate
the material, the dimensions and any additional



information, such as heat treatment requirements
or geometric tolerances. If the product has been
manufactured correctly, and is as the drawing
suggests, then it meets the product specification.

However, a substantial project is more compre-
hensive and will normally require a written
document, which details all the information
required to successfully produce a solution to the
given problem.

Make the Grade

Grading criterion P2 requires you to prepare a project
specification. Your specification should reflect some
of the ideas generated from the activities you carried
out when generating initial concepts, and should
include technical information as well as considering
health and safety, resources, timescales,
sustainability and quality issues.

Type of project

The type of project you undertake will largely
reflect the nature of your course of study, your
current employment or the industry in which you
are interested. Typical engineering projects can
include product design, plant layout/maintenance
or production methods. Here are some examples
of projects for different engineering pathways:

Aerospace

e Modification of an aeronautical product

e Specifying, evaluating and/or designing an
aeronautical system or service

e Testing an aeronautical product

Electrical/electronic

e Modification of an existing electrical/electronic
product

e Specifying, designing and building an integrated
hardware/software system

e Testing and evaluating an electrical/electronic
system or service

e Comparison and evaluation of a range of
electrical/electronic CAD tools and systems

Manufacturing

e Modification of a manufactured product or
service

e Designing and building a manufactured product
or service

e Testing a manufactured product or service

Engineering Project

Mechanical

e Modification of a mechanical product

e Specifying and designing a mechanical system

e Testing a mechanical product

Operations and maintenance

e Modification of a plant services

e Designing and building an
calibration test rig

e Testing plant service systems or subsystems

inspection/

Key Points

Remember, you are looking for a problem or task
to be solved, not necessarily for a finished item.

Activity 3.7

Consider the branch or area of
engineering in which you currently (or
intend to) work.

Make a list of the kinds of project
work undertaken by engineers in that
area. You may find it useful to do some
research or to use a mind map.

Technical information

The project specification will be different,
depending on the nature of what is being under-
taken. Some ideas of what to consider for a project
specification might include the following:

e Functionality — How does the product or
service work? Is it overly complex? Can it be
easily understood and used or will training be
required?

e Aesthetics and ergonomics — Is it easy to use?
Will special tools be required or can operators
reach all the controls or parts? Does the
product look fit for purpose, with elements of
good design embedded?

e Operational conditions — Have you considered
the environment you are working in? A product
or service designed for arctic conditions will
have different requirements to one used in the
desert.

e Process capability — This is a measurable
quantity which determines whether a product
or process is fit for purpose. If you are designing
a process to manufacture very accurate compo-
nents, to within 0.001 mm, and your machinery
is only capable of tolerances of 0.01 mm, it is
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unlikely that the process is capable of meeting
the standards.

e Size/scale of operation - The scale of an
operation can refer to the physical size or the
quantity required. It is unlikely that you will
build a control system to fit inside a model
aircraft if you use industrial-size electrical
motors. Similarly, if you wish to modify a mass
production system, it is unlikely that you should
include a robot that requires maintenance after
every 100 operations.

e Present and future trends - It is important to
consider the ‘future proofing’ of your project.
Designing a control system that uses a CD/DVD
to store or relay instructions would be unlikely
to be acceptable, as the quality of other devices
is superior. Would it be better to take advantage
of technology being used in mobile phones and
MP3 players?

e Maintenance and likely product life issues — Is
it a reliable product or service, or will a great
deal of care be required in its operation? How
long will the product last before it will need
replacing? A light bulb might be expected to last
12 months, but with no maintenance, whereas a
car would be expected to last 20 years, provided
that it was regularly maintained.

Activity 3.8

For the reminder of this section, most
of the activities are going to focus on
the design of a computer keyboard
specifically for children to use.

This is a group activity. In a group of
three, think about the new children’s

computer keyboard. What technical
elements do you think would be
important to include in a product
specification? See how many you can
list; then divide them up between you
and research each one, making notes as
appropriate.

Health and safety issues

You should always specify that an awareness of
health and safety is paramount, and ensure that all
activities undertaken are properly assessed for risk,
and that all components and equipment used and
developed meet the relevant safety and operating
standards. When creating a specification, it is

often useful to indicate the standards expected in
terms of the Control of Substances Hazardous to
Health (COSSH), British Standards (BS) and the
International Organization for Standardization
(ISO).

Figure 3.1 1 Welder with protective equipment

Environmental and sustainability
issues

As we become more aware of the effect on the
environment of what we do, as engineers, so it
is important to consider environmental issues
in all new products and services. For example,
all major car manufacturers are investing in
technology that reduces carbon emissions and
improves fuel economy, and in designs that use

Figure 3.12 Consider recycling



alternative technology, such as electric vehicles or
hydrogen power. However, environmental impact
can be reduced if we use sustainable products and
technologies - for example, when a new product
reaches the end of its useful life, can it be recycled?
Can a system that uses wood or paper ensure that
only timber from sustainable forests is used?

Activity 3.9

Once again, we are going to consider the
computer keyboard for children. List
any environmental or sustainability

issues that you think you will have
to consider. You may need to do some
research on materials.

Quality standards and legislation

There are a variety of standards used around
the world. For example, in Britain, BS standards
are used; in Germany, DIN (Deutsches Institute
fiir Normung); in the United States of America,
ANSI (American National Standards Institute).
However, the international ISO standards are
recognised throughout the world. These standards
are important, as they set a benchmark for the
quality and reliability of products and services.
If you are building a test rig for your project,
you should require that all the components you
use meet the appropriate standards, to ensure
that they are safe and fit for purpose. It is also
important that standards are used to allow
consistency — for example, BS8888.2006 is the
British standard for writing technical product
specifications. Legislation is also important. While
all elements of a project might meet standards,
there are still elements of legislation that need
to be considered. An example of this would be an
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engine manufacturer who would carefully consider
noise and emissions legislation if a design for a
new aircraft engine was being considered.

Activity 3.10

This activity requires you to research
standards that apply to computer

keyboards and record the details.

Do you think any other quality
standards will apply?

Timescales

Clearly, timescales are important and form the key
target behind developing project plans. In terms of
a specification, it would be the usual procedure to
specify a final date for either the complete project
or each stage of a larger project. If a city was
bidding to host a major international event, such
as the Olympic Games, it is obvious that they have
a target of the opening ceremony to work back
from. In the case of a student project, it is likely
that your tutor will specify the final completion
date and you can plan your project from that date.
If the project cannot be completed by that date, it
is likely to be unfeasible.

Physical and human resource
implications

Many large-scale projects are a team effort, and
without the key personnel and resources, many
projects are unworkable. If you were designing an
innovative product, but the company you work for
did not have sufficient resources to build or test a
prototype, it is unlikely that the project would ever
be successful. Similarly, a racing driver is unlikely
to win a Grand Prix without a team of mechanics,

Figure 3.13 Quality standards

Figure 3.14 Teamwork
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designers, fitness coaches, and so on, all working
behind the scenes to prepare the car and driver
for the race.

Activity .11

This is a group activity. Consider the
computer keyboard for children. What

physical and resource issues do you
think you need to overcome to mass-
produce the keyboard? You will need to
think about the design and materials.

Procedures

By the end of this section you should have
developed a knowledge and understanding
of the procedures you will use to carry out
your project.

When you undertake a project, it is important to
ensure that everybody involved understands what
part they have to play and what is required of
them. It is also important that everybody under-
stands who will report to whom and how decisions
will be made. Finally, it is of vital importance that
you know what resources are available to you and
the consequences if you reach those resource
limits.

Key Points

You often hear of projects going over budget. It
is important that you understand what money
you can spend or what other resources, such as
materials, you have access to.

Make the Grade

Grading criterion P3 requires you to agree and
prepare the procedures that will be followed when
implementing the project. It would be advisable to
draw up an agreement between all the people who
will be involved and present this as evidence. This is
particularly important if you are engaged in a group
project.

Roles and responsibilities

This is particularly important with a group project.
Before the project work commences, each member
of the team will need to know exactly what they
are working on and what are their required tasks
and targets. This can involve who is responsible for
decision-making, holding meetings and keeping
records. If you are undertaking an individual
project, there are still responsibilities to be deter-
mined, although these are likely to be negotiated
between you and the project supervisor and/or
employer.

Key Term

Role — Aperson’s role is the expected behaviour
of that person.

Figure 3.15 Roles and responsibilities

Reporting methods

How you are going to report your findings should
be established before you begin work on the
project. Projects in industry often require frequent
meetings and presentations, and you will need to
establish when and how you will be expected to
report your findings. You will probably agree with
your project supervisor that regular meetings,
possibly on a weekly basis, are necessary. You
should ensure that you keep details of your discus-
sions, possibly in your logbook or portfolio.

Key Points

You will be expected to deliver a verbal presen-
tation using ICT, as well as writing a project report
when you have completed your project.




Activity 3.12

Make a list of all the people who might

be involved in your project. Next to each
name, indicate how you will communicate
with them as your project progresses.

Do you need to communicate with each
person on a one-to-one basis or would
group meetings/presentations be more
appropriate?

Resource allocation and limits

Some projects require huge budgets — the design
of a new aircraft, for example, or the building of a
sports stadium. Other projects, such as the testing
of different adhesives to assess performance, might
be relatively small. Whatever the size of budget, it
is important to establish what resources need to be
allocated and an estimate of the required budget.

You will need to establish what resources you
require in terms of:

e facilities — do you need access to a workshop,
CAD facilities, a laboratory, and so on?

e cost — do you need to purchase any specialist
equipment or consumables?

e support — will you need help from tutors, techni-
cians, colleagues and so on - for example, in
performing tests or manufacturing components?

Techniques

By the end of this section you should have
developed a knowledge and understand-
ing of how to use comparison methods and
analysis to select the optimal solution.

Engineers often present a variety of solutions to
a given problem. To determine which solution is
the optimal one requires the use of a variety of
analytical skills and techniques.

e a
Key Points

You might need to use these techniques to
determine which project, from a selection, you
are going to undertake.

When you are undertaking your project, you
might find that you have developed a range of
ideas, designs or solutions to problems. You might
then use the same analytical skills and techniques

to provide an optimal solution.

Engineering Project

If you were given the task of determining which of
two bags of identical coins you can keep, but were
not allowed to count them, what would you do?
Hopefully you would think to weigh the bags
and then select the heaviest!
You would be using a comparison method, and
by analysing the results, you have selected the

optimal solution.
Make the Grade

Grading criterion P4 requires you to use appropriate
techniques to evaluate three potential solutions
and select the best option for development. To

do this effectively, you will need three separate
specifications, all produced in the same consistent
manner, to allow you to compare like with like!

Once you have developed a series of project
proposals, you will need to decide which one of
your proposals is the most appropriate project to
undertake. You will clearly need to consider the
feasibility of each proposal and whether it can be
resourced.

Comparison methods

A useful method of analysing different project
proposals is to compare them against set criteria
and give each one a score. By totalling the scores,
you can decide which project is the most likely
to be successful. Of course, if any of the criteria
make a project totally unsuitable, this will have to
be indicated.

In the example shown in Table 3.1, Project
2 looks the most promising, while Project 1 is
totally unsuitable, despite some high scores, as the
process capability requirement is not met.

You can set whatever criteria are sensible for
the project you are undertaking, and you should
be consistent in how you apply your scores.
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Project | Project 2 Project 3 Project 4
Resource requirement 7 8 7 4
Cost 9 6 3 5
Fitness for purpose 8 7 5 6
Process capability X 4 5 8
Total X 25 20 23

Table 3.1

Activity 3.13

This is a group activity. Select three
well-known brands of soft drink. Decide
on key characteristics, such as taste,
texture, price, and so on. Draw up a
table similar to that shown in Table 3.1.

Each of you should score each

drink individually, then compare
results.

Do you all think the characteristics you
selected should be weighted evenly or
are some more important than others?
What could you do to accommodate
this?

Analysis

An alternative to using comparison methods to
choose a project is to use criteria such as a cost-
benefit analysis. An organisation is more likely to
invest in a project that saves a small amount from
the cost of each mass-produced item it produces
than a one-off saving, even if this is considerably
more. The analysis of long-term benefit is what is
important.

Key Term

Optimal - Finding the optimal solution means

selecting the solution that best meets the
objectives (as a whole).

Make the Grade @

Grading criterion M2 requires you to use a wide
range of techniques and selection criteria to justify
the chosen option. This criterion is an extension of
the P4 criterion. The key here is the words a wide
range; criterion P4 suggests using appropriate
techniques. By using a wide range and explaining
which technique is the most appropriate one, you
are demonstrating the higher-level thinking skills
expected of merit-grade learners.

Make the Grade l D1

Grading criterion D1 requires you to manage the
project development process, seeking support and
guidance where necessary. The key to this is that
you can demonstrate independence. You should
not feel that you cannot ask for help; however,

you should plan carefully and, if you do require
assistance, try to ensure that you are presenting
ideas and suggestions, rather than asking for help
because you are unsure of what to do.




3.2 Planning and monitoring a project

This section will cover the following grading
criteria:

If you have a project that will last a considerable
time, you should break it down into manageable
elements. This requires you to plan where you
are going to start and what sequence you will
follow. When planning a foreign holiday, you
might draw a mind map of all the things that
have to be organised (foreign currency, travel
documents, accommodation, and so on), then plan
and implement each one individually. You would,
of course, keep checking or monitoring that every-
thing is going to plan - is everyone’s passport
valid, have hotel reservations been confirmed,
etc?

Planning

By the end of this section you should have
developed a knowledge and understanding
of how to plan a project.

Engineers use a variety of planning tools to decide
how a project will run. These can be simple
flow diagrams, sketched out with pen and paper,
or complex computer software applications, full
of key dates, milestones and review points. This
choice is often dependent on the size and scope
of a project.

( )
Key Points

Projects are often broken down into five steps
to help planning. You should ask yourself five
questions:

|.What is the task?

2.Who is responsible for each activity?

3. How much time will each activity require?
4. What will the cost be for each activity?

5.What are the resource requirements?

- v

Planning your project effectively will help you, as
you will need to:

e identify key tasks

e demonstrate an understanding of the project
requirements

divide the key tasks into smaller elements
organise tasks into a logical order

plan enough time to complete each task
include time for any emergencies or delays.

Once you have planned your project, you will need
to ensure that it is on track by regularly checking
your progress against the plan and recording how
your plan has been adapted as you went along.

Make the Grade

Grading criterion P5 requires you to outline the
project solution and plan its implementation.

Once you have determined the optimal solution to
develop, you will need to provide evidence that you
can plan effectively over a long period of time and
set priorities. It is also important that your plan
includes resource information.

Long-term planning

When undertaking a project which might last a
considerable period of time, you will need to think
about which planning technique you are going
to use. There are a variety of specific planners
available to you. For example, the wall planners
you often see in offices can be used as a starting
point; you can use coloured labels for clarity and
different coloured pens. These charts are probably
too simplistic, however, for the degree of planning
required.

Flow charts

A flow chart is a useful tool for developing a
programme or process. Different symbols are used
to represent different actions, so a simple flow
chart might use the following:

e circles — normally used to indicate the start or
end of the process

e arrows — used to represent the direction or flow;
this is the order decisions or operations follow
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Action

Figure 3.16 Flow chart

e parallelogram — used to indicate inputs/outputs

e rectangle — used to represent processes or
actions

e diamond (rhombus) — used to indicate a true/
false question.

Flow charts are often used by programmers or to
show data flow. However, they can usefully be used
to control systems or identify material-handling
operations. If your project involves managing a
process, this could be a very useful planning tool.

Gantt charts

A Gantt chart is a visual method of planning when
each phase of a project starts and finishes. It looks
like a bar chart that has been turned sideways,
with the time taken measured on the horizontal
axis. Although Gantt charts can be drawn by hand
or generated using spreadsheet programmes, there
are specific project-planning packages which can
generate the charts for you.

-

No End

When undertaking a project that has a series of
smaller tasks, it is not always possible to complete
each task one after another. The Gantt chart
shows you where each task overlaps and when
each task has its deadline for completion. The
Gantt chart is constructed starting from the top
left-hand corner and finishing in the bottom right-
hand corner. From the chart, you can identify
the critical path and add information such as
monitoring dates, often called milestones, project
meetings and formal reviews. Table 3.2 shows a
plan for the following:

. Agree specification

. Design new components
. Assembly drawing

. Machine new component
. Build prototype

. Test prototype

. Write report

NV W=
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Task
19 20 21

22 23 24 25 26 27 28

|. Agree specification

2. Design new components

3. Assembly drawing

4. Machine new component

5. Build prototype

6. Test prototype

7. Write report

Table 3.2 Gantt chart

Critical path

Critical path analysis is a technique used for
scheduling project activities and estimates the
different routes, or paths, that a project can take.
Like the Gantt chart, the key is to break down the
project into tasks and use a diagram to map these
tasks. The diagram is developed from a system
known as Programme Evaluation and Review
Technique (PERT). You can work out the earliest
and latest times each task can start and finish,
without affecting the overall project time. You can
also determine which activities are on the longest
path, and so critical, and any float or delays that
will not impact on the overall project.

Individual tasks are joined by nodes, which are
normally numbered in series of ten; this allows
for extra nodes to be added in later, if the project
changes or other activities need to be added.

In the example shown in Table 3.2 and Figure
3.17, the critical path is indicated by the longest
time it takes to get from the start to the finish.
You will notice that there is a link between 50
and 60; this is because, although there is no task

represented, the testing of the prototype cannot
commence until the new component has been
added to the prototype.

Although PERT diagrams can be drawn by hand
or using graphics or CAD software, there are also
specific software packages which can produce
them for you.

Setting priorities

Although it sounds simple, setting prioritiesis a task
that is often overlooked, with the consequence that
you can spend a great deal of time focusing on small
details and missing some of the key issues. If you are
working on a design project that requires 3D CAD
models to be created, your first priority might be
to ensure that you have access to the appropriate
software and can use it to the level of proficiency
required. If you are using a Gantt chart or PERT
diagram, you might think that you have organised
your priorities, but think about the example given
in Figure 3.17. You would need to ensure that when
it came to testing the prototype, there was space and
time in the test laboratory to arrange for the design
to be tested and results produced.

Agree Design new Machine new Write
specification component component report
10 20 40
(1 @ ~ @
Assembly Test
drawing

prototype
(3)

Figure 3.17 Network diagram

Build prototype
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Useful resource information

Resource implications are important when consid-
ering all elements of your project. As previously
discussed, if you require a 3D CAD model, is
the software available to you or will it require
purchasing? If you need tuition on the use of the
software, is there a tutor available to help you or
will you need to enrol on a course?

i9

Figure 3.18 Using CAD

Activity 3.14

For the following example, construct a
Gantt chart and network diagram for
the following process:

e agree specification — 2 days
design new components — 3 days
assembly drawing — 4 days
machine new component — 4 days
build prototype — 3 days
test prototype — 1 day
write report — 4 days

You should assume the same
constraints as in Table 3.2 and Figure
3.17, in terms of which processes can
start before others and which processes
are dependent upon others.

Monitoring

By the end of this section you should have
developed a knowledge and understanding
of how you will monitor and record
achievement over the lifetime of your project.

To make sure that projects run to time and are
completed safely and within budget requires the

project manager to ensure that the project plan
is feasible and that it is constantly monitored to
ensure that if things begin to go wrong, they can
be quickly rectified or the plan can be modified.

Key Points

Using a logbook to record everything you do is
an invaluable source of evidence when you meet
with your project supervisor, colleagues or your
employer.

Having planned your project, you hope that every-
thing will follow that plan and you will achieve a
successful outcome. However, unforeseen events
mean that it is unlikely that everything will go
smoothly. How you deal with problems and what
modifications you make will have a great effect on

your overall project.
Make the Grade

Grading criterion P6 requires you to monitor and
record achievement over the life cycle of the project.
To demonstrate this, you will need to keep a record of
meetings and use your loghook/diary to record key
events. If you need to change your plan, you should
keep a record of your original, along with the new
plan, for comparison and evidence purposes.

To ensure that you manage this properly, careful
monitoring of your original plan is required. It
is therefore important that you include some key
project review dates at regular intervals. If you do
have to update or change your project plan, you
should keep a record of when and why you did so.

Monitor and record achievement

As discussed in Section 3.1 on record-keeping, it
is important to use a logbook or diary to record
all your project details and progress. This can
also be useful for recording names, addresses,
and telephone numbers, meeting dates, email and
other correspondence lists.

Use of logbook

A logbook is particularly important if you are
conducting a series of tests, for example. You can
date and record the results to refer to when you
later begin to write up your report, and if you are



recording or analysing data, you can record the
calculations at the same time. Logbooks are useful
for:

e recording data

e analysing data

e keeping performance records

e modifying/updating charts and planners

e recording project goals and milestones

e initial concepts

e project solutions, technical decisions and
information.

Engineering Project

Key Points

It is likely that your project supervisor or assessors
will want to review and sign off your logbook and/
or diary on a weekly/regular basis. Consequently,
you should have it available for all project sessions.

Make the Grade

Grading criterion P1 requires that when you
construct your project plan, you include regular
review sessions. At each of these sessions, make
records of how your project is proceeding and how
your plan will require modifying if necessary.

This evidence should be kept in your logbook or
portfolio for future reference.
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3.3 Implementing the project plan within

agreed procedures

This section will cover the following grading
criteria:

If you have carefully planned your project and
put milestones in place, when you are prepared to
monitor and evaluate your progress, you should be
well placed to implement your project.

Implement

By the end of this section you should have
developed a knowledge and understanding
of what resources you need to implement
your project.

Before engineers start work on a project, it is
usual for them to gather together and plan what
resources will be required to carry out the various
activities required by that project.

e a

Key Points

If your project requires practical activities, such
as in an engineering workshop, laboratory or in
a manufacturing/production environment, you
should ensure that you have received appro-
priate training, are wearing the correct personal
protective equipment (PPE) and have completed
a risk assessment of the activity.

(. J

To ensure that you can complete all the stages
of your project, you will need to allocate time
carefully. This part of the project process may be
where you will work independently and with less
guidance and support than at the planning or
presentation stages. Consequently, you will have
to be disciplined and record everything you do in
your logbook. If you come across any problems or
issues, you should immediately seek advice from
tutors, employers or colleagues, as it is vitally
important that you keep to your plan.

Make the Grade

Grading criterion P7 requires you to implement the
plan and produce the project solution.

You will be following the plan you have created

and monitoring it as you progress. You will need to
maintain records and use resources carefully in
order to carry out the project. Whether it involves
manufacture, design, building, testing or a related
engineering activity, there will need to be a specific
solution to measure and assess at the end of your
project.

Most projects require the use of resources, whether
it is test samples being used in a laboratory,
components being used to build circuits, or
material being used to machine artefacts. In order
to ensure that tools, equipment, facilities and
materials are available, it is important that you
liaise with your project supervisor to ensure that
you can carry out the desired activities. Remember
that part of your project plan should have involved
an investigation of the feasibility and cost of

carrying out the project.

Make the Grade
Grading criterion P1 requires that before you
commence working on your project, you should
already have a significant amount of written
material collected. This could include notes,
sketches, drawings, plans, mind maps, lists, project
specifications, comparison charts, and so on. It

is useful to collect this evidence togetherinto a
portfolio that could constitute a large file or folder,
which should also include your loghook/diary.

This could be an e-portfolio, if you have managed
to record all your data electronically. You will
continue to add to this portfolio, with calculations,

observations, photographs and data, during the
implementation of your project.



Proper use of resources

Often, project work requires the use of tools and
equipment. Many engineering technicians rely on
the use of specialist tools and equipment, and take
great care to ensure that they are clean, calibrated,
well maintained and fit for purpose. However,
every year in the workplace there are accidents
caused by the incorrect use of work equipment,
including machinery. The Health and Safety at
Work Act 1974 outlines the responsibilities of
employers, managers and supervisors, but safety
is everybody’s responsibility and you should seek
guidance if you are using tools or equipment with
which you are unfamiliar or have not had proper
training in how to operate safely.

Tools and equipment refer to any equipment used
in a workplace, including:

e machines such as photocopiers, drills, lathes,
compressors, hydraulic presses and computers

e tools such as soldering irons, screwdrivers,
knives, hand saws and torque wrenches

e lifting equipment such as hydraulic jacks,
vehicle hoists and lifting slings

e ancillary equipment such as stepladders, test
equipment and weight scales

Before using any equipment, you should check
to ensure that it is in working order. If it is an
electrical device, does it have a Portable Appliance
Testing (PAT) notification? If so, is it up to date? You
should assess the risks inherent in the use of tools
and equipment and consider what can be done to
prevent or minimise these risks, including checking
if these measures are already in place.

Figure 3.19 CE label

Make sure that machinery is safe. All new
machinery should have a CE mark; however, you
should not rely on this and should carry out your
own safety checks. Make sure you have been given

Engineering Project

instruction on how to operate any machinery or
equipment before you use it.

Controlling risk often means ensuring that
dangerous machinery and equipment are guarded.
Check all fixed guards before you use any machines,
and if guards are removable, check that they are
interlocked to prevent accidental operation while
the guard is not in place. In addition to the use
of guards, ensure that you use jigs, holders and
other appropriate work-holding devices. Make sure
you know where start/stop and emergency stops
are, and never work unsupervised in any kind of
workshop or potentially dangerous environment.

PPE ensures that you are always supplied with
the correct protective clothing and equipment
before undertaking practical activities.

You should ensure that you are aware of fire
safety and use of hazardous material when in
unfamiliar surroundings.

For more guidance on health and safety, please
refer to Unit 1.

Key Points

If you are carrying out any activities in the

workshop, laboratory or anywhere you might

use PPE, you should record your activities using a

digital camera to show you working safely. These

pictures can be used later in your presentation or
L project report.

Time management

Once you have had appropriate training and
organised all the necessary tools, equipment,
materials and other resources you need, you are
ready to carry out your project.

Remember:

e keep daily or weekly records as the project
progresses — these records will be an important
part of your final report

take pictures of practical activities

keep your notebook up to date

observe all health and safety requirements
wear appropriate PPE

document all changes to your project plan and
keep before and after records.

Some activities may require careful time
management, as you will have agreed timescales
you need to work to. It may be that you need to
access the laboratory to complete some testing;
you may have limited time and will need to plan
carefully to ensure that you have sufficient time

e 2

117



118

BTEC Level 3 National in Engineering

to complete your activity, record your results and
tidy up.

AT

Figure 3.20 Time management

Reviews

Having previously discussed the importance of
reviewing your plan, you should arrange with your
project supervisor to meet on a regular basis. At
these meetings, you can review recent activities,
discuss any issues or problems and agree actions.
This could, of course, include any amendments
to your plan and revised schedules. It is often
useful to complete a record of your discussions,
which you can sign and date. This is further useful
evidence to add to your portfolio or e-portfolio.

Checking solutions

By the end of this section you should have
developed a knowledge and understanding
of using previously learned and new tech-
niques to check solutions.

Many projects can be broadly separated into two
stages. When you are engaged in a design project,
the first stage is gathering information and
developing your design, and the second phase is
manufacturing/building and testing. Alternatively,
your project might involve measurement, testing
and/or gathering information, then analysing the
information and data. Whether or not your project
follows this pattern, it is likely that after a period
of time you will need to review the progress. In
many large-scale industrial projects, engineers will
present interim reports. The purpose of these is to
indicate what early findings they have made and
where the focus of the project will be in the future.

Key Points

The evaluative and analytical techniques you used
in Section 3. to determine an option for devel-
opment might be useful when you are comparing
different solutions during the implementation of

your project.

-

/

When you are gathering data or information in
a practical setting, it is very important that you
record your findings or data carefully, as when you
come to analyse it, probably later, you will need to

understand what you recorded.

Make the Grade
Grading criterion P8 requires you to check that the
solution conforms to the project specification. You
should keep referring to the specification when you

explore possible solutions, outcomes, designs, and
soon.

Use of evaluative and analytical
techniques

You will have used a range of planning techniques,
such as Gantt charts and critical path methods,
during the planning stage of the project. If
you have set milestones or review points, it is
important that you use these to take an overview
of your work. Has it followed the plan? Do you
need to make modifications? Will new activities
need to be planned? If this is the case, you should
review the plan with your tutor and adjust your
plan accordingly.

If you have been carrying out tests, it might be
appropriate to use graphics techniques to compare
the relative performance of different materials or
components.

Refer to Section 2.2 of Unit 2 for examples of
graphs and charts you could use.

If you are designing a product, circuit or
installation, you may be at the stage when you
have several potential design solutions. Looking
back to when you were deciding on which project
to undertake, you might have used the matrix
method outlined in Table 3.1 on page 110. Here
is another opportunity to use this technique to
determine your optimum design.
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Statistics are often represented in graphs, but
can also be tabulated or analysed to determine
trends or key information, such as whether a  Wide variation=
process is capable of producing expected results — Poor process capability
reliably (process capability).

If you are designing a pneumatic, hydraulic
or electronic/electrical circuit, there are software
packages which allow you to simulate the
performance of the circuit before you construct
it. Similarly, if you have produced a design using
CAD that you intend to manufacture, there are
software applications which allow simulation of
the computer-aided manufacture (CAM) process.  Narrow variation=
Alternatively, you can use rapid prototyping good process capability
techniques (3D printing) to build a model of your
design. Engineers use this kind of software to save
time and money, as building real products and
circuits and testing them costs significantly more
money, as well as being more time-consuming and
requiring greater resources. Figure 3.21 Process capability

<~ Specification ——>

<« Specification ———>

-.I-\-\.l
A

=

Figure 3.22 Hydraulic circuit simulation (Simttydraulics® from The Mathworks extends Simulink® to enable
Multi Domain Modelling of Hydraulic Systems)
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3.4 Presenting the project outcome

This section will cover the following grading
criteria:

G2 69 02) &9 &)

As you come to the end of your project, you will
need to consider how you are going to present
your findings. You should start working on this,
even though you may not have completed building,
testing, evaluating, and so on. If you have a look at
the Gantt chart on page 113, you will notice that,
although this project only took ten days, the final
report stage was planned over the last four of these
days. If you leave it until the last few days to prepare
your report and presentation, you will inevitably
not have enough time to produce a piece of work
that reflects all your hard work and effort.

Key Points
Presenting the project outcome means two things:
¢ delivering a verbal presentation to an audience

* writing a formal written project report.

Presentation

By the end of this section you should have
developed a knowledge and understanding
of how to prepare and deliver a presentation
to a small group.

Engineers often have to present information to
groups of people. These can be familiar groups,
such as colleagues, or they can be unfamiliar
groups, such as customers.

Key Points

A well-rehearsed and planned presentation is
much easier to deliver if you remember that
the audience is supportive and may have to do a
presentation themselves at a later date.

Giving a presentation is often the most challenging
aspect of project work. Oral presentations are

increasingly important, as they are often necessary
to communicate important information to the
team you are working with; increasingly, they are
also used in selecting candidates for jobs.

Make the Grade

Grading criterion P9 requires you to prepare and
deliver a presentation to a small group, outlining
the project specification and proposed solution.
Remember, the presentation is not about using
elaborate tricks with presentation software, nor is
it an opportunity to describe everything you did
during the project. You have to focus on the project
specification you created at the start of your project,
and demonstrate to the audience how you met the
criteria laid down in that specification with your
solution.

Deliver a presentation to a small
group

Although standing in front of an audience may
seem overwhelming, with a little preparation and
practice you can deliver an effective and coherent
presentation. There are four key elements to giving
a presentation and you should consider each one
separately.

|. The presenter

Most people are quite comfortable talking to
individuals such as tutors, colleagues, friends or
other students. Put yourself in front of a group,
with all eyes on you, and things can suddenly
change. Effects can include:

e nausea
e feeling faint

sweaty palms

tension

breathing difficulties
butterflies.

Even the most experienced presenters suffer from
these symptoms from time to time. Experience
helps, but there are several ‘tricks of the trade’
which can help calm the nerves and reduce the
panic.



Relax

Tension can cause your voice to become
constricted and will become evident in your body
language. Deep breathing before you speak helps
to slow the heart and relax the body. You should
breathe in through your nose and out through
your mouth, perhaps holding your breath for five
to ten seconds. Make sure you breathe from the
abdomen - this is what singers are taught to do,
and it helps to control your breathing.

Tension builds up the neck and shoulders, and
gently exercising this area can relieve tension and
stress. To relax the neck and shoulders try the
following;:

e Rotate the neck slowly round to one side, until
it cannot comfortably go any further; hold that
position for five seconds, then return to looking
forward. Repeat this exercise five times for one
side, then five times for the other.

e Keep your head forward and tip your ear towards
one shoulder - again, only go as far as you feel
comfortable; pause for five seconds, then return
to the upright position. Again, five times on one
side, then five on the other.

e Facing forward, take a deep breath in; while
breathing out, slowly roll your shoulders
backwards. Repeat this five times backwards,
then five times forwards.

If you feel pain or discomfort, you should not
carry on. Always perform each exercise slowly and
carefully.

Audience

Although you may feel very nervous, it is not
always apparent to the audience. If you feel intimi-
dated, it is often a good idea to imagine them
sitting in fancy dress! It is likely that some of your
audience will also have to give a presentation, or
have done so in the past; consequently, they will
be sympathetic and supportive. You should never
admit to being nervous.

Speaking

Singers and actors do exercises to help them
project their voice and to avoid damaging their
vocal chords. Practice is important here and
you should practise with some simple exercises.
Try to recite a poem or limerick with a friend
or colleague; you can position them at varying
distances and see how loudly you need to speak
to be heard. Mumbling or quiet speaking are signs
that you need to practise projecting your voice
(without shouting).

Engineering Project

Body language

Another good exercise is to practise your presen-
tation with a friend or colleague. You should try to be
as natural as possible and do not be afraid of moving
as you speak; most importantly, maintain eye contact
with your audience. You can try videoing yourself, or
your colleagues, and looking for any bad habits.

2. Content

Despite being nervous, the better prepared you
are, the easier your presentation will be. Presenters
who know their subject and have prepared a
coherent and well-structured presentation will
give a confident appearance and attitude.

Teachers and presenters are often told to:

o tell the audience what you are going to tell
them (introduction)

o tell them (content)

o tell them what you have told them (recap).

There are a variety of key elements to a successful
presentation:

Preparation

Having notes can help; however, if you are simply
reading these, you will not be engaging the
audience or maintaining eye contact, so cue cards
may be better. These are small cards with a series
of bullet points that act as reminders of the
sequence of your presentation.

e,
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Figure 3.23 Student presentation

Objective
At the beginning, explain the purpose of your
project, what you are going to talk about and why.

Content

Try to keep to three or four key themes/topics and
tell the audience what they are at the start. During
the presentation, you should indicate when each
theme or topic starts and finishes. This breaks
down your presentation into manageable chunks.
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Language

You should keep to short sentences and avoid
using overly complex technical language. Many in
your audience may be familiar with engineering
terminology, but there may be audience members
who are unfamiliar to you and it is best to assume
that they are relative novices.

Practice

You should make sure that you have practised
giving your presentation with family/friends/
colleagues or that you can record yourself. This
will give you an idea of timing and pace, as well as
rehearsing your content, so that you become more
familiar and comfortable with the content.

3. Audience

Although it is likely that most of your audience will
be familiar to you, there may be people with whom
you are unfamiliar, such as employers, different
students or tutors. There are several things you
can do to prepare the audience:

e organise the room beforehand; ensure that all
members can see you and any presentation
materials you are using; check for adequate
heating and ventilation

e introduce yourself at the start and stand facing
the audience, maintaining eye contact; try to
appear relaxed

e explain to the audience how the presentation will
flow; you may want people to keep questions until
the end - if so, leave sufficient time at the end.

4. Preparation and use of visual aids

It is likely that you will use some sort of visual aids
during your presentation. These could involve
using a whiteboard/flip chart, handouts, demon-
strations, overhead transparencies (OHTs), models
or presentation software.

Using a whiteboard/flip chart

If you have never used a flip chart or whiteboard
before, you should ensure that you are familiar
with how they work and practise writing notes on
them. You can then seat yourself at the back of
the room and check that you can read what you
have written.

Flip chart tips

e Prepare flip chart pages in advance; you will be
able to check spelling and legibility, and your
audience will not have to wait while you write
or draw on the paper.

e If you want to draw diagrams, graphs or charts,

you can create outlines in pencil that will not
be visible to the audience, but will allow you to
create neat, professional-looking images.

e Remember to have your objectives on the first
page and return to this page to check them at
the end.

e Leave blank pages between pre-prepared sheets;
you might want to add extra notes or diagrams.

e Do not try to write too much on each page; two
or three key points, with room for further notes,
is ample.

e Stand to one side as you write, to allow the
audience to see what you are writing/drawing.

Whiteboard tips

e Practise drawing your diagrams, charts and
graphs beforehand, using the pens and white-
board that will be available for your presentation.

e Check that there is sufficient light, but also that
no glare or reflection is on the board.

e Use strong colours; you should avoid orange
or yellow, as they are faint. Green is good for
positive points, and red is useful for danger or
very important points.

e Keepitsimple. Donottrytocreate over-elaborate
diagrams, as the audience may become bored
and your presentation will lose its momentum.

e If using an electronic whiteboard, practise with
all the tools and applications carefully. It is
worth having a back-up in case the technology
fails for any reason - handouts or a flip chart,
for example.

Overhead projector (OHP)

You can create OHTs to illustrate points, display
diagrams or write notes. When you place acetate
sheets on to the plate of an OHP and switch it
on, a light bulb illuminates the OHT and a lens
projects the image onto a wall or screen. Before the
use of presentation software and data projectors,
OHTs were the most common form of supporting
presentations. Laser transparencies can be used
to allow information to be photocopied or printed
onto the film. If you are planning to use OHTs,
you should practise with the film and projectors,
as care is needed to ensure that slides are visible
and in focus. Many of the techniques mentioned
in the section on the use of presentation software
apply to the use of OHTs as well.

Demonstrations/models

If you plan to include a demonstration as part
of your project, you will have to practise and
rehearse carefully. Demonstrations, however, are
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very powerful, showing what you have developed
in achieving your objectives, to show how a circuit
operates, how a mechanism operates or how a tool
is used, for example. You may wish to consider
a video clip if you are concerned that a demon-
stration might not go to plan or if your project is
based in the workplace or is not portable. Video
clips with accompanying audio can be embedded
into presentation software or delivered via a DVD
or digital camera/camcorder, provided that a data
projector or large enough screen is available, with
speakers, of course.

Displaying a model or passing it round the
audience is another useful technique which allows
the audience, literally, to get a feel for what you
have been doing on your project. Do be careful to
ensure that there are no health and safety issues,
such as sharp edges or trailing leads, if you do use
models. Remember that any delicate or sensitive
parts risk being damaged if mishandled.

Presentation software

Presentation software is now widely used to help
support presentations and introduce key points,
illustrations and diagrams. In addition, video and
audio clips can be embedded, as can links to
other software, such as graphics and simulation
software. The principle behind the software is the
preparation of slides, which can be activated in
sequence and have largely replaced photographic
slides used with projectors or OHTs used with
OHPs. A data projector and PC loaded with appro-
priate software are required, however.

Figure 3.24 Presentation slide

Here are some key points when preparing presen-
tation slides:
1. Think of your slides as a sequence. Do not try

to get too much information on each slide.
2. Use landscape, rather than portrait format;

10.

11.

12.

13.

keep wide margins, as it is difficult for the
audience to follow a long line of text.

. Use a large text font for legibility, say 24 point;

this will also prevent you from trying to put
too much on each slide.

. Use a sans serif font, such as Verdana or Arial.
. Do not use capital letters throughout, making

it easier for the audience to read, as the shape
of the word aids comprehension.

. Three or four points are generally suffi-

cient; remember that the audience cannot
comfortably read a lot of text and listen to you
at the same time.

Keep to key points. The slides should help
you and the audience focus on issues you are
discussing, but you are giving a verbal, not
written, presentation.

. Do not rely on the slide show. You are the

person giving the presentation, and remember,
the audience may have seen several presenta-
tions already.

. Use bullet points and paragraph spacing to

emphasise your points.

Use graphic images where appropriate; use
diagrams and charts to emphasise points, but
not clip art.

Do not introduce sophisticated transitions
between your slides; these can distract the
audience. It is better to ‘wipe’ from left to
right, allowing words to be revealed without
the text itself moving on the screen.

Use a pastel colour for the background; black
text on a white background is hard on the
eyes.

Ensure that the version of the software
and operating system of the computer are
compatible with your presentation. If the file
you have worked on fails to load properly or
the data projector fails to display, can you still
give your presentation? Have a hard copy of

the slides available, just in case.
Make the Grade
Itis useful to video your presentation, as this will

allow assessors, examiners and external verifiers to
assess your performance.
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Project report

By the end of this section you should have
developed a knowledge and understanding
of how to construct your project report.

When a project has been completed, it is customary
to present a report of your findings, to allow
whoever has supported you in the work, whether
it is employers or other stakeholders, to judge the
project solution reached.

Key Points

A project report is a formal document that follows
rules and conventions in its style and layout.

The final report you submit is a substantial report
which should document your project. It is a formal
document and this section gives you guidelines on
preparing and presenting the report.

Make the Grade

Grading criterion P10 requires you to present

a written project report. Although there are
standards and conventions you should follow in the
presentation style of your report, you should not
lose sight of the reason for your final report. Just

as with your presentation, you should focus on the
project specification, how it was or was not met, and
what conclusions you can draw from this.

P10

Logbook/diary

Although the project report is the piece of work
you will be assessed on, you might want to submit
your logbook/diary as supplementary evidence.
Provided that you have kept a record as you went
along, your logbook/diary will be an invaluable
resource as you prepare your report.

Written technical report

A technical report is a formal report that presents
information in an understandable and logical
order. There are conventions on how you construct
your report, the sections you should use and the
information that the report should contain.

Structure

Title page

This should include the title of your project, your
name and the date the project was submitted.

Acknowledgements

If you have had particular help or support, this
is your opportunity to acknowledge key people,
whether it be colleagues at work, other members
of your group or friends. The list should be small,
however, and should only be included if you have
had exceptional help or support.

Summary

This section is one that confuses many people;
it is not an introduction to what you have done;
rather, it is a brief overview of what you learned
in your project. If somebody wanted a summary of
everything you achieved in one paragraph, this is
where they would look.

So there should be three things in your summary:

e why you did the report

e what you found out

e what conclusions/recommendations you would
make.

All of this should be in less than 200 words, if
possible!

Contents
You should record all sections and subsections
with the appropriate page number against each.

Introduction

Here, you will state the objectives of your project
and explain the background to why you are under-
taking this piece of work, what you hope to achieve
and how you plan to do it.

Major sections

You should divide your report into sections,
depending on how your project is constructed. It
is often useful to begin with how you developed
your project ideas, the process that was required
to select a suitable project and how you evaluated
the different options. This should demonstrate how
you arrived at the project specification. You might
follow this with a discussion of your planning
process and your project plan. There should be
a section which refers to the process undertaken
to complete your project, the recording of infor-
mation, and how you monitored your progress and
recorded your achievements.

Conclusions
This section is your opportunity to discuss what
you learned from your project. You should compare



what your objectives were with what you achieved,
and compare your results, findings and experi-
ences with published data or perceived wisdom.

Recommendations

Having stated your conclusions, you should
consider what recommendations you would make.
This could be further work to be carried out,
whether it is more research, an improved design,
further testing or a change in process. You can
also include any issues with the process. You might
recommend using different tools and equipment,
improving the method of recording data or
carrying out test processes. Recommendations are
one of the most important elements of project
work and should not be overlooked.

References

If you have quoted directly from books, websites
or journals, you should list them here, using an
acknowledged system such as Harvard referencing.

( )
Key Points
There are a variety of different referencing
systems, such as Harvard, APA and numeric. You
should check with your project supervisor which
is their preferred system and seek guidance on its
use.

- /

Bibliography

Any books, websites, journals and tutor notes
that you might have used for background reading
should be included here and listed in a similar
format to your references.

Appendices

This section is for additional material that you
have discussed or mentioned in your report,
but which would be too bulky, or would disturb
the flow, if included in the main body of your
work. Examples of the information might include
technical drawings you have produced or used,
printouts from test equipment or raw data, speci-
fications and large-scale diagrams.

Activity 3.15

Take time to go to your nearest library/
learning resource centre and see if they

have handouts or notes on how to use
Harvard, numeric or APA referencing
systems.

Engineering Project

Plagiarism — This is the use of other people’s
work without proper referencing. You should
never ‘copy and paste’ information from a
report, website or book and suggest that it is
your work. Any content which is a direct copy
should be placed in quotation marks, with
a reference to the source. If you have used
a reference source as background reading,
it is acceptable to mention the source in a
bibliography.

Use of information and

communication technology
(ICT)

Technical reports should be presented on
single-sided A4 paper; handwritten work is
not acceptable, so you will need to use word-
processing software. This has the advantage of
having spelling and grammar-checking facilities,
and you can include digital images, spreadsheets,
CAD drawings and other graphics to enhance your
work and reinforce any points you are trying to
make.

You should keep diagrams simple and create
them specifically for the report. Remember to
reference and label diagrams; the second and
third diagrams in the first section might be titled:

e Figure 1.2 Test pieces under load
e Figure 1.3 Test pieces after fracture

You would refer to diagrams in the text in the
form, ‘see Figure 3.2’ for example. Remember that
diagrams need to be inserted in the document as
close to the relevant part of the report as possible.
If you are referring to data or documents, however,
it is appropriate to include a note, ‘see Appendix 1)
for example. If you have tables of information, you
can use the tools available in spreadsheet software
to produce the information as a graph or chart, as
this is often easier to follow for the reader.

Proofreading

Once you have completed the report, you will
need to consider this as a first draft and carefully
check through the work to ensure that everything
is correct and that what you have written makes
sense to the reader. The process of checking
written documents is called proofreading and it
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is useful if you can persuade a second person,
preferably somebody who is not familiar with your
project, to read through your work and help you
to rewrite any confusing sections and correct any
mistakes, to help produce a report in an under-
standable form.

Make the Grade @

Grading criterion M3 requires you to evaluate the
project solution and suggest improvements. You
should therefore include a discussion in your

final report that critically assesses how well your
project solution met the project specification. When
suggesting improvements, the recommendations
section of your report should be used to explain
these.

Make the Grade

Grading criterion D2 requires you to evaluate

the whole project development process, making
recommendations for improvements. Although the
evidence may come from your loghook/diary, it
would be useful to include, in the recommendations
section of your report, suggestions as to how you
could have managed the initial development of your
project. This might be to do with time management,
teamwork, lack of planning or other issues.

Make the Grade

Grading criterion M4 requires you to present
coherent and well-structured development records
and final project report.



Engineering Project

To achieve a pass grade
you will have:

@ prepared and maintained

project records, from initial
concepts through to solutions, that
take account of and record
changing situations

prepared a project
specification

agreed and prepared the

procedures that will be
followed when implementing the
project

@ used appropriate
techniques to evaluate

three potential solutions and
selected the best option for
development

outlined the project
solution and planned its

implementation
@ monitored and recorded
achievement over the life
cycle of the project

implemented the plan and
produced the project

solution

checked that the solution
conformed to the project

specification

m prepared and delivered a
presentation to a small
group, outlining the project

specification and proposed
solution

P10 presented a written project

K report,

To achieve a merit grade
you will also have:

maintained detailed,

concurrent records
throughout the project that clearly
show progress made and
difficulties experienced

used a wide range of
technigues and selection
criteria to justify the chosen option

@ evaluated the project
solution and suggested

improvements

presented coherent and

well-structured
development records and final
project report.

To achieve a distinction
grade you will also have:

. independently managed
D1 ‘
the project development

process, seeking support and
guidance where necessary

evaluated the whole

project development
process, making recommendations
for improvements.
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By the end of this unit you should be able to:

use algebraic methods

use trigonometric methods and standard formulae to determine areas
use statistical methods to display data
use elementary calculus techniques.

In order to pass this unit, the evidence you present for assessment needs to demonstrate that
you can meet all of the above learning outcomes for this unit. The criteria below show the levels
of achievement required to pass this unit.

To achieve a pass grade

you need to:

manipulate and simplify
three algebraic

expressions using the laws of indices

and two using the laws of logarithms

To achieve a merit grade
you also need to:

@ solve a pair of
simultaneous linear

equations in two unknowns

To achieve a distinction
grade you also need to:

apply graphical methods
D1 ,
to the solution of two

engineering problems involving

exponential growth and decay,
analysing the solutions using calculus

solve a linear equation by
plotting a straight-line
graph using experimental data and

use it to deduce the gradient,
intercept and equation of the line

@ solve one quadratic
equation by factorisation

and one by the formula method.

apply the rules for definite

integration to two
engineering problems that involve
summation.

factorise by extraction and
grouping of a common

factor from expressions with two,

three and four terms respectively

solve circular and
triangular measurement

problems involving the use of radian,

sine, cosine and tangent functions

sketch each of the three
trigonometric functions

over a complete cycle

produce answers to two

practical engineering
problems involving the sine and
cosine rule

use standard formulae to
find surface areas and

volumes of regular solids for three

different examples respectively

collect data and produce
statistical diagrams,

histograms and frequency curves




Mathematics for Engineering Technicians

To achieve a pass grade To achieve a merit grade  To achieve a distinction

you need to: you also need to: grade you need also to:

determine the mean,
median and mode for two
statistical problems and explain the

relevance of each average as a
measure of central tendency

apply the basic rules of
calculus arithmetic to solve

three different types of function by

differentiation and two different types
of function by integration.
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Intvoduction

One of the main responsibilities of engineers is to solve problems quickly and effectively. This
unit will enable learners to solve mathematical, scientific and associated engineering problems
at technician level. It will also act as a basis for progression to study other units, both within the
BTEC National Engineering qualification, such as Unit 28: Further Mathematics for Technicians,
and at BTEC Higher National level, or as part of a degree qualification.

This unit enables learners to build on knowledge gained at GCSE or BTEC First Diploma level
and use it in a more practical context for their chosen discipline. The first learning outcome
will develop learners’ knowledge and understanding of algebraic methods, from a look at the
use of indices in engineering to the use of the algebraic formula for solving quadratic equations.
Learning outcome 2 involves the introduction of the radian as another method of angle
measurement, the shape of the trigonometric ratios and the use of standard formulae to solve
surface areas and volumes of regular solids. Learning outcome 3 requires learners to be able to
represent statistical data in a variety of ways and calculate the mean, median and mode. Finally,
learning outcome 4 is intended as a basic introduction to the arithmetic of elementary calculus.

This section of the book is organised as follows; each of the subsections can be readily linked
to the learning outcome (LO), pass (P), merit (M) and distinction (D) criteria.

Section/content LO P M D
4.1 Using algebraic methods | 1,2,3 l,2 I
4.2 Using trigonometric methods and standard formulae to determine 2 4,5 6,7

areas and volumes

4.3 Using statistical methods to display data 3 8,9

4.4 Using elementary calculus 4 510 2




4.1 Using algebraic methods

This section will cover the following grading

criteria:

Indices and logarithms

By the end of this section you will have de-
veloped a knowledge and understanding of
the laws of indices and logarithms, and how
to use them to solve engineering problems.

First of all, what do we mean by a law? Generally,
we think of a law as a code of conduct by which
members of a society or group are expected to
carry out their activities. Break the law, and you
get punished.

In maths, science and engineering, we have many
laws to work to. In a way, they are similar to the
laws of society, because if you do not follow the
law, or you try to do things in an unacceptable way,
you end up with the wrong answer, then you fail
and probably have to do the work again.

Remember the laws.

i previous learning you have done).

In the table below, some common mathematical rules have been completed for you. See if you know these,
i and think of any others to complete the table (for example, any rules you remember from school or any other

Figure 4.1

Introduction to indices

In this section you will learn about the following
laws of indices:

a™ X a" = am+n

Cal_r: = gm0
(am)n = gmn

You will understand them and be able to use them
to solve engineering problems.

The language of maths

Learning any new language is strange at first, but
just like learning a foreign language, learning
the language of maths comes with practice and
understanding,.

The law or rule Explanation

BODMAS Brallckets, Order, Division, Multiplication, Addition, Subtraction — for the correct order for
doing sums
sine = opposite over hypotenuse

SOMCAHTOA cosine = adjacent over hypotenuse

tangent = opposite over adjacent
These are the relationships between the sides and angles of a right-angled triangle.

Pythagoras’ theorem

a* = b + ? the relationship between the sides of a right-angled triangle
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Symbol shock

This is a natural feeling when we see a new
equation or set of symbols for the first time and we
feel overwhelmed. After some practice and a few
examples things seem less confusing.

dat | (e T]= 07 3=
. _j |.|"'.q-u_| :d_,;hn_k[“ I‘l- I"f'-_t‘l

“"“‘f-h. Sl te=d
Ul > n
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Figure 4.2

We already know that an index is the part of a
reference book or textbook where all the main
topics or words are listed, with the page number
alongside each entry allowing easy location of the
topic.

In maths, an index means something completely
different to what we normally think of when we
hear the word ‘index. In maths, the word ‘index’
means more or less the same as ‘power, or more
specifically, ‘raised to the power’.

For example, 3% can be read as ‘three squared’
or ‘three to the power of two, but it could also be
read as ‘three index two'

The number written in a smaller typeface and
raised up to the top (called a superscript) is also
called the ‘exponent; so ‘3 exponent 2’ is another
way of reading 3.

Finding your way around your scientific
calculator

Have a look at your calculator and you should see
a key labelled EE, EXP, or E. This is used to enter
the exponents or powers of 10 — for example, 253
can be entered as 2.53 X 102 The keys you need
to press are

2.53 EE 2
or
2.53 EXP 2

depending on the type of calculator you are using.

If you enter a multiplication sign and 10 before
EE, you get 10 times the required answer.

I

Figure 4.3

This is because the way numbers are entered into
the calculator is slightly different to the way we
normally read or say the number.

For example 2.53 X 10? would normally be read
as: ‘two point five three multiplied by ten to the
power of two'

Pressing the ‘EE’ key to represent ‘to the power’
causes all sorts of problems.

What your calculator sees:
2.53 X 10 (X 10 to the power of) 2.
Try this on your calculator.
[2.53 X 10 EE 2 =]

You probably got 2,530, which is not what you
wanted.

The EE button of your calculator should be pressed
to mean ‘multiplied by ten to the power of"

Using the computer

Microsoft® Word has a tile or button which can be
used. It is the X? key (found in the Format menu).
Type the number 3, then select the X? tile.

Type the number 4, and you should see 3*.

You may need to press the X* tile again, to
stop it making everything into a superscript as
you continue typing. This is useful for typing
Pythagoras (A*> + B? = C?), which looks much
more professional (and correct) than A2 + B2 =
C2 when you are typing up assignments or notes.

More computer tips

Alternatively, there is a keyboard short cut. Select
the characters you wish to make into super-
scripts, and hold the shift key and ‘Ctrl’ together,



then press the = key (to the left of the backspace
key.

Repeating this toggles the superscript off again.
When you repeat this without holding the shift
key (that is, just the ‘Ctrl' and = keys), you get
a subscript — useful for electronics R, + R, or
chemistry H,0, and so on.

The index or exponent is the power to which the
number is raised, and in this case, all the following
mean the same:

o 3

e 3 squared

Mathematics for Engineering Technicians

3 to the power 2

3 index 2

3 exponent 2

3X3

two threes multiplied together.

If multiplication was invented to save us having
to add up many similar or identical numbers,
then the use of indices can be seen as having
been invented to save us writing out long strings
of numbers multiplied together, and adding the
powers.

This is an exercise to practise rearranging indices and numbers. Look at the following strings of numbers. Copy
i and complete the indices column. The first one has been done for you.

String of numbers

Simplified using indices (or index notation)

2X2X2 23
Effectively, there are three twos multiplied together
3X3X3X3 In this case, there are four threes multiplied together

4X4X4X4X4X4

2X2X2X3X3X3X3
(think carefully about this one)

Note that you cannot abbreviate different numbers in a shorthand
form.

(now carry on)
3X3IX4X4X2IXIXE4X2X2IX4E4X3

The numbers now need sorting into value order before you start;
otherwise, it is exactly the same process.

TXT7TX4A4X5E5XEXAXEXIXIXEXIX3IX2X9

Can you see any relationship between the indices and the
frequency with which each number occurs? Write the relationship
in your own words in the box to the right.

Can you see any advantage in using the index notation instead
of the string of numbers in the left-hand column? Write your

comments in the box on the right.

Exercise 4.3

i Remember the basic laws of addition, subtraction, multiplication and division? Copy and complete the following

! table.

String of numbers

Simplified using indices (or index notation)

2X2X3IX3IX4X4+2X2+3X3X3+4X4

20X 32X 414243442

3X3IX32X2X2X24X4X4X45X2

6X3X6X6X3
2X3IX2X6X3IX6E

Before we start talking about laws of indices, have a look at your answers in the right-hand column.

! Can you see any ways to simplify what you have written down?
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Worked Example

becomes

6 X3 X
2X3X2

can also be written as 6!

6X3XBX6X3
2X3IX2XBXI3IX6

Look at the indices and describe what has
happened.

On the top and bottom, there are some common

numbers, such as 6 X 6 X 6 on the top, and It looks like you have done 3 — 2 = 1, which is
6 X 6 on the bottom. exactly what has happened.

This is one of the advantages of using indices
and logarithms. They allow multiplication and
This simplifies by cancelling to 6 X 1 or just 6. division to become addition and subtraction.

6 X6X6
6 X6

Written in terms of indices:

63
6

J

) When you see a negative index, what does it mean?
EXGPClse 4: 4! ® ror example, x2.

Put simply, the negative power inverts the
expression, or the part which it is in.

||(

Simplify the following:

I 22X X2 XY For example, x % = %, so a negative index means
2 2/ X 28 X 25 X 2¢ ‘one over..
26X 24X 22X D3

3 ~ Make the Grade

Grading criterion P1 requires that you manipulate
and simplify three algebraic expressions using the
laws of indices and two using the laws of logarithms.

Activity 4.1

Class activity

Now that you are becoming proficient at working with indices, try the following:
1. All the class splits into pairs.

2.EBach of you write a problem, similar to those given above.

3.Swap your problem with your partner, and the first one to solve the problem

moves into the next round.
4.In the next round (and all subsequent rounds) the winner goes into the next
round.
134 5.In the final, the two remaining members of the class carry out the same activity,
and the faster of the two wins.
What is the prize for the winner? He or she chooses the pairing of students for the
next activity.
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aws of indices

Use your calculator to solve the following:
1. 372

|
2, >
3. 67

|
4. 5
Spend a few moments trying a few others by writing
your own numbers in place of the 2, 3, and 6. You
will see that a negative index means ‘one over’ or
‘the inverse of .

Developing the laws of indices

Activity 4.2

In small groups or pairs research the
laws of indices and produce a handout
or A3 poster (or flip chart) and a
problem sheet to give to the rest of the
class as part of a short talk.

After about 20 minutes, present what

you now understand about the laws of
indices to the rest of the class. This can
be a poster, or just writing the details
on the board for all to see.

Compare what you have all done with
the next few pages, and correct any
errors as you go along.

Activity 4.3

( 0
Key Points

These are usually quoted, or listed, as:

amx an:am+n

(am)n = amn

(. /

Laws are generally easier to understand if they are
written in words.

The following expressions have question marks

in place of some numbers where indices should
be. Rewrite the expressions and insert the correct
numbers in place of the question marks.

3¢ X3 =3

6' X 6 =67

245 X 248 =24

y5 X y7 — y?

) =r°

(43)? X 48 - 4\7

® N owuwswDN =

From the research you carried out into the laws of indices for Activity 4.2, and from
listening to the explanations given by others, copy and complete the following table,
writing a summary definition and explanation alongside each of the following laws.

Laws of indices Write your own explanation of this in words Give an example or two

L _-
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Laws of logarithms

Logarithms were invented by John Napier in 1614.
According to the Oxford English Dictionary, the
word logarithm is derived from the Greek ‘logos’
= reckoning and ‘arithmos’ = number.

What is a log?

Again, it is a simple everyday word. It has several
meanings already, but in maths it means something
totally different again.

The logarithm (or log) of a number, to any
base — The power to which that base has to be
risen to equal the number.

Base — The number b in the expression of the

form b". For example, in the expression 2°, the
number 2 is the base.

Remember the indices?

2% =
2index 3 = 8
Alternatively, we could say this differently, by
referring to the definition of a logarithm.

The logarithm of a number (8), to any base (2),
is the power (3) to which that base (2) has to be
risen to equal the number (8).

This would be written as log,8 = 3, which says ‘log
to the base two of eight is three’ or ‘log to base 2
of 8 equals 3"

Take another look at the definition above, then try
another example.

Worked Example

Take the number 6 to the base 10 (because that
is the base of our normal or common number
system).

Raised to the power? We did that earlier
(indices) and this is the link between logs
and indices, hence, log of 6 to the base 10 is
written as

log, 6

which also reads as the log, to base 10, of 6.

The log, 6 is 0.778151250383644.
. J

You may be thinking, where did that come from?
It came out of a lookup table, which can be
found in all scientific calculators, as well as the
calculator on a computer, and it is a function in
Microsoft Excel®). You could also find it in log
tables.

Look back at the definition. The logarithm
of 6 to the base 10 is 0.778151250383644. The
definition says that the log of any number (6)
to any base (10) is the power to which the base
(10) has to be risen to equal 6.

Hence 100.778151250383644 = 6

Try it on your calculator. Depending on the
number of digits you can enter or have displayed
on your calculator, you should get an answer
somewhere around 6.

You may have noticed a problem, here. Where
did the number 0.778151250383644 come from?
The numbers were all worked out and put into the
tables. They were then put into calculators when
the latter were invented.

To help you remember the pattern and the
process, think of some simple or more manageable
numbers.

Log,,100 = ?
Look it up in your calculator, and you will get
2.

Think back, again, to the definition of the
logarithm, which says that the log of any
number (100) to any base (10) is the power to
which that base (10) has to be risen to equal
100.



We all know that 10 has to be risen to the
power 2 to give an answer of 100.

I. What is the log to the base |0 of | 000?
2. What is the log to the base 10 of 100 0007

3. What is the log to the base 10 of 10 000 000
000 0007

Multiples of 10 are easy, but what about other
numbers, such as 4.77 Look up 4.7 in your log
tables, or enter 4.7 log in your calculator, or enter
log 4.7 if it prefers it that way round. (Different
calculators require different sequences of operation.
Get to know your calculator.)

Working out these logs took a long time, but the
benefits were well worth the time. As people had
started trading products, such as spices, cloth,
grain, food, fish, slaves and weapons, in very
large amounts, they were having to multiply some
extremely large numbers together, and multipli-
cation was a difficult skill to gain. Addition was
easier, so the conversion was welcomed.

Figure 4.4 Logs helped when trading products such as
spices in large quantities

A logarithm is made up of a mantissa and a
characteristic.

For example, if 2.7654 is the logarithm of a

number, the characteristic is 2 and the mantissa
is .7654.

Mathematics for Engineering Technicians

Key Terms

Mantissa — The decimal part of a logarithm
(for example, for 2.7654, the mantissa is .7654).

Characteristic — The digit to the left of the
decimal point (for example, 2 in the number
2.7654).

If calculators had been invented hundreds
of years ago, logarithms may never have been
discovered. The mathematicians who developed
the logarithmic tables helped immensely, as the
following example indicates.

Worked Example

432 X 57295

Convert to logs, then add the logs, then
‘un-log’ the answer.

‘Un-logging’ is actually called antilogging, and
that is what the anti-log button is for.

Only work to four figures; this is accurate
enough for now.

Number | Logarithm

432 2.6355
57,295 4.7581 antilog
Sum — 7.3936 24751 413.18

To find the antilog on some calculators, you
may have to press ‘inv’ or ‘shift’, then ‘log’, or
you may have 10* as a second function on the
log key.

Having the key called “10¥" is very helpful,
because that is the antilog of ‘x’, to base 10.

Check the multiplication on your calculator.

432 X 57295 = 24751440
. J

The 0.18 is due to rounding the logs back to four
figures. The more digits we use in logs, the more
accurate the answer, in the same way as rounding
values at each step as you work through any
problem reduces accuracy.
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Pressing the correct keys should result in the
answer being shown in the bottom right-hand box
of the table.

10* ? We have met that before in indices, and
it is part of the definition of a logarithm, so there

is no escaping the link between logarithms and
indices.

Get to know your calculator. Experiment with
the keys. Enter the number 2, then antilog (or 10
and you should get 100.

Copy and complete the following statement by using the words and numbers given beneath the statement.

Since  isthe of 100, it follows that
02

-2

i 100

i logarithm

i« antilogarithm

is the of 2.

I. Take the logs of the following numbers to four decimal places:

Number Log to base 10

2.3

23

2300

2. Complete the following:

(a) The characteristic is

(b) The mantissa is

Can you see another link between the characteristic and indices? (Hint — think of the link between the

powers of 10 and the characteristics.)

3. Copy and complete the following:

Number

Log to base 10 (to 4 d.p.)

2300 000

23 000 000 000

2300 000 000 000 000 000 000

i 4. After doing the above exercise, write down what you have observed about the characteristic and mantissa

of the logs.

T PP PP

Your summary should have said something
about the mantissa being four or more numbers
that follow a decimal point, representing the
logarithm of 2.3.

The characteristic tells us how many times the
original number 2.3 is multiplied by 10.

Hence, the log of 2.3 is 0.3612 (and the zero at
the beginning tells us that it is multiplied by no
tens or by 10°).

For 23, the mantissa is the same, but to get from
2.3 to 23, we multiply by one ten or 10



For 2 300 000, we multiply 2.3 by ten, six times,
or by 10°.

BExercise 4.10 o

i Here is a simple extension to the work covered so
¢ far,

I. What are the logs to base 10 of 0.23 and
: 0.00237? Try it on your calculator.

2. What can you say about the mantissa?
3. What can you say about the characteristics?

4. Can you explain this, thinking about indices and
i powers of 10?

Hint: Think about how many times you have
to multiply 2.3 by 10 to get to 0.23 or to get to
0.0023. It may help to think about positive and
negative indices.

5. Complete the following to summarise what
H you have found out. Use the answers supplied

H below.

When the is a decimal fraction

H than |, the has the same
H , but the

i becomes

characteristic number negative

i logarithm less mantissa

Worked Example

Mathematics for Engineering Technicians

Now that you have learned what mantissa means,
or used to mean when we worked with log tables, it
is important to note that it also means something
else. You will have come across this already when
working in standard form.

Key Term

Standard form - Where every number is
written in a format which has a number that is

greater than O but less than 10, multiplied by
10 to a power.

For example, 245 written in standard form is
2.45 X 102

107 is called the exponent of the number.
2.45 is called the mantissa.

The numbers for this example were simple, but
with numbers like 432 and 2756, the multipli-
cation would be more complicated. The alternative
would have been to write out 2756 four hundred
and thirty-two times and then add them up.

Making use of the laws of logs

The ‘laws’ of logs are used to find a solution
without working out all the maths, apart from
simple addition and subtraction, with the odd
multiplication.

calculate the total number of rounds.

Let us look more closely at how logs could be used when they were devised.

We have 400 boxes of ammunition, each containing 2000 rounds. Using logs to base 10,

Number Log to base 10
400 2.602059991
2000 3.301029996 Antilog
Sum — 5 903089987 =799 999.99?4 or approx. 800 000, depending on the
number of decimal places used
.
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BExercise 4.11 ®

f logA + logB = logAB

{ Write this in words.

You should have written something like, the log of
two numbers multiplied together gives the same
value as taking the logs of the individual numbers
and adding them together.

There is one mistake to avoid:

logA
A
From your basic memory of algebra, it appears

that there is an A on the top and bottom, and they
should cancel, leaving ‘log’ as the answer.

This is wrong,.

logA actually says ‘the logarithm to the base 10 of
A’, and cancelling top and bottom of an equation
can only be done when multiplication or division
are implied.

Logs involving division

BExercise 4.12 ®

Again, by investigation, work out the following
solutions to verify another rule or law of logs:

I. logh — logB = log(3)

2. 10g33 138 — logd2 = log(33,38

4 ) .
Both sides should give the same answer. Work them
out, then discuss your answers with someone else. ’
Did you identify this answer? Do you get the same?

Since you have worked with the logs of 33 138 and  :
33138
42

42, the answer must be the log of the answer
What did you get?

If you need more practice, try using logs, and
subtract the log of 42 from the log of 33 138, then
take the antilog of your result to get (approxi-
mately) 789.

Now for a slightly more complex law of
logs. You will remember that earlier, we wrote
2 X 2 X 2 X 2, and that it could be written as
24,

Key Point

Using logs changes multiplication into addition,
and division into subtraction.

Exercise 4.13 ®

Look at the following expression. Write down

i exactly what this means to you and give an example
¢ in simple numbers, such as 2%, where A = 2 and
in=4

 logA" = nlogA

Key Points

Logs reduce multiplication to addition and they
reduce powers to multiplication.

Exercise 4.14 O

Can we then reduce that multiplication to addition?
i For example, try to show that 2* = 8 by using logs
¢ and addition.

Common logs

So far we have only considered logs to the base
10, or common logarithms, as they are sometimes
known. You may have heard about natural logs,
which are also called logs to the base e, where e is
a natural number.

Key Terms

Common logarithm — A log to the base 10.

Natural log - A log to the base e, where e is a
natural number.

It might seem strange that a letter can represent a
number, but e is used to represent what is known
as a natural number (more on this later). Another
natural number is the ratio of a circle’s circum-
ference (C) divided by its diameter (D), and we use
the Greek letter 7 to represent this ratio.

Remember C = @D, from 7 = %
As mathematicians will also tell you, e and 8 are
also transcendental numbers, which means their

value is not subject to a limited value, being an



approximation which gets closer and closer to the
value, but never actually gets there (more on this
later).

Key Term

Transcendental number — A number whose

value is not subject to a limited value, but is
an approximation that gets closer and closer
to the value, never actually reaching it.

Natural logarithms (base e)

The value which is normally used for e depends
on where we are using it and why, and the level of
accuracy we require, in the same way as pi (w) can

be 22 or 3.142 or 3.14159, and so on.

As mentioned earlier, logarithms were invented
by John Napier in 1614. They were also called
Naperian logs, because he did not work to the
common base of 10, but to e.

The interesting thing about the value e is that
if you plot a graph of x against values of ¢, you
obtain a curve, and at any point on that curve,
the gradient is equal to the corresponding value
of x.

The curve should start to look a bit like the
sketch shown in Figure 4.5. Draw a tangent at
any point on the curve and work out the gradient
at that point. It should equal the x value at that
point.

For example, if you draw a tangent at x = 0.5,
the gradient you get should be about 0.5. The
gradient is the ‘rise’ (y value) divided by the corre-
sponding ‘run’ (x value) (see pages 148-9 for more
information on this).

Mathematics for Engineering Technicians

Figure 4.5 Graph

How to find the value of e on your calculator

For a chance to apply your new knowledge about
logs and antilogs, using your calculator, what is
the log of 10? Hopefully, your calculator should
provide a value of 1.

Think of this in terms of the definition of logs:
the log to base 10 of the number 10 is the power
to which 10 has to be risen to equal 10.

In other words, how many 10s do you need to
multiply together to make 10? Answer = 1. By
putting 1 into your calculator, and asking it for
the antilog base 10, it should give you 10 as the
answer.

Therefore, if log, ;10 = 1, and antilog  of 1 gives
us a value of 10 as the answer, this is telling us the
numerical value of the base, which is 10.

To find a value for e, we carry out exactly the same
process:

Enter the number 1 into the calculator and take
the natural antilog of 1 (by using INV In or SHIFT
In, or e* as the second function).

Did you get 2.718281828?

BExercise 4.15 ®

Plot the following values on a graph, using graph paper.

flx 0 0.l 0.2 0.3 0.4

0.5 0.6 0.7 0.8 0.9 1.0

fly=e ] 1.105 1.221

2.226 2.718

i The missing values of e* can be obtained from your calculator. If you have a graphical calculator, or have access

to maths software, the graph will be drawn for you.
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Key Points

The use of lower case | as in In tends to look like
upper case i (or |), so make sure you understand
what you read. We could use Ln to make sure the
correct letter is used, but it should be In.

A way to avoid this is to use the other accepted

method to represent logs to base e — that is, log_.
.

Comparing logs — common
versus natural

Number Logs to base 10

8 0.903089987

6 0.77815125 Antilog
Sum — 1.681241237 48
Number Logs to base e

8 2.07944542

6 1791759469 Antilog
Sum — 3.87120101 1 48

Worked Example

Using the laws of logs, solve the following
expression for x.

log12 = logx + 2log2
Thismeans, find a value for x from the expression.

Using the laws of logs, you can do this without
using any difficult calculations.

If we are looking for x, we need to get every-
thing else onto the other side (by using standard
techniques of rearranging equations).

First step:

log12 — 2log2 = logx

This shows that using logs, to any base, provides a
means of turning multiplication into addition, and
so on, and getting the same answer.

The purpose of the previous few pages has
been to generate some understanding of logs as
being more than just a mysterious button on your
calculator. Whichever base of logs you use — 10 or
e — the laws are exactly the same, so unless you are
converting the logs into numbers, the base tends
to be irrelevant.

Using the laws of logs

You have learned about logarithms and their
laws. You have learned how to use logarithms to
convert multiplication into addition and even
how to convert powers into multiplication, or how
to use logs twice to convert them into addition
as well.

Now that you are familiar with logs, you are
going to use the laws of logs to solve problems,
without actually converting them into numbers or
carrying out all the working out, leaving that until
the end, if relevant.

Key Points

When you are asked to show all your working
out, this is what it means — clearly show the
steps in your working out, not just the answer.

Key term

By inspection — A mathematical term
meaning ‘by looking at it

What is another way to write 2log2?

It can be written as log2?, which also means
log(2 X 2) or log4.

So the equation now becomes

Log12 — log2? = logx
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Then Now without the words, solve the following to
find x, using the laws of logs and showing all the
log12 — log4 = logx working out.

By inspection, and remembering that when logl2 = logx + 2log2
taking logs, division becomes subtraction, the logl2 — 2log 2 = logx

equation can then be rewritten as: log12 — log4 = logx
logl2
10112 ~ logx Z logx
log3 = logx
which simplifies to hence x = 3
log3 = logx You could try it for yourself by using logs, but

only if you wish to convince yourself that x = 3.
which must mean that

x=3

. J

Exercise 4.16

i Solve the following to find the unknown; show all your working.

I. log25 = logx + log5

2. 2log3 + logx = log36

3. log3 + log4 = logx + 2log2

4. If the equation for the instantaneous value of current, i, at any instant in time, t, for a charging capacitor is

i=le"VR

where [ is the current (%/) when the capacitor is initially discharged, C and R are the capacitance and resistance
values in the circuit, rearrange this equation, making t the subject.

5. The expression used to evaluate the tension of a drive belt is given by:

: T=Ten
Rearrange this equation to make O the subject.

Exponential growth and decay

Some of the examples you have just been solving and rearranging are exponential decays and growths.
In this section you will develop a better understanding of them.

As an introduction to this topic, consider a problem, the answer to which may not be as straight-
forward as it first seems.
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Worked Example

Tea at Lords

Imagine that the England cricket squad have
just won the Ashes, and by way of celebration,
they are given a pot of tea. All the team stand
waiting with their cups, and the captain, having
the largest cup, pours half the contents of the
teapot into it. The man of the match is the star
bowler, and he pours half of the remaining tea
into his cup. The top batsman is next, and pours
half of the remaining tea into his cup, and so on.

Figure 4.6

How many people would be able to pour an
amount of tea from the pot, ignoring evapo-
ration and other physical phenomena?

The answer is that it would go on forever,
because the amount of tea left in the pot after
each pouring would be halved.

Assume that they started with a litre of tea in
the pot.

0.5 litres for the captain

0.25 litres for the star bowler
0.125 litres for the top batsman
0.0625 for the next

0.03125 for the next

And so on.

Putting this into a spreadsheet, which carries
out multiple activities very quickly, the first 30
or so would receive the following amount of tea,
in litres:

0.500000000000000000000000000000
0.250000000000000000000000000000
0.125000000000000000000000000000
0.062500000000000000000000000000
0.031250000000000000000000000000
0.015625000000000000000000000000
0.007812500000000000000000000000
0.003906250000000000000000000000
0.001953125000000000000000000000
0.000976562500000000000000000000
0.000488281250000000000000000000
0.000244140625000000000000000000
0.000122070312500000000000000000
0.000061035156250000000000000000
0.000030517578125000000000000000
0.000015258789062500000000000000
0.0000076293945631250000000000000
0.000003814697265625000000000000
0.000001907348632812500000000000
0.000000953674316406250000000000
0.000000476837158203125000000000
0.000000238418579101562000000000
0.000000119209289550781000000000
0.000000059604644775390600000000
0.000000029802322387695300000000
0.000000014901161193847700000000
0.000000007450580596923830000000
0.000000003725290298461910000000
0.000000001862645149230960000000
0.000000000931322574615479000000

Hence, the next one gets half of that, and so on.

Although the proportion being removed each
time (50 per cent) remains constant, the actual
amount of tea received is reducing. This is an
example of an exponential decay, and each
subsequent reduction gets less and less, but
never becomes zero.

(That is the theory — but in reality the tea is made
up of a finite number of molecules which cannot
be divided in two.)




Exponential growth

Exercise 4.17

i Think about this in a small group and produce a H
similar result for a person who puts £100 in the bank
i and accumulates 3 per cent compound interest per
i year.

For the first 10 years the account looks like this:

£100.00
£103.00
£106.09
£109.27
£112.55
£115.93
£119.41
£122.99
£126.68
£130.48

Using what you already know about antilogs, can
you devise an expression which will tell you how
many years it will take for the sum in the account to
pass £1,0007

(It is actually about 78 years, if that helps; now devise
the expression.) H

An engineering example of exponential growth
— by calculation

Capacitor and resistor (CR) charging and
discharging circuits form the basis of many
electronic timers. The rate at which a capacitor
charges is exponential — in other words, when
it is empty (discharged), the charge flows into
it very rapidly. As it fills up, the charge that has
gone in already opposes the new charge that
is trying to get in, so it slows down. The rate
of charging becomes slower and slower as the
capacitor approaches full charge.

Consider the following series CR circuit.

R =20k (kilo ohms)

C = 33 pF (micro farads)

The time constant for this circuit is C X R = 7
(tau).

When connected to a d.c. voltage of 100V, charge
starts to flow into the capacitor.

How long does it take for the charge in the
capacitor to reach 40V?

Mathematics for Engineering Technicians

Using the
v=V(1 —e

By convention, the use of V represents the
maximum value of voltage = supply voltage. The
use of v represents the instantaneous value of
voltage.

We are trying to find the time taken, so we need
to rearrange this for t.

Exercise 4.18 O

Have a go at rearranging this equation to find t.

exponential growth formula,

Radioactive decay

Radioactive materials emit particles, and although
the emissions are random quantum events — that
is, each individual emission cannot be predicted

exactly — such a material has what is known as a
half-life.

Make the Grade

Grading criterion D1 requires that you apply
graphical methods to the solution of two engineering
problems including exponential growth and decay,
analysing the solutions using calculus.

Key Term

Half-life — The time it takes for half of the
radioactivity to have dispersed.

Exercise 4.19

i Using the equation N = Nij (™%

i where

i N = the number of particles remaining at time t (in
i years)

i Ni = the initial number of radioactive particles

i rearrange the equation for t and find the half life of
i the material.

 (Hint, start by letting N = 0.5Ni.)
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Other examples of exponential growth and decay
can be located in a range of textbooks which
relate to a wide variety of subjects, including
biology, natural occurrences, engineering and

manufacturing.
One such application is the Taylor’s tool life
equation C = VT". This allows manufacturing

engineers to calculate, with some accuracy, when a
machine cutting tool may need replacing, resharp-
ening or changing.

Exponential growth and decay will be covered
later, near the end of this unit, when the solutions
to growth and decay problems will be analysed
using the calculus.

Make the Grade

For the D1 criterion, differentiation and exponentials
and so on, if you have time, or want to start

looking, go to http://mathworld.wolfram.com/
ExponentialDecay.html

Worked Example

A customer requires a telephone and looks
through all the brochures and adverts. He
has found a company that will provide
the service he requires (a simple line
rental and telephone), which will cost £9
per month, and the calls will cost 3p per
unit. He is confused by all the words and
numbers, and asks for help.

Figure 4.7

Linear equations and straight-
line graphs

In this section you will develop a knowl-
edge and understanding of linear equations,
straight line graphs and experimental data.

Linear equations

Mention a straight-line graph to a mathematician
or an experienced engineer and immediately they
will think of the equation y = mx + c.

Until you develop familiarity with this, it can
be difficult to see how a graph and an equation
can be linked together, but the following section
should help.

He asks, ‘If I have the phone and do not
use it, it costs me £9 per month. If I make
20 units of calls per month, it will cost me
£9.60. What will the total bill come to if I
use 230 units in a month?’

Each month the bill contains:

e the standing charge or line and phone
rental

e a variable amount, depending on how
many calls he makes, or the number of
units of calls.

This could be solved by creating a table which
shows the cost of the monthly bill for any number
of calls, but that would be a very large table.

An equation might help:

Bill = cost per Unit X Number of units +
Standing charge




Some of the words have capital letters, and we'll
look at those, ignoring all the rest:

Bill = Unit cost X Number + Standing
charge

or
B=UN+S

Back into words — the total Bill is the cost per

Unit times the Number of units plus the Standing

charge.

Compare this equation with the straight-line
equation identified earlier:

y=mx+c

and

Mathematics for Engineering Technicians

Figure 4.8 Straight-line graph fory = mx + ¢

Now look at the following straight-line graph for
y=mx+c

The straight-line graph shows two things: one

is very obvious — a straight line; the other, less
obvious thing is the intercept. )

Key Term

Intercept — The point of the graph where the
line intercepts (or crosses) the y axis.

BExercise 4.20 ®

Copy the graph shown in Figure 4.8 and mark the
i point where the line intercepts the y axis.

Now let’s draw a graph for the phone bill.

Straight-line graph of B =UN + S

D‘/

[ ]

Figure 4.9 B = UN + S graph

Exercise 4.21 ®

Copy and complete the graph shown in Figure 4.9, H
¢ filling in the two small boxes to label the axes. Write the
symbols into the boxes in place of y and x for this graph

IB=UN+S
: Which axis is which?

When drawing graphs, there is always the decision
to be made which variable (y or x, or in this case,
B or N) is represented by which axis.

Key Points

Generally, the independent variable becomes
the horizontal axis and the dependent variable
becomes the vertical one.

If something is dependent on another factor, such
as the bill (or B) being dependent on some aspect
of the use of a telephone, then B must become the
vertical axis (the y axis).

On the other hand, the number of units of calls
does not depend on any other aspect of the cost,
so this is called the independent variable and goes
along the horizontal axis.

In summary, the variable which determines
whether the bill increases or decreases each month
is the number of units of calls that are made.
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Exercise 4.2 o

i 1. Using a page of A4 graph paper, select a suitable scale, and plot the graph of the telephone charges that
: were discussed above. Place the graph paper in landscape and use a scale from zero to about £16 or £18,
depending where you start, for the vertical axis. Across the horizontal axis, label a scale which allows up to

about 200 to 260 call units.

Key Points

When plotting graphs, always try to make the most effective use of the graph paper to allow
accurate plotting of the points, and accurate reading of values.

Because we know this is a straight line, we only need two points to draw the line, but using three points will
help check that we have not got one of the points wrong. H

2. Plot the following points, and draw the straight-line graph of B = UN + S.

Number of calls Bill or total cost

none £9.00
100 £12.00
200 £15.00

3. Now join up the points using a rule. The straight line should go through all three points if you have plotted
: them accurately. If not, check to see where you went wrong.

4. One item of a graph is called the intercept. Write down in your own words what the intercept of a graph

means.

5. Forthe B = UN + S graph, what is the value of B at the point where the line of B = UN + S crosses it?

If you have drawn the graph accurately, you should have obtained £9.00, which is the standing charge or

monthly line and phone rental cost.

6. Remember that the customer had been told that if he used 20 call units a month, the bill would come to

£9.60. How much is that for each call unit?

Gradient of the slope of line

You will be familiar with the terms ‘slope’ or
‘gradient, and these are often defined as the ‘rise’
over the ‘run, or

rise

Gradient = {75

For example, the cyclist in Figure 4.10 is shown
cycling up a sloping road, or a gradient. After
travelling the length of this slope, indicated by
the term ‘run, the cyclist will have increased
in altitude slightly. The distance by which the
position is higher than it was previously is referred
to here as the rise.

If the cyclist has risen by 1 metre after travelling
10 metres away from his starting point, the slope
or gradient which he has travelled along is given
by:

Gradient = 1;iu_s§ = ll()—r?n =1in10or 0.1

Note, as the units are both distance (), they
disappear, and the resulting gradient, in this
instance, has no units. It is just a ratio of two
values.

When straight-line graphs are used to represent
equations and varying quantities, the gradient of
the slope tells us the relationship between both
variables.

Select two points on the graph you plotted in
the previous exercise where you can clearly read
the vertical and horizontal values. This may be two
of the points which you plotted, and these would
be:

Number of units Total bill
100 £12.00
200 £15.00

. . rise
The gradient or slope is the 175 -
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Rise

Run

Figure 4.10 Rise over run

The rise is the change in total cost — from £12.00
to £15.00.

The run is the change in the number of units —
from 100 to 200.

Using these data:

gradient
_ £15.00 — £12.00
200 — 100
_ £3.00
100
=0.03

What are the units of measurement for this value?
£/number of call units gives us ‘£ per call unit.

Or in this case, £0.03 is better written as 3p;
hence the gradient of the graph is 3p per unit.
Using the units makes the answer more correct,
and they help us to check that we have not made
a mistake by having top and bottom values mixed

up.
/
— AN

Figure 4.11 Graph for gradient of the slope of a line

Make the Grade

Grading criterion P2 requires that you solve a linear
equation by plotting a straight-line graph using
experimental data and use it to deduce the gradient,
intercept and equation of the line.

Key Term

The capital Greek letter delta (A) — Used to
mean ‘a change in or a difference in'

The gradient is thus 2—15 or the change
in cost divided by the change in the number of
units.

Positive or negative gradient

The graph that you have just worked with increases
in value as we follow the line to the right. It is said
to have a positive gradient.

The following graph shows a line which reduces
in height as we travel along it.

\\

Figure 4.12 Graph with negative gradient

It is also possible to have a negative intercept, with
either a positive or a negative gradient.

To simplify the equations, we will use the
symbols that are conventionally used in a straight-
line equation, y, m, x and c.
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|dentifying positive and negative  Basic rules:
. . 1. If the line slopes downwards, the gradient (m) is
gradients and intercepts

negative.
Look at the straight-line graphs in Figure 4.13 and 2. If the line slopes upwards, the gradient (m) is
identify the equation which represents each one. positive.
The graphs are drawn to indicate the positive and 3. The intercept is always where the line crosses
negative sections in all cases. the y axis, at either + c or — c.
Graph Description of the line graph Equations for the graphs
A Negative gradient, positive intercept y=—mx+c
B Positive gradient, negative intercept y=mx—c
C Negative gradient, negative intercept y=—mx—c
D Positive gradient, positive intercept y=mx-+c

A B
Yy Y

N

Figure 4.13 Identifying intercepts graphs
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BExercise 4.23 U

1.

. The cable drum of a winch is designed to hold a cable which has a mass (m) of 2.5 kg for each metre of

. The resistance of the coil in a hydraulic solenoid varies with temperature. The following maintenance

. An aircraft makes a flight with two stops in the

Once you have studied the table and the sample straight-line graphs opposite, cover the page and sketch
them, writing their equation alongside. Check your answers.

The following problems involve the use of data that were obtained experimentally. In each case, use the
equation and the data to plot a straight-line graph, and from the graph, determine the gradient, the intercept
and the equation of the line.

its length (/). As the cable is wound onto the drum, the total mass (M) increases. The equation for the
total mass of the cable drum is a straight-line equation and the following data are known: the total mass
of the drum and cable, when holding 25m, 60m and 80 m of cable is 912.5kg, 1,000kg and 1,050kg,
respectively.

Using these data, plot the straight-line graph and obtain the intercept (mass of empty drum) and the gradient
of the line (mass per metre for the cable). Also, write out the equation for this relationship. H

records indicate the temperature over a day of operation.

Time Temperature (°C) | Resistance
8a.m. 20 22.5Q
I p.m. 60 325Q
6 p.m. 40 27.5Q

Plot a straight-line graph of the resistance
(dependent variable) against temperature and
obtain the intercept and gradient of the line, and
the equation for this straight-line relationship.

journey. After two hours of flying, the aircraft
lands and has a total mass of 942 tonnes. Without
refuelling or changing any passengers, the aircraft
then flies on to the next destination. Arriving
three hours later, it is found to have a mass of 93 |
tonnes. At the final touchdown, three hours later,
the total mass is found to be 919 tonnes.

lgnoring extra use of fuel during take-off, and Figure 4.14
assuming that the fuel consumption follows a

linear relationship, plot the data onto a graph and

draw a straight line.

Use this to obtain the fuel consumption in tonnes per hour and determine the original take-off mass (m) of
the fully fuelled aircraft.

The value of a resistor changes with temperature, and the following experimental data were obtained across
a range of temperatures. H

Resistance (R) 40Q [41Q |42Q [44Q 46Q
Temperature (T) (°C) |6 9 12 19 25

Plot the graph of R against T and determine the straight-line law for this relationship.
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Use of simultaneous equations
to solve two unknowns in two
equations

You may have seen two equations being solved
using graphs, and that method is acceptable if you
only need an approximation to the correct answer,
or if the values are not very complicated, allowing
easy reading of the scales of the graph.

This process is known as solving simultaneous
equations. It is actually solving for two unknowns
using two equations, simultaneously.

Worked Example

A motor dealer supplies seven identical
cars and 13 identical vans to two
engineering companies.

Company A buys four cars and six vans,
paying a total of £72 000.

Company B buys three identical cars and
seven identical vans, for a total cost of
£69 000.

If both companies paid the same price for
each car and each van, what was the price
of each car and each van?

Step 1 — create an equation for each company.

Company A 4C + 6V = 72 (working in £k)
Company B 3C + 7V =69

Now, label the equations 1 and 2 for identifi-
cation and manipulation processes:

4C + 6V =72 (1)
3C + 7V =69 )

Step 2 —make the coefficients of one variable the
same (that means change the numbers which
multiply the Cs and Vs to get the same number
in front of either the C or the V).

For example, if we multiply equation (1) by 3 and
equation (2) by 4, both of them will have 12C in
them.

-

Make the Grade @

Grading criterion M1 requires that you solve a
pair of simultaneous linear equations in two
unknowns.

(1) X 3gives 12C + 18V = 216 )
(2) X 4 gives 12C + 28V = 276 (4)

Now, subtracting equation (3) from equation (4)
will get rid of the Cs.

(4) — (3) gives

10V = 60
Hence,
_ 60 _
\Y 0 £6,000

which is the price of each van.
Substituting the value for V back into any of the
equations (1) to (4) will lead us to a value for C,

the price of each car.

Substitute V = 6 in (1) (that is, in equation (1))

To get

4C + 6(6) = 72
or

4C + 36 =72
then

4C =72 — 36
or

4C = 36

S0

C= % = £9,000 for each car.

This can then be checked by substituting the
values £6,000 and £9,000 in equation (2).
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Exercise 4.24

i Set your own problems for each other to solve.

Writing problems such as the ones with the cars and vans either needs experimental data to start with, or the
i two prices, and a problem is then developed around it.

For example: the car was £9k and the van was £6k. H
Selecting any number of cars and vans, work out the total cost and use your numbers of cars and vans to create
i equations similar to the ones given at the start of the worked example opposite. ‘
! For example, company A buys two cars and four vans.

i Company B buys three cars and three vans.

Complete the equations and give them to someone else to solve.

Change the prices of the vans and cars and create some more.
i Note, you do not always have to work with cars and vans!

Exercise 4.25

i Solve the following engineering problems using simultaneous equations.

I. An electronics company buys many components and parts from a wholesaler. Two orders have been made
H for resistors and capacitors, and the original price for each individual component has been lost. Create a pair :
of equations from the following data and solve to find the individual component costs. :

Batch | contains 68 resistors and 92 capacitors, and the total cost is 323.2p.
Batch 2 contains |8 capacitors and 37 resistors, and the total price is 89.3p.

2. A small engineering company manufactures trailers to order. One customer wants a small box trailer and a
: trailer for a quad bike so that he can take his daughter racing. To hold them both together, identical nuts and
bolts are to be used.

The box trailer will contain 53 bolts and 96 nuts, which will cost £36.99.
The quad bike trailer will use 29 bolts and 42 nuts, which will cost £18.45.

What is the individual price of each nut and each bolt?

Having worked through these problems, spend
a few minutes thinking about similar types of
problems of your own, and make up a few simulta-
neous equation problems to share with others in
your group.

Always start with the answers — for example, a
tin of paint costs £5.94 and a paintbrush costs
£2.33.

Six tins of paint cost £35.64 and four paint-
brushes cost £9.32. Total = £44.96.

Four tins of paint cost £23.76 and eight brushes
cost £18.64. Total cost = £42.40.

Figure 4.15 153
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Then make up the problem:

If six tins of paint and four paintbrushes cost
£44.96, and four tins of paint and eight brushes
cost £42.40, work out the cost of one tin of paint
and one brush, and so on.

Make the problems relevant to your chosen
trade or a hobby, or relate them to the work or
hobby of the person who will have to solve the
problem.

Factors and factorising in
mathematics

In this section you will develop a knowledge
and understanding of the various methods of
factorisation.

You may remember from previous studies when
you were introduced to the term ‘factor’

Key Term

The factor of a number — Any other number

that can divide into a number exactly (leaving
no remainder).

Any number can be divided by the number 1 and
itself.

Hence, the factors of 6 are 1, 2, 3 and 6.

The factors of 12 are 1, 2, 3, 4, 6 and 12.

What are the factors of 24?

Which has the greater number of factors, 24 or
30?

How many factors has the number 100?

Factorising and algebra

When we move from arithmetic to algebra, the
terminology is still the same.

In arithmetic, we factorise the number 12 and
obtain 1, 2, 3, 4, 6 and 12, because all these
numbers will divide into 12 and leave no
remainder.

What are the factors of x2? They are 1, x and x>
As things become more complicated, they become
less obvious and certain techniques can be used to
factorise an expression.

We know that 3 and 4 are factors of 12 because we
know that 3 X 4 = 12.

Have another look at the factors of 12.

If a factor is any number that will divide into

another number and leave no remainder, are the

following also factors of 12?
-1,-2,-3,—4,—-6, —12

Since —3 multiplied by —4 = 12, they must be

factors, and so must the other negative numbers.

(More on this later.)

In algebra, it helps to learn factorisation by multi-

plying out some factors in the first place.

Multiplying expressions in
brackets

Recognising factors is a skill that develops with
practice.

Exercise 4.26 )

Work through the following to see how factors
i multiply together to create complex terms.

L 2B+ x) =

The final problem in Exercise 4.26 contains only
numbers, allowing a single number solution to be
found. All the others have variable terms in them,
and although they can be combined, they cannot
be replaced with a single value until we give the
variables a value, in which case they stop being
variables and become constants.

Exercise 4.27 ®

Now try the following:

I, x(14x — 2y) =

2. 3(y +2) =
~_Ryo

3. 14(f L)

4. 8(x +0.5) =

If any of your answers are different to those given
at the back of the book, have another look at your
solution or discuss it with someone else, perhaps a
tutor.



Let us take this a stage further.
3(x + 3)
This means multiply all the terms in the bracket
by 3.
It follows, then, that
x+2)(x+5)

must mean, multiply every term in the first bracket
by every term in the second bracket.

Worked Example

Have a go at multiplying out this
expression.

(x+ 2) (x+ 5)
Taking the first bracket apart, we have x plus 2.
Then work out x times the second bracket.
Then work out 2 times the second bracket.
Add the two results together.
x(x +b) = x> + bx
20lx+5b) =2x + 10
SUM — x* + bx + 2x + 10

Combining like terms (bx + 2x)

—-x* +7x+ 10

. J

Another way to view this kind of problem is to
draw little curved arrows to remind you that each
element in each bracket must be multiplied by
each element in the other bracket.

(x+2)(x+5)—=>x2

(x+2)(x+5)—=5x

(x+2):x+5)—>2x

(x +2) (x + 5) = 10

Add all the individual results up, combine the like
terms, and get x> + 7x + 10.

Mathematics for Engineering Technicians

Key Points

You may also find problems asking you to expand
the brackets, which means just the same as
multiply out the brackets.

You may have heard the term ‘quadratic’ equation.
This means an equation in which a squared term
is the highest order.

For example, x> + 7x + 10 is a quadratic equation.
An equation like x> — x* + 7x + 10 is called a
cubic equation.

Activity 4.4
See if you can find the names of

equations which contain fourth powers,
fifth powers and others.

Exercise 4.28

Have a go at a few of these to get some practice.
I. x+4)(x—8)=
2. R=5Kx+7)=

)

3. (n—3)(n+2) =

There are a few formats of brackets which are
worth remembering because they crop up time
and time again, and being able to recognise them
makes factorisation, or expanding, simpler.

x+2)(x+2)=x*+4x+ 4
x—2)(x—2)=x*—4x+ 4
x+2)y(x—2)=x*—4
The same expression without any constants

(numbers):
(a + b)? = a* + 2ab + b?
(a — b)? = a* — 2ab + b?
(a +Db)(a—b)=a*—b?
If we multiply (x + 3) by (x + 2) we obtain x* +
(3x) + (2x) + (6).
Pulling these together gives us x* + 5x + 6.

Factorising equations

Key Term

Factorisation — As the expansion of bracketed
terms by multiplication is the step which we

have just performed, then factorisation is the
reverse process.
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Worked Example

Factorising x* + bx + 6 would now be easy
because you have seen the factors already, so
what about the following:

Factorise x> + 6x + 8.
Looking at the first example:

When we multiplied (x + 3) by (x + 3) and
obtained x* + bx + 6

We have an x? which obviously came from x
multiplied by x.
) (x +

Hence, we have made a start (x + ), but

what goes after the x's?

How do we know the mathematical operators
after the x's are + and not — ?

The other values, bx and 6, do not appear to be
too obvious, but look again at the intermediate
step we used:

multiplying (x + 3) by (x + 2), gave x*> + (3x) +
(2x) + (3 X 2)

The (3 X 2) is the product of the two separate
digits in the original expressions.

The (3x) and the (2x) are the intermediate values
of multiplying the first item in the first bracket
by the second item in the second bracket = (3
X x), and the second item in the first bracket
by the first item in the second bracket to obtain
(2x). We then added these together to get bx.

Hence, we want two numbers which add
together to make 5 and multiply together to
make 6.

List the factors | Which of these add together to
of 6 make 57
| and 6 | +6=7
2 and 3 2+3=5
also
—land —6 -+ —-6=-7
—2and —3 -2+ -3=-5

The sum of factors which = b5 indicates that
2 and 3 are the missing factors, and we can
complete the following:

Factorising x* + bx + 6 givesus (x + 2) (x + 3).

If you write (2 + x) (3 + x), it means exactly the
same as (x + 2) (x + 3), but by convention, we
generally write orders of x (from highest order
or power to lowest, followed by numbers). This
can help us to recognise patterns and factors as
well.

Key Term

In the term 3x — the number 3 is called the
coefficient of x.

Look again at the second problem:

factorise x* + 6x + 8.
Making a start
x+ Yo+ )

As before, the 6x is made up of two lots of x's
added together, and the coefficients of these x’s
must multiply together to make 8. To find which
numbers add up to make 6 and multiply to make
8, a table provides a well-organised method —
and it allows for error checking.

List the factors | Which of these add together to
of 8 make 67
| and 8 9
2 and 4 6
also
—land —8 -9
—2and —4 -6

Therefore, the factors are (x + 2) (x + 4).
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Key Points List the factors | Which of these add together to

When multiplying out brackets, we multiply of —10 make —3?

every term in each bracket by every term in —land 10 9

the other bracket(s) (three, four or more sets land — 10 9

of brackets can all be multiplied together, with

no limit). —2and > 3
> - 2and -5 -3
Try this one:

Hence
(x + 4) (x — 2) expands to make
x> — 3x —10

x?—2x+4x— 8
factorises to
or
(x +2)(x—05)
x>+ 2x— 8
or
So factorise the following:
(x —b)(x+2)
x? —3x —10
It is always good practice to check your answer.

Expanding the brackets should take us back to
the original quadratic equation.

- J

Exercise 4.29 U

i 1. Check that expanding the bracketed expression (x — 5) (x + 2) takes us back to the original quadratic
i equation x* — 3x —10.

: Work through the following examples, and check them by expanding the brackets to check your working.
2, R+ 5R — 14
3. X —=7x+ 10

Although this method is a bit ‘trial and error, it is not always immediately obvious what the factors may
be. Adding the following level of complication makes us wish for another method.

Expanding the following brackets results in a quadratic:

2x + 4) (x — 3) = 2x2 — 2x — 12
but the quadratic has a coefficient (which is more than 1) in front of the x* term.
Does this affect the way we would factorise?

157
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Worked Example

Look closely at the following variations:

(2x +2)(2x —3) —=4x* —6x +4x — 6 —
4x* — 2x — 6

(4x +2) (x —3) = 4x* — 12x + 2x — 6 —
4x* — 10x — 6

(x+2)(4x —3)—=4x* —3x+8x — 6 —
4x* + bx — 6

Factorisation is still ‘trial and error’ — but where
do we start?

The first and last terms in all three quadratic
equations are the same.

4x? could be derived from any of the pairs of
factors shown, that being 4x multiplied by x, or
2x multiplied by 2x.

As before, with reference to the pairs of brackets,
the product of the two ‘inner’ terms plus the
product of the two ‘outer’ terms is equal to the
middle term in the quadratic.

Taking the first example: factorise the quadratic
equation

4x* — 2x — 6

The first term is the product of the first term (the
x term) in each bracket.

The third term is the product of the two second
terms in each bracket.

The middle term is — 2x, and this is the sum of
the products of the two inner terms and the two
outer terms.

The factors of ‘— 6" are ‘6 and —1" or ‘—6 and 1’
or ‘2and — 3" or ‘3and — 2.

Trying each of these now becomes a tedious

operation:

N

All combinations are shown below (although
you would normally stop when you find one that
fits).

Considering only the sum of the inner and outer
products (trying to find -2x),

either

(2x—1)(2x+6) = 12x — 2x = 10x

or
(4x — 1) (x + 6) = 24x — x = 23x
either
(2x+1)(2x—6)— —12x + 2x = —10x
or
(4x+1)(x—6) = —24x + x = —23x
either

(2x + 2) (2x — 3) > —6x +4x = —2x —
the correct middle term

or
(4x + 2) (x — 3) = —12x +2x = —10x
either
(2x — 2) (2x + 3) = 6x — 4x = 2x
or

(4x — 2) (x + 3) = 12x — 2x = 10x

so the factors of 4x* — 2x — 6 are (2x + 2)
(2x — 3).




One purpose of factorising is to obtain the ‘roots’
of the equation.

The ‘roots’ of an equation — The values where

the graph of that function passes through the
horizontal axis.

The roots of 4x*> — 2x — 6 are easily obtained if we
let 4x* — 2x — 6 = 0.

Then
2x+2)2x—3)=0
This means that at least one of the brackets must

equal zero at any time, so let us consider them one
at a time:

2x+2)=0
(divide through by 2) to obtain (x + 1)

For (x + 1) to equal zero, x must be —1 and this
is one root of the equation - that is, one value of
x where the graph would cross the horizontal axis.

Taking the other bracket:
2x—3)=0
(divide through by 2) to get (x — 1.5)

Mathematics for Engineering Technicians

For (x — 1.5) to equal zero, x must be 1.5, and this
is the other root of the quadratic equation.
Hence, for the function 4x* — 2x — 6 = 0, the
roots are 1.5 and —1.

If you have access to any graph-drawing packages
— even Microsoft Excel®, or a graphical calculator
— try it.

The working out of the factors was a little tedious;
we needed a more straightforward method.

The quadratic formula
y = —b + {b? — 4ac

a
where a, b and c are the values of the numbers
(coefficients) taken from the general quadratic
equation,

ax>+bx+c=0

The equation is set to equal zero to allow the
determination of the values of x where the graph
of this function would cross the horizontal axis.

Go back to the potentially troublesome quadratic
equation and give it a go.

Worked Example

Solve the following using the quadratic
formula:

4x> - 2x— 6

From this equation, and comparing it to the
general quadratic equation

ax’* +bx+c=0

a=4
b= -2
c=—6

Now put the values into the quadratic formula:

—(=2) + V(=27 — 4(4)(—6)
2(4)

-

or
—8_ _
] 1

These are the same roots we obtained earlier,
but with much less trial and error.
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Exercise 4.30

160

i Solve the following quadratic equations to find the roots in each case.

Lo - 2= 15=0
f2. 2 — |1y +28=0
13, 2 +052-3=0
4. 224+ 92+9=0
s

. Asolid circular cylinder is to be made for a steel rolling mill. To fit into the existing mill, it will have a
total length (cylindrical height) of 1.8 m and a total surface area of 4.5 m? to allow the heat to

dissipate.

Calculate the radius of the cylindrical roller.
(Hint: the surface area of a cylinder comprises:
e two circular ends, each with an area of 2.

* the cylindrical surface, with a surface area of 27rh.)

i 6. Create the equation for the total surface area, then rearrange to create a quadratic equation.

Make the Grade @

Grading criterion M2 requires that you solve one
quadratic equation by factorisation and one by the
formula method.

Other methods of factorisation

Where an expression contains a common element
or a common term (or more than one), the common
term(s) can be collected or grouped together to
simplify the expression.

If the expression does not get any simpler
(fewer elements), then it might as well be left in its
original state.

Consider the expression ab + ac + ad.

The variable a is a common factor and can be
‘removed’ from the others.

Hence this can be factorised to a(b + ¢ + d).

The brackets need to be used to indicate that (b
+ ¢ + d) are all still multiplied by a.

Remove the brackets
expression

(a + 2b) — 2(b + 2¢) + 3(c + 2d)
and write it in its simplest terms.

Removing the brackets (or multiplying them
out), the expression becomes

a+2b—2b—4c+ 3c+ 6d

from the following

which then simplifies further to
a—c+ 6d

Exercise 4.31 O

Simplifying the following expressions uses the basic
rules of arithmetic and algebra. Expand the brackets
i and simplify each expression into its simplest terms.

1. a(3a—2b) + 2030 - 3b)
2. 4(2a + 3b) — 6(a + b) — a(3 — 2a)
3 4k — 39) — (b + PP — q)]

Factorisation by extraction of a
common factor

In the following expression, a is a factor which is
common to both parts.

ax + ay
This will factorise to a(x + y)

Similarly,
ax + 2a + bx + 2b can be factorised by removing
common factors

a(x + 2) + b(x + 2)
where (x + 2) is a common factor, thus
(a + b)(x + 2)

An alternative factorisation would be to take the
x’s and the 2’s out initially



ax + 2a + bx + 2b
giving
x(a + b) + 2(a + b)
which still arrives at
(a + b)(x + 2)

Exercise 4.32

i Investigate the following to identify any common
i factors.

l. ax+3x+a+3
2. 3pq — 2pr + 3sq — 2sr

3. Spend some time considering all options for the
H following to see if any of the groupings can lead
to common factors.

2A+ 3B +4C +BC+ AB + CD

Mathematics for Engineering Technicians

Factorisation by grouping
ax + bx — ay — by
becomes
X(a + b) — y(a — b)

being factorised by grouping, but there is not a
common factor.

Also

2R + 3P + RP
factorises by grouping to become

R(2 + P) + 3P
or

P(3 + R) + 2R

but there is no common factor to factorise further.

Make the Grade

Grading criterion P3 requires that you factorise
by extraction and grouping of a common factor
from expressions with two, three and four items
respectively.

161



162

4.2 Using trigonometric methods and standard

formulae to determine areas and volumes

This section will cover the following grading
criteria:

In this section, you will be introduced to the
radian as an alternative form of measurement for
an angle. The radian forms an essential part of
a circle, whereas a degree, or angles measured
in degrees (such as 60° or 90°), only represents
a division on a scale of 0° to 360° into which
a circle is artificially divided because 360° was
decided upon many centuries ago — because it is
a nice round number. The importance of this will
become more apparent as you study the calculus,
in the final section of this unit.

This whole section is concerned with measure-
ments and ratios for objects, of all shapes and
sizes, including triangles and trigonometric ratios,
such as sines, cosines and tangents, all of which
are extremely helpful for engineers, in whichever
sector they are working. This will be illustrated by
the numerous examples as you work through this
section.

Circular measure

In this section you will develop a knowledge
and understanding of radian and degree
measure, angular rotation, problems involv-

Activity 4.5

ing areas and angles measured in radians, and
how to find the length of an arc and area of a
sector of a circle.

Circles easily split into six sectors as you doodle
with a circle and a pair of compasses.

.

\VAY/

Figure 4.16 Drawing a circle

From this circle, hexagon and set of triangles grow
all the ancient ideas about the number six being
a magical number. The choice of 360° represents
6 X 6 X 10, and each of the triangles within the
circle has 3 X 60° angles. A degree splits into 60

1.Set a pair of compasses to about 4cm apart, and draw a circle in the middle of a

sheet of paper.

2.Keeping the compasses at the same separation, place the pin at any point on the
circle, and without letting the pencil touch the paper, revolve the compasses round
until the pencil crosses the circle. Mark a small ‘arc’ where the pencil touches the

circle.

.Move the pin to the point you have just marked, repeat the operation, and
continue doing this until you have worked round the circle and the pencil is
finally on the original pinhole.

4.Draw a straight line between each of the six points, to create a hexagon. Now join
each opposite pair of points, by drawing a line across the diameter three times.

You should end up with something like the diagram in Figure 4.16.




minutes, and a minute splits into 60 seconds; very
precise measurements of angles can be quoted as,
for example, 27° 15'38" to represent 27 degrees, 15
minutes, 38 seconds.

If a second is a 60th of a minute and a minute
is a 60th of a degree, what fraction of a circle is a
second?

A 60th of a 60th of a 60th is a 21,600th.

That is a small angular measurement.

Small angular measurements, such as the
second might be useful for measuring angles on
a large plane or curved surface, like that of the
Earth.

Next time you play with a satnav, check out
the latitude and longitude settings, in degrees,
minutes and decimal fractions of a minute.

Activity 4.6

Search the internet for a degrees-
minutes-seconds to decimal degrees
calculator. Using this website, or any

other source that you find, work out
how many metres you would have to
walk to travel through 1 second of arc,
measuring the angle from the centre of
the Earth.

Radian measure

After many years of working with degrees being a
360th of a circle, it may seem strange changing to
radian measure.

The radian is determined by ‘walking’ round the
circumference of a circle an exact same distance
as the radius. As Figure 4.16 shows, if six radii can
be fitted into a circle’s circumference by using
straight lines, and each line ‘bi-passed’ an arc of
60°, then walking the same distance around the
arc will obviously take you through some angle
which is less then 60°.

In Figure 4.17, the arc length s is the same
length as the radius, r, of the circle.

The angle, 0, which this arc travels through, is
one radian.

Mathematics for Engineering Technicians

Arc length s

Figure 4.17 Radian measure

The relationship between the angle and the arc
length is given as

0 radians = %
Rearranging this

s=1r0

gives us a direct relationship between the angle
we travel through as we move along an arc length s.

BExercise 4.33 ®

I. If you continued drawing arcs of length r round
the circle, how many would you manage to draw
before you come back to the start point? (In
other words, how many arc lengths of length r
would fit into the circumference?)

There are 247 radians in a circle.

Travel around a semicircle, there are ar radians.
This is also 180° (180 degrees).

i 2. Ifthere are 2 radians in a circle, how many
degrees is | radian equivalent to?

With experience and practice, you will not need
to convert from radians to degrees to understand
what you are doing.
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Exercise 4.34 O

Copy and complete the table below by converting the degrees to radians.
There are two ways to give your answer:
I. Divide the number of degrees by 57.3° and work to three or four significant figures (or more).

2. Work in multiples of 1 (for example, 360° is done for you in the table).

Degrees Radians as a decimal fraction Radians as multiples of Pronounced as

360 6.283185307.. 2 pi

270 .5 or 37
180 3.141592654..
90
60
45
30 0.523598775..
I5

pi by 2

NSIE]

pi by 4

ENE]

Have a go at these before looking at the answers.

Which do you think is the easiest way to work — using decimal fractions of multiples of 57.3° or using
fractions of !

Length of arc of a circle (s =r) Exercise 4.35 °
The amount of drive belt that is in contact :

with a pulley or drive shaft affects the frictional  I. Ifangle Ais75° what length of the pulley is in
forces and the power transmitted from one to i  contact with the belt? (Hint, determine the angle
the other. H of the pulley through which it is contact with the
belt, then convert to radians, then use s = rf to
obtain the distance required.)

2. Apulley of diameter 32 cm drives a smaller
pulley of diameter |2 cm by a drive belt. The
two pulleys are situated 0.4 m apart, between
centres. Draw the system to scale and determine
the total length of drive belt that is in contact with
the pulleys. :

Figure 4.18 Length of arc of a circle

Consider the following system, where a drive belt
sits on a pulley of 24 cm radius and is in physical
contact with it, as shown in Figure 4.18.



Circular motion

Many objects and parts of machinery rotate
or make angular movements. In electrical
engineering, the generation of electricity depends
on the rotation of conductors and magnetic fields.
During the design processes, engineers will more
than likely use calculus to carry out some of the
calculations, and since the radian is a funda-
mental part of a circle and not just some arbitrary
measurement by degree, the calculus works and
gives answers that do not need to be constantly
converted between degrees and radians, and vice
versa.

Exercise 4.36

i Convert the following angular speeds from r.p.m. to
i radians per second.

i Remember that there are 21 radians in one
i revolution, and 60 seconds in one minute.

When a shaft or flywheel rotates, there are different
i ways to state the speed of rotation:

i * revolutions per second
i * revolutions per minute
i e revolutions per hour
P degrees per second
i« radians per second.

I. Aflywheel rotates at % radians per second. How
i many revolutions per minute is this? :

i 2. Athree-phase generator of electricity has three

: separate sets of windings, which are physically
spaced |120° apart. The three lines are identified
as LI, L2 and L3. If LI is used as the reference
voltage, the other two are lagging behind it by
120° and 240°, respectively. The angle is usually
written as the reference plus the angle by which
it lags behind the reference. What are 120° and
240° when written as multiples of 77 (Hint: look
back at the previous question to check for any
similar values.)

Triangular measurement: sine,
cosine and tangent functions

By the end of this section you will have de-
veloped a knowledge and understanding of
functions; sine, cosine and tangent graphs;
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values of trigonometric ratios between 0°
and 360°; periodic properties of trigonomet-
ric functions; the sine and cosine rules; and
practical problems.

Have you ever wondered what the words ‘sine;
‘cosine’ and ‘tangent’ actually mean? The best way
to see these terms is to accept them as tools which
help us to solve problems.

Sine, cosine and tangent (often abbreviated
to sin, cos and tan) are ratios which were worked
out for some sample triangles as mathematicians
were busily looking for the secrets of the Universe
and life itself.

You may know of SOHCAHTOA . This mnemonic
may help us to remember the first letters of the
trigonometric ratios for a right-angled triangle.

Assume that we are referring to an angle 6
(lower-case Greek letter theta).

The ratios are:

. opposite
sinh = 7——————
hypotenuse
adjacent
cos = ———
hypotenuse
__ opposite
tanf = adjacent

What exactly do we mean by opposite and adjacent?
Opposite to what, and adjacent to what? Opposite
to the angle 6 and adjacent to the angle 6?

The right-angled triangle and use
of 6

Figure 4.19 shows a right-angled triangle.

Figure 4.19 Right-angled triangle

Make the Grade

Grading criterion P4 requires that you solve circular
and triangular measurement problems involving the
use of radian, sine, cosine and tangent functions.
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The right angle is in the bottom right-hand corner,
for no reason at all, other than that is where I
have drawn it. The longest side of a right-angled
triangle is called the hypotenuse, and it is always
opposite the right angle, but it is never referred to
as the opposite side.

Which side is called the opposite and where is
the adjacent one? We will come to the names of
the sides very shortly, but first we need to consider
one of the angles that is not a right angle.

Which angle is 6?

Key Points

The use of 6 or any other symbol, to represent
an angle is just to inform everyone that we are
considering the angle that we have just decided
to consider.

Which side is opposite to what, and where is the
adjacent?

For example: consider the angle in the bottom
left-hand corner, and let’s call it 6.

Exercise 4.37 ®

Using a pencil and rule, draw a right-angled triangle
¢ similar to the one drawn in Figure 4.19. The side
lengths can be anything you want, as long as the

i bottom right-hand corner is at 90°.

In the bottom left-hand corner, using a pen or pencil,
i label this angle . H

In relation to the angle 6 that you have just labelled,
write ‘opposite’ on the side that is opposite to the
i angle 6.

lgnoring the hypotenuse, which already has a name,
i write ‘adjacent’ on the side that is adjacent to the
i angle 6.

The third angle

The third and final angle has not yet been
labelled. Let us call this a (lower-case Greek letter
alpha).

Using a different colour pen, label the third
angle a.

Look at the sides of the triangle and decide
which side is opposite angle a. Write ‘opposite’ on
that side (and you should now see why a different
colour pen was needed).

The other side, which is adjacent to o can now
be labelled ‘adjacent.

Confusion over names and labels

You now have a right-angled triangle with a hypot-
enuse, two angles labelled 6 and o along with
two sides, each labelled opposite and adjacent —
hopefully in different colours.

How can a side be opposite and adjacent?
Because the labels are not absolute — they are
relative, relative to the angle to which they relate.

Obtaining the fundamental trig ratios

Exercise 4.38

i Start with a new right-angled triangle, but this time
i draw it with some specific side lengths.

Make the base or horizontal side 4cm and the
i upright or vertical side 3 cm.

You should find that the hypotenuse is 5cm long. If
i not, check the other measurements.

When you have drawn the triangle, label the bottom
left-hand angle with a letter or symbol such as a or A
i or x or whatever you like. :

Now, make use of SOHCAHTOA, or any other H
i mnemonic that you use to remember the ratios, and
i complete the following table. :

Ratio Values and calculation Final value

: . O]

i |sine oP —

B hyp

: . ad)

. | cosine T =

H hyp

: opp _

i | tangent ad —

Production of values and look-up tables

Remember the previous section where the log
tables were referred to? Someone had to calculate
all the values by hand and compile the tables. The
same thing was done with sin, cos and tan tables
as well. These are also in your calculator.

How do we know they are in there for ‘look
up’ and they are not calculated when we press a
calculator button? With your calculator in degree
mode, enter sin30°. You should get 0.5, or you may
get 0.50000.

For this calculation, how did the calculator
know what the length of the opposite side and
the hypotenuse were? Does it matter if the lengths
are different? For different angles, you will get



different sine values, but the sine (and the others)

Mathematics for Engineering Technicians

are just ‘ratios’ of two sides. 330 —0.5000
. 360 0.0000
Exercise 4.39 O
: angle 6° cos6°®
I. Draw a horlgontal line across a sheet of paper, 0 1 0000
using a pencil and rule. From the bottom left-
: o 30 0.8660
hand corner, using a protractor, measure 30
and draw a line at 30° to the horizontal line. 60
Experiment and investigate the ratios of opposite 90
and hypotenuse, for any length, by drawing three 20
or four vertical lines (at 90° to the horizontal H =
line), to create three or four triangles. For each
triangle in the set, measure the opposite side and 180 —1.0000
the hypotenuse, and find the sine ratio. What do 210 —0.8660
you observe! 240
2. You could use the same set of triangles to carry i 270
out the same ratio calculations for the cosine and i 300
tangent of 30°, or even for the 60° angle too.
: 330 0.8660
i They are just ratios and are not related to the size 350 10000
i lengths, just the ratio of side lengths. Hence, if a
i calculator was calculating the sine, cosine and tangent angle 6° tan®°
i it use? :
5 values, what side lengths would it use? 5 50000
......................................................................................................... - —
What do trigonometric functions :[%
look like? %0
In this section, we will produce sketches of 120
each of the three fundamental trigonometric 150
functions. 130 0.0000
. 210
Exercise 4.40 o
Draw a table similar to the following example and 270
i complete the trig ratio values (sin, cos and tan) in the 300
i appropriate column. ‘
PProp 330 —0.5774
angle 6° sing° 360 0.0000
° 0.0000 You may notice something strange about the values
30 0.5000 i for the tangent, and it may help if you work in steps
60 i of 10%instead of 30°.
90 After you have completed the tables, transfer this
120 data onto a graph, or a separate graph for each
150 i function if this makes it clearer for you and easier to
i refer to.
180 0.0000 eteetereeeeterteee e ate et e e s et e e s et et e e se st et e e sa st et esasentessesatentesassans)
210 —0.5000
240 Make the Grade
270
300 Grading criterion P5 requires that you sketch each of
the three trigonometric functions overa complete cycle.
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You may recognise the sine wave, and possibly the
cosine wave, but the tangent usually causes some
confusion, particularly if you try to use Microsoft
Excel® to draw the graph.

The problem is that the tangent curve is asymp-
totic at 90° and 270°.

Asymptote — Something that gets closer and

closer to something, but never actually touches
it, except at infinity.

As the angle approaches 90°, the tangent of the
angle becomes extremely large. At ‘almost’ 90° it
will be several million or more.

The tangent of 89.99° = 5,729.577

tan89.9999° = 572,957.795

At tan89.999999° calculators start to struggle
and the value exceeds the number of digits it can
show.

tan90° = ‘error’ because this is infinity and
in maths, and calculators, infinity is not defined,
because it cannot exist.

As the angle then goes slightly beyond 90°,
something even stranger happens.

Exercise 4.41 ®

Copy and complete the following table, using your
i calculator to obtain the tangents.

Angle (°)
i [89.99

i [89.9999°
: [89.999999°

Tangent of the angle

lgnore 90°
90.000001°
90.0001°
90.01°

Another way to obtain the

tangent waveform

Think back to the right-angled triangle and the
fundamental trig ratios for sin, cos and tan.
Also remember SOHCAHTOA.

Exercise 4.42

|
o
| .|

. . o] adj
i Remembering that sin@ = PP and cosh = —+ (and
H h hyp
i remembering some algebra, simplifying equations,
{ and so on) rewrite .

Substitute for sin® and cosd in terms of the griangle
i side names — that is, write 2PP divided by 22 Then
: hyp hyp

i compare your result to the ratio for tanf.

As the angle approaches 90° the value of sin6
approaches 1 and cost approaches 0. Trying to
divide anything by zero is not possible (it is not
defined) — hence the inability of your calculator
and Microsoft Excel® to work out tan90°.

Looking ahead

The combination and manipulation of trig
functions is an essential skill, which will develop
further as you progress your studies to a higher
level, if your career intentions and aspirations
take you that way. If your course includes further
mathematics later on, you will see a few more
of the trig functions, and although they may
seem cumbersome, they all have a real use in
engineering.

Periodic properties of the
trigonometric functions

Now you have investigated some of the funda-
mental trig functions, look again at the graphs or
waveforms that you produced for the sine, cosine
and tangent ratios.

They all follow a pattern which repeats every
360° (or every 27 radians)

This property is called periodic and periodicity
is the repeating of the rises, falls and polarity
changes at a fixed rate or frequency.

For example, the electricity supply is alter
nating current and it follows a sinusoidal pattern.

Activity 4.7
What other examples of periodicity can

you think of? Make a list to discuss
with your classmates.




So where might these ratios be useful?

All branches of engineering use measurements
of angles and rotation, whether these are angles
for cutting pieces of material for joining together,
shaping and bending, or for the angle of the
crankshaft of a petrol engine, to ensure that
the ignition ignites at the correct angle before
top-dead-centre, or for the rotational speed of
a generator, to determine the frequency of the
electricity it is producing.

Practical problems include:

e calculation of the phasor sum of two alternating
currents
e resolution of forces for a vector diagram.

Scale drawing

Mathematics for Engineering Technicians

Phasors and vectors — These are two aspects
of the same concept:

e Vectors represent quantities that have
magnitude and direction.

e Phasors are the vectors of electrical

quantities.

Vectors can be used to combine forces, which you
may have come across in the science unit, or in
your previous studies.

Worked Example

Consider the two tugboats
pulling a large ocean-going
vessel.

If both tugboats are
applying equal forces to
move the large vessel, their
combined or resultant force
will not simply be the sum
of the two.

They are combined using
vector addition.

To see this, consider that
both tugboats are applying
a force of 10kN in the
direction of their respective
arrows.

What is the total (or resultant) force being
applied to the large vessel, and in what
direction?

To solve this, there are two methods:

e by scale drawing
e by calculation.

Figure 4.20 Tugboats pulling an ocean-going vessel
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Assume a scale of 1cm = 1kN.

From the ends of each of the respective vectors,
draw a line parallel to the other vector, to create
what is known as the parallelogram of forces.

Draw the resultant from the origin to the opposite
point where the two other lines meet.

The length of the resultant indicates the
combined force, using the same scale of 1cm =
1KkN.

The angle between the resultant and the centre
line indicates the sense or direction of this force.

Draw this to scale and record the value for the
resultant force, and the angle between it and the
horizontal centre line.

Figure 4.21 Scale drawing for tugboats

J

In Figure 4.20, the forces are drawn in the same
directions as the tugs are indicating, and their
lengths are drawn to a suitable scale, and in this
case, with reference to the centre line shown.

Calculation

The two (or more) original coplanar forces need
to be resolved into their vertical and horizontal
components.

If a force is pulling at 90° to the horizontal, it is
reasonable to expect that the object being pulled
will move vertically. Similarly, if a vertical force is

Horizontal

Figure 4.22 Force applied to tugboat at 35°

applied to a lift, then we would not expect it to
move sideways.

Where forces are applied at some angle to
the horizontal or vertical other than 90° we
consider the force as being a mixture or combi-
nation of a vertical component and a horizontal
component.

Consider the force being applied by the
tugboat at 35° to the straightforward direction
from our example. This is shown in Figure 4.22,
with its components indicated in the horizontal
and vertical planes.

The vertical and horizontal components of the
first force are shown in Figure 4.22.

The horizontal component of the force is given by
F, = Fcosb.

The vertical component of the force is given by F,
= Fsin®.

When these components are in the opposite direc-
tions (down or to the left) they are worked out in a
similar fashion, but have negative values).

For the diagonal forces at +35" and —25° in the
example, the components equate to the following;
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Force and angle, (with direction)

Horizontal components (cosB)

Vertical components (sinB)

IOkN, 35°

8192N (to the right)

5736 N (upwards)

IOkN, —25° 9063 N (to the right) —4226 N (downwards)
Totals 17 255N (to the right) 510N (upwards)
Resultant 17 321N, angle 5°

Let us have a look in more detail at how the
resultant was obtained.

Worked Example

For the resultant vector or force, use
Pythagoras’ theorem to combine two
lines or vectors at 90° to each other.

opposite

adjacent’ .

17 255N is the horizontal distance (adjacent to
length

the angle)

1510N is the vertical length, at a right angle

(opposite to the angle)

Hence, tan6 = 1510/17255 = 0.0875

The angle whose tangent is 0.0875 = tan™!

0.0875 = 5°

Tangent =

Check that these values are the same as
you obtained when you drew to scale and
measured them.

J

If your calculator has an ‘R-P’ button, you could use
this. R-P means ‘rectangular’ to ‘polar’ conversions
and, effectively, does both the above calculations
for you in one go, but stores one answer in a
second memory. Check your calculator instruc-
tions to find this second memory. This could be
labelled X—Y, which means ‘swap the contents of
the two memories, X and Y, over.

BExercise 4.43 )

Here is an example for a three, four, five right-
angled triangle.

Use a calculator.

Enter the following four steps: 3, R-P, 4 =

The value 5 should be on your screen, being the
hypotenuse length.

Now swap memories, which could be X—Y, and
you are shown 53.13°.

Now spend some time getting to know your
calculator and the use of R-P conversions and/or
Pythagoras and the tangent function.

Activity 4.8

Working in pairs or on your own, create
a range of problems involving the
combination of vectors that relate to
the branch of engineering that you are
studying.

These could be forces being applied

at different angles, with sketches or
diagrams to illustrate the force magnitude
and direction, or they could be in the form
of a table, like the ones in Exercise 4.43.

Swap the problems you have created
with someone else, who will then solve
them while you solve someone else’s.

Create your own explanation of the
processes involved in what is also
known as vector addition, using no
more than a single page of A4.

Your teacher will select some of the
group to stand up and explain the
summary page to the rest of the group.

Find the length of the hypotenuse for each of the following right-angled triangles, and the angle between the

hypotenuse and the base in each case.
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Base length (cm) Opposite side (cm) Hypotenuse (cm) Angle (°)
5 9

2 9

3 12

5 35

576 852
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Electrical vectors are called phasors

Electricity is generated and distributed in three
phases, each 120° apart. Each single phase taken
from that supply consists of a phase (or line) and
neutral. Depending on the type of circuit that
is connected to the supply, the current behaves
differently. For example, if the load is a heating
element, the load is resistive. As the voltage
increases, so does the current, and as the voltage
decreases (within the sinusoidal waveform), so
does the current. They are said to be ‘in phase’

When a capacitor or inductor (coil/trans-
former/choke) is connected, the current either
leads or lags behind the voltage, causing a phase
difference.

For a series capacitor/resistor circuit, the phasor
diagram in Figure 4.24 illustrates the combination
of capacitance and resistance by considering
the phasor (or electrical vector) addition of two
voltages.

Where do the two voltages come from?

Consider the series circuit in Figure 4.23:

In any series circuit, the sum (phasor sum) of the
voltage drops around any closed loop (and here
there is only one such loop) that is equal to the
supply voltage.

Hence, from the circuit shown,
V.=V +V,

(but these are phasors and this is phasor addition,
so, more correctly)

V=V +V,
(where the ‘bar’ on the top indicates that vector or
phasor quantities are being represented).
Some textbooks also use a circumflex accent ~
instead of the bar to indicate vector quantities.
To complete the phasor diagram, you need to know
that the voltage across a capacitor lags behind the
current in the circuit by 90°.

Hence, a phasor diagram for the CR circuit would
look like Figure 4.24.

Capacitor C
Resistor R | |
VR Ve
TCurrent i
Supply voltage Vs

Figure 4.23 Series circuit

Reference phasor or current in a series circuit —

Vg resultant

Figure 4.24 Phasor diagram

Parallelogram created to find the
resultant phasor magnitude and
direction
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Exercise 4.44

i 1. Ifthe value of V_is 184V and the value of V, is 169V, calculate the supply voltage V..

: djacent
i 2. Using CAH from SOHCAHTOA or cosh’ = _agacemt determine the angle between the supply voltage

hypotenuse’
V. and the supply current /.

Remember that the value for V_ will be negative, due to pointing ‘downwards’, which is equivalent to negative
¢ upwards.

i 3. In pairs, or on your own if you prefer, solve the following problem. An electrical coil possesses two electrical
: properties, resistance (R) and inductance (L), from which the inductive reactance, X, can be determined. :
These two properties allow us to treat the coil as a ‘lump’ of resistance in series with a ‘lump’ of inductive

reactance.

A coil has a resistance R of 50 €2 and an unknown value of inductive reactance, X . When connected to a supply
of 100Vd.c., a current of 2A flows, which confirms the resistance value, using Ohm's law, | = % :
When connected to 260V a.c., a current of 2 A then flows through the coil. The a.c. current is opposed by the
resistance and the inductive reactance in combination, where

Z=R+ XL ohms

| given that V. = 260Va.c.
and that current | = 2A
also given that R = 50Q2
and the value of Z (the circuit’s impedance) = V/I
then find:

* the value of the inductive reactance X|.

What about non-right-angled A
triangles?
So far, we have looked at triangles where one angle
is 90° and have investigated how they can be made
use of in engineering, along with the algebra and c b
trig ratios that have been developed to help us
solve problems.
In this section, we will be considering some
examples where none of the sides is 90°% and not
having a right angle, there is no hypotenuse, only
three sides. These sides are generally labelled a, b g I
and ¢, and the angle opposite each labelled side is a

labelled with the same letter, but as a capital, A, B Figure 4.25 Non-right-angled triangle
or C (see Figure 4.25).
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The sine rule

For any triangle, the foll(I;wing ratios apply:
a c
sinA ~ sinB ~ sinC
Try this with a right-angled triangle that you have
worked on before, and see if it really does work for
ALL triangles. You should find that it does.

Using the sine rule is like using any other
equation. You decide which two of the three side/
angle ratios you wish to work with (although this
is usually decided by the information with which
you are presented).

Then you rearrange and substitute the known
values in order to obtain the unknown.

Limitations for use of the sine rule are that you
must have:

e one side length and any two angles, or
e two sides and an angle which is opposite to one
of these sides.

The second option can lead to an ambiguous
situation where you end up with two answers.
Remember the sine values and sine wave
diagrams you drew?
Look back at the waveform you plotted and
select the angle that has a sine of 0.5.

B

Figure 4.26 Examples where the sine rule is not useful

Alternatively, using your calculator, find the
sine of 30° and 150°.

Two angles have the same value of sine, hence
the ambiguity with the second option.

All questions refer to the labelling on the
previous triangle, where A is opposite a, B opposite
b, and C opposite c.

a_ _ b _ _c

sinrA  sinB  sinC
Hint: always sketch and label the triangle or
other shape for reference, to allow you to see the
question and how you are working towards the
answers.

Exercise 4.45 ®

I. Ifa=12cm, and giventhatA = 50°and C = i
38°, find the other two lengths and the unknown
angle. ‘

2. Triangle ABC has unknown base (side b) length,
anda = 6cm, ¢ = 4cm. If B = 40°, find the two
possible values for angle A. :

When might the sine rule not be useful?




The cosine rule

This is the great fallback rule, which is used
whenever the sine rule cannot be used.

In Figure 4.26, there are two triangles. One of
them has two sides and the included angle (such
as angle C = 58°). The other one has all sides, but
no angles. These require the cosine rule to solve
them.

The cosine rule is a general expression which
links all three sides and one angle.

Worked Example

Mathematics for Engineering Technicians

Hence, if we have two sides and the included
angle, we can calculate the side opposite the
angle.

Also, if we have three sides, we can rearrange
the expression to obtain the required angle.

The cosine rule expressions:
a*> = b* + ¢* — 2bc cosA
b* = a*> + ¢ — 2ac cosB

c¢® =a*>+ b?> — 2ab cosC

In a triangle, side a = 7cm, side b = bcm
and the included angle (C) = 75°.

Use the cosine rule to find the other side,
c, then solve to find the other two angles,
using the sine rule (because it is easier to
rearrange).

C

B

Figure 4.27 Cosine rule

Start by sketching the triangle and labelling
what you already know.

-

Using
c¢? = a’ + b*> — 2ab cosC
c? =49 + 25 — (2 X 7 X b)cos75°
c = V(74 —18.117) = 7.48cm

Now, using the sine rule, another angle can be
found, say A,

using
a _ b _ ¢
sinA  sinB  sinC
7 _ 748
sinA  sin75°

sinA = 7sin75°/7.48

sinA = 0.9039

A = sin™10.9039 = 64.68°

B = 180°—75° — 64.68° = 40.32°

J

Exercise 4.46 O

Revisit the two triangles that were given as examples which cannot be solved using the sine rule (see Figure 4.26).

Solve these to find all unknowns.

Make the Grade

Grading criterion P6 requires that you produce answers to two practical engineering problems including the sine

and cosine rule.
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Mensuration

By the end of this section you will have de-
veloped a knowledge and understanding of
how to use standard formulae to solve sur-
face areas and volumes of regular solids.

Key Term

Mensuration — This is the use of mathematical
tools to help with physical measurements.
In engineering, there are many measurements that
are made regularly as part of everyday work. These
measurements are generally applications of units

and quantities which have been derived from the
fundamental SI units.

Activity 4.9

For example, the measurement of length or
distance is a fundamental quantity and uses the
fundamental SI unit of length, the metre.

Area is length X length, so the derived units are
metres X metres or m?.

It follows, then, that volume being area X length,
= m3

and so on.

However, in engineering, things are not that
straightforward. There are squares and cubes,
rectangles, trapezoidal shapes, cones, cylinders,
and so on.

Common shapes and regular solids

For the objects and shapes we make regular
use of, there are standard formulae to work out
surface areas (to determine the amount of material
required) and volume (to allow us to work out the
weight of an object if we know it is density).

Either working on your own or in small groups, complete the following table with
ideas about where you might need to know this detail in real life and in engineering.
At the bottom are two blank rows for you to choose another shape to include in the

list.

Some initial ideas have been included to help you get started. Modify these as you
think fit, to make more interesting challenges.

Once complete, exchange your table with someone else so that they can work out
some values to explain your suggested application problems.

Quantity  Formula

Volume of
a cylinder

Application at home

Application in engineering

Pneumatic or hydraulic cylinder or car
engine piston displacement. Why is a
3.4 litre V6 engine called 3.4 litre?

Amount of insulation to cover a hot-

Total sur-
face area of
a cylinder

water cylinder (with only one end — the
top) — the formula becomes rh + r? if the
cylinder is, for example, |.4m high and
0.45m diameter.

Volume of 4.3
a sphere 37

Someone makes spherical candles of
| 50mm diameter and wants to coat

Surface
area of a
sphere

them with glitter. The adhesive for the
glitter is supplied in tubes of 100ml, and
each has a surface coverage of 0.33m?,

How many tubes would be needed to
totally cover 24 candles?

Volume of o,
=W
a cone 3
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Quantity Application at home Application in engineering

An exhaust pipe is made of sheet
metal formed into a cone, with a
Curved

small cone cut off the end. Determine
the amount of sheet metal required
for a cone-shaped exhaust 0.45m,
long with diameters of 2cm at one
end and 8 cm at the other.

surface
area of a
cone

Volume of
another
shape
of your
choice

Surface
area of
your cho-
sen shape

volume of sphere = %ﬂﬁ

Recap and summary

Standard formulae used to solve surface areas and
volumes of regular solids:

surface area of a sphere = 471

volume of a cone = %m'zh

e volume of a cylinder = m?h curved surface area of cone = nr X slant height.

e total surface area of a cylinder = 2nrh + 2mr?

Exercise 4.4%7

. Assume that ice cream has the same volume when frozen
as it does after melting. Given a cone, what diameter sphere
of ice cream can be put on the top to ensure that all the
cone will be full, with no overflow, after it melts?

2. A company making metal fishing weights buys metal stock
on rolls of 0.25cm diameter wire to melt into the moulds
for fishing weights. The weights are in three regular shapes:
spheres, cylinders and cones. Determine the relationships
between the length of stock metal required for each shape,
and test this mathematically for three different sizes of each.
The sizes and cone slope angle, and so on, can be any
reasonable value of your choice.

Figure 4.28 Ice cream cone

3. A hydraulic machine consists of four cylinders, with inside dimensions of | 5cm diameter and operation
length of 3.6m. The total length of pipes used from the tank to the cylinders is 42m and the inside bore
of the pipe is 22 mm. Work out the amount of oil that would be required to completely fill the pipes and
extended cylinders. Then double this to obtain a recommended volume of oil to be poured into the system
to allow for leakage and cooling.

Make the Grade

Grading criterion P7 requires that you use standard formulae to find surface areas and volumes of regular solids for
three different examples respectively.
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4.3 Using statistical methods to display data

This section will cover the following grading
criteria:

Statistics is a branch of maths where values and
data are manipulated to produce meaningful
reports of what has happened, and possibly to
forecast what is likely to happen in the future,
assuming that things continue to progress in more
or less the same fashion.

Working with and manipulating data (not
changing it) allows us to represent them using a
range of methods to suit our needs. In this section
you will see how statistical diagrams are used to
represent data, including:

bar charts

pie charts

frequency distributions

class boundaries and class width
frequency tables.

You will also see how the following are used to
help us to make sense of data and numbers:

e discrete variables

e continuous variables

e histograms

e cumulative frequency curves.

Within all these, you will carry out a range of
calculations and observations, involving:

e mean
mode

median
discrete data
grouped data.

Statistical measurement

By the end of this section you should be
familiar with meanings and uses of arithmetic
mean, median, mode, discrete and grouped

data.
“Make the Grade

Grading criterion P9 requires you to determine the
mean, median and mode for two statistical problems
and explain the relevance of each average as a
measure of central tendency.

v

As the introduction to this section has shown,
there is much mathematical or statistical jargon
to cover.

Activity 4.10

1.Do this on your own. To introduce
you to some jargon, spend about half
an hour searching for the definitions
and explanations of the following
terms. You might know some of them
already.

Term

Variable

Mean

Mode

Median

Discrete data
Continuous data
Grouped data
Bar chart

Pie chart
Histogram
Frequency distribution
Class boundary




Class width
Frequency table
e Variant
e Cumulative frequency
e Cumulative frequency curve

You will have found that many of these
terms have a range of explanations; it
might help you to learn a little more if
you organise a discussion about your
findings and come to a class or group
definition.
2.8hare your findings. Using the
information that you have written
down, share your findings with
others in your class using a snowball
technique. Snowballing means
that, in pairs, you should share
your definitions, meanings and
explanations to arrive at one agreed
combined meaning or definition.
You should then share these with
another pair, combining them into
one agreed meaning. Next, share in
groups of 8, then 16, and so on, until
you have a shared group definition or
meaning for each of the terms. If you
cannot agree, leave both definitions
in.

. Write them out, pin them on a wall,
type them up, put them on a virtual
learning environment (VLE) or
print them out and put them at the
start of this section in your notes.
Use them in any way that will help
you to learn them and provide an
accessible reference whenever you
need to remind yourself of the
meanings.
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Data — used and abused in many
instances

The need to attract customers can sometimes lead
to news headlines using statistics and data that
are designed to shock.

Imagine what you would think if you saw
the following headline (created for illustrative
purposes):

50 per cent less likely to die before the age

of 18 if you eat raw vegetables.

One’s immediate reaction is that 50 per cent
means half - so, many of us think that this is
telling us that half of us will live longer if we eat
raw vegetables. Further investigation might reveal
that a sample of 10000 teenagers, from 14 to 18
years' old, were monitored over four years. In this
sample, it was reported that around half of them
ate raw vegetable, (about 5000 teenagers). The
others ate cooked vegetables.

The data also showed that three of the
10000 teenagers had died, and one of these
ate raw vegetables. No details of the causes of
the deaths could be found, and there was no
apparent definite link between eating cooked or
raw vegetables.

The headline could have also said ‘twice as
likely to die if you eat cooked vegetables, which
makes cooked vegetables look like killers.

Figure 4.29

179



180

BTEC Level 3 National in Engineering

Exercise 4.48 O

For the example given on the previous page,

¢ how could the data have been represented more
realistically and made less shocking? What is your

i overall opinion of the use of such data and what the
details actually represent?

Next time you pick up a newspaper or listen to
some news, try to find examples of how statistics
and data have been used to attract customers. You
might be surprised.

What do numbers tell us?

Everyone has some understanding of numbers. We
can all look at a series of numbers and interpret
some meaning from it.

Exercise 4.49 O

Look at the following set of numbers and write
i down a few comments to describe the information
i that the numbers portray to you.

So what do the numbers actually mean? Until we
know what we are interpreting, the numbers mean
absolutely nothing, other than the things you
imagined or pieced together from your previous
knowledge, and the human instinct of trying to
put things into recognisable patterns.

Using a larger set of numbers

When the set of numbers is larger, there is
obviously more data, but we still need some tools
to interpret what it is telling us and we need
to know what we are looking for. Look at the
following set of numbers:

3r5727774747179737572767814777472757413

What meaningful understanding do they offer?
Again, none, really, or not until we are asked to
interpret them, or told to look for some kind
of pattern or relationship that the numbers are
conveying.

Here, then, is a context: assume the set of
numbers represents the number of cars that
people have owned so far in their lives. Their ages
are irrelevant, particularly for the task at hand.

Exercise 4.50

i To establish what you already know, from GCSE or
i other studies, and using the given data, answer the
i following questions.

I. What is the highest number of cars that someone
i has owned? :

i 2. What is the lowest number of cars that someone
has owned?

3. What is the most common number of cars that
i the people have owned?

i 4. What is the least common number of cars that
i people have owned?

5. What is the median number of cars that people
have owned?

6. What is the average number of cars that people
H have owned?

How did you get on with the six questions?

Questions 1 and 2 could be answered by
scanning across the row of numbers, looking for
the highest or lowest number.

Questions 3 and 4 need some thought. They
could be answered by making a tally of frequencies
for each number - for example, how many 3s, how
many 4s, and so on, then identifying the highest
and lowest frequencies of occurrence.

Question 5 requires us to put the numbers
in numerical order to identify the value of the
number which is physically (not numerically) in
the middle.

Question 6 requires some calculations, but
before we start with these, we need to understand
exactly what is meant by the term ‘average. The
question should really have asked you to find the
arithmetic mean, or the mean value of the number
of cars.

‘Average’ is a term which is used to refer loosely
to a distribution of values, and there are a few
types of average, as you have seen already, from
your work on finding the definitions of terms in
Activity 4.10.

Go back to question 3 in Exercise 4.50.

Did you use a tally chart looking something like
the one opposite?
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Number of cars owned

Frequency of this number occurring

NO| ol Nl o] L] Ml W

Now consider question 5. First of all, we usually work
better with numbers when they are in numerical
order, because that is what we are used to.
Original sequence
3,52,74,4,1,93,52,6,8,4,74,2,54,3
Sequence in numerical order
1,2,2,2,3,3,3,4,4,4,4,4,5,5,5,6,7,7,8,9
As there are 20 numbers, the median is halfway
between the 10th and 11th number (these are
shown in bold).

In this case, the 10th and 11th numbers are
both 4, so the median is 4.

Finally, we come to question 6. The average, or
the arithmetic mean (to use the proper term), is
calculated by taking the sum of all the numbers
= 88, and dividing this by 20 (the number of
numbers); we see that the average or arithmetic
mean is 4.4.

A quick recap: this means that from the data
provided, the average (arithmetic mean) number
of cars that the sample of 20 people have owned in
their life so far is 4.4 cars.

To summarise what the data have told us so far:
4.4 is the average number of cars across the sample
taken (this is called the mean). When all the numbers
of cars that people in the sample have owned are
placed in numerical order, the number of cars
which is the mid value is four cars (this is called the
median). From our sample of 20 people, four is the
most common (which is called the mode) number of
cars that people have owned in their life, so far.

All these figures tell us something about the
spread of the data and the central tendency of
the set of numbers. These are sometimes referred
to as measures of central tendency, measures of
location, measures of central value or simply the
average values.

Median — The number that is in the middle
when all the numbers are placed in numerical
order.

Mode — The number that occurs most often.
The mode is used to represent a typical item
or person — for example, Mr Average — and the
type of television he would buy to watch sport,
the type of car he buys, and so on.

Mean — The arithmetic mean is the sum of all
numbers divided by the number of numbers.
This is what most people generally refer to
when they talk about the average.

Unfortunately for the average person, all three
terms are commonly referred to as average
values.

To define loosely what each kind of average repre-
sents, consider the following:

e Mean - the arithmetic mean - the value
obtained when all the numbers are added
together and the sum divided by the number
of samples.

e Mode - most common or most often, the
‘fashion’ — with all the values being considered,
this is the value that appears most often,
providing some kind of ‘averageness’ to the
value.

e Median - the mid value when all the values
are put into numerical order. There are as
many values higher than the median as there
are lower than it, so it is a representation of
‘middleness’ or ‘average’
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In statistics, or engineering (and life in general),

the use of the correct ‘average’ or ‘measure of EXGI’C].SG 451

central tendency’ is important.

What if the numbers of cars was as follows?

,1,2,2,2,2,3,3,3,3,4,455,567,7,89

Worked Example

I. What are the values of the median and the mode

for the new range of values?
The lengths of ten bolts are measured

and six of them are 51mm long, two i 2. |15 resistors are bought to construct part of a H
of them are 55mm long, one of them is circuit. Their values are indicated in the following
49mm long and the final one is 42mm table. What are the mean, the mode and the H
in length. i median values?
: Resistor Resistance (€2)

How could one or more of the three types | 332
of ‘average’ provide us with information : > 5
that would not be considered useful :
for the use of a bolt, which must be no 3 32
shorter than 48mm (to allow enough 4 33.5
threads to provide sufficient grip) and no 5 33.0
longer than 52mm (because of the depth 7 332
of the hole or the space available)? > 5

8 33.0

9 29.9

10 314

Il 33.1

12 334

13 29.7

14 29.1

15 33.1

Again, you should have found that the mean

Figure 4.30 i value does not represent a real value of any of
Mean = 50.7mm i the components.
Median = the value in the middle when lined i 3. Assume that the purchaser wanted resistors with

up in numerical order = 51 mm

a value of 33 Q exactly.
Mode = most common = 51 mm

Only two would be acceptable, with |3 rejected.
The mean value tells us that, on average, the H
bolts are 50.7mm long. Common sense tells us
that none of the bolts is 50.7 mm long.

(@) If the acceptable value was 33 = 10 per
cent, how many would be suitable?

(b) If the acceptable value was 33 = 5 per cent,
how many would be suitable? :

This does not mean that the mean is a useless
value, but it does mean that the mode or the
median have more significance than the mean
in this instance.

N J

The arithmetic mean is a value that is deter-
mined by arithmetic processes, whereas the mode
and the median seem to represent actual sizes that
occur. But this is not always the case.
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Finding the mean value of a frequency distribution

Worked Example

One task that has to be carried out by a maintenance engineer is maintaining the
lighting, either in a factory, an office or any workspace. Assume that strip lights are in
use in a factory, and the level of illumination has to be maintained at a certain level for
the sake of the quality of the product being manufactured and for safety reasons.

The following data have been collected over a few years and the planning engineer has
to determine when to have the tubes changed.

Lifetime | 50 150 | 160-169 | 1702179 | 180-189 | 190-199 | 200209 | 210219
(days)
Frequency 2 6 53 80 61 32 12

Use these grouped data to determine the mean lifetime of the strip lights.

Then explain how the data and the mean lifetime can be used to determine a rota for
changing/replacing the tubes before they fail.

This problem requires a slightly different technique.
The data are telling us that two lights failed within 150-159 days of use.

You could take the pessimistic approach and assume that they both ‘popped’ at close to 150 days,
or an optimist might accept that they lasted 159, or thereabouts.

Generally, the limit that you would use would depend on the requirements of the problem, but we
will work with the middle of the ranges, or the approximate average of each range.

Hence, the table becomes:

Lifetime 155 165 175 185 195 205 215
(days)
Frequency 2 |6 53 80 61 32 12

Now multiply each value by its frequency (to get xf), then divide by the sum of the frequencies (the
total number of lamps) to get f.
J
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i Motor scooters' mileage
Exercise 4.5 ® d
: : | Days a b c d e
i 1. Work through th.IS problem to determine the | 34 201 35 77 128
average (mean) life of a lamp. i
: : 2 52 211 197 194 152
2, Whalt \{alues would the pessimist and the opﬂmlst 3 70 179 e 70 34
obtain if they used the lower class boundaries
and the upper class boundaries, respectively (that i ! 38 3 77 201 166
is, 150, 160, and so on, or 159, 169, and so 5 145 88 130 7 193
on?) 6 132 149 82 172 B
i 3. In small groups, or on your own if you 7 201 160 170 126 69
H prefer, discuss what these calculations tell the 8 98 52 201 159 129
maintenance engineer about the frequency of 5 108 53 o > 73
replacement (before they blow) of the lamps.
e teeetse e eee e s ettt et este et enene s 10 211 106 29 35 231
I 78 168 107 9 149
Data handlmg 12 156 202 170 125 192
13 143 183 140 172 169
By the end of this section you should be able 14 187 55 162 169 56
to interpret and produce data represented 5 123 138 94 0 170
by statistical diagrams — for example, bar 7 5 174 = T 47
charts, pie charts, frequency distributions, 5 - ™ 55 = ™
class bounfjarles anFi class width, frgquency B e 7 = = m
tables, variables (discrete and continuous), = s = = = ye
histograms (continuous and discrete vari-
. 20 165 104 221 147 147
ants), cumulative frequency curves.
21 135 218 184 125 204
22 123 93 149 165 77
23 109 42 182 121 149
Make the Grade 24 62 12 62 135 129
o . 25 26 160 129 53 174
Grading criterion P8 requires you to collect data
and produce statistical diagrams, histograms and 26 8 - > 78 62
frequency curves. 27 193 182 158 93 79
28 49 Il 21 124 92
Collecting data or large sets of numbers and 2 108 7 26 20! |
putting them on a page does not help with their 30 45 93 53 42 44

interpretation. What are the numbers trying to
tell us?
For example, consider a pizza place which has ]
five motor scooters for use by the delivery team. Exercise 4.53 @
Over a period of a month, the daily mileage of

each of the motor scooters is monitored. For each motor scooter (a—e), work out the mode,

i median and mean mileage covered in the month.
¢ Also, identify any that are bimodal or trimodal.
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Creating manageable groups of
data

From the data given for the pizza delivery motor
scooters, the initial mileage chart was a grid
containing 150 numbers, which were difficult to
visualise or make use of. Putting them in numerical
order helped to identify the median and modal
values. This also gives us some indication of the
‘spread’ of numbers or mileages.

Because 150 items of data is a large amount,
we could group them into manageable ‘sets’ of
‘classes’ — for example, in ‘class widths’ of 25. This
would then put all the data into ten groups.

Now let us count the frequency of occurrences
of each mileage value, but this time, indicating
where it occurs within a group, set, or class.

Statistical diagrams

In statistics, there is a wide range of types of
diagrams that can be used to create a picture
of the data, making it easier to see a trend or to
interpret the information contained within the
data.

Mathematics for Engineering Technicians

Activity 4.11

Look through a range of newspapers
and/or magazines to find any examples
of pie charts, bar charts or histograms
being used to represent data.

Make a note of what you found,
identifying the source of the data
(which magazine or newspaper, the
date, edition, page, etc.), to allow others

to locate them.

When you have found the information,
put your findings onto one or more
posters, which would make good
revision aids.

On the poster, include the example(s)
that you found and a brief explanation
that you have created from previous
knowledge or from your research.

Exercise 4.54 o

I. Copy and complete the table below by counting up the number of occurrences of each mileage range of

group.

Grouped mileage data

Number of occurrences for all riders taken together

=25

26-50

51-75

76-100

[01-125

126—150

51175

176-200

201-225

226-250

2. Add another column to the right of the number of occurrences, which should add up to 150 at the 226—

250 group.

3. Plot a graph to show the values of groups against the cumulative frequencies.
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The ple Chal"t Reesistors

Earlier in this section, you were asked to identify
and explain any obvious relevance in the numbers
3,7 and 5, and there was no obvious significance,
because they needed putting into some context.
The worked example below puts these numbers in
context.

Worked Example

Fifteen resistors (or drive belts) were
purchased from a supplier and they did
not all meet the required tolerances. Figure 4.32 Pie chart
Of the 15, 3 were too small or too low a
value and 5 were too high or too long; 7

were perfect. The advantage of using a pie chart (or any diagram)

is that it saves the observer having to read words
and/or numbers (which some people are scared
of), the diagram immediately shows the infor
mation which the data carries.

One thing is immediately obvious from both
pie charts and that is the fact that just less than
half were perfect, or slightly more than half were
rejected. This is easier to see on a pie chart, even
with simple numbers like 3, 7 and 5.

More complex pie charts can be used, and
some can become too complicated to make sense
of. When using any kind of diagram to illustrate
some data, make sure you do not try to include too
much information.

Show this detail on a pie chart.

Drive belts

Figure 4.31 Pie chart

Exercise 4.55

i Acaris made of many materials. Use the data provided to create a pie chart to illustrate the proportions of each
i material, by volume. :

p
.
L(

Non-
Ferrous . ) .
metal ferrous Plastics Glass Fluids Rubber Hardboard Adhesives
metal
27% 41% 18% 2% 4% 6% 1% 1%

You may find it helpful to use a spreadsheet such as Microsoft Excel® to produce this, and to save you having to
¢ do several calculations from percentages to degrees.



The pie chart is simple to draw and interpret, but
it soon becomes overcrowded when there are more
than five or six items of data being represented
on it.

A better way of demonstrating such a large
range of data items is to use a bar chart.

Bar charts

If you do these on a spreadsheet such as Microsoft
Excel®, you may find different names. A bar chart is
described and illustrated as a series of horizontal
bars growing out of the vertical left-hand axis.

%
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A bar chart that we recognise as such is called a
column chart, because it more correctly describes
the series of columns which grow out of the
horizontal axis.

A bar (or column) chart of the data given for
Exercise 4.55 would look like the diagram in
Figure 4.33.

The histogram

A histogram is similar to the bar chart, but is
fundamentally different in the following respects.
With the bar chart (or column chart), each bar is
a separate entity and generally represents discrete
lumps or sets of data, such as types of material

45
40 which make up a car, names of the months in a
gg year when illustrating the rainfall over a year, or
25 comparing two years’ rainfall on a monthly basis,
20: and so on. A histogram, on the other hand, is
%(5), generally used to represent continuous data, and
5 = | the nature of the continuity of the data is repre-
0 > N o s & > " o | sented with a series of bars or blocks that are
X X <
& & & & N & joined together, and the continuous data are fitted
s & 8 T & F o the slots made by the b
& & S R into the slots made by the bars.
< OQ/(& To explain this, an example would be easier than
words. Considerin e example about pizza
< ds. Considering th ple about pi
Figure 4.33 Bar chart deliveries:
Grouped mileage data Number of occurrences for all riders taken together
[-25 6
2650 12
51-75 2
76-100 16
101125 17
126-150 25
I51-175 25
176-200 20
201-225 12
226-250 3

A histogram representing this data is shown in Figure 4.34.
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1-25 26-50  51-75 76-100 101-125 126-150 151-175 176-200 201-220 226-250

Figure 4.34 Histogram

Exercise 4.56 ®

Select a topic that is related to your place or work or your subject area, and carry out a practical investigation
to obtain some meaningful data. This could be the number of employees you work with — how many are in
particular categories of jobs, such as clerical, part-time, full-time, maintenance, installation, design, management,
labouring, production and so on, assuming the company is big enough. If not, you could look at the types of
vehicle they drive — cars, type, age, motorbikes, and so on.

Alternatively, you could select an item of equipment that you work with regularly and collect your own data sets
to work with. These could be electrical lights, fittings, components, relays, electronic components, mechanical
components, such as screws, nuts and bolts, drive belts, bearings, wire ropes, moulds, pipework, and so on.

When you have decided what to do, you need to make sure that you can collect data that will allow you to
compile a frequency table, histogram, frequency curve and as many of the other topics covered in this section as
possible.

To help you with this, and as a final recap of the material covered in this section, have another go at completing
the following table.

Term Definition, meaning or explanation

Variable

Mean

Mode
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Definition, meaning or explanation

Median

Discrete data

Continuous data

Grouped data

Bar chart

Pie chart

Histogram

Frequency distribution

Class boundary

Class width

Frequency table

Variant

Cumulative frequency

Cumulative frequency curve
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4.4 Using elementary calculus techniques

This section will cover the following grading
criteria:

Graphs and gradients

By the end of this section you will have de-
veloped a knowledge and understanding of
how to work out the gradients of graphs.

You will be familiar with working out gradients
of graphs from earlier studies, but to recap this
important process, which becomes the basis of
the calculus. Work through this at a pace to match
your confidence with working with straight-line
graphs.

Exercise 4.57 )

Using graph paper, to get useable results, draw a pair of vertical and horizontal axes, enter some clearly readable :
scales and draw four or five lines, with different slopes, which intercept the vertical axis at different points, some
positive, one through the origin and at least one which intercepts the vertical axis in the negative region.

Now write out the equation for each line.

Refer back to learning outcome | if you get stuck or you wish to check your working.

On the lines that you have drawn, create some accurate ‘rise over run’ triangles and calculate the gradient of
each line (see page 148 for further details on rise over run).

The equation tells us the relationship between the
x and y axes, which depends on the gradient (m)
and the intercept (c).

For example, given that y = mx + ¢
with values added:

y=3x+2

This tells us that for any value of x, the corre-
sponding value of y will always be three times the
value of x, plus 2, the value 2 being the starting
point of the graph or the value of y when x = zero
(also known as the intercept).



Exercise 4.58

i Now select one of your lines, or draw another, as

¢ in Figure 4.35, and calculate the gradient or slope

! at two or three points along its length. You may

i already know the answer, but what level of accuracy
{ can you state for the gradient?

! You should find that the gradient is the same rise

! divided by run, no matter what values of y and x

{ you use to do the calculation, as long as they come

i from the graph. Because the line rises at the same

i rate, the slope is the same all the time, and the

i relationship between y and x is a constant, called the
i gradient.

Mathematics for Engineering Technicians

@
+y
/
- +x
-y

Figure 4.35

Key Points

We can confidently say that the graph of y = mx +
c is a straight line, which is why it is often referred
to as the straight-line equation.

The reason why the calculus was invented

Not all lines are straight. However, we still want
to be able to calculate the relationship between x
and y (or any other variables/coordinates) with a
high level of accuracy.

The next exercise will take you through the
initial steps which the inventors of the calculus
might have gone through.

Exercise 4.59 O

Again, using graph paper with a suitable scale, plot
i the graph of y = x? from x = =3 to x = +3, using
i increments of whole numbers.

i Always start with a table of values to show your

working (which allows you to refer back to it in case

you forget where the values came from, AND it allows
i someone to see that you have worked it out correctly.

Your immediate observation of this curve should be
to notice that it is symmetrical about the vertical
axis. The y axis acts as a mirror and reflects the
positive values and shape in the negative section.

Now look more closely at the problem of evalu-
ating the gradient of the curve of y = x2.

If you place a straight edge, such as a rule, on
the horizontal axis, it should be just touching the
curve at x = 0.

At x = 0, the slope = 0.

Now place the straight edge against the curve,
at, or as close as you can get to, the value of x =
1, where y also = 1, so that it is just touching it.
Draw a line along the straight edge which touches
the curve at the point x = 1.

You will have observed that as you rotated the
straight edge from horizontal to the point where
x = 1, the slope of the straight edge became
steeper. This indicates that the gradient at x = 1
is different to the gradient at x = 0.

This line you've drawn is called a tangent to the
curve. It is tangential, which means that the line
just touches the curve and doesn't cross it, and it
allows us to work out the approximate gradient at
that point. Use the rise over run method and work
to a couple of decimal places if you can.

Notice the use of the word ‘tangential. This is
not used by accident. The tangential line is at 45°,
and the slope = 1.

Exercise 4.60 O

I. What is the gradientat x = 1?7
| 2. Whatis the tangent of 457

3. Repeat the process to obtain the rise over run
: values and work out the gradient of the curve at
the points where x = 2 and x = 3.

191



192

BTEC Level 3 National in Engineering

When you draw the lines, tangential to the curve,
extend them until they touch the horizontal axis.
Compare the tangent of the angle they make
between the x axis, and the gradient.

Remember, tan® = Io=. You should also
remember that for a right-angled triangle, the
opposite is the rise, and the adjacent is the run.
Did you get approximately 4 at y = x*?

And did you get approximately 6 at y = x3?
By using calculus we can confirm the values are
exactly 4 and 6.

The calculus

The calculus is a mathematical technique that
comprises two distinctly different, but related,
operations:

e differentiation
e integration.

Make the Grade P10

Grading criterion P10 requires that you apply the
basic rules of calculus arithmetic to solve three
different types of function by differentiation and two
different types of function by integration.

They are technically opposite activities, in much
the same way as multiplication is opposite to
division, or addition is opposite to subtraction,
squaring to square-rooting, and so on.

Differentiation

By the end of this section you will have de-
veloped a knowledge and understanding of
the differential coefficient; the gradient of a
curve y = f(x); rate of change; Leibniz no-
tation; differentiation of simple polynomical
functions, exponential functions and sinu-
soidal functions; and problems involving
evaluation.

If you pick up a textbook or search the internet
for details on the calculus, you will find the names
of two eminent scientists — one of whom you may
not have heard, and one of whom you will have
heard of. Their names are prominent when you

investigate the development of the techniques
involved in differentiation.

The two mathematicians (and probably many
more) worked on the problem of solving the
gradient at any point along a non-straight line
graph (a curve), and they are reputed to have made
their discoveries within a few years of each other,
independently. They were Gottfried Willhelm
Leibniz and Isaac Newton.

To convey recognition to both people, their
names are used to identify the two different
methods of notation when using the calculus,

% (Leibniz notation) and f(x) (Newton notation),
which are spoken as: dy by dx and f of x.
So what is differentiation?

Here is an introduction which starts at basic
principles and develops from the straight-line
graph and graph of y = x* that you have just
plotted and worked with.

Consider again the graph of y = x* and the
following attempt to determine the gradient of the
curve at x = 2, as accurately as possible.

Start by drawing a straight line from x = 2
through the point where x = 3.

Notice that this line is inside the curve of y = x?
and not outside, touching the curve tangentially.
This will reduce the uncertainty in the estimation
of drawing an accurate tangent to the curve.

We could try to estimate the gradient of the
curve using rise over run measurements, but is this
the gradient of the curve at x = 2 or at x = 3?

Actually, it is neither. The line represents the
gradient of the curve at some point between x = 2
and x = 3, which could be estimated by drawing a
line parallel to the original line, but tangential to
the curve.

Tangent in the
curve parallel
to line 2—3

Figure 4.36 Tangent of the curve from x = 2to 3



Draw the lines, measure them and calculate the
rise over run value.

However, we want to know the tangent at x = 2,
so draw a shorter line joining 2 and 2.5.

Again, draw this line and measure the rise and
run, then calculate the gradient (rise over run). It
should be a bit less than the original value for the
2 — 3 line.

This is still not giving us the gradient of the
curve at x = 2 exactly and with a high level of
accuracy.

We could draw the graph 1,000 times the size
and reduce the incremental step from 2, to say x
= 2.002.

Try a few more gradients, each one starting at
x = 2 and finishing at x = 2.25, then 2.1, and so
on, to try to see a pattern evolving,.

When the small line is very very small, it
becomes almost impossible to draw and measure
the rise and run, because you are almost working
‘on top’ of the point where x = 2, but not exactly.
Therefore, although the gradient given by that
straight line must be getting very close to the
gradient at the point where x = 2, we want to
know the gradient at the point where x = 2 exactly,
and approximately is no longer an option.

By looking at this problem and the outcomes of
each incremental step closer to 2 for the second
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point (from 3, 2.5, 2.25, 2.1, 2.01, and so on), your
results should be tending to suggest that the value
for the gradient (by rise over run calculations) is
approaching the value 4.

The gradient of y = x? for any value of x along
the curve is equal to 2x. At x = 2, the gradient =
2 X 2 = 4;at x = 3, the gradient = 2 X 3 = 6,
and so on.

BExercise 4.62 ®

i Now repeat this for the graph of y = x*

Using a range of values for x, plot x against y = x*
i Using a suitable scale, and try to spot any pattern

i which seems to be appearing as you work out the
reducing gradients, and compare each one to its

i corresponding value of x.

To save you from spending for ever working out
gradients in this way, for such an expression,
where y is given in terms of x to some power, the
following is true:

Where
y = x" (where n is any number)
the gradient at any point is given by

nxn!

Exercise 4.61 o

Now try the same method to try to determine accurately the value of the gradient of this curve at x = 3.

! If you are doing this in a class with several others, you could try using a large range of values for a much larger
i curve, drawn from, say, x = O to x = 0. From this, you would be able to share a very wide set of results.

From the largest set of results that you can obtain, complete the following table.

Gradient at x value

i |x value
il os

2
4
7
10

Your skills of observation and interpretation are important for the next bit, where you will be looking for patterns

¢ in numbers.

i Can you see any pattern evolving or a fundamental relationship emerging from your results?

(Hint: compare the values of x and the apparent gradient of the curve at each corresponding value of x.)
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Does this agree with the earlier findings and all
the graph drawings?

For y = x? the gradient at any point is given by
2x.

For y = x3 the gradient at any point is given by
3x371 = 3x%

Hence, the gradient is given by multiplying x
by the power or index and reducing the index
by 1.

BExercise 4.63 )

Try this for the following equations, and check some
of them by drawing, as before.

1.y = x'2 (which is a way of saying y = /x by using

indices)
2 y = x*
3 y =X

4 y = 3x*

You may have thought that it was a bit clumsy to
keep writing the gradient at any point =, so we
have some shorthand which simplifies this.

Key Points

Newton said: The gradient at any point on a curve
is a function of x and he wrote this as f(x), which is
pronounced as f of x.

Leibniz said:
The gradient is a change or difference in x with
respect to the corresponding difference in y, and
is written as dy/dx
or

dy

dx
The gradient at any point can also be called the
tangent to the curve — so we now have three ways

to say what we mean.
G /

So where does this have a place in engineering?
Any aspect of life which involves movement or
change can be solved using some branch of the
calculus. d

Velocity is the rate of change of position, so d_It)
which is a difference in position with respect
to the corresponding difference or change in
time.

Acceleration is the rate of change of velocity,
o) % which is the difference or change in velocity
with respect to the corresponding difference in
time.

Control system theory uses multiple integrals
and double differentiation.

Key Term

3 and %‘1— - A change in p or v with respect

to ... not divided by.

An obvious question might be: if % did mean dy
divided by dx, what algebraic error could be easily
made?

A less obvious answer would be: in algebra,
if there is a common term on the top and the

d
bottom, they cancel out, so i would become %
which is single point value of y divided by a single
point value of x, which has a completely different
meaning. dy
In calculus, e
X

means much more than

division. It means the gradient of a tangent to
the curve at any point [x, y] when the lengths
of the rise and the run are infinitesimally small.
(In mathematical language, this is described as
the limit where the incremental change in y and
x are approaching zero, but they are not in fact
zero.)

In other words, the increment in x (run) could
be 0.0000004; the increment in y (rise) could
be 0.000007. Rise over run would still give us a
gradient.

For an electrical example: the e.m.f. induced

in a coil of wire or a conductor is given by —L%
where L is the inductance of the coil or loop of
wire and % is the rate of change of current. The

negative sign is there because the induced e.m.f.
is always such that it tries to cause a current that
will oppose the current which was changing in
the first place, or (put simply) because a negative
change in e.m.f. is caused by a positive change in
current.

To add a few more complexities, you may be
faced with a problem or equation which looks like
the following:

y=x*+3x+4

and you are asked to differentiate this equation.



First of all — if you have access to a graphical
calculator, Microsoft Excel® or any other graphs
package, or some graph paper and a pencil -
plot the curve of this equation to see what it looks
like.

Ul ~

0
o)
N

iEN
w

wl

Figure 4.37 Graph of y = x> + 3x + 4

The problem is no more difficult than the others
we have seen, with each item needing to be
treated as an individual expression when we use
the calculus.

Differentiation of simple
polynomial functions

Prefix — Used to represent or describe the
number of numbers or expressions contained
within an expression.

Polynomials — Expressions which contain

more than one item, where ‘poly’ means ‘some’
or many.

This prefix ‘poly’ is commonly used in engineering,
particularly in materials science, where modern

materials such as polyethylene, polystyrene,
polyvinyl chloride (PVC), polycarbonate, and so
on, are in regular use.

Consider the equation

y=x*+3x+4
as meaning y = x?, and added to this we have 3x,
and finally we add 4.

These are differentiated individually, then added
together.
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What happened to the 4?

Exercise 4.64 O

Spend a few minutes trying to explain why the
number 4 disappears when it is differentiated.

BExercise 4.65

i 1. Plotthe graph of 2x 4 3 on the same axes (or

H same graph paper) asy = x* + 3x + 4, using
the manual gradient estimation method, by using
your rule or other straight edge and sketching the
rise over run as you did for the graph of y = x2. i

Does your estimated gradient plot look anything like
the gradient given by the calculus?

2. Compare the graphs.

This is a comparison between the calculus and
graphical differentiation, which compares mathe-
matical techniques with a real-life sketch that is
visible and allows the picture to be seen.

Another term that you will encounter is the
‘differential coefficient. This simply means the
expression that is obtained after differentiation.

For y = ax"
Then &~ g
en g = nax
The expression naxn™! is known as the differential
coefficient of ax".

Key Term

The differential coefficient — The equation
you get when you differentiate an equation.
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Exercise 4.66

Make some notes to help you explain the
i relationship between

y = ax"
and
dy/dx = nax"~!

(Hint: n just means any number, a is any number that
i is a multiplier of the expression.) i

Exercise 4.67

Differentiate the following polynomials, with respect
: tox.

l. y=x+ 3x

2. y=3¢+3¢+4x-6
3. y=x-3x-19
4

Differentiation of exponential
functions

You may remember from the section about
logarithms and the natural number e, that an
activity was introduced where a graph of ex was
plotted and the gradient of the curve y = ex was
plotted. You were then asked to use rise over run
at several points on that curve to determine the
gradient.

The interesting thing about the value e is
that if you plot a graph of x against values
of e, you obtain a curve, and at any point on
that curve, the gradient is equal to the corre-
sponding value of e*.

It follows from this statement, and observation,
that if the gradient is equal to the e* value, then
the differential coefficient of x (where y = ¢*) will
also be e~

This is better written as an algebraic statement
with its differential coefficient.

If

then

= O R ES I S BN

Exercise 4.68 O

Using a full page of graph paper, prove this for

i yourself.

Plot the graph of y = ex for a range of, say, x = 12
to x = +2, and sketch the curve as accurately as

i you can.

i Access to software may allow this to be done H
quicker, if you can use it, and the software may allow :
you to read off the gradient at any point. i

Either way, and particularly if you are drawing this
i manually, at x = zero,y = e* = |,

Try to determine the gradient at the pointy = |
i using the rise over run method.

Then try to obtain the value of the gradient at
Px=1.

You may be given a list of differential coefficients,
but it is always a good idea to make your own as
you come across new ones.

Once the expression starts becoming a little
. dy .
more complicated than -, and as an alternative
way to write the expression, we tend to use a
slightly different way to write it down.

For example, if

y=e
then d

v _

dx e
is fine.

But it may be written as
d
ax )



which reads as the differential with respect to x of
e* without mentioning the variable y at all.

Also, as with

y = ax"
or
4 ()
having a differential coefficient of
Y nax"!
dx 4
4 (409
has a differential coefficient of
4e*
Finding the differential coefficients is one

achievement, but normally we want to find the
value of this for some value of x.

If y = 5e, find the differential coefficient and
evaluate this when x = 2.

The answer would be as follows:
4 (50 = 5e
at x = 2, this evaluates to 5e*
36.945
In order to solve this, you need to find the button(s)
on your calculator which allow you to work out
powers. Hence, if you find the method to enter ex

into your calculator, and enter ¢?, then multiply
this by 5.

Exercise 4.69 o

Solve the following.
Ly = e

Find d/dx and evaluate this to three decimal places
i when x = 2.5.

P2,y = 6.8

Differentiate this with respect to (w.r.t.) x. Evaluate
i the gradient when x = 0.5

Note: when the exponent is of the following
form,
y = 5e*

the differential is not as straightforward, and you
will see more of this later, particularly in further
maths.

What we have to do is involve the index within
the differentiation by multiplying the overall
expression by the differential of the index.

Mathematics for Engineering Technicians

Differentiate 2x, and we get 2.

Multiply this by 5e*

which gives

ﬂ = 10e*

dx

(This is called the function of a function rule -
more on this later.)

Differentiation of sinusoidal
functions

Sinusoidal functions - for example, sines and
cosines — can be considered as a waveform which
shows the variation of a voltage, displacement or
current, and so on, with time (or angle of rotation).

Plot a sine wave over one complete cycle, with
peak values of 1 unit to —1 unit.

It should look like this.

1.5000
1.0000+
0.5000+

0.0000
-0.5000
-1.0000

-1.5000-

Figure 4.39 The sine curve

Now for some more graphical differentiation. On
the same diagram, using the same peak values
of 1 and —1, mark the following points and plot
a graph which shows how the gradient changes
depending on the angle.

Points to plot:

e At 0° the gradient is at its steepest, and is
rising in a positive direction, so plot a value of
1, above 0°.

e At 90° the gradient is zero, because it is a
flat line, so plot a value of zero at 90° on the
horizontal axis.

Key Term

Turning point — Where a graph stops going in

one direction, then goes in the other direction.
The point is referred to as a ‘.

You came across this earlier with the graph of
X2+ 3x + 4.

T T T T
0 100 0 300 400

sinB°
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At 180°, the gradient is at its steepest, but reducing,
or falling, in a negative direction. At 180°, plot the
value of —1 to indicate that the gradient is at a
maximum value, but negative. This is a turning
point for the gradient plot.

Continue with this process through to 270°
where the sine curve is at a maximum negative
value (—1) and the gradient is zero because it is
another turning point.

Finally, at 360° plot a point to represent the
gradient or slope of the sine curve, which you
should see as increasing in a positive value at its
maximum rate (steepest), so plot the value of 1
above 360°.

Now join up the points, bearing in mind that if
you plotted more than these five points, they would
show that the plot of the gradient’s behaviour
follows a sinusoidal shape, but is shifted by 90° to
the left-hand side.

Exercise 4.70 O
I. Repeat the process for a cosine wave. What is
H the curve that represents the gradient of a cosine i

wave at any point?

i 2. Use the same process to graphically differentiate
the inverse sine wave. Then carry out the same
process again on the result of that one. What do
you observe!?

Differential coefficients of sine
and cosine

p
Key Points

When referring to angles in the calculus, remember
that they must be in radians, not degrees.

You have seen this curve before. -
The cosine curve is shown in Figure 4.40. 5
Y
Value of y Value of g5
1.5000 sind cosf
1.0000 cosb —sin@
05000 sin® —cosf
cosH sin®
0.0000 T T T T
0 10 200 300 400 Further to this, then, the angles are multiples
-0.5000 of 0, for such as 40 or 260, the differentials
-1.0000 become:
cos0°
~1:50007 Value of y Value ofj—g
Figure 4.40 The cosine curve
sin26 2c0s26
So, what has this to do with the calculus? Using |cos26 —2sin20
the graph of a sine wave and plotting the gradient [0 o020
of this curve, across a range of points or values, = o
you have graphically determined that the gradient “ "
of a sine wave is equal to a cosine wave at any Or in general terms:
point on its curve. (That is graphical differen- dy
tiation, again.) Value of y Value of%
You have found, by observation, an expression |- 5 .
which allows us to calculate the gradient of a sine o o
wave at any value. cosaf —asinad
—sina6 —acosad
—cosaf asina®

Because a6 and 260 are functions of 0:

e af is a multiplied by 6
e 26 is 2 multiplied by 6.

You have seen how we differentiate a function, so
differentiating, say, ab w.r.t. 8 we would get g, in



BExercise 4.71
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i 1. Referring to the right-angled triangle and SOHCAHTOA, you could determine the values of sine, cosine and

: tangents with some accuracy using the trig ratios from SOHCAHTOA. Plot these on a graph and accurately
determine the lengths of the sides for a right-angled triangle at 10° through to 90° or 180°, and plot the
gradients to obtain the graphs of sin, cos and tan, along with the differentials of these.

2. Graphically differentiating tan® will allow you to see the shape of the secant curve. If you have access to
i mathematical graph-plotting software, plot the graph of tan, then sec and finally sec?6, to compare with
your graphical sketches. Note: sec?d is how we say it, but calculators, say it as (sec)?.

3. Ifv = sin6, differentiate to obtain %9 (sin®).

4. The instantaneous voltage of a waveform is v = 24sinf + |2cos8; use differentiation to obtain the rate of

change of v w.rt 8, or j—g

T PP PP PP

exactly the same way as we arrive at 2 when we
differentiate 2x w.r.t. x.

The problem becomes complicated because
cos26 is a function (cosine) of the function 26
and solving this requires the function of a function
rule.

The function of a function rule is beyond this
textbook and is covered in further maths.

What about differentiating the tangent?

It has already been mentioned a couple of times
that when using the calculus, angles must be given
in radians and not degrees.

This is because the degree is a 360th of a
complete revolution. It is a fraction of a circle
using a value that was chosen arbitrarily and not
by using any fundamental section or value which
directly relates to the circle. A radian, on the other
hand, is a fundamental part of a circle. When the
calculus becomes more complex in further studies,
this becomes more obvious.

Activity 4.12
From your notes, what fundamental

part of a circle is used to determine an
angle on one radian?

In the same way that a degree is arrived at by
dividing a circle into 360 increments, the tangent
is derived from %, which is a division.

Differentiating terms that involve division
(or quotients) requires a deeper understanding
of the complexities of the calculus and will
be covered in further maths or AS/A2 maths
(applied or calculus), as well as any other higher-
level study which has a mathematical element,
such as engineering.

If y = tanf

dy
de
(where sec is an abbreviation for secant).

= sec?0

Integration

By the end of this section you will have de-
veloped a knowledge and understanding of
integration as a reverse of differentiating;
indefinite integrals; constant of integration,
definite integrals; limits; evaluation of simple
polynomial functions; and area under a curve.

Generally described as the reverse or inverse of
differentiation, integration follows similar rules, and
is, again, quite a common feature in any engineering
qualification from the BTEC National upwards.

Effectively, integration can be seen as being
presented with the differential coefficient of a
function, and we are asked to find the original
function.

Looking at it as a step-by-step process, consider
the following function, which was covered earlier
in this section:

When given a function such as y = x* and asked to
differentiate it, the process is

e multiply by the power
e reduce the power by 1.

d
Hence Ey became 2x.

BExercise 4.72

i Treating integration as the reverse process to
i differentiation, write down the two steps we should
i carry out on 2x to get back to the original function
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Worked Example

When given y = 2x°, we found the differential
coefficient to be

dy _ ..,
& = bx
The differentiating process being:

e multiply by the power
e reduce the power by 1.

So working through the reverse processes gives
us the original function:

e add 1 on to the power
e divide by the new power.

We get 2x°**! divided by (3 + 1)
or
0.bx*

Did you see where the 0.5 came from? Think
about it. What is 2 divided by (3 + 1)?

When adding numbers together, we call it
addition. The reverse process of addition has its
own name, subtraction.

In calculus we call the reverse process of
differentiation by its own name, integration,
and we also use other symbols to represent
it when we are writing out expressions and
functions.

Again, using the example of y = 2x°, we found
the differential coefficient to be

dy _ ..,
&—GX

We use a slight rearrangement of this, and
another symbol to indicate that we are
integrating the expression w.r.t. x

dy _ ..,
& = bx
which reads as the change in y, w.rt. x = 6x?
When integrating, this becomes
dy = 6x%dx
which almost reads as change in y is
6x% W.I.t. X
And to complete the integral function, using
a symbol which is derived from an elongated,
stretched S for summation, we get
y = [6x%.dx
which reads as y equals the integral of 6x? w.r.t. x.
This is where some confusion can arise, because
the dx is only telling us that we are integrating

with respect to x, and it should not be seen as

multiplied by dx, as in algebra.
J

Exercise 4.73 O

i Integrate the following, using the notion that integration is the reverse process to differentiation.

l. f3><3 dx

2. f5x4 dx

3. fxz dx

4. f3 dx

5. fcosx dx

6. f cosx — sinx dx
7. fsinx — cosxdx

(For the trig functions, you do exactly the opposite of the differentiating process.)




There is a problem that you need to watch out
for. In fact, there are always problems, and the
techniques which are developed do not always
work in every case.

Remember that so far we have said, the basic
rule for integrating is to add 1 to the power, then
divide by the new power.

BExercise 4.74 o

Try this, and write down why it does not work.
{ Find the integral of

gHint: convert the reciprocal to a power of, and
i x = x~'and try following the standard rule.)

A mathematician would disagree. To a mathema-
tician, divide by zero is not defined, so it cannot
be done because it is not allowed.

In any table that provides a list of standard
integrals, the following would be indicated:

J‘ x" dx
Xn+]

=31 X —1 (except when x = —1)

Integrating such a term (and that is not the only
one) requires different techniques to be used.

Integration of exponential
functions

To start with a recap of the differentiation of
exponentiation:

e remember when we had to differentiate % (4e)
e the differential coefficient is 4¢*

o differentiating e* gives us e

It must also follow that when we integrate e* we
will get e*.

Standard integrals summary

j‘x" dx = %x = —1 (except when x = —1)
je‘ dx =¢
jsinx dx = —cosx

jcosx dx = sinx
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Exercise 4.75 O

This part requires you to think back to straight-line
i graphs and working out the gradients.

i 1. Look back at Exercise 4.57 and the piece of

: graph paper you used when you drew this out
yourself. If you cannot find it, start again, and
using a sheet of graph paper, draw two axes, x
and y. Draw one line through the origin, one H
above it, cutting through the y axis in the positive
region, and one below the x axis, cutting through
the y axis in the negative region, as shown below
in Figure 4.41. :

+y

//

- +o

//

H Y
i Figure 4.41 Three graphs with identical gradient

2. Work out the gradient of the three lines that you
H have drawn.

3. Write out the equation for each of the lines, in
i they = mx + c format.

i 4. Differentiate each line and write down your
H answers.

You should have observed that all the constants
(c values) disappear, leaving us with the gradient,
which is what differentiation does. Differentiation
tells us the rate of change of the variables, with no
information about where the intercept was.

If you are faced with the results of your differ-
entiation and asked to integrate them, what
information do you have about the intercept?
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Exercise 4.76 )

i Using the results you obtained by differentiating the
¢ line equations, now integrate them. You should not
need to do many to observe that they all give the
same integrals. What has gone missing?

The value of ¢ or the intercept, does not exist. It
can be found if we are given a couple of values of
the integral, so all is not lost, but in the meantime,
we need to assume that a value of ¢ could exist,
and until we can evaluate it, we simply put + ¢
to indicate that there may be some constant of
integration, which may not have a value of zero.

Worked Example

The integration you have done so far is called
indefinite integration, because we only convert
the gradient back into the original equation, and
do not know the intercept.

Indefinite — The result of integration, because

the equation cannot be fully defined because
there is no intercept.

We are told that the gradient of a curve has
been determined and the gradient is x°.

We are also told that one point on this
curveat x =2, y = 3.

Find the equation of this curve.

(The point x = 2, y = 3 is normally written as
2, 3).

The x value (the point along the horizontal axis)
always appears first.

We need to integrate x? and put the values (2,
3) into it to obtain a specific value for ¢. The
specific value of ¢ tells us the value of the
intercept.

y=fx2dx

which gives us

-

Now, returning to the algebra done at the
start of this unit, substitute the values x = 2,
y = 3 to solve for a specific value of c.

_2

—§+C

C:3—§

3

or

Cc =

wl—

Now that we have a real value for ¢, we can write
down the full equation,

which gives us

which could factorise to

-1
y—3M+D




Exercise 4.77 0

i 1. Toarrive at the full equation in the worked
example opposite, we had to make use of the
known values from the curve, typically x = 2 and
y = 3. What if the values had been x = 3,y = 27 i

2. Experiment with different values of x and y.

3. Can you identify any relationship between the
: equations after ¢ has been given a specific value?

Evaluation of the constant of
integration ¢

So far, we have seen how the constant of integration
is used to represent a value which may have disap-
peared during the process of differentiation, and
we need to allow for its reappearance when we
integrate.

That said, we do need a method that will
allow us to evaluate the constant of integration.
To do this, we need to be given some values of
the variables following integration; then we can
substitute these values into the integral equation,
and evaluate c.

Evaluation of polynomial
functions

For polynomials (more than one number), each
‘nomial’ is integrated as a standalone item, and
the mathematical operators (+ and —) are left
unchanged, unless the integral value becomes
negative (as with some trig identities), in which
case the normal techniques for combining +ve
and —ve values apply.

Note, when multiples (products) and divisions
(quotients) are involved, the use of calculus
becomes a bit more complicated.

For example, if you are required to integrate the
following;:

y=2x(x—5)
we immediately see that a product is involved, but
it can be removed if we expand (multiply out) the
brackets; we covered this at the start of this unit.
Hence

y = 2x* — 10x
which can be handled much more easily.

The integral of y with respect to x can now be
carried out.
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Exercise 4.78 O

Integrate the equation
: foZ — 10x.dx

(Note: the . before dx is used here to make it clear
i that dx is not part of the equation.)

The definite integral

So far, the integrals you have seen are what are
referred to as indefinite integrals. Although we
can evaluate the constant of integration ¢ when
we are given the coordinates of one point on the
curve, we need to look a bit closer at how we would
use integration. Then the concept of a definite
integral will become clear.

The integration symbol was described as an
elongated S for summation for a good reason. We
use integration to find the sum of infinitely narrow
strips of a graph, under the curve, to calculate the
area accurately.

Calculating the area under a curve is difficult
because of the shape of the curve. If it were a
rectangle or triangle, it would be easy, but usually
it is not. As with finding the gradients of curves, we
use the calculus to find areas under curves.

Consider the following graph, which represents
some expression for y, which is a function of x.

We introduced this notation (Newtonian) at the
start of this section, so y = f(x).

An example of the types of problem that we
are able to solve using definite integrals is to find
the area under a specific section of the curve,
by considering the problem, as shown in Figure
4.42.

Graph of
y =)

I
0 a — Limits — b y

Figure 4.42 Diagram of the curve, indicating the area
between x = aand b
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To find the area, we integrate the equation of
the curve and evaluate it between the limits a and

b.

Jf(x).dx

The two limits a and b are shown at the bottom (a)
and top (b) of the integral symbol.

Assuming that the equation is y = x* + 2, find
the area under the curve between x = 0.5 and
x = 1.5.

5

1.
...x2 + 2.dx
0.5

= [lx3 + 2)(}1'5
3 0.5
The integrated expression has been placed in
square brackets, and the upper and lower limits
are indicated outside the end bracket. These are
then substituted into the equation for x, one at
a time.
The value x = 1.5 is substituted first to get one
part of the final calculation.
The value x = 0.5 is then substituted, and this
value will be subtracted from the first.

The following demonstrates this:
[2(1.5)° + 2(1.5)] - [$(0.5)° + 2(0.5)]
= [4.125] — [1.04167]
= 3.0833 square units

Note: if you included c in your integrals, it would
not be wrong, and as we worked through the
process of subtracting the lower limit from the
higher limit, we would have ¢ — ¢, which would
disappear, so it is not wrong to leave it out when
working on definite integrals.

Examples which you may come across in your
specific branch of engineering could involve
electrical or mechanical applications of the
material you have encountered in this unit.

Areas under a curve, which require definite
integration to solve between known (given) limits,
always look complicated because of the symbols
in use, but they all involve the integration of an
equation for the variables under consideration,
and obtaining a definite solution between the two
given limits.

Exercise 4.80 is an example of such an appli-
cation of the work from this section, with reference

back to the overall unit.
Make the Grade
Grading criteria D2 requires that you apply the rules

of definite integration to two engineering problems
that involve summation.

Exercise 4.79 )

i 1. Using graph paper, with cm squares, plot and draw the curve of y = x* + 2 from x = Oto x = 2.

i 2. Mark a vertical line from the x axis to touch the curve at x = 0.5, and another one at x = |.5.

3. Estimate the area of the section under the curve, between the limits of x = 0.5 and x = 1.5. Does it look

like just over 3 m??

i 4. How accurately could you determine the area under the curve, without using integration?

If you drew it to ten times the size, or more, and worked on a much smaller scale, you would get closer and
closer to the value given by using definite integration. That is why it was invented. :

5. Now find the area under each of the following curves:

(@) y = x(x — 3) betweenx = 0.5and x = 2.5
(b) vy =x*+ 3x — Sbetweenx = 2and x = 4
() y=/x—2x+ 3betweenx =l andx = 2
(

In each case, sketch or draw the curve to ‘see’ what you are doing.)
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Plotting exponential functions and checking by differentiation

Near the start of this unit, you were introduced to exponential functions and the use of e as a natural
number.
You also saw that this is used to help interpret capacitor and resistor circuits and other applications.
It may help if you read that section again, or any notes you made as you read it, to help you prepare
for the next section.

Exercise 4.80

i Consider a circuit containing capacitors being connected to a 24V d.c. supply. Before being connected, the

i capacitors are discharged and the voltage across them is zero. When first connected, the charge rushes into

! the dircuit, charging the capacitors, and the rate of charge reduces as the capacitors become fully charged. The
i voltage across the capacitors also increases as the charge increases.

The voltage across the capacitor, v, and the time, t, are related by the following equation:
: v.=24(1 —e™)
I. Produce a table to show the voltage, v, at a range of times, fromt = Osto t = 0.5s, in intervals of O. 1 s.

2. Plot an accurate curve of this relationship to show the increasing voltage, and, from the graph, find the time
i takento reach I5V. Check this using the equation for v .

3. Use differentiation to find another expression for the rate of change of the voltage, dv /dt.

i 4. Use this last equation to obtain the initial rate of change of voltage when first connected to the supply (that is,
H evaluate it at t = Os). Check this by measuring rise over run from the curve. ‘

Note that for (4), the differentiation requires the use of the function of a function rule, which is not difficult,
i and was explained a little earlier in this section. Remember, differentiate the index, then multiply the overall
i expression by that differential, to get the final result.

Many of the concepts covered throughout this
unit will be enhanced by further study, partic-

Beyond that, HNC/D or degree study uses
mathematics which builds on what has been

ularly of the further mathematics BTEC unit,
which is generally covered in the second year of a
two-year National Certificate or National Diploma
qualification.

covered in this unit, and an explanation of any
specific problems that you may have can usually
be solved by spending a short while discussing
the problem with an engineer or engineering
tutor from your chosen or intended sector of
engineering,.
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To achieve a merit grade
you will also have:

@ solved a pair of
simultaneous linear

equations in two unknowns

@ solved one quadratic
equation by factorisation

and one by the formula method.

To achieve a pass grade
you will have:

@ manipulated and simplified

three algebraic expressions
using the laws of indices and two
using the laws of logarithms

solved a linear equation by
plotting a straight-line
graph using experimental data and

used it to deduce the gradient,
intercept and equation of the line

factorised by extraction
and grouping of a common

factor from expressions with two,

three and four terms, respectively

solved circular and
triangular measurement

problems involving the use of radian,

sine, cosine and tangent functions.

m sketched each of the
three trigonometric

functions over a complete cycle

@ produced answers to two

practical engineering
problems involving the sine and
cosine rule

@ used standard formulae to
find surface areas and

volumes of regular solids for three

different examples respectively

collected data and
produced statistical

diagrams, histograms and

frequency curves

m determined the mean,
median and mode for two
statistical problems and explained

the relevance of each average as a
measure of central tendency

applied the basic rules of
P10 ‘ :
calculus arithmetic to solve
three different types of function by
differentiation and two different

Qypes of function by integration.

To achieve a distinction
grade you will also have:

applied graphical methods
to the solution of two

engineering problems involving
exponential growth and decay,
analysing the solutions using
calculus

@ applied the rules for
definite integration to two

engineering problems that involve
summation.
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By the end of this unit you should be able to:

e determine the effects of loading in static engineering systems

e determine work, power and energy transfer in dynamic engineering systems
e determine the parameters of fluid systems
e determine the effects of energy transfer in thermodynamic systems.

In order to pass this unit, the evidence you present for assessment needs to demonstrate that
you can meet all of the above learning outcomes for this unit. The criteria below show the levels
of achievement required to pass this unit.

To achieve a pass grade you

need to:

calculate the magnitude,
direction and position of the

line of action of the resultant and

equilibrant of a non-concurrent coplanar

force system containing a minimum of four
forces acting in different directions

To achieve a merit grade you
also need to:

@ calculate the factor of safety in
operation for a component
subjected to combined direct and shear
loading against given failure criteria

To achieve a distinction
grade you also need to:

compare and contrast the use

of d’Alembert’s principle with
the principle of conservation of energy to
solve an engineering problem

calculate the support reactions

of a simply supported beam
carrying at least two concentrated loads
and a uniformly distributed load

@ determine the retarding force
on a freely falling body when it
impacts upon a stationary object and is

brought to rest without rebound, in a given
distance

evaluate the methods that

might be used to determine the
density of a solid material and the density
of a liquid.

calculate the induced direct

stress, strain and dimensional
change in a component subjected to
direct uniaxial loading and the shear stress
and strain in a component subjected to
shear loading

@ determine the thermal efficiency
of a heat transfer process from
given values of flow rate, temperature
change and input power

solve three or more problems
that require the application of

kinetic and dynamic principles to

determine unknown system parameters

determine the force induced in
a rigidly held component that

undergoes a change in temperature.

calculate the resultant thrust

and overturing moment on a
vertical rectangular retaining surface with
one edge in the free surface of a liquid

determine the up-thrust on an
immersed body

use the continuity of volume
and mass flow for an
incompressible fluid to determine the

design characteristics of a gradually
tapering pipe

calculate dimensional change
when a solid material
undergoes a change in temperature and

the heat transfer that accompanies a
change of temperature and phase

solve two or more problems
that require application of
thermodynamic process equations for a

perfect gas to determine unknown
parameters of the problems.
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Intvoduction

Mechanical principles and how they are
applied form the basis of engineering systems.
Science and scientific principles are the key
elements which allow us to understand how
engineering systems work. These principles
are used in the design, manufacture and
maintenance of mechanical systems. In this
unit you will learn about static engineering
systems and the principles of equilibrium.

You will learn about Newton's laws and how
they are applied to dynamic systems and
energy transfer. The principles of energy
transfer are further explored in the section on
thermodynamics and fluids.

Key Points

In this unit you will be using formulae to solve
engineering problems and present data. The use
of standard form is widely used to represent large
or small numbers. The most commonly used
values are shown in Table 5.1.

Greek letters are often used to represent
engineering terms:

o direct stress

e linear strain

« coefficient of linear expansion
p density

6 angle

7  shear stress

v shear strain

. coefficient of friction

™

the ratio of the circumference of a circle to
its diameter ()

Number Standard form Prefix Symbol
| 000 000 000 000 x 10" tera T

| 000 000 000 X 10° sica G

| 000 000 x 108 mega M

| 000 x 10 kilo k

0.001 x 103 milli m
0.000 001 x 10® micro n

0.000 000 001 x 107 nano n

0.000 000 000 001 x 1012 pico p
Table 5.1

This section of the book is organised as follows; each of the subsections can be readily linked to

the learning outcome (LO), pass (P), merit (M) and distinction (D) criteria.

Section/content LO P M
5.1 Determining the effects of loading in static engineering systems | 1,2,3 |
5.2 Determining work, power and energy transfer in dynamic 2 4 2
engineering systems

5.3 Determining the parameters of fluid systems 3 56,7

5.4 Determining the effects of energy transfer in thermodynamic systems 4 8,9 3,4




5.1 Determining the effects of loading In static

engineering systems

This section will cover the following grading

criteria:

Static engineering systems are those systems,
structures and components that are subject to
loading. There is no internal displacement and
the structures are subject to a variety of loading
conditions, including tension, compression and
shear. It is important to consider the application
of loads in the design of structures; to determine
these loads and their effects is a key technique for
engineers, particularly when considering appro-
priate safety factors.

Non-concurrent coplanar
force systems

By the end of this section you should have
developed a knowledge and understanding
of what a non-concurrent coplanar force
system is. You will also be able to determine
the resultant and equilibrant forces, both in
magnitude and direction, for these systems.

A force system refers to any situation where forces
act upon an object, either to move the object or
to keep it in balance. When an object is in balance
owing to the action of forces, it is said to be in
equilibrium. The most straightforward examples
of this apply when two forces push against each
other. For example, when you sit on a chair,
your weight acts downwards and the seat pushes
upwards with a force that is equal and opposite to
your weight. Because both forces act through the
same point, this system is said to be concurrent.

However, if you consider a see-saw or a balance
scale, the system is in balance. This is because the
balancing effect (moments) about the pivot point
is the same. In this section we are going to inves-
tigate how forces and moments are balanced and
how we can determine the resulting forces, and
the forces that are required to bring a system into
balance.

Concurrent — Something that is happening

at the same time. Concurrent forces are forces

that meet at a point.

Make the Grade

Grading criterion P1 requires you to calculate the
magnitude, direction and position of the line of
action of the resultant and equilibrant of a non-
concurrent coplanar force system containing a
minimum of four forces acting in different directions.
For a given problem, you will need to resolve each
force into its horizontal and vertical components and
consider the rules of static equilibrium, along with
Pythagoras’ theorem and simple trigonometry, to
determine the required values and directions.

Graphical representation

Key Term

I' = force or load and is measured in newtons
(N)

When we consider force systems, we need to
understand what a force is. It is useful to consider
that load and weight are both forces, and we shall
consider weight to illustrate how forces are often
in balance.

When you stand on a scale you will see your
‘weight’ in kilogrammes (kg). This is a common
misunderstanding; you are actually seeing your
mass. This is because weight is a kind of force and
is measured in newtons.

It was Sir Isaac Newton who first developed
the principles of force, mass and acceleration,
when he observed an apple falling from a tree.
He realised that it was gravity acting on the apple
which caused it to fall to the ground.

From this principle we know that:

weight = mass X acceleration due to gravity
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Key Term

metres

a = acceleration and is measured in 5
second

(m/s?)

In Figure 5.1, we can see that a person who has a
mass of 70 kg is standing on a spring. The spring
will deflect due to the weight of the person; we say
that the spring is in compression.

The acceleration due to gravity varies very
slightly, depending on whereabouts on earth you
happen to be. However, to two decimal places, it
can be taken to be 9.81 m/s%

weight of the person = mass X acceleration due
to gravity = 70 X 9.81 = 686.7 N

Because the person and the spring are in balance,
the compressive force in the spring acting
upwards is equal to the weight of the person
acting downwards.

Figure 5.1 Forces in balance vertically

To simplify the diagram, we can represent the
upward and downward forces as arrows and these
are said to be scalar quantities.

Key Terms

Scalar quantity — Indicates direction and is
normally represented by an arrow.

Vector quantity — Indicates magnitude and
direction, and is normally represented by an
arrow and drawn to scale.

Because the forces are balanced, we can say that
they are in equilibrium. Similarly, because there
is no movement, we describe this situation as a
system that is in a state of static equilibrium.

Static equilibrium - An object is in static

equilibrium if the forces on the object are
balanced and the object is at rest.

Similarly, Figure 5.2 shows a person pulling a
spring horizontally with a steady force of 20N.
The spring will begin to stretch until it reaches a
point where the tension in the spring is equal to
the pulling force.

MW —

Figure 5.2 Forces in balance horizontally

Once again, the forces are in balance; so the
system is in static equilibrium.

In Figure 5.1,
upward force = downward force.
In Figure 5.2,
leftwards force = rightwards force.

Using the rules of static equilibrium, we can
determine unknown forces for a coplanar system.

Key Term

Coplanar - Forces that all act on the same
plane.




Triangle of forces

Worked Example

Mechanical Principles and Applications

The force system shown in Figure 5.3 is in static
equilibrium. The diagram in Figure 5.3(b) is
known as a free-body diagram (sometimes called
a space diagram); this shows the forces and
directions as scalar quantities. The forces are
drawn from the concurrent point, showing their
direction. This can be followed by constructing
a vector diagram; in Figure 5.3(c), a vector
diagram shows the forces drawn ‘nose to tail'.

Because we know the mass being suspended,
we can determine the force (weight).

F, = 50 X 9.81 = 490.5N

This allows us to draw a vector to represent F’.
This is drawn to scale.

From the ‘nose’ of this vector we can plot another
line from right to left, at 90° to the vector F,. Of
course, we do not know the size of F,, only the
direction. Finally, we can draw a guideline at 50°
from the ‘tail’ of the first arrow, representing F,.
By measuring the length of the arrows, and using
the scale we have chosen, we can determine the
sizes of the unknown forces.

. J

. F

Foll : ?

b) o
3 50° 20 > Fo
50kg
F4
Example

) Figure 5.4 shows three forces in equilibrium and

AN
4905 S

\\\

v [ 50°

Figure 5.3 Load suspended from two ropes

The technique for drawing vector diagrams
involving three forces, and hence calculating
unknown forces, is known as the ‘triangle of forces’
method.

the triangle of forces constructed to allow the
unknown forces to be calculated.

By drawing a vector diagram, using a suitable
scale, the vectors for the tension in the cable T
and load P can be constructed. This allows the
vector for the reaction force at point A (R) to be
constructed, and the length of the arrows and the
angles to be measured.

Polygon of forces

For a system of more than three forces, a similar
technique is used. This arrangement is known as
the polygon of forces. The process for solving this
type of problem is very similar:

e choose an appropriate scale for drawing the
force vectors

e draw the first force vector to scale

e draw the second force vector to scale from the
‘nose’ of the previous force vector
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e continue in this manner until all force vectors Example
have been constructed

e if the resulting polygon is ‘closed;, then all
forces are in equilibrium.

The force system shown in Figure 5.5 is not in
equilibrium. However, by using the polygon of
forces technique, it is possible to construct a
vector diagram which allows us to determine the
resulting force and the force required to bring the
system into a state of equilibrium.

The resulting vector Fis known as the resultant;
this represents how the three given forces could
be represented as one force. If the force were to
act in the opposite direction, it would be known
' as the equilibrant.

Cable

30°

P Key terms

1.5m 25m Resultant — When several forces are combined
to form one force.

FEquilibrant — A force which, when applied,
brings a system into a state of equilibrium.

Activity 5.1

For the force systems shown in Figures
5.6 to 5.10, construct a vector diagram
in order to determine the resultant and
equilibrant forces.

Free-body diagram

30~

6kN
A

by

s

Force triangle
Figure 5.4 Force system

FA:4kN
F=8kN
Fe=6kN Fp=4kN
- Y A
sl A /[ err——
60° ~ B FR:11064kN

212
FC:6kN

Figure 5.5 Force system
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Conditions for static equilibrium we

Having studied how we can determine unknown
forces by graphical means, let us now consider an
analytical approach.

We know that:

e leftwards forces = rightwards forces (XF_= 0)
e upwards forces = downwards forces (EFy = 0).

-ve < - +ve

There is a third condition for static equilibrium;
this relates to turning moments.

A moment is a turning or twisting effect caused v
when a force is applied. It is related to the perpen- -ve
dicular distance between where the force is
applied and the point where turning occurs.

Forces

Figure 5.11 shows a force (F) applied to a spanner;
this will cause a clockwise moment. However, it is
not just the force applied that will affect the size
of the turning moment, but the distance as well.
The greater the distance (d), which is the perpen-
dicular distance, the greater the turning moment.

SAE

Moment — The product of force multiplied by

-ve +ve

distance. Moments
M = FD (Nm)
Figure 5.12 Sign convention

If we consider clockwise (CW) and anticlockwise
(ACW) moments, if these are in balance, then a
system will be in equilibrium.

In other words, CW moments = ACW moments

(M = 0).

O.

Figure 5.11 Turning moment
214



Worked Example

Mechanical Principles and Applications

In Figure 5.13:
CW = ACW
8X5=10X4
Therefore, the system is in equilibrium; we
consider CW moments to be positive and ACW

moments to be negative.

10N

4m

5m

T
i

Figure 5.13 Balanced moments

Resolution of forces in
perpendicular directions

Forces can be split into horizontal and vertical
components and this helps us to determine
unknown forces using an analytical approach.

F,=Fcos0O
Figure 5.14 Resolution of forces
In Figure 5.14, the force F is split into a

horizontal component Fcos® and a vertical
component Fsin6.

Fr=11.064kN

Figure 5.15 Resolving forces

In Figure 5.15, the downward force of 1.196 kN
and the leftwards force of 11kN can be
resolved into one force using trigonometry and
Pythagoras’ theorem.

J/(1.196% + 11%) = 11.064kN

_ opposite _ 1,196 _
tanb = adjacent 11 011

6=62°

Key Term

Resultant — When several forces are combined
to form one force.
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Similarly, if you have two perpendicular forces,
they can be resolved into one force.

Example

Consider the force system in Figure 5.16. In this
example it is useful to draw a table. The sign
convention previously used is adopted here.

y Fa=12kN
A

Fg = 6kN - |_

60°

Fc = 6kN

Figure 5.16 Force system

This can be represented as a simple vector
diagram, as shown in Figure 5.17. The directions
of the horizontal and vertical components are
determined by noting whether the total figures are
positive or negative.

To determine the resultant force, use Pythagoras’
theorem:

F,= /(9% +6.88) = 11.33kN
The angle, measured from the horizontal, can be

determined from trigonometry:

tand = 6'9& =076

0 = 37.23°

This allows you to determine the resultant force.
If you are trying to find the force that will restore
equilibrium to the system (the equilibrant), this
will be exactly the same force; however, it will act
in the opposite direction (see Figure 5.18).

Force Horizontal force (F) | Vertical force (Fy) _ 9kN
12kN (F) [okN 12kN o
6kN (F) | —6KN OKN -~
6kN (F.) [—6cos 60 = —3KkN —6sin60 = —5.12kN e
Total | —9kN —6.88kN 6.88kN o
\
Figure 5.17 Resultant horizontal and vertical elements
y
11.33kN
37.23°
37.23°
11.33kN
Resultant Equilibrant

Figure 5.18 Resultant and equilibrant
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Activity 5.2

For the force systems shown in Figures 5.19 to 5.22, determine the resultant force
by analytical methods.

VECtOI’ addition Of fOI’CGS In Figure 5.23, the four forces do not pass

through the same point; therefore, they are

Up to this point we have considered coplanar o .0 .. 217

concurrent force systems. However, things become
somewhat more complicated if we consider a
non-concurrent force system.
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10kN
- 40°IN
3m 8kN
30° P
— ] e °
2m
R 7KN ~<¢————o
lIm |

12kN
2m |

Figure 5.23 Non-concurrent force system

Force | Horizontal force (F)  |Vertical force (F ) Moment of horizohtal Moment of ve.rtical force
x y force (F) about point P (Fyy) about point P

IOkN —10cos40 = —7.66 kN 10sin40 = 6.43kN —7.66 X 3 = —22.98kNm 6.43 X 0 = OkNm
12kN OkN —12kN OkNm 12 X 2 =24kNm
7kN —7kN OkN 7 X 2 = 14kNm OkNm
8kN —8c0s30 = —6.93kN 8sin30 = 4kN —6.93 X 0 = 0kNm 4 X | =4kNm
Total —21.59kN —1.57kN —8.98kNm + 28 kNm = 19.02kNm
Table 5.2

To analyse this system will require us to consider
all three of the conditions for static equilibrium.
SM =0 where CW moments are positive and
ACW moments are negative

3F =0 where upwards forces are positive and
downwards forces are negative
EFy =0 where rightwards forces are positive

and leftwards forces are negative

Again, a tabular approach is used and a reference
point is decided upon, in this case, point P. This
process is the same as for concurrent forces;
however, we now use the reference point P and
determine the moment of each force about that
point, using the perpendicular distance to the line
of action.

As before, we can draw a vector diagram (Figure
5.24) and determine the size and direction of the
resultant force.

To determine the resultant force, use Pythagoras’
theorem:

F, =/ (21.592 + 1.57%) = 21.65kN

The angle, measured from the horizontal, can be
determined from trigonometry:

_ 1.57 _
tan0 = 21.59 0.073

0 = 4.16°

21.59

A

—

1.57 o
___——"""2165

Figure 5.24 Resultant showing horizontal and vertical
elements

Because the line of action of the resultant force
does not pass through point P, remember that the
force system is non-concurrent; the final step is to
determine the perpendicular distance to the line
of action of the force.

To determine where the force vector is
positioned, we need to consider whether the sum
of the moments is CW or ACW.



The sum of the moments gives us a total of
19.02kNm, and as this number is positive, the
moment is clockwise and must lie below point P,
as shown in Figure 5.25.

/

Figure 5.25 Perpendicular distance to line of action

Activity 5.3

For the force systems shown in Figures 5.26 and 5.27, determine the magnitude,
direction and position of the line of action of both the resultant and equilibrant force
for each system, based on the point P in each case.

Mechanical Principles and Applications

Resultant moment about point P = sum of all
moments about point P

21.65 X Z = 19.02
Z = 0.88m

If you wanted to determine the equilibrant force,
this would be exactly the same size and distance
from P; however, the force would act in the
opposite direction.

Simply supported beams

By the end of this section you should have
developed a knowledge and understanding
of the conditions that apply for a simply sup-
ported beam to be in static equilibrium. This
will allow you to determine the support re-
actions for the beam.
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A simply supported beam is a beam that is
supported on a point or roller. Consequently, it is
free to move horizontally. Simply supported beams
are subject to point or uniformly distributed
loads.

Key Points

When we analyse beams, we make use of the
same principles of static equilibrium that we used
in the previous section. However, in this case, we
refer to the forces acting downwards on a beam
as active. The balancing forces supporting the
beam and maintaining equilibrium are known as
reactive and are called reactions.

Key Term

Uniformly distributed load (UDL) - A load
that is evenly distributed along a beam; this

is often the self-weight of the beam and is
measured in %

Make the Grade

Grading criterion P2 requires you to calculate the
support reactions of a simply supported beam
carrying at least two concentrated loads and a
uniformly distributed load. You will need to use the
rules of static equilibrium to determine these values.

Conditions for static equilibrium

As previously discussed, the analysis of simply
supported beams requires us to follow the rules for
static equilibrium:

SM =0 where CW moments are positive and
ACW moments are negative

3F =0 where upwards forces are positive and
downwards forces are negative

3F =0 where rightwards forces are positive

and leftwards forces are negative

In our study of beams, we will not need to consider
horizontal forces, however, which makes the
analysis somewhat easier.

( )

G /

Loading

Beams are generally subject to point loading or
uniformly distributed loading.

Point loading

N
P(N) W(ﬁ)
1 [ |-
Point load Uniformly distributed

o o

Figure 5.28 Types of beam loading

load (UDL)

A beam can be subject to point loads, UDLs or a
combination of both. Point loads are represented
by downwards arrows, indicated by the load P (N)
in Figure 5.28(a) whereas the UDL is denoted by
the load w indicated in Figure 5.28(b).

2.0m 0.5m Cross section
| g
A 100kNJB | — £
IS

300mm

Figure 5.29 Loaded beam

The forces acting on the beam supports are
known as reactions and can be determined using
the rules of static equilibrium. In Figure 5.29 there
is a point load at point B applied to the beam. We
can use the principle of moment to determine the
unknown reactions.

It is customary to use the left-hand support as
a point to take moments from. Taking moments
about point A, the 100 kN force will cause a CW
moment and the reaction force at C will oppose
this with an ACW moment.

Remember that CW moments = ACW moments:
(100 X 2) = (R, X 2.5)

where R is the reaction force at point C:

200
25 - R
R_= 80N

To determine the reaction force at point A, you
could take moments about point C. However, there
is an alternative method, as, for the beam to be in
balance, the upwards forces must equate to the
downwards forces.



Upwards forces = downwards forces:

R, + R, =100
80 + R, = 100
R, = 20kN

UDL = w/unit length

A o

Figure 5.30 Beam with UDL

Determining the support reaction for a beam
with a single point load is relatively straight-
forward. However, when a UDL is introduced,
things become a little more complicated.

The beam in Figure 5.30 has a UDL with a load
of w expressed in Newton per metre. Because the
load is uniform, we can determine the overall value
for the UDL and, for the purpose of analysing the
beam, ‘replace’ it with a point load acting at the
centre.

Worked Example

Mechanical Principles and Applications

70N 50N 60N

l 30N/m l
C D E

im 2m 2m im

Figure 5.31 Beam with UDL and three point loads

This approach can be taken to solve problems
involving a combination of point loads and UDL
loads on a simply supported beam. Consider the
beam shown in Figure 5.31.

Referring to Figure 5.31, and taking moments
about A (CW moment = ACW moments)

(70 X 1) + (50 X 3) + (60 X 6) + (30 X 6 X 3)

= (R, X 5)

(70 + 150 + 360 + 540)
R, = :
R = 224N

Upwards forces = downwards forces:
R,+R,=70 + 50 + 60 + (30 X 6)
R, + 224 = 360
R,= 136N

The total weight of the UDL willbe 5 X 6 = 30N

Taking moments about A (CW moment = ACW
moments)

(30 X 3) = (R, X 6)
R, = 16N

Upwards forces = downwards forces:

R, + R =30
R, +16=30
R, =156N

5N/m UDL = w/unit length

A D
30N
A D

A

Figure 5.32
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E Activity 5.4
For each of the simply supported beams shown in Figures 5.33 to Figure 5.36, determine
the unknown reactions.

222
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By the end of this section you should have
developed a knowledge and understand-
ing of elastic constants used in the analysis
of components subject to uniaxial and shear
loading. You will use this knowledge to de-
termine dimensional change due to load-
ing; direct stress and strain; shear stress and
strain and factor of safety.

Loaded components display different behaviour
depending upon their elastic properties and the
type of loading. Engineers are concerned with the
amount of stress or strain to which components
can be subjected and how they react to given
loading conditions. In order to design components
that can withstand a variety of different loading
conditions, it is important to understand how the
elastic properties of the material react to loading.
Engineers use this information to determine safe
working loads and the factor of safety that can be
applied.

4 )
Key Points
Units of stress are N/m?, however:
106mm? = | m?
and
[0°N? = | MN?
So
TN = N
- S

Make the Grade

Grading criterion P3 requires you to calculate the
induced direct stress, strain and dimensional
change in a component subjected to direct uniaxial
loading and the shear stress and strainin a
component subjected to shear loading. You will be
able to determine these values for a given problem,
or series of problems, by applying the appropriate
formulae carefully and methodically.

Mechanical Principles and Applications

Loading

Components are often subjected to a variety
of loading; however, for our purposes, we can
subdivide these into uniaxial loading and shear
loading. Uniaxial loading refers to loading along
an axis.

Figure 5.37(a) shows an object being pulled
along its axis; this type of loading will cause the
object to stretch and is known as tension.

~—  —
(a) Tension
— |—
(b) Compression
Figure 5.37 Uniaxial loading
Figure 5.37(b) shows an object being

squeezed along its axis; this type of loading will
cause the object to compress and is known as
compression.

When an object is loaded and the lines of action
of the force are not uniaxial, as shown in Figure
5.38, the object will tend to deform, as one part
of the material slides over another, rather like a
deck of cards. This type of loading is known as
shear force.

A
\
F
‘<_>a |
——————
/ /
Y / /
b ‘\// //
/ /
’ Z
/ /

Figure 5.38 Diagram of shear loading
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Effects

Consider first the effects of uniaxial loading,

whether in tension or compression.

Direct Stress

Key Terms

o — The symbol for direct stress.

—1\—L — The units for direct stress.

m

G:K

Worked example

L

When a force is applied to a component, corre-
sponding forces act within the material to resist
this external force. Stress is the term we use to
indicate the magnitude of the loading.

direct stress =

L+AL

Figure 5.40 Loaded component

load

cross-sectional area

200kN <€—

Z100mm

The component in Figure 5.39 is subject to
a tensile force, as shown. Determine the
direct stress induced in the component.

— 200kN

Figure 5.39 Loaded component

-

wd?

Cross-sectional area = 7

A =785 X 10°mm?

F _ 200 X 10°

7.85 X 10°
o = 25.48N/mm?

U:K
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Direct strain Shear stress
Strain is a measure of the deformation of a material. ~ Shear stress is determined in a similar way to direct
If a component is subject to a compressive or stress; however, the area in shear is different, as
tensile load along its length, the length will change. shown in Figure 5.42.
change in length

original length ~

Direct strain is a ratio. Strain is

Key Term

€ — The symbol for direct strain.

There are no units for direct strain as it is a

ratio.
_ AL B ——

€ i F

Figure 5.42 Component under shear

Worked Example

Key Terms

The component in Figure 5.41 is subject to 7 — The symbol for shear stress.

a tensile force, as shown. Determine the ;1}2 — The unit for shear stress.
direct strain induced in the component. T = g

L
1.2m long

Worked Example

The component in Figure 5.43 is subject
to a shear force of 25kN, as shown.
Determine the shear stress induced in
the component.

L+ AL

11mm extension

Figure 5.41 Component under strain

AL = 11mm

L = 1200mm |
200

€ = 1355 = 917 X 107
. % Figure 5.43 Component in shear
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Area in shear = 200 X 20

A =4 X 10°mm?

- 25 X 108
4 X 10°
T = 6.25N/mm?
. J

Shear strain

Shear strain is determined in a similar way to
direct strain. The key here is the ratio of the
relative movement between the two shear surfaces
and the distance between these surfaces. Referring
to Figure 5.38, the ratio is %.

v — The symbol for shear strain.
There are no units for shear strain as it is a

ratio.

Worked Example

The component in Figure 5.44 is subject
to a shear force, as shown. Determine the
shear strain induced in the component.

8

140 ‘y‘I}

1
1
]
1
I
1
I
1
I
1
1
i
1
I
1
1
1
!
I
1
I
1
I
1
|
I

Figure 5.44 Loaded components showing shear
area

- 8
Y= 140

vy =57.14 X 1073

Elastic constants

Elastic constant are values that have been deter-
mined by experimenting and testing samples of
a given material. Elasticity is the property that
allows a material to return to its original shape
after being deformed under load. If a material is
loaded excessively, to the point where it becomes
deformed, it is said to have gone beyond its elastic
limit.

Modulus of elasticity

The modulus of elasticity is a material constant
and is determined from tensile testing, where a test
piece is loaded uniaxially. Test pieces are stretched
under controlled conditions and a reading of load
and extension can be recorded. The modulus can
be demonstrated by plotting stress against strain
for an elastic material. Before the material reaches
its elastic limit, the graph is a straight line, and
the slope of this graph is known as the modulus of
elasticity, as shown in Figure 5.45.

Key Terms

E — The symbol for modulus of elasticity.

N/m? — The units for modulus of elasticity.

E=Z
€

Maximum
elastic energy
stored

Engineering stress

Engineering strain

Figure 5.45 Stress/strain graph

Modulus of rigidity

The modulus of rigidity is often called the shear
modulus, as it refers to the resistance to shear
exhibited by a material when loaded. It is the ratio
between shear stress and shear strain.

Key Terms

G — The symbol for shear modulus.

N/m? — The units for shear modulus.

=T
J G=%5




Mechanical Principles and Applications

Worked Example

Worked Example
A test sample is found to deflect under
the loading condition, as shown in Figure

5.47. Determine the modulus of elasticity

A test sample is found to extend 0.2mm
under the loading condition shown in
Figure 5.46. Determine the modulus of

elasticity for the material.

for the material.

=
£ 150kN
100kN ~&— o —100kN
Q
-
\ 20
350mm 200
Figure 5.46 Round component shows length, 19
diameter and load
Cross-sectional area = ¢r4(12 L/ /
50 lll ,II
A=1aX 2752 / /l
A = 490.87 mm? ’ /
_F _ 100 X 10° Figure 5.47 Square component shows length,
9T AT 49087 deflection and load
o = 203.72N/mm? Shear area = 200 X 20
o = 203.72MN/m? A =4 X 10°mm?
e = AL = F _ 150 X 10°
L A 4 %X 10°
AL = 0.2mm T = 37.5N/mm?
L = 350mm T = 37.5MN/m?
- 02 _ -6 —a
€= 5r5 = 57143 X 10 y=4
E=% v = 10mm
_ 203.72 X 10° _
E=gnazxios b= 50mm
E = 356.51 X 10° N/m? y=2=02
E = 356.51 GN/m? G=%
q = 37.5 X 10° 227
0.2

G = 187.5 X 10°N/m?

G = 187.5MN/m?
J
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Factor of safety

When engineers design components, it is not
always clear what the conditions of service for
that component might be. It may be subject to
a variety of steady loading or the loading may
fluctuate. Changes in dimensions may occur or
imperfections in the component material may
cause weaknesses. In addition, the ultimate stress
for a material is usually beyond the elastic limit of
the material. For this reason, it is usual for a factor
of safety to be incorporated into the design. The
factor of safety is a ratio of the allowable working
stress and the ultimate tensile/compressive/shear
stress for the material.

Key Term

Factor of safety (FOS) - Ultimate stress/
working stress.

Worked Example

An aluminium rod 125mm long and
17mm diameter has an ultimate tensile
stress of 200MN/m? Using a factor of
safety of 5, find the maximum load and
change in dimensions for the rod. Take
E, = 70GN/m?

ultimate stress

Working stress = factor of safety

Working stress = % = 40 MN/m?

_ X 17?
A= 4

A = 226.98mm?

A =226.98 X 107°m?

|

Make the Grade

Grading criterion M1 requires you to calculate

the factor of safety in operation for a component
subjected to combined direct and shear loading
against given failure criteria. This requires you to
use the methods and techniques previously studied,
but you will have to apply resolution of forces
techniques to identify direct and shear loading, as
shown in Figure 5.49.

F =40 X 10° X 226.98 X 107

F=9.079 X 10°N

F = 9.079kN
_ O
E=<
= 40X 10°
70 X 10°

€ =571.43 X 10°

— AL
L

AL = 57143 X 107 X 125

AL =71.43 X 10°mm




Worked Example

Mechanical Principles and Applications

11kN

11kN
—

50°

Figure 5.48

The 12mm diameter bolt shown in Figure
5.48 holds two components together. For
the given loading, determine the factor of
safety in operation. Assume that ultimate
tensile stress is 550 MN/m? and ultimate
shear stress is 350 MIN/m?.

_ X 122
A=""

A =113 .10mm?

A =113.10 X 10~°m?

11kN

50°

Fs Fr

Figure 5.49 Force triangle

The tensile force acts uniaxially, at an angle of
50° to the horizontal (F).

The shear force acts perpendicular to the tensile

force (FS).
F_ = Fsinf = 11 X 10° X sin50
F, =843 X 10°N
F, = Fcos = 11 X 10? X cos50
F, =707 X 10°N

Tensile stress

>[=

5= 843 X10°
113.10 X 10°°

o = 74.54 X 10°N/m?

o = 7454 MN/m?

FOS = ultimate tensile stress
working tensile stress

_ 550 X 10°
FOS = 74.54 X 10°

FOS =7.38
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FOg = ultimate shear stress

Shear stress :
working shear stress

= _ 350 X 10°_
7TA FOS 62.51 X 10°
__7.07X10° B
7T 11310%x 10° FOS = 5.60
o = 62.561 X 10°N/m? The factor of safety in operation is the smaller of

two numbers calculated
o = 62.51 MN/m?
Therefore

FOS =56

Activity 5.5

1.A 10mm diameter steel rod is subject to
a compressive load applied uniaxially.
If the force applied is 5 kN, determine
the compressive stress induced in the
material.

2.A 750mm long tie bar is subject to a
uniaxial tensile load. If the bar extends
0.7mm, determine the strain induced.

3.An 8mm square metal bar of 1.5m
length is loaded uniaxially in tension.
If the load applied is 125kN and the
modulus of elasticity for the material is
200GN/m?, determine the extension in
min.

4.The block in Figure 5.50 has a modulus
of rigidity of 15GN/m?. Find the
horizontal deflection indicated.
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5. Two plates are held together by rivets, as shown in Figure 5.51. The rivets are
10mm diameter and the material has an ultimate shear stress of 300 MN/m-?.
Determine the maximum force to be applied if a factor of safety of 5 is used.

6.The 10mm diameter bolt shown in Figure 5.48 holds two components together.
For the given loading, determine the factor of safety in operation. Assume
that the ultimate tensile stress is 75 MN/m? and the ultimate shear stress is
475 MN/m-?.
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5.2 Determining work, power and energy

transfer in dynamic engineering systems

This section will cover the following grading
criteria:

EJ (3 )

Dynamic engineering systems refer to those
systems where movement is present. Engineering
often involves the transfer of energy or the
conversion of energy to power and work. Newton’s
laws are fundamental to an understanding of this
process.

Kinetic parameters

By the end of this section you should be able
to state the key kinetic parameters used by
engineers.

When we consider how fast we are going, we
usually refer to our speed; similarly, if we want
to explain how far we are going, we refer to the
distance travelled. However, in engineering, we
need to be more precise in our terminology.

e "
Key Points

Distance travelled refers to how far we have
gone. If you are at home and you walk to work or
college and back again, you might have travelled
several miles. However, your displacement is

zero, as you start and finish at the same place.

Make the Grade

Grading criterion P4 requires you to solve three or
more problems that require the application of kinetic
and dynamic principles to determine unknown
system parameters. To do this, you will need to be
able to use the appropriate symbols and terminology
in your solutions.

Displacement

Displacement refers to the distance from where
an object starts to where it finishes. This is not
the same as the distance travelled, as indicated in
Figure 5.53.

Distance

Displacement travelled

— Displacement

\/\ Distance

travelled

X

Figure 5.53 The difference between distance and
displacement

The symbol for displacement is s and the units are
metres.

Initial velocity

Initial velocity is the starting velocity of an object
in a given direction; consequently, it is a vector
quantity.

The symbol for initial velocity is u and the units
are metres per second.

Final velocity

Final velocity is the ending velocity of an object
in a given direction; consequently, it is a vector
quantity.

The symbol for final velocity is v and the units
are metres/second.

Uniform linear acceleration

Uniform linear acceleration is the change in rate
of velocity of an object in a given time.

The symbol for uniform linear acceleration is a
and the units are metres per second squared.



Key Points

Uniform linear acceleration can be a negative
value; this represents a deceleration and shows
the change in rate of velocity is decreasing.

u = initial velocity (m/s)
v = final velocity (m/s)
a = acceleration (m/s?)
t = time (s)

s = displacement (m)

Kinetic principles

By the end of this section you should have
developed a knowledge and understand-
ing of how to determine kinetic parameters
from given information using appropriate
formulae.

Using standard formulae allows us to determine
specific parameters from limited information.
Newton'’s laws first allowed the analysis of objects
in motion, and it is from these principles that the
laws of linear motion can be derived.

Key Points

The equations in this section only apply for uniform
acceleration and where objects are travelling in a

straight line.
Make the Grade

Grading criterion P4 requires you to solve three or
more problems that require the application of kinetic
and dynamic principles to determine unknown
system parameters. To do this, you will need to be
able to use the appropriate formulae to determine
the required unknown values.

Mechanical Principles and Applications

Equations for linear motion with
uniform acceleration

Using the symbols for kinetic parameters:

v=u-+at
s=ut + 0.5at?
v2 =u?+ 2as
s=0.5@u+ vt

Key Points

Vehicles travelling in km/h have to have their
velocity converted to m/s. Remember, there are
1,000 metres in a kilometre and 3,600 seconds in
an hour.

Worked Example

A vehicle moving in a straight line decel-
erates from 50km/h to 30km/h in 35s.
Determine the rate of deceleration and
displacement of the vehicle.

_ 50 X'1,000
“ 3,600
u = 13.89m/s
_ 30 X 1,000
3,600
v = 8.33m/s
v=u-+at
o= (8.33 — 13.89)
35
a= —0.16m/s*
Remember, the —ve sign indicates a
deceleration.
s=05b(u+ vt
s = 0.5(13.89 + 8.33)356
s = 388.89m
\ J
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Activity 5.6

1. A vehicle is accelerated at 1.2m/
s? for 18s; if the initial velocity is
40m/s, find:
e the final velocity
e the displacement.

2. A train travelling at 40km/h is
brought to rest in min, with uniform
deceleration. Find:

e the rate of deceleration

e the displacement.

3. A machine component moves in a
straight line with a velocity of 12m/s.
If the component accelerates to
24 m/s over a distance of 3m, find:

e the time taken
e the rate of acceleration.

Dynamic parameters

By the end of this section you should have
developed a knowledge and understand-
ing of the parameters used in determining
the relationship between work, energy and
power.

In order to analyse dynamic systems and the
relationship between work, energy and power, it
is important to understand the parameters and
terminology used. This section introduces you to
the key concepts required to fully analyse dynamic
systems.

Key Points

Energy is measured in joules (J) and the rate that
energy is used or consumed (J/s) is known as
power in watts (W).

Tractive effort

Tractive effort can be defined as the force required
to move an object and overcome resistance to
movement such as friction, gravity, and so on. It is
measured in newtons (N).

Braking force

Braking force can be defined as the force required

to stop an object moving. It can be considered to
be the opposite of tractive effort and is measured
in newtons (N).

Inertia

The inertia of an object refers to the resistance
to motion it exhibits. The greater the mass of an
object, the more inertia that is evident and, conse-
quently, a greater amount of force is required to
accelerate it and give it momentum.

Frictional resistance

Frictional resistance is not related to inertia;
although it is the resistance to movement, it
is determined by the surfaces in contact. An
ice skater will demonstrate low friction, while a
brake being applied to a wheel will demonstrate
high friction. This is because the coefficient of
friction between ice and metal skate is low, while
the coefficient of friction between brake friction
material and metal wheel is high.

Frictional force (the force required to overcome
friction) can be calculated from the weight and
the coefficient of friction.

Key Points
F = uN (N)
where F is the friction force, . is the coefficient

of friction and N is the normal reaction (which is
equal and opposite to the weight).

Gravitational force

The weight of an object is another way of expressing
gravitational force. As previously discussed, it is
the product of mass and acceleration due to
gravity.

Momentum

Momentum is the product of mass and velocity. If
an object displays a large inertia, it will inevitably
have a large amount of momentum when moving.

Key Term

Momentum = my (kgm/s)

Mechanical work

Mechanical work is related to energy and is a
measure of the amount of energy being trans-
ferred. It is the product of force and displacement
and is measured in joules.
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Mechanical work W = Fs (J)

Power dissipation

Power dissipated is a measure of the amount of
energy being used or transferred by an object.
Instantaneous power is the product of force and
velocity, while average power is the amount of
work transferred in unit time. Power is measured
in watts.

Key Terms

Instantaneous power P = Fv (W)

Average power P = % (W)

Worked Example

A 50kg boulder is pushed off a cliff into
the sea. The cliff is 75m above sea level.
Determine the potential energy possessed
by the boulder at the top and the velocity
with which it will hit the sea, assuming no
losses.

PE = mgh =50 X 9.81 X 75
PE = 36.79 X 10°J

PE = 36.79kJ

Mechanical Principles and Applications

Gravitational potential energy

Potential energy (PE) refers to the amount of
energy available due to an object being raised into
the air. It is stored energy and is the product of
weight and height.

Kinetic energy

Kinetic energy (KE) is the energy due to movement
and is related to the mass of an object and its
velocity.

Key Terms
PE = mgh ()
KE = 0.5mv? (])

At the moment the boulder hits the water, the
PE will be zero and all of the energy will be
kinetic. Assuming no losses:

KE =36.79 X 10°J

0.5mv?= 36.79 X 10°

, _ 36.79 X 10°
(50 X 0.5)

v’ = 1471.5m/s

v = 38.4m/s

Worked Example

A car of mass 1850 kg has velocity of 40 km/h;
abraking force of 3kN is applied. Determine
the distance travelled in stopping.

; — 40 X 1000

3600 =11.11m/s

KE = 05mv? = 0.5 X 1850 X 11.11?
KE = 114.17 X 10°J

KE =114.17kJ

The energy dissipated in stopping is equivalent
to the mechanical work.

Mechanical work = Fs
KE = Fs
11417 X 10° =3 X 10° X s

s = 38.06m
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Activity 8.7

1. A stamping mechanism has a mass
of 85kg. If it has a PE of 3.5kd, how
high is it above ground level?

2. A vehicle of mass 3,000kg is
travelling at 55km/h.

e What is the KE of the vehicle?

e How far would it travel on a level
road against a frictional resistance
of 1.2kN?

e In addition to the frictional
resistance, a braking force of
1.5kN is applied. Recalculate the
distance travelled.

Dynamics principles

By the end of this section you should have
developed a knowledge and understanding
of how to apply Newton’s laws of motion
and d’Alembert’s principle to the solution of
engineering problems. In addition, you will
demonstrate an understanding of the con-
servation of energy principle and the conser-
vation of momentum principle.

Some of the key concepts of engineering have
been developed from Newton's laws of motion. It
is these laws and their application that we will be
considering in this section.

Key Points

You will need to use the parameters from
the previous section and understand which
engineering units are appropriate in order to solve
equations involving dynamic engineering systems.

Newton’s laws of motion
Newton'’s first law of motion

An object remains in a state of rest, or continues in a
state of uniform motion in a straight line, unless it is
acted upon by an externally applied force.

It is this principle which allows us to consider the
inertia of an object.

Newton’s second law of motion

The acceleration of an object acted upon by an external
force is proportional to the force and is in the same
direction as the force.

It is this principle that gives us the formula:
F = ma (N)

Newton'’s third law of motion

For every force, there is an equal and opposite reacting
force.

It is this principle that gives us the conditions for
static equilibrium.

D’Alembert’s principle

D’Alembert’s principle states that if the internal
reaction to the acceleration or deceleration (retar-
dation) of a body is imagined to be an external
force, then the body can be treated as though it
were in static equilibrium, under the action of a
system of external forces. A free body diagram can
then be drawn to aid the solution of a dynamic
problem. Essentially, the moving system is frozen
in time and the forces acting are applications of
Newton'’s laws.

Worked Example

Consider the block shown in Figure 5.54. The
forces are shown and you will notice that we
have the equivalent of a free body diagram.
The gravity force or weight (W) is shown
acting downwards and this is opposed by the
normal reaction (IN) acting upwards. The force
being applied in order to move the block (F,) is
being opposed by the frictional force F.

Fa

F‘_T_
N
Figure 5.54

If the mass is 200kg and the coefficient of
friction between the block and the surface is
0.3, we can determine the force to overcome
friction.

W =mg = 200 X 9.81
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This is relatively straightforward; now let us
consider an example of d’Alembert’s principle with
a moving component.

W=1962 X 10°N

W = 1.962kN — this will be the same
as the normal reaction (N)

F=pnN=03X1962 X 10°

F=5886N

Worked Example

The 300kg block in Figure 5.55 is being N = 2.94 X 10°cos 30
raised up a slope using a cable and pulley

system, as shown. The slope is 40m long N =255 X 10°N
and the block is accelerating up the slope

at 2m/s% It takes two minutes to winch N = 2.55kN

the block, and the coefficient of friction
between the slope and the block is 0.25. Frictional force F, = pN = 0.25 X 2.65 X 10° =
Determine: 637.18N

e the tractive effort

e the work done in winching the block up
the slope

e the power required by the winch.

The component of the gravity force acting
parallel to the slope = F,

F, = Wsin30 = 2.94 X 10°sin 30

F, =147 X 10°N

F,=147kN
Total resisting force = (1.47 X 10°%) + 637.18 =
3
. 305 2.11 X 10°N
N
Resisting force = 2.11 kN
30°
From Newton's second law, F' = ma = 300 X 2
\ Fa = 600N
mg
. Therefore, tractive effort = 600 + 2.11 X 10°
Figure 5.55 Block on a slope =271 X 10°N
Weight of 300kg mass = 300 X 9.81 Tractive effort = 2.71 kN
— 3
W=2.94x10°N Work done = Fs =2.71 X 10° X 40 = 108.4 X 10°J
W= 2.94kN
Work done = 108.4kJ
Because the normal reaction acts perpendiculgr PowW_ 108.4 X 10°
to the slope, we refer to the force diagram in Tt T T 120 237
Figure 5.6b.

P =903.3W
- J
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Principle of conservation of Principle of conservation of energy

momentum The principle of the conservation of energy states
that energy cannot be created or destroyed; it
simply changes its form. So, for example, when a
vehicle brakes, the energy is converted into heat,
noise, sound, and so on.

Conservation of momentum 1is a principle
developed from Newton’s laws. The principle states
that the total momentum of a system, in a given
direction, remains constant, providing that the
masses remain unaltered and no external forces
act on the system. Key Points

When vehicles collide, the total momentum before
impact is equivalent to the total momentum after
impact.

Worked Example

A spacecraft with a mass of 6000kg and travelling at 50m/s connects with another
spacecraft of 5000kg travelling at 40 m/s. If both spacecraft are travelling in the same
direction, determine the velocity of the combined craft.

Momentum = mv, so using the principles of the conservation of momentum:

m,v, + myv, = mv, where m_and v, are the final masses and velocity after impact.

(6 X 10° X 60) + (6 X 10° X 40) = [(6 X 10%) + (5 X 107)] v,

v o= 500 X 10°
f 11 X 10°
v, = 4545m/s

Worked Example

If we consider the spacecraft in the previous example, we can determine the loss of energy due to
the collision.

Loss of KE at impact = total KE before impact — total KE after impact

KE after impact = 0.5 X (6 X 10° + 5 X 10°) 45.45% = 11.36 X 10°J

KE before impact = [0.5 X (6 X 10°%) X 507 + [0.5 X (5 X 10°%) X 40%] = 11.5 X 10°J
Loss of KE at impact = (11.5 X 10°%) — (11.36 X 10°)

Loss of KE at impact = 140J

D’Alembert’s principle and the principle of conservation of energy can be compared when solving
problems that involve momentum and loss of energy. )




Make the Grade

Grading criterion M2 requires you to determine the
retarding force on a freely falling body when itimpacts
upon a stationary object and is brought to rest without
rebound, ina given distance. To do this you will need
to consider the way potential energy is converted into
kinetic energy and the theory of momentum.

Worked Example

Mechanical Principles and Applications

Make the Grade

Grading criterion D1 requires you to compare and
contrast the use of d’Alembert’s principle with the
principle of conservation of energy to solve an
engineering problem. Using given data, you will need
to solve the same problem twice, using the different
methods. You can then consider which method you
found most straightforward and draw conclusions
about the techniques used.

A sledgehammer is used to drive a stake
into the ground. The sledgehammer has
a mass of 10kg and the stake has a mass
of 15kg. The sledgehammer falls from
a distance of 0.8m and drives the stake
250mm into the ground. Determine the
resisting force in the ground, assuming
that the sledgehammer remains in contact
with the stake and does not bounce.

D’Alembert’s principle

Assuming the initial velocity = Om/s and the
accelerating force on the sledgehammer is
equivalent to gravity:

v’ = u® + 2as
v=/(0?+2X981X0.8)
v =3.96m/s

This is the velocity as the sledgehammer
connects with the stake.

Using the conservation of momentum principle
where:

v, = velocity of hammer = 3.96m/s
v, = velocity of stake = 0m/s

m,v, + my, =my,
(10 X 3.96)+(15 X 0) = (10 + 15) v,

v, = % = 1.58m/s
The velocity of the sledgehammer and stake
combination = 1.58m/s as it starts to penetrate

the ground.

The final velocity = Om/s, so we can determine
the rate of deceleration.

v’ = u® + 2as

o= (0> — 1.58?%
(2 X 0.25)
a = —b.0m/s?

(Remember, the — sign indicates deceleration.)
Applying d’Alembert’s principle

resisting force = mg + ma = (10 + 15)9.81 +
(10 + 15)b

resisting force = 370N
Conservation of energy principle
Loss of KE = gain of KE

For the sledgehammer:

mgh = 0.5 mv?
, _ (10X 9.81 X 0.8)

(0.5 X 10)
v’ = 15.70
v =3.96m/s

Using the conservation of momentum principle
where:

v, = velocity of hammer = 3.96m/s
v, = velocity of stake = 0m/s
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— — 2
myv, +my,=my, Fs = 0.bmv* + mgh

(10 X 3.96)+(15 X 0) = (10 + 15) v, Fs =105 X (10 + 15) X 1.687] +
[(10 + 15) X 9.81 X 0.25]

_ 396 _
v, = 55 = 1.58m/s. 257.33

F=2025
F=370N

For the combination:

work done = energy used (potential + kinetic)
The answers should be the same, allowing for
\_ rounding errors in calculations. )

232;3“”9 Activity 5.8
1. A railway wagon of mass 700kg

\ travelling at 30m/s catches up with
and connects to a railway wagon of
mass 900Kkg travelling at 20m/s.
Determine the velocity of the
combination and the loss of KE due to
coupling.

.A winch is used to pull a small
lifeboat up a slipway. The lifeboat
has a mass of 15 tonnes and is
accelerated to the top of the slope,

\/ from a stationary start, to a velocity

of 1.2m/s in 45s. The slope is 22°
l to the horizontal and the coefficient

of friction between the slipway and

the lifeboat can be taken as 0.3.
Figure 5.56 Hammer and stake Determine:

e the tractive effort of the winch

e the work done in climbing the
slipway

e the average power required of the

winch.

.A 160kg drop hammer used in a
forging operation falls from a height
of 1.8m to strike a forging of mass
785kg. The impact causes a 65mm
deformation of the forging and the
drop hammer remains in contact
with the forging without rebounding.
Determine the resistance of the
forging.
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5.3 Determining the parameters of fluid

systems

This section will cover the following grading
criteria:

The behaviour of liquids at rest and in motion is
of key importance to engineers when designing
fluid systems and components. Fluids are defined
as substances that will flow and, consequently,
have no physical form. They take up the shape of
the container they are within. Although fluids can
be considered as gases or liquids, it is the analysis
of liquids that interests us in this section. The
forces applied by fluids on tanks, lock gates, walls
is considerable and the up-thrust on boat hulls
and other immersed objects is also of interest to
engineers and designers, as are the characteristics
of steady flow.

Thrust on a submerged surface

By the end of this section you should have
developed a knowledge and understanding
of how to calculate thrust and overturning
moments on a vertical rectangular retaining
surface with one edge in the free surface of
a liquid.

The pressure and force exerted by fluids on vertical
surfaces is considerable. The weight of water on a
sea wall, lock gate or dam wall is a potentially
destructive force. and the design of these struc-
tures requires an understanding of pressure and
density of fluids.

Key Points

Density p is the relationship between the mass of
a substance and its volume.

p =T (kg/m’)

Make the Grade

Grading criterion P5 requires you to calculate the
resultant thrust and overturning moment on a
vertical rectangular retaining surface with one edge
in the free surface of the liquid. This is an application
of forces and moments that has similarities with the
approach undertaken for the first section of this unit
when you considered static equilibrium.

Hydrostatic pressure

Hydrostatic pressure is a measure of the weight
of a liquid for unit area. If you consider a tank
of liquid, as shown in Figure 5.57, the pressure of
water acting on the base of the tank is a result of
the density (p), the gravitational effect (g) and the
amount of water in the tank, determined by its
height (h).

2

Figure 5.57 Tank of water

Key Term

Hydrostatic pressure p = pgh (N/m?)
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-

Key Points

Pressure is very similar to stress in that it is a
measure of the internal forces in a liquid or gas.
We can use the same formula as P = F/A (N/m?).

To help avoid confusion, we refer to pressure in
pascals (Pa). However, Pa and N/m? are exactly

the same unit.

Worked Example

A tank of oil is 3m deep. If the tank is half
full and the density of oil is 875kg/m?3,
determine the pressure on the base of
the tank.
Height of cil = 1.6m

p=pgh=2875X981 X15

p =12.88 X 10°Pa

Activity 8.9

1. A water tank is full of water and
exerts a pressure of 15kPa on the
base. If the water has a density of
1000kg/m?3, determine the height of
the tank.

.A column of oil 3m high exerts a
pressure of 13kPa on the base of a

container. Determine the density of
the oil.

.A container is 6m high; the container
is one-third full of seawater.
Determine the pressure on the base
if the density of seawater is taken as
1013kg/m?.

Hydrostatic thrust on an
immersed plane surface

A typical example of the thrust on an immersed
plane surface would be the force acting on a hatch
or gate in a river or reservoir, as shown in Figure

p = 12.88kPa 5.58. The distance from the free surface to the
- _/ centroid of the area is y and the distance to the
centre of pressure from the base is % The wetted
area (A) is B X h (where B is the breadth).
The thrust, which is a force, is given by:
F = pgAy
Key Points
For a surface of unit width (where B = 1), the area
will be equivalent to the height, so:
F = pghy
N e
N ., y
Centre of N4
pressure h /<\
—p // \\
4 \
h/3 // \\

Figure 5.58 Pressure and force acting on a submerged surface



Centre of pressure of a
rectangular retaining surface
with one edge in the free surface
of a liquid

In Figure 5.58, it is evident that the centre
of pressure will not be at the centroid of the
submerged surface. In fact, for rectangular shapes,

it will be one-third of the distance from the base
to the surface of the fluid.

Therefore, y = %, and the centre of pressure, from
the base, is .

3
Therefore, the thrust for unit width will be:
_ h _ pgh
F = pgh X 5=
Moment about the base = force X distance
pgh?
M="3-xh
2 3
_ pgh’
M==g

Mechanical Principles and Applications

Immersed bodies

By the end of this section you should have
developed a knowledge and understanding
of Archimedes’ principle and the use of a
gravity bottle to determine density.

Archimedes of Syracuse is widely considered to
be one of the most influential mathematicians
and scientists of Greek legend. He is remembered
for many great scientific inventions; however, the
principle of Archimedes is probably the most well
known of his discoveries.

Key Points

Although we consider fluids to be liquids, it is
useful to remember that gas is also a fluid.

Worked Example

The vertical retaining wall of a dock
contains seawater to a depth of 15m.
Calculate the thrust, for unit width, and the
turning moment about the base. Assume
that the density of seawater = 1030kg/m?.

For unit width, the area will be equal to the
height:

F = pghy

F=1030 X981 X156 X 75 =1.137 X 10°N

F=1.137MN
_ pgh’

M= 6

M = 5.68 MNm

J

Activity 5.10

1.A dam wall is 12m high and 3m wide.
Determine the hydrostatic thrust on
the dam wall if the water level is m
below the top of the wall. Assume that
the density of water is 1000kg/m?.

2.A dam wall is 15m high and the
surface of the water is 3m below the
top of the wall. Determine the turning
moment about the base of the wall.
Assume that the density of water is
1000kg/m?.

Make the Grade

Grading criterion P6 requires you to determine the
up-thrust on an immersed body. To do this, you
will need to use Archimedes’ principle and given
data.
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Archimedes’ principle

Archimedes’ principle can be considered to be a
statics problem. If you refer to Figure 5.59, for the
mass to be floating, the weight (acting downwards)
must be equal to the force (reaction) acting
upwards (the up-thrust).

k

Figure 5.59 Archimedes’ principle

Immersion of a body

p=pghandp = %’ so it follows that F = pA = pghA

Archimedes’ principle states that a floating body
displaces its own weight of liquid.

Partly immersed

Worked Example

Fully immersed

Worked Example

A cube of brass with dimensions of
500 X 500 X 500mm and mass 1100kg
is lowered into a tank. Determine the
up-thrust acting on the component if:

e the tank is filled with water of density
1000 kg/m?

e the tank is filled with oil of density
875kg/m?.

volume of component = 05 X 05 X 05
=0.125m?

weight of component = 1100 X 9.81
=10.79 X 10°N

mass of water displaced = pV = 1000 X 0.125
= 125kg

mass of oil displaced = pV = 875 X 0.12b
= 109.38kg

up-thrust in water = mg = 125 X 981
=1.23 X 10°N
up-thrust in oil = mg = 109.38 X 9.81
=1.07 X 10°N

As the weight of the brass is greater than the
upthrust it will sink.
J

A boat of mass 500kg displaces 150m?
of water when it is lowered into a river.
Assume the density of water is 1000 kg/m?.
Determine whether the boat will float and
the up-thrust acting on the hull.

So mass of water displaced = pV = 1000 X 150
m = 150 X 10°kg

The mass of water displaced is greater than
the mass of the boat, because the density of

-

the boat is less than the density of water it will
float.

The up-thrust will be equivalent to the weight of
water displaced:

up-thrust = 150 X 10° X 9.81 = 1.47 X 10°N
up-thrust = 1.47MN
weight of boat = 500 X 9.81 = 4.91kN

As the weight of the boat is less than the
upthrust the boat will float. )




Fluid

As previously stated, fluids can be liquids or
gases. When considering liquids, one of the most
important features is the density; there are appli-
cations of Archimedes’ principle that allow us to
determine the density of a given liquid.

Key Term

Relative density — The density of a liquid, gas
or solid substance that is relative to water.

If brass has a density of 8400kg/m?, it will
have a relative density of 8.4.

Determination of density using flotation and
specific gravity bottle

By using the principle of relative density, it is
possible to determine the density of unknown
liquids and components.

Immersion method

This technique requires careful use of measuring
instruments and, ideally, should be undertaken
under laboratory conditions.

The following conventions are followed:

mass of sample in air = m, (kg)

mass of sample immersed in water = m, (kg)

mass of sample immersed in liquid of unknown
density = m, (kg)

The method typically requires a sample to be
suspended on a spring balance in air. This

A

N

Mechanical Principles and Applications

allows the mass to be recorded; the mass is then
submerged in water and the mass is recorded;
finally, the sample is suspended in liquid of
unknown density and the mass is recorded once
more. This process is illustrated in Figure 5.60.

m
Relative density of unknown sample = ————
(m, —m,)

(m, —m,)

Relative density of unknown liquid = ———=

(m, — m,)

Specific gravity bottle method

This technique requires the use of a gravity bottle,
which is a precisely manufactured flask, made

Figure 5.61 Specific gravity bottle

N

In air

In water i

In unknown
liquid

Figure 5.60 Immersion method
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to hold a known volume of liquid at a specified From the recorded data, the following can be
temperature, as shown in Figure 5.61 (see page deduced:

245). The method also requires the use of precision o relative density of unknown liquid:

measuring equipment and should be carried out m,
under controlled laboratory conditions. (WC)
The following steps should be taken: e relative density of unknown sample:
m

a

o the mass of the sample is recorded (m,) W m —m)
a c d

e the mass of the gravity bottle and stopper is

recorded (m,)
e the gravity bottle is filled with water and the Ma ke the Grade

mass is recorded (m )

e the sample is immersed in the bottle and the
mass of the combination is recorded (m,)

e the mass is removed and the bottle emptied,
carefully dried and refilled with the unknown
liquid; this mass is recorded (m,).

Grading criterion D2 requires you to evaluate the
methods that might be used to determine the
density of a solid material and the density of a
liquid. This criterion is best accessed by performing
experiments to determine the unknown densities.
By performing two experiments, you should be

able to compare values and discuss the limitations,
sources of error and advantages/disadvantages of
each method.

Worked Example

A metal sample is to be checked for density, as is a sample of a given oil.
Two methods are used, with the following results.

Immersion method:

mass of sample in air (m,) =110g
mass of sample immersed in water (m,) = 0bg
mass of sample immersed in oil (m,) =90g
m, 110

relative density of unknown sample = (ml — mz) = (110 — 95)

relative density of unknown sample =7.33

actual density of sample = 7330kg/m?®

relative density of oil = (ml — m3) ~ (110 — 90)

relative density of oil =0.75
actual density of oil = 750kg/m?

Specific gravity bottle method:

the mass of the sample (ma) =110g
246 the mass of the gravity bottle and stopper (m,) =200g
the mass of the gravity bottle filled with water (m,) = 280g
the mass of the gravity bottle filled with water and the sample (m Ol) = 37bg

the mass of the gravity bottle filled with oil (m,) = 210g



relative density of unknown sample
relative density of sample

actual density of sample

relative density of oil = (m_/m)
relative density of oil

actual density of oil

-

Mechanical Principles and Applications

110
(110 + 280 — 375)

=7.33

= 7,330kg/m®
= 210/280
= 0.75

= 750kg/m?

Flow characteristics of a
gradually tapering pipe

By the end of this section you should have
developed a knowledge and understanding
of how the mass and volume flow rates vary
as fluid flows through a gradually tapering

pipe.

Fluid systems can be static or dynamic. While
dynamic fluid systems are generally systems that
involve the pressure and forces that involve a
fairly consistent body of fluid, such as oil in a
tank or the water in a reservoir/lock, we do need
to consider the forces, pressure and character-
istics of fluid flow - for example, pumping fluids
through pipelines, hydraulic systems or domestic
water supply.

Key Points

Rate of flow refers to how much of a fluid is
delivered in kg/s or m¥/s. It is not, however, the
velocity of flow in m/s.

| tonne = 1000 kg

I m3® = 1000 litres

( )

Make the Grade

Grading criterion P7 requires you to use the
continuity of volume and mass flow for an
incompressible fluid to determine the design
characteristics of a gradually tapering pipe.

This will require you to use given data to determine
the cross-sectional area [A) and velocity of flow v).

Rates of flow

Flow rate is normally defined as how much fluid
is delivered per second. If you were filling a tank
which had a volume of 100 m?, you would want to
know how long it would take. The volumetric flow
rate (m*/s) would help you to determine this time.

Similarly, you might know that a counterbalance
system needs 3 tonnes (3000kg) to cause it to
activate. If you were pumping water, you would
want to know the mass flow rate in (kg/s).

Key Terms

V = volume (m®)

(O = volumetric flow rate
(m3/s)

m = mass (kg)

11 = mass flow rate (kg/s)
p = density (kg/m?) p = % (kg/m?)
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Worked Example

A tank is to be filled with water. If the
tank has a volume of 3m?® and takes two
hours to fill, determine the volumetric
flow rate and mass flow rate of the

supply.

Time = 2 X 60 X 60 = 7200 seconds
~_ 3 _ 6 (1113
Q 7500 416.67 X 107% (m®/s)

m=p Q= 1,000 X 416.67 X 10°

= 416.67 X 10 %kg/s
\_ g

Flow velocities

Consider the sectional view of a tapering pipe
shown in Figure 5.62.

To maintain a steady rate of flow, the flow
velocity will increase as fluid moves along the pipe.
This is because the cross-sectional area decreases.

The cross-sectional area (A) is measured in m?.
Flow velocity (v) is measured in m/s.

Aq (m2)\ Ao (m2)

—_—
Vi (m/s)

-

Figure 5.62 Tapering pipe

—— Vo (M/s)

Continuity of flow

To determine flow rate, you need the cross-
sectional area and velocity at any point in the
pipe.

0= Av (m%/s)

From this it follows that, if the flow rate Qis to

remain constant:
Q = Alvl = AZVZ

M = 91.8kg/s
\

Incompressible flow — Although both liquid
and gases are considered fluids, we know
that gases compress and expand when under
pressure. Although this is also true of liquids,
because the compressibility is very small, we
can safely ignore it and consider liquids to be
incompressible.

Worked Example

A horizontal pipe tapers from a diameter
of 100mm to a diameter of 80 mm, where
the flow velocity is 12m/s. Determine:

¢ the initial velocity of the flow

¢ the volumetric flow rate

¢ the mass flow rate.

A =T0L _ gee v 109m?

1T g
-3\ 2
A, =TEX10D" _ 503 x 10-4m?
Alvl = AZVZ
. 12
=503 X107 X oo
v, = 503 X107 X e 10
v, = 7.68m/s
0= sz2

Q=503 X 107X 12 = 91.80 X 10-°m%¥/s
Assuming the density of water is 1000 kg/m?®

m = pQ= 1000 X 91.80 X 103
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Activity 5.11

1.0il of density 815kg/m?® is pumped along a horizontal pipe that is reducing in
diameter. The pump flow rate is 30 1/min. If the initial diameter is B0mm and the
flow velocity leaving the pipe is 5m/s, determine:

e the initial velocity
e the final diameter
e the mass flow rate.

2. Water of density 1000kg/m?® is pumped up a vertical pipe that is reducing in
diameter. The initial diameter of the pipe is 7Omm and the final diameter is
40mm. For an initial velocity of 14m/s, determine:

e the final velocity
e the volumetric flow rate

e the mass flow rate.
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5.4 Determining the effects of energy transfer

In thermodynamic systems

This section will cover the following grading

criteria:

Thermodynamic systems are those systems that
involve heat and energy transfer. Thermodynamics
can involve the study of gases and liquids, but
can also consider how solids become liquids or
vapours, due to heat or energy transfer occurring.

Having previously studied fluids and, particu-
larly, liquids, the gas laws allow us to consider what
happens to gases when temperature, pressure and/
or volume changes.

Heat transfer

By the end of this section you should have
developed a knowledge and understanding of
heat transfer parameters, the different phas-
es that substances can adopt and the princi-
ples of heat transfer. You will also be able to
determine what happens to materials as they
are heated and cooled, and the impact on en-
gineering applications of this principle.

When heat is applied to solid substances, they
can either expand or melt. Similarly, if you keep
applying heat, you can cause a liquid to vaporise.
At what temperature materials change their form
depends upon their properties. A good example is
if you consider a steel tray full of ice. When you
allow heat to be added, the ice melts, turning into
water. If sufficient heat is added — in a domestic
oven, for example — the water will turn into steam.
However, the steel tray will still be a solid. It will,
however, have expanded in size very slightly, due to
the addition of heat energy.

Key Points

It is important to remember that heat transfer
refers to heating and cooling and is a transfer of
energy measured in joules (J).

Make the Grade

Grading criterion P8 requires you to calculate
dimensional change when a solid material undergoes
a change in temperature, and the heat transfer that
accompanies a change of temperature and phase. To
complete this activity, you will need to demonstrate
the use of appropriate formulae which allow you to
determine the change in size of a component, or the
stress induced if the component is prevented from
increasing in size. You will also have to use formulae
to determine the amount of energy required to raise
the temperature of a substance (sensible heat) and
the heat required to effect a change of phase (latent
heat).

Heat transfer parameters

There are a variety of different parameters that
you need to consider when studying heat transfer
concepts.

Temperature

Temperature is the degree of ‘hotness’ or ‘coldness’
of a substance. It relates to molecular activity,
so when no molecular activity is present, the
theoretical temperature of absolute zero has been
reached. The most common temperature scale
used is the Celsius scale (degrees Celsius). The
Celsius scale is based on the freezing and boiling
points of water. However, scientific principles
often require us to use the Kelvin temperature
scale (K), which is based on absolute zero.

Key Points

A temperature change of, say, 10°C is equivalent
to a temperature change of [0K.

However, 0K = —273°C, so to convert °C to K,
add 273.

- v

Pressure

An increase in pressure causes an increase in
temperature.



Mass

Mass is a key concept in that the greater the mass
of a substance, the more heat energy is required to
raise its temperature.

Linear dimensions

Dimensions are key measures of an increase in
thermal energy; the increase in size of a component
is directly related to the heat energy applied.

Time

The amount of time an object is heated for will
have a direct impact on the heat energy absorbed.

Specific heat capacity

Specific heat capacity is a material property and a
measure of how much energy is required to raise
the temperature of 1kg of the material by 1°C.
Each material has a unique value. The units are ]/
kgK.

Specific latent heat of fusion

Specific latent heat of fusion is a material property
that determines the amount of heat required to
change the state of a material from liquid to solid
or vice versa. It is a measure of how much energy is
required to convert 1kg of the substance.

Specific latent heat of vaporisation

Specific latent heat of vaporisation is a material
property that determines the amount of heat
required to change the state of a material from
liquid to vapour or vice versa. It is a measure of
how much energy is required to convert 1kg of
the substance.

Linear expansivity

Linear expansivity is a material property that

Mechanical Principles and Applications

determines the amount of heat required to
increase the length of a given sample in terms of
the original length. The units are /K.

Phase

The phase of a substance refers to whether it is
liquid, solid or gas. It is important to understand
that energy is required to change the phase of a
substance as well as raising its temperature.

Heat transfer principles

When a kettle is used to heat water, it takes a
few minutes to raise the temperature to boiling
point. However, if the kettle is allowed to continue
heating the water, it takes considerably longer to
turn all of the water into steam; while the water is
being turned to steam, the temperature remains at
100°C. The same principle applies when turning
ice into water. This is shown in Figure 5.63.

For sensible heat O = mcAT (J)
For latent heat Q = mL (J)

where:

Q = heat energy (J)

M = mass (kg)

¢ = specific heat capacity (J/kgK)

AT = change in temperature (K)
L specific latent heat (J/kg)

Key Points

As the water begins to turn to steam, this is known
as wet steam; when it has turned completely to
steam, with no remaining water vapour, it is
known as dry steam. If it is partly water vapour
and partly steam, the dryness fraction determines
the relative amounts.

S J
Specific
heat of Sensible
Vvapor- heat
Temperature Latent | Sensible | 153101
Sensible heaF of heat
heat fusion
Time
Solid Liquid Gas

Figure 5.63 Temperature/time graph showing sensible/latent heat
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Worked Example

0.22kg of ice at —5°C is heated to turn it into water, then continually heated until it has
turned to dry steam. Determine the total heat supplied. Assume that:

specific heat capacity of water = 4.12KJ/kgK
specific latent heat of fusion (L) = 335KJ/kg
specific latent heat of vaporisation (L) = 2.25 MJ/kg

to turn ice into water Q = mLf =0.2 X 335 x 10°

=737 X 10°J
to raise temperature of water to 100 °C
= 495 X 10%J

= 660.9 X 10°J
\Total heat supplied = 660.9kJ

to turn water into steam Q = va =0.22 X 2.25 X 10°

Total heat supplied = (73.7 X 10°%) + (92.18 X 10°) + (495 X 10°)

Q =mCAT = 0.22 X 419 X 10° X 100
=92.18 X 10°J

The heat required to raise the temperature of the water is called sensible heat.

The heat required to change the phase of a substance is called latent heat.

The efficiency of a device at heating, cooling or changing the phase of a substance is called the thermal

efficiency, measured as a percentage.

Worked Example

A heat exchanger is rated at 10 MW and is
supplied with water at 20°C. The exchanger
heats the water to 100°C at which point it is
turned into dry steam. The heat exchanger
supplies dry steam at 2kg/s. If the specific
heat capacity of water is 4.19KJ/kgK and
the specific latent heat of vaporisation is
2.25MJ/kg, determine:

e the heat supplied/kg
¢ the thermal efficiency.

Sensible heat:

Q = mcAT for 1kg of steam, remember
temperature change is the same
in Kelvin or °C

Q=1X419 X 10° X 80

QO =335.2 X 10°J

Latent heat

Q=mL =1 X225 X 10°

Q=225 X 108J
Totalheatsupplied/kg = (335.2 X 10°) + (2.25 X 10°)
Total heat supplied = 2.59 X 106J
Rate of heat energy supplied = output power
=m0 =2 X 259 X 10°

=518MJ/s
Total input power = 5.18 X 10°MW (as 1W = 1J/s)
output power _ 518 X 10°

rihfgglal efficiency = input power 10 X 10°

Efficiency = 51.8 per cent )
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Activity 5.12

1.2.5kg of ice at —3°C is heated to turn it into water, then continually heated until
it has all turned to dry steam. Determine the total heat supplied. Assume that:

specific heat capacity of water = 4.19KJ/kgK

specific latent heat of fusion (L) = 335KJ/kg
specific latent heat of vaporisation (L )

.28 MdJ/kg

.A heat exchanger is rated as being 75 per cent efficient and is supplied with
water at 40°C. The exchanger heats the water to 100°C, at which point it is turned
into dry steam. The heat exchanger supplies dry steam at 1.7kg/s. If the specific
heat capacity of water is 4.19KJ/kgK and the specific latent heat of vaporisation

is 2.25MdJ/K, determine:
e the heat supplied/kg
e power input in watts.

Make the Grade @

Grading criterion M3 requires you to determine the
thermal efficiency of a heat transfer process from
given values of flow rate, temperature change and
input power. You will be given specific information
and will need to determine the heat input in terms of
sensible heat and latent heat. The rate of heat input
to perform the process can be compared with the
power supplied to determine the efficiency.

Linear expansion

The linear expansion of a component can be deter-
mined, provided that the temperature change,
original length and linear expansivity is known:

AL = aLAT (m)

Worked Example

Make the Grade

Grading criterion M4 requires you to determine

the force induced in a rigidly held component that
undergoes a change in temperature. To achieve

this, you will need to use the appropriate material
property to determine the theoretical linear
expansion. This value can be used to determine what
the strain would have been if the component was
not constrained. Using previous formulae, which
relate stress to strain, allows the force induced to be
determined.

where:

AL = change in length (m)

a = linear expansivity (/K)

AT = change in temperature (K)
L original length (m)

A steel rod 3m long, of diameter 10mm Therefore, the change in length is 18.72mm.
is heated from 20°C to 500°C. Determine
the change in length and strain induced, From previous studies, we know that € = %
assuming the linear expansivity _ 1872 x10°°
o = 13%10°° 3
 —
€ =624 X10"°
AL = aLAT =13 X 107¢ X 3 X (500 — 20)
253
AL =18.72 X 10°*
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Worked Example

In the previous example, the steel rod was
allowed to extend freely. Determine the
stress induced if the rod was constrained
and the equivalent force required. Take E
for steel to be 207 GN/m?2.

€ =624 X107
E = 207 X 10°N/m?
o
€

From previous studies, we know that £ =

o =FEe=16.24X107° X 207 X 10°

N

o =1.29 X 10°N/m?

m X (10 X 107%)?

A= 7

A =7854 X 10 °m?
oI
F=7854X10°X1.29 X 10°
F=101.32 X 10°N

F =101.32kN

Activity 5.13

An aluminium rod 0.6m long is
heated from 20°C to 240°C. If the rod
is constrained, determine the stress

induced. Assume E for aluminium = 70
X 10°N/m? and the linear expansivity

-6
for aluminium o = %.

Thermodynamic process
equations

By the end of this section you should have
developed a knowledge and understanding
of the parameters used in thermodynamic
equations and formulae. In addition, you will
develop an understanding of how these val-
ues are related and how they vary when gas-
es are involved in thermodynamic processes.

Gases are compressible, and the relationship
between the increase in pressure that occurs
in compression and the changes in volume and
temperature are key to our understanding of how
thermodynamic systems are designed and how
they operate.

Make the Grade

Grading criterion P9 requires you to solve two

or more problems that require application of
thermodynamic process equations for a perfect gas
to determine unknown parameters of the problems.
You will need to use given values, being careful to
ensure that the correct units are being used, and
manipulate the formulae to allow you to determine
the required values.

Key Points

When performing calculations in thermodynamics,
it is important to use absolute values, as these are
what the relationships are developed on.

Process parameters
Absolute temperature

As previously mentioned, absolute temperature is
measured in (K).

Absolute pressure

Absolute pressure is not the pressure you would
read off a pressure gauge. This is because when a
pressure gauge is reading O bar, it is not allowing
for atmospheric pressure. This is the pressure due
to the weight of the atmosphere acting down on
us.

Atmospheric pressure is approximately 1.01 bar
at sea level; however, this value varies, depending
on where you are in the world and your altitude.



Key Points

Absolute pressure is measured in pascal (Pa), | bar
= |0°Pa.

Boyle’s law

Boyle's law describes the relationship between
the pressure and volume of a gas at constant
temperature. For example, if gas is contained in a
cylinder and the pressure is increased, the volume
of the gas in the cylinder will decrease as it is
compressed.

Boyle’s law tells us that this relationship is inversely
proportional, so:

pV = constant

Therefore, for constant temperature

r,V,=p,Y,

Worked Example

A container containing gas at absolute
pressure of 1.1 bar is compressed until
the gas inside reaches a pressure of 1.8
bar. Determine the reduced volume if the
original volume = 400 mm?.

p,=1.1X 10°Pa
p,= 18 X 10°Pa
V, =400 X 10~°m?®

plvl :pZVZ

v = 11X 10° X 400 X 10~
2 18 X 10°

V, = 244.44 X 109m’

V = 244 .44mm?®
\ J

Key Points

You will notice that, although we changed the
units to this, it is not necessary, as using mm?
and bar would have given us the correct answer.
However, there are examples later when this
becomes very important, so it is good practice to

use this technique throughout.

Mechanical Principles and Applications

Charles’ law

Charles’ law describes the relationship between
the temperature and volume of a gas at constant
pressure. For example, if gas is contained in a
cylinder and the temperature is increased, the
volume of the gas in the cylinder will increase as
it is heated.

Charles’ law tells us that this relationship is
directly proportional, so:

% = constant

Therefore, for constant pressure

W_oV
Tl T2

Worked Example

A container containing gas at a
temperature of 20°C is heated until
the gas reaches a temperature of 90°C.
Determine the increased volume if the
original volume = 400 mm?3.

T, = 293K
T,= 363K

V, =400 X 10-9m°

w_"%

Tl T2

U _ 363 X 400 X 10°°
2 293

V, = 49556 X 10°m?®

V = 495.56 mm®
- J

General gas equation

Many thermodynamic processes involve changes
in pressure, temperature and volume. The general
gas equation is a combination of Charles’ law and
Boyle's law:

V
PT = constant
rV,_pY,
TI T2
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Worked Example

if the final volume = 100mm?.

A cylinder containing gas at atemperature of
70°C, volume of 80 mm? and pressure of 2 bar
is heated until the gas reaches a temperature
of 120°C. Determine the change in pressure

plvl _ p2 VZ
T‘l a TZ
(2 X 10°X 80 X 1079 X 393)
P, = (100 X 10 ° X 343)

p,=1.83 X 10°Pa

Using the general gas equation is a good example
of why we change the units to their absolute
values. If you try to use the values given in the
example, without converting them, the answer

will be incorrect.

T = 343K .. The change in pressure = p, — p,

p, =2 X 10°Pa = 2X 10° — 1.83 X 10°

V., = 80 X 10-m® = 0.17 X 10°Pa

T, = 393K — 0.17bar

V, = 100 X 10-°m?
. J
[ Key Points | Characteristic gas equation

Using the general gas equation is very useful when
we have the conditions before and after a thermo-
dynamic process. However, for easier analysis,
we use a constant to formulate a characteristic
equation:

pV = mRT
where:
p = pressure (Pa)
V = volume (m?)
m = mass (kg)
R = specific gas constant (J/kgK)
T = temperature (K)



Worked Example

A cylinder of volume 85000cm? is filled
with 0.3kg of air at 30°C. A pressure gauge
is attached which reads 2 bar. Because
there is some doubt about the accuracy
and precision of the gauge, determine the
theoretical pressure and compare this with
the given value. The specific gas constant
for air is 287J/kgK and the atmospheric
pressure can be taken to be 1.01 bar.

V=856 X10"*m?

Mechanical Principles and Applications

pV = mRT

_ (0.3 X 287 X 303)
85 X 10°

p = 3.07 X 10°Pa

b

p = 3.07bar (absolute)

The pressure gauge reads 2 bar, but we have to
add atmospheric pressure to this:

2+ 1.01 = 3.01 bar

T = 303K
The discrepancy is 0.06 bar, or approximately 20
m = 0.3kg per cent.
\_ R = 287J/kgK

J

Activity 5.14

Nitrogen in a cylinder of volume 500 X 10%cm?® is compressed from an absolute
pressure of 2.2 bar to an absolute pressure of 3.5 bar. If the initial temperature is

25°C and the final volume is 60cm?, determine:

e the final temperature.
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To achieve a pass grade
you will have:

calculated the magnitude,
direction and position of the line of

action of the resultant and equilibrant of a

non-concurrent coplanar force system

containing a minimum of four forces acting in
different directions

calculated the support reactions

of a simply supported beam
carrying at least two concentrated loads and
a uniformly distributed load

calculated the induced direct
stress, strain and dimensional

change in a component subjected to direct

uniaxial loading and the shear stress and

strain in a component subjected to shear
loading

solved three or more problems

that require the application of
kinetic and dynamic principles to determine
unknown system parameters

calculated the resultant thrust and

overturning moment on a vertical
rectangular retaining surface with one edge in
the free surface of a liquid

determined the up-thrust on an
immersed body

used the continuity of volume and
mass flow for an incompressible

fluid to determined the design characteristics
of a gradually tapering pipe

calculated dimensional change
when a solid material undergoes a
change in temperature and the heat transfer

that accompanies a change of temperature
and phase

solved two or more problems that

require application of
thermodynamic process equations for a
perfect gas to determine unknown

Qarameters of the problems.

To achieve a merit grade
you will also have:

@ calculated the factor of safety in
operation for a component
subjected to combined direct and shear
loading against given failure criteria

@ determined the retarding force on
a freely falling body when it
impacts upon a stationary object and is

brought to rest without rebound, in a given
distance

@ determined the thermal efficiency
of a heat transfer process from
given values of flow rate, temperature change
and input power

@ determined the force induced in a
rigidly held component that

undergoes a change in temperature.

To achieve a distinction
grade you will also have:

compared and contrasted the use

of d’Alembert’s principle with the
principle of conservation of energy to solve
an engineering problem

evaluated the methods that might
be used to determine the density

of a solid material and the density of a liquid.
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By the end of this unit you should be able to:

e use circuit theory to determine voltage, current and resistance in direct

current (d.c.) circuits

e understand the concepts of capacitance and determine capacitance values in

d.c. crcuits

e know the principles and properties of magnetism
e use single-phase alternating current (a.c.) theory.

In order to pass this unit, the evidence you present for assessment needs to demonstrate that
you can meet all of the above learmning outcomes for this unit. The criteria below show the levels
of achievement required to pass this unit.

To achieve a pass grade you

need to:

use d.c. circuit theory to
calculate current, voltage

and resistance in d.c. networks

To achieve a merit grade you
also need to:

use Kirchhoff's laws to

determine the current in
various parts of a network having
four nodes and the power dissipated
in aload resistor containing two
voltage sources

To achieve a distinction
grade you also need to:

analyse the operation and

the effects of varying
component parameters of a power
supply circuit that includes a
transformer, diodes and capacitors

use a multimeter to carry
out circuit measurements
inad.c. network

@ evaluate capacitance,
charge, voltage and energy
in a network containing a series-

parallel combination of three
capacitors

evaluate the performance of
a motor and a generator by

reference to electrical theory.

compare the forward and

reverse characteristics of
two different types of semi-conductor
diode

compare the results of

adding and subtracting two
sinusoidal a.c. waveforms graphically
and by phasor diagram.

describe the types and
function of capacitors

carry out an experiment to

determine the relationship
between the voltage and current for
a charging and discharging capacitor

P6 | calculate the charge,
voltage and energy values
in a d.c. network for both three
capacitors in series and three
capacitors in parallel

‘ P7 | descrive the characteristics
of a magnetic field

describe the relationship
between flux density (B)

and field strength (H)

describe the principles and
applications of
electromagnetic induction

use single-phase a.c.

circuit theory to determine
the characteristics of a sinusoidal
a.c. waveform

‘Pll:' use an oscilloscope to
measure and determine
the inputs and outputs of a
single-phase a.c. circuit.
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Intvoduction

Electrical and electronic principles underpin the modern world; the technology is used in many
applications, such as communications, transportation and the media. This technology has had an
enormous impact on the way we live today.

The unit will help learners to develop the necessary skills, attitude and knowledge for
achieving passes (P), merits (M) and distinctions (D) in this core unit. The unit starts with the
fundamental principles of electrical and electronic technology — electron theory — and how
this is applied to direct current (d.c.) circuits. This theory develops into electromagnetism,
alternating current (a.c.) and electrical machines. The unit concludes with a practical review of
circuit measurements.

For learners wishing to follow an electrical/electronic programme, this unit is an essential
building block that will provide the underpinning knowledge required for further study of
electrical and electronic applications.

This section of the book is organised as follows; each of the subsections can be readily linked
to the learning outcome (LO), pass (P), merit (M) and distinction (D) criteria.

Section/content LO P M D
Electrical and electronic fundamentals

Safety

6.1 Electrostatics 2 4

6.2 Direct current (d.c.) | I, 6 l,2

6.3 Electromagnetism 3 7,8

6.4 Alternating current (a.c.) 4 10 3

6.5 Electrical machines 3 9 2
6.6 Diodes | 3 I

6.7 Circuit measurements [,2,4 2,5 11
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Electrical and electronic fundamentals

Electrical and electronic fundamentals are based
on the scientific model of an atom. The physical
nature of all materials can be illustrated by the
model of an atom, which consists of a central
nucleus with orbiting electrons. Electrical and
electronic principles are founded on the electrons,
their characteristics and how they behave.

Atomic theory

Figure 6.1 is one illustration of the model of a
single atom. Note that this a scientific model
used in physics, chemistry and engineering to be
able to describe and understand the behaviour
of materials, and electrical/electronic circuits.
Unlike the solar system, it is not practical to be
able to view the elements of an atom, even with
powerful optical devices.

Figure 6.1 Model of an atom

Referring to the model in Figure 6.1, the nucleus
of this atom comprises protons and neutrons;
orbiting this nucleus are electrons. Electrons
are thousands of times lighter than the protons
and neutrons in the nucleus. These elements of
an atom are retained in position as a result of
electrical charge:

e protons are positively charged
e neutrons are neutral
e electrons are negatively charged.

The nucleus is consequently positively charged,
and the total charge of the nucleus is equal in
magnitude (size) to the sum of all charges on
the protons. When two or more atoms combine,

they are linked together to form a molecule (see
Figure 6.2). The molecular structure is the basis
of a given substance or material that we would
recognise — for example, oxygen, water, copper,
silver, rubber or plastic.

Figure 6.2 Molecules — formed by atoms bonded into
a structure

In a stable atom, the number of protons and
electrons are in equilibrium, so that overall the
atom is neutral, which is to say, it has no charge.
Depending on the molecular structure of a
material, it is possible to add or remove electrons
from an atom. For example, if two particular
materials are rubbed together, electrons may be
transferred from one material to the other. This
alters the stability of the atom, leaving it with a net
positive or negative charge. When an atom within
a material loses electrons, it becomes positively
charged and is known as a positive ion; when an
atom gains an electron, it has a surplus negative
charge, so is referred to as a negative ion.

These differences in charge give rise to a
phenomenon called an electrostatic effect. This
can be demonstrated by observing the effect of
unrolling a section of cling film - the material is
attracted to a person’s hand. There is a difference
in charge between the cling film and the person,
causing an attraction of electrical charges.

Key Term

Periodic table — The method of listing

elements in terms of increasing atomic number,
i.e. the number of electrons in an atom.
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Key Points

Key aspects of electrical and electronic funda-
mentals are:

* like charges repel each other
* opposite charges attract each other

* elements of an atom are retained in position as
a result of electrical charge

it is possible to add or remove electrons from
an atom

in a stable atom, the number of protons and
electrons are in equilibrium.

G /

The number of electrons occupying a given orbit
within an atom is established from an extension
of the simple model previously discussed. These
are all characterised in the periodic table.
The electrons in specific atoms are located in
a particular orbit, or shell, dependent on their
energy level. It is important to note that different
atoms have different numbers of shells; each of
these shells is occupied by a specific number of
electrons. Certain atoms have numerous shells,
as shown in Figure 6.3. In this example, the
innermost shell can have up to two electrons; the
second shell can have up to eight; and the third
(in certain atoms) up to 18. This outer shell is of
particular importance to electrical and electronic
theory.

—_———

/@—’@‘\@\ N orbit

\ G@ _ Eggron
ey

Figure 6.3 An atom with a loosely bound free electron
in its outer shell
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Electrical charge

All electrons and protons carry an electrostatic
charge; this is given the unit of the coulomb.
The unit is named after the French physicist
Charles-Augustin de Coulomb (1736-1806). His
work on electrical charge led to the development
of Coulomb’s law; this defines the electrostatic
forces of attraction and repulsion.

Key Term

One coulomb (C) — The total amount of the

charge carried by 6.21 X 10® electrons; a
single electron has a very small charge of 1.61
X 107" C.

Figure 6.3 shows an atom with one loosely bound
outer electron that can easily become detached
from the parent atom. Only a small amount of
energy is required to overcome the attraction of
the nucleus. Sources of such energy may include
heat, light or electrostatic fields. The electron,
once detached from the atom, is able to move
freely around the structure of the material and is
called a free electron. These free electrons become
the charge carriers within a material. Materials
that have large numbers of free electrons make
good conductors of electrical energy and heat. A
material which has many free electrons that move
easily between atoms is known as a conductor.
Metals are the best conductors, since they have a
very large number of free electrons available to act
as charge carriers. Examples of good conductors
include silver, aluminium, copper, gold and iron.

Materials that do not conduct charge are called
insulators; their electrons are tightly bound to the
nuclei of their atoms. Examples of insulators include
plastics, glass, rubber and ceramic materials.

In a material containing free electrons, their
direction of motion is random, as shown in Figure
6.4(a), but if an external force is applied that
causes the free electrons to move in a uniform
manner (Figure 6.4(b)), an electric current is said
to flow.

The effects of electrical current flow can be
observed when electrical energy is converted
into other forms of energy. For example, heat
is produced when an electric current is passed
through a resistive heating element. Light is
produced when an electric current flows through
the filament wire of an incandescent lamp.
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Figure 6.4 Free electrons and the application of an external force

Activity 6.1

Assess your knowledge of electrical and electronic fundamentals by answering these
questions.

1 Do electrons carry a very small amount of negative or positive electrical charge?

2 Give examples of materials that readily support the flow of electric current. What
general term is given to these materials?

3 Give examples of materials that do not support the flow of electric current. What
general term is given to these materials?

4 Explain the following terms: electron, ion, charge.

Tem p erature co efﬁ Ci ent manganin, which c9ml?ine the. effects of insulators
and conductors, it is possible to produce a
All materials offer some opposition, or resistance, material where the resistance remains constant
to current flow. In conductors, the free electrons with increase in temperature. Figure 6.5 shows
collide with the relatively large and solid nuclei how the resistance of insulators, semiconductors
of the atoms. As the temperature of the material and conductors changes with temperature.
increases, the nuclei vibrate more energetically,
further obstructing the path of the free electrons, Resistance Q Resistance Q
causing more frequent collisions. The result is
that the resistance of a conductor increases with
temperature.

Due to the nature of the bonding in insulators,
there are only a small number of free electrons.
When thermal energy increases as a result of a
temperature increase, a few electrons manage to

break free from their fixed positions and act as
charge carriers. The result is that the resistance of
an insulator decreases as temperature increases. Figure 6.5 Variation of resistance with temperature for
By producing special alloys, such as eureka and negative/positive temperature coefficient materials

Temperature °C Temperature °C
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Safety

Safety (both yours and that of those around
you) is paramount when working with electrical/
electronic equipment and systems. The effects of
electricity act very quickly and you must always
think carefully before working on circuits where
voltages in excess of 50V are present. Failure to
observe this simple precaution can result in the
risk of an electric shock.

Hazards and risks

Hazards and risks can exist within many circuits,
even those that may appear to be totally safe. They
include:

e incorrect connection of a power supply
e incorrect connection of components
e incorrect fitting of components.

These can all result in serious risks to personal
safety as a result of:

fire

explosion

generation of toxic fumes

burns

electric shock.

Voltages in many items of electronic equipment,
including all items that derive their power from
the domestic power supply, are at a level which
can cause sufficient current flow in the body to
disrupt the normal operation of muscles and the
heart. The threshold will be even lower for anyone
with a defective heart.

The most critical path for electric current
within the body is when current passes through
the heart; this occurs when both hands complete
the electrical circuit. (The hand-to-foot route can
also have this effect.) Therefore, in preparation for

working on an item of electronic equipment, think
about what voltages are present from the power
supply and/or other sources of stored energy — for
example, capacitors. If you have to make measure-
ments or carry out adjustments on a piece of
working (or ‘live’) equipment, a useful precaution is
using one hand only to perform the adjustment or
to make the measurement. Your ‘spare’ hand should
be placed safely away from contact with anything
metal (including the chassis of the equipment,
which may or may not be earthed).

Electric shock

The severity of electric shock depends upon
several factors, including:

e the magnitude of the current
e whether it is alternating or direct current
e the path of current through the body.

The magnitude of the current through a person
depends upon the voltage which is applied and
the resistance of the skin. The electrical energy
developed in the body will depend on the time for
which the current flows. The duration of contact
is also crucial in determining the eventual physi-
ological effects of the shock. As an approximation,
the effects in Table 6.1 are typical.

The figures quoted in Table 6.1 are provided
as a guide for comparison and information; there
have been cases of lethal shocks resulting from
contact with much lower voltages and at relatively
small values of current. Any potential in excess of
50V must be considered dangerous, and safety
precautions should be taken. Get into the habit of
treating all electrical and electronic systems with
great care.

Current (mA) Physiological effect Physical sensation

I Not usually noticeable None

-2 Threshold of perception Slight tingle may be felt

2-4 Mild shock Effects of current flow are felt
4-10 Serious shock Shock is felt as pain

10-20 Nerve paralysis may occur Unable to let go

20-50 Respiratory control inhibited Breathing impaired

>50 Ventricular fibrillation of heart muscle Heart failure

Table 6.1 Effects of current and physiological effect
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Key Points
¢ Safety (both yours and that of those around you) is paramount when working with electrical/electronic
equipment and systems.
¢ It is essential to remove electrical power from equipment before removing or installing components.
* Failure to observe this precaution can result in electric shock and/or damage to components and
equipment.
* The most critical path for electric current within the body is when current passes through the heart.
* The magnitude of the current through a person depends upon the voltage which is applied and the
resistance of the skin.
* Any potential difference in excess of 50V must be considered dangerous.
\ J
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6.1 Electrostatics

This section will cover the following grading
criteria:

By the end of this section you should be
able to describe the types and functions of
capacitors.

Electrostatics builds on atomic theory, in
particular the nature and behaviour of electrons.
If a material has a deficit of electrons, it will
exhibit a net positive charge; if it has a surplus
of electrons, it will exhibit a net negative charge.
Note that there is no current actually flowing,
hence the term ‘electrostatics.

This imbalance in charge can be produced by
a variety of methods, the most common being
friction. In the extreme case, friction between
molecules in the atmosphere gives rise to a massive
build-up and subsequent discharge of electrical
energy — that is, lightning.

If two bodies are charged in the same way -
that is, either both positively or both negatively
charged - the two bodies will move apart,
indicating that a force of repulsion exists between

them. If, on the other hand, the charges on the two
bodies are unlike - that is, one positively charged
and one negatively charged - the two bodies will
move together, indicating that a force of attraction
exists between them. From this we can conclude
that like charges repel and unlike charges attract.

In the case of friction, electrons and protons
in an insulator can be separated from their atoms
by rubbing two materials together. This causes
electrons to leave one atom for another, thereby
creating atoms with an excess of electrons in some
atoms, and a deficiency in the others. This creates
atoms in the two materials with opposite charges.
These charges will remain separated for some time,
until they eventually dissipate due to losses in the
insulating material or in the air surrounding the
materials.

Activity 6.2

Complete the missing words in this
sentence: Charge bodies with the same
one another, while

charge
charges with opposite charge will
one another.

Figure 6.6 (2) Electric field between isolated unlike charges; (b) electric field between isolated like charges



Electric fields

The force exerted on a charged particle is estab-
lished by the existence of an electric field. The
electric field defines the direction and magnitude
of a force on a charged object. The field itself is
invisible to the human eye, but can be illustrated
by constructing lines which indicate the motion
of a free positive charge within the field - the
number of field lines in a particular region being
used to indicate the relative strength of the field
at the point in question.

Figure 6.6 illustrates the electric fields between
isolated unlike and like charges, while Figure 6.7
shows the field that exists between two charged
parallel metal plates.

SERIERERED

Figure 6.7 Electric field between the two charged
parallel metal plates of a capacitor

The strength of an electric field (E) is propor-
tional to the applied potential difference, and
inversely proportional to the distance between
the two conducting surfaces (see Figure 6.8). The
electric field strength (for an infinitely large pair
of parallel plates) is given by the relationship:

E=V
d
where E is the electric field strength (in volts per
metre %), V is the applied potential difference (in
volts) and d is the distance (in metres).

These charged conducting surfaces are the basis
for a very important component used in electrical
and electronic engineering: the capacitor. The
amount of charge that can be stored by a capacitor
is given by the relationship:

0=CxV

Electrical and Electronic Principles

Potential
difference,
Vv

Distance,
d

Field
strength, E

Figure 6.8 Electric field strength between two charged
conducting surfaces

where Q is the unit of charge in coulombs; C is the
capacitance expressed in units of farads, and V is
the applied voltage.

Unit of capacitance (farad) - Named
after Michael Faraday, a British chemist
and physicist (1791-1867). Faraday was
an eminent scientist, contributing signifi-
cantly to the fields of electromagnetism and
electrochemistry.

Mathematical multipliers

The farad is a very large unit. In many branches of
engineering, including electrical and electronic,
we use mathematical multipliers to express low
or high values, written with a prefix name. The
International System of Units specifies prefixes
used with units of measure (and associated symbol)
to form a decimal multiple or sub-multiple. In
electrical and electronic engineering, we often
deal with very large or very small units of current,
voltage and resistance.

0.000001 = 10~ prefix micro ()

0.001 = 1073 prefix milli (m)
1000 — 10° prefix kilo (k)
1000000 =10° prefix mega (M)

Hence a capacitance of 0.000001 F is written as
1 pF.
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Unit of voltage — Named after the Italian
physicist  Alessandro  Giuseppe Antonio
Anastasio Volta (1745-1827). His work led to
the development of the first electric cell in
1800. The volt is the unit of electromotive
force, also referred to as voltage; it is also
the unit for the related quantity of electrical
potential difference.

The relationship Q = C X V can be rearranged to
make C or V the subject, as follows:

_9 _0
V—EandC—V

Worked Example

Two parallel conductors are separated
by a distance of 25mm. Determine the
electric field strength if they are fed
from a 750V supply.

The electric field strength will be given by:

=V
E= d
The electric field strength is therefore: 750
©0.025

30kV/m

)

Worked Example

The electric field strength between two
parallel plates is 20kV/m. If the plates
are separated by a distance of 10mm,
determine the potential difference that
exists between the plates.

The electric field strength will be given by:

Rearranging this formula to make V the subject
gives:

V=EXd

The potential difference (V) = 20,000 X 0.01

= 200V
- J

Worked Example

A potential difference of 100V appears
across two plates with a capacitance of
1 uF. What charge is stored?

The charge can be calculated from:

Q=CXYV

The stored charge (Q) = 1 X 107 X 100 =

100uC.
J

Capacitors

Referring to electrostatic theory, and in particular
the accumulation of charge on two conducting
surfaces, the definition of capacitance is the
ability of a body to hold an electrical charge. The
capacitor is a passive electronic device, comprising
two conductors separated by an insulating material
known as the dielectric. Capacitors are normally
formed into cylindrical or rectangular shapes;
capacitor construction and circuit symbols are
shown in Figure 6.9.

When a voltage potential difference is applied
between the plates, an electric field is present in
the dielectric. This field stores energy between
the plates. Capacitors have many uses in electrical
and electronic circuits, based on the properties of
energy storage.

Several solid dielectrics are available, including:
paper

plastic

glass

mica

ceramic materials.

One widely used type of construction is the
electrolytic capacitor; this uses an aluminium or
tantalum plate, with the dielectric formed by an
oxide layer. The second electrode is a substance
containing free ions that is a conductive material;
this is connected to the circuit by another foil
plate. Electrolytic capacitors offer very high
capacitance, but have high tolerances and are
generally not stable. They lose capacitance over
time; this is accelerated by heat and leakage
current. Electrolytic capacitors can only be used
in d.c. applications; they can only be connected
with the correct terminations.
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Plastic insulation

Figure 6.9 Capacitor construction and circuit symbols for capacitors

Safety points

1. When working with high-voltage capacitors, it
is essential to ensure that the capacitor is fully
discharged before attempting to replace the
component.

2. When replacing a capacitor, it is essential to
ensure that the replacement component is
correctly rated in terms of type, value, working
voltage and temperature. Capacitors are prone
to failure if their maximum working voltage
is exceeded, and they should be de-rated
when operated at a relatively high ambient
temperature, according to manufacturers’
specifications.

3. Itis also essential to observe the correct polarity
when replacing an electrolytic (polarised)
component. This is usually clearly marked on

the external casing.

Make the Grade
Grading criterion P4 requires that you describe

the types and function of capacitors. The type of
capacitor can be broadly described by its method
and materials used for construction. Applications

for capacitors include timing circuits and rectifier
output smoothing.

Charging/discharging

When electrical charge is added to the plates of a
capacitor, it is said to be charging. When electrical
charge is removed from the plates of a capacitor, it
is said to be discharging.

Practical charging/discharging is normally
achieved in combination with a resistor network;
further details are given in section 4.2 (Direct
current (d.c.)) of this unit.

Activity 6.3

1.The two plates of a parallel plate
capacitor are separated by a distance
of 85mm. If the potential difference
between the plates is 100V, what will
the electric field strength be?

. The electric field between two
conducting surfaces is 50V/m. If the
plates are separated by a distance
of 25mm, determine the potential
difference between the plates.

Summarising the quantities, symbols, units and
abbreviations used in electrostatics, note that the
abbreviation is used after writing the value of the
unit — for example, a potential difference of 5 volts
can be written as 5V.

Quantity Unit Symbol | Abbreviation
Charge coulomb Q C
Electromotive force | volt \ \

Potential difference | volt \ \

Electric field volt/metre | E V/m

Table 6.2
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6.2 Direct current (d.c.)

This section will cover the following grading
criteria:

G G @) ()

By the end of this section you should be able
to use d.c. circuit theory to calculate current,
voltage and resistance in d.c. networks; cal-
culate the charge, voltage and energy values
in a d.c. network for both three capacitors
in series and three capacitors in parallel; use
Kirchhoff’s laws to determine the current in
various parts of a network having four nodes
and the power dissipated in a load resistor
containing two voltage sources; and evalu-
ate capacitance, charge, voltage and energy
in a network containing a series-parallel
combination of three capacitors.

d.c. refers to the flow of electrical energy in one
direction only. d.c. circuits are found in many
practical applications — for example, torches and
starter motors. This section focuses on the three
basic quantities used in electrical and electronic
circuits:

e voltage
e current
e resistance.

The force that creates the flow of current (or
rate of flow of charge carriers) in a circuit is the
electromotive force (emf). Current is defined as
the rate of flow of electrical charge. All materials
oppose the movement of electric charge through
them; this opposition to the flow of the charge
carriers is known as the resistance of the material.

Current/Voltage/resistance

The principle of electrical technology is based
on the model of an atom as described earlier.
Because of their negative charge, electrons will
be attracted to positive potentials (remember that
like charges repel and unlike charges attract). This
model of an atom was developed by scientists in

the early twentieth century; prior to this, the early
pioneers of electrical engineering believed that
the direction of current flow in a circuit was from
the positive potential to the negative potential;
this is termed conventional current.

Further scientific research, however, estab-
lished that the charge carriers were electrons;
these actually flow in the opposite direction — that
is, from negative to positive. The convention of
defining current flow from positive to negative
remained, however. Electrical engineers continue
to refer to conventional current; electron flow is
the preference in electronics. In this unit, we will
refer to conventional current unless otherwise
stated.

The most commonly used method of generating
d.c. is the electrochemical cell, invented by Volta.

Key Term

Cell — A device that produces a charge when
a chemical reaction takes place. When several

cells are connected together, they form a
battery (see Figure 6.10). Circuit symbols for
cells and batteries are shown in Figure 6.11.

4 N\
Key Points

¢ d.c. refers to the flow of electrical energy in one
direction only.

® Current is defined as the rate of flow of
electrical charge.

* Conventional current flows from positive to
negative.

* Electrons travel in the opposite direction, from
negative to positive.

* Opposition to the flow of current is known as

the resistance of the material.
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Load
Electron |
Anode flow
Container— |
Electrolyte

-

Figure 6.10 Cells and batteries

Cathode

Positive
terminal

Negative
terminal

A simple d.c. circuit containing a battery, switch

I:I I | | I _I:I and lamp is shown in Figure 6.12.
- + - +

Cell

Figure 6.11 Circuit symbols for cells and batteries

Battery

Key Term

Unit of current — The ampere is named
after the French physicist and mathema-

tician André-Marie Ampere (1775-1836). One
ampere is equal to a flow of one coulomb per
second.

Bulb

&

Switch

HE—

Battery

Figure 6.12 Simple d.c. circuit: components and diagram
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If a current of 1 A flows for a time (t) of 10 seconds,
then the amount of charge (Q) transferred will
be:

Q=1Xt=1 X 10 = 10 coulombs

e N
Key Points

* Since current is the rate of flow of charge, if
more charge moves in a given time, more
current will be flowing.

* If no charge moves, then no current is flowing.

* One ampere is equal to a flow of one coulomb
per second.

Key Points

Ohm experimented with the electrochemical
cell, recently invented by Volta. Using equipment
of his own creation, he determined that there is
a direct proportionality between the potential
difference (voltage) applied across a conductor
and the resultant electric current — this is now
known as Ohm’s law. The application of Ohm’s
law is detailed later in this unit.

(. J

The work done by a source of energy to separate
electrical charges and cause current to flow is the
emf, measured in V. A typical source of energy
is the electrical cell; this transfers energy to
the circuit by doing work to raise the electrical
potential. (Note that the word ‘force’ used in the
term ‘emf’ is in fact a misnomer; electromotive
force is a property of the energy source.)

Potential difference (p.d.) - The voltage

difference, or voltage drop, between two given
points in a circuit created by the energy source
and giving rise to current flow.

All materials oppose the movement of electric
charge through them; this opposition to the flow
of the charge carriers is known as the resistance
(R) of the material. This resistance is due to colli-
sions between the charge carriers (electrons) and
the atoms of the material.

Ohm, with the symbol Q - The unit of

resistance. This unit is named after the German
physicist Georg Simon Ohm (1789-1854).

- /

Note that 1V is the electromotive force required
to move 6.21 X 10%® electrons (one coulomb)
through a resistance of one ohm in one second.
Hence: 0
V= (T)R

Power stations generate very high voltages, typically
in the order of 50,000V. The integrated circuits
used in computers operate with very low currents,
typically one-millionth of an ampere. Resistors can
be rated in tens, thousands or millions of ohms.
For convenience, and to avoid introducing errors,
we use mathematical multipliers as before; for
example:

e 50000 volts is written as 50kV
e 0.001 amperes is written as 1 mA
e 1,000 ohms is written as 1 kQ.

Resistors

Key Term

Resistor — A component used in electrical
networks and electronic circuits.

Resistors are ever-present in most electronic

equipment. They can be made of various
compounds, chemical films and wire. The primary
characteristics of a resistor are the:

e resistance value

e tolerance

e power rating

e temperature coefficient.

Resistors are often miniaturised and formed as
part of integrated circuits and printed circuit
boards.
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Figure 6.13 Resistors

Fixed-value resistors

Whether designing circuits or investigating
problems, it is important to determine the value
of a particular resistor component. One method of
identifying resistor values is with a colour-coding

scheme. Coloured bands correspond to the value
and tolerance of the resistor (see Figure 6.13).
The first two bands represent the value, the third
band is the multiplier and the fourth band is the
tolerance.

Band colour Significant figures

Multiplier

Tolerance (%)

Orange 3 X 10°

Yellow 4 X 10*

Silver -

None - _

Table 6.3 Resistor colour coding
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Worked Example

A resistor is marked with the following
coloured bands: yellow, white, orange,
silver. What is the value of the resistor?

First digit: yellow (4)

Second digit: white (9)

Multiplier: orange (1000, or 10°)

e Tolerance: silver (+/— 10 per cent)

Hence the resistor value is 49,000 ohms (or

49kQ) +/— 10 per cent.
\ J

Variable resistors

Variable resistors are mounted on a linear or
rotary shaft to provide a user-adjustable resistance;
typical applications include the control of lighting
or audio volume in a music player. They are
sometimes combined with micro-switches to
provide an on/off control function. Variable
resistors are produced as one of the following:

e potentiometers
e preset resistors
e rheostats.

Figure 6.14 provides examples of symbols used
for variable resistors. When the intention is
for the user to adjust the circuit resistance for
control purposes — for example, audio volume or
lighting intensity — the variable resistor device is
used. If the circuit resistance is only intended to
be adjusted in the workshop, a preset device is
used.

a b c d

Figure 6.14 Circuit symbols for variable resistors

Key Term

Potentiometer (often called a ‘pot’ for

short) — A type of variable resistor that is
normally used as a voltage divider.

Voltage divider

This is a circuit used to supply a portion of the
power supply voltage from a resistive contact. The
potentiometer is typically a three-terminal resistor
with a sliding centre contact (the wiper). If all
three terminals are used, it can be used in the
voltage divider application. If only two terminals
are used (one end of the resistor and the wiper), it
acts as a variable resistor.

A rheostat performs the same function as the
potentiometer, but is physically much larger, being
designed to operate with much higher voltage and/
or current. Rheostats are constructed with a resistive
wire formed as a toroidal coil, with the centre contact/
wiper moving over the surface of the windings.

Resistivity

Several types of material are used to make wiring,
connectors and resistors for electrical circuits.
Aluminium conductors are sometimes used for
wiring — for example, in aircraft, to save weight;
however, the majority of installations are made
from copper. The choice of conductor material is
a trade-off between the material’s resistance over
a given length, cost and (in certain applications,
such as aircraft) the material’'s weight.

The relationship between resistance and length
is the quantity of resistivity (symbol p) measured
in units of ohm-metres (2m). Annealed copper at
20°C has a resistivity of 1.725 X 1078 Qm; copper
is more ductile than aluminium, and can be easily
soldered. Aluminium has a resistivity value of 2.8
X 1078Qm; it is 60 per cent lighter than copper,
but it is more expensive and requires specialised
methods of forming joints between wires.

Thermistors

Unlike conventional resistors, the resistance of a
thermistor is intended to change with temperature.
Thermistors are employed in a wide variety of
temperature-sensing and temperature-compensating
applications. Two basic types of thermistor are
available: negative temperature coefficient (NTC)



and positive temperature coefficient (PTC). Typical
NTC thermistors have resistances that vary from a few
hundred (or thousand) ohms at 25°C, to a few tens
(or hundreds) of ohms at 100°C. PTC thermistors,
on the other hand, usually have a resistance-temper-
ature characteristic that remains substantially flat
(usually at around 100€2) over the range 0°C to
around 75 °C. Above this, and at a critical threshold
temperature (usually in the range 80°C to 120°C),
their resistances increase rapidly, up to and beyond
10kQ (see Figure 6.15).

Reesistance Q2 Reesistance 2

Electrical and Electronic Principles

Quantity Unit Symbol | Abbreviation
Current ampere | A
Electromotive force | volt % \
Resistance ohm R Q
Resistivity ohm-meter |p Qm

Table 6.4

d.c. circuit theory

A simple d.c. circuit requires two components: a
source of electrical energy (or applied voltage)
and a resistor (or load) through which a current
is passing. These two components are connected
together with wire conductors in order to form a
completely closed circuit, as shown in Figure 6.16.

Engineers need an understanding of the funda-
mentals of electrical and electronic principles to

@) (b)

Figure 6.15 (a) Negative temperature coefficient
characteristics; (b) positive temperature coefficient
characteristics

The resistance of conductors increases with
temperature; the resistance of insulators decreases
with temperature. This can be summarised as:

e conductors have a positive temperature
coefficient
e insulators have a negative temperature
coefficient.

Table 6.4 provides a summary of quantities, units,
symbols and abbreviations used in this section.
Note that the abbreviation is used after writing
the value of the unit - for example, a resistance of
5 ohms can be written as 5 Q.

Connecting wire

J—
Battery Current
(source) — flow

Figure 6.16 Simple d.c. circuit diagrams

Resistor
(load)

YAAY

Temperature °C Temperature °C

analyse simple d.c. circuits. As previously stated,
the three electrical quantities used in simple d.c.
circuits are:

e voltage
e current
e resistance.

Two eminent pioneers of electrical engineering,
Georg Ohm and Gustav Kirchhoff, developed and
created fundamental laws of electrical engineering
that characterise the relationship between these
quantities.

Ohm’s law

Georg Ohm carried out research with electro-
chemical cells. Ohm determined the relationship
between the potential difference (voltage) applied
across a conductor and the resulting electric
current; this is the basis of Ohm's law. As a
result of his experimental research, Ohm defined
the fundamental relationship between voltage,
current and resistance; this represents the basis of
electrical circuit theory.

Current, /
i T -~
+ .
Voltage, V Resistance, R Potential
- difference, V
Current, /
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For any conductor, the current flowing will ' ’
be dependent on the resistivity and physical Kerthﬁ 5 LaWS

dimensions of the conductor (length and cross- Gustav Robert Kirchhoff (1824-87) was a German

sectional area). The amount of current that flows physicist who developed two fundamental laws for

in the conductor when a given emf is applied is the analysis of complex circuits:

inversely proportional to its resistance. Resistance, ¢ cyrrent law

therefore, may be thought of as an ‘opposition ¢ voltage law.

to current flow’ - the higher the resistance, the

lower the current that will flow (assuming that the

applied emf and temperature remain constant).
Provided that the temperature does not vary, the

ratio of p.d. and current flowing in the conductor

is a constant. This relationship is known as Ohm’s

law and it leads to the relationship:

Key Term

Kirchhoff’s current law — This states that

the algebraic sum of the currents present at
a junction (or node) in a circuit is zero (see
Figure 6.18).

¥ = constant = R

where V is the potential difference (or voltage

drop) in volts, I is the current in amperes, and R

is the resistance in ohms. This formula may be

arranged to make V, [ or R the subject, as follows: Y.
V=IR ‘
1= : :

_V - -

R=7

The triangle shown in Figure 6.17 helps to visualise la I3

these three important relationships.

h—b—k+Ili+15=0

Convention:
Current flowing towards the junction is positive (+)
Current flowing away from the junction is negative (-)

Figure 6.18 Kirchhoff’s current law

Key Term

Kirchhoff’s voltage law — This states that the

V=IxR algebraic sum of the potential drops present in
, . a closed network (or mesh) is zero (see Figure
Figure 6.17 Relationship between V, [ and R 6.19).

Another way of linking the relationships between
voltage, current and resistance is from the phrase:

Very Important Relationship (V = IR) Ma ke the G rad e @

276 Grading criterion M1 requires that you are able to
use Kirchhoff’s laws to determine the currentin
various parts of a network having four nodes and the
power dissipated in a load resistor containing two
voltage sources.
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Convention:

Move clockwise around the circuit starting with the positive
terminal of the largest e.m.f.

Voltages acting in the same sense are positive (+)
Voltages acting in the opposite sense are negative (-)

Figure 6.19 Kirchhoff’s voltage law

Series and parallel resistor
circuits

Ohm’s law and Kirchhoff’s laws can be used in
combination to determine voltage, current and
resistance in more complex circuits. At this point
we need understand the terms ‘series’ and ‘parallel’
circuits.

Figure 6.20 shows three circuits,
containing three resistors, R, R, and R..

In Figure 6.20(a), the three resistors are

each

Ry

Electrical and Electronic Principles

connected in a sequence; the resistors are said to
be connected in series. In the series circuit, the
same current flows through each resistor. The total
value of resistance (R)) is calculated from:
R =R, +R, +R,

This can be expanded for any number of resistors.

In Figure 6.20(b), the three resistors are
connected across one another; the resistors are
said to be connected in parallel. In the parallel
circuit, the same voltage appears across each
resistor. The total value of resistance (R) is calcu-
lated from:

l_1,1.,.1
Rt - Rl " RZ " R3
This can be expanded for any number of resistors.
There is a special case for two resistors in
parallel where the following can be used as an
It tive:
alternative R %R,

R, + R,

Activity 6.4
Compare the results of calculating

resistance values of two resistors in
parallel using two different methods.

In Figure 6.20(c), we have a combination of these
two types of circuit. Resistor R, is connected in
series with the parallel combination of R, and
R,. In other words, R, and R, are connected in
parallel, and R, is connected in series with the
parallel combination.

Ry

3 WS S

S

%

a Series

b Parallel

Figure 6.20 Series and parallel circuits

¢ Series-parallel
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Worked Example

Figure 6.21 shows a simple battery test
circuit, which is designed to draw a
current of 2.0 A from a 24V d.c. supply. The
two test points, A and B, are designed for
connecting a meter. Determine:

e the voltage that appears between
terminals A and B (without the meter
connected)

¢ the value of resistor, R.

0.2A 90

I
2
:

Figure 6.21 Battery test circuit

This problem needs to be solved in several
stages. Since we know that the circuit draws
2.0A from the 24V supply, we know that
this current must flow through both the 9Q
resistor and R (since these two components are
connected in series).

Referring to Figure 6.22, we can determine the
voltage drop across the 9Q resistor by applying
Ohm'’s law:

V=IXR=2X9=18V
-

OB

Figure 6.22 Using Ohm'’s law to find the voltage
dropped across a resistor

We can then apply Kirchhoff's voltage law
(Figure 6.23) to determine the voltage drop, V,
across R — that is, the potential drop between
terminals A and B.

+24V -18V -V, =0
from which
V=24-18=6V
Now that we know the voltage and current, we
can apply Ohm's law (Figure 6.24) to determine

the value of R.

The voltage that appears between A and B will
be 6V, and the value of R is 3Q.
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4 )
¥ l L ¥ =
! 18V i | 18V i
I I I I
2A i 90 i 2A i 90 i
A YAVA A A VAYA , A
,J_ h +
+ 2A
T -
24V 1 24V—i—
: R 6V e R=30 6V
24V_L 24V 1
+T +
OB . OB
Figure 6.23 Using Kirchhoff’s law to determine a Figure 6.24 Using Ohm's law to find the value of
voltage resistance
. J

Make the Grade

Grading criterion P1 requires the use of d.c. circuit theory to calculate current, voltage and resistance in d.c.
networks. A thorough understanding of Chm’s law will be required to achieve this. You will need to be able to
rearrange the formula associated with this law. Make sure that you can calculate values for simple circuits before

attempting more complex networks.

Worked Example

A current of 0.25 A flows in a 100 Q resistor.
What voltage drop (potential difference)
will be developed across the resistor?

V=1IR=0.25X100 =25V

A resistor of 48 Q is connected to a 12V battery.
What current will flow in the resistor?

-

A voltage drop of 50V is developed across a
resistor in which a current of 0.1 A flows. What
is the value of the resistor?
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Superposition theorem

In a linear network containing more than one
source of emf (see Figure 6.25) the resultant current
in any branch is the algebraic sum of the currents
that would have been produced by each emf acting
alone. The superposition theorem eliminates all
but one source of emf within a network.

AAA AAA
2Q 30
B1 } 6V 10Q Ro v | Bz
—— —

Figure 6.25 Linear network containing two sources of
emf

To analyse this circuit, we effectively remove the
second source of emf (battery B,) (see Figure 6.26).

AAA AA—
20 30
-:
Br | 6V 10Q >R»
.

Figure 6.26 Linear network: one source of emf
removed

Resistors R, and R, are in parallel; their combined
resistance is calculated using the theory from
Figure 6.20.

R, X R

2 3 _ 10 X 3 _ 30

R, ¥R _10+3 13 2318
The total circuit resistance is therefore 2 + 2.31
= 4.31 Q (these resistors are in series). The total
current (I,) flowing in this network is therefore:

V_ 6 _
I =5 =5 =139

From Ohm's law, the voltage drop across R, is
1.39 X 2 = 2.78V

the voltage drop across R, and R, is therefore
6 —2.78 =3.22V

the value of I, is 1%)2 = 0.322 A (through R,)
the value of I is 3'322 = 1.07 A (through R,)

Now consider the other source of emf being
removed, as illustrated in Figure 6.27. The equiv-
alent resistance of R, and R, is
Rl X R2 _ 20
R, +R, 12
The total value of resistance is therefore 3 + 1.67
= 4.67 Q (these resistors are in series).

=1.67Q

To summarise the above, once the two parallel
resistors are treated as single values, they are, in
series with the resistor, connected to the output
of the battery. Two parallel and two series calcula-

tions are required.
-
B> H
1

Figure 6.27 Linear network: second source of emf
removed

R4 Rs
—\\\

2Q 3Q

100 >Ro Y

The total current (I,) flowing out of B, in this

network is therefore:

_V__ 4 _
I,=%=7¢5 = 086A

From Ohm's law, the voltage drop across R, is
0.86 X 3 = 2.58V

the voltage drop across R, and R, is therefore 4 —
2.58 = 1.42V

1.42
the value of I is 55~ = 0.142 A (through R))

the value of I, is =5= 142 42 = 0.71A (through R))
Superimposing the results from Figure 6.26 on
those for Figure 6.27, the resulting current in the
left-hand side of the circuit is:
I -1,=139 —0.71 = 0.68A

The resulting current in the right-hand side of the
circuit is:

I, -1,=086 —1.07 = —0.21A
(The minus sign indicates that battery B2 is being
charged by 0.21 A))

The resultant current through R, is therefore I, +
I, =0.322 + 0.142 = 0.464A.



Circuits containing resistance
and capacitance

Practical circuits used for charging and discharging
capacitors contain resistors to control the rate of
increasing or decreasing the charge on the plates.
The time taken for the capacitor to fully charge or
discharge is the time constant for the circuit.

A

Charging a capacitor

+9V —o/

Voltage, V in volts

T T T T T
0 1RC 2RC 3RC 4RC 5RC
Time, t

Figure 6.28 Capacitor charging

Referring to Figure 6.28, when a capacitor is
charging, the current flow builds up rapidly with
an in-rush of current; it then levels off as the
capacitor becomes fully charged. At this point in
time, the voltage across the capacitor equals the
supply voltage. When a capacitor is discharging
(Figure 6.29), the current flow is initially very
high; it then levels off as the capacitor becomes
fully discharged.

104

Current,

T T T
3RC 4R C 5RC

Time, t

T T
0 1RC 2RC

Figure 6.29 Capacitor discharging

Electrical and Electronic Principles

Key Term

Time constant — The time taken for a given

capacitor to fully charge or discharge through
a resistor, being the same in both cases.

This time constant can be varied with different
values of capacitance and/or resistance; the time
constant is given by the expression:
t=5CR

Networks that contain both capacitance and
resistance (CR networks) are used in timing and
delay circuits. Further mathematical analysis of a
simple charging circuit can be used to show that
at t = 5CR, the voltage across the capacitor is
in fact 99.33 per cent of the supply voltage, and
that a very small current (0.007 per cent of the
maximum) is still flowing — that is, the capacitor is
not fully discharged. From a practical perspective,
the time constant is a very useful design feature in
electrical/electronic applications. Timing circuits
can be used in many practical circuits - for
example, security lights.

Capacitors in series/parallel

When two or more capacitors are connected
in series, the overall capacitance of the circuit
reduces (see Figure 6.30).

Figure 6.30 Capacitors in series

The total capacitance (C) for multiple capac-
itors connected in series is calculated using the

following formula:
1l _1 . 1,1
c-C ¢t
This can be expanded for any number of capacitors.
When two or more capacitors are connected
in parallel, the overall capacitance of the circuit

increases (see Figure 6.31).
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O—— o .
Cq Cz Cn
O ——-

Figure 6.3 1 Capacitors in parallel

The total capacitance (C) for multiple capac-
itors connected in parallel is calculated using the
following formula:

C,=C +C,+C,
(This can be expanded for any number of
capacitors.)

Energy and power

Energy is the capacity to do work; power is the rate
of converting energy from one form to another. An
electric fire, for example, converts electrical energy
into heat; a filament lamp converts electrical
energy into light. The unit of power is the watt,
named after James Watt (1736-1819), a Scottish
inventor and mechanical engineer. The larger
the amount of power, the greater the amount of
energy that is converted in a given period of time.
The relationship between power, energy and time
is given as:

1 watt = 1 joule per second, or:

energy
time

The unit of energy is the joule, named after James
Prescott Joule (1818-89), an English physicist.
Joule studied the nature of heat, and discovered
its relationship to mechanical work. From the
definition of power:

power =

1 joule = 1 watt X 1 second
Hence

energy (W) = (power, P) X (time, t) with units of
(watts X seconds)

thus
W=Pt]

Joules can therefore be expressed in watt-seconds.
If the power was to be measured in kilowatts and
the time in hours, then the unit of electrical energy
would be the kilowatt-hour (kWh, commonly known
as a unit of electricity in domestic and industrial
power supplies). The electricity meter in homes
and buildings records the amount of energy that
has been used, expressed in kilowatt-hours.

The power in an electrical circuit is equivalent
to the product of voltage and current. Hence:
P=1IXV
where P is the power, I is the current and V is the

voltage. The relationship shown in Figure 6.32
illustrates these three relationships.

P=1IxV

Figure 6.32 Relationship between P, | and V

This triangle can be applied in a similar way to
the Ohm'’s law expressions in Figure 6.17. For the
power equations:

P

_ _P _r
P—IV,I—VandV T

We can combine Ohm’s law with the above to
develop two expressions for wuse in power
calculations:

P=1XV=I1X(R) =R

Cixve sy P

P=IXV=(RXV=7%
To summarise: power is the rate of using (or
converting) energy; one watt corresponds to
energy being used at the rate of one joule per
second.



Worked Example

Electrical and Electronic Principles

Worked Example

An electrical heating element provides
an output of 1.5kW for 20 minutes. How
much energy has it supplied?

Recalling that W= Pt

where P = 15kW = 1500W and t = 20
minutes = 20 X 60 = 1,200s.

Thus: W = 1,500 X 1,200 = 1,800,000 =
1.8MJ

. J

Worked Example

The capacitor in a power supply is
required to store 20J of energy. How
much power is required to store this
energy in a time interval of 0.5s?

Rearranging W = P t to make P the subject
gives:

_w
P=%

Thus

e
vl
Il
.O|N
o1|©
Il
5
=
.

Worked Example

An aircraft battery is used to start a gas
turbine engine. If the starter demands a
current of 1000 A for 30s and the battery
voltage remains at 12V during this period,
determine the amount of electrical energy
required to start the engine.

First, we need to find the power delivered to
the starter from:

P=1XV=1000 X 12 = 12000W = 12kW
Next, we need to find the energy from:

W=Pt=12000 X 30 = 360kJ

A 24V workshop power unit is to be
tested at its rated load current of 3A.
What value of load resistor is required
and what should its minimum power
rating be?

The value of load resistance required can be
calculated using Ohm’s law, as follows:

_v_24_
R—I 3 8Q

The minimum power rating for the resistor will
be given by:

-

P=1V=3X24="72W
- J

Energy storage
Energy can be stored in a variety of ways:

e chemically - for example, in fuel
e mechanically - for example, in a spring
e eclectrically — for example, in a capacitor.

For a capacitor, there is a direct relationship
between the charge and applied voltage
(remember that Q = CV); Figure 6.33 depicts this
graphically.

Charge (Q)

Slope — capacitance
the ability of the plates
to hold a certain amount
of charge for a given
voltage

Area — energy stored
in the electric field
between the plates

Voltage (V)

Figure 6.33 Energy stored in a capacitor

The energy stored in the capacitor is the shaded
area in Figure 6.33, given by the formula:

energy (W) = 0.5 QV
Combining this with the formula Q = CV gives:

W = 0.5(CV) V = 0.5 CV?
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Make the Grade

Grading criterion P6 requires that you calculate the charge, voltage and energy values in a d.c. network for both
three capacitors in series and three capacitors in parallel. Make sure that you can calculate charge and voltage
with three capacitors in series, using your knowledge of electrostatics and stored energy.

Worked Example

Referring to Figure 6.34, series and parallel If all three capacitors have the same value of
capacitor networks can be reduced into a 1,000puF:

single (or total) value of capacitance (C'T)

using the formulae: the total capacitance (CT) for the series circuit

1.1, 1__ 3 @ _
A o =T T te T Tooxior - So%HF
total capacitance (CT) for the series circuit:

the total capacitance (CT) for the parallel circuit

11,1 .1 = =
z C + c) + c C, + C,+ C,= 3,000pF
total capacitance (CT) for the parallel circuit: The energy values depend on the applied
voltages, so for a 24Vd.c. supply, the energy
C,=C +C,+C, stored in each network:
J_ Series for the series circuit:
IC‘ energy (W) = 0.6 CV?= 0.5 X 333 X 1070 X 242
I _ — =05 X333 X10¢X 576 =0.1J
I 2 = ——
_|_ Cs and for the parallel circuit:
energy (W) = 0.5 CV?2= 0.5 X 3,000 X 107¢ X
242=0.86J
Parallel

I
l l l — == C
TC1 T‘J\Z Tc;3
I
Figure 6.34 Single (or total) value of capacitance (C,)
. J

Make the Grade @

Grading criterion M1 requires the use of Kirchhoff’s laws to determine (i) the current in various parts of a network
having four nodes and (ii) the power dissipated in a load resistor containing two voltage sources. For part (i) of the
criterion, it is essential that you know the difference between Kirchhoff’s two laws. Part (ii) of the criterion requires
that you can apply the power equations.




Worked Example

Electrical and Electronic Principles

The circuit shown in Figure 6.35 has been
assigned four nodes (where more than
two connections are made). Determine
the total current and current through each
resistor.

v, V,
Itotal
£ + + +
v T IRJ R |R2[ Ry |R3\ Ry
—— 1kQ 2kQ 3kQ
Itotal
M A

Figure 6.35 Assigning node voltages

The three resistors are in parallel, so the total
resistance can be calculated as follows:

1_ 1 1 1

R~ 1000 ' 3000 ' 2,000

i p— 71 =

R 18X107 5460
The total current can now be calculated: [ = %
=5 =11mA

The current through each resistor is calculated
from:

L = R = 1000 ~ 6mA
L. =R = 3000 ~ 24
I = R~ 2000 ~ 3mA

To confirm these calculations, the sum of all
three currents through the resistors equals the
total current:

6mA + 2mA + 3mA = 11mA

Worked Example

From the superposition theorem (illustrated in
Figures 6.25, 6.26 and 6.27 on page 280) we
derived a current of 0.464 A through the load
resistor of 10Q (represented by R,). The power
dissipated by this resistor is calculated from:

P=PR= 0464 X 10 = 2.16W
- J

Make the Grade [ M2

Grading criterion M2 requires that you evaluate
capacitance, charge, voltage and energy in a network
containing a series-parallel combination of three
capacitors. In the firstinstance, you will need to be
able to reduce a series-parallel network of capacitors
into one value. You can then apply your knowledge of
charge, voltage and energy to calculate the required
values in a given circuit.
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Worked Example

Referring to Figure 6.36, three capacitors are
connected to a power supply such as a battery.
Capacitor C, is in series with C, and Cg; the latter
are in parallel.

C =10°+10"
C, = 2 X 107% = 2000pF

So the total value of the circuit’'s capacitance
C, (C)) is now calculated by C, and C, in series:

I |
I 11,1
CT Ct Cl
1__ 1, 1
-3 -3
- o= = Cp (2X107) {1 x107)
1 =15x10°
CT
— 1
Cr (1.5 X 10°%)
Figure 6.36 Series-parallel combination of three C.= 666uF
capacitors

To calculate the charge: assuming a 1.5V
Assuming that all three capacitors have the battery, the charge can be calculated from:
same value of 1000 uF, the first task is to calculate
the total capacitance of the circuit. This has to

be broken down in two stages:

Q=CXV=666X10°%xX15=1mC

so the energy stored in the capacitor network is:
The total capacitance (C) of C, and C, is

286

calculated: energy (W) = 05QV =05X10°X 15
= 0.75mJ
C=C,+C,

. J
Table 6.5 gives a summary of ql.lantit'ies, ur}its, Quantity Unit Symbol Abbreviation
symbols and abbreviations used in this section. s > =
Note that the abbreviation is used after writing | "' et
the value of the unit — for example, the power |Enerey joule W J
output of 5 watts can be written as 5W. Table 6.5




6.3 tlectromagnetism

This section will cover the following grading
criteria:

By the end of this section you should be able
to describe the characteristics of a magnetic
field; describe the relationship between flux
density (B) and field strength (H); and de-
scribe the principles and applications of elec-
tromagnetic induction.

Key Term

Electromagnetism — The physical relationship

and effect between electrical energy and the
phenomenon of magnetism.

When current flows through a conductor, it
generates a magnetic field. This magnetic field has
the same effect that attracts certain materials to
permanent magnets. When a conductor is exposed
to a magnetic field, a current flow is created. The
effects of electromagnetism are very important
subjects within electrical engineering.

(a) Earth’s magnetic field

Figure 6.37 North- and south-seeking poles

Magnetic fields
Key Terms

Magnetism — A force that causes objects
(usually metals such as iron) to be attracted or
repelled to one another.

Poles — Two regions of the magnet where the
magnetic strength is concentrated.

When a magnet is suspended and allowed to rotate
(see Figure 6.37), the magnet lines up with the
Earth’s magnetic field — that is, in a north-south
direction. The poles are therefore called north-
seeking and south-seeking poles, north (N) and
south (S) for short.

If you place the magnet on a table, cover it with a
sheet of paper or clear plastic and sprinkle the sheet
with iron filings, when the sheet is lightly tapped,
the filings take up a curved pattern between the
poles (see Figure 6.38 on page 288). The pattern
formed by the filings indicates the presence of the
magnetic force. (The filings were moved by this
force to form this pattern.) It can be seen that these
patterns are in the form of lines that are concen-
trated at the poles. The area (or space) in which
these lines are formed is called the magnetic field;
the individual lines are referred to as lines of flux —
that is, the total amount of magnetism.

Compass

(b) North- and South-seeking poles
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Figure 6.38 Magnetic field and lines of flux

e N

Key Points

* We cannot actually see a magnetic field or lines
of flux, only the effects of their influence.

* This can be related to the weather; when the
wind blows clouds across the sky, we do not
actually see the wind, only its effect — that is, the
moving clouds.

* The area (or space) in which these lines are
formed is called the magnetic field.

* The individual lines are referred to as lines of

flux — that is, the total amount of magnetism.

Direction of magnetic field

The flux lines from the permanent magnet exit at a
north pole and enter at a south pole, as indicated
by the direction arrows (see Figure 6.39).

This effect can be confirmed by placing a
small compass within different areas of the field
and noting the position that the needle takes.
While the needle aligns with the same pattern
established by the iron filings, the needle (which
is itself a weak magnet) points towards the poles
of the magnet. One end of the compass’s needle
will always point to the north pole of our magnet.
It can be imagined that the lines of flux also
pass internally through the magnet, in the same
direction that continues from the external field.

Figure 6.39 Field and flux directions for a magnet

Behaviour of magnetic flux

Although lines of magnetic flux do not have any
physical substance, they provide a means of illus-
trating a number of observable facts:

1. They form lines that create a pattern which
takes up a direction that aligns with the poles
of the magnet.

2. Each line of flux is continuous: externally
through the field and internally through the
magnet.

3. Lines of magnetic flux never cross each other.

4. Like poles of a magnet repel each other; opposite
poles attract (see Figure 6.40).

Magnetic fields and electrical
current

Whenever an electric current flows in a conductor,
a magnetic field is created around the conductor
in the form of concentric circles, as shown in
Figure 6.41. The field is present along the whole
length of the conductor and is strongest nearest
to the conductor. For a straight conductor, the
lines of flux form concentric circles that radiate
from the conductor. As with permanent magnets,
this field also has direction. The direction of the
magnetic field is dependent on the direction of
the current passing through the conductor.



—_— <
Attraction

Figure 6.40 Behaviour of magnetic flux

Current, / T

>

Magnetic
field lines

Conductor

-

Figure 6.41 Magnetic field around a current-carrying
conductor

The direction of the current passing through the
conductor creates the field that has a specific
direction. This can be represented by a corkscrew
being driven into a piece of material (see Figure
6.42 on page 290).

Electrical and Electronic Principles

Diamagnetic
material

—_— -
Repulsion

Key Points

In electromagnetism, the right-hand screw rule
depicts the direction of the magnetic field, created
by the current in the conductor; this is clockwise,
as shown in Figure 6.42 (see page 290).

If we place a current-carrying conductor in a
magnetic field, the conductor has a force exerted
on it. Consider the arrangement shown in Figure
6.43 (see page 290), in which a current-carrying
conductor is placed between two magnetic poles.

The net effect of combining these two magnetic
force fields is that at position A, they both travel
in the same direction and reinforce one another,
while at position B, they travel in the opposite
direction and tend to cancel one another. With
a stronger force field at position A and a weaker
force at position B, the conductor is forced
upwards out of the magnetic field. If the direction
of the current was reversed - that is, if it was to
travel ‘out of the page’ — then the direction of the
magnetic field in the current-carrying conductor
would be reversed and, therefore, so would the
direction of motion of the conductor.
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Current

D

Current

(a) Right-hand screw rule

Magnetic field

(b) Right-hand grip rule

Figure 6.42 Right-hand screw rule and right-hand grip rule

N

t
—%—
w

Figure 6.43 Current-carrying conductor in a magnetic
field

Key Term

Magnetic field of flux — The region in
which the forces created by the magnet have

influence. This field surrounds a magnet in all
directions and is concentrated at the north
and south poles of the magnet.

Make the Grade

Grading criterion P? requires that you describe

the characteristics of a magnetic field. Referring to
Figure 6.44, you could prepare for this by using an
experimental approach — that is, using a magnet, a
sheet of paper, iron filings and a compass. Compare
your actual results with the theoretical predictions.

The field radiates out around the conductor
in concentric circles, with the greatest density
of magnetic flux nearest to the conductor. The
magnitude of the force acting on the conductor
depends on the:

e current flowing in the conductor
e length of the conductor in the field
e strength of the magnetic flux.

The magnetic flux is expressed in terms of its flux
density; the size of the force will be given by the
expression:

F =Bl
where F is the force in newton (N), B is the flux

density in tesla (T), I is the current (A) and \ is the
length (m).
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Electrical and Electronic Principles

Figure 6.44 Characteristics of a magnetic field: experimental approach

The unit of force, newton — Named after
Sir Isaac Newton (1643-1727), an English
physicist, mathematician and astronomer.

The unit of flux density, tesla — Named
after Nikola Tesla (1856-1943), an Austrian
mechanical and electrical engineer often
credited with developing the fundamentals
of electrical engineering for commercial
purposes.

Flux density

The total flux present in a magnetic field is a
measure of the total magnetic intensity present in
the field; it is measured in webers (Wb) and repre-
sented by the Greek symbol, ¢. The flux density, B,
is simply the total flux, ¢, divided by the area over
which the flux acts, A. Hence:
¢

B=a
where B is the flux density (T), ¢ is the total flux
present (Wb) and A is the area (m?).

The unit of magnetic flux intensity, weber -
Named after Wilhelm Eduard Weber (1804-91),

a German physicist and, together with Carl
Friedrich Gauss, inventor of the first electro-
magnetic telegraph communication system.

Worked Example

A flux density of 0.25T is developed
in free space over an area of 20cm?
Determine the total flux.

Rearranging the formula to make ¢ the subject
gives:

\d) =B A = 0.25 X 0.002 = 0.0005 or 0.5mWhb.

Activity 6.5

Complete the missing words in the
following sentence.

If we place a current-carrying conductor

in a magnetic field, the conductor has

a exerted on it. If the
conductor is free to move, this force will
produce

Key Points

Flux density is determined by dividing the total
flux present by the area over which the flux
acts.

Magnetic field strength

The strength, or intensity, of the magnetic field is
directly proportional to the current and inversely
proportional to the distance from the conductor.
Magpnetic field strength is equivalent to electric
field strength (see page 267).
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Electromagnetic induction

Electromagnetic induction is the phenomenon of

creating current flow in a conductor by magnetism.

This current flow can be created in one of two

ways:

e when the conductor is stationary in a changing
magnetic field

e when the conductor is moving through a
stationary magnetic field.

The manner in which electrons flow in a conductor
is the opposite to that which produces the force. In
order to create current flow, we require movement
in to get electricity out. The components required
to create (or generate) electricity are:

e closed conductor
e magnetic field
e relative movement.

Whenever relative motion occurs between a
magnetic field and a conductor acting at right
angles to the field, an emf is induced or generated
in the conductor. The manner in which this emf
is generated is the principle of electromagnetic
induction. In order to increase the strength of
the field, a conductor may be shaped into a loop
(Figure 6.45) or coiled to form a coil (Figure 6.46).

Magnetic flux
concentrated
in the centre
of the loop

= >

Current, /

Figure 6.45 Magnetic field around a single-turn loop

-A

/XX

——H
==

.

Current, /

Figure 6.46 Magnetic field around a coil

Magnetic circuits

The flux density within a coil can be increased by
using a material such as iron in the centre of the
coil to form a core (see Figure 6.47). Not only will
the flux density increase, the core will also become
magnetised.

/
-

-

Iron core

Air core

Inserting an iron core may give a magnetic field several
hundred times that of the equivalent air core solenoid

Figure 6.47 Concentrated electromagnetic field using
a core

The concentration of flux is formed by a magnetic
circuit (see Figure 6.48).



T ®
Anmanan
]’:.v]’:.vv..

2

Figure 6.48 Magnetic circuit

In order to produce a magnetic field, we need
to pass a current through the coil; this creates
a magnetomotive force (mmf), causing flux to
circulate within the core. This magnetic circuit
is defined by its own terminology, which can be
compared to an electrical circuit:

Magnetic circuit Electrical circuit

Magnetomotive force (mmf) Electromotive force (emf)

Reluctance (S)

Flux ()
Permeability ()

Resistance (R)
Current (I)

Resistivity (p)

Table 6.6

The amount of mmf distributed over the
length of the electromagnet determines the field
intensity. As with the electrical circuit, the type
of material used for the core will have an effect

Flux density
(B)

Electrical and Electronic Principles

on the magnetic circuit. There is a mathematical
relationship between flux density and field
intensity for any particular material, which can
be depicted in a graph, as shown in Figure 6.49.
This is called the normal magnetisation curve, or
B-H curve, for any particular material. As the field
intensity increases, the core material becomes
magnetised. It can be seen that the flux density
levels off with increased field intensity, an effect
known as saturation. At this point, the core cannot
be further magnetised, despite the increasing field

intensity.
Make the Grade

Grading criterion P8 requires that you describe
the relationship between flux density (B) and
magnetising field strength (H). It is important that
you use a combination of graphical relationships
(B—H curves]) to describe what happens to this
relationship when different materials are used. A
good place to start is with Figure 6.49; carry out
some research into other materials.

Faraday and Lenz

Consider Figure 6.50 (see page 294), which shows
relative movement between a magnet and a closed
coil of wire. An emf will be induced in the coil
whenever there is relative movement of a magnetic
field and conductor - for example, when the
magnet is moved in or out of the coil (or the
magnet is held stationary and the coil moved).

Sheet steel

Cast steel

Cast iron

Field intensity (H)

Figure 6.49 Normal magnetisation curve, or B—H curve
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Figure 6.50 Electromagnetic induction

At any given time, the instantaneous magnitude
of the induced emf (e), depends on the number of
turns (N) and the rate at which the flux changes
in the coil.

Key Term

Faraday’s law — The magnitude of the induced

emf is dependent on the relative velocity with
which the conductor cuts the lines of magnetic
flux.

Magnetic field

—

O
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(a) Cutting lines of flux at 90°
E=Blv

Figure 6.51 Cutting lines of flux and the generated emf

This can be expressed for the instantaneous emf
(e), given by the relationship:

_ N9
e = - I 0
where N is the number of turns and - is the rate
of change of flux. The minus sign indicates that
the polarity of the generated emf opposes the
change.

The number of turns (N) is directly related to
the length (I) of the conductor, moving through
a magnetic field. The velocity with which the
conductor moves through the field determines
the rate at which the flux changes in the coil
as it cuts the flux field. Thus, the magnitude of
the induced (generated) emf is proportional to
the flux density, length of conductor and relative
velocity (v) between the field and the conductor.
Expressed mathematically:

col
(where o is the mathematical
proportionality).

In order to generate an emf, the conductor must
cut the lines of magnetic flux. If the conductor cuts
the lines of flux at right angles (Figure 6.51(a)),
then the maximum emf is generated; cutting them
at any other angle 0 (Figure 6.51(b)) reduces this
value until 6 = 0°, at which point, the lines of flux
are not being cut at all and no emf is induced or
generated in the conductor. So the magnitude of
the induced emf is dependent on sin®; therefore:

sign for

e = Blvsin6

When a magnetic flux through a coil is made to
vary, an emf is induced. The magnitude of this emf
is proportional to the rate of change of magnetic
flux. In effect, the relative movement between the

Magnetic field

—

Y

y
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\

YYYYYVYYY

<
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a

(b) Cutting lines of flux at angle 6
E=Blvsind



magnetic flux and the conductor is essential to
generate an emf. The voltmeter shown in Figure
6.50 indicates the induced emf; if the direction of
motion changes, the polarity of the induced emf in
the conductor changes.

Heinrich Lenz (1804-65) was an Estonian
physicist who made significant contributions to
electrodynamics. His work included the devel-
opment of a simple rule known as Lenz’s law.

Key Term

Lenz’s law — The current induced in a

conductor opposes the changing field that
produces it. (This is the reason for the negative

sign in the expression e =

( N\
Key Points

* When a magnetic flux through a coil is made to
vary, an emf is induced.

* The induced emf opposes any change of
current; this is referred to as back emf.

* An emf will be induced in the coil whenever
there is relative movement of a magnetic field
and conductor.

* The magnitude of this emf is proportional to the

rate of change of magnetic flux.

Electrical and Electronic Principles

Self- and mutual inductance

We have already seen how an induced emf is
produced by a flux change in an inductor. The
back emf is proportional to the rate of change of
current (from Lenz’s law), as illustrated in Figure
6.52.

Self-inductance, L

/

>
\VAV/

Coil

Flux (changing)

\

-
<
<

Current changing . 4
at a rate given by Flt

]
Induced e.m.f.,, e = —L gt

NB: Induced e.m.f. opposes current change

Figure 6.52 Self-inductance

This effect is called self-inductance (or
just inductance), which has the symbol L.
Self-inductance is measured in henries (H) and is
calculated from:

where L is the self-inductance, % is the rate of
change of current and the minus sign indicates
that the polarity of the generated emf opposes the

change.

Worked Example

A closed conductor of length 15cm cuts
the magnetic flux field of 1.25T with a
velocity of 25m/s. Determine the induced
emf when the:

e angle between the conductor and field
lines is 60°

e angle between the conductor and field
lines is 90°.

The induced emf is found using e = B 1V sin6;
hence:

-

e =125 X 0.15 X 25 X sin60° = 4.688 X 0.866
=4.06V

The maximum induced emf occurs when the
lines of flux are cut at 90°. In this case,

e = Blv (recall that sin90° = 1),
hencee = 1.256 X 0.15 X 25 =469V
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SAE

The henry (H) - Unit of inductance named
after Joseph Henry (1797-1878), an American

scientist who discovered the phenomenon of
electromagnetic self-inductance.

A coil is said to have an inductance of 1H if a
voltage of 1V is induced across it when a current
changing at the rate of 1A/s is flowing in it.

Worked Example

A coil has a self-inductance of 15mH and
is subject to a current that changes at a
rate of 450 A/s. What emf is produced?

The calculation is as follows:

o= —L% = —15 X 103 X 450 = —6.75V

Note the minus sign, indicating that a back
emf of 6.75V is induced.

)

Flux (changing)

Mutual inductance - The effect when two
inductors are placed close to one another, and
the flux generated from a changing current flow
in the first inductor will cut through the other
inductor (see Figure 6.53). This changing flux
will, in turn, induce a current in the second
inductor. This effect occurs whenever two
inductors are inductively coupled.

Inductors

Inductors provide a means of storing electrical
energy in the form of a magnetic field. The
electrical characteristics of an inductor are deter-
mined by a number of factors, including the
material of the core (if any), the number of turns
and the physical dimensions of the coil.

In practice, every coil comprisesbothinductance
and resistance, and the circuit of Figure 6.54
shows these as two discrete components. In reality,
the inductance, L, and resistance, R, are both
distributed throughout the component, but it is
convenient to treat the inductance and resistance
as separate components in the analysis of the
circuit. Typical inductors are shown in Figure 6.55.

Y
|

Coil A

Current changing . 4
at a rate given by F:‘

Figure 6.53 Mutual inductance

HAS AT

N Mutual inductance, M el
\ 1Y .
AVAvAT WA

Coil B
Y A Y Induced
current
(changing)
-yl
Induced e.m.f., e = Mdt



Resistance of
coil winding

Figure 6.54 Practical inductor with resistance and
inductance

)
o

Figure 6.55 A selection of inductors

Electrical and Electronic Principles

Key Points

* Inductors provide a means of storing electrical
energy in the form of a magnetic field.

* An emf is produced when the magnetic flux
passing through an inductor changes.

* The current induced in a conductor always
opposes the change that produces it.

Activity 6.6

1.A 1.5m length of wire moves
perpendicular to a magnetic flux field
of 0.75T. Determine the emf that will
be induced across the ends of the
wire if it moves at 10m/s.

.An emf of 30V is developed across
the terminals of an inductor when the
current flowing in it changes from
zero to 10A in half a second. What is
the value of inductance?

Table 6.7 gives a summary of quantities, units,
symbols and abbreviations used in this section.
Note that the abbreviation is used after writing
the value of the unit - for example, an inductance
of five henries can be written as 5 H.

Quantity Unit Symbol Abbreviation
Inductance henry L H
Force newton F N
Flux density tesla B T
Flux weber O] Wb
Magnetic force amperes per metre H A/m
Reluctance amperes per weber S A/Wb
Table 6.7
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6.4 Alternating current (a.c.)

This section will cover the following grading
criteria:

&g -3

By the end of this section you should be able
to use single-phase a.c. circuit theory to de-
termine the characteristics of a sinusoidal a.c.
waveform; and compare the results of add-
ing and subtracting two sinusoidal a.c. wave-
forms graphically and by phasor diagram.

Alternating currents are bidirectional and contin-
uously reverse their direction of flow. Referring to
Figure 6.56, d.c. flows in one direction only; a.c.
flows in two directions.

Waveforms

The variation of voltage (or current) in a circuit
follows a profile referred to as a waveform. There
are many common types of waveform encountered
in electrical circuits, as shown in Figure 6.57
including:

sinusoidal

square

triangle

ramp/saw-tooth (positive and negative)

pulse.

Complex waveforms (Figure 6.58) comprise many
components at different frequencies; these are
typically produced from electronic devices - for
example, microphones.

Current, [

Time, t

(a) Direct current

Figure 6.56 Comparison of (a) d.c. and (b) a.c.

Square | |
Triangle /\/\/\
+ve ramp / / /
—ve ramp \\\

L

Pulse H ‘ ‘ H

Figure 6.57 Common waveforms

Current, [

+

AN

JRVAVES

(b) Alternating current



Figure 6.58 Complex waveforms

a.c. waveform terminology

Frequency

Key Term

— The number of cycles of the
waveform that occur in unit time; expressed in
units of hertz (Hz).

The unit is named after Heinrich Rudolf Hertz
(1857-94), a German physicist associated with
electromagnetic theory, who was the first to
categorically demonstrate the existence of electro-
magnetic waves. A frequency of 1 Hz is equivalent
to one cycle per second; five cycles per second is
5Hz; ten cycles per second is 10Hz etc. (Figure
6.59).

The relationship between periodic time and
frequency is thus:

where t is the periodic time (in seconds) and f is
the frequency (in Hz).

Key Term

— The time taken for one complete cycle of the
wave (see Figure 6.60).

Electrical and Electronic Principles

Voltage, I/

+
1s
0 -
Time, t
One cycle
Voltage, Frequency = 1Hz

NN
TRVATATSS

Five cycles
Frequency = 5Hz

Ten cycles
F = 10H
Voltage, IV requency OHz
+
1s
O .
Time, t
20 cycles

Frequency = 20Hz

Figure 6.59 Waveforms with different frequencies

Voltage Periodic time = ¢

+

Frequency, f :17

Figure 6.60 Periodic time
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Worked Example

An aircraft generator operates at a
frequency of 400 Hz. What is the periodic
time of the voltage generated?

Thelvoltage will have a periodic time of t = %
. J

Worked Example

A bench power supply has a periodic
time of 20ms. What is the frequency of
the supply?

The supply has a frequency of f = 11

t 0.02
50Hz.
.

Average values

The average value of an alternating current which
oscillates symmetrically above and below zero will
be zero when measured over time. Hence, average
values of currents and voltages are invariably taken
over one complete half-cycle (either positive or
negative) rather than over one complete full cycle
(which would result in an average value of zero).

Peak values

Key Term

The peak value (or maximum value or

amplitude) of a waveform — A measure of the
extent of its voltage or current excursion from
the neutral value (usually zero).

The peak-to-peak value for a wave that is
symmetrical about its resting value is twice its
peak value.

Root mean square value

The root mean square (r.m.s.) of an alternating
voltage or current is the value that would produce
the same heat energy from a resistor (or light
energy in a lamp) as a d.c. of the same magnitude.
This can be demonstrated with a simple circuit
experiment (see Figure 6.61). Since the r.m.s.
value of a waveform is very much dependent
upon its shape, values are only meaningful when
dealing with a waveform of known profile. Where
the profile of a waveform is not specified, r.m.s.
values are normally based on sinusoidal condi-
tions. (rm.s. is also referred to as the effective
value.)

2VAC g

(e,

Figure 6.61 Experiment to demonstrate an rm.s. value

For a given waveform (Figure 6.62), a set of fixed
relationships exist between average, peak, peak-
peak and r.m.s. values. The required multiplying
factors for sinusoidal voltages and currents are
summarised in Table 6.8.



Electrical and Electronic Principles

Wanted quantity:

average peak peak—peak r.m.s.
Given quantity: average 1.0 1.57 3.14 L1
peak 0.636 1.0 2.0 0.707
peak—peak 0318 0.5 1.0 0.353
rm.s. 0.9 414 2.828 1.0

Table 6.8

From the table, we can conclude that:
V = 0.636 X Vpk

av

V. =2XV
pk

pk-pk

V.. =0707 XV,
p

Similar relationships apply to the corresponding
a.c.’s, thus:

I,=0.636 %1,
P!

av

I =2XI

pk-pk peak

I, =0707 X1,
.S p

r.m.

Voltage
or current

+ |-

Figure 6.62 rm.s average, peak and peak—peak values
of a sine wave

Worked Example

A sinusoidal current of 40 A peak—peak
flows in a circuit. What is the r.m.s. value
of the current?

I =033XI, =0.3b63X40=1412A
Im.s pk-pk

Worked Example

A generator produces an r.m.s. sine wave
output of 110 VAC. What is the peak value
of the voltage?

From the stated fixed relationships,
Vlok =1414 XV =1414X110=1555VAC

Hence the voltage has a peak value of 311 V.

Make the Grade

Grading criterion P10 requires that you use
single-phase a.c. circuit theory to determine the
characteristics of a sinusoidal a.c. waveform. A
good starting point would be to produce your own
sketch of a sine wave on graph paper and plotting
amplitudes at 30° intervals over one complete
cycle.

P10
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Activity 6.7

Complete the missing text in the following statement.
The root mean square (r.m.s.) value of an alternating voltage produces the same

amount of
Plot these values on a chart.

[0]30] e0 |90 120

Angle

in a resistor as a direct voltage of the same magnitude.

aelivecll 0 o5 [os7 [1ofos7fos] o [-05]-087[-10f]-087]-05]0 |

Complete the activity by identifying at least five characteristics of your waveform —

for example:
time axis
amplitude axis
peaks of the sine wave
peak—peak amplitude
r.m.s. value.

Reactance

Reactance is the opposition to current caused by

capacitance or inductance.
LV
X
where X is the reactance, V is the alternating
potential difference and [ is the alternating
current.

In the case of capacitive reactance, we use the

suffix, C, so that the reactance equation becomes:

Similarly, in the case of inductive reactance, we
use the suffix, L, so that the reactance equation
becomes:

v
X =-t
L IL
Voltage/current
Voltage
A
/
/ Current
/
/
/
/I Time/
I 90°

angle

0° 90° 180° 270°  360°
Figure 6.63 Voltage and current in a purely capacitive
circuit

The voltage and current in a circuit containing
pure reactance (either capacitive or inductive)
will be out of phase by 90° In the case of a
circuit containing pure capacitance, the current
will lead the voltage by 90° (alternatively, we can
say that the voltage lags the current by 90°). This
relationship is illustrated by the waveforms shown
in Figure 6.63.

In the case of a circuit containing pure
inductance, the voltage will lead the current by
90° (alternatively, we can say that the current lags
the voltage by 90°). This relationship is illustrated
by the waveforms shown in Figure 6.64.

A useful way of remembering leading and
lagging phase relationships is to recall the word
CIVIL, as shown in Figure 6.65. In the case of
a circuit containing pure capacitance (C), the

Voltage/current
Voltage
Current
o
/
/ /
J/ Time/
i 90°

angle

0° 90° 180°  270°  360°

Figure 6.64 Voltage and current waveforms for a
purely inductive circuit



current (I) will lead the voltage (V) by 90°, while in
the case of a circuit containing pure inductance
(L), the voltage (V) will lead the current (I) by 90°.

The reactance of an inductor (inductive reactance)

In a capacitor (C), current (I) leads voltage (V)

ClVIL

In a conductor (C), current (I) lags voltage (V)

CIVIL

Figure 6.65 Using CIVIL to determine phase
relationships in circuits containing capacitance and
inductance

is directly proportional to the frequency of the
applied a.c. and can be determined from the
following formula:

X, =2nfL
where X, is the reactance in ohms, fis the frequency
in hertz and L is the inductance in henries.

Since inductive reactance is directly propor-
tional to frequency, the graph of inductive
reactance plotted against frequency takes the form
of a straight line (see Figure 6.66).

Inductive
reactance, Xp

Frequency,

Figure 6.66 Variation of inductive reactance with
frequency

Electrical and Electronic Principles

Worked Example

Determine the reactance of a 0.1H
inductor at (a) 100Hz and (b) 10 kHz.

* at 100Hz, X, =27 fL =2Xw X100 X 0.1
= 62.8Q
e at 10kHz, X =27 L =2 X w X 10,000 X
0.1 = 6.28kQ
J

The reactance of a capacitor (capacitive reactance)
is inversely proportional to the frequency of the
applied a.c. and can be determined from the
following formula:

1
Xe = 2a1c
where X, is the reactance in ohms, fis the frequency
in hertz and C is the capacitance in farads.

Since capacitive reactance is inversely propor-
tional to frequency, the graph of inductive
reactance plotted against frequency takes the form
of a rectangular hyperbola (see Figure 6.67).

Capacitive
reactance, X¢

Frequency, f

Figure 6.67 Variation of capacitive reactance
with frequency
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Worked Example

Determine the reactance of a 1 uF capacitor at (a) 100Hz and (b) 10 kHz.

— 1 fr—
AL100Hz, X, = 505 = 20 X 100 X 10°°

1 _ 0159 _
=S5 = 159k

At10kHz, X, =

1 _ 1 _ 0159 _
¢ 2mfC " 2w X 10000 X 1078 1072 159@

To summarise: when alternating voltages are
applied to capacitors or inductors, the magnitude
of the current flowing will depend on both the
value of capacitance or inductance and on the
frequency of the voltage. In effect, capacitors,
inductors and resistors oppose the flow of current,
albeit in a different way, the important difference
being that the reactance of the component varies
with frequency (unlike the case of a conventional
resistor, where the magnitude of the current does
not change with frequency).

Phasor diagrams

One technique used to describe and analyse the
phase relationship between voltage and current in
a.c. circuits is through the use of a rotating vector
called a phasor. In most branches of engineering,
vectors are used to represent physical quantities
that have both magnitude and direction, such as
the magnitude and direction force in mechanical
engineering. The term ‘phasor’ is used for the

ASin90° = A
90° ASin 8, = A Sin 60°

graphic representation of the magnitude and
phase of a sinusoidal current or voltage.

Phasors can be used to represent sinusoidal a.c.
waveforms. An a.c. waveform can be thought of as
being generated by a rotating phasor. Referring to
Figure 6.68, any specific point on the sine wave
can be projected to corresponding points on the
circle to the left. (By convention, phasors rotate
anticlockwise.) Manipulation of these vectors
allows both the amplitudes and the phase angles
of current currents and voltage to be determined.

The phasor’s length (the radius of the circle)
represents the quantity’s peak value; its angle (0)
represents the quantity’s phase angle. To illustrate
this, consider the point on the sine wave when the
instantaneous value is zero and the phase angle
is zero degrees; the phasor indicates an instanta-
neous value of:

Asinf

The sine of 0° has a value of zero; therefore the
phasor’s value at this point is zero.

A Sin 83 =A Sin 120°
A Sin 84,=ASin 150°

A Sin 85 =A Sin 240°
A Sin 65 =A Sin 330°

(a) Rotating vector

Figure 6.68 Phasor representation for a sine wave

-00€ —
-0€€ —
09€ —

| | I
- n N
® = N
o o o

3 3 2

(b) Sine wave value vs. angle



A phase angle of 30° (6,) corresponds to 30°
of phasor rotation on the circular representation;
this indicates an instantaneous value of:

Asin,
The sine of 30° has a value of 0.5, so the phasor’s
value at this point is 0.5 A, as can be seen on the
sine wave. This pattern continues for any phase
angle from zero through to 360°.

e a

Key Points

* Vectors are used to represent physical quantities
that have both magnitude and direction.

* Phasors are used for the graphic representation
of the magnitude and phase of a sinusoidal a.c.
or voltage.

* The phasor’s length represents the quantity’s
peak value (not the instantaneous value) at any
given time.

. v

Analysing sine waves

Some a.c. circuits can have more than one voltage
source; these can be connected in series, as shown
in Figure 6.69.

§1OOQ

(\/ 5 VAC

1OVAC®

Figure 6.69 Multiple sources of alternating voltage

If the two voltages are in phase, they can be added
together by summing the amplitudes of each wave
at each point in time; Figure 6.70 demonstrates
this principle. In this example, the red and blue
sine waves represent the two sources of alternating
voltage.

Electrical and Electronic Principles

101 7\
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Figure 6.70 Addition of sine waves

The resulting sine wave (the voltage developed
across the resistor) can be plotted as illustrated in
Figure 6.70.

The addition of sine waves can also be achieved
by using phasors; consider the two sources of
alternating voltage shown in Figure 6.71 (see
page 306).

The two phasors are simply ‘joined’ to form one
composite phasor, giving a total peak output of 7
VAC.

In these examples, we stated that the two
voltages were in phase. If they were out of phase by
180°, the two voltages would be subtracted using
the same principles.
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Make the Grade @
10VAC @ @ (phasor)
Grading criterion M3 requires that you compare the
results of adding and subtracting two sinusoidal a.c.
waveforms graphically and by phasor diagram. First
5VAC @ @—— (phasor) of all, sketch your own a.c. circuit, with two sources
of alternating voltage and a resistor (refer to Figures
6.68-6.71 if you need reminding of any details].
There are two scenarios to address: the voltages
being (i) in phase and (ii) out of phase by 180°.
Figure 6.7 Phasor representation of voltage sources Scenario (i) requires that the two sine waves

are added; scenario (i) requires that they are
subtracted. Plot the two scenarios graphically and
Key Points by phasor diagrams.

Phasors give us a convenient method of adding
sinusoidal waves of the same frequency. When two
sinusoidal a.c. waveforms of the same frequency
are added or subtracted, the resulting waveform
is another sinusoid of the same frequency.

Activity 6.8

Referring to Figure 6.72, explain what each of the following phasor diagrams
represents.
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Impedance

Circuits that combine both resistance and

reactance (either capacitive, inductive or both)
are said to exhibit impedance.

Impedance, like resistance and reactance
— The ratio of applied voltage to the current
flowing.
Thus
=V

Z=7
where Z is the impedance in ohms, V is the
(alternating) potential difference in volts and
I is the alternating current in amps.

Because the voltage and current in a pure
reactance are at 90° to one another (we say that
they are in quadrature), we cannot simply add up
the resistance and reactance present in a circuit
in order to find its impedance. Instead, we can
use the impedance triangle shown in Figure 6.73.
The impedance triangle takes into account the
90° phase angle, and from it we can infer that the
impedance of a series circuit (R in series with X) is
given by:

Z =R +x*

R

Figure 6.73 The impedance triangle

Electrical and Electronic Principles

Worked Example

A resistor of 30Q is connected in series
with a capacitive reactance of 40%Q.
Determine the impedance of the circuit
and the current flowing when the circuit
is connected to a 115V a.c. supply.

First, we must find the impedance of the C R
series circuit:

Z =V(R? + X? = V(30% + 40%) = vV2500= 50Q

The current taken from the supply can now be
found:

Worked Example

A coil is connected to a 50V a.c. supply
at 400 Hz. If the current through the coil
is 200mA and the coil has a resistance of
60 Q2, determine the value of inductance.

Like most practical forms of inductor, the
coil in this example has both resistance and
reactance (see Figure 6.54 on page 297). We
can find the impedance of the coil from:

_V _50 _
Z_T_m_ZBOQ

Since Z = V(R? + X?), the formula can be
rearranged as Z¢ = R? + X?

from which: X? = 250 — 60? = 62500 — 3600
= 689002

thus
X = V58900 = 243Q
since X, = 2miL,

hence

X
szwa%xélOO:WmH
\_ ' J
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Resistance and reactance combine to form
impedance in a.c. circuits. In other words,
impedance is the result of combining resistance
and reactance in the impedance triangle. Because
of the quadrature relationship between voltage
and current in a pure capacitor or inductor, the
angle between resistance and reactance in the
impedance triangle is always 90°.

Resonance

A special case occurs when X, = X, in which case
the two equal but opposite reactances effectively
cancel each other out. The result of this is that
the circuit behaves as if only resistance, R, is
present — in other words, the impedance of the

circuit, Z = R. In this condition, the circuit is said
to be resonant. The frequency at which resonance
occurs is when:

XC = XL
Thus
1 _
2nfC 2rfl
from which
_ 1
f= 41’LC
and thus
I
2mVLC

where f is the resonant frequency, L is the

inductance and C is the capacitance.

VORI

VORI

VORI

Voltage across
capacitor

Current through
capacitor leads (point

A leads point B) by 90°

Current vector
leads voltage
vector

Time —»

90°
LEAD
(a) Capacitor current leads the voltage across the capacitor by 90°

Voltage across
resistor

Current through
resistor

J Ic
9 (e}

Ve Outof
phase

Current vector
and voltage
vector in phase

T
.7 270°
Time —
(b) Volgate and current are in-phase in a resistive circuit

Voltage across
inductor

Current through
inductor lags (point

-=o \/ B lags point A) by 90°
N

In Va

Time —

90°
LAG

(c) Inductor curret lags the voltage across the inductor by 90°

Figure 6.74 Current and voltage vectors

Current vector
lags voltage
vector
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Worked Example

A series circuit comprises an inductor of
10H, a resistor of 50 Q2 and a capacitor of
40pF. Determine the frequency at which
this circuit is resonant and the current
that will flow in it when it is connected
to a bOVa.c. supply at the resonant

1

frequency.
Using f = 1
2mNLC
f

= 7.95Hz

Impedance and phasors

Impedance is the opposition to a.c. current flow
that capacitance and/or inductance offer to an
a.c. current; this is determined by the magnitude
of their reactance. We have also noted the phase
shift caused between voltage and current in
circuits with capacitance and/or inductance. In
practical circuits, reactance occurs together with
resistance. The effects of this can be illustrated
and analysed through phasors (see Figure 6.74).
From the term ‘CIVIL, an a.c. voltage applied to
a capacitor will lag the current by a full 90°, and
less if there is resistance in the circuit; and in a

6.28 V10 X 40 X 10°°¢

At the resonant frequency, the circuit will
behave as a pure resistance (recall that the
two reactances will be equal but opposite) and
thus the supply current at resonance can be
determined from:

capacitor the current will lag by 90°. For a purely
resistive circuit, the voltage and current are in
phase. For an inductive circuit, the current lags
the voltage by 90°.

These effects can be determined by working with
the reactive elements as phasors in a right-angled
triangle. Figure 6.75 illustrates how trigonometry
is used to calculate the magnitude and phase

Z R 50
. J
Resultant r50 7
reactance Xc 1
R ﬁnl;'v‘\ \C| 30 ohms
/1 > T
80 XL Xc - XL
50Q 20Q T
X
zZ _- 1
f\/\ ’//:// : T T T T :: -
N R w | +
E c
L 120
a Circuit b X=X_.-Xc
Series RLC
S XL =10Q Xc
Given: R = 400
1 1 1
R =40Q '
XL =10Q _
Xg = 200 X =10Q
Z =\ 402 + (10 — 20)2 v

cZ =" R2+ (XL-Xc)?

Figure 6.75 Magnitude and phase angle of impedance
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angle of impedance in a series circuit containing
R, L and C. The magnitude of the inductive
reactance is plotted in the positive (Y) direction,
capacitive reactance in the negative (Y) direction
and the resistance in the positive (X) direction.
The impedance is represented by the hypotenuse
of the right-angled triangle that is formed. The
length of the hypotenuse is the magnitude of the
impedance, and the angle formed with the X axis
determines the phase angle between the current
and the voltage.

For the circuit values given in Figure 6.75(c)
(see p. 309), Z = 17.32 Q) and has a phase angle 6
calculated by:

1 X, — Xo)

R
The resulting effective current is the magnitude of
the applied voltage divided by the magnitude of
the impedance. If the applied voltage is 50 volts,
an effective current of 2.9 amperes will flow. Since
there is a predominance of capacitive reactance,
the current is leading the voltage.

6 = tan = —14°

Power factor

For an a.c. circuit containing both resistance and
reactance, power factor is the ratio of true power
to apparent power:

true power

power factor = apparent power

Worked Example

An a.c. load has a power factor of 0.8.
Determine the true power dissipated in
the load if it consumes a current of 2A
at 110V.

ince: PF = - IP
Since: PF' = cosg AP
True power = power factor X apparent power
= power factor X VI

thus

true power = 0.8 X 2 X 110 = 176 W
. J

The true power in an a.c. circuit is the power that

is dissipated as heat in the resistive component:
true power = I?R

where [ is the r.m.s. current and R is the resistance;

true power is measured in watts (W).

The apparent power in an a.c. circuit is the
power that is apparently consumed by the circuit
and is the product of the supply current and
supply voltage (which may not be in phase). Note
that unless the voltage and current are in phase
(that is, @ = 0°), the apparent power will not be
the same as the power that is actually dissipated
as heat. Hence:

apparent power = [V

where [ is the r.m.s. current and V is the supply
voltage. To distinguish apparent power from true
power, apparent power is measured in volt-amperes
(VA).
Now, since V = | Z, we can rearrange the apparent
power equation as follows:

apparent power = [V =1 X [Z = [’Z
Returning to our original equation:

2 2 2
pr—IE_PR_ PR _IR_R

AP IV T IXIZ PZ Z
From the impedance triangle shown earlier, we
can infer that:

From the electrical perspective, the power
factor in an a.c. circuit — The ratio of true
power to apparent power.

From the mathematical perspective, the
power factor in an a.c. circuit — The cosine
of the phase angle between the supply current
and supply voltage.




Worked Example

Electrical and Electronic Principles

A coil having an inductance of 150mH and
resistance of 250Q2 is connected to a 115V
400Hz a.c. supply. Determine the:

e power factor of the coil

e current taken from the supply

e power dissipated as heat in the coil.

First, we must find the reactance of the inductor
and the impedance of the coil at 400 Hz.

X = 2mifL = 2m X 400 X 150 X 107 = 376 Q

N

and
Z =V(R? + X?) = V(2502 + 376%) = 452Q

We can now determine the power factor from:
szgz%z 0.553
The current taken from the supply can be deter-
mined from:

_V_115 _

—?—@—0.254A

The power dissipated as heat can be found from:

true power = power factor X VI = 0.663 X 115
X 0.254 = 16.15W

J

Activity 6.9

1. Determine the reactance of a 60mH inductor at (a) R0Hz and (b) 4kHz.
2.Determine the reactance of a 20nF capacitor at (a) 400Hz and (b) 20kHz.
3.A 0.5pF capacitor is connected to a 110V 400Hz supply. Determine the current

flowing in the capacitor.

4. A resistor of 120Q is connected in series with a capacitive reactance of 160Q.
Determine the impedance of the circuit and the current flowing when the circuit is
connected to a 200V a.c. supply.

5. A capacitor or 2uF is connected in series with a 100Q resistor across a 24V
400Hz a.c. supply. Determine the current that will be supplied to the circuit and
the voltage that will appear across each component.

Transformers

Transformers provide a means of increasing
(stepping up) or decreasing (stepping down) an
a.c. voltage. They are formed with two coils (the
primary and secondary) onto a common core (see
Figure 6.76).

For a step-up transformer, the output (or
secondary) voltage will be greater than the input
(or primary), while for a step-down transformer,
the secondary voltage will be less than the
primary voltage. Since the primary and secondary
power must be the same (no increase in power
is possible), an increase in secondary voltage
can only be achieved at the expense of a corre-
sponding reduction in secondary current, and
vice versa (in fact, the secondary power will be
very slightly less than the primary power, owing to
losses within the transformer).

Primary
winding

Secondary
winding

Ip

A
q
q
W | Np q
q
| <

Magnetic core

Figure 6.76 Transformer principles
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The principle of the transformer is illustrated
in Figure 6.76 (see page 311). The primary and
secondary windings are wound on a common
low-reluctance magnetic core consisting of a
number of steel laminations. All of the alternating
flux generated by the primary winding is coupled
into the secondary winding (very little flux escapes
due to leakage). A sinusoidal current flowing in
the primary winding produces a sinusoidal flux
within the transformer core.

The flux in the transformer core will increase
with increasing frequency in the primary turns (up
to the saturation point of the B-H curve).

Flux variation

From a.c. theory and transformer principles, we
know that the flux has to change from a positive
a.c. toanegative a.c. _ in one half of the cycle.
This occurs in 0.5 f seconds; therefore, the average
rate of flux change is given by:

2e,,)
7= = 4f®  webers/second
2f max
The average emf induced per turn is given by:
4f0  volts

However, for a sinusoidal wave, the emf (or effective
value) is 1.11 times the average value; therefore,
the r.m.s. value of induced emf is:

1.11 X 4f®

So, for the primary turns, the r.m.s. value of the
primary voltage (V,) is given by:
V, = 444N D
Similarly, the r.m.s. value of the secondary voltage
(V) is given by:
Vo =444 IN®
From these two relationships (and since the same

magnetic flux appears in both the primary and
secondary windings), we can infer that:

X

X

V, N,
VS NP

Note that losses in the transformer mean that the
relationship is not exactly equal, hence the use of
the approximation symbol (=).

Furthermore, assuming that minimal power is lost
in the transformer, we can conclude that:
I, N, V

PS8

I. N, 'V

S P P

The ratio of primary turns to secondary turns

N,
(WP is known as the turns ratio.
S

Referring to Figure 6.77, we can further analyse
the transformer. Since the ratio of primary voltage
to primary turns is the same as the ratio of
secondary turns to secondary voltage, we can
conclude that, for a particular transformer:

v, Vq
turns per volt (t.p.v.) = NN
4 s

Primary Secondary
Ip Is

Ve Np § g Ns Vs

Figure 6.77 Transformer turns and voltages

The t.p.v. rating can be quite useful when it comes
to designing transformers with multiple secondary
windings.

Worked Example

A transformer has 2000 primary turns
and 120 secondary turns. If the primary
is connected to a 220V a.c. mains supply,
determine the secondary voltage.

V., N %
Since —£ ~ — we can derive: V. ~ i1V =~ 220
120 Vs T N
%




Worked Example

A transformer has 1100 primary turns
and is designed to operate with a 110V
a.c. supply. If the transformer is required
to produce an output of 10V, determine
the number of secondary turns required.

) VP Ny ) VN,
Since 7~ 77 We can derive: N = A 1100
10 S P P
X 110"~ 100 turns
J

Worked Example

A transformer has 1200 primary turns
and 60 secondary turns. Assuming that
the transformer is loss-free, determine
the primary current when a load current
of 20 A is taken from the secondary.

: L Ny . Ny 20 X 60
S:mlci Z = ﬁp we can derive: [, = IS EN 1500
J

The output voltage produced at the secondary of
a transformer reduces progressively as the load
imposed on the transformer increases - that is, as
the secondary current increases from its no-load
value. The voltage regulation of a transformer is a
measure of its ability to keep the secondary output
voltage constant over the full range of output load
currents — that is, from no load to full load at the
same power factor. This change, when divided by
the no-load output voltage, is referred to as the
per unit regulation for the transformer.

Electrical and Electronic Principles

Worked Example

A transformer has a turns-per-volt rating
of 1.2. How many turns are required to
produce secondary outputs of (a) 50V
and (b) 350V?

Using N = t.p.v. X Vg

In the case of a 50V secondary winding:

st 1.5 X 50 = 75 turns

In the case of a 350V secondary winding:

N, =~1.5 X 350 = 525 turns
- J

Worked Example

A transformer produces an output
voltage of 110 V under no-load conditions
and an output voltage of 100V when a
full load is applied. Determine the per
unit regulation.

1%

V _ S (full load)
8 (nofoad) VS (no load)
~110 — % = 0.1 (10 per cent)
%

Most transformers operate at very high values of
efficiency. Despite this, in high-power applications
the losses in a transformer cannot be completely
neglected. Transformer losses can be categorised
into two types of loss:

e losses in the magnetic core (referred to as iron
loss)

e losses due to the resistance of the coil windings
(referred to as copper loss).

Iron loss can be further divided into hysteresis
loss (energy lost in repeatedly cycling the magnet
flux in the core backwards and forwards) and eddy
current loss (energy lost due to current circulating
in the steel core).

Hysteresis losses can be reduced by using
magnetic core material that is easily magnetised
and has a very high permeability (see Figure 6.78)
- note that energy loss is proportional to the area
inside the B-H curve). Eddy current loss can be
reduced by laminating the core; these laminations
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and small gaps help to ensure that there is no
closed path for current to flow. Copper loss results
from the resistance of the coil windings; it can be
reduced by using low-resistivity wire material.

+B
Area =
energy loss
-H +H
-B

Figure 6.78 Hysteresis curves and energy loss

(1 — (iron losses + copper losses

PRIMARY

Since the flux within a transformer varies only
slightly between the no-load and full-load
conditions, iron loss is substantially constant,
regardless of the load actually imposed on a trans-
former. Copper loss, on the other hand, is zero
when a transformer is under no-load conditions
and rises to a maximum at full load.

The efficiency of a transformer is given by:

output power

- X 100 per cent
input power

from which:
efficiency = input — losses o 109
iput
power ower  Per
p cent
Therefore:
losses

efficiency = (1 — ) X 100 per cent

input power
The losses present are attributable to iron loss and

copper loss, but the copper loss appears in both
the primary and the secondary windings, hence:

+ copper losses ¢, oxpary))

efficiency =

Worked Example

input power

X 100 per cent

A transformer rated at 500 VA has an iron
loss of 3W and a full-load copper loss
(primary plus secondary) of 7W. Calculate
the efficiency of the transformer at 0.8
power factor.

The input power to the transformer will be given
by the product of the apparent power — that is, the

transformer’s VA rating — and the power factor.

Hence

\_ input power = 0.8 X 500 = 400W

Now

1—(7+3)

200 ) X 100 per cent = 97.5

efficiency = (
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Key Points
Key points for transformers:

® rated primary and secondary voltage and
current

* power rating expressed in volt-amperes (VA) —
this is the maximum power that the transformer
can deliver under a given set of conditions

* frequency range for the transformer (note that
a transformer designed for operation at 400 Hz
will not work at 50Hz or 60 Hz)

* per unit regulation of the transformer — the
ability of the transformer to maintain its rated

output when under load.
Figure 6.79 Typical transformers \ J

Activity 6.10

1. A transformer has 480 primary turns and 120 secondary turns. If the primary is
connected to a 110V a.c. supply, determine the secondary voltage.

2. A step-down transformer has a 220V primary and a 24V secondary. If the
secondary winding has 60 turns; how many turns are there on the primary?

3. A transformer has 440 primary turns and 1800 secondary turns. If the
secondary supplies a current of 50mA, determine the primary current (assume

that the transformer is loss-free).

. A transformer produces an output voltage of 220V a.c. under no-load conditions,
and an output voltage of 208V a.c. when full load is applied. Determine the per
unit regulation.

.A 1kVA transformer has an iron loss of 15W and a full-load copper loss (primary
plus secondary) of 20W. Determine the efficiency of the transformer at 0.9 power
factor.
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6.5 Electrical machines

This section will cover the following grading
criteria:

By the end of this section you should be able
to evaluate the performance of a motor and
a generator by reference to electrical theory.

Electrical machines are based on the practical
application of electromagnetism. The motor and
generator are electrical machines that share many
common features in terms of their operating
principles, construction and operation.

a.C. generators

Earlier in this unit we explored the concept of
electromagnetic induction. This can be summa-
rised as the generation of an emf across the ends
of a conductor when it cuts through a changing
magnetic flux. The action of cutting through the
lines of magnetic flux results in a generated emf
(see Figure 6.80). The amount of emf (e) induced in
the conductor will be directly proportional to the:

e density of the magnetic flux (B)
o effective length of the conductor (I) within the
magnetic flux

Figure 6.80 A conductor moving inside a magnetic field

Motion

Flux density, B
Induced e.m.f., E
Velocity, v

e speed (v) at which the lines of flux cut through
the conductor

e sine of the angle (0) between the conductor and
the lines of flux.

The induced emf is given by the formula:
e = Blvsin®

When the conductor moves at right angles to the
field (as shown in Figure 6.80), maximum emf will
be induced. When the conductor moves along the
lines of flux, the induced emf will be zero. At any
other point in the magnetic field, there is a value
of emf dependent on the sine of the angle (6)
between the conductor and the lines of flux.

Moving a conductor through a magnetic field
is usually achieved by attaching a coil to a shaft
and driving this from a suitable source of power
— for example, from an engine gearbox, as shown
in Figure 6.81. The loop, or coil, is made to rotate
inside a permanent magnetic field, with opposite
poles (N and S) on either side of the loop.

Making contact with the loop as it rotates inside
the magnetic field is achieved by a pair of carbon
brushes and copper slip-rings (see Figure 6.82).
The brushes are spring-loaded and held against
the rotating slip-rings so that there is a permanent
connection for current to flow from the loop to
the external load to which it is connected.

The opposite sides of the loop consist of
conductors that move through the field. At 0° (with
the loop vertical, as shown at A in Figure 6.83 on
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Motion
Figure 6.81 A loop rotating within a magnetic field
N, Field
\\
- \ -
<
N i 2\l
/ N
\

Terminal

Figure 6.82 Brush and slip-ring arrangement

page 318), the opposite sides of the loop will be
moving in the same direction as the lines of flux.
At that instant, the angle, 6, at which the field
is cut, is 0°, and since the sine of 0° is zero, the
generated voltage (from e = Blvsin®) will be zero.

When the loop is rotated to a position B (which
is 90° to the lines of flux), the two conductors
will effectively be moving at right angles to the
field. At that instant, the generated emf will take a
maximum value (since the sine of 90° is unity).

At 180° from the starting position, the generated
emf will reduce back to zero, since the conductors
are moving along the flux lines (but in the direction
opposite to that at 0°, as shown in C).

At 270° the conductors will be moving

perpendicular to the flux lines (but in the
direction opposite to that at 90°). At this point
(D), a maximum generated emf will be produced.
Note that the emf generated at this instant is the
opposite polarity to that which was generated at
90°. The relative direction of motion (between
the conductors and flux lines) has now been
reversed.

Since e = Blvsin®, the generated emf will take
a sinusoidal form, as shown in Figure 6.84 (see
page 318). Note that the maximum values of emf
occur at 90° and 270° and that the generated
voltage is zero at 0°, 180° and 360°.

In practice, the single loop shown in Figure
6.84 would comprise a coil of wire wound on a
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o]

a

Generated

voltage b
+

0° 90°

Figure 6.83 emf generated at various angles

0° 270°

Voltage, I
+ Vmax7
1 1
0°  90° 450°
T ‘ 5T
T )
- I/m;\x N I
|
. |
One revolution I'T = time for one complete revolution

Figure 6.84 Sinusoidal voltage produced by a rotating loop

suitable non-magnetic former. This coil of wire
effectively increases the length of the conductor
within the magnetic field, and the generated emf
will then be directly proportional to the number of
turns on the coil.

To summarise, in a simple a.c. generator, a loop
of wire rotates inside the magnetic field produced
by two opposite magnetic poles. Contact is made
to the loop as it rotates by means of slip-rings and
brushes.

Alternators

Alternators are based on the principles that
relate to the simple a.c. generator, except that
it is the magnetic field that is rotated rather
than the conductors from which the output is
taken. Furthermore, the magnetic field is usually
produced by a rotating electromagnet (the rotor)
rather than a permanent magnet. There are a
number of reasons for doing this:



e Finish of stator winding

a Simplified construction

Brushes
and slip rings

Electrical and Electronic Principles

Rotating
exciter field

AC
output

DC supply

Stator windings
connected in
series

b Electrical equivalent

Figure 6.85 Simplified construction of a single-phase a.c. generator

e the conductors can be lighter in weight, thereby
allowing faster rotational speeds

e it is more practical to insulate the conductors if
they are stationary

e the currents that produce the rotating magnetic
field are very much smaller than those that are
produced by the conductors; the slip-rings can
be made smaller and more reliable.

Figure 6.85 shows the simplified construction of
a single-phase a.c. generator. The stator consists
of five coils of insulated heavy-gauge wire located
in slots in the high-permeability laminated core.
These coils are connected in series to make a
single stator winding, from which the output
voltage is derived.

The two-pole rotor comprises a field winding
that is connected to a d.c. field supply via a set of

Voltage, IV

One revolution

Figure 6.86 Output voltage produced by the single-
phase a.c. generator

slip-rings and brushes. As the rotor moves through
one complete revolution, the output voltage will
complete one full cycle of a sine wave, as shown in
Figure 6.86.

By adding more pole pairs to the physical
arrangement, it is possible to produce several
cycles of output voltage for one single revolution
of the rotor. The frequency of the output voltage
produced by an a.c. generator is given by:

_PN
/=%0

where f is the frequency of the induced emf (in
Hz), p is the number of pole pairs, and N is the
rotational speed in r.p.m. Note that the ‘60" is
required in this expression to effectively convert
r.p.m. into cycles per second.

Worked Example

An alternator is to produce an output at a
frequency of 60Hz. If it uses a four-pole rotor,
determine the shaft speed at which it must be
driven.

. pN .
Rearranging f = 50 to make N the subject
gives: N = 60f/p

A four-pole machine has two pairs of poles;
thus

(60 X 60)

5 =1800r.p.m.

= 2,andsoand N =
> Y,
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Figure 6.87 Commutator arrangement

Voltage, 1V

| | |

0° 90°  180°  270°  30°  450°  540°  630°  720°
T T 3T ! 5T 3T 7T 2T
g 2 4 2 4

One revolution

Figure 6.88 d.c.-generated output

d.c. generators

Where the application requires d.c. output, this

can be achieved by replacing the brushes and

slip-rings with a commutator arrangement, as N
shown in Figure 6.87. The commutator functions

as a rotating/reversing switch, which ensures that

the emf generated by the loop is reversed after

rotating through 180°. The generated emf for this

arrangement is shown in Figure 6.88.

The generated emf shown in Figure 6.88 has only
one polarity, either all positive or all negative.
This may be acceptable in certain applications;
however, in some cases we need a d.c. power source
that provides a constant voltage output rather
than a series of pulses. One way of achieving this is
with a second loop (or coil) at right angles to the
first, as shown in Figure 6.89. The commutator is
then divided into four (rather than two) segments;

Figure 6.89 Improved d.c. generator construction
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Voltage, 1
Vmax7
Ve H-Y7-V/-V/- V-V /- /-7
Time, t
0°  90°  180°  270°  3q0°  450°  540°  630°  720°
O 3r 3T 7T 2T
4 2 2 4 2 3

One revolution

Figure 6.90 Improved d.c. generator output

the generated emf produced by this arrangement
is shown in Figure 6.90.

In practical generators, a coil comprising a
large number of turns of copper wire replaces the
single-turn rotating loop. This arrangement effec-
tively increases the total length of the conductor
within the magnetic field and, as a result, also
increases the generated output voltage. The
output voltage also depends on the density of the
magnetic flux through which the current-carrying
conductor passes; the denser the field, the greater
the output voltage will be.

d.c. motors

A simple d.c. motor consists of a very similar
arrangement to the d.c. generator. A loop of wire

i
i
i
\
I'l Plan view
\
\

Torque, T = Force, F x Distance, d

Figure 6.91 Torque on a current-carrying loop located
within a permanent magnetic field

that is free to rotate on a shaft is placed inside a
permanent magnetic field (see Figure 6.91). When
a d.c. current is applied to the loop of wire, two
equal and opposite forces are set up which act
on the conductor in the directions indicated in
Figure 6.91.

The direction of the forces acting on each arm
of the conductor can be established by using two
rules of electromagnetism:

e the right-hand grip rule

e Fleming’s left-hand rule (for electric motors).
The right-hand grip rule is a principle applied
when electric current flows through a coil,
resulting in a magnetic field (see Figure 6.92).
With the right hand wrapped around the coil,
the fingers point in the direction of the conven-
tional current, and the thumb indicates the coil’s
magnetic north pole.

Figure 6.92 Right-hand grip rule
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ThuMb = Motion

First finger
—" _Field

SeCond finger = Current

Figure 6.93 Fleming's left-hand rule (for motors)

The right-hand grip rule can also be applied
to simple conductors; now the thumb points in
the direction of the conventional current (from
positive to negative), and the fingers indicate the
direction of the magnetic lines of flux.

Fleming's left-hand rule (for electric motors)
shows the direction of the thrust on a conductor
carrying a current in a magnetic field (see Figure
6.93). This rule was developed by Sir John Ambrose
Fleming (1849-1945), an English electrical
engineer and physicist.

Since the conductors are equidistant from their
pivot point and the forces acting on them are equal
and opposite, this forms a couple. The moment of
this couple is equal to the magnitude of a single
force multiplied by the distance between them;
this moment is known as torque (T), expressed
as:

T=Fd
where T is the torque (in newton-metres, Nm), F is
the force (N) and d is the distance (m).
We have already seen that the magnitude of
the force F is given by ® = B I \. Thus the torque
expression can be written as:

T=BIld

where T is the torque (Nm), B is the flux-density (T),
I is the current (A), N is the length of conductor in
the magnetic field (m) and d is the distance (m).
The torque produces a turning moment such
that the coil (or loop) rotates within the magnetic
field. This rotation continues whenever current is
flowing in the coil. A practical form of d.c. motor

consists of a rectangular coil of wire (instead of
a single-turn loop of wire) mounted on a former
and free to rotate about a shaft in a permanent
magnetic field, as shown in Figure 6.94.

DC supply

Figure 6.94 Simple motor with commutator

In practical motors, this rotating coil is known
as the armature and consists of many hundreds
of turns of conducting wire. This arrangement
maximises the force imposed on the conductor
by introducing the longest possible conductor
into the magnetic field. Furthermore (from the



relationship @ = B I \), it can be seen that the
force used to derive the torque in a motor is
directly proportional to the size of the magnetic
flux (B). As an alternative to using a permanent
magnet to produce this flux, an electromagnet is
used (this is the usual arrangement in most motor
applications).

The electromagnetic field is set up using the
principle shown in Figure 6.95. This arrangement
constitutes a field winding; each of the turns in
the field winding assists each of the other turns,
in order to produce a strong magnetic field.

Coil windings

Soft iron core

Cross section showing magnetic field lines

Figure 6.95 Magnetic field used as a field winding

This field may be intensified by inserting a ferro-
magnetic core inside the coil. When current
is applied to the conducting coil, the core is
magnetised and acts in combination with the coil
to produce a permanent magnet, having its own
north and south poles.

Referring to the simple motor illustrated
in Figure 6.94, we know that when current is
supplied to the rotating armature (rotor), a torque
is produced. In order to produce continuous
rotary motion, this torque (turning moment) must
always act in the same direction. The current in
each of the armature conductors must be reversed
as the conductor passes between the north and
south magnetic field poles. The commutator acts
like a rotating switch, reversing the current in
each armature conductor at the appropriate time
to achieve this continuous rotary motion.

Electrical and Electronic Principles

p
Key Points
* A commutator acts like a rotating switch.

* The effect of not having a commutator in a
d.c. motor would be that only a half-turn of
movement is achieved.

* When current is supplied to the rotating
armature (rotor), a torque is produced.

* The torque produced by a d.c. motor is directly
proportional to the product of the current

flowing in the rotating armature winding.
\ J

In Figure 6.96(a), the rotation of the armature
conductor is given by Fleming's left-hand rule for
motors. When the coil reaches a position midway
between the poles (Figure 6.96(b)), no rotational
torque is produced in the coil. At this point,
the commutator reverses the current in the coil.
Finally (Figure 6.96(c)), with the current reversed,
the motor torque now continues to rotate the coil
in its original direction.

@\/ Rotation of each armature
/AN conductor given by
left-hand rule

Coil mid-way between
! poles — no rotational
torque produced.
Commutator reverses
current

o

With current reversed
motor torque continues
to rotate coil in the

S original direction.

Figure 6.96 Action of the commutator
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Field connections

The field winding of a d.c. motor can be connected
in various ways, depending on the application; the
following configurations can be used:

e series-wound

e shunt-wound

e compound-wound (where both series and shunt
windings are present).

In the series-wound d.c. motor, the field winding is
connected in series with the armature and the full
armature current flows through the field winding
(see Figure 6.97). This arrangement results in a
d.c. motor that produces a large starting torque
at slow speeds. This type of motor is ideal for
applications where a heavy load is applied from
rest. The disadvantage of this type of motor is that,
with reduced loads, the motor speed may become
excessively high. Typical torque and speed charac-
teristics for a series-wound d.c. motor are shown
in Figure 6.98.

In the shunt-wound d.c. motor, the field winding
is connected in parallel with the armature; the
supply current is divided between the armature

O
Field §
Armature @

O

Figure 6.97 Series-wound d.c. motor

Speed

Torque

Figure 6.98 Typical torque and speed characteristics
for a series-wound d.c. motor

and the field winding (see Figure 6.99). This results
in a d.c. motor that runs at a reasonably constant
speed over a wide variation of loads, but does not
perform well when heavily loaded. Typical torque
and speed characteristics for a shunt-wound d.c.
motor are shown in Figure 6.100.

Armature Field

Figure 6.99 Shunt-wound d.c. motor

Speed

—_—

Torque

Figure 6.100 Typical torque and speed characteristics
for a shunt-wound d.c. motor

The compound-wound d.c. motor combines

both series and shunt field windings (see Figure
6.101) and is therefore able to combine some

Field

g Field

Armature

Figure 6.101 Compound-wound d.c. motor



of the advantages of each type of motor. Typical
torque and speed characteristics for a compound-
wound d.c. motor are shown in Figure 6.102.

Speed

\

Torque

Figure 6.102 Typical torque and speed characteristics
for a compound-wound d.c. motor

In order to avoid the need for a large permanent
magnet in a d.c. machine - that is, a motor or
generator — a separate field winding is used.
This winding is energised with direct current. In
the case of a d.c. generator, this current can be
derived from the output of the generator (in which
case it is referred to as a self-excited generator) or
it can be energised from a separate d.c. supply.

Figure 6.103 Principles of electromagnetic induction

Electrical and Electronic Principles

Make the Grade

Grading criterion P9 requires that you describe

the principles and applications of electromagnetic
induction. This should be approached from both an
experimental and a theoretical perspective. Decide
what items will be required — for example, bar
magnets, coils of wire. Develop some experiments.
Compare your results with your knowledge of the
theory. Figure 6.103 gives some examples and hints
for getting started.

Make the Grade

Grading criterion D2 requires that you evaluate

the performance of a motor and a generator by
reference to electrical theory. This should be
approached from both a practical and theoretical
perspective. Decide what items will be required — for
example, motors, power supplies —and then develop
some experiments. (For safety reasons, only use
low-voltage power supplies.) You should address a
range of performance details for motors, such as
power supply voltage and direction of motion. For
generators, make notes of the speed of turning the
shaft versus output voltage. Compare your results
with your knowledge of the theory.

T Motion

Magnet

/ Current
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6.6 Diodes

This section will cover the following grading
criteria:

By the end of this section you should be able
to compare the forward and reverse char-
acteristics of two different types of semi-
conductor diode, and analyse the operation
and the effects of varying component param-
eters of a power supply circuit that includes
a transformer, diodes and capacitors.

Diodes are electronic components, designed to
conduct and oppose current, depending on how
they are connected into the circuit. They are
manufactured from two or more semi-conducting
materials that either conduct or oppose the flow
of electrons. The physical appearance of a diode
used in electronic circuits usually takes the form
of a small cylinder; larger diodes are formed into
larger metallic packages to dissipate heat.

Semiconductors

Semiconductor materials are formed by changing
the molecular structure of an insulating material.
The crystalline structure of this base material

is effectively modified into one of two types of
semiconductor:

e with an increased number of electrons in the
crystal structure (N-type)

e with a decreased number of electrons in the
crystal structure (P-type).

Typical semiconducting materials include silicon
and germanium. Diodes are created by joining
P-type and N-type semiconductors to form a
junction. When the diode is connected to an
electrical circuit, it allows current to flow in one
direction (with the diode connected in forward
bias), but not the other direction (with the diode
connected in reverse bias) (see Figure 6.104).

Diode principles

The mechanical analogy of a diode is the
non-return valve (see Figure 6.105). The valve in
this example contains a ball and spring. When
fluid passes into the valve in one direction, it
compresses the spring and the fluid flows through
the valve. When fluid is directed into the valve
from the opposite direction, the spring and fluid
pressure keep the ball against the seat of the valve,
preventing the flow of fluid.

The characteristics of a diode can be shown
graphically, as in Figure 6.106. Note the point at
which current flows in the forward and reverse
directions.

A > K

No current flow

Anode Cathode

A K
—p—
Direction of conventional current flow
_—
Anode i Cathode
P ! N
1

. . y
Depletion region removed )

+

T
1
I N
1
1

)

Depletion region widened

+

Figure 6.104 Diodes in forward and reverse bias
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Diode types

| |_ J ﬂ |_ There are many types of diode used in everyday

applications; these include:

e junction diode

e Zener diode

e light-emitting diode
e photodiode.

/Flap

Flap

|_Hinge |_Hinge  Circuit symbols for each of these diodes is shown

in Figure 6.107 (see page 328).
Rubber seal

Closed Open JunCtion diode

The function of a simple junction diode is to
Figure 6.105 Non-return valve conduct current in one direction and to prevent
the flow of current in the opposite direction. A
typical application of diodes used in this way is
called a rectifier (see Figure 6.108 on page 328).
In this application, the diode converts a.c. to
d.c., a process known as rectification. With a single
diode, either the positive or negative half-cycle of
the a.c. wave is conducted, while the other half is
not conducted.

Forward current (mA)

10
jav)

@)}

A
Germanium I
) /
Reverse voltage (V) /
-100  -75 =50 | -25 A
“Sheon_ — 02 | 04 | 06 | 08
yd . Forward|speed (V)
//
/| 5
/

/ Germanium

2
o

Reverse current (LA)

Figure 6.106 Characteristics of a diode
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+

_>|:|7 Diode (forward based)
+ -

_% Zener diode

Light emitting diode

Photodiode

Figure 6.107 Circuit symbols for diodes
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Figure 6.108 Diode used as a rectifier



Since only one half of the input a.c. waveform
reaches the output, it is a very inefficient method
of converting a.c. to d.c. A more efficient circuit
uses four diodes, as shown in Figure 6.109. This
provides full-wave rectification.

Input

i

Output
yAYAN

RL

Figure 6.109 Full-wave rectification

A full-wave rectifier converts the whole of the
a.c. input to a positive (or negative) output. The
output voltage can be smoother by incorporating
a capacitor, as shown in Figure 6.110.

O V out
C1 R1

Voltage, V

40-]
20
Time (ms)
0 T T T T T
0 1 .VS 3.5\/.0
—20]
—40-

a T1 secondary voltage

o 0V

Voltage, V Output voltage with C1
Output voltage without C1
~N—
Ay /' \ ,' \\
\\ I' \\ ,' \\
N v/ Time, (ms)
0 T 1 T T T I T T
0 1.25 25 3.75 5.0

b Voltage developed across R

Figure 6.110 Smoothed d.c. output

Electrical and Electronic Principles

Light-emitting diode

As their name implies, light-emitting diodes (LEDs)
emit light energy when conducting. They are
manufactured from a range materials to produce

colours from the infrared to the near ultraviolet
(see Figure 6.111).

Figure 6.111 LEDs

LEDs require very low power to operate and are
also more reliable than filament lamps. Most LEDs
will provide a reasonable level of light output
when a forward current of between 5 mA and 20
mA is applied. A typical LED circuit is shown in
Figure 6.112; the value of resistance is selected to
allow the required current through the diode.

S

Resistor
470Q

—_—

+
9V battery

.

—

Figure 6.112 LED circuit
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Photodiode

Photodiodes (also called photodetectors or photo-
cells) are designed to sense light. When sufficient
light energy reaches the diode, it energises
electrons, thereby creating a free electron and a
resultant positive charge. With increasing light
energy, electrical current flows through the diode.
A typical photodiode circuit is shown in Figure
6.113.

\£
s o

®)e. S

Figure 6.1 13 Photodiode circuit

Forward current (mA)

=20 -15 =10 -5

Reverse voltage (V)

Reverse current (WA)

Figure 6.1 14 Zener diode characteristics

Zener diode

A Zener diode conducts current in the forward
direction (as a normal diode), but also in the
reverse direction when the applied voltage exceeds
the breakdown voltage known as the Zener voltage.
This effect, called Zener breakdown, occurs at a
predetermined and precise voltage (see Figure
6.114); the Zener diode is used as a precision
voltage reference in voltage regulators (Figure
6.115).

Rs

NWA :

O+

Unregulated
input =V

Regulated
A ZD RL§ output = V,

—_——-——o— '
+

Figure 6.115 Zener diode circuit

Make the Grade

Grading criterion P3 requires you to compare the
forward and reverse characteristics of two different
types of semiconductor diode. To fully address this
grading criterion, you should use a combination of
diode theory and practical circuit measurement.
Make sure that you can relate the theory to practical
results. Figure 6.116 gives some ideas for a circuit
layout. Think about the power supply: should it be
fixed at 6V d.c., or would a variable supply be more
useful?



Forward-biased

Vo)

Reverse-biased

ooy
- + v
> S
4/_‘
= [+ 5 [eouy]
IO
——

Figure 6.1 16 Measuring diodes in forward and

reverse bias
Make the Grade l D1 :

Grading criterion D1 requires you to analyse the
operation and the effects of varying component
parameters of a power supply circuit that includes
a transformer, diodes and capacitors. Practical
power supplies vary in complexity, depending on
the application and specification. Figure 6.117 gives
an example of a full-wave rectifier circuit; for safety
reasons, design and build circuits that operate at low
voltage. Make notes of the input/output waveforms
and how capacitors can be used to smooth the
output.

Electrical and Electronic Principles

Activity 6.11

Design a simple circuit that could be
used to convert mains power to charge
a 12V d.c. battery. Develop this thought

process to analyse other input/output
voltages — for example, larger aircraft
use 115Va.c. from the main generators
to charge 28V d.c. batteries.

Full-wave rectifier circuit

AC voltage ~,
source

Figure 6.117 Full-wave rectifier circuit

331



332

6.7 Circuit measurements

This section will cover the following grading
criteria:

P11

By the end of this section you should be able
to use a multimeter to carry out circuit meas-
urements in a d.c. network; carry out an ex-
periment to determine the relationship be-
tween the voltage and current for a charging
and discharging capacitor; and use an oscillo-
scope to measure and determine the inputs
and outputs of a single-phase a.c. circuit.

Circuit measurements will be required whether
building new circuits or diagnosing existing
circuits. There is a variety of equipment available to
measure the three basic quantities in electrical and
electronic circuits — current, voltage and resistance.

Multimeters

The most popular and convenient item of test
equipment used for simple measurements is the
multimeter; these can be either analogue or digital
instruments (see Figure 6.118). Analogue instru-
ments measure current through a coil/armature
arrangement using electromagnetic principles;
a pointer moves across the display to indicate the
quantity being measured. Digital instruments use
electronic circuits and displays. Multimeters combine

Figure 6.1 18 Analogue and digital multimeters

several functions into a single item of test equipment;
the basic functions of simple multimeters include the
measurement of current, Voltage and resistance.

Analogue instruments

A popular analogue instrument used in the aircraft
industry is the Avometer® (registered trade mark of
Megger Group Limited). This instrument is often
referred to simply as an AVO, deriving its name
from the words amperes, volts, ohms. It has been
in widespread use in the UK from the 1930s, and
can still be found in many hangars, workshops
and repair stations. Referring to Figure 6.119, AVO
features include the measurement of:

e a.c.upto 10A

e voltages up to 1000V
e resistance from 0.1 Q up to 200kQ.

Figure 6.119 Avometer®

The instrument is very accurate, typically =1 per
cent of full-scale deflection (FSD) on d.c. ranges
and *2 per cent on a.c. ranges. Maximum current
consumption for voltage measurement is 50 pA
(corresponding to a sensitivity of 20 000 ohms per
volt), thereby minimising voltage measurement
error. Two rotary switches are used to select the
function and range to be measured; if the wrong
combination of function or range is selected,



an overload cut-out switch (similar to a circuit
breaker) disconnects the test circuit.

Some analogue multimeters can measure the
voltage drop across semiconductor junctions and
measure additional circuit/component quantities,
such as:

e capacitance
frequency
temperature
conductance
inductance.

Digital multimeters

Digital multimeters are generally smaller than the
analogue type, making them a useful hand-held
device for basic diagnostic work. Higher
specification devices can measure to a very high
degree of accuracy and will commonly be found
in repair shops and calibration laboratories.
Digital multimeters offer more features than
basic analogue instruments; commonly available
measurement features include:

auto-ranging

sample and hold

graphical representation

data acquisition

personal computer (PC) interface.

Auto-ranging selects the appropriate range for
the quantity under test, so that meaningful digits
are shown. For example, if a battery cell terminal
voltage of 1.954Vd.c. was being measured,
auto-ranging by a four-digit multimeter would
automatically display this voltage, instead of 0.019
(range set too high) or 0.999 (range set too low),
via manual range selection.

Sample and hold retains the most recent display
for evaluation after the instrument is discon-
nected from the circuit being tested. Graphical
representation of the quantity under test can be
displayed in a number of ways — for example, as a
bar graph; this facilitates observations of trends.

Simple data acquisition features are used
in some multimeters to record maximum and
minimum readings over a given period of time, or
to take a number of sample measurements at fixed
time intervals. Higherspecification multimeters
feature PC interface, typically achieved by infrared
(IR) links or datalink connections — for example,
universal serial bus (USB). This interface allows
the multimeter to upload measured data into the
computer for storage and/or analysis.

Electrical and Electronic Principles

Oscilloscopes

The oscilloscope (often referred to as a scope) is an
item of electronic test equipment used to measure
and display signal voltages as a two-dimensional
graph (usually signal voltage on the vertical axis
versus time on the horizontal axis). The oscilloscope
will be found in most workshops, repair stations and
calibration laboratories (see Figure 6.120).

Figure 6.120 Oscilloscope

Original oscilloscope equipment was based on
the cathode ray tube (CRT) display, making them
heavy and bulky. Use of liquid crystal display (LCD)
technology makes the oscilloscope useful as a portable
device. The portable oscilloscope has many uses
during troubleshooting - for example, checking for
electrical noise and measurement of digital signals.
PC-based oscilloscopes can be configured in
an existing laptop via a specialised signal acqui-
sition board and suitable hardware interfaces. The
PC-based oscilloscope has a number of features:

e lower cost stand-alone
oscilloscope

e efficient exporting of data into standard PC
software — for example, spreadsheets

e control of the instrument via
programmes on the PC

e utilisation of the PC's networking and disc
storage functions

e larger-/higher-resolution colour displays

e colours can differentiate between waveforms

e portability.

compared to a

custom

d.c. arcuit measurements

There are three basic measurements that are required
for analysing an electrical or electronic circuit:

e voltage
e current
e resistance.
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When measuring any of these (and taking into
account safety precautions), the type of measuring
equipment has to be selected. For simple d.c.
circuits, the multimeter is ideal. In the first
instance, the meter must be set to d.c., together
with the required parameter (usually denoted on
the meter as V, A or Q). Second, the meter must
be set to the anticipated range to be measured; in
some meters, this is set automatically.

Referring to Figure 6.121, when measuring:

e resistance, the component is usually removed
from the circuit to avoid measuring the effects
of parallel circuits

e current, the meter is connected in series

e voltage, the meter is used across two points.

Figure 6.121 Measuring resistance, current and
voltage

a.C. circurt measurements

Referring to the typical a.c. waveforms described
earlier, voltage and current can also be measured
using a multimeter that is designed for the
purpose. These items have a selector switch with
a graphical a.c. symbol, such as ~, on one or more
of the switch positions. Multimeters are usually
designed to measure r.m.s. values of sinusoidal
a.c. If peak values are required, it would be appro-
priate to use an oscilloscope.

Measuring r.m.s. values of other waveforms - for
example, square waves — with a multimeter will
not produce a true value. Once again, it would
be more appropriate to use an oscilloscope to
determine r.m.s. and/or peak values.

Make the Grade

Grading criterion P2 requires you to use a multimeter
to carry out circuit measurements in a d.c. network.
This relates back to what can be calculated — for
example, from Ohm’s law and/or Kirchoff’s laws —and
what can be measured. Try designing and building
some simple d.c. networks; then use your knowledge
to measure current, voltage and resistance.
Remember to measure voltages across resistors

and power supplies. Resistors should be removed
from the circuit if you need to measure their values.
Ammeters are connected in series with the circuit.

Make the Grade

Grading criterion P5 requires you to carry out an
experiment to determine the relationship between
the voltage and current for charging and discharging
a capacitor. A simple but effective way of doing this
is to use a power supply unit, a variety of electrolytic
capacitors/resistors, a stopwatch and a multimeter.
Figure 6.122 gives a typical circuit arrangement;
think about how/where you connect a multimeter.
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l A‘K‘LB Make the Grade @

12 volts Grading criterion P11 requires you to use an

H R oscilloscope to measure and determine the inputs
12 volts + and outputs of a single-phase a.c. circuit. (For safety
P reasons, this should be based on a low-voltage power
supply or a function generator.) Build some simple
resistor series/parallel networks and experiment
with resistor values. Figure 6.123 illustrates a typical
experimental arrangement.

Figure 6.122 Charging and discharging a capacitor

Activity 6.12

Charge and discharge the various
capacitors using a variety of resistor
values. Plot graphs of capacitor voltage

against time for each capacitor/resistor
network; evaluate the network time
constants by comparing the results with
theory.

T CICICIC] e

Oscilloscope

Ro

5

Function generator

"
N\ ©O 1|

o

Figure 6.123 Using an oscilloscope in an a.c. circuit
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To achieve a pass grade To achieve a merit grade To achieve a distinction
you will have: you will also have: grade you will also have:
used d.c. circuit theory to used Kirchhoff's laws to . analysed the operation and
. . D1 ‘
calculate current, voltage determine the current in the effects of varying
and resistance in d.c. networks various parts of a network having component parameters of a power
four nodes and the power supply circuit that includes a
577 used amuitimeter to carry dissipated in a load resistor transformer, diodes and capacitors
out circuit measurements containing two voltage sources
in ad.c. network evaluated the performance
@ evaluated capacitance, of a motor and a generator
compared the forward and charge, voltage and by reference to electrical theory.
reverse characteristics of ~ €nergy in a network containing a
two different types of semi- series-parallel combination of three
conductor diode capacitors

@ described the types and @ compared the results of
function of capacitors adding and subtracting
two sinusoidal a.c. waveforms

carried out an experiment graphically and by phasor diagram.
to determine the

relationship between the voltage
and current for a charging and
discharging capacitor

calculated the charge,
voltage and energy values
in a d.c. network for both three

capacitors in series and three
capacitors in parallel

@ described the
characteristics of a

magnetic field

@ described the relationship
between flux density (B)
and field strength (H)

m described the principles
and applications of

electromagnetic induction

used single-phase a.c.

circuit theory to determine
the characteristics of a sinusoidal
a.c. waveform

336 used an oscilloscope to
measure and determine
the inputs and outputs of a

Qingle-phase a.c. circuit. j




Exercise and Activity Answers

Unit 4

Exercise 4.2

String of numbers

Simplified using indices (or
index notation)

2X9

2X2X2 23

3X3X3X3 34

4X4XAXAXAX4 46
2X2X2X3IX3IX3IX3 |[2°x3
3X3X4X4X2X3IX4 |2Px3* x4
X2X2X4X3

TXT7X4X5X6X4X 2x 32 x4 x52x6x7*x8x 9}
5X3X9XB8XIX3IX Or

2'x 37 x4 x52x6'x7*x8'x 9

Can you see any relationship
between the indices and the
frequency with which each
number occurs? Write the
relationship in your own words
in the box to the right.

You should have something like:
the index or power indicates the
number of times each digit occurs
in the multiplication.

Can you see any advantage in
using the index notation instead
of the string of numbers in the
left—hand column? Write your
comments in the box on the
right.

It shortens the expression, making
it smaller.

Exercise 4.3

String of numbers

Simplified using indices (or
index notation)

Exercise 4.5

1. O.11111111111111

2. 0. 11111111111111

3. 0.00462962962963
4. 0.00462962962963

Exercise 4.6
1.3* X3 =73
2.6'X 65 =6
3. 24° X 248 = 24%
4.y5 Xy =yl

5. (p?)° = p°

6. (45)° X 45 = 4V

Exercise 4.7
1.3
2.5
3. 13

Exercise 4.8

Since 2 is the logarithm of 100, it follows that
100 is the antilogarithm of 2.

Exercise 4.9

2X2X3IX3IX4X4+2
X2+3X3X3+4X4

VX X 4+ 2+ 3+ 42

1.

Number Log to base 10
2.3 0.3617

23 1.3617

2300 3.3617

3X3X3—=2X2X2X2 |32=2"—4*—10
—4X4X4X4-5%2

6 X3IX6EX6EX3 3 X6
2X3X2X6X3IX6 22X 32X 67

Exercise 4.4
1.20
2. 21

3. x*

2. (a) The characteristic is the digit on the left of
the decimal point

(b) The mantissa is the decimal part of a

logarithm
3.
Number Log to base 10 (to 4 d.p.) 337
2 300 000 6.3617
23 000 000 000 10.3617
2 300 000 000 000 000 000 000 | 21.3617
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Exercise 4.10

1.
2.
3.

—0.6383 and —2.6383 (to 4 sig. figs.)
It is the same for both numbers.

They increase to represent the number of zeros
which follow the decimal point in the original
number.

. Consider 2.3 X 107! meaning the same as 0.23

X 10° (take the index ‘0’ to indicate no zeros
after the decimal point). Writing 0.0023 in the
same format would give 0.23 (because it is the
same value of fraction, hence it gives the same
logarithm mantissa) X 1072 (because there are
two zeros after the decimal point).

. When the number is a decimal fraction less

than 1, the logarithm has the same mantissa,
but the characteristic becomes negative.

Exercise 4.13

Your answer should be along the lines of:

The log of any number (A) to a power (n) is the
same as the log of that number (A) multiplied by
the power (n).

Try with numbers, to see it working:

log2* = log16, and the log16 = 1.20
4log2 = 4 X 0.301029995, which is 1.20

Exercise 4.14
Take logs

Log2?

Rearrange this to

3log2

Take logs again

Log3 plus loglog2 (or log3 plus the logof the log

of 2)

Log Log of log
3 0.47
2 0.30 -0.52
Sum 0.4774—0.5214 —-0.04
Antilog = antilog —0.04 | = 0.90
Antilog 7.99 (= 8)
Exercise 4.16
1.x=5 3.x =173
2.x=4 4. cr{I) — ¢

Exercise 4.18
v=V(1 —e )
(I —vV)y=e'"
Taking natural logs:
log, (1 —v/V) = —t/7
—1 Xlog (1 —w/V)=t
—20kQ X 33 pF X log (1 — 50V/100V) =t
t = 0.457 seconds for the voltage to reach 40V

Exercise 4.19

N = Ni (e—o.lzt)
N/N. = ¢ 0Bt
0.5 = ¢ 0Bt
Taking logs to base e
log, 0.5 = —0.013t
—0.693 = —0.013t
t = 50 years
Exercise 4.23

2. Empty drum = 850kg (intercept)
Cable mass = 2.5kg/m (gradient)

Equation is M, = 2.51 + 850kg (or similar

following y = mx + ¢ format)
3. Intercept = 23.5Q
Gradient = for example, 5/40 = 0.12Q/°C

Equation is R, = 0.12T + 23.5Q (or similar in

y = mx + c format)

4. Intercept (original mass) = 949 tonnes

Gradient (in tonnes of fuel per hour) = —19/5
= —3.8 tonnes per hour (negative, therefore

reducing in mass)

Equation is m = —3.8t + 949 tonnes

where ‘t' is the time in flight in hours
5.R=031T + 38Q

Exercise 4.25

1. Cost per resistor is 1.1p
Cost per capacitor is 2.7p

2. The bolts cost 39p each and the nuts cost 17p

each.

Exercise 4.26
1.6 + 2x
3. —x% + 6x

2.3x — 12
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2. Approximately 62cm and 20cm, making a total angle6° ang®
of 82cm of the belt being in contact with the
pulleys. Using the formula will make it more 0 0.00
accurate. 30 0.57
60 1.73
ExerCISe 4'36 90 16,324,552,277,619,100.00
1. /2 radians is a quarter of a turn, so it will take 20 3
4 seconds to do a complete rotation. Hence
there will be 15 revolutions per minute. >0 —057
2. 120° is twice 60° so it will be twice as many 80 0.00
radians. 240° is double that again. 210 0.57
Hence the line voltages would be written as 240 173
follows: 270 5,441,517,425,873,020.00
V, = Vsin(0) 300 —1.73
V, = Vsin(6 + 2m/3) 330 —057
V3 = Vsin(0 + 41/3) 360 0.00
Exercise 4.38 Exercise 4.41
Ratio Values gnd Final value Angle (degrees) Tangent of the angle
calculation 559 oo
i opp _ 3 0.6000 : S
e hyp -5 89.9999 572,957.79
cosine adi _ 4 0.8000 89.999999 57,295,779.51
hyp 5 %
t t op _ 3 0.7500
reen ‘adj 7 90.00000! —57,295,779.51
90.0001 —572,957.79
Exercise 4.39 9001 572957
They should all be 0.5 (within the limits of error .
Exercise 4.42

from drawing and measuring).

There are a few ways to. work this out, but here’s

Exercise 4.40 one: (;lpﬂ divided by adj is division by a fraction.
: yp hyp
angled”® sin6° angled” cosb® Hence, this becomes ?ﬂ multiplied by hy_p
0 0.00 0 1.00 yp adj
30 0.50 30 0.86 The ‘hyp’s cancel each other out, leaving %.
60 0.86 60 0.50 From the right2angled triangle, or SOHCAHTOA,
70 — 70 0.0 tanf = ﬂ. Hence, sind_ tanf
120 0.86 120 ~0.50 adj cost
150 0,50 150 086 Exercise 4.43
180 0.00 180 ~1.00 (with some rounding)
210 —050 210 086 Base length | Opposite Hypotenuse | Angle (°)
240 —0.86 240 —0.50 (cm) side (cm)  [(cm)
270 —1.00 270 0.00 5 9 10.3 61
300 —0.86 300 0.50 2 9 9.22 77.5
330 —0.50 330 0.86 3 12 12.4 76
360 0.00 360 1.00 5 35 3535 81.87
576 852 1028 56




Exercise 4.44

1. 250V

2. —47.4°

3.FromZ =R +XL
X, = (Z2 = R
X, = (130 — 50)

X =120Q

L
Using the triangle and the impedance values, Z,
X, and R, the angle can be found using any ratio
chosen from SOHCAHTOA.
Assuming cos = adj =20 - 0.38
hyp 130

The angle whose cosine is 0.3846 = cos™! 0.38

= 674°
Exercise 4.45
1.-12 - b __c
sin 50°  sin B sin 38°
Using and rearranging the first and third ratios,
_ 12sin38°
sin50°
c¢=12 X 0.80 = 9.64cm
B must = 180° — 38° — 50° = 92°
Using the first and middle ratios,
= 71311123% = 15.66cm
2 6 4 C

"sinA  sin40°  sinC
Using and rearranging the first and second
ratios to find A,

sind = g X sin40°

A = 74.62° or 105.38°

This can be ‘seen’ by drawing to scale and
setting compass to 4 cm. Put the point at ‘C’

ACtiVity 4.9 some suggested answers:

Exercise and Activity Answers

and draw an arc that passes through the base at
‘A" where A = 74.62° and at a point closer to ‘B’
where A would equal 105.38°. The decision on
which to use depends on the application, hence
the need to understand the application of the
sine rule and the problems which can occur by
accepting the first answer you arrive at.

Exercise 4.46
For Triangle 1:
¢ =A(a* + b* — 2ab cosC)
c=1(49 + 36 — 84 cos58°)
c =140.49) = 6.36 cm

To find angle B:
6 _ _6.36

sin B~ sin 58°
1 (6sin58°)
6.36

B = sin” = 53.1°
A = 180° — 53.1° — 58° = 68.9°
For Triangle 2:
Selecting any cosine rule equation, such as:
a* = b*> + ¢* — 2bccosA

Rearrange to obtain ‘A"

2
A = cos™! (b2 + 2 — A

2bc
_ -1 _32 — o
A = cos (—80 ) 113.6

Now using:
b?> = a®> + ¢ — 2ac cosB

Then:
_ b?

B = cos 1(aZ + ¢? —2—)
ac

B = 41.8°
And:
C = 108° — 41.8° — 113.6° = 24.6°

341

Quantity Formula | Application at home Application in engineering
Volume of a wrrh Containers for food or drink — for example, Pneumatic or hydraulic cylinder or car engine piston
cylinder diameter and height of a can holding 440 ml of drink. | displacement. Why is a 3.4 litre V6 engine called
What is the optimum size? 3.4 litre?
Total surface 2arh + ar? | Amount of insulation to cover a hot water cylinder | Fume extraction ducts of 2.4 m diameter take
area ofa (with only one end — the top) — the formula exhaust gases from a steel furnace to a filter plant
cylinder becomes mrh + mr? if cylinder is, for example, 150 m away. If the duct is to be insulated to a
|4 m high and 0.45m diameter. thickness of 12 cm, we could calculate the volume of
insulating paste which is required.
Volume of a 4 Air in a football is pressurised to make it solid enough | A dome-shaped building is visited by the public
sphere : to use. Find out what the recommended pressure and regulations advise that the ventilation must
is and determine the volume of air which has to be | ensure that there are five air changes per hour.
pumped into a ball to achieve that pressure. What amount of air is this, and what capacity fan is
required?
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Formula

Quantity

Application at home

Application in engineering

Surface area of a | 4r?
sphere

Someone makes spherical candles of | 50mm
diameter and wants to coat them with glitter. The
adhesive for the glitter is supplied in tubes of 100ml,
and each has a surface coverage of 0.3 m” How
many tubes would be needed to totally cover 24
candles?

A cathedral dome is to be decorated with high-
power LEDs, at one LED per square centimetre.
If the radius of the dome is 8m, how many LEDs
would be required?

Afisherman wants to make conical metal fishing
weights, 12cm high and 4cm diameter at the base.

The metal he has to use has a density of 9.5 gm/cm?.

What will be the mass of each cone?

A baker scoops flour using a large cone, with base
diameter of 22 cm and a height of 0.78 m. How
many scoopfuls are needed to load a cubic metre
of flour?

Volume of a BL arh
cone

Curved surface | 7 x slant
area ofacone | height

A conical funnel has been used to pour paint into a
small tin and the paint left on the funnel’s surface is
|.2mm thick. If the cone is |2cm high and a base
width/diameter of 10cm, what volume of paint has
been left on the funnel’s surface?

An exhaust pipe is made of sheet metal formed into
a cone with a small cone cut off the end. Determine
the amount of sheet metal required for a cone-
shaped exhaust, 045m long with diameters of 2cm
at one end and 8cm at the other.

Activity 4.10

Term

Definition, meaning or explanation

Variable

A value or quantity which is not constant. For example, the number 3 is constant, but the mass of
different people varies, hence m = a variable.

Mean (to use its full title — the
arithmetic mean)

Add up the values of all items, then divide by the number of items.

Mode The most commonly used value in a series of terms. There may be more than one mode (referred to as
bi-modal or tri-modal data, and so on).
Median When all data values are listed in numerical order, the value which is halfway from each end (the value

which is in the middle) is called the median. If there is an even number of values, the median is obtained
by taking the arithmetic mean of the two values which are in the middle.

Discrete data (also known
as discontinuous variables or
discontinuous variants)

Separate items, such as the number of days at work, and so on, number of people in work, and so on —
usually obtained by counting things.

For example — we cannot have 43.2 people out of work, but we can have 2.46% of people out of
work

Continuous data (also known as
continuous variables or continuous
variants)

Data which can have any value, such as time, size, length, mass, and so on — usually obtained by
measuring things.

Grouped data (data put into a ‘set’
or ‘group’ or ‘class’ or ‘category’)

Data is collected into ranges or bands, to reduce the number of variables requiring consideration. For
example, people spend various amounts on travel each week. These could be grouped into £5—£15,
£16—£25, £26—£35 and so on.

Bar chart

A diagram which consists of a series of bars, each one representing a set of data. The length of each bar
is proportional to the size of the quantity or set of data which it represents. Multiple bar charts are used
to compare sets of data, perhaps from different years, countries and so on. Bars generally have gaps
between them to represent the ‘lumping together’ of separate data items.

Pie chart

A circle divided into segments, with the size of each segment (by proportion of 360°) representing the
proportion of each item of data.

Histogram

A diagram which is used to represent data in a grouped frequency distribution. The area of each ‘bar’ is
proportional to the frequency; hence the intervals need not be in identical-width steps. When the class
intervals are equal, the height of the ‘rectangles’ represents the frequency. The ‘bars’ of a histogram are
not separated from each other to represent the continuousness of the data.

Frequency distribution

This is the number of times a certain event has occurred or the number of times specific items have
been counted. For example, in a road-use survey, the number of different vehicles is counted using a
tally chart. The tally chart would show how the frequency of each vehicle is distributed throughout the
observation time.




Exercise and Activity Answers

Term

Definition, meaning or explanation

Class boundary

Upper and lower class boundaries are the ‘edges’ or ‘limits’ of the groups where values are rounded up
or down to fit in them. For example, if we measured the weekly amounts spent on travel (given above)
to an accuracy of two decimal places, the £16—£25 group would actually include £15.50 to £25.49,
due to rounding. Hence, for that ‘class’ or group, the lower class boundary is £15.50 and the upper class
boundary is £25.49.

Class width

If we subtract the lower class boundary from the upper class boundary, we get the class width. From the
above example, the class width for the £16—#£25 group is £25.49—£15.50 = £9.99.

Frequency table

A table which contains groups or classes of grouped data and their frequencies of occurrence. The table
can contain the different groups or classes of grouped data and their frequency of occurrence. The table

tally chart.

contents can be arrived at adding up the occurrences between upper and lower class boundaries on a

Variant
determinable pattern.

A variable that may have a randomly chosen value — something that varies with no obviously

referred to as a ‘running total
graph’)

Cumulative frequency (occasionally | The addition (accumulation) of all frequencies which have occurred prior to the one under
consideration. The upper class boundary values are used to plot the curve (see below).

Cumulative frequency curve

If the cumulative frequencies are plotted on a graph, the value increases until 100% of the sample has
been included. A line (called an ogive) is created

Exercise 4.48
It seems that 0.03% of the sample of 10 000 died.

One of these ate raw vegetables, and the other two
ate cooked vegetables, along with the other 4998.
The very small sample that died indicates an
almost indemonstrable link, and the fact that the
headline took the comparison only between those
who had died to create the image of eating raw
vegetables as being hazardous.

Exercise 4.49

You could have said many things:

e they are all odd numbers

e the largest value is in the middle
e the lowest value is first

e they are all prime numbers.

Exercise 4.50

. 9 cars

. 1 cars

. 4 cars (there are five occurrences of this)
. 1 cars (there are four occurrences of this)

. 4 cars

AN L1 A W=

. 4.4 cars

Exercise 4.51

1.1,1,2,2,2,2,3,3,3,3,4,4,5,5,5,6,7, 7,
8,9

The ‘mid value is the arithmetic mean of 3 and
4 =735

Hence, the median may not be a value that
actually exists either.

The modes are 2 and 3, indicating that the
most common number of cars is 3 and 4.

2. Mean = 32.3Q
Mode = 33.1Q
Median = 33.1Q

3.(a) 10% of 33Q is 3.3Q, so the acceptable
values would be between 29.7 Q and 36.3 Q.
All except 29.1Q would be acceptable, so 14
out of 15 would be suitable.

(b) 5% of 33Q is 1.65Q, so the acceptable
values would be between 31.35Q and
34.65 Q. All the values from 31.4Q would
be suitable, which is 12 out of the 15.

Exercise 4.52

1. 2xf = 48,060 and Xf = 256 Hence the mean
life of the lamps is 187.7 days or 188 days.

2. The two values would be 182.7 days and 191.8
days, respectively. Both are valid answers to the
valid problem.

3. If the 256 lamps were all changed after 188
days of use, half of them would have blown
(on average) so the workplace may be too
dark to work safely and with the required
quality.
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If the lamps are changed after about every Motor scooters mileage
160 to 170 days, only a few would have blown
and the light level may still be acceptable. If d b < d °
not, more frequent change of lamps would be 8 12 21 9 15
required. 26 23 29 35 43
There are endless explanations and 38 42 35 42 44
interpretations. e o) 03 03 6
Exercise 4.53 45 > > >/ o
Motor scooters mileage i i > I i
52 88 63 77 79
Days d b ¢ d c 62 93 77 93 92
| 234 201 35 77 128 75 3 8 0 ]
2 52 211 197 194 152 78 3 o4 17 128
3 176 179 |45 140 134 o8 104 07 2] 129
4 38 134 179 201 |66 99 106 126 124 129
> - 88 130 e 193 108 I 129 125 134
6 32 9 82 72 1 108 121 129 125 147
/ 201 60 170 126 69 109 134 130 126 147
8 % 2 | 20 19 12 123 1499 | 140 | 135 149
’ 08 %3 7 2 163 123 153 145 140 149
s 06 29 3 Sl 132 160 149 147 152
| /8 68 07 ’ 149 135 160 157 159 156
12 |56 202 170 125 192 143 168 158 165 162
I3 143 183 140 172 169 145 174 162 169 163
4 87 » 62 169 o6 156 179 170 172 166
I5 123 238 94 10 170 165 82 170 72 169
6 99 174 |57 218 147 176 183 179 178 170
'7 & % 29 >/ 84 187 196 182 179 174
18 43 121 185 179 156 193 201 184 183 (84
9 %9 53 63 83 3 199 202 185 194 192
20 165 104 221 147 147 201 o1 (97 201 193
21 I35 218 184 125 204 o1 18 01 01 204
2 23 %3 9 6 7 34 | 238 | 22 218 | 231
23 109 42 182 121 149
Median 16 142 I35 131 148
24 62 12 62 135 129
25 26 160 129 53 174
26 8 23 55 178 162
27 193 182 158 93 79
28 49 11 21 124 92
29 108 77 126 201 I
344 30 45 93 53 42 44
Total 3,521 3,978 3,792 3,899 4,014

Mean [17.4 132.6 126.4 130.0 133.8



Mode(s)

Exercise and Activity Answers

Motor scooters mileage Exercise 4.54
a b C d € You should obtain values like this — apart from
12 21 9 15 the odd minor error (yours or mine)
26 23 29 35 43 1.
38 42 35 42 44 Grouped mileage Number of occurrences for all
43 52 53 53 56 data riders taken together
45 55 55 57 69 1-25 6
49 77 62 72 77 26—50 12
52 88 63 77 79 51-75 14
62 93 77 93 92 76—100 16
75 93 82 10 11 101=125 17
78 93 94 17 128 126—150 25
98 104 107 121 129 I51=175 25
99 106 126 124 129 176—200 20
108 1 129 125 134 201-225 12
108 121 129 125 147 226-250 3
109 134 130 126 147 2.
12 - 0 > 149 Grouped Number of Cumulative
123 53 145 140 149 mileage data occurrences for | frequency
132 160 149 147 152 all riders taken
135 160 157 159 156 together
143 168 158 165 162 =25 6 6
145 174 162 169 163 26—50 12 18
156 179 170 172 166 5175 14 32
165 182 170 172 169 76100 16 48
176 183 179 178 170 101—125 17 65
187 196 182 179 174 126150 25 90
193 201 184 183 184 151=175 2 15
199 202 185 194 192 76-200 20 135
201 201 197 201 193 201—225 12 147
201 218 201 201 204 226250 3 150
234 238 221 218 231 )
108 93 129 125 129 Exercise 4.59
123 170 172 147 X =
201 149 3 3
bi-modal bi-modal tri-modal  tri-modal > 7
| 2
0 0
—1 2
-2 4
-3 9
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Exercise 4.60

1. Whatever values for rise and run are taken,
they should be approximately equal amounts
(approximately, due to accuracy of your drawing)
and the gradient should be 1. The line should
be almost at 45° to the x axis at the point where
x =1

2. tan45° =

3. Atx = 2,y = 2* which is 4. The gradient should
be approximately 4.

4. At x = 3,y = 3? which is 9. The gradient should
be approximately 6. To obtain the gradient at x
= 6 would require the scale for y extending as
far as 12, or more.

Exercise 4.6

X value Gradient at x value
0.5 |

| 2

2 4

4 8

7 |4

10 20

You should have spotted, but just in case you did
not, the gradient of y = x* for any value of x along
the curve, is equal to 2x. At x = 2, the gradient =
2 X 2 = 4; at x = 3, the gradient = 2 X 3 = 6,
and so on.

This one is more difficult to spot, but the gradient
of y = x* for any value of x along this curve, is
equal to 3x?

Exercise 4.63

1.y = x¥* the gradient at any point = 1/2 x~ '/
(do not forget the %2 — 1 = 1/2)

2.y =x*  the gradient at any point = 4x* (from
4—1 = 3 for the index)

3.y =x the gradient at any point = 1 so this
is a straight line at 45°
(remember x means x' so 1x'"! —
1x% which = 1)

4.y = 3x* the gradient at any point = 12x°

(being 4 multiplied by x, which is
already multiplied by 3, so 4 times 3
= 12, and the index reduces by 1.

Exercise 4.64

All terms which include ‘x" or some other variable
are exactly that —variables, and a variable can be
differentiated. 4 is a number which is constant
and all constants are always equal to the same
value, so their rate of change is obviously zero. If
you drew the graph of y = 4, what would it look
like?(Hint, the value of y would always = 4; hence
it is a straight, horizontal line.) The gradient of a
straight, horizontal line is zero, because it does
not slope.

Exercise 4.65

2.

y=x2+3x+4 dy/dx = 2x + 3

Atx = —1.5 thereisaturning |Atx = —1.5,dy/dx = zero
point, where the graph has no

gradient

At x = |, the gradient is Atx =1, dy/dx =

approximately 22/5 (rise over
run) = between 4 and 5.

approximately 5

At any point where x = less than | At any point where x is less
— 1.5, the gradient is negative than — 1.5, the value of dy/dx is
negative.

Exercise 4.66

The expression is multiplied by the index (n), then
the value of n is reduced by 1. In other words,
multiply by the power, then reduce the power by
1. (Note, when n and a are given numerical values,
they can be multiplied out.)

Exercise 4.67
1. dy/dx = 3x* + 6x
2.dy/dx = 9x*> + 6x + 4
3. dy/dx = 3x* — 6x

4. dy/dx = 12x* +1.5x7* not forgetting that ‘—*
times ‘— =‘4+"and -3 —1=—4

Exercise 4.68

This should return the value of e (remember,
e* means ‘antilog of the x value) so if you get a
gradient of something between 2.2 and 3.0, you
have done well. If your value is very close to 2.7,
you have done extremely well.

Exercise 4.69

1.y = 4e



Find d/dx and evaluate this for the value x =
2.5.

dy/dx = 4e*
Atx = 2.5,4¢* = 6.59 to 2 d.p.
2.y =6.8¢
Differentiate this with respect to (wr.t.) x.
Evaluate the gradient when x = 0.5.
dy/dx = 6.8¢
Atx = 0.5, 6.8 = 11.21.

Exercise 4.70

1. It is actually a cosine wave.

2. You should have plotted a few points and deter-
mined that the wave shape is that of a sine wave,
but upside down (or a negative sine wave). It is
also a sine wave which has been shifted by 180°
along its horizontal axis.

Exercise 4.7 |
3. If v = sin#, differentiate to obtain d/d6 (sinf)
d/d# (sinf) = cos6
4. The instantaneous voltage of a waveform is
v = 24sin® + 12cosf

use differentiation to obtain the rate of change
of vwrt , or dv/df

dv/d0 = 24cosH — 12sin0

Exercise 4.72

You should have arrived at something like:

e add 1 on to the power
e divide by the new power.

Hence, 2x has power 1, add 1 onto this gives 2x?
and dividing by this power 2, gives
2x% /2 = x?

Exercise 4.73
1. 3x6*D / (3+1) = % x* = 0.75x*

2.x°

3.1 %3

4. 3x (note 3 = 3 multiplied by x° so adding 1 to
the power creates x' = x

. sinx

AN

. sinx + cosx

7. —COSX — sinx

Exercise and Activity Answers

Exercise 4.74

Add 1 to —1 = 0. Divide by the new power (zero)
and the answer would be infinity.

Exercise 4.75

2. You should find that
33

2:?+C

returns a value of c = —7.
- _ X

y=3-7

4. You should notice that the equations are all
basically the same, having the same shape,
but the intercept is different. This is because
the information about the intercept disappears
after differentiation, and the integral of any
expression can lead to a family of curves, all
with different intercepts. If you end up with a
negative value, the intercept is located below
the horizontal axis.

Exercise 4.78

%x3—5x2+C

It is always good practice to differentiate the result
to check your working.

Exercise 4.79

5.(a) area = 3.84 square units (note: —3.84
means area under the x axis)

(b) area = 26% square units

(c) area = 1.22 square units

Exercise 4.80

t (seconds) v_(volts)
0 0

0.1 7.9

0.2 13.2

0.3 16.77

0.4 19.15

0.5 20.75

2. The graph should provide an estimate of the
value for (c) By calculation (rearranging and
taking natural logs, t = 0.24s.

3. dv/dt = 96e "
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4. at t = zero, dv/dt = 96V

By estimating a rise over run from your curve,
you should achieve a reasonable comparison,
depending on the size and accuracy of plotting.

Unit 5
Activity 5.1

All angles are relative to the +ve horizontal (0°)

Figure 5.7:  Resultant = 4.43 N at 89° Equilibrant = 4.43 N at 271°
Figure 5.8:  Resultant = 7.15kN at 192°  Equilibrant = 7.15kN at 12°
Figure 5.9:  Resultant = 2.16 kN at 157° Equilibrant = 2.16 kN at 337°
Figure 5.10: Resultant = 6.21 kN at 126° Equilibrant = 6.21 kN at 306°

Activity 5.2

Figure 5.19: Resultant = 7.69kN at 236°
Figure 5.20: Resultant = 2.09kN at 105°
Figure 5.21: Resultant = 6.44 N at 163°
Figure 5.22: Resultant = 6.23 kN at 335°

Activity 5.3
Figure 5.26: Resultant = 1.66kN at 264° Equilibrant = 1.66 kN at 84° the line of action is 1.17 m
at 354° relative to point p.

Figure 5.27: Resultant = 3.69kN at 325° Equilibrant = 3.69 kN at 145° the line of action is 1.50 m
at 55° relative to point p.

Activity 5.4

Figure 5.33: Left-hand reaction = 14.33N Right-hand reaction = 15.67 N
Figure 5.34: Left-hand reaction = 21 kN Right-hand reaction = 21 kN
Figure 5.35: Left-hand reaction = 7.50kN  Right-hand reaction = 10.50kN
Figure 5.36: Left-hand reaction = 4.29kN Right-hand reaction = 35.71 kN

Activity 5.5

. 318.31 N/mm?

. 933.33 X 10°

. 14.65 mm

. 14.8 X 10> mm
. 28.27 kN

5.4

Activity 5.6

1.v=58m/s s = 588m

2.a=-93 X10°m/s?> s = 666.67m
348 3 (= 0.1675 a=72m/s’

N U1 N



Activity 5.7
1.h=14.27m
2.KE = 350.12k] d, =291.8m d, = 129.7m

Activity 5.8

1.v=24.38m/s Loss of KE = 19.69Kk]

Exercise and Activity Answers

2. Tractive effort = 96.45kN  Work done = 2.60MN Average power = 57.78 kW

3. 31.86kN

Activity 5.9
1.h=153m

2. Density = 441.73 kg/m?
3.p = 19.88kPa

Activity 5.10
1. F=1.47MN
2. M = 2.83 MNm

Activity 5.11
1.v, =0.26m/s
2.v, =42.78m/s

Activity 5.12
1. Total heat energy supplied = 7.52 M]
2. Heat supplied /kg = 2.5M]  output power = 3.19 MW

Activity 5.13

Stress induced = 338.8 MN/m?

Activity 5.14

Final temperature = 296°C

diameter, = 11.3 mm

volumetric flow rate = 53.9 X 10>m?/s

mass flow rate = 0.41 kg/s
mass flow rate = 53.9kg/s
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